The Rooster & The Dragon January 23, 2012

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e |2

The Rooster & The Dragon January 23, 2012
CommIT Enterprises, Inc.
“The Rooster & The Dragon”
China’s Game-Plan for Science & Technology Knowledge Innovation
Author: David A. Scott, Ph.D., J.D.
Publication Date: 23 January, 2012

Corporate Address:
CommIT Enterprises, Inc.
300 North Washington Street
Suite 600
Alexandria, Virginia 22314

Contact Information:
Mr. William Hoffer, President
Email:
bill.hoffer@commitent.com
Phone: 703.486.5525

What You Need to Know About China’s DSTI
Knowledge Management Innovation
‘Harmonious Fist’ Strategy (16 Volumes)

This report identifies and analyzes the PRC science and technology (S&T) core contributors from China’s “knowledge innovation
program” frame of reference. For the field of Defense S&T intelligence (DSTI) information - it is possible to derive from open
sources the subjects, contents, methods and theoretical structures being studied by various Chinese scholars. However, the function
of “collection” is lagging far behind the potential. There is a lack of content even for research about advanced collection methods. As
the United States Defense Department is exploring current semantic tools and techniques to improve the Militarily Critical
Technologies Program (MCTP), it seemed prudent to overlay the lessons learned in a fused manner; reflecting the PRC’s DSTI best
practices uncovered by BLUE, RED & GREEN perspectives. The study found that China has expanded its documented research output
dramatically in the last decade while its citation performance is competitive with that of other developing nations. In terms of
investment strategy relative to that of the USA, China is investing more heavily in the hard science areas that underpin modern
defense and commercial activities…exploiting dual-use technologies as a vital strategic capability pillar. Of major importance is PRC
alignment of knowledge engineering with holistic S&T organizational collectivization and linkages to industry for maximum dual-use
technology know-how; which drives econometric commercial growth as well as furthering military capability for the People’s
Liberation Army (PLA). SEE FLYLEAF FOR IMPORTANT FOREWORD AND DISCLAIMER INFORMATION.
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FOREWORD

DISCLAIMER
This report is neither derived from, nor intended to be, an Intelligence community product.
Further, the results herein do not in any form derive from forensic activities such as the Damage
Assessment Management Office (DAMO), Defense Cyber Crime Center (DC-3) or the Defense
Security Service (DSS/CI) Targeted Technologies List. It is strictly an open-source review.
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"One of the serious problems
in planning against American
doctrine is that the Americans
do not read their manuals nor
do they feel any obligations
to follow their doctrine."
-- From a Cold War Era
Russian Military Document

"The reason the American
army does so well in wartime
is that war is chaos and the
American army practices
chaos on a daily basis."
-- A WW II German
General Officer
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NOTE:
The Sinitic term "qingbao" that appeared throughout this study effort refers to a concept that includes
both English meanings "intelligence" and "knowledge”. Similarly, "ziliao" (data; information; material) is
rendered as "information" when used in opposition to "qingbao”. The distinction is a Western one not
shared by East Asian languages nor presumably by their speakers – they might better refer to it as
“awareness” and “insight”. There are passages in this book where "intelligence" is the better translation;
as in "intelligence agency;" - elsewhere "information" is preferred; such as "information retrieval." The
criterion for choosing one or the other way of interpretation in this survey is: appropriateness in context.
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Some bibliometricians were alert to China’s sudden advance and its rapid progress in output indicators. Such
publications were documented early by Moed (2002), Jin and Rousseau (2005) and by Leydendorf and Zhou (2005).
Indeed, this represents a success for the scientometrics community in detecting a global shift in science long before
it became apparent to policy makers. Zhou and Leydesdorff (2006) analyzed publications and citations to make the
case that China must be already considered a leading nation in science; particularly in nanotechnology. Thus: the
reason for the Militarily Critical Technologies Program (MCTP’s) interest in this discipline.
This study updates some of these indicators and provides additional ones: inputs like gross domestic expenditures
on research and development (GERD) and human resources for R&D, plus outputs like publications, impacts,
patents, science and engineering graduates, Nobel prizes and high technology export market shares. For
forecasting the future, the rate of change is at least as important, so the trend in terms of the average annual
increase in the indicators over the last five years were also ascertained. Simple extrapolations allowed some insight
into what is likely to happen in the race for world S&T leadership during the next few years. Of course, these
forecasts were prepared at the very moment that the established trends were disrupted by discontinuous changes
throughout the worldwide economy and may therefore be confounded. Thus, the MCTP interest in contextual
relationships across data as elicited from taxonomic, ontological and bibliometic automation techniques.
A tabulation of this kind of ―broader range of indicators‖ was presented earlier when it was just the U.S. and EU
contending for the lead (Shelton and Holdridge, 2004). Larsen, Maye and von Ins (2008) recently made a tabulation
of publications and impacts for these countries -plus China, India and Japan. Shelton focused on finding the causes
of what he called the ―American Paradox‖; i.e., the U.S. decline in publication share despite huge and increasing
investments in R&D (2008). Leydesdorff and Wagner have recently assessed the U.S. S&T leadership position;
particularly in nanotechnology (2009). The European Commission periodically publishes a comprehensive report on
EU progress toward its S&T goals; which contains many indicators. The OECD Scoreboard report (OECD, 2011)
and the NSF bi-annual Science and Engineering Indicators report (NSB, 2011) are other excellent sources. NSF
provides more details than OECD and UNESCO data. A recent RAND report (Galama and Hosek, 2008) attempts to
make the case that U.S. leadership is alive and well, however the bibliometric indicators and data sources they used
were somewhat suspect in the eyes of later peer review—not good with sudden, unexpected global economy shifts.
Objective measurement of national leadership in S&T relies on a careful selection among these indicators of
performance. Quantitative methods for technologies measure inputs to the innovation process such as annual
research investments – and - outputs such as technical papers/citations to them, patents and international trade
ratios. This study gathered some of the most important indicators. Qualitative methods record observations about
the international stature of research efforts. These are from documented peer reviews; the best ones featuring in situ
lab visits abroad. However, such studies are expensive and can cover only selected disciplines. This paper
incorporated a few such findings from studies completed since 2005 that included fact-finding tours of the EU and/or
China (e.g. WTEC, 2009). China’s Knowledge Management/Engineering progress can be traced back to the work in
1991 by two PLA staff advocates (Lt. Cols. Huo Zhongwen & Wang Zongxiao) of what is now a head-start on the
U.S.; initially motivated by the want to exploit data warehousing and, later, community portals – it now encompasses
dynamic analytics, taxonomies or ontologies meant to extract insights from global open-source S&T meta-data. It is
about relationships rather than statistics. I concluded from the literature review that the U.S. DoD should
consider funding a paramount DSTI paradigm change.
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Obtaining Global Dual-Use Science & Technology Intelligence in the Year of the Black Water Dragon:
Open-Source Observations Regarding PRC Knowledge Engineering Sources and Techniques
David A. Scott, Ph.D., J.D.

Study Purpose/BLUF on What China Wants
Beijing has decreased its reliance on [Russian Federation] foreign assistance, improving business
practices, streamlining bureaucracy, shortening development timelines, boosting quality control
and increasing production capacity for military orders. As part of these efforts, China‘s
subsequent Five-Year Plan (FYP) aims to strengthen the defense-related scientific, technical and
industrial bases. These defense-related industries will continue to reap benefits from:






Transfers of technology and skills from foreign joint ventures
Increased government funding for research, development and procurement
Legal and illegal acquisition of foreign military and dual-use technology
Increased partnerships with academic institutions
o Improves student recruitment and technical training for existing staff
China’s reverse brain drain
o Many of China’s new generation of scientists, engineers and managers are
returning to China after receiving training and gaining experience abroad.

China‘s commercial industry has imported high-precision and technologically advanced machine
tools, electronics and other components. This dual-use technology can also be used in the
production of military systems. In the benchmark year 2005, China signed arms agreements with
foreign suppliers worth almost $2.8 billion, making it the third largest arms recipient among
developing countries. Russia and Israel (sometimes Iran) remain China‘s primary weapons and
materiel providers – having sold China its advanced fighter aircraft, missile systems, submarines
and destroyers. Near-term wants are about anti-access/area denial and maritime force projection.
China continues to negotiate the expanded purchase of additional surface-to-air missiles, combat
aircraft, aircraft engines and assault/transport helicopters. China used to rely upon foreign
components for several of its production programs and has purchased production rights to
several weapon designs as the PRC assimilates life cycle support responsibilities. The RussiaIsrael-Iran techno-archipelago cooperates with China on technical, design or supply support for
numerous weapons and space systems. Despite their history of strong arms trade relationships
with China, Russia and Israel have usually refrained from transferring their most sophisticated
weapons systems to China.
To diversify its arms supplier base and acquire advanced technology, the PRC is looking to
alternative suppliers such as Europe. Since 2003 China has been pressuring EU states to lift the
embargo on lethal military sales to China that the EU imposed in response to the PRC‘s 1989
crackdown on Tiananmen Square demonstrators. Although the issue officially remains on the EU
agenda, the current political sentiment among most Member States remains opposed to lifting the
embargo in the near future. Some Member States have advocated eliminating the embargo in the
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context of making the EU‘s enhanced ―Code of Conduct‖ on arms exports binding; the Code
governs arms transfers to third countries but is currently a voluntary instrument.
Although some in the EU have argued that ending the embargo and instead subjecting exports to
China to the terms of the Code of Conduct would result in no qualitative or quantitative increases
in China‘s military capabilities, other EU members remain concerned, as does the United States,
that the provisions of the Code remain inadequate. Lifting the EU embargo would likely
contribute significantly to the PLA‘s modernization goals – as would the current United States
Export Control reforms.
An end to the embargo would raise the possibility of competitive pricing for arms sales to China,
giving Beijing leverage to pressure its existing suppliers – including Russia, Israel and Ukraine –
to provide even more advanced weapons and favorable terms of sale. Increased EU military-tomilitary exchanges consequent to arms sales resulting from lifting the embargo could also give
the PLA access to critical military management practices, operational doctrine and training.
Finally, the transfer of sophisticated military and dual-use technologies that China most likely
desires from the EU – C4ISR components and systems, advanced space technology, radar
systems, early-warning aircraft, submarine technology and advanced electronics for precisionguided weapons – would advance PLA operational capabilities. China continues a systematic
effort to obtain from abroad through legal and illegal commercial transactions dual-use and
military technologies.
Many dual-use technologies, such as software, integrated circuits, computers, electronics,
semiconductors, telecommunications and information security systems are vital for the PLA‘s
transformation into an information-based/network-centric force. Several high profile legal cases
highlight China‘s efforts to obtain sensitive U.S. technologies (e.g., missile, imaging,
semiconductor and submarine) illegally - all well documented in Congressional Testimony and
annual Congressional Reports from the U.S. DoD. U.S. Immigration and Customs Enforcement
(ICE) officials have consistently rated China‘s aggressive and wide-ranging espionage as the
leading threat to U.S. technology for the past decade. Officials from the Federal Bureau of
Investigations (FBI) have identified China as running an aggressive and wide-ranging effort
aimed at acquiring advanced technologies from the United States.
China now relies on balancing among foreign technology, acquisition of key dual-use
components in addition to focused indigenous research and development (R&D) to advance
military modernization. The PRC also utilizes a large, well-organized network of enterprises,
defense factories, affiliated research institutes and computer network operations to facilitate the
collection of sensitive information and export-controlled technology - as well as basic research
and science that supports U.S. defense system modernization.
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Many of the organizations comprising China‘s military-industrial complex have both military
and civilian research and development functions. This network of government-affiliated
companies and research institutes often enables the PLA to access sensitive and dual-use
technologies or knowledgeable experts under the guise of civilian research and development.
The enterprises and institutes accomplish this through technology conferences and symposia;
legitimate contracts and joint commercial ventures; partnerships with foreign firms; and joint
development of specific technologies. In the case of key national security technologies,
controlled equipment and other materials not readily obtainable through commercial means or
academia, the PRC has utilized its intelligence services and employed other illicit approaches
that violate U.S. laws and export controls.
As China‘s defense industries develop, the PLA is relying on acquisition of foreign weapons and
technology, primarily from Russia, to fill near-term capability gaps. China also harvests spin-offs
from foreign direct investment and joint ventures in the civilian sector, technical knowledge and
expertise of students returned from abroad and state-sponsored industrial espionage to increase
the level of technologies available to support military research, development and acquisition
(RDA). Beijing‘s long-term goal is to create a wholly indigenous defense industrial sector able to
meet the needs of PLA modernization or competing as a top-tier producer in global arms trade.
The development of an innovative dual-use technology and industrial base that serves both
military and civilian needs is among the highest priorities of China‘s leadership, as expressed by
President Hu Jintao in his political report to the CCP‘s 17th Party Congress. China‘s defense
industry has benefited from integration with China‘s rapidly expanding civilian economy and
science and technology sector; particularly those elements that have access to foreign
technology. Progress within individual defense sectors appears to be linked to the relative
integration of each – through China‘s civilian economy – into the global production and research
and development chain.
In contrast, enterprises producing specialized defense microelectronics with no counterpart in the
civilian economy, such as those found in radars and weapons subsystems, have experienced
slower progress. The aviation and ordnance sectors have similarly suffered from a lack of spinon benefits from partnerships between foreign multinational corporations and domestic industry.
As part of a broad effort to expand basic research capabilities, China has identified five areas that
have military applications as major strategic needs or science research plans requiring active
government involvement and funding:






material design and preparation
manufacturing in extreme environmental conditions
aeronautic and astronautic mechanics
information technology development
nanotechnology research
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In this last area, China has gone from virtually no research or funding in nano-technologies and
processes five years ago, to being a close second to the United States in total government
investment. China is emphasizing the following technologies for rapid development:

• Information Technology: priorities include intelligent perception technologies, ad hoc
networks and virtual reality technologies.

• New Materials: priorities include smart materials and structures, high-temperature
super-conducting technologies and highly efficient energy materials technologies.

• Advanced Manufacturing: priorities include extreme manufacturing technologies and
intelligent service robots.

• Advanced Energy Technologies: priorities include hydrogen energy and fuel cell
technologies, alternative fuels and advanced vehicle technologies.

• Marine Technologies: priorities include three dimensional maritime environmental
monitoring technologies, fast, multi-parameter ocean floor survey technologies and deep-sea
operations technologies.

• Laser and Aerospace Technologies are also high priorities.
China has identified certain industries and technology groups which hold the potential to provide
technological breakthroughs, remove technical obstacles across industries and improve
international competitiveness. Specifically, China‘s defense industries are pursuing advanced
manufacturing, information technology and defense technologies. Examples include radar;
counter-space capabilities; secure C4ISR; smart materials and low-observable technologies.
China has also identified 16 ―major special items‖ for which it plans to develop or expand
indigenous capabilities. These include: core electronic components; high-end universal chips and
operating system software; very-large-scale integrated circuit manufacturing; next-generation
broadband wireless mobile communications; high-grade numerically controlled machine tools;
large aircraft; high-resolution satellites; manned spaceflight; and lunar exploration.
Civilian industrial reform has advanced more quickly than the military sector because it can
attract foreign investment with fewer restrictions. However, foreign investment in physical plant,
management, technical and marketing expertise in some basic manufacturing sectors, such as
strategic metals and electronics, has increased the prospect for spin-off with military and dualuse industries. Joint ventures in China also now manufacture semiconductors and integrated
circuits used in military computers, communications and electronic warfare equipment and
missile guidance or radar systems. Many of China‘s new generation of scientists, engineers and
managers receive training and have experience in the United States and other countries.
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China also continues to acquire key technologies and manufacturing methods independent of
formal contracts. Industrial espionage in foreign research, production facilities and illegal
transfers of technology are used to gain desired capabilities. Where technology targets remain
difficult to acquire, foreign investors are attracted to China via contracts that are often written to
ensure Chinese oversight; with the eventual goal of displacing foreigners from the companies
brought into China. China‘s primary military industry weaknesses have been the relative lack of
scientific and engineering innovation, bloated bureaucracy and poor business practices – all
issues now receiving considerable attention. In a move to increase innovation through
competition, the PLA announced it will award permits to private institutions and foreign
enterprises for R&D in weapons and equipment.
PLA theorists have developed a knowledge management framework for doctrine-driven reform
with the long-term goal of building a force capable of fighting ― and winning ― local wars
under conditions of ―informatization‖. The current operational component of China‘s National
Military Strategic Guidelines for the ―New Period‖ is known as ―Active Defense‖. Active
Defense is the highest-level strategic guidance for all PLA activities and applies to all services.
Tenets of Active Defense include the following:
―Overall, our military strategy is defensive. Attack after being attacked but operations are offensive.
―Space or time will not limit our counter-offensive
―We will not put boundaries on the limits of our offenses
―We will wait for the time and conditions that favor our forces when we initiate offensive operations
―We will focus on the opposing force’s weaknesses

Although the PLA currently retains a large number of legacy platforms and weapons, the
percentage of modern equipment in the force is growing rapidly. China has closed important
technological gaps and achieved some capabilities that are on par with or exceed global
standards. China has made steady progress in recent years to develop offensive nuclear, space
and cyber warfare capabilities — the only aspects of China‘s armed forces that are currently
global in nature. China is also currently working on a range of technologies to attempt to counter
U.S. and other countries‘ ballistic missile defense systems including: maneuvering re-entry
vehicles, MIRVs, decoys, chaff, jamming, thermal shielding and anti-satellite (ASAT) weapons.
The introduction of more mobile systems will create new command and control challenges for
China‘s leadership, which now confronts a different set of variables related to deployment and
release authorities. The PLA is investing in electronic countermeasures, defenses against
electronic attack (e.g., electronic and infrared decoys, angle reflectors and false target generators)
and computer network operations (CNO). China‘s CNO concepts include computer network
attack, computer network exploitation and computer network defense. Beijing is also
emphasizing integration of defense and non-defense sectors to leverage the latest dual-use
technologies and the output from China‘s expanding science and technology base.
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Key areas where China continues to rely most heavily on foreign technologies include: guidance
and control systems, engine technology and enabling technologies such as precision machine
tools, advanced diagnostic and forensic equipment, applications and processes essential to rapid
prototyping and computer-assisted design/manufacturing. China often pursues these foreign
technologies for the purpose of reverse engineering or to supplement indigenous military
modernization efforts. In addition, economic espionage, supported by extensive open-source
research, computer network exploitation and targeted intelligence operations also enables China
to obtain technologies to supplement indigenous military modernization efforts.
In its series of annual reports, Targeting U.S. Technologies: A Trend Analysis of Reporting From
Defense Industry, the Defense Security Service (DSS) found that foreign collectors, including the
PRC, attempted to obtain information and technologies from each of the 20 categories of the
Developing Sciences and Technologies List (DSTL). The DSTL, which is a work product of the
MCTP, is a compendium of scientific and technological capabilities being developed worldwide
that have the potential to enhance or degrade U.S. military capabilities significantly in the future.
The DSS report described China‘s science and technology collection priorities as: guidance and
control systems, advanced energy technologies, nanotechnology, space and counter-space
systems, nuclear forces, innovative materials, aeronautics/astronautic mechanisms, computeraided manufacturing/design and information technologies. The PRC continues to target these
technologies.
The U.S. Department of Commerce‘s Bureau of Industry and Security and the Department of
Justice identified numerous major cases linking China to the acquisition of technologies and
applications cited above, as well as to current and future warship technology, electronic
propulsion systems, controlled power amplifiers with military applications, space launch
technical data/services, C-17 aircraft, Delta IV rockets, infrared cameras, information related to
cruise missile design and military-grade accelerometers. Additional technologies cited in these
cases consisted of microwave integrated circuits; weapon scopes; restricted night-vision
equipment and data; satellite/missile thermal insulation blankets; controlled electronic
components; traveling wave tubes used with satellite and radar systems; microwave amplifiers
with radar applications; export controlled technical data related to plasma technology for UAVs;
carbon fiber material for aircraft, rockets, spacecraft, the uranium enrichment process and
extended range programmable logic devices. The PRC‘s continuing efforts to acquire U.S.
military and dual-use technologies are enabling the PRC science and technology base to diminish
the U.S. technological edge in areas critical to the development of military weapons and
communications systems. Additionally, the technologies China has acquired could be used to
develop more advanced technologies by shortening PRC R&D cycles.
China‘s continued pursuit of stealth, area-denial and anti-access strategies expanded from
traditional land/air/sea battlefield dimensions to include space and cyber-space. China‘s counterspace program (punctuated by the 2007 successful test of a direct ascent, anti-satellite weapon)
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puts at risk national assets. The outside world has limited knowledge of the motivations, decision
making and key capabilities supporting China‘s military modernization. This lack of
transparency in China‘s military R&D naturally and understandably prompted this study (to infer
the PRC S&T ―knowledge program‖ from open source media) as a hedge against the unknown.
Scientific production relies on critical mass that supports the creation of networks of knowledge
sharing. Many countries are building centers of excellence to create the optimum conditions for
raising research quality and impact. While the United States remains the largest performer of
research and development (R&D) in the world, non-OECD economies account for a growing
share of the world‘s R&D. In 2009, China became the second largest R&D performer in the
world, investing $154 Billion (USD) at current prices purchasing power parity (PPP). This is
shown in the following illustration:

Figure 1 - USA vs. PRC R&D based on “Face Value” Metrics
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The production of scientific knowledge is shifting from individuals to groups, from single to
multiple institutions and from a national to an international level. Researchers are increasingly
networked across national and organizational borders and so are research institutes. Greater
scientific specialization and cross-border collaboration can result in increased innovation. New
STI Scoreboard indicators show that international scientific collaboration among institutions
results in research with high impact (as measured by normalized citations) – and the broader the
collaboration, the higher the impact of the research. China has the second largest number of
scientific publications (see next Figure), after the United States, but the degree of scientific
collaboration and impact of its research are among the lowest. The PRC is taking this to heart by
orchestrating a ―knowledge program‖ that must be categorized in order to capitalize.

Figure 2 – Publications Growth 1998 to 2008

Theories on industrial evolution link small firms to economic growth through their roles in
creation and diffusion of knowledge and technology. Small firms are typically assumed to be
able to develop new technologies and compete with already established firms. These models
show that new small firms can invest in new technology. The outcome of the investment is
uncertain and results in a pattern of entry and exit of firms, which is important for the growth of
the technology capacity and of the economy. Hence, there are a number of theoretical models
which explain a dynamic industry evolution where firms enter and exit the market. It is also clear
from the theoretical literature that the technology capacity in small firms is of crucial importance
for this industrial development. The following illustrates PRC progress in S&T-based growth:
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Figure 3 - Growth in Research Output, 1999-2008 [SOURCE: Thompson-Reuters]

Science & Technology (S&T) is high on the Chinese policy agenda but there are large
uncertainties on the actual S&T development. For instance, previous studies tend to focus only
on large and medium-sized enterprises (LMEs). The situation in Chinese small firms is far less
explored. We find that small Chinese firms account for about 90% of all firms and about 67% of
all firms with any S&T activity. However, large firms conduct most S&T in absolute terms and
small firms account for about 14% of total R&D expenditures, a figure that is roughly the same
as in many other countries. Our results suggest that small firms in Chinese S&T resemble their
role in many other countries. They account for a comparably small share of total S&T and most
small firms are not engaged in any S&T. However, those small firms that do engage in S&T tend
to be more S&T intensive and have a higher output in terms of patents than larger Chinese S&T
firms. The experience in other transition economies is perhaps of special interest for China. In
European transition economies, new opportunities have emerged and the competitive pressure
increased as a result of the transition process. As a consequence small firms are seen to play an
increasingly important role in terms of production and employment.
The importance of small firms in China is closely associated with internal structural adjustment
and intensified domestic and international competition faced by industrial firms. Since the mid
1990s, the large increase of small non-state-owned firms has not only changed the ownership
structure of the Chinese industrial sector, but also accelerated the process of privatization and the
transformation towards a more market-oriented economy. There is a large presence of small
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firms in key industries such as automotive, electronics, textile and garments, pharmaceutical
products and information technologies, which implies the capacity-building and competitiveness
enhancement of small firms will have a strong impact on the industry as a whole. Against this
background, the Chinese government is taking various measures to promote the developments of
small firms. The Small and Medium-sized Enterprise Promotion Law was adopted; which offers
governmental support to small firms in a broad range of fields such as financial and consulting
support, technical innovation, market exploration and social service. Moreover, the Chinese
government provides small S&T-based firms with direct funding and tax incentives and
encourages new start-ups through e.g. high-technology incubators and S&T parks.
China‘s goals for science and technology (S&T) development are continued economic growth to
promote prosperity and the military, movement toward an innovation-driven society that has thus
far been elusive, attention to significant and growing environmental degradation, a focus on
dual-use technologies and global recognition of its return to the world prominence that it held
more than a century ago. Chinese leadership uses its authority to align national culture with the
needs for economic growth in S&T. China relies on global trade and acquiring innovation from
abroad and uses its domestic market to attract multinational corporations. A high rate of growth
in its gross domestic product (GDP) enables its priority investment in S&T infrastructure. Areas
of S&T focus are many, although significant impacts are expected in information technology,
energy, nanotechnology and biotechnology.
Underlying this dramatic progress has been an economic development strategy characterized by
exploitation of the global marketplace for technologies and scientific knowledge. China‘s
trajectory depends on the resolution of conflicts that are currently in play: desire to establish
internationally competitive, national technology standards and various other efforts that involve
wresting ever-more advanced technology transfers from foreign investors in order to aid creation
of a more indigenous innovative society. The latter efforts will increasingly shape the type and
amount of foreign investment in China. The conflict between open-access to information and the
national need to enforce political stability will also need to be addressed.
Under the rubric of the ―863‖ high-technology plan, the ―973‖ basic research plan, and the
Gongguan or ―tackle‖ plan, the following areas will likely be targeted for independent research,
because they are perceived to be areas of weakness and obstacles to autonomy in IT and
communications:
Embedded systems include embedded hardware (microprocessors, microcontrollers and signaling
processors) and software (operating systems; R&D and design tools; data-bases). Despite gains in
developing logic devices, China is far behind the international leaders in this area (State Council PRC,
2006).
Large-scale “informatization” of design includes engineering software such as model-driven
architecture (MDA), electronic design automation (EDA), 3-D computer aided design and large-scale
product data management (PDM).
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Large-scale control equipment and systems refer to digital systems that control entire production
lines and processes; an area in which China lags despite years of developmental effort.
Systems integration focuses on integrating diverse hardware, software, and equipment into reliably
functioning information and communications systems. Despite considerable strides in recent years,
China continues to experience difficulty in producing reliable integrated IT systems.
Encryption is considered to be a key element for national security. As part of a broader effort to
develop a “national information security support system,” China seeks to develop an encryption
system for trusted computing based on Chinese algorithms and informed by domestic security
requirements (Jiefangjun, 2007).
Virtual reality refers to technologies that synthesize disciplines such as electronics, psychology,
control technology, and graphics to create simulations for use in military, industrial and medical
systems - as well as in consumer entertainment products.
New materials refer to nanotechnologies, superconducting materials, photosensitive materials,
“smart” materials (combining sensing, control and execution functions) and other materials used in
information hardware and systems.

China has decided to focus its scientific energy research on the development of technologies
(State Council PRC, 2008) including the following key themes:
Hybrid and pure electric vehicles (a major target of the 863 program)
Technologies for renewable energy and new energy
High-efficiency energy materials for use in batteries, hydrogen storage and solar power
systems
Fast-neutron reactors
Distributed energy supply technologies
Magnetic confinement fusion technology
Technologies for hydrogen storage, transmission and distribution
Energy-saving technologies
Technologies that control, dispose of, or recycle greenhouse gases such as CO2 and methane
in major industries
Technologies for the clean use of coal, natural gas and oil
Technologies for manufacturing equipment for coal and nuclear-generated power
Technologies for controlling greenhouse emissions in agriculture

China‘s long-term strategy for modernizing its military rests on combining civil-military science,
technology, and R&D into a dual-use, spin-on and spin-off system. The above approach to
achieving military modernization, like Chinese economic reform, dates back to the early 1980s.
To assess China‘s effectiveness in achieving its goals, a wide range of indicators should be
monitored; including those listed here:
Number of international prizes and patents
Emergence of international brands
Emergence of innovative products and practices unique to China
Level of R&D expenditures over time
Degree and quality of connections between academic-industry-research centers
Quantity and quality of international collaborations and exchanges in industry and academia
Amount and type of foreign direct investment
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Continued growth and improvement of education system and faculty
Reduction in corruption levels
Number of publications in well-known and prestigious journals
Successful expansion of S&T literacy into western China
Salaries for scientists and researchers
Trends in brain drain, brain gain and brain circulation
Links between mainstream innovation system and defense industrial sector

From the above descriptors, we can conclude that China is well into the process of developing an
advanced national innovation system and is endeavoring to expand this capability across its vast
territory. The future of this venture is as yet unclear. Several fundamental questions remain: Can
China achieve its economic and S&T modernization goals? If so, what then? Will China turn
inward and/or continue to engage globally? Will China develop an innovation system that is
based on the Western approach, or will China develop a more distinct and evolving innovation
system and style? These appear to be fundamental but as yet undecided dilemmas even for
Chinese decision-makers. Given the high levels of uncertainty about China‘s current and future
S&T environments and where it might be headed, it can be predicted that the trajectory for
Chinese S&T innovation will fall into one of three general categories: upward trajectory;
downward trajectory; or somewhere in the middle.
Under the first scenario, China becomes a global as well as a regional S&T/R&D hub and a
global technology standards competitor, if not leader, in key sectors. Modern facilities built
around innovation-technology-education clusters, particularly in China‘s eastern provinces but
also its central areas. Both multinational and domestic R&D centers develop increasingly
innovative products and processes; having a growing impact on the Chinese and global markets.
Under the second scenario, national technological standards and practices increasingly isolate
Chinese industry and scientific communities from global trends, ideas and leading innovative
processes. China‘s leading technologists and scientists are engaged globally but indirectly,
because of fewer close industrial partnerships or collaborative ventures. Over time, China‘s spurt
in S&T innovation slows or stalls, and advanced foreign investment or interest diminishes - then
diverts to other global hot spots.
In the third scenario, China‘s efforts to develop a national innovation system are somewhat
successful but confined mainly to the eastern provinces. Central and western provinces fall short
of China‘s aspirations in developing R&D bases and competitive techno-industrial clusters.
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Methodology
This report attempts to identify the science and technology core deficits, apparatus and
knowledge engineering protocols of China. This endeavor is the culmination of three years of
part-time effort which was inspired by the proof-of-first principles activities by ONR and NSWC
Dahlgren. The key investigation of this study was to leverage such previous works to discover
the pathway for a proof-of-concept that the open-source S&T intelligence nature of the MCTP
could be expanded or re-purposed to reveal the PRC DSTI knowledge engineering/management
thinking…a topic that can be of help to cyber loss investigations, counter-intelligence and
intelligence communities.
For the first part of the study, aggregate China publication and citation bibliometrics were
obtained and manual statistically-significant taxonomies were generated. The inferred taxonomy
was based on reading a random sample of all China records retrieved and included many
assumed-assigned attributes for each record. The statistical taxonomies were based on both
word/phrase clustering and document clustering. For the second part of the study, a hierarchical
research taxonomy based on document clustering, was generated. For instance, the physics/
materials category has almost three times as many records as the chemistry category, and twice
the records of the mathematics category. Detailed analysis of the taxonomy allowed four
representative technical topics to be identified (nanotechnology; genetics; alloys; crops).
Bibliometric analysis was performed for each topic. Use of bibliometrics (e.g., key researchers,
Centers of Excellence, core journals) allowed the infrastructure of these technical areas to be
identified. For the third part of the study, open-sources were mined against PRC publications
possibly indicative of a knowledge engineering agenda; if not for a DSTI management approach.
Finally an approach was devised to cite characteristics of China‟s S&T participants,
knowledge program and innovation output while comparing China‘s R&D investment
emphasis/strategy relative to that of the USA. We found that China‘s output of research articles
has expanded dramatically in the last decade although they may not be significantly innovative.
In terms of sheer numbers of research articles, especially in critical technologies (e.g.,
nanotechnology, energetic materials), it is among the leaders. In terms of citation impact, it was
higher than anticipated in all major categories (e.g., Physical, Environmental, Materials and Life
Sciences) but not yet on a par with the USA. In terms of investment strategy relative to that of
the USA, China is investing more heavily in the hard science areas that underpin modern defense
and commercial activities.
The text mining aspect of the present study addresses a sub-set of the above features
(identification of China‘s main research thrusts, volume of research output in main research
thrusts, relative quality of selected major research thrusts) to assess potential Chinese research
competencies. Further subjective analysis (beyond the scope of the present paper) is required to
characterize the remaining necessary features of the PRC true national core S&T competence.
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Obtaining such global technical awareness, especially from the literature, is difficult for multiple
reasons:
a) Much science and technology performed is not documented
b) Much documented science and technology is not widely available
c) Much available documented science and technology is expensive and difficult to acquire
d) Few credible techniques exist for extracting useful information from large amounts of documentation

Nevertheless, it is believed that such approaches, with slight modification, could be adapted to
identifying the core S&T competencies in selected countries or regions, including estimation of
the relative levels of effort in each of the core technology areas. The text mining component
would be performed initially to identify:
• Key core competencies and technology thrusts in any country of interest
• Key interdisciplinary or collaborative S&T/R&D thrusts
• Approximate levels of effort in technology-specific/interdisciplinary competency areas
• “Watch List” of highly productive (innovative/inventive) researchers
• Highly productive Centers of Excellence; including those not well known
• Highly cited (influential) researchers as a leading indicator

Two major types of information are required for a country S&T core competency assessment.
One is technical infrastructure, which encompasses the prolific performers, journals that contain
many of the papers, the prolific institutions and the most cited papers/ authors/ journals. The
other is technology thrusts; and the relationship among the thrusts. This study focused on
obtaining both types of information. Two types of results are presented, bibliometrics and
taxonomies. Bibliometrics provide an indication of the technical infrastructure (prolific authors,
journals, institutions, citations), while taxonomies provide an indication of major technology
thrusts and their relationships. In addition, a citation-based approach was used to identify
pervasive research thrusts in China, and compare their investment and impact with those of other
countries. This approach is described in detail later in this report. Basically, this approach
identifies high frequency technical phrases from analysis of the retrieved China records, retrieves
SCI records using selected phrases and examines citation metrics from these records relative to
those from similar countries.
The World Intellectual Property Organization (WIPO), U.S. Patent & Trade Office (USPTO),
UNESCO, OECD and Science Citation Index (SCI) databases were used with the Engineering
Compendium (EC). The retrieved data analysis consisted of selected journal records (including
the fields of authors, titles, journals, author addresses, author keywords, abstract narratives and
references cited for each paper) obtained by searching the Web version of the SCI for articles
that contained at least one author with a China address. At the time the final data was extracted
for the computational linguistics component of this paper, SCI and EC accessed thousands of
journals (mainly in physical, engineering and life sciences basic research, applied research,
technology development and engineering). These all were keyed off significant years 2005-10.
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Scientometrics as an Application of Bibliometrics to Enable Knowledge Engineering
In 1969, Pritchard coined a new term – ―Bibliometrics‖ – for a type of study that had been in
existence for half a century. The fact that Pritchard felt the need to re-define the scope of an area
hitherto covered for fifty years by the term ―statistical bibliography‖ (Hulme, 1923)
demonstrated that a new field of quantitative research had emerged. For Pritchard, bibliometrics
was defined as the application of mathematical and statistical methods to books and other means
of communication.
Bibliometrics has become a generic term for a whole range of specific measurements and
indicators; its purpose is to measure the output of scientific and technological research through
data derived not only from scientific literature but from patents as well. Bibliometric approaches,
whereby science can be portrayed through the results obtained, are based on the notion that the
essence of scientific research is the production of ―knowledge‖ and that scientific literature is the
constituent manifestation of that knowledge. Patents indicate a transfer of knowledge to
industrial innovation and a transformation into something of commercial and social value; for
this reason, they constitute an indicator about the tangible benefits of an intellectual and
economic investment.
The idea that to publish their work is the paramount activity of scientists has long been contented
by science analysts. According to Price (1963), a scientist is ―...any person who has ever
published a scientific paper‖. ―Whenever a man labors; produces something new and the result
is a publication, then he has been doing what I call science‖ (Price, 1969). His catch-phrase
―publish or perish‖ would suggest that publication of research findings is at the forefront of
scientists‘ activities. To publish the results of their research is an obligation that scientists are
compelled to fulfill (Merton, 1957b). New knowledge, updated by researchers, has to be
transformed into information made available to the scientific community. Not only do scientists
have to make their work available to the public at-large, but they in turn are supposed to have
access to the work of their peers. Research is carried out in a context of ―exchange‖. Even so, the
fact that the system of scientific publication has survived in modern science is due,
paradoxically, to scientists‘ desire to protect their intellectual property. New scientific
knowledge is a researcher‘s personal creation; and claim to its discovery can be laid only through
publication (Merton, 1957a).
The ―reward system‖, based on the recognition of work, merely underscores the importance of
publication: the only way to spread the results of research throughout the world is to have them
published. Publication therefore has three objectives: to spread scientific findings, protect
intellectual property and gain fame. Scientists are obliged to publish their work; and publication
justifies their existence. ―A scholarly publication‖, remarks Price (1963), ―is not a piece of
information but an expression of the state of a scholar or group of scholars at a particular time.
We do not, contrary to superstition, publish a fact, a theory, or a finding, but some complex of
these. A scientific paper is at the same time more and less than a concept or a datum or a
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hypothesis. If the paper is an expression of a person or several persons working at the research
front, we can tell something about the relations among the people from the papers themselves‖.
Today, bibliometrics is applied to a wide variety of fields:
the history of science, where it elucidates the development of scientific disciplines by tracing
the historical movements that are revealed in the results obtained by researchers;
the social sciences, where, by examining scientific literature, it underpins analysis of the
scientific community and its structure in a given society, as well as the motivations and
networks of researchers;
documentation, where it can count the number of journals per library and identify the
journals that constitute the core, secondary sources and periphery of a discipline (by
analyzing the quantity of journals needed to cover 50 per cent, 80 per cent or 90 per cent of
the information in a given area of science;
science policy, where it provides indicators to measure productivity and scientific quality;
thereby supplying a basis for evaluating and orienting R&D.

Bibliometric techniques have evolved over time and are continuing to do so: the counting of
papers with attribution by country, by institution and by author; the counting of citations, to
measure the impact of published work on the scientific community; the counting of co-citations
(i.e. the number of times that two papers are cited together in a single paper); etc.. All of these
techniques combine to give more detailed and more effective measurements. Results are
presented in various forms, such as mapping, in order to depict the relationships between
participants and expand the means for analysis. The idea of examining literature goes back to the
beginning of the century. In 1917, Cole and Eales published a statistical analysis of the history
of comparative anatomy. The date was a milestone in the history of bibliometric analysis; as
Cole and Eales were among the first to use published literature to build up a quantitative picture
of progress in a field of research. Their paper describes the contributions of bibliometrics and the
problems that it poses – some of which have yet to be solved.
Further work was carried out by Hulme (1923), this time using patents. By correlating patents
and scientific literature in order to measure social progress in Britain, Hulme pioneered a modern
methodology for the history of science. Subsequently, Lotka (1926) showed the distribution
frequencies of scientific production. He was undoubtedly one of the first to link the notion of
productivity to counting; using the decennial indices of Chemical Abstracts and Auerbach‘s
Geschichtstafeln der Physik. He also introduced a qualitative measure of scientific work based
on data that made it possible to select the most eminent contributions. Lotka noted that the
number of published papers was not distributed uniformly and that productivity tended to be
concentrated among a limited number of researchers.
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In 1935, Cunningham published a study of biomedical literature and, in 1952, Boig and
Howerton one of chemical literature. Until the 1960s, however, published research in this field
was extremely rare. The fact that the term ―statistical bibliography‖ was used fewer than five
times between 1923 and 1962 illustrates how confidential such activity remained (Pritchard,
1969). The 1970s brought a quantum leap in the number of bibliometric studies, crowning a
second period in the history of bibliometrics which had begun with the advent of a database of
citations of scientific papers, the Science Citation Index (SCI). Founded by Eugene Garfield in
Philadelphia in 1963, the SCI paved the way for all those seeking to measure science using
quantitative and objective methods.
Garfield‘s initial idea was to give researchers a quick and effective way to find published articles
in their fields of research (Garfield, 1968). But he soon extended his work to evaluation of the
references compiled: ―It is concluded that as the scientific enterprise becomes larger and more
complex, and its role in society more critical, it will become more difficult, expensive and
necessary to evaluate and identify the largest contributors‖ (Garfield, 1979b). Garfield sought to
portray citation analysis as a legitimate and practical tool for the evaluation of scientific
production.
The SCI‘s existence not only sparked a large number of bibliometric studies, it also favored the
emergence of a new generation of bibliometricians claiming their discipline as the ―Science of
Science‖ (Price, 1965). Derek de Solla Price, an influential advocate of this methodology and a
physicist by training, tried to take an approach to science that was independent of the one
adopted by scientists. According to Price, science could be measured by publication and it could
be analysed independently of scientists. Scientists, he reckoned, were specialists who, outside
their respective fields of research, were no longer specialists. He wrote: ―Just as economics has
become a valuable aid to decision-making in government and industry as well as an academic
subject in its own right, it may be that we are witnessing the birth of a similar scientific
appraisal and analysis of the world of science‖ (Price, 1964). Price forecast that, in the near
future, citation analysis would be used as a companion to peer review.
In this field, Russian researchers going back to the 1930s associated scientific analyses and the
social sciences, for the purpose of providing methodological descriptions of the various
disciplines. The systems of measurement they developed led to the establishment of a new field,
Naukometrica (literally, ―the measurement of science‖), the forerunner of bibliometrics. The
international journal Scientometrics was created with the aim of publishing papers on all the
quantitative aspects of the ―science of science‖; it publishes a substantial share of contemporary
bibliometric methods and studies and constitutes a highly active forum for discussion – at times
quite intense – between representatives of the various schools of bibliometricians. The first
generation of bibliometricians created concepts and technical measurements that were later
refined for use in the evaluation of science. But according to Wade (1975), these concepts had
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already been put to practical use prior to 1975, e.g. for evaluating the policies of ―research
councils‖, analyzing university-level research and assessing needs for new research institutes in
emerging fields. Industrialized societies were highly favorable to the development of science
(Bush, 1960). Since they began in 1957, the surveys conducted by the National Science
Foundation (NSF) have demonstrated the American public‘s belief that science and technology
make a major contribution to the progress of society (National Science Foundation, 1989).
Stimulated by competition with the Soviet Union, the United States made a considerable R&D
effort in the 60s – one that involved the creation of various agencies and institutions. Similar
moves then took place in Europe, the Soviet Union and Japan.
A change took place in the 1970s: science was no longer seen as a venture in which society could
invest generously and without limit. The first phase of this shift was prompted by the slowdown
of economic growth, but it also stemmed from a more critical attitude which took account of the
negative consequences of scientific research: science and technology were expensive, but
investment in research did not automatically make it possible to solve environmental problems or
social problems such as the gap between the industrialized countries and the Third World. This
led to concern over the profitability of basic research in particular; and researchers were
increasingly perceived as ―producers of science‖ who had to account for the funds they received.
In addition, student revolt caused the image of Universities to deteriorate, along with the
authority of scientists and graduates. Such events aroused the suspicion of the general public
towards science and technology. The new aim was to produce value-added that conserved natural
resources and created less pollution; and to create a more efficient research system that made
better use of existing intelligence. It was in this context that the evaluation of scientific research
came into its own.
As a result, the methods of the social sciences and the humanities (the ―soft‖ sciences) were used
to analyze ―hard‖ sciences; quantitative criteria and measures were needed. In other words,
methods had to be found to quantify, compile and compare indicators. The establishment of a
measurement of science(s) became inevitable. This shift cleared the way for the analysis of
science and technology and favored the advent of bibliometricians in science policy.
Governments in all countries have gradually perceived the need for critical analysis of their
science and technology policies. Some have deemed it sufficient to create administrative units
within their research ministries (Departments or Ministries of Education, Industry, etc.). Others
have preferred to train specialists and develop indicators in an academic context which
encourages the interplay of ideas.
In the United States, the National Science Foundation published its first Science & Engineering
Indicators in 1972. In presenting their work, the officials in charge explained that ―The ultimate
goal of this effort is a set of indices which would reveal the strengths and weaknesses of U.S.
science and technology, in terms of the capacity and performance of the enterprise in
contributing to national objectives. If such indicators can be developed over the coming years,
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they should assist in improving the allocation and management of resources for science and
technology, and in guiding the Nation‘s research and development along paths most rewarding
for our society‖ (NSF, 1972). In subsequent reports, the role of bibliometric indicators expanded
considerably.
Since then, bibliometrics has increasingly been oriented towards science policy. Groups of
bibliometricians from different schools have proposed various methods for measuring the growth
of science and linking their methodologies to evaluations. As a result, bibliometrics is now
entering the difficult phase of trying to make a contribution to evaluation. Many of these
methods have been presented at specialized seminars around the world. In half a century,
bibliometrics has thus earned its place as an instrument for measuring science, in Western
industrialized countries as well as in Eastern Europe and industrializing countries such as India.
In 1989, the OECD devoted a chapter of the Frascati Manual supplement to the higher education
sector; confirming the place of bibliometrics in science analysis. The Netherlands and the United
Kingdom were among the first to publish regular studies on science using bibliometric
indicators. Research groups in these countries were pioneers in theoretical construction and
practical application in this field (Irvine and Martin, 1980; Martin and Irvine, 1984; Leven, 1982;
Moed et al., 1983); incorporating, in the 1980s, bibliometric measures into science policy
analysis.
In 1987, the Japanese Ministry of Education, Science and Culture (Monbusho) commissioned a
team of bibliometricians to carry out a comparative study of the number of scientific articles
published in seven major countries, in order to ―set up an indicator permitting a better
understanding of Japan‘s research activities in the international context‖ (Ministry of
Education, Science and Culture, 1987). However, in all countries it has taken a long time for the
bibliometric approach to gain acceptance as a measurement of science, in political as well as
scientific circles. Some scientists continue to be hostile. Many of them have not acquainted
themselves with the methodology and are uneasy with being analyzed (or even evaluated) by a
quantitative measure of the level of research activity – a ―coarse grained measure of the level of
research activity, amounting to what some might say is merely ‗paper counting‘‖ (Rappa, 1989).
It is not easy – psychologically or intellectually – to make the leap from measurement on the
scale of a country or scientific discipline to the evaluation of individual researchers; it has even
been called ―an intolerable scandal‖ (Chauvin, 1991).
Some scientists have proposed a method of evaluation whereby job applicants would be judged
not on a list of publications taken from a somewhat anonymous database, but on select articles
that they themselves deem most representative of their work. Researchers consider peer review
the only way they should be judged (Ourisson, 1991). This view is shared by a large proportion
of the scientific community at the present time. At the level of individuals, bibliometrics
measures the productivity of research but does not necessarily say anything about quality or the
competence of researchers as teachers. Scientists‘ reactions are quite natural and underscore the
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need for interaction between the people being evaluated and the ones who are doing the
evaluating. In the evaluation process, the dialogue between ―creators of science‖ and
―bibliometrician analysts‖ can be constructive. It can help alter the data and the methods used,
but above all it can affect the interpretation of the results. Many experts in ―evaluative
bibliometrics‖ confirm that a discussion of the results must always be part of a researcher‘s
evaluation (Moed et al., 1983). In the dialogue between analyst and the person being analyzed,
checking the figures is essential. Clearly, the use of bibliometric indicators requires far greater
vigilance for an individual evaluation than for a general description of science at the country
level.
With time, these methods have become more widely recognized, but perhaps more so outside
scientific circles than within the scientific community itself (Chelimsky, 1991). A large number
of countries publish statistics along the lines of the NSF‘s Science and Engineering Indicators:
Australian Science and Technology at a Glance 1990 (Australia), Science Indicators
Compendium 1991 (Canada), Science and Technology Indicators 1991 (Japan), Science et
Technologie - Indicateurs 1992 (France), S&T Indicators Report 1994 (Netherlands), Science
and Technology Policy - Review and Outlook (OECD), and the European report on science and
technology indicators. Apart from Scientometrics, the number of journals that publish articles
using bibliometric methods is increasing. Among them, inter alia, are: Research Policy, Science
and Public Policy, Research Evaluation, Journal of the American Society for Information
Science and Rapport de l‘Observatoire des Sciences et des Techniques (France). The source for
bibliometrics is always a database. Various bases, established by businesses or by public or
private institutions, are used to illustrate the results of science and technology activity (with raw
data). With special processing, they can be used to establish bibliometric indicators. Most
databases are specialized; only a few are general in scope. Among the most widely used bases
(see the Annex for greater detail) are:
Chemical Abstracts: a specialist physics and chemistry database produced by an American
company, Chemical Abstracts Services, for the American Chemical Society; it records an
average of some 500,000 references a year taken from around 10,000 journals.
Compendex: a specialist engineering and technology database produced by an American
company, Engineering Information; it records an average of some 150,000 references a year
taken from around 4,500 scientific journals.
Embase: a specialist medical sciences database produced by a Dutch company, Excerpta
Medica; it records an average of some 250,000 references a year taken from around 3,500
journals.
Inspec: a specialist physical sciences database produced by the Institute of Electrical
Engineers in the United Kingdom; it records an average of some 200,000 references a year
taken from around 2,200 journals.
Pascal: a general database covering several fields and produced by the Institute for
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Scientific and Technical Information (INIST) at France‘s National Centre for Scientific
Research (CNRS); it records an average of some 450,000 references a year taken from
around 6,000 journals.
Science Citation Index: a multidisciplinary database produced by a U.S. concern, the Institute
for Information Science.

The most frequently used sources of patent data are Derwent Information Limited‘s WPI(L)
databases and that of Computer Horizon, Inc. (CHI). The Derwent databases are
multidisciplinary and international in scope, recording patents issued and patent applications
published by 30 national patent offices, whereas the CHI database draws mostly on statistics of
the United States Patent Office. These databases are generally available on-line and/or on CDROM. The choice of a database for compiling bibliometric indicators hinges directly on the
objectives pursued and the questions the base must answer. Each database has its own content
and entry criteria, and no two bases are identical. On any given subject, the quantity of articles
(or other units of measure) will vary, depending on the database used. Quality (e.g. exact
breakdowns by scientific discipline) will also differ, inter alia according to the journals from
which data are drawn. For the same study, this diversity can yield divergent results, making it
imperative to seek data that are as coherent as possible.
When results differ according to the sources used, there is no objective means of distinguishing
which of them most accurately depict(s) the reality of scientific output. All users of bibliometric
indicators must therefore begin by choosing the databases best suited to their particular needs; to
do so, they must first analyze the strengths, weaknesses and limitations of the various databases.
For ―macro‖ level bibliometric studies, the bases selected must be representative, but they do not
necessarily have to cover all of the data. By combining or factoring information from a variety of
sources (databases) into the analysis, the risk of not being representative or exhaustive can
always be minimized.
In addition, the bibliographical records that constitute the various databases were established to
provide information of a primarily qualitative nature, and not as the basis for any sort of
publication or article count. It is for this reason that the data, once extracted, need special
processing to make them usable for the production of indicators. To this end, bibliometricians
have developed a variety of processing methods and applied them in their analytical work. In
order to study the development of science in a particular discipline, it is necessary to propose or
carry out an aggregation of the scientific field, because databases are not automatically classified
by specialty. If the field to be analyzed is ―ceramics‖, for example, analysts could query the
database:
i)
ii)
iii)

by the titles of specialist journals in the field (identified by the analysts themselves);
by key-words connected with their research (also selected by the analysts
themselves); or
by a select list of journals used by specialists.
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Depending on the query mode, the results vary. Attributing a search to a particular field or
scientific discipline is a delicate task, especially insofar as a search program may very well bring
together a variety of disciplines. Likewise, it is up to database users to decide what the count
should include and exclude, depending on the study they are conducting. A typical database
encompasses several different types of literature: articles, notes, summaries, letters to the editor,
reports, notices, discussions, books, etc.. For obvious reasons, articles are the basic mode of
expression for conveying new knowledge. But for almost all the remaining types of literature, the
choice lies with the analysts; who are required to choose the database contents that are to be
incorporated into their bibliometric studies. On this subject, it has been noted – not without
irony – that ―one can easily fit the data with curves which show decline, increase or stability‖ of
the science; depending on the types of literature chosen (Leydesdorff, 1991).
Users thus choose their counting methodology, data processing techniques and basic concepts.
Consequently, the use of bibliometric indicators requires extreme prudence; and it is necessary to
compare results obtained from several databases, especially if the scientific disciplines under
study are fairly leading-edge or recent, and hence as yet relatively unstructured. In order to
measure the quantity of a scientific stock, data of uniform quality must be used. A database must
be built on defined and measurable criteria, so that analysts can specify the community being
examined. It is in this context that the Science Citation Index (SCI) database, created by the
Institute for Scientific Information in the United States, comes into its own. Its ―inventor‖,
Eugene Garfield, regarded cost-benefit considerations as paramount in defining the coverage of a
database; conceding that it was not feasible to cover all existing journals. ―One reason is that no
one knows how many journals are published, because there is no agreement on what constitutes
a journal‖ (Garfield, 1972).
Garfield first calculated the number of scientific journals needed to optimize coverage of a
maximum amount of scientific information. To do this he adopted a law that had been developed
by information scientists on the basis of Bradford‘s work (1950). This law showed that between
500 and 1,000 journals were needed to cover 95 per cent of the ―significant‖ literature published
in a given field. Garfield subsequently combined Bradford‘s dispersion law with a concentration
law he himself had developed (Garfield, 1972). Bradford‘s law defines a scientific field, but if a
database is to cover several such fields, does the number of journals for one field have to be
multiplied by the number of fields? According to Garfield, because a substantial proportion of
disciplines overlap, the core literature for all of these disciplines can also be covered by
approximately 500 to 1,000 journals.
The first step was to develop a method for identifying these 500 to 1,000 journals. To do so,
Garfield used the ―number of citations‖ as one of the criteria for a ―significant‖ search. Because
authors cite earlier work in order to support, describe or develop a particular point in their own
work, the citation of a scientific paper is an indication of the importance that the community
attaches to the research. Thus, citations can be considered a criterion for selecting the most
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highly esteemed scientific journals on the basis of the articles they contain. First, a count was
made of the number of times an article was cited in a given journal. Then, the impact factor was
computed by dividing the number of citations by the number of articles contained in the journal.
This made it possible to eliminate any bias stemming from a journal‘s size; rendering citation
proportional to the number of articles.
Thus the SCI database covers the most widely used, recognized and influential scientific journals
in the world, as measured by their ―citation indices‖. It limits the scope of coverage to worldclass scientific journals, representing the ―core‖ scientific output in specific fields and
eliminating research not presented in the ―mainstream‖, which is limited to a specific group of
journals. The problem for a database is to draw the boundary between ―the strong‖ and ―the
weak‖. Is it quality, quantity or other criteria that make the difference? In any event, for
researchers, it is international acknowledgement of their output that determines the ranking of
their worth. Around 1981, the SCI covered about 3,100 scientific journals; at the time, there were
some 70,000 such publications worldwide! It was for that reason that the SCI environment was
dubbed the ―mainstream‖ (Frame, 1977). The selection of journals covered by the SCI thus
injected a qualitative aspect into the literature count. Apart from its virtual monopoly, the reason
why the SCI is currently used so intensively cannot be attributed to the use of citations alone.
The database covers a huge area of science; it is multidisciplinary, whereas most of the other
bases are more highly specialized. With the SCI, it is possible to undertake a broad study of
science, thanks to its uniform treatment of the exact and natural sciences, but ISI has also
expanded its collection of databases and it is now possible to obtain good information on social
sciences and the humanities from the Social Science Citation Index (SSCI) and the Arts &
Humanities Citation Index (AHCI).
The SCI also records the affiliation (addresses, institutional connections, etc.) of all authors of
each article, whereas most other databases record only the first author of co-signed articles (the
initial listing can sometimes constitute a ―place of honor‖ for renowned researchers who have not
necessarily contributed very much to the work). At the present time, SCI and Physic Brief are
among the rare databases to follow a policy of multiple listing. Yet, this method offers a number
of compelling advantages; especially at a time when studies of the internationalization of science
are far advanced. Because all of the affiliations of co-authors are recorded, a computer program
can select an article written by researchers from different laboratories and different countries.
This gives the SCI a standing in bibliometric research that bibliometricians cannot disregard.
However, the SCI also has its limitations, which are common to many bibliometric databases.
The reasons that prompt the author of a scientific article to cite other literature are complex.
Science sociologists have been analyzing the significance of citation for years and have pointed
out that reference to the work of other researchers is not always related to the originality,
importance or even the ―quality‖ of that work. Being cited may also depend on an article‘s
ability to reach a large audience. Famous scientists frequently supervise a large number of
students and their articles are more likely to be cited than those of their less influential
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counterparts (especially if the name of the ―boss‖ appears – rightly or wrongly – among the coauthors). The weight of the social structure within the discipline is not necessarily directly linked
to the quality of research. Authors may refer to eminent scientists as a tribute (or a tactic) rather
than in acknowledgement of a piece of work they admire (The Economist, 18 January 1992). The
work of a researcher possessing an experimental technique or methodology, not necessarily of
high quality but merely useful, will be cited each time it is used. Citations are a measure of the
overall impact of an article‘s influence, or that of its authors, on the scientific community; they
are a complex socio-epistemological parameter which probably induces a quality factor, but this
factor is neither equivalent, nor unequivocally correlated with, scientific quality (Seglen, 1992).
Bibliometric analysis uses numerous parameters, such as scientific literature (articles, etc.), coauthorship, patents, citations, co-citations and co-words. These parameters are indirect measures
of the scientific community, its structure and its output. Bibliometric data and analysis provide
information on the scientific orientation and dynamism of a country (or some other unit) and on
its participation in science and technology worldwide – in other words, on its impact on both the
national and the international community. Co-operation analysis makes it possible to identify and
represent scientific networks and to highlight links between countries, institutions and
researchers; as well as the impact of major programs [CERN (European Laboratory for Particle
Physics), WHO (World Health Organization), etc.]. Bibliometrics also highlights the structure of
scientific disciplines and the links between them. Bibliometric data and indicators can serve as
tools, or at least as an aid, for describing and expressing questions that arise in world science.
As in other fields, it is important to note that the indicators obtained from bibliometric databases
should be put in perspective. Indicators are based on a comparative approach: absolute values are
not indicative per se, but take on their full significance only in comparison with those of other
groups. Analysis should also incorporate as large a volume of data as possible, so as to allow
statistical compensation for any bias that might affect each small entity taken separately. The
limitations of the data used in bibliometrics stem mainly from the various means of
communication scientists use to convey information to each other apart from the usual channel of
scientific journals. Inter alia, oral communication between scientists is not captured in statistics,
nor are internal reports between universities, laboratories or research groups and reports between
countries working together through committees, programs or laboratories. Also slipping through
the net are important monographs and, to an even greater extent, electronic communication
between researchers; which is developing rapidly. All of the communication that is covered by
―traditional‖ bibliometric methods therefore consists of exchanges that have been ―formalized‖;
informal communication is not incorporated and probably never will be. The traditional approach
is even more restrictive with regard to anything that involves industrial or defense-related
research. There are great lags in communication between science (primarily academic) and
industry, because of industry‘s desire to protect its discoveries (prior to patent applications in
particular) and the fact that its findings are generally published in an abridged form. Articles
published by industrial laboratories deliberately give a limited view of the aims of research,
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which are generally to create products or processes subject to commercial competition.
Furthermore, a large proportion of defense-related research (which is often linked to
industrial research) is never included in customary scientific communication, despite its
technological importance and the fact that it tends to be at the leading edge of basic
research.
Other debates center on a fundamental aspect of bibliometric measurement: how is it possible to
measure scientific publication trends over a number of years using databases that evolve from
one year to the next? In retrospect, this problem, which is tied to the development of
bibliometrics, would appear to be the result of efforts to make bibliometric tools more
representative. Some scientific journals disappear, others change their names or merge and,
above all, new journals emerge. The Institute for Scientific Information (ISI) monitors these
changes and regularly updates the list of journals covered by the SCI, creating an annual turnover
of approximately 7 per cent (Garfield, 1979a). In 1964, ISI had included around 610 journals in
the SCI; by 1981, the number had risen to 3,600. There has been a parallel increase in the
number of articles from 100,000 in 1964 to 500,000 in 1981 in the SCI (non-fixed journal set)
(Institute for Scientific Information, 1981).
However, this increase may pose a problem, for some, when attempts are made to track national
scientific performance over time. For publication counting purposes it may seem preferable for
the number and make-up of journals in a base to be stable over the review period so that the
measure of the state of science in a given country would be comparable from one year to another.
Growth in the number of a country‘s references could merely be the result of the addition of new
journals to the base and not a measure of actual productivity growth. Data must be processed in
a way that renders them comparable from one year to another (Anderson et al., 1989). In order to
make it easier to interpret the data, it was decided to track a constant number of journals among
all those in the base – the ―fixed journal set‖ representing approximately 2,100 of the
publications monitored by ISI in 1973. Thus, the list of journals remained ―stable‖ between 1973
and 1980. The list of selected scientific journals was again revised in 1981 to reflect new
developments in science. New titles incorporated into the SCI were not added to the fixed journal
set during the ―freeze‖ periods (1973-1980 and 1981-1986); however, journals that were stricken
from the SCI were taken out of the base. Limiting references to a given number of journals
would inevitably under-represent the natural dynamics of knowledge and this ―freeze‖ could
create an ―artificial‖ world of science. It may not be possible for new fields of research, such as
supra-conductivity or AIDS, which are discussed in journals that are created as a result of the
relevant discoveries, to be studied immediately. The performance of industrialized countries is
better represented in the non-fixed journal set because scientists in these countries tend to choose
new titles, rather than traditional journals, to present their work. It is precisely in these new
journals that new fields of research make their debut (Kealey, 1991). Thus, ―the representation of
research [provided by the fixed base] is significantly conservative and static‖ (Callon and
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Leydesdorff, 1987). Here too, then, there are two different ways of processing SCI data in order
to measure scientific performance:
i)
ii)

on the basis of a non-fixed journal set, with quantitative variations; and
on the basis of a fixed journal set, with the set diminishing over time.

Only the starting points (1973 and 1981) are fixed; subsequent results do not evolve in the same
way. Neither of the series is either ―stable‖ or ―constant‖. The crucial question is to know which
of the sub-sets is the more representative, or produces the more reliable indices for measuring
national performance in science (Martin, 1991). In some specialties, the discrepancies are so
great that trends vary over time (The Royal Society, 1986). Counting papers is not difficult;
making sense of the figures is more complex. The numbers do not ―speak‖ for themselves; they
need to be interpreted, taking into account the real and artificial bias in the data and in the
method used to count them. Bibliometrics is gaining ground in other sectors, thanks in particular
to the development of indicators to track various types of co-operation (Nederlands
Observatorium van Wetenschap en Technologie, 1994; MERIT, 1994; Katz and Hicks, 1996).
The basic indicators of bibliometrics still have a long way to go. Bibliometricians are pursuing
their efforts to apply and improve existing indicators. One of the most interesting areas of study
involves scientific and technological forecasting – a field for which indicators have been
developed (Leydesdorff, 1995; Noyon and Van Raan, 1995). Work is also underway to develop
―integrated indicators‖, i.e. the association of several indicators to represent scientific and
technological activities (Niwa and Romizawa, 1995). In addition to this macroscopic approach,
―micro‖-level trials are attempting to represent the shifts of science towards technology by
looking at the development of networks of research groups (Hirasawa, 1995). Another focus of
effort is to expand methods of evaluation aid based on the quality of scientific journals (Magri
and Solari, 1996). These endeavors should be of particular use in analyzing science policies.
Each indicator has its advantages and its limitations. Care is needed not to regard them as
―absolute‖ indices; they are complementary. The various bibliometric procedures and methods
need to be used in combination, despite the sometimes contradictory results, for as long as they
offer useful information and comply with scientific and professional standards. Despite its
limitations, bibliometrics provides an essentially objective quantitative measure of scientific
output.
Partitional Clustering Method
CLUTO (Karypis, 2002) is a software package that implements various algorithms for clustering
low- and high-dimensional datasets and for analyzing the characteristics of the various clusters.
CLUTO implements three different classes of clustering algorithms that can operate either
directly in the object's feature space or in the object's similarity space. The clustering algorithms
provided by CLUTO are based on the partitional, agglomerative and graph-partitioning
paradigms. CLUTO's partitional and agglomerative algorithms are able to find clusters that are
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primarily globular; whereas it‘s graph-partitioning and some of its agglomerative algorithms are
capable of finding transitive clusters. We used third-party pro bono contributions to utilize this.
In this study, documents were clustered using the partitional clustering algorithms provided by
CLUTO. Partitional clustering algorithms find the clusters by partitioning the entire document
collection into a predetermined number of disjoint sets; each corresponding to a single cluster.
This partitioning is achieved by treating the clustering process as an optimization procedure that
tries to create high quality clusters according to a particular function that reflects the underlying
definition of the ―goodness‖ of the clusters. This function is referred to as the clustering criterion
function. CLUTO implements seven such criterion functions that measure various aspects of
intra-cluster similarity, inter-cluster dissimilarity, their combinations and have been shown to
produce high-quality clusters in low- and high-dimensional datasets (Zhao and Karypis, 2005).
CLUTO uses two different methods for computing the partitioning clustering solution. The first
method computes a k-way clustering solution via a sequence of repeated bisections, whereas the
second method computes the solution directly (in a fashion similar to traditional K-means-based
algorithms). These methods are often referred to as repeated bisecting and direct k-way
clustering, respectively. CLUTO computes a direct k-way clustering as follows. Initially, a set of
k objects is selected from the datasets to act as the seeds of the k clusters. Then, for each object,
its similarity to these k seeds is computed, and it is assigned to the cluster corresponding to its
most similar seed. This forms the initial k-way clustering.
This clustering is then repeatedly refined so that it optimizes a desired clustering criterion
function. This optimization is performed using a randomized incremental optimization algorithm
that is greedy in nature, has low computational requirements, and produces high-quality solutions
(Zhao and Karypis, 2005). A k-way partitioning via repeated bisections is obtained by
recursively applying the above algorithm to compute 2-way clustering (i.e., bisections). Initially,
the objects are partitioned into two clusters; then one of these clusters is selected and is further
bisected and so on. This process continues k - 1 times, leading to k clusters. Each of these
bisections is performed so that the resulting two-way clustering solution optimizes a particular
criterion function.
The actual documents were represented with the widely-used vector-space model. The various
terms present in the documents were used to define a high-dimensional space and each document
was considered to be a vector in that space. However, unlike the traditional vector-space
representation, which relies entirely on single terms, all consecutive two- and three-word
combinations were taken into account; resulting in a representation that is capable of capturing
the phrases commonly occurring in the documents. In addition, Porter‟s stemming algorithm
was used to pre-process the various terms of each document prior to obtaining their vector-space
representation. The weight of each dimension was computed using the TF-IDF model in which
terms that occur many times within a document are given higher weight (TF) and terms that
occur across many documents were given lower weight (IDF) (Zhao and Karypis, 2005). The
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similarity between two documents was measured using the cosine of their corresponding
document vectors. The results of this led to an inferred taxonomy for PRC DSTI (See
Subsequent RESULTS Volume for Schema). We used third-party off-site ―blind‖ assistance.
For example and by way of comparison, here is a segment of the U.S. Defense Technical
Information Center (DTIC) taxonomy:
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And so on…
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And so on…
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And so on…
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And so on…

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 41

The Rooster & The Dragon January 23, 2012
And finally…

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 42

The Rooster & The Dragon January 23, 2012
Word & Phrase Factor Themes
A word factor analysis with forty factors was conducted on the retrieved Abstracts from the
available English-translated portion of access-able databases. A phrase frequency analysis of the
retrieved Abstracts was also performed; and the high-frequency, highly-technical words were
selected. A correlation matrix of these words was generated by the TechOasis software; followed
by a factor matrix. Each factor from the factor matrix was analyzed. Each factor is summarized
in this RESULTS volume of this study. The format is: the factor number, followed by the high
factor loading words in the factor matrix for the factor being analyzed and then followed by a
brief descriptive summary of the factor‘s theme. Again, all with off-site ―blind‖ assistance.
Word Dendogram
A word frequency analysis was performed on the Abstracts from the SCI database. The highest
frequency high technical content words were selected and a co-occurrence matrix was generated.
It was normalized using the mutual information index. Word clustering was generated using the
WINSTAT statistical package, and the following dendrogram was produced (Figure below)
showing the entire condensed dendogram. The entire dendogram in a larger readable version is
too large to include in this format. The dendrogram was the basis for the inferred PRC DSTI
taxonomy which is shown in detail as part of the RESULTS volume.

Figure 4 - Small Scale Multi-Link Phrase Dendogram Result for PRC DSTI

Greedy String Tiling (GST) Method
Greedy String Tiling clustering is a method of grouping text or text character documents (files)
by similarity. All documents to be grouped are placed in a database. Each pair of documents is
compared by GST; an algorithm originally used to detect plagiarism (Wise, 1993; Prechelt et al,
2002), and a similarity score is assigned to the pair. Then hierarchical aggregation clustering
(Rasmussen, 1992; Steinbach, 2000) is performed on all the documents using the similarity score
for group assignment.
Greedy String Tiling computes the similarity of a pair of documents in two phases. First, all
documents to be compared are parsed and converted into token strings (words or characters).
Second, these token strings are compared in pairs for determining the similarity of each pair.
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During each comparison, the GST algorithm attempts to cover one token string (document) with
sub-strings (‗tiles‘) taken from the other string. These sub-strings are not allowed to overlap,
resulting in a one to one mapping of tokens. The attribute ―greedy‖ stems from the fact that the
algorithm matches the longest sub-strings first.
A number of similarity metrics can be defined once the tiling is completed. One similarity metric
is the percentage of both token strings that is covered. Another similarity metric is the absolute
number of shared tokens. A third similarity metric is the mutual information index. Depending
on the purpose of the matching, additional weightings can be used for the similarity matrix to
increase the ranking precision. For example, if plagiarism is one study objective, additional
weighting could be given to shared string length. All similarity metrics have positive and
negative features, and the choice of metric is somewhat influenced by the study objectives and
the structure of the database.
Once the document similarity matrix has been generated, myriad clustering techniques can be
used to produce a classification scheme (taxonomy). In the present study, multilink hierarchical
aggregation was used. Three clustering variants were actually generated, although the extension
to other clustering schemes is straight-forward. Single-link, average-link and complete-link
variants are implemented. The variants differ in how the decision of merging to clusters is made.
Single-link requires that the similarity of at least two documents is higher than a certain
threshold, while complete-link requires that the similarity between all documents in both clusters
be higher than a threshold. Average-link requires that the average pair-wise similarity between
the documents of both clusters exceed the threshold. For the present study, complete-link
appeared to give good results and was the clustering method used.
Bibliometrics
The first group of bibliometrics results provided a summary view of the Chinese research
infrastructure. The second group of bibliometrics results was for selected topics identified from
the clustering of research articles by topical similarity (e.g. Publication Statistics on Authors,
Journals and Organizations). The first group of metrics presented counts of papers published by
different entities. These metrics can be viewed both as output and productivity measures. They
are not direct measures of research quality; although there is some threshold quality level
inferred since these papers are published in the (typically) high caliber journals accessed by the
SCI.
Aggregate China Bibliometrics
In all text mining studies published by the ―first author‘s‖ grouping, bibliometrics were
performed on the overall data retrieved. Since all these previous studies focused on essentially
one technology area each, the resultant bibliometrics provided the technical infrastructure for
that technology. In the present study, the focus is on the wide range of technologies being
developed within China. In this phase of examination, approximately 35,000 records were
downloaded.
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Prolific Journals
The top twenty journals based on number of papers are listed in the RESULTS volume. The first
column is the full journal name, the second column is the number of papers in the journal from
the database, the third column is the journal‘s Impact Factor (the Impact Factor is the ratio of
cites of recent articles to numbers of recent articles, and can be considered one measure of a
journal‘s ability to attract citations), and the fourth column is the journal‘s theme. The latter two
columns will be discussed in the section on Most Cited Journals. These journals appear to be
concentrated in chemistry, materials and physics - with one journal about medicine. Many are
Chinese-specific journals.
Prolific Institutions
The top twenty institutions are listed in the RESULTS volume. The dominant institution is the
Chinese Academy of Sciences while the other nineteen institutions are universities.
Collaborative Countries
The SCI was accessed to identify the main collaborating countries with China on research
articles. What is the citation impact of collaboration? Two cases were compared. The first
case consisted of all research articles in the SCI published having at least one author with a
Peoples Republic of China address. The second case consisted of all research articles in the SCI
published retrieved using the address query that essentially generates Chinese-only authored
articles. Approximately one-quarter of research articles completed (having at least one author
with a China address) were the result of China‘s collaboration with other countries. The impact
of collaboration was negligible on median citations of the total. The impact of collaboration was
substantial on the top ten cited articles and was noticeable on the top 5% of cited articles.
What are the main technical areas of collaboration? The most recent articles for USA-China
papers were downloaded from the SCI. A phrase frequency analysis of the abstracts was
performed for each country combination and the highest frequency highly technical content
phrases were extracted. The results, all superficially non-military, are as follows:
Single Words
Cells; Expression; Cell; Protein; Gene; Patients; Human; Cancer; Genes; Soil; Treatment;
Species; Mice; Disease; DNA; Proteins; Genetic; Receptor; Tumor
Double Word Phrases
Cell Lines; Lung Cancer; Gene Expression; Electron Microscopy; Amino Acid; Cancer Cells;
Cell Line; Growth Factor; Transmission Electron; Neural Network; Breast Cancer; X-Ray
Diffraction; Cell Death; Increased Risk; Amino Acids; Nasopharyngeal Carcinoma; Prostate
Cancer; Ovarian Cancer; Protein Expression; Risk Factors; Cancer Cell; Western Blot;
Endothelial Cells; Mass Spectrometry; Neural Networks; Transcription Factor; Blood Pressure;
Scanning Electron; Cancer Risk; Cell Growth; Dorsal Horn; Polymerase Chain; Cell Surface;
Coronary Artery; Spinal Cord; Tibetan Plateau; Flow Cytometry; Myocardial Infarction
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Triple Word Phrases
Transmission Electron Microscopy; South China Sea; Density Functional Theory; Scanning
Electron Microscopy; Polymerase Chain Reaction; Risk Of Lung; MRNA And Protein; Cancer
Cell Lines; Cells In Vitro; Central Nervous System; Differential Scanning Calorimetry; EnzymeLinked Immunosorbent Assay; Severe Acute Respiratory; Squamous Cell Carcinoma; X-Ray
Photoelectron Spectroscopy; Acute Respiratory Syndrome; Basic Fibroblast Growth; Breast
Cancer Cells; Dorsal Horn Projection; Respiratory Syndrome SARS; Small Interfering RNA;
Tumor Necrosis Factor; Atomic Force Microscopy
Representative phrases were selected and the phrases are ordered by frequency of occurrence.
The two dual-use areas that stand out from these collaborative groups are biomedical and
nanotechnology. However, when frequencies of similar phrases from each group are taken into
account for the China-USA articles, biomedical comes first and nanotechnology second. Given
China‘s relative (to the USA) investment strategy emphasis in nanotechnology and lesser relative
investment emphasis in biomedical the PRC collaborative research relationship with Japan (as
described to MCTPO by Japan METI counterparts) appears to be more ‖quid-pro-quo‖ than is
the relationship with the USA.
Citation Statistics on Journals
The second group of metrics presented is counts of citations to papers published by different
entities. While citations are ordinarily used as impact or quality metrics (Garfield, 1985), much
caution needs to be exercised in their frequency count interpretation since there are numerous
reasons why authors cite or do not cite particular papers (Kostoff, 1998b; MacRoberts and
MacRoberts, 1996). The citations in all the retrieved 2002 SCI papers were aggregated. The
journals cited most frequently were identified and are presented in order of decreasing frequency
within the RESULTS volume.
Most Cited Journals
Approximately 2000 journals were cited 10 or more times. The top twenty most cited journals
are listed in the RESULTS volume. The most cited journals appear to be primarily English
Language journals in contrast to many of the most prolific journals being Chinese Journals. This
suggests that in the 2005 time frame particularly there may be a larger dependence on English
Language (i.e. foreign) journals than on China‘s own internal Journals - at least for Chinese
papers published in journals accessed by the SCI. The trend dampens considerably as we
approached 2010…a troubling thought.
The PRC publication focus is on physics and chemistry, with reasonable representation from
materials journals. The physics journals are a mixture of basic and applied, while the chemistry
and materials journals are at the more basic end of the spectrum. There are four journals in
common with those on the world circuit (Applied Physics Letters, Physical Review B, Journal of
Physical Chemistry B, Thin Solid Films). None of the ―most cited‖ journals are Chinese; and the
most cited journals in aggregate are more fundamental than those in the world circuit.
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In representing the journals most cited by Chinese nanotechnology researchers and place these
numbers in perspective, an analysis was done to identify the journals cited by all nanotechnology
researchers globally; emphasizing obvious Chinese journals. A study of the global
nanotechnology literature retrieved over 21,000 articles on nanotechnology. Over 31,000
journals were referenced in these articles. There were 206 Chinese journals listed for the above
extraction criteria. Most had one or two citations. There are a handful of Chinese journals that
appear significant and even these have two orders of magnitude less citations than the leading
international journals. Even though China‘s research article productivity was second to that of
the USA (Kostoff et al., 2006a), most of its domestic journals containing these nanotechnology
papers were receiving relatively negligible numbers of citations.
Essentially, all the most cited nanotechnology documents were published in the last decade.
Most of these documents focus on specific material geometries, nanostructure synthesis, specific
applications and methods for evaluating engineering material properties. The fundamental
documents on electronic properties, computational approaches and crystal structure (identified in
a broader study of nanotechnology seminal papers by Kostoff et al., 2006a) do not appear in the
above list of China‘s nanotechnology most cited documents. The present references reflect
nanotechnology, as opposed to nanoscience, and are in line with the impression of the very
applied nature of Chinese research overall. The emphasis on methods for the synthesis of
nanostructures shows that there is significant interest in developing the materials and structures
to move into manufacturing and products.
Selected Topical Bibliometrics
The approach in this phase was to identify the thematic thrust areas from the clustering described
earlier then retrieve documents that address each theme of note (e.g. nano). The bibliometrics
were then performed on a theme by theme basis. For the present study, one theme is selected as
an illustrative example (i.e. nano) for the bibliometrics in the main body of the text. Based on the
computational linguistics (clustering) results, nanotechnology is a thrust area of Chinese
research. Starting with the words generated by the clustering algorithm for the nanotechnology
cluster, an iterative feedback approach was used to generate the following comprehensive query
for this research in China:
NANOPARTICLE* OR NANOTUBE* OR NANOSTRUCTURE* OR NANOCOMPOSITE* OR
NANOWIRE* OR NANOCRYSTAL* OR NANOFIBER* OR NANOFIBRE* OR NANOSPHERE* OR
NANOROD* OR NANOTECHNOLOG* OR NANOCLUSTER* OR NANOCAPSULE* OR
NANOMATERIAL* OR NANOFABRICAT* OR NANOPOR* OR NANOPARTICULATE* OR
NANOPHASE OR NANOPOWDER* OR NANOLITHOGRAPHY OR NANO-PARTICLE* OR
NANODEVICE* OR NANODOT* OR NANOINDENT* OR NANOLAYER* OR NANOSCIENCE OR
NANOSIZE* OR NANOSCALE* OR (NM OR NANOMETER* OR NANOMETRE*) AND
(SURFACE* OR FILM* OR GRAIN* OR POWDER* OR SILICON OR DEPOSITION OR LAYER*
OR DEVICE* OR CLUSTER* OR CRYSTAL* OR MATERIAL* OR ATOMIC FORCE MICROSCOP*
OR TRANSMISSION ELECTRON MICROSCOP* OR SCANNING TUNNELING MICROSCOP*) OR
QUANTUM DOT* OR QUANTUM WIRE* OR (SELF-ASSEMBL* OR SELF-ORGANIZ*) AND
(MONOLAYER* OR FILM* OR NANO* OR QUANTUM* OR LAYER* OR MULTILAYER* OR
ARRAY*) OR NANOELECTROSPRAY* OR COULOMB BLOCKADE* OR MOLECULAR WIRE*.
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The query was inserted into the Science Citation Index and the most recent records were
recovered for the period since early 2005. The bibliometrics analysis was performed on these
records and is found in the RESULTS volume. That volume also contains the most prolific
nanotechnology authors. The results illustrate potential problems with author bibliometrics in
countries like China . The names are short, common and many do not have middle initials. There
could be multiple authors with the same name. All the Impact Factor comparisons lead to one
inescapable conclusion. The Chinese research article authors are not publishing (on average) in
the high research impact journals that they reference, or in which the USA research article
authors publish (on average). It is not clear whether the Chinese articles are too applied for the
high Impact Factor journals, are of insufficient quality for these journals, or have other reasons.
Taxonomies
Our full report in the RESULTS volume contains myriad manual and statistical clustering
approaches to generate the technical structure taxonomy for China. In this summary, only the
partitional document clustering approach is presented for SCI articles. Document clustering is
the grouping of similar documents into thematic categories. Different approaches exist (e.g.,
Willett, 1988; Rasmussen, 1992; Cutting, 1992; Guha, 1998; Hearst, 1998; Zamir, 1998;
Karypis, 1999; Steinbach, 2000). The approach presented in this study is based on a partitional
clustering algorithm (Zhao and Karypis, 2005; Karypis, 2005) contained within a software
package named CLUTO. Most of CLUTO‘s clustering algorithms treat the clustering problem
as an optimization process that seeks to maximize or minimize a particular clustering criterion
function defined either globally or locally over the entire clustering solution space. CLUTO uses
a randomized incremental optimization algorithm that is ―greedy‖ in nature and has low
computational requirements.
Document Clustering Results
In partitional clustering, the number of clusters desired is input and all documents in the data
extract are included in those clusters. The keywords are arranged by their contribution to the
cluster‘s theme; in descending order of importance. Three levels of filtering were used to obtain
the main keywords. First, a trivial word list (e.g., of, the, on, etc) was applied to the raw data.
Second, only the highest frequency words for each cluster were retained. Third, a manual
filtering was performed on the thirty highest words. The themes of each cluster (in brief narrative
form) follow the keywords. The clusters were aggregated into a hierarchical taxonomy using a
hierarchical tree generated by the CLUTO software. The first four levels of the Chinese research
taxonomy were inferred thereby. The categories in the taxonomy levels and the number of
documents in each category are described in the RESULTS volume but outlined below.
The first major division (first level) in the inferred PRC DSTI taxonomy is physical and
engineering sciences, life sciences and mathematics. While mathematics is applicable to
physical, engineering and life sciences - it typically is categorized with the physical sciences. It
appears that the life-sciences based terminology of some branches of mathematics (genetic
programming, genetic algorithms, neural networks, etc.) resulted in mathematics being assigned
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by the clustering algorithm to the life sciences category. For purposes of this discussion,
mathematics will be treated as part of the second tier physical and engineering sciences category.
The physical and engineering sciences category (with mathematics included) has 3.66 times as
many records as life sciences; which shows China‘s strong emphasis in physical and engineering
sciences relative to life sciences. The physical and engineering sciences branch further splits into
chemistry, physics/materials and mathematics (i.e. ―chemical reactions, chemistry‖ ), ―physics,
thin films, alloys or nano-materials (i.e. the mechanical properties of materials‖ ), mathematics,
algorithm and program development, modeling (mathematical & algorithmic) and system
modeling. The ―physics, thin films, alloys and nano-materials, the mechanical properties of
materials‖ category has almost three times as many records as the ―chemical reactions,
chemistry‖ category - and twice the records of the mathematics category. The other main branch
of the tree, life sciences and mathematics, consists only of life sciences (―cellular and genetic
biology, health and geophysics/geology‖) for the present discussion.
The third level of the hierarchy offers further differentiation. The chemistry category divides into
a more fundamental structural sub-category (―molecular and crystal structure‖) and a more
applied dynamic sub-category (―chemical reactions and behaviors, chemical analysis, liquid
chromatography‖) - with twice the output in the applied dynamic sub-category, The physics/
materials category divides into a physics sub-category (―physics, thin films and optics‖ and a
materials subcategory (―structural and mechanical properties of materials, materials analysis‖).
The physics sub-category focuses on surface phenomena (e.g., films), and much of the thin film
work could be considered as overlapping with the materials category. The materials sub-category
focuses on bulk material phenomena, with the exception of the nano-materials component. Thus,
the physics/materials category has a heavy weighting toward the materials component - with
attention paid to both bulk and surface phenomena.
The mathematics category divides into a more fundamental mathematical analysis category
(―mathematics: differential equations, algebraic equations‖) and a more applied mathematical
modeling sub-category (―mathematical modeling and genetic algorithms‖) - with twice the
output in the more applied modeling category. The life sciences category divides into a
fundamental biology category (―genetic and cellular expression‖) and a combination of applied
clinical medicine and environmental geo-biophysics (―Chinese geophysics; health research‖).
The fourth hierarchical level provides further differentiation, and specific topics begin to emerge.
To define these sixteen sub-categories more definitively, the following approach was used:
Based on the hierarchical tree structure, the elemental clusters (from the 256 total) that fall under
each fourth level sub-category are identified and their themes listed under each fourth-level subcategory in bulletized summary form. The order of presentation is that shown in the RESULTS
volume; starting from the top sub-category of level 4. The one digit prefixes in the following
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refer to level 1 categories; the two digit prefixes refer to level 2 categories; the three digit
prefixes refer to level three categories and the four digit prefixes refer to level four categories.
Comparison of China‟s and USA‟s Investment Strategies
In the section on comparing China‘s research citations with those of the USA, the three criteria
of ‗right job‘, ‗job right‘ and productivity/progress were utilized. In any research evaluation, the
first criterion to consider is ‗right job‘. If the research unit being evaluated is not aiming at the
right target, the highest quality approach will not provide results useful to the organization‘s
mission. A major component of ‗right job‘ is the research investment strategy. This includes the
allocation of resources among the components of the research portfolio and the rationale for that
allocation. The taxonomy mentioned briefly in the previous section reflects the present research
investment strategy of China (based on published output). Of particular interest is how this
investment strategy compares with that of other countries and which particular areas China has
chosen to emphasize.
One approach to performing such a comparison would be to compare taxonomies of different
countries at different hierarchical levels. This requires that categories defined by the clustering
algorithms would have similar content and theme for those categories to be compared directly.
Another approach is based on the philosophy that very specific sub-technology areas should be
compared, to identify precisely where different countries emphasize their investment. These
critical sub-technologies emphasized by each country become the ‗dots‟ to be connected for
understanding the overall country research strategy.
How specific should the technology areas be? Let us follow the chain of disaggregation, starting
from the top. At the highest level would be the research articles for all of China. One could
compare the number of research articles in a given year with that of, say, the USA, and draw
very general conclusions about overall research output. This was essentially the approach of
King (2004), in comparing research output from 31 different countries. Very limited information
can be obtained from this level of resolution.
At the next level would be research articles for each technology area for a country. The first
author has proposed that making comparisons at this level for critical technologies provides a
much more strategically important view of each country‘s capabilities (Kostoff, 2004d). Recent
text mining studies on nanotechnology (Kostoff et al., 2006a) and energetic materials
[unpublished] show that China is advancing rapidly in its research article production in these two
critical technologies and is second only to the USA in research article production. However, even
these results aggregated at the critical technology level may be too aggregated for critical
investment strategy emphasis might there be sub-areas of nanotechnology (e.g., nanocomposites, nano-rods, etc) where China is actually leading the USA? And what would be the
strategic implications of China heavily emphasizing research investment in such areas?
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Thus, at the next level would be sub-critical technology areas, such as nano-composites or nanorods in the nanotechnology example above. Further levels of disaggregation are possible; such as
‗metal nano-composites‘ or ‗heavy metal nano-composites‘. The terminal level of resolution
used for the comparison depends on the objectives of the study, and the numbers of articles
available at the different levels. This latter approach was used to compare the relative investment
strategies of China and the USA for the present study, with a resolution at about the critical subtechnology level. The USA had approximately four times the total number of research articles as
China.
A phrase frequency analysis was performed on each download, and the phrases were then
combined. The ratio of frequencies for each phrase was tabulated. Phrases were ordered by ratio
of occurrence in each country‘s download. Two bands were considered: phrases that had a large
China/USA frequency ratio and phrases that had a large USA/China frequency ratio (the
opposite ends of the spectrum). The phrases in these bands were inserted into the SCI and the
absolute values of numbers of records that contained these phrases were obtained. The difference
in thematic emphasis between the USA and China is dramatic! China emphasizes the hard
sciences that underpin defense and commercial needs. The USA emphasizes research areas
focused on medical, psychological, and social problems. There were even research areas where
China leads the USA in absolute numbers of research articles published. In those areas,
China‘s relative investment strategy is greater than four times that of the USA.
A number of these detailed areas in which China places high emphasis are related to
nanotechnology. A previous nanotechnology text mining study (Kostoff et al., 2006a) showed
that China was second to the USA in nanotechnology research article productivity. This means
that at the next level or two lower in aggregation there could be nanotechnology sub-areas in
which China was actually leading in absolute numbers of research article production and also
areas in which they were well behind the USA in absolute numbers of research article
production. The present analysis confirms that hypothesis and suggests that the USA should pay
particular attention to those areas in which China has chosen to apply substantial relative
emphases.
The next iterations were similar, except that they contained common (to USA and China) high
frequency phrases that were derived from the Engineering Compendex (EC) instead of the SCI.
They also contain comparisons of occurrence frequency for a given query term between the EC
and the SCI. Both China and the USA had similar numbers of records in the EC (for those
records that contained a country address), so no normalization was needed. In general, the EC is
a much more applied database than the SCI and some of the words/phrases chosen reflect that.
Some of the phrases were high frequency shared phrases not only in the China EC phrase list, but
also in the China SCI phrase list. There are new records uploaded to the SCI and EC every day;
so from day to day there can be an increase in terms of number of records that are returned from
a specific query.
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This study confirms that in the EC, as in the SCI, China‘s focus is on the hard sciences and
especially engineering sciences; whereas the USA‘s relative focus is on health and biology-based
research. In the overtly military-related terms (countermeasures, intrusion detection, missile),
China has a commanding presence. One interesting exception is the presence of ‗aeronautics‘ in
the list of USA dominant terms. Similar anomalies have been noted in past studies. In
technologies that require a large infrastructure, and therefore large investment, China has tended
to be under-represented - and that probably accounts for the ‗aerospace‘ under-emphasis.
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Executive Summary: An Evaluation of China's Science and Technology
System and its Impact on the Research Community
This is the Asian Calendar Year of the Black Water Dragon, a Chinese astrological cycle that
indicates change, but with a measure of calm, sensibility and prudence. Every year, the changing
date for the Lunar New Year falls between Jan. 21-Feb. 21, depending on when the new moon of
the first lunar month falls - this year it is Monday, January 23rd. It is now the Chinese year 4710
on the Lunar calendar; which is very lucky in Asian culture. The dragon represents power,
authority and success while water represents wealth. Water figures prominently; symbolic of
―rain from the sky to the point of overflowing the dam‖.
Almost every indicator of China‘s S&T and R&D capabilities is positive and the improvement
has been at times dramatic. This is true in absolute terms and in some cases also relative to more
developed economies. Perhaps most importantly, China now stands third in the world in overall
R&D spending (behind only the United States and Japan) and has achieved a remarkable level of
R&D intensity (i.e. the ratio of R&D spending to GDP); representing fast growth over the past
decade that is an unusually high-level among developing countries. It also places China in a
position to potentially experience an ―S&T take-off‖ as R&D spending nears a percent of GDP
that historically has accompanied rapid and sustained levels of technological advancement
among developed economies.
There is little doubt that China is on the path toward becoming not only an economic superpower, but also a global technological competitor. While still years —likely a decade—away, the
PRC has nevertheless made impressive strides in recent years toward realizing its High-Tech
(HT) aspirations. Barring a significantly disruptive event such as another Tiananmen Square,
internal chaos, a widespread natural or environmental disaster or international conflict; China‘s
technology trajectory is likely to remain positive and steep – impeded only by domestic issues
akin to ―guns‖ vs. ―butter‖ such as potential wide-spread Real Estate ―bubble‖ challenges.
Recent rapid economic growth combined with reform efforts in China‘s science and technology
(S&T) sector have resulted in a major realignment of scientific research priorities; as well as
significant changes in how the country‘s research institutes manage and conduct scientific
research. China has adopted a series of measures to bind S&T activities more closely to
economic development and the R&D sector (including China‘s institutes of higher education)
has been pushed to commercialize research results. This study provides a ―snapshot‖ of recent
changes in China‘s S&T management and funding policy. It also identifies some of the issues
and challenges that lie ahead for China as the country works to catch up with S&T capabilities in
developed countries – as reliant upon its ―[DSTI] knowledge program‖.
The Dragon is a legendary animal and it is an ancient symbol of the emperor in China – or
currently for China as a nation. Since the Dragon is coated with mysterious color, the Chinese
culture considers that the Dragon is unpredictable and untouchable - people cannot see its head
and tail at the same time. Therefore, we might see something unexpected happening in 2012.
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In addition, irrespective of statistics, the year 2005 may well be remembered as the year that
China came into the public‘s consciousness as a potentially serious high-tech competitor. 2005
astrologically in China was termed the year of the wood rooster. The rooster is the first creature
to awake in the morning and wakes up the others with crowing. In 2005, the year animal is the
Rooster, but we also have the prevailing qi of the wood element to make this year, the Wood
Rooster. A flowering shrub is a good metaphor for the wood qi (energy), new growth reaching
upwards and outwards. The wood brings us new hope and optimism. The Rooster is also known
for its lack of tact…interesting since the cyber attacks against the United States attributed to PRC
sources were characterized by a new boldness in approach, scope and intensity.
A number of 2005 events have highlighted China‘s rising status as a technological up-and comer.
These include:
 The surprise takeover by China’s leading high-tech firm, Lenovo, of IBM’s personal
computer division along with manufacturing rights for its ThinkPad brand laptops
 An impressive initial public offering by the Chinese internet search company Baidu that
brought in more than $85 million in international investment and reinvigorated the flow
of venture capital to Chinese startups;
 The publication of serious books with titles such as “The Emerging Chinese Advanced
Technology Super-State”

 The proposed takeover of British icon MGRover by Shanghai Automotive Industry
Corporation (SAIC)
 The return by Chinese Taikonauts to space; demonstrating that China’s first space shot
was no fluke
 And an attempted purchase of U.S. oil company Unocal; reminding Americans in
particular of China’s need for greater energy resources to fuel its rapid economic and
technological modernization
As a result of these and other noted advances, there has been a marked shift in recent years in the
way scholars, press and officials speak of China and the country‘s rising technological prowess.
Consequently, the debate has shifted. It is no longer about whether China will become a
technology superpower (i.e. an innovator rather than an adopter); only how soon.
Despite the milestones listed above, China has a long way to go before becoming the global
technology leader. While past setbacks and the likely obstacles China will have to confront in
pursuing its high-tech aspirations have been well documented by numerous experts, both
Chinese and Western, China‘s technological prospects are less well defined. The unanticipated
progress China had made in advancing its technological capabilities in select industry sectors
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such as information and communications technologies (ICT), biotechnology, naval shipbuilding
and missile technology suggest that China‘s prospects deserve a careful reassessment.
Meanwhile, PRC officials and scholars have been busily formulating China‘s next long-term
development plan — which will govern PRC priorities and funding and influence S&T thinking
and policymaking for far longer. The proposed plan represents an important turning point in
China‘s development — the second cycle to warrant widespread interest from a global
community increasingly aware of China‘s growing high-tech capabilities. It is also, Mainland
officials stress, the first such plan to be conceived of as (and termed) a ―program‖ (guihua) in
recognition of China‘s evolving market-based economy, in a move symbolic of China‘s growing
distance from old-style, planned economic development. The idea clearly being conveyed is that
of a leadership seeking to steer the ship with a guiding hand rather than through
micromanagement or bureaucratic interference in market forces that thus far have been serving
well China‘s developmental goals.
This report has attempted to push the analysis in several new directions in order to go beyond the
―half-full/half-empty‖ conclusion, starting with a discussion of China‘s increasingly well-funded
national government R&D programs. While central government funding still accounts for the
bulk of the spending for these programs, it is increasingly being augmented by the spending of
local governments, Chinese companies, bank loans and tax incentives. The MOST-sponsored
national R&D programs, while disappointing to many, have contributed to China‘s technological
development in a variety of fields and have helped promote China‘s emergence as an important
contributor to the world‘s scientific literature.
Yet, these programs account only for about 20 percent of the government‘s R&D effort. The
rapid rise in the budgets of the NSFC and the Chinese Academy of Sciences under the
―Knowledge Innovation Program‖ must also be considered in assessing government R&D
programs. In addition, with the initiation of the megaprojects under the MLP, a number of other
ministries have also become major supporters of national R&D, including the, Chinese Academy
for Science Technology Education and Development (CASTED) and the National Development
and Reform Commission (NDRC); with its key role in supporting high-technology
industrialization. As in the case of intelligence activities, collection activities have gone through
several historical stages during their course of development. Collection activities develop along
with the social activity represented by intelligence activities. Collection activities are inhibited
and stimulated by factors relating to the level of human S&T development. If one were to say
that S&T intelligence work is now directly confronted by a situation in which intelligence
technology is way out ahead and intelligence science is lagging behind so that intelligence work
lacks theoretical guidance, then one might say in regard to collection work specifically that it is
lagging even further behind than intelligence work - both in terms of practical experience and in
terms of theory.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 56

The Rooster & The Dragon January 23, 2012
In regard to information science (which is a branch of intelligence science) and collection
science (which is a branch of information science) one may say that they are not only lagging
behind intelligence science from an R&D standpoint, but also that up until today there is still a
dispute as to whether there is a body of theory to guide collection work. When studying the
developmental history of collection work, in addition to analyzing developmental changes in
intelligence work and intelligence technology (as well as how the society deals with the problem
of intelligence demand), one should also stress an understanding of developmental changes in the
role of collection work and developmental changes in the forms taken by collection targets,
transmission and exchange.
Due to the advancement of science and technology by leaps and bounds in current society, as
well as the enormous advances in information technology, computer technology and
communications technology, "the production of knowledge" is just now evolving into a PRC
national industry. The rate at which and the amount of knowledge produced have increased
greatly. The speed at which knowledge is disseminated has also greatly accelerated. In regard to
the channels for propagating knowledge, the trend is toward the application of automated
network technology – knowledge engineering being on critical path. To keep in step with these
developments, the work styles and lifestyles of people should undergo a series of changes.
The forms this knowledge takes are becoming more diverse. The storage modes for knowledge
are more and more characterized by the application of disparate databases. Storage, transmission
and activation methods are also becoming more modernized. The problem of how to fully and
promptly make use of this knowledge to further serve mankind and the society-at-large; all under
the constraints imposed by the given economic conditions, has also already become a major topic
for scientific researchers. In the process of engaging in scientific and productive activities, an
individual can no longer obtain the knowledge that he or she needs to solve specific problems by
merely relying on the mastery of his or her own information, making simple inferences and
making decisions based on direct observations.
Rather, on the basis of the large amount of raw knowledge, or information, available to him or
her, the individual must utilize modern scientific approaches; including the cognitive sciences
and ―intelligent-agent‖ technologies, in order to activate this information, thus producing new
knowledge. That is to say: the knowledge that we need to obtain--intelligence. In light of this
new situation, the demands posed to S&T intelligence work by social network phenomena are
strange, rigorous and represent a challenge for intelligence work. This kind of evolutionary
process within the science of intelligence is bound to accelerate. Collection work serves as a link
in S&T intelligence and the challenges to collection work are the most rigorous; for it is the first
link in the value chain to be affected (i.e. by disruptive technology). Information, whether it be
information that can be directly perceived by humans and differentiated, or whether it be
information that can only be perceived and differentiated with a machine, comprises the physical
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foundation for S&T intelligence. In this day and age, there is greater and greater appreciation of
collection work and the call for reform of collection work is growing ever stronger.
Thus the PRCs proposition that information collection is a science and a technology arose in
1983, as the times required, and was first proposed by Professor Qian Xuesen. Shortly thereafter,
the proposition that the science of information collection is a branch of intelligence science and
information science was also put forward. On the other hand, there are also more and more
people in PRC collection work who are experiencing a sense of crisis in their practical
experience. As a result, these people believe there is a need for comprehensive reform of
collection work from the organizational, managerial and technological standpoints. At the same
time, there are also some people in collection work that have a sense of urgency regarding the
formation of a body of collection science theory. These individuals believe that there must be a
change in perceptions and the establishment of a series of new ideas and concepts.
As we know, for historical reasons and reasons relating to the makeup of human resources in
DTIC as well as China, information collection work, within the broader field of S&T intelligence
work, carried forward and developed the body of theory, principles, methods and means from the
book procurement work within the broader field of library science. For a long period of time,
information collection work continued to follow the work mode and system that libraries adopted
for the acquisition of books. For another period of time, this arrangement met the needs of
society during a specific period in history. Now, however, information must be collected quickly
and accurately on a persistent rather than a period basis.
This is because information is the hallmark of humankind's intellectual wealth. Now there are
various and sundry types of information and a huge amount of it. We have had a so-called
"information explosion." In addition, the ratio of machine readable information to the total
amount of information is becoming greater and greater. Furthermore, there has been a change in
people's awareness of societal information. People are placing ever greater demands on the input
capabilities of the intelligence system and on the social functions of collection work. All of these
factors have compelled people in information collection work to face up to a new reality. They
cannot but change their perceptions and establish new concepts of collecting information. Thus,
our study seeks to discover how the PRC apparatus perceives its collection course of action.
Three Pillars of China’s Development Strategy
As already evident in recent years (often reiterated in PRC documented rhetoric) China‘s
modernization strategy rests on three strategic pillars:
 Continued foreign direct investment (FDI)
 National investment in S&T development as the main driver of China’s modernization
 Civil/military integration (or spin-on) of dual-use technologies for military application
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None of these strategic elements are entirely new, but they are today working increasingly in
concert in China‘s drive toward modernization. The result has been what appears to be fairly
rapid improvement in China‘s S&T indicators and more advanced capabilities in key technology
sectors.
FDI: A Crucial Pillar
In the run-up, and subsequently, to China‘s membership in the World Trade Organization (mid2000s), it became increasingly clear that the PRC had decided to fully embrace and exploit the
opportunities offered by the global economy in its efforts to modernize. This is true not only for
the economy but also in terms of China‘s S&T development strategy and defense industrial and
military modernization efforts. This decision is significant in that China‘s future progress is, and
will remain, intimately tied to continued high levels of foreign direct investment and the
expertise and technology transfer that often accompanies it. PRC officials appear to believe this
to be a good bet. The PRC will continue to enjoy an unprecedented capacity to fund its near- and
long-term high-tech aspirations without necessarily compromising other national priorities. Of
course, if this judgment proves mistaken, then China‘s growth could stall or even decline
precipitously. Yet China‘s development strategy suggests that leaders in Beijing today view
dependence on FDI more as a strength and opportunity than as a risk to China‘s development.
This represents a significant departure from China‘s reputation as a country famous for its
wariness of foreign influence, interference and concern over dependence on foreign technology.
China‘s current leadership, in keeping with efforts begun under Deng Xiaoping‘s ―Open Door‖
policy and vigorously pursued and restructured under Jiang Zemin and Zhu Rongji, is seeking to
attract ever greater levels of foreign investment, overseas industry outsourcing, technology and
expertise.
The difference today is that China‘s reliance on foreign investment is no longer seen merely as a
necessary and temporary evil but as a positive, long-term force in China‘s rapid and continuing
economic modernization. This subtle shift in attitude is noteworthy and is tied to the present
wave of economic globalization; which PRC leaders recognize China is in a unique position to
exploit. While the PRC continues to seek technological independence from foreign sources (in
the form of national development of intellectual property rights, patents and technology
standards), China no longer seeks to be technologically autonomous from the rest of the world.
Rather, the PRC is striving to become a peer competitor by being active in the global high-tech
economy.
Moreover, this approach to FDI, as reflected in the latest FYP, was not decided hastily nor
exclusively by Party leaders and government officials. As on a number of other strategic issues
re-evaluated over the past few years, China‘s leadership engaged numerous domestic and foreign
experts in its planning process. According to reports, preparations for China‘s out-year portfolio
began as far back as 2003 with a process of ―tendering‖ reviews and recommendations from
internal and outside experts. In what appears to be a first, Beijing sought expertise and
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suggestions from China‘s own research and academic institutions as well from officials of the
World Bank, United Nations and other outside experts. Thus, China‘s leaders likely feel
confident in the collected wisdom that underlies their current strategy for enhancing the
country‘s economic and S&T development. This sentiment is evident in the tone and text of the
PRC pronouncements; which emphasize the need to accelerate as well as better manage
economic growth by foreign investment but reflects no doubt about the plan‘s strategic direction.
The message is clear: more of the same ―full steam ahead‖.
Also interesting is the explicit call for enhanced international and regional collaboration on S&T
endeavors. Such exchanges have been a factor in China‘s S&T strategy for decades, but the latest
language calls specifically for enhancing economic and technological collaboration with other
economies, particularly those that make up ―Greater China‖ (Taiwan, Hong Kong and Macau).
Beijing‘s aim is to exploit to mutual advantage the complementarities among China‘s
neighboring economies. This approach echoes the collaboration on ICT development ongoing
among Mainland China, South Korea and Japan. China‘s embrace of international S&T
collaboration appears therefore even stronger and remains a strategically important part of
China‘s S&T development plan.
Finally, a critical consideration in continuing to emphasize FDI as a pillar of China‘s S&T
strategy is the evolutionary process of globalization. In addition to off-shore manufacturing and
globalization has led to more advanced forms of international investment and offshore outsourcing; namely overseas high-tech R&D. As a leading recipient of off-shore investment and
manufacturing during the 1990s (a topic this author covered for commercial business journals),
China has also witnessed a rapid rise in foreign invested R&D over the past decade.
Most of this R&D investment is found in high-tech industry sectors; particularly computer
software, hardware and telecommunications - but also - automotive, aerospace and other
manufacturing industries. Although China‘s own studies show that foreign R&D investment has
not necessarily improved the Mainland‘s technological and innovative capacity as much as PRC
officials had hoped for, the potential that this form of investment and technology transfer offers
is essential to China‘s high-tech aspirations. Hence, foreign and domestic R&D investment is
highlighted as a key element of China‘s high-tech strategy with an emphasis on exploiting more
effectively these technology transfer opportunities.
Effective exploitation and management of foreign and domestic S&T development will be
China‘s main goal over the next five years. Though it sounds similar themes found in earlier
development plans, this cycle represents a critical transition period, between the rapid economic
growth, high-level FDI and high-volume technology transfers that China‘s early market opening
measures prompted to a more managed, balanced and sustainable but accelerated approach to
modernization. This effort, in turn, will raise additional challenges for China‘s leaders.
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For instance, can the central government stay out of the way of business, allowing market forces
and innovative impulses to dictate? Can China‘s domestic enterprises learn to innovate? Will
policies, programs and incentives that worked well in modernizing China‘s coastal areas
translate as well in interior regions? And can China‘s substantial human resources meet the
scientific, technological and innovative challenges before them? While important for maintaining
economic momentum, FDI can do little to address these challenges.
Pillar Two of Transition to China’s Third-Wave Modernization: S&T Development
A fundamental theme running throughout China‘s FYP is continued economic development
through more advanced science and technology (―comprehensively implementing a scientific
development concept‖). Accompanying this is the notion that progress and opportunity must be
more evenly distributed across China. Thus, the plan calls for ―harmonious development‖ aimed
at benefiting all Chinese citizens; and not only those situated along China‘s booming coastal
regions. It is noteworthy, as well, that Hu Jintao invoked similar terminology when speaking
overseas recently where he emphasized the potential for a ―win-win‖ and mutually beneficial
trade relationship between China, its trade partners and neighboring economies.
The FYP makes clear that China has formally transitioned from a primary focus on fast paced
economic growth that has characterized the PRC economy over the past two decades (the 2nd of
Deng Xiaoping‘s ―Four Modernizations‖ concept of development) to an emphasis on
development of S&T as the major force in China‘s modernization drive (Deng‘s 3rd
Modernization). The FYP stresses the need for improved scientific research, technological and
innovative capacity as well as better higher education programs and institutions - all founded on
expanded and improved infrastructure; particularly in China‘s interior and rural regions where
investment has lagged behind coastal and urban areas.
In other words, the strategy is to shift ―Westward‖ the same economic dynamics and S&Trelated investments and infrastructure that have proven successful in building China‘s capital and
other east coast cities into booming economies and increasingly high-tech settings. According to
press reports, the strategy calls for officials to base investment decisions on regional comparative
advantage; with coastal areas pushed to improve innovative capacity in higher-tech industries
while interior central and western regions focus on their comparative advantage in laborintensive industry sectors that utilize existing technologies. The plan also highlights the need
for sustainable development, reduced energy consumption and increased energy efficiency (in
part through alternative energy technology research and development efforts).
In order to spread prosperity along with S&T-based development more evenly across China, the
FYP calls for nationwide expansion of ICT technology, which will serve as the backbone for
high-tech development and all forms of technology transfer (an extension of China‘s so-called
―informatization‖ efforts). Also key to the plan is increased convergence of high-tech
equipment, services and operators in order to improve capability or enhance innovation while
lowering the cost of development, manufacture and distribution of high-tech goods.
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In short, Beijing is aiming to bring globalization to all parts of China and making the necessary
investments in the country‘s infrastructure, S&T workforce, institutional linkages and policy
reforms that will facilitate it. Among the specific areas to receive government attention under the
FYP is the transportation system, logistical services and distribution channels; particularly those
in the interior where high costs, differences in regulatory practices and local competition often
inhibiting both foreign and domestic high-tech investment. This is a ―harmonious fist‖ approach.
The Third Pillar: Dual-use Commercial S&T as the Basis for Defense Industrial Development

As a growing number of analysts are pointing out, China‘s defense industrial capabilities are
improving along with the country‘s S&T indicators, both at a surprisingly rapid pace over the
past few years. China‘s defense industrial sector‘s recent breakthroughs or participation in
developing indigenous or modified-for-military-use technologies include sectors such as: fiber
optic cable, grid computing,
high-performance supercomputers, core network routers,
telecommunications switches and small size reconnaissance satellites. In addition to advances
across information technology and microelectronics, China is reported to be significantly
improving its modern submarine, space and missile systems.
What accounts for this seemingly sudden improvement? First, it must be noted that China has
been working to improve its defense industrial capacity for nearly two decades, which suggests
that the advances apparent today could merely be the result of substantial time and effort.
Another consideration is how much of this new capability is directly the result of foreign
technology transfer. To some extent this is obviously true given China‘s purchase of advanced
weaponry and technology from Russia, Israel and others. But part of the explanation also lies in
China‘s growing indigenous capacity to develop, absorb and integrate advanced commercial
technology and to adapt it to military use.
China‘s approach to defense industrial development has evolved since Deng Xiaoping first
announced the strategy of ―Combining the Military and Civilian Sectors‖ (junmin jiehe) in the
mid-1980s. Today, the emphasis is less on defense conversion (spin-off) than on spin-on
activities by civilian and defense industry enterprises for, or in concert with, China‘s military
(the PLA or People‘s Liberation Army). China‘s emphasis on ―coordinating military and
economic development‖ is noted in the latest FYP draft as well as in Beijing‘s most recent
Defense White Paper. This dual-use approach to defense industrialization is based on both
opportunity and necessity. There is insufficient space here to outline the many challenges facing
China‘s defense sector, which continues to be plagued by historical difficulties of bureaucratic
infighting, a lack of horizontal integration (due to institutional stove-piping), an ineffective
incentive structure for researchers, et cetera.
A number of these obstacles are being overcome (or side-stepped) as Beijing tries to enhance
interaction between the defense sector and China‘s burgeoning commercial high-tech sector. One
reason is that, as is the case in the United States, Europe, Japan and other advanced economies,
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the majority of China‘s overall R&D spending and personnel today resides in industry —not in
the government or public sector.
Consequently, China‘s defense industry and military are increasingly reliant on commercial
sector R&D. This is significant in that, according to experts, industrial R&D is the most closely
linked to the creation of new products and production techniques. It is also the foundation of the
PRC version of a modern revolution in military affairs (RMA). Thus, to the extent that the spinon model works, China‘s efforts to enhance its economic fortunes through increased S&T
investment should also help advance China‘s defense industrial development efforts.
In turn, China‘s military modernization efforts could lead to innovative commercial applications
based on defense-related R&D. The most interesting question we‘ve yet to ask perhaps may be:
what will be the impact of one billion plus people, economically unfettered and online, on 21st
Century technological innovation? While an exaggeration, this concept is not entirely fantastic.
If China is able to successfully expand its economic growth model into its central and Western
regions and to connect its enormous populace to the Internet with all the knowledge this affords,
there is no telling what might come about as a result (state censorship of China‘s Internet
notwithstanding).
Along with rising prosperity, there would likely also come unprecedented new ideas, novel
technology applications and possibly even invention - for which China was once famous. But to
realize anything close to this scenario, China‘s leaders must overcome enormous challenges.
Chief among them—as recognized in the FYP—is how to maintain a continuous high rate of
growth without overheating the economy and while translating domestic and foreign technology
achievements into economic prosperity in both urban and rural, Eastern and Western areas of
China‘s vast economy. There‘s also the recognition today in Beijing that the price of rapid
economic growth over the past two decades has been rising unhappiness among China‘s ―have
nots‖ as well as vast environmental damage across the country.
If S&T is to continue to advance in China, these costs must be addressed and a sustainable
development model effectively enforced. Another critical issue for Beijing will be how to
balance competing S&T interests. The huge sums of FDI that China continues to enjoy added to
rising levels of venture capital have helped to alleviate some S&T funding dilemmas and allowed
greater PRC investment in long-term S&T efforts. But near-term demands for S&T funding will
nevertheless continue to press Chinese officials at the national and local level. Leading experts
have also noted the government‘s comparatively low level of funding for basic or fundamental
R&D, but it remains to be seen whether this will remain a priority.
The proposed FYP merely states ―Basic research and frontier technology research should be
strengthened.‖ Furthermore, it is unclear whether the latest FYP‘s focus on ―harmonized‖
development will slow technological advancement in other parts of China, particularly the
dynamic high-tech development clusters along China‘s coastal region. Only time will tell, but
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regulating China‘s several different economies (broadly delineated in East, Central and Western
China) will be enormously difficult and require officials in Beijing to manage inter/intraregional, provincial and municipal competition or rivalries. China, more than any other country,
lies at the center of what drives globalization: a large size, low cost, well educated workforce and
consumer population whose government offers attractive incentives for foreign investment and
technology transfer with long-term potential for new market opportunities. China‘s room to grow
Westward, often seen as a disadvantage in economic development terms, thus becomes a
potential advantage in a globalizing world economy if managed effectively.
Another key advantage China has is its nationalistic drive to excel and regain its place among the
world‘s technological leaders. This attitude is palpable on the streets of Shanghai and other
rapidly developing municipalities along China‘s eastern edge. The potential this spirit could have
in concert with rising standards of living in the interior regions should not be underestimated.
But, as the FYP and recent statements by PRC leaders suggest, China at least for now seeks to
advance technologically by further opening up its economy to the world to potential mutual
advantage. In economic parlance, the PRC is following simultaneously a techno-national,
techno-regional and techno-global strategy that it believes, in a currently evolving period of
globalization, will serve China‘s interests well through the end of the decade.
STRUCTURE OF CHINA’S SCIENCE AND TECHNOLOGY (S&T) SYSTEM: A New Chinese Model

In the early 1950s, China‘s newly-established Communist government modeled its emerging
S&T research and development system on that of the Soviet Union. By the late 1970s, however,
following the confusion of the Cultural Revolution, then-Vice Premier Deng Xiaoping
proclaimed S&T to be one of the ―four modernizations,‖ and the Chinese government started to
transform the S&T system according to new strategies. Over the next two decades, the S&T
system evolved into a Chinese version of Western models; although with some distinctive
characteristics. The key organizations listed below now administer most civilian science and
engineering research in China, although the Ministries of Defense, Health, Agriculture and the
State Forestry Administration and other economic agencies also have significant research
operations under their direct management. The Ministry of Education oversees and funds all
universities in the country. (See Appendix for PRC S&T R&D Organizational Eco-System)
China's Science and Technology Management System

National Steering Group on Science, Technology and Education was found in 1998 with Premier
Zhu Rongji being its Group leader. Major terms of reference of the Group are: study and review
national development strategy and major policies of science, technology and education; discuss
and review significant S&T and education tasks and programs; coordinate important
relationships related to science, technology and education between different governmental
departments and between central government and local governments. Departments of Science
and Technology of various ministries and administrative agencies are responsible for its science
and technology activities. Science and Technology Departments or Bureaus in the local
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governments are responsible for its science and technology activities. There are six main R&D
resources in China:
Chinese Academy of Sciences
R&D institutions under the various ministries and administrative agencies
Industrial enterprises
Universities and colleges
Local R&D institutions
R&D Institutions Affiliated with Defense
Main Decisions on Science and Technology
Decisions on Encouraging Technological Innovation, Developing High Tech and Realizing
Commercialization of New Technologies by the Central Committee of Chinese Communist Party
and State Council
Decisions on Deepening the Reforms of R&D Management System in the 9th Five-Year Plan
Period by the State Council
A Series of Laws and Regulations for Technological Innovation
Several Comments on Speeding Up of National High and New Tech Industry Development
Zones
A Series of Policies
Technological Policies
Polices for Private S&T Enterprises
Major Laws and Regulations Concerning Science and Technology Activities
The Trademark Law of the People's Republic of China
The Patent Law of the People's Republic of China
The Technology Contract Law of the People's Republic of China
The Copyright Law of the People's Republic of China
Law of the People's Republic of China on Scientific and Technological Progress
Law of the People's Republic of China on Promotion of Commercialization of S&T Achievements
Administrative Rules for Identification and Registration of Technology Contract
Several Regulations for Promotion of Commercialization of S&T Achievements
Several Comments on S&T Professionals' Standard of Conduct
By-Laws on the Implementation of Regulations for National Prizes for S&T
Administrative Rules for S&T Awarding at the Provincial and Ministerial Level
Administrative Rules on Establishing S&T Awarding by Societal Forces
Situation of Intellectual Property Right Protection in China

The Ministry of Science and Technology (MOST) inherited responsibility for coordinating and
organizing all China‘s official S&T activities from the now-defunct State S&T Commission. The
Ministry provides policy guidance on the S&T systemic reform agenda and formulates policies
on how to strengthen basic and applied research and technology development; especially in the
high-tech area. Recently, MOST has focused on S&T development strategies that complement
the nation‘s agenda of economic reform and development. The Ministry provides funds for S&T
programs in both basic and applied research, for instance the high technology R&D program
commonly referred to as the ―973‖ program.
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The Chinese Academy of Sciences (CAS) exists on two levels. Elected academy members have a
significant consulting and advisory role. More substantively, however, CAS loosely manages
over 100 independent research institutes, which conduct scientific research in all branches of the
natural sciences. Each Institute‘s funding is an amalgam of resources coming from CAS
Headquarters, MOST and the National Natural Science Foundation of China (NSFC). In
addition, institutes earn varying amounts of money owning and operating spin-off enterprises.
CAS Headquarters also owns spin-offs. The Chinese Academy of Engineering (CAE) was
formed more recently, is a much smaller organization than CAS, and plays only a consulting and
advisory role - with no research institutes, graduate school or research centers.
The National Natural Science Foundation of China (NSFC) was consciously modeled after the
National Science Foundation of the United States when it was founded in the mid-1980s. NSFC
funds peer-reviewed basic and applied research in natural science fields such as physics,
mathematics, chemical and life sciences. Principal grant awardees are Chinese universities and
CAS research institutes.
Many of the major S&T reforms begun in the mid-1980s have accelerated sharply in recent years. Two
paramount initiatives, MOST‟s “863” high-technology R&D program and CAS‟ “Knowledge Innovation
Program,” have proven particularly decisive in promoting intensified competition and higher levels of
achievement in research. Mandatory retirement and drastic staffing cutbacks have opened the door for younger,
better-educated scientists to move into senior research and management positions. At most CAS organizations,
for example, the majority of their staff is less than 45 years of age. A natural result has been increased output.

The China Academy for Science Technology Education and Development (CASTED) represents
one of the most influential research institutes and governmental think-tanks in the PRC;
producing a large-scale and wide-scope of S&T policy and strategy projects. In 2007, CASTED
replaced the National Research Center for S&T Development (NRCSTD) founded in 1982 by
the PRC Cabinet. The primary objective was to shift focus on improving innovation capacity by
integrating resources. The CASTED table of organization is in the below figure:

Figure 5 - CASTED Organizational Structure
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CASTED also is the international collaboration/outreach POC. N.B. That CASTED allowed the
PRC to link government R&D to industrial policy. This parallels the traditional linkage to
military programs and investment portfolios. Other key ―vassals‖ are listed in the graphic below:

Reform policies have included placing all research faculty members on contracts. ―Iron rice
bowls‖ -- job security regardless of performance -- have now been shattered at most CAS
institutes and universities. Formal project evaluations are now required every three years at the
research institutes. Financial management, meanwhile, has been streamlined; with awarded funds
deposited directly from the Ministry of Finance to the awardees‘ institution/skipping time delays
at MOST or NSFC. MOST has conducted relatively thorough assessments of projects funded by
the ―863‖ program and third party reviewers have been asked to analyze budget requests for
major projects funded by the ―973‖ program. Starting in the late 1980s, CAS encouraged its
research institutes to launch commercial spin-offs based on successful applied research in their
laboratories. An early success story was Legend Computer, a CAS spin-off that is now China‘s
largest personal computer manufacturer. More enterprises followed during the 1990s, when the
Academy‘s research institutes were forced to find alternative sources of income as CAS cut their
regular budgets. CAS participated in the establishment of the Zhonguancun Science Park in
Beijing, a large-scale attempt to recreate Silicon Valley in China. Top university professors,
meanwhile, are also finding commercial applications for their research projects. Tsinghua
University, for instance, has a long list of flourishing affiliated high-tech enterprises, and a new
science park is under construction.
Despite some success in attracting talent back to China, the scientific ―brain drain‖ problem still
persists. With more graduate students receiving masters‘ and doctoral degrees, even more of
them are competitive enough to win overseas study or post-doctoral opportunities; the U.S. being
the consistent top choice. Their professors do not actively discourage them, of course, even
though as a result they often have to accept ―second or third echelon‖ Ph.D. students; even at top
Chinese research institutes. The government has started a series of aggressive programs, such as
the ―Hundred Talent Program,‖ to attract talented returnees to China from institutions overseas.
Top scholars are offered higher salaries, generous housing packages and a research team at their
disposal. Anecdotal data, however, indicates that most talented scientists that have returned have
gone to work in multinational companies or local start-up enterprises rather than government or
university research programs. Some are attracted by the improved quality of life in the major
cities compared to the time they left China. There has also been increased international
cooperation; with many overseas Chinese participating in scholarly exchanges in China.
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Lack of geographic diversity in China‘s S&T system is another difficult challenge. With Beijing
and Shanghai having most of the top universities and research institutes, China‘s large hinterland
continues to be left behind. The central government‘s Western Development Initiative appears to
have had little impact thus far on the allocation of R&D funds. Another major problem is the
generational legacy of the Cultural Revolution. During that tumultuous time, high schools and
universities were closed for a decade. Now, as current R&D managers reach retirement age,
there are few experienced managers from the ―lost generation‖ ready to take their place. As a
result, many of the new research directors are between 38 and 45 - the generation before them
having little education - and at that age many of them have no management experience.
Perhaps the key concern emerging from recent R&D policy trends, however, is the difficulty of
finding a proper balance between basic research and applied research and development. Many
Chinese S&T policy leaders are concerned that the recent emphasis on commercial applications
is driving out creativity in basic research. The experience of some developed countries is that an
over-emphasis on commercial applications can result in lost progress on basic research,
including in some important scientific areas. Extra emphasis on applied R&D may make sense
for a developing country, however. One result of China‘s thrust towards commercialization
appears to be the concept of ―applied basic‖ research, leading to some successful but unexpected
results -- for example the successful breeding of rice and other new crop varieties at a plasma
physics institute. Despite progress on applied research, China is still heavily reliant on imported
technology. Technology exports have increased, but in the high-tech area imports have increased
even more rapidly. China‘s latest economic five-year development plan seeks to build on the
previous decades of reform and to transition China to a period of accelerated modernization
based on improved science and technology based upon (heretofore elusive) indigenous
innovation. This paper briefly lays out China‘s strategic approach to S&T development, some
key obstacles and critical opportunities that will impact just how fast China might advance
technologically. Not Surprisingly, while the United States seeks to relax military-specific and
dual-use technology export controls; the People‘s Republic of China (PRC) seeks to capitalize
upon this; as can be clearly seen by reviewing their R&D strategic plan (outlined, in short, here).
Viewing science and technology as the key to economic development and international
competitiveness, the government of the People‘s Republic of China (PRC) has launched a
comprehensive effort to become an innovative nation by 2020 and a global scientific power by
2050. China‘s effort will draw significantly on the resources and planning role of the state,
whose national science programs have long made targeted investments in research and
development (R&D) efforts in areas deemed critical to China‘s economic and military needs.
The Chinese government recognizes that national science programs alone are not capable of
sustaining the leapfrogging scientific capabilities the PRC now seeks. Although they have
aided China‘s technological advance substantially, these programs have not yet fostered the
widespread commercialization of internationally-competitive technologies originating from
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Chinese R&D efforts. China‘s science and technology (S&T) policy now embraces the idea,
conveyed in China‘s national plans and official speeches, of ―speeding up the construction of an
innovation system that takes enterprises as the center, the market as guide and with
commercialization interwoven with research‖. The government does not aim to move out of the
way of markets. Rather, the PRC government has become a leader in a technology
commercialization drive.
• China’s S&T bureaucracy has expanded financial support for R&D in corporate
enterprises, promoted links between research institutes and commercial firms or
established technology development zones and commercialization bases.
• The National Megaprojects introduced in the 2006 Medium to Long-term Plan for the
Development of Science and Technology (2005-2020) (MLP) involve substantial
government investments and incentives for key technology or engineering projects
with commercial applications.
China‘s industrial bureaucracies have also supported high technology industries through
subsidies for industry, procurement policies; financial support for enterprises‘ international
expansion and large-scale investments. In these efforts, the PRC has a mixed record. The
government helped China‘s leading telecommunications equipment manufacturers grow, but has
so far failed to foster notable innovation in the semiconductor industry.
o

The October 2010 Decision of the State Council to Accelerate the Development of
‘Strategic Emerging Industries’ may herald a new phase in China’s industrial policy—one
that intensifies the government’s focus on promoting high-technology enterprises more
than ever before. The policy calls for the government to fund and promote investments in
new industries in seven key areas of technology.

o

Industrial policy measures could potentially stifle innovation, since they involve “picking
winners”; diverting investment to firms and projects that may not have the technological
wherewithal to compete effectively.

China‘s national innovation system (NIS) struggles to balance its need to utilize foreign sources
of technology with a desire to nurture homegrown innovation. Nevertheless the PRC has
positioned itself to reap the benefits of global commercial and scientific networks.
Technology transfers from foreign firms continue to be important for Chinese enterprises, most
recently in the rail transport, alternative energy and civilian nuclear sectors. The Chinese
government and its commercial enterprises are making greater efforts than in the past to
assimilate and improve this technology.
The growing amount of R&D conducted in China by foreign multinational corporations provides
a potentially more promising avenue for the PRC to obtain technological know-how.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 69

The Rooster & The Dragon January 23, 2012
The United States has made substantial contributions to Chinese science, particularly through
training Chinese scientists and engineers in its universities, research institutes and corporations.
This corps of talent plays an outsized role in China‘s technological development. A shared
American and Chinese interest in challenges related to climate change, energy and health has
also propelled government-facilitated cooperative science projects and growing academic
collaborations. Yet Chinese fears about dependency on foreign technology have provided the
impetus for China‟s pursuit of “indigenous innovation,” an attempt to secure sovereign control
over core technological capabilities. ―Indigenous innovation‖ does not call for technological
autarky, but for China‘s foreign interactions to have a laser focus on extracting technology for
China‘s benefit.
Multinational Corporations (MNCs) have quickly learned that China shape incentives to acquire
technology that will then be then be harnessed for the benefit of its national firms. China has
also attempted to fill important capability gaps through espionage and theft of foreign
technologies that are often crucial pieces in the United States’ high-tech industrial and military
dominance.
These “techno-nationalist” policies (those that enhance China’s exclusive interests) also include
certain restrictive procurement, standards and patent policies. Such policies are often at odds
with best practices for innovation.
Chinese military capabilities are enhanced by spillovers from China’s advancing
civilian technology base.
Reforms in the management of defense industries and the research system—as well as
initiatives to link civilian and military research—have facilitated absorption of dual-use
technology by the People’s Liberation Army (PLA).
Despite arms embargoes and export restrictions, technology collaborations between Western
and Chinese firms have significant spillover benefits for Chinese military technology.

Caught between a tradition of state planning and the need for markets—and between an
interest in foreign technology assimilation and the lure of domestically-developed
technology—China‟s innovation system faces an ambiguous future. Coherent-sounding
national visions obscure the fact that China‘s bureaucracies have different interests and pursue
different goals. This is the case in China‘s civilian nuclear program—where a two-pronged
approach of buying high-quality foreign technology while investing in indigenous development
of next-generation nuclear power was driven more by bureaucratic contention than by a coherent
national vision.
China has demonstrated a formidable capacity for technological modernization, but its
current system of innovation ultimately imposes limits on China‟s potential.
China’s national science programs, elite commitments, sustained R&D investments, large cohort of
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how from the international system have proven remarkably effective in enabling China’s
technological “catch up” and leadership in select areas of technology and manufacturing.
Yet the Chinese model of science in its present form is unlikely to deliver the types of creative
research on which future high-technology leadership will depend. Bureaucratically-driven
institutions and programs for science are wasteful. China has yet to show that it can meaningfully
use the tools of the state to drive the commercialization of discoveries in research labs in a
competitive manner. And the nation’s drift in a techno-nationalist direction could compromise
China’s enabling international scientific links.

Background
Circa 1991 was a watershed-event year in terms of the People‘s Republic of China‘s (PRCs)
awareness with regard to the power embedded in semantic collection of global science and
technology (S&T) information from open sources for exploitation by their POL-MIL intelligence
apparatus. The utility of open-source information for S&T intelligence was pioneered by R.V.
Jones in the United Kingdom throughout World War II. Dr. Vannevar Bush modeled the U.S.
post-war S&T program on the UK. In China, both Dr. (Lt. Col.) Huo Zhongwen and Dr. (Lt.
Col.) Wang Zongxiao dealt with the use of data-base taxonomies as research string strategies in
the early 1990s. As the United States Defense Department is exploring, through the Institute of
Defense Analysis (IDA), current semantic tools and techniques to better operational-ize the
Militarily Critical Technologies Program (MCTP), it seemed prudent to overlay the lessons
learned in a fused manner; reflecting best practices discovered by BLUE, RED & GREEN
perspectives. The PRC views DSTI as a C2 (Command and Control) problem.
Prior to this, Professor Qian Xuesen gave an important speech at the PRC National Defense S&T
Intelligence Working Conference in July of 1983. His topic was: "I Maintain that the Matter of
Information Collection is a Science and a Technology and We Should Put Forth Our Best
Efforts Towards Research Information Collection." The words of Professor Qian Xuesen had a
deep impact upon the China intelligence community of practice because; although their
information collection had already accumulated a considerable amount of practical experience,
they had not by any means elevated these practical experiences to the theoretical level. The facts
prove that the direction that Professor Qian Xuesen pointed out--putting forth efforts to research
information collection learning, and establishing theory (the science of information collection) to
guide information collection work--is a job that should not be shirked by intelligence personnel.
It was only a few years ago that the MCTP embarked upon the same sense of discovery.
From that time on, we here had a mind to summarize our experiences gained in information
collection over a number of years. In the process of combining theory with practice, we hoped to
make some contribution to the gradual establishment of the basic theory of the science of
information collection – partly summarized in a 2010 IEEE paper by IDA‘s Breaux, Rolfe &
Leheny. It just so happened that the China National Defense S&T Information Center (CDSTIC)
was training master's degree candidates studying intelligence 20 years ago on this topic. They
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included some of what they had learned from their written teaching materials and coursework for
PRC master's degree students related to ―Sources and Techniques of Obtaining National Defense
S&T Intelligence."
Several basic intelligence science perspectives predominate in this ―book‖. Based on more than
thirty years of experience in MCTP information collection, the survey herein takes the
establishment of certain concepts and ideas as their points of origin/departure. We intend to
document the lessons learned to specifically set forth and explain: a brief history of the
development of information collection work; the nature and functions of information and the
assessment of information; sources of intelligence vice sources of information; consumer
demand for intelligence; channels for transmitting information; methods and techniques for
obtaining information and China‘s preliminary views about the semantic impact on the function
of global dual-use S&T information collection.
This work is so-entitled because it primarily stemmed from practical experience in the work of
collecting national defense-related S&T information for export control utilization as part of a
technology security apparatus. One of the survey‘s primary goals is to serve as a reference for
those in the investigation or intelligence cause who are engaged in the work of collecting or
protecting national defense-related S&T information. At the same time, the study purports to
serve as a "road map" for those involved in national defense-related S&T information-research
work who are looking for improvements to the status quo of the ―routine‖. However, the goals
of the study are by no means limited to the two goals mentioned above. Problems common to all
of S&T information collection processes are touched upon in its many pages, and not just
problems that relate to the collection of national defense S&T information. The survey takes the
sharing of ideas and views with colleagues as its starting point; serving to stimulate comment
and discussion among colleagues. By means of a joint effort among colleagues, the study aims to
take a stride forward toward the goal of establishing a system of theoretical concepts for the
science of information collection and bringing theorems and norms to light that have practical
significance for guiding information collection work. This will facilitate the early establishment
of proper academic status for the science of information collection within the broader field of
intelligence science.
The core competence concept was initially promulgated in 1990 as ―an area of specialized
expertise that is the result of harmonizing complex streams of technology and work activity‖
(Hamel and Prahalad, 1990). It was developed for a business context, and reflected the collective
learning and coordination skills underlying a firm‘s product lines. According to the original
proposers, core competencies are the source of competitive advantage and enable the firm to
introduce an array of new products and services. They lead to the development of core products;
which are then used to develop a larger number of end user products. Since the original core
competence article, many follow-on studies have been performed. Other definitions of core
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competence have been advanced (e.g., Galunic and Rodan, 1998). However, common features
among the different core competence definitions include the following:
• Critical mass of people
• Synergy of coordinated sub-disciplines
• High quality output
• Unique capabilities
• Substantial fraction of organization‟s total development investment

While the original (and most follow-on) definitions have applied to business organizations, the
concept can be extrapolated to nations. The five features above characterize national core
competencies. In this paper, national research core competence is defined as technical areas that:
1) contains a critical mass of researchers;
2) consists of coordinated and synchronized sub-disciplines;
3) produces high quality output;
4) offers unique national capabilities &
5) contains a visible fraction of research investment.

But first, let‘s review the way the adversary operates their table of (DSTI) organization.

MIIT

SASTIND

DSTI
KnowledgeBase

CASTED

PLA
(GAD)
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Reforming the PRC Military Technology Knowledge Innovation Paradigm
Even with increased resourcing and closer leadership attention, reform of China‘s defense
industrial base (C-DIB) has been an arduous task. The Chinese defense industrial base traces its
roots to the military-industrial factories inherited from the Nationalist regime in 1949 and the
subsequent Soviet technical assistance program. Since the reform era, the PRC defense sector
has evolved but remains almost exclusively state-owned; with defense conglomerates and
enterprise groups subordinate to the State Council. By the early 1990s the PRC defense industrial
sector encompassed 1,000 enterprises and more than two hundred major defense research
institutes and engineering academies.
Over the past 30 years, China‘s leadership has taken steps to rationalize and reform the
bureaucracy overseeing the defense sector through a series of major reorganizations. In 1982,
COSTIND was created out of an amalgamation of various other defense industry regulatory
bodies including: the Defense Science and Technology Commission, the National Defense
Industry Office and the Science, Technology and Equipment Commission. COSTIND reported
to both the State Council, China‘s executive civilian authority, and the Central Military
Commission (CMC) - China‘s highest military body. COSTIND oversaw the nation‘s
conventional and strategic weapons programs and facilities; serving as the overarching
regulatory body for the defense industries. As the middleman between the defense industry and
the end users—the PLA and the People‘s Armed Police—COSTIND was responsible for
facilitating procurement processes and providing technical standards and regulations.
Representing both procurer and producer created inherent conflicts of interest and led to constant
bureaucratic infighting among groups representing different constituencies. The result was an
inefficient and stymied reform of military R&D processes; often leaving the services and
political leaders frustrated.
In order to address the problems within COSTIND and the defense industry sector more broadly,
the State Council in 1998 instituted a reorganization of the defense industry regulatory structure
to split the civilian and military components of defense industry management between
COSTIND and GAD. COSTIND was civilianized and placed under the State Council alone,
while its military portfolio was largely transferred to a newly created PLA General Armaments
Department (GAD), subordinate to the CMC. COSTIND retained regulatory authority over the
defense industries, export control authority of sensitive technologies, educational training of
defense S&T personnel, defense conversion oversight and management of foreign cooperation or
acquisitions. Part of the responsibility transferred to GAD was management of the military‘s
research and development system, including management of the military portion of the 863
program. This arrangement endured for a decade; until another restructuring in 2008.
The results of the 2008 restructuring resulted in the creation of the Ministry of Industry and
Information Technology (MIIT); one of five new ―super ministries‖ approved by the National
People‘s Congress. MIIT subsumed various other existing bureaucratic bodies or acquired parts
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of their portfolios, including COSTIND‘s. Formerly a ministry-level body, COSTIND became a
subsidiary agency of MIIT and was renamed SASTIND (State Administration for Science,
Technology, and Industry for National Defense). While SASTIND continues to be the civilian
regulatory authority for the defense industry, it no longer enjoys bureaucratic parity with GAD.
Now the primary customer of China‘s defense manufacturers, GAD plays several roles—as
purchaser, regulator and R&D partner. This means that military planners have gained greater
clout in shaping the defense industry‘s evolution.

Figure 6 - PRC DSTI Structure circa 2008

Concurrently with the 2008 bureaucratic reforms, the State Council established the Civil-Military
Integration Promotion Department (CMIPD). While the department is directly subordinate to
MIIT, it works in coordination with SASTIND to fulfill some of the dual-use tasks once assigned
to COSTIND. These include: proposing policies and regulations to promote dual-use technology
development, overseeing the operations of the defense economy to promote civilian-military
integration, promoting the sharing of resources between military and industrial partners,
coordinating defense grant programs with promotion of intellectual property rights and
coordinating with other national agencies for foreign cooperation in space and nuclear activities.
One of the first major projects of CMIPD has been the formulation of common standards in
industry and the military for shared knowledge products. Without such standards for processes,
equipment, management and supervision, technology transfer is much more difficult.
mid-1990s. Originally established as industrial ministries in 1950, over the course of four
decades of bureaucratic and political turmoil, China‘s defense industries emerged in 1993 as five
overarching defense manufacturing conglomerates, each supervising hundreds of subsidiary
defense factories, shipyards, research institutes and laboratories (See Appendix). In 1999, the
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State Council decided to introduce Western corporate structures and management concepts in
order to provide ―moderate competition‖ to the defense sector. Each defense conglomerate was
split into two organizations; one ostensibly catering to military customers and the other to the
commercial market. Combined with large-scale labor downsizing and plant closures, the intent
of this policy was to create a nucleus of dedicated defense enterprises served by a large external
network of secondary suppliers and contractors.
The central government also instituted policy measures to relieve some of the financial and
social burdens that restrained growth for the defense industry. State banks were directed to
provide low-cost and interest-free loans to defense corporations; divestment from social welfare
entities, such as hospitals and schools, cleared up corporate balance sheets; and the establishment
of a national social security system transferred some of the burden of laid-off and retired workers
from enterprises to government balance sheets. A combination of corporate housecleaning and
state support began to achieve the goals of streamlining the defense industry sector and cutting
costs, allowing research spending to grow. China Ordnance Industry Group (COIG) and China
Ordnance Equipment Group (COEG) had both been operating in the red for many years, but
returned to profitability through restructuring in the early part of the last decade. As a result, the
defense industry conglomerates were able to plow their growing revenues back into R&D. COIG
for example invested RMB 600 million ($72.5 million USD) into technological development in
2003 - setting a goal of spending at least 2 percent of annual sales revenue on R&D.
Backed by government policies and statements of encouragement, the defense conglomerates
were also acquiring or absorbing former government research institutes and laboratories as a
wave of corporatization swept through the national R&D system. Aviation Industries of China
One (AVIC1), for instance, acquired 31 research institutes; AVIC2 acquired three and the China
State Shipbuilding Corporation (CSSC) took over 28 research institutes. The China Electronics
Technology Enterprise Corporation (CETC) was newly created from various component IT and
electronics companies in 2002, and as a consequence incorporated 47 electronics and IT research
institutes in its founding. The migration of civilian government research institutes into the
corporatized defense industry system created new in-house R&D capabilities and, it was hoped,
new spin-on and spin-off efficiencies.
While structural reforms to the defense industry and its relationship to regulators and customers
were making headway, those reforms, in and of themselves, could not guarantee a congenial
environment for S&T innovation. Rules governing R&D innovation and product quality were
lacking. Defense researchers had little independent capability or incentive to pursue their own
initiatives under the existing intellectual property protection regime. In order to develop their
ideas into marketable products, scientists and engineers needed the incentives and rent streams
provided by intellectual property rights protections for their inventions. In the aviation sector, a
1999 Science and Technology Daily editorial summarized a system where design engineers,
―bear the heavy burden of continually breaking new ground, but have nothing to do with the
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subsequent harvest,‖ because ownership and subsequent revenues of the project were transferred
to the production units once the designs were handed over. Such disregard for intellectual
property, the author opined, ―[resulted] in the loss of a large number of talented people‖ and
prevented the creation of a virtuous cycle of design and product development. Successful R&D
programs, such as in space and launch vehicles, were often driven by elite leadership attention
and resources, rather than from bottom-up R&D innovation.
In 2004, the State Council and CMC issued a joint ordinance to reform the national defense
patent system. The ―National Defense Patents Ordinance‖ streamlined the process for filing
defense patents and clarified how SASTIND and GAD would work together to approve patent
applications from work units and individuals. According to the deputy director of the new
Defense Patent Office established under SASTIND, patent protections were needed to create an
environment favorable for sustained cycles of innovation: ―One-shot innovation is not difficult,
what‘s difficult is continuous innovation…which requires protection of the inventor‘s rights and
benefits.‖ The bureaucratic restructurings helped to rationalize work processes and reduce
inefficiencies, but those reforms only laid the ground for innovative research. Reforms to
intellectual property rights and the patent regime, with increased funding from national research
programs, led to a sharp growth in patent applications over the previous decade; with some
defense conglomerates proceeding apace in filing their own patents.
Funding Priority Technologies
The process of reforming the defense industry and regulatory regime also provided an
opportunity for China‘s leadership to enumerate and fund research priorities through the newly
formed institutions. Levels of R&D funding for military purposes is not provided in official
statistics, but may constitute 15 to 28 percent of national R&D expenditures, according to outside
estimates. SASTIND and GAD allocate funding not only to the defense industry and university
system, but also to CAS and civilian universities to support R&D for weapons and equipment.
At least seven COSTIND/SASTIND funding vehicles have been identified through publication
records:
• National Defense Basic Research Program
• National Defense Science and Technology Advanced Research Fund
• National Defense Science and Technology Basic Program
• National Defense Science, Technology and Industry Civilian Use Conversion Research Program
• National Defense Science and Technology Key Laboratory Fund
• National Defense Model Type Program
• National Defense Fund

Since 1979, over 16,000 papers in a Chinese journal database cite these sources as their sponsors.
In addition, GAD supports research through at least two funds:
Weapons and Equipment Preliminary Research Fund
Military Electronics Preliminary Research Fund
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More than 400 papers since 1979 cite these programs as their research sponsor. Other nationallevel programs support research that is of a dual-use nature, including the 973 Program Portfolio
and the Torch program. Perhaps most importantly, the 863 Program encompasses a wide range
of scientific priorities; including a significant component of dual-use and military research areas.
863 priorities include, ―laser technology, space, biotechnology, information technology,
automation and manufacturing technology, energy and advanced materials,‖ of which COSTIND
was given oversight of space and laser technologies; with MOST overseeing the remaining six
areas. Within these broad areas, specific projects within the topics of: ―space, laser,
optoelectronics, super-large-scale integrated circuits, turbofan engines and new materials‖ were
targeted for funding as R&D fields with high applicability to dual-use or military applications.
As a result, these programs received a mix of civilian and military grant funding; creating
opportunities for defense personnel to collaborate with civilian researchers. During the 20012005 Tenth Five Year Plan the 863 Program may have received as much as 7 billion RMB ($845
million USD) for defense-related research; nearly one-third of total program funding.
Projects that have received 863 funding that are linked to military modernization goals tend to be
in areas where the military has identified needs and technological deficiencies. These include
such areas as Command, Control, Communication, Computers, Intelligence Surveillance,
Reconnaissance (C4ISR), aviation/aerospace and information technology. Command and control
systems are crucial for the PLA‘s operations, especially under ―complex electromagnetic
conditions.‖ A typical example of the type of work supported by 863 funding includes a 2008
research paper published in Firepower and Command and Control. In it, the NUDT authors
propose a method for ―modeling a C2 system in an information derivation based combat
simulation system in a complex electromagnetic environment‖; creating a controlled
environment for experimenting with tactics, techniques and procedures for military operations.
Another example of an 863 military project shows authors from PLA units and the Academy of
Military Science collaborating on an improved air defense network for early warning; consisting
of ―three levels of network systems‖ - including a joint planning network for air defense
preparations, a joint data network for target and firepower distribution and a joint tracking
network for air-defense missile guidance and control. The PLA unit from which one of the coauthors wrote was a missile brigade stationed in a coastal area of Fujian province near
Quanzhou.
Finding Military Potential in the Civilian Sphere
The traditional isolation of state research institutions from the wider economy, referred to as the
condition of, ―liang zhang pi,‖ (literally ―two layers of skin‖) was also manifested in the defense
sector‘s isolation from the civilian economy. But reforms aimed at fostering civil-military
integration (CMI) have been under way for a decade and the 2008 organizational reshuffling of
the military innovation system have further encouraged the military to derive benefit from
advances in the civilian innovation system.
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The 2000-2005 Tenth Five Year Plan introduced a codification of this orientation under a set of
four character principles including: ―junmin jiehe,‖ or ―integrating military and civilian needs,‖
which calls for promoting technology spin-offs and spin-ons; and ―yujun yumin,‖ or ―finding
military potential in the civilian sphere‖ - an explicit call to develop a civilian dual-use
technological and industrial complex. President Hu Jintao subsequently encouraged ―junmin
ronghe‖ meaning both ―civil-military fusion‖ and ―military modernization‖.
These guiding principles helped to formulate policy and the ongoing drive to break down barriers
between the civilian and military R&D apparatuses as well as state enterprises and commercial
enterprises. These latest reforms to ―fuse‖ civilian and military innovation are manifested in the
structural reform of the defense innovation system described above. Reforms have also included
attempts to strengthen civilian-military technology transfer facilities, build civil-military
integration industrial zones, encourage civilian enterprise participation in weapons research and
production, encourage civilian and foreign investment in the defense industry, and fund dual-use
research programs.
Academic research grants from programs like 863 and Defense Basic Research act as seed
money for dual-use technology development; academic-industry joint ventures, supported by
TORCH funds, help commercialize these innovations while government and military actors, like
GAD, then act as final customer for the spin-off companies that their very funding programs may
have helped nurture. Buoyed by these multiple lines and phases of S&T funding support, the
civilian economy has emerged as a source of alternative procurement for the military introducing greater competitiveness and innovation to defense enterprises; particularly in such
products as electronics and information technology where commercial products are near the
state-of-the-art.
Civilian R&D Linkages
Growing defense expenditures and defense industry revenues have allowed defense enterprises
to not only more effectively invest in their in-house R&D, but also to venture into the academic
realm to find opportunities for cross-pollination with civilian researchers. For the 2006-2010
Eleventh Five Year Plan, the Chinese Academy of Sciences (CAS) issued a series of civilian
research priorities for technologies that are inherently dual-use. CAS priority technology fields
included research in nano-devices, fuel-cell engine technology, high-performance microchips,
supercomputers and servers. Defense enterprises increasingly reach out to universities to
establish industry-university relationships and joint-venture partnerships. Several academic
institutions have entered into cooperative agreements with defense enterprises. For instance,
Tsinghua University and AVIC1 signed an agreement to train industry personnel and cooperate
in certain R&D projects. Hunan University also entered into a cooperative relationship with
defense enterprise Jiangnan Machinery Group to conduct military and dual-use R&D in
automobile engineering, electric automation and chemical engineering.
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SASTIND has also led initiatives to establish joint R&D laboratories with leading universities
focused on strategic, dual-use high-technology projects and systems integration technologies
throughout the country. Many of the technicians and researchers channeled into these
laboratories are likely recruited from SASTIND and the partnered civilian universities; given that
SASTIND helps to arrange job assignments for one-third of all graduates from its universities
within the defense economy. On the military side, GAD maintains linkages with local
universities through the military representative office (MRO) system. For example, GAD‘s
Xi‘an Military Representative Bureau established cooperative ties with more than 360 R&D
institutes in eighteen provinces; employing special ad hoc technical work teams drawn from
across the defense industry.
The ongoing establishment of ―key research facilities‖ in defense industry and civilian
institutions supports the exchange of civilian and military talent and technology. National
Defense Key Laboratories have been around since the 1990s, but they appear to be increasing in
number and variety as they receive increased funding under the Five Year Plan. Managed by
SASTIND and reviewed by GAD. National Defense Key Laboratories come in different
arrangements as described by a former COSTIND director. National Defense Science and
Technology State Key Laboratories are comprehensive laboratories and conduct basic defense
research, research on strategic high technology and systems integration.
National Defense Science and Technology Key Laboratories (See Appendix) are specialized
laboratories for exploratory and crux technologies. National Defense Key Academic Branch
Laboratories engage in research to help field capabilities involving new principles and methods.
These labs can be located in defense industries, defense universities and civilian universities. For
example, the State Key Laboratory of Deep Buried Target Damage was established in the
civilian North University of China. Since 2003, COSTIND and SASTIND have also approved
20 Defense Science, Technology and Industry Advanced Technology Research and Application
Centers - established jointly by multiple defense, university and research organizations to turn
basic research into engineering achievements.
Civilian Industry Linkages
The steady growth in China‘s defense budget has created a market incentive for private firms to
cater to military priorities. In a 2005 survey, a GAD researcher found from a sample of more
than one hundred civilian high-tech firms, research institutes and university faculties across six
regions of the country that ―more than 90 percent of firms…were keen to enter the military
market‖ and ―more than 90 percent of IT enterprises…indicated that they had already established
ties with the military and some were already selling their products to the PLA‖. Initiatives on
Civil-Military Integration Industrial Bases and Civil-Military Integration Industry Zones in recent years
were designed to create more sustainable linkages between defense and civilian enterprises. Since 2008,
new base programs have included Hubei‘s Xiangfan Aviation and Aerospace Industry Zone, the Zhuhai
Aviation Industry Zone and the Guangyuan City Tashantai Civil-Military Integration Industry Zone,
designed to become a research and production base for electronics systems and equipment.
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Even though China‘s defense procurement comes almost exclusively from state enterprises,
efforts have been made to increase civilian participation and investment in defense production.
Civilian involvement was encouraged by a 2005 State Council opinion on developing the non
state-owned sector and by the State Council‘s 2007 ―Approval of a Few Opinions Regarding
Deepening National Defense Science Technology and Industry Investment System Reforms‖;
which then led to rules being clarified to liberalize civilian and foreign investment in defense
industry enterprises. However, the changes to date have not been that dramatic. Civilian
enterprises still have trouble receiving approvals to build weapons and have difficulty competing
against incentives and tax breaks given to defense industries.
Grooming Talent
The increasing integration of civilian and military spheres has been reflected in investments in
human capital through education and college recruitments. Combined with civilian educational
policies, such as Project 211 —a national program to create 100 world class universities in the
modern century—the number of college graduates in the military and defense industry has grown
steadily. For instance, of the 284,000 students who graduated from SASTIND-administered
universities between 1999 and 2005, 18 percent went to work in the defense economy - 35
percent of whom had advanced degrees.
As China‘s university system has improved, the defense economy has drawn an increasing
number of high caliber engineers, technicians and scientists into defense enterprises. Similarly in
the military, the National Defense Students Program has targeted civilian college graduates for
fast track officer training and accession into the PLA. The program has grown steadily from a
handful of participating universities to 116 since 2007. College graduates recruited through this
program are cited as adding highly sought after technical expertise, more creative thinking, and
comfort with information technology into the PLA.
The ―511 project‖ is another program targeting the improvement of defense human capital. The
goals of the program are to raise the educational level of key personnel within the defense
industry by the ―grooming of five hundred senior management-level cadres, one thousand
technological team leaders and ten thousand high-quality technical specialists.‖ The net effect of
these programs and policies has been to leverage improvements in recent years in China‘s
academic sphere and apply them to the defense industrial and military spheres.
Defense innovation systems across the globe are evolving to incorporate civilian technologies
necessary for creating the most modern defense systems. China still has a long way to go to
become more agile in building systems utilizing the best of defense-industry discoveries and
commercial technologies. Nevertheless, even at this early stage, China has profited greatly from
the churn of technology in its own national innovation sector and in the global R&D networks in
which China partakes. Going forward, the improvement in China‘s innovation capacity in the
civilian sphere will no doubt translate into improved capabilities for the PLA.
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Historical Description of the PRC DSTI Modus Operandi
Outlining the methods by which the PRC attempts to acquire U.S. technology for military
purposes: The types of technology and information that the PRC or individual PRC nationals
have attempted to acquire, however, are broad so as to obscure the pattern of their true agenda.
The PRC appears to try to acquire information and technology on just about anything of value.
Not all of it, by any means, presents national security or law enforcement concerns but all
represent an economic threat to the United States of America.
The PRC's appetite for information and technology appears to be insatiable, and the
energy devoted to the task enormous. While only a portion of the PRC's overall technology
collection activities targeted at the United States is of national security concern, the impact on
our national security could be huge.
It is extremely difficult to meet the challenge of the PRC's technology acquisition efforts in
the United States with traditional counterintelligence techniques that were applied to the Soviet
Union. Whereas Russians were severely restricted in their ability to enter the United States or to
travel within it, visiting PRC nationals, most of whom come to pursue lawful objectives, are not
so restricted. Yet the PRC employs all types of people, organizations and collection operations to
acquire sensitive technology. Threats to national security can come from PRC scientists,
students, business people or bureaucrats - in addition to professional civilian and military
intelligence operations. All Such PRC activities are both legitimate and illicit.
In light of the number of interactions taking place between PRC and U.S. citizens and
organizations over the last decade (as trade and other forms of cooperation have bloomed),
the opportunities for the PRC to attempt to acquire information and technology, including
sensitive national security secrets, are immense. Moreover, the PRC often does not rely on
centralized control or coordination in its technology acquisition efforts; rendering traditional law
enforcement, intelligence and counterintelligence approaches inadequate.
The political, governmental, military and commercial activities of the People's Republic of
China are controlled by three directly overlapping bureaucracies: the Chinese Communist
Party (CCP), the State and the People's Liberation Army (PLA). Foremost of these (and in
ultimate control of all state, military, commercial and political activities in the PRC) is the
Chinese Communist Party.
The Communist Party Secretary chairs both the Politburo and its powerful executive group; the
Politburo Standing Committee. The Politburo, in turn, is supported by the CCP Secretariat. The
State governmental apparatus is also under the direct control of the Communist Party Secretary,
who in his role as President serves as the official head of the State as well. Subordinate to the
CCP Secretary in state affairs is the State Council, presided over by the Premier, also a highranking member of the Communist Party.
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The People's Liberation Army (PLA) is also directly under the control of the Communist Party.
The top level of PLA authority is the CCP's Central Military Commission (CMC), of which the
CCP Secretary is also the Chairman. The CMC's routine work is directed by its two ViceChairmen. The 24-member CCP Politburo (which ultimately controls the PRC's political,
military, governmental and commercial activities) does not usually conduct its business as a
whole. Rather, due to its unwieldy size and membership (consisting of persons from outside
Beijing), the Politburo acts through its powerful seven-member Standing Committee.
Involvement by the entire Politburo in specific decisions normally occurs when there are major
policy-shifts, crises need to be addressed or formal legitimization of a particular policy is
necessary.
In contrast, the seven most senior members of the Communist Party Politburo, comprising the
Politburo Standing Committee, meet frequently. The CCP Politburo Standing Committee wields
the real decision-making power in the PRC. The Communist Party Secretariat officially serves as
staff support to the Politburo and oversees the implementation of Politburo decisions by State
bureaucracies. The Secretariat is composed of seven members of the Politburo and is an
executive rather than a decision-making body. The State Council, the top level of the PRC State
governmental apparatus, consists of the Premier, Vice Premiers, State Councilors, Secretary and
Deputy Secretaries General. It directs the activities of all State ministries, commissions and
offices. The United States is not the only country that will face a potential leadership change in
2012. Under the Chinese Constitution, the President of the People‘s Republic of China (―PRC‖)
is limited to two consecutive five-year terms, forcing the current Chinese president, Hu Jintao
(pronounced Who Gin-Tao), to step down in 2012. This past year saw a setback for his
presumed successor, Xi Jinping (pronounced She Gin-Ping).
Unlike the U.S., a change in leadership in China is anything but apparent and requires the
successor to simultaneously hold three positions: General Secretary of the Chinese Communist
Party (―CCP‖); President of the PRC, and Chairman of the Central Military Commission. Only
by filling these three roles is the individual considered the paramount leader. The person to fill
these posts is hand-selected by the current CCP leadership, even for President of the PRC, which
is arguably not a party position. But in a country with one-party rule, the National People‘s
Congress of the PRC (―NPC‖) merely confirms the successor chosen by the Party leadership.
Click here for an in-depth illustration of the Chinese government and party structure
While the next leader of the PRC will be only the fifth since the PRC‘s founding in 1949, the
road to that position is fairly settled. First is the presumed leader‘s appointment to the CCP‘s
Politburo Standing Committee. The Politburo Standing Committee, currently made up of nine
members, is the highest-ranking decision making body of both the Party and the Chinese
government. Second is the individual‘s ―election‖ by the NPC to the position of vice-president
of the PRC (again more a rubber stamp of the Party‘s selection than an actual election). Finally,
the individual, usually three years prior to the change in leadership, is appointed to the vice-
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chairmanship of the Central Military Commission (CMC) by the CCP. The CMC controls the
People‘s Liberation Army and while there is a Party CMC and a government CMC that is
supposed to be independent from the Party CMC, the two are identical, with the same people
filling the same positions in both CMCs. Although nominally accountable to the NPC, in reality,
the government CMC answers to the Party.
Xi Jinping needed the final appointment of vice-chair of the CMC to be solidly on the road to
paramount leader. In 2007, he was appointed to the Politburo and elected vice-president in 2008.
But last fall, in a shock to most China-watchers, the CCP closed its annual meeting without
designating a new vice-chair of the CMC. Current President Hu was appointed to the vicechairmanship of the CMC three years prior to his accession to top leader. The same was true of
his predecessor, Jiang Zemin. Is China in the wake of a succession crisis? Some argue no; that
the pattern established by Mr. Xi‘s predecessors is not set in stone; perhaps he will be appointed
vice-chair of the CMC next year. But what is causing this delay?
Many speculate that there is dissension amongst the top ranks of the Party as to who should be
the paramount leader in 2012. Underneath the veneer of uniformity and consensus that the Party
maintains to the outside world lay at least two factions that often wrestle for control.
Interestingly, Mr. Xi is not the chosen heir of President Hu Jintao. Instead, President Hu‘s
protégé has been Li Keqiang (pronounced Lee Kah-Chiang), a mentee of his from when he
headed up the Chinese Communist Youth League. Mr. Li was appointed to the Politburo at the
same time as Mr. Xi but was ranked lower in command of that body. Then in 2008, when Mr. Xi
was elected to the office of Vice President, Mr. Li was elected as Vice-Premier, signaling that
Mr. Li would take over the premiership in 2012.
While Mr. Li is a member of President Hu‘s faction of ―Youth Leaguers,‖ Mr. Xi is a member of
former President Jiang Zemin‘s ―Shanghai Clique.‖ As Cheng Li of the Brookings Institute
points out, there is a big difference between the two factions. The Youth Leaguers are more
concerned about the growing inequities between the rich and poor in China and providing a
better social safety net for those areas of China negatively impacted by its quick economic rise.
The ―Shanghai Clique‖ on the other hand stresses economic development, high GDP and
continuing China‘s integration into the world economy. Currently, the CCP leadership is evenly
split between the two factions.
Furthermore, since ascending to the vice-presidency, Mr. Xi has at times been outspoken of
China‘s foreign critics, contrary to the diplomatic image that President Hu works hard to
portray. While on a state visit to Mexico and before a crowd of overseas Chinese, Mr. Xi
criticized China‘s critics stating that ―a few foreigners with full bellies who have nothing better
to do than try to point fingers at our country.‖
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However, Mr. Xi has the support of the powerful Shanghai Clique and appears to, at least in the
past, have had the support of President Hu and the Youth Leaguers since Mr. Xi was appointed
to the Politburo and elected to the vice-presidency. Mr. Xi‘s appointment to vice-chair of the
CMC has likely been postponed; affording the leadership time to work out fundamental issues
pertaining to the direction of China is this current economic crisis. While what happens in the
inner workings of the Chinese Communist Party is anyone‘s guess, most likely Mr. Xi will
become paramount leader in 2012.
The Communist Party's eight-member Central Military Commission (CMC) heads the
People's Liberation Army, which includes the PRC's army, navy, and air force, as well as
espionage operations conducted through the Second Department of the PLA. The CMC has a
powerful bureaucratic status roughly comparable to that of the Politburo Standing Committee
and the State Council. It meets regularly to address administrative matters and to formulate
military policy and strategy. In addition to their policy- and decision-making roles in the CMC,
key members of that body by virtue of their top posts in the Communist Party also serve a
bridging function between the CCP, the State and the PLA.
The CMC, a Communist Party body, has no equivalent in the State sector. The State Central
Military Commission, an organization within the State bureaucracy, is theoretically a separate
decision-making body, but in reality it has no unique powers because its membership generally
mirrors that of the Party's CMC. The PRC's Ministry of Defense, the principal State bureaucracy
for dealing with military affairs, is likewise composed of Communist Party CMC members and
its role is primarily a ceremonial one. The domination and control of the PLA by the Communist
Party is thus complete.

COSTIND: The CCP's Use of Corporations for Military Aims
The State Council controls the PRC's military-industrial organizations through the State
Commission of Science, Technology and Industry for National Defense (COSTIND). The State
Council has a decisive role in Communist Party policy because of its function as interpreter,
implementer, and overseer of broadly-worded and often ambiguous Politburo policy goals.
Created in 1982, COSTIND was originally intended to eliminate conflicts between the military
research and development sector and the military production sector by combining them under
one organization. But its role soon broadened to include the integration of civilian research,
development and production efforts into the military.
COSTIND presides over a vast interlocking network of institutions which are dedicated to
the specification, appraisal and application of advanced technologies for the PRC's military
aims. The largest of these institutions are styled as corporations, notwithstanding that they are
directly in service of the CCP, the PLA and the State. They are:
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� China Aerospace Corporation (CASC)
� China National Nuclear Corporation (CNNC)
� China North Industries Group (NORINCO)
� Aviation Industries Corporation of China (AVIC)
� China State Shipbuilding Corporation (CSSC)
Until 1998, COSTIND was controlled directly by both the CMC and the State Council. In March
1998, COSTIND was "civilianized" and now reports solely to the State Council. A new entity,
the General Armament Department (GAD), was simultaneously created under the CMC to
assume responsibility for weapons system management and research and development.

CCP Supremacy over the State, PLA and Economy
The PRC Constitution asserts the supremacy of the Communist Party over all other government,
military, and civilian entities. But the CCP also relies on other, more pragmatic methods to
ensure its primacy. The most evident and effective of these is having senior CCP members in
control of all State government bodies. The most obvious example of the Communist Party's
practical control of both the State and the PLA is Communist Party Secretary's simultaneous
service as State President and CCP Central Military Commission Chairman. Other examples
include Zhu Rongji's simultaneous service as Politburo Standing Committee member and
Premier of the State Council or Li Lanqing's dual roles as Politburo member and Vice-Premier of
the State Council. In addition to the CCP Politburo's control of the PRC government and
military, there are hundreds of similar connections between lower-level Communist Party
officials and the State, military, and commercial bureaucracies in the PRC. For example, 25 of
the 29 Ministers in charge of Ministries and Commissions under the State Council are members
of the CCP Central Committee.
Nowhere is the supremacy of the Communist Party more clearly enunciated than with the
PLA. This supremacy is explicitly set forth in the PRC Constitution. In addition, as with the
State government, it is not just law but common control that guarantees PLA compliance with
the Communist Party's dictates. The most obvious practical example of direct Communist Party
control of the PLA was Jiang Zemin's position as Chairman of the Central Military Commission,
and the entire CMC's direct control of the PLA. Jiang was also the first Communist Party
Secretary to enforce CCP control over the military completely by appointing no military officers
to the powerful CCP Politburo Standing Committee (although two officers remained on the
Politburo). The slogan "the Party controls the gun" is often repeated in speeches by both CCP
and PLA officials; serving as a constant reminder of CCP supremacy over the military.
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Development of the CCP's Technology Policies
The CCP Politburo addresses broad technology matters through the Science and Technology
Leading Group. This Communist Party group is headed by the Premier and includes the
Chairman of the State Science and Technology Commission and the Minister of COSTIND
Broad technology policy directives originate in the upper levels of the Communist Party
hierarchy. It is up to the State Council and its organs to fine-tune and implement those policies.
In addition, the State government, like the CCP itself, has a number of Leading Groups
(including a Science and Technology Leading Group) that provide expertise and
recommendations to the State Council and its organs. A committee of approximately 50 R&D
experts meets annually and provides policy planning and technical advice to the Minister of
COSTIND. COSTIND can also call upon the many academies and institutes under its direction.
The State Council and its sub-units are also consumers of military research conducted by the
PRC's military research bureaucracy, composed of numerous think-tanks that provide analysis on
a wide range of matters. This military research is channeled through a State Council unit known
as the International Studies Research Center. The Center acts as a conduit and central
transmission point to channel intelligence, research reports and policy documents to the top
Communist Party leadership and throughout industrial and military centers of excellence.

The 863 and Super-863 Programs: Importing Technologies for Military Use
In 1986, "Paramount Leader" Deng Xiaoping adopted a major initiative, the so-called 863
Program, to accelerate the acquisition and development of science and technology in the PRC.
Deng directed 200 scientists to develop science and technology goals. The PRC claims that the
863 Program produced nearly 1,500 research achievements by 1996 and was supported by nearly
30,000 scientific and technical personnel who worked to advance the PRC's "economy and . . .
national defense construction."
The most senior engineers behind the 863 Program were involved in strategic military programs
such as space tracking, nuclear energy and satellites. Placed under COSTIND's management, the
863 Program aimed to narrow the gap between the PRC and the West in key science and
technology sectors - including the military technology areas of:

� Astronautics
� Information technology
� Laser technology
� Automation technology
� Energy technology
� Advanced materials (e.g. nano; energetics)

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 90

The Rooster & The Dragon January 23, 2012

The 863 Program was given a budget split between military and civilian projects, and focuses on both military
and civilian science and technology. The following are still key areas of military concern for China:

Biological Warfare
The 863 Program includes a recently unveiled plan for gene research that could have
biological warfare applications.
Space Technology
Recent PRC planning has focused on the development of satellites with remote sensing
capabilities; which could be used for military reconnaissance, as well as space launch
vehicles.
Military Information Technology
The 863 Program includes the development of intelligent computers, optoelectronics,
image processing for weather forecasting and the production of submicron integrated
circuits on 8-inch silicon wafers. These programs could lead to the development of
military communications systems; command, control, communications and intelligence
systems or advances in military software development.
Laser Weapons
The 863 Program includes the development of pulse-power techniques, plasma
technology, and laser spectroscopy; all of which are useful in the development of laser
weapons.
Automation Technology
This area of the 863 Program, which includes the development of computer-integrated
manufacturing systems and robotics for increased production capability, is focused in
the areas of electronics, machinery, space, chemistry and telecommunications – that
could standardize and improve the PRC's military production.
Nuclear Weapons
Qinghua University Nuclear Research Institute has claimed success in the development
of high-temperature, gas-cooled reactors - projects that could aid in the development of
nuclear weapons.
Exotic Materials
The 863 Program areas include optoelectronic information materials, structural
materials, special function materials, composites, rare-earth metals, new energy
compound materials and high-capacity engineering plastics. These projects could
advance the PRC's development of materials such as composites for military aircraft
or other weapons.
In 1996, the PRC announced the "Super 863 Program" as the follow-on to the 863 Program;
planning technology development through 2020. The "Super 863 Program" continues the
research agenda of the 863 Program (which apparently failed to meet the CCP's expectations).
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The Super 863 Program calls for continued acquisition and development of technology in a
number of areas of military concern including: machine tools, electronics, petrochemicals,
electronic information, bioengineering, exotic materials, nuclear research, aviation, space and
marine technology. COSTIND and the Ministry of Science and Technology (MOST) jointly
manage the Super 863 Program. The Ministry of Science and Technology focuses on
biotechnology, information technology, automation, nuclear research and exotic materials while
COSTIND oversees the laser and space technology fields. COSTIND is attempting to monitor
foreign technologies; including all those imported into the PRC through joint ventures with the
United States and other Western countries. These efforts are evidence that the PRC engages in
extensive oversight of imported dual-use technology. The PRC is also working to translate
foreign technical data, analyze it, and assimilate it for PLA military programs. The Select
Committee has concluded that these efforts have targeted the U.S. Government and other
entities. If successful, the 863 Portfolio will increase the PRC's ability to understand, assimilate,
and transfer imported civil technologies to military programs. Moreover, Super 863 Program
initiatives increasingly focus on the development of technologies for military applications. PRC
program managers are now emphasizing projects that attract U.S. researchers.

The 16-Character Policy: 'Give Priority to Military Products'
Since the early 1990s, the PRC has been increasingly focused on acquiring U.S. and foreign
technology and equipment, including particularly dual-use technologies that can be integrated
into the PRC's military and industrial bases. In 1997, the CCP formally codified the 16Character Policy. The "16-Character Policy" is the CCP's overall direction that underlies the
blurring of the lines between State and commercial entities or military and commercial interests.
The sixteen characters literally mean:
� Jun-min jiehe (Combine the military and civil)
� Ping-zhan jiehe (Combine peace and war)
� Jun-pin youxian (Give priority to military products)
� Yi min yan jun (Let the civil support the military)
This policy, a reaffirmation and codification of Deng Xiaoping's 1978 pronouncement, holds that
military development is the object of general economic modernization and that the CCP's main
aim for the civilian economy is to support the building of modern military weapons and to
support the aims of the PLA. The 16-Character Policy (See illustration below) could be
interpreted, in light of other policy pronouncements that subordinate military modernization to
general economic modernization, to mean a short-term strategy to use defense conversion
proceeds for immediate military modernization. Or it could mean a long-term strategy to build a
civilian economy that will, in the future, support the building of modern military goods. In
practice, however, the policy appears to have meant a little of both approaches.
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The CCP's official policy on military modernization, as publicly announced since the late 1970s
by then-"Paramount Leader" Deng Xiaoping, states that the PRC is devoting its resources to
economic development, and that military development is subordinate to and serves that goal. But
as Dr. Michael Pillsbury of the National Defense University has testified publicly, the doctrinal
and strategic writings of many PLA leaders and scholars are inconsistent with a subordination of
military modernization efforts. In fact, according to Pillsbury, these views are "surprising, and
perhaps even alarming." Additionally, a former civilian staff in charge of the U.S. DoDs MCTP
testified to Congressional Committees in 2011 and 2012 on this subject, affirming Dr. Pillsbury‘s
assertions. In addition to providing funds for the purchase of U.S. and foreign weapons systems,
implementation of the 16-Character Policy serves the PLA in other ways. Among these are:

� Funding military R&D efforts
� Providing civilian cover for military industrial companies to acquire dual-use
technology through purchase or joint-venture business dealings

� Modernizing an industrial base that can, in time of hostility, be turned towards military
production
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In this connection, since the 1980s significant portions of the PRC military industry have
diversified into civilian production. The production of profit-producing civilian goods helps keep
the PRC military-industrial companies financially stable. The majority of them have operated "in
the red" for years; bolstered only by extremely generous and forgiving loan arrangements from
the PRC's central banks.
The blurred lines between military and commercial technology that are the hallmarks of
the 16-Character Policy have also created some problems for the PRC. An official in the State
Planning Commission criticized the 16-Character Policy for an insufficient focus on the most
advanced military technologies, particularly in aerospace, aviation, nuclear power and shipbuilding. At the same time, the official acknowledged, military industries have been reluctant to
share economically valuable technologies with civilian enterprises. Pursuant to the 16-Character
Policy, the PRC's emphasis on the acquisition and development of military technology is closely
related to its interest in science and technology for economic development. At times this has
been reflected in tension between modernizing the PLA and developing the economy. The PRC's
approach to resolving this conflict has been to seek "comprehensive national power," in which
high-technology industries, economic growth and military modernization are all interrelated.
Despite the PRC's public claims, it is estimated that their actual military spending is four to
seven times greater than official figures. During the 1990s, no other part of the PRC's budget has
increased at the rate of military spending. A large portion of this budget is devoted to military
research. The success achieved by the United States through the use of high-technology weapons
in the 1990 Gulf War led PLA leaders to call for a reemphasis on military development. PLA
leaders began to call for military preparedness to fight "limited war under high-tech conditions."
The PLA's call for more attention to military aims appears to have had some impact. In a 1996
speech, Li Peng, second-ranking member of the CCP Politburo, then-Prime Minister, and
currently Chairman of the National People's Congress, said:

―We should attach great importance to strengthening the army
through technology, enhance research in defense-related
science…give priority to developing arms needed for defense
under high-tech conditions and lay stress on developing new types
of weapons.‖
Communist Party Secretary Jiang Zemin, in March 1997, publicly called for an "extensive,
thorough-going and sustained upsurge" in the PLA's acquisition of high technology. The PRC's
1998 Defense White Paper pointedly stated that "no effort will be spared to improve the
modernization level of weaponry." The modernization of the PLA has placed priority on the
development of:
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� Battlefield communications
� Reconnaissance
� Space-based weapons
� Mobile nuclear weapons
� Attack submarines
� Fighter aircraft
� Precision-guided weapons
� Training rapid-reaction ground forces
These actions, supported by the PRC's overall economic growth, will improve the PLA's military
capabilities in ways that enable the PRC to broaden its geographic focus. At the same time, the
PRC has shifted its military strategy towards rapid-reaction mobility and regional, versus global,
armed conflict. Under this framework, the PRC's avowed military strategy is one of "active
defense," a capability for power projection to defend the PRC's territorial ambitions, which
extend to not only Taiwan, but also the Senkaku Islands in the East China Sea or the Spratly and
Paracel Islands in the South China Sea.

The PRC's Use of Intelligence Services to Acquire U.S. Military Technology
The primary professional PRC intelligence services involved in technology acquisition are the
Ministry of State Security (MSS) and the PLA General Staff's Military Intelligence Department
(MID). In addition to and separate from these services, the PRC maintains a growing nonprofessional technology-collection effort by other PRC Government-controlled interests, such as
research institutes and PRC military-industrial companies. Many of the most egregious losses of
U.S. technology have resulted not from professional operations under the control or direction of
the MSS or MID, but as part of commercial, scientific and academic interactions between the
United States and the PRC.
Professional intelligence agents from the MSS and MID account for a relatively small share of
the PRC's foreign science and technology collection. The bulk of such information is gathered by
various non-professionals, including PRC students, scientists, researchers and other visitors to
the West as supplemented by a robust ―knowledge innovation program‖ of open-source S&T
information aimed at contextualizing linkages across data elements and databases.
These individuals sometimes are working at the behest of the MSS or MID, but often represent
other PRC-controlled research organizations - scientific bureaus, commissions, research
institutes and enterprises. Those unfamiliar with the PRC's intelligence practices often conclude
that, because intelligence services conduct clandestine operations, all clandestine operations are
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directed by intelligence agencies. In the case of the PRC, this is not always the rule. Much of the
PRC's intelligence collection is independent of MSS direction. For example, a government
scientific institute may work on its own to acquire information.
The MSS is headed by a Minister who also is member of the CCP Central Committee. The
MSS reports to the Premier and the State Council - its activities are ultimately overseen by the
CCP Political Science and Law Commission. It is not unusual for senior members of the CCP's
top leadership to be interested in the planning of PRC military acquisitions. The MSS conducts
science and technology collection as part of the PRC's overall efforts in this area. These MSS
efforts most often support the goals of specific PRC technology acquisition programs, but the
MSS will take advantage of any opportunity to acquire military technology that presents itself.
The MSS relies on a network of non-professional individuals and organizations acting outside
the direct control of the intelligence services (including scientific delegations and PRC nationals
working abroad) to collect the vast majority of the information it seeks. The PLA's Military
Intelligence Department (MID), also known as the Second Department of the PLA General Staff,
is responsible for military intelligence. One of the MID's substantial roles is military-related
science and technology collection.

Methods Used by the PRC to Acquire Advanced U.S. Military Technology
The PRC uses a variety of approaches to acquire military technology. These include:

� Relying on "princelings" who exploit their military, commercial and political
connections with high-ranking CCP and PLA leaders to buy military technology
from abroad

� Illegally transferring U.S. military technology from third countries
� Applying pressure on U.S. commercial companies to transfer licensable
technology illegally in joint ventures

� Exploiting dual-use products and services for military advantage in unforeseen
ways

� Illegally diverting licensable dual-use technology to military purposes
� Using front companies to illegally acquire technology
� Using commercial enterprises and other organizations as cover for technology
acquisition

� Acquiring interests in U.S. technology companies
� Covertly conducting espionage by personnel from government ministries,
commissions, institutes and military industries independently of the PRC
intelligence services
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The last is thought to be the major method of PRC intelligence activity in the United States. The
PRC also tries to identify ethnic Chinese in the United States who have access to sensitive
information and sometimes is able to enlist their cooperation in illegal technology or information
transfers. Finally, the PRC has been able to exploit weaknesses and lapses in the U.S. system for
monitoring the sale and export of surplus military technology and industrial auctions.
The PRC is striving to acquire advanced technology of any sort, whether for military or civilian
purposes, as part of its program to improve its entire economic infrastructure. This broad
targeting permits the effective use of a wide variety of means to access technology. In addition,
the PRC's diffuse and multi-pronged technology-acquisition effort presents unique difficulties
for U.S. intelligence and law enforcement agencies, because the same set of mechanisms and
organizations used to collect technology in general can be used and are used to collect military
technology.
The PRC's blending of intelligence and non-intelligence assets along with reliance on different
collection methods presents challenges to U.S. agencies in meeting the threat. In short, as James
Lilley, former U.S. Ambassador to the PRC says, U.S. agencies are "going nuts" trying to find
MSS and MID links to the PRC's military science and technology collection when such links are
buried beneath layers of bureaucracy or do not exist at all.
The 'Princelings'
Unlike the Soviet Union, where nepotism in the Communist Party was rare, ruling in the PRC is
a family business. Relatives of the founders of the Chinese Communist Party rise quickly
through the ranks and assume powerful positions in the CCP, the State, the PLA or the business
sector. These leaders, who owe their positions more to family connections than to their own
merit, are widely known as "princelings." Political, military and business leaders in the PRC
exercise considerable influence within their respective hierarchies. With the exception of those
who make their way to the uppermost levels of the CCP or State bureaucracies, however, their
authority, clout and influence extend only to those below them within that hierarchy.
They have little ability to influence either the leaders above them within their own hierarchy or
the leaders in other hierarchies. Princelings operate outside these structures. Because of their
family ties and personal connections to other CCP, PLA, and State officials, they are able to
"cross the lines" and accomplish things that might not otherwise be possible. Two contemporary
princelings (Wang Jun and Liu Chaoying) have been directly involved in illegal activities in the
United States. Princelings present a unique technology transfer threat because their multiple
connections enable them to move freely around the world and among the different bureaucracies
in the PRC. They are therefore in a position to pull together the many resources necessary to
carry out sophisticated and coordinated technology acquisition efforts.
Wang Jun is the son of the late PRC President Wang Zhen. Wang simultaneously held two
powerful positions in the PRC. He was Chairman of the China International Trade and
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Investment Company (CITIC), the most powerful and visible corporate conglomerate in the
PRC. He was also the President of Polytechnologies Corporation; an arms-trading company and
the largest and most profitable of the corporate structures owned by the PLA. Wang's position
gave him considerable clout in the business, political and military hierarchies in the PRC. Wang
is publicly known in the United States for his role in the 1996 campaign finance scandal and for
Polytechnologies' indictment stemming from its 1996 attempt to smuggle 2,000 Chinese AK-47
assault rifles into the United States. He attended a White House "coffee" with President Clinton
in February 1996 and was given a meeting with Commerce Secretary Ronald Brown the
following day. He was also connected to over $600,000 in illegal campaign contributions made
by Charlie Trie to the U.S. Democratic National Committee (DNC).
Liu Chaoying is the daughter of former CCP Central Military Commission Vice-Chairman
and Politburo Standing Committee member General Liu Huaqing; who has used numerous U.S.
companies for sensitive technology acquisitions. General Liu has been described as the PLA's
preeminent policymaker on military R&D technology acquisition (RDA) and equipment
modernization; as well as the most powerful military leader in the PRC. His daughter was a
Lieutenant Colonel in the PLA and has held several key and instrumental positions in the PRC's
military industry; which is involved in numerous arms transactions and international smuggling
operations. On two occasions she had entered the United States illegally under a false identity.
Col. Liu Chaoying wa a Vice-President of China Aerospace International Holdings, a firm
specializing in foreign technology and military sales. It is the Hong Kong subsidiary of China
Aerospace Corporation; the organization that manages the PRC's missile and space industry.
Both organizations benefit from the export of missile or satellite-related technologies and
components from the United States - as does China Great Wall Industry Corporation, Col. Liu's
former employer and a subsidiary of China Aerospace Corporation (which provides commercial
space launch services to American satellite manufacturers). China Aerospace Corporation is also
a substantial shareholder in both the Apstar and APMT projects to import U.S. satellites to the
PRC for launch by China Great Wall Industry Corporation.

Acquisition of Military Technology from Other Governments
To fill its short-term technological needs for military equipment, the PRC has made numerous
purchases of foreign military systems. The chief source for these systems was Russia, but the
PRC has acquired military technology from other countries as well. Specific details on these
acquisitions appear in a U.S. Congress Select Committee's classified report, but the former
Clinton Administration had determined that they cannot be made public without affecting
national security – a decision not reversed by subsequent Presidents. During the Cold War, the
United States assisted the PRC in avionics modernization of its jet fighters under the U.S. Peace
Pearl program. The PRC has stolen military technology from the United States, but until recently
the United States has lawfully transferred little to the PLA. This has been due, in part, to the
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sanctions imposed by the United States in response to both the 1989 Tiananmen Square massacre
and to the PRC's 1993 transfer of missile technology to Pakistan.
After the relatively "cool" period in U.S.-PRC relations in the early 1990s, the trend since 1992
has been towards liberalization of dual-use technology transfers to the PRC. Examples of legal
transfers include the sale of approximately 40 gas turbine jet engines (despite their inclusion on
the MCTL/DSTL at DoD; they were not then covered by USML or CCL embargo), the sale of
high performance computers (same MCTL caution) and licensed co-production of helicopters.
Nonetheless, the list of military-related technologies legally transferred to the PRC directly from
the United States remains relatively small. Illegal transfers of U.S. technology from the U.S. to
the PRC, however, have been significant.
Significant transfers of U.S. military technology had also taken place in the mid-1990s through
the re-export by Israel of advanced technology transferred to it by the United States, including
avionics and missile guidance useful for the PLA's F-10 fighter. Congress and several Executive
agencies have also investigated allegations that Israel has provided U.S.-origin cruise, air-to-air
and ground-to-air missile technology to the PRC.

Joint Ventures with U.S. Companies
We now shall explore the pressures brought to bear on U.S. companies linked with militarilysensitive technology attempting to do business with the PRC and provide examples of U.S.
companies conspiring to evade export control laws in pursuit of joint ventures. The vast majority
of commercial business activity between the United States and the PRC does not present a threat
to national security, but additional scrutiny, discipline and an awareness of risks are necessary
with respect to joint ventures with the PRC where the potential exists for the transfer of
militarily-sensitive U.S. technology.
The behavior of the PRC Government and PRC-controlled businesses in dealing with U.S.
companies involved with militarily sensitive technology confirms that these concerns are valid
and growing. The growing number of joint ventures that call for technology transfers between
the PRC and U.S. firms can be expected to provide the PRC with continued access to dual-use
technologies for military and commercial advantage. Technology transfer requirements in joint
ventures often take the form of side agreements (sometimes referred to as offset agreements)
requiring both that the U.S. firm transfer technology to the PRC partner and that all transferred
technology will eventually become the property of the PRC partner.
Although many countries require technology transfers when they do business with U.S.
firms, no country makes such demands across as wide a variety of industries as the PRC
does. Despite the PRC's rapid economic liberalization since 1978, it continues to implement its
explicitly designed goals and policies to restrict and manage foreign investment so as to bolster
the PRC's military and commercial industries through acquisition of technology. The Communist
Party has long believed that forcing technology from foreign firms is not only critical to the
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PRC, but also is a cost that foreign firms will bear in order to obtain PRC market entry. In the
past, the PRC has favored joint ventures with U.S. high-technology companies for several
reasons:

� The U.S. excels in many areas of technology that are of special interest to the
PLA and to PRC-controlled firms

� Many PRC scientists were educated in the United States and retain valuable
contacts in the U.S. research and business community who can be exploited
for technology transfer

� Many other countries are more reluctant than the United States to give up
technology...believe it or not.
The PRC has dedicated increasing resources to identifying U.S. high-technology firms as likely
targets for joint venture overtures. Science and technology representatives in PRC embassies
abroad are used to assist in this targeting of technology and to encourage collaboration with U.S.
firms for this purpose. Unless they are briefed by the FBI pursuant to its National Security Threat
List program, U.S. companies are unaware of the extent of the PRC's espionage directed against
U.S. technology and thus - at least from the U.S. national security standpoint - are generally
unprepared for the reality of doing business in the PRC. They lack knowledge of the
interconnection between the CCP, the PLA, the State and the PRC-controlled companies with
which they deal directly in the negotiating process.
The U.S. General Accounting Office (GAO) has found that U.S. businesses have significant
concerns about arbitrary licensing requirements in the PRC that often call for increased
technology transfer. The GAO has also found that transparency was the most frequent concern
reported by U.S. companies. Because of the lack of transparency in the PRC's laws, rules and
regulations that govern business alliances and the dearth of accessible, understandable sources of
regulatory information, U.S. businesses are often subjected to technology transfer requirements
that are not in writing, are not maintained in the field or are contained in "secret" rules that only
insiders know about.
The PRC's massive potential consumer market is the key factor behind the willingness of
some U.S. businesses to risk and tolerate technology transfers. Some of these transfers could
impair U.S. national security, as in the cases of Loral and Hughes described later in this Report.
The obvious potential of the PRC market has increasingly enabled the PRC to place technologytransfer demands on its U.S. trading partners. U.S. businesses believe that they must be in the
PRC, lest a competitor get a foothold first. In fact, many U.S. high-technology firms believe it is
more important to establish this foothold than to make profits immediately or gain any more than
limited access to the PRC market. Some of the PRC's trading partners have focused on increased
technology transfers to raise the attractiveness of their bids. In addition to traditional types of

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 100

The Rooster & The Dragon January 23, 2012
technology transfer, many U.S. high-technology investments in the PRC include agreements
establishing joint research and development centers or projects. This type of agreement
represents a new trend in U.S. investment in the PRC and is a potentially significant
development. In 2011, the DoD‘s MCTP Office acted on a serendipitous anonymous tip that one
such knowing tech transfer was inadvertently approved by the State Department based upon
spurious export license application information submitted – and with the assistance of DTSA
was able to keep the shipment from leaving the dock. Industrial know-how as well as technology
would have been conferred to the PRC with essential military characteristics.
U.S. companies involved in joint ventures may be willing to transfer technology because they
believe that the only risk is a business one - that is, that the transfers may eventually hurt them in
terms of market share or competition. These businesses may be unaware that technologies
transferred to a PRC partner will likely be shared within the PRC's industrial networks and with
the PLA or that joint ventures may be used in some instances as cover to acquire critical
technology for the military. COSTIND (which controls the PRC's military-industrial
organizations) likely monitors technologies through joint ventures.
In addition, U.S. businesses may be unaware that joint-venture operations are also vulnerable to
penetration by official PRC intelligence agencies; such as the MSS. In one 1990s case reviewed
by the Select Committee of the U.S. Congress, a U.S. high-technology company and its PRC
partner used a joint venture to avoid U.S. export control laws and make a lucrative sale of
controlled equipment to the PRC. Following the denial of an export license, the U.S. Company
attempted to form a joint venture to which the technology would be transferred. The joint venture
was controlled by a PRC entity included on the U.S. Commerce Department's Entity List; which
means it presented an unacceptable risk of diversion to the development of weapons of mass
destruction.

Acquisition and Exploitation of Dual-Use Technologies
The acquisition of advanced dual-use technology represents yet another method by which the
PRC obtains advanced technology for military modernization from the United States. The PRC's
military modernization drive includes a policy to acquire dual-use technologies. The PRC seeks
civil technology in part in the hope of being able to adapt the technology to military applications.
This is referred to by some analysts as "spinning on." A strategy developed by the PRC in 1995
called for the acquisition of dual-use technologies with civil and military applications, and the
transfer of R&D achievements in civil technology to the research and production of weapons.
The PRC collects military-related science and technology information from openly available
U.S. and Western sources and military researchers. This accelerates the PLA's military
technology development by permitting it to follow proven development options already
undertaken by U.S. and Western scientists.
PRC procurement agents have approached U.S. firms to gain an understanding of the uses
of available technology and to evaluate the PRC's ability to purchase dual-use technology under
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the guise of civil programs nominally within the constraints of U.S. export controls.
Additionally, the PRC has attempted to acquire information from the U.S. and other countries
about the design and manufacturing of military helicopters. The PRC could use this approach to
acquire chemical and biological weapons technology. The key organizations in the PRC's drive
to acquire dual-use technology include:
� COSTIND, which acquires dual-use technology for PRC institutes and manufacturers
by assuring foreign suppliers that the technology will be used for civil production.
COSTIND (now SASTIND) uses overseas companies to target U.S. firms for
acquisition of dual-use technology for the military.
� The Ministry of Electronics Industry (MEI), which is responsible for developing
the PRC's military electronics industry. Among other things, the Ministry approves
and prioritizes research and development and the importation of electronics
technologies that can be used to speed up the PRC's indigenous production
capabilities.
� The Ministry of Post and Telecommunications (MPT), which is acquiring
asynchronous transfer mode switches that could be used for military purposes
by the PLA.
� PLA-operated import-export companies, which also import dual-use technologies
for military modernization. Polytechnologies, a company attached to the General
Staff Department of the PLA, plays a major role in this effort, especially in
negotiating foreign weapons purchases.
� The Aviation Industries Corporation of China (AVIC) and its subsidiary; China
National Aero-Technology Import-Export Corporation (CATIC), which have
sent visitors to U.S. firms to discuss manufacturing agreements for commercial
systems that could be used to produce military aircraft for the PLA. AVIC is one of
five PRC state-owned conglomerates that operate as "commercial businesses" under
the direct control of the State Council and COSTIND. Several incidents highlight
CATIC's direct role in the acquisition of controlled U.S. technology. One clear
example was CATIC's role as the lead PRC representative in the 1994 purchase of
advanced machine tools from McDonnell Douglas.
Another possible example of the PRC's exploitation of civilian end-use as a means of
obtaining controlled technology was CATIC's 1983 purchase of two U.S.-origin CFM-56 jet
engines on the pretext that they would be used to re-engine commercial aircraft. Although the
CFM-56 is a commercial engine, its core section is the same as the core of the General Electric
F-101 engine that is used in the U.S. B-1 bomber. Because of this, restrictions were placed on the
export license. However, the PRC may have exploited the technology of the CFM-56. When the
U.S. Government subsequently requested access to the engines, the PRC claimed they had been
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destroyed in a fire. CATIC has, on several occasions reviewed by the Select Committee,
misrepresented the proposed uses of militarily useful U.S. technology. The Clinton
administration has determined that the specific facts in these cases may not be publicly disclosed
without affecting national security. In 1996, AVIC, CATIC's parent company, attempted to use
a Canadian intermediary to hire former Pratt & Whitney engineers in the United States to assist
in the development of an indigenous PRC jet engine. AVIC's initial approach was under the
guise of a civilian project, and the U.S. engineers were not told they would be working on a
military engine for the PRC's newest fighter jet until negotiations had progressed substantially.
The U.S. engineers pulled out when they were told what they would be asked to do. The degree
of diversion to military programs by the PRC of commercially-acquired technologies is unclear,
since the PRC's parallel civil-military industrial complex often blurs the true end-use of
technology that is acquired. As a result, there may be more use of U.S. dual-use technology for
military production than these examples suggest.

Front Companies
Another method by which the PRC acquires technology is through the use of front companies.
The term "front company" has been used in a variety of ways in public reports and academic
studies in different contexts, and can include:

� U.S. subsidiaries of PRC military-industrial corporations in the PRC
� U.S. subsidiaries of PLA-owned-and-operated corporations
� Corporations set up by PRC nationals overseas to conduct technology acquisition and
transfer

� Corporations set up outside the PRC to acquire technology for PRC intelligence
service, corporation or institute covertly

� Corporations set up outside the PRC by a PRC intelligence service, corporation or
institute solely to give cover to professional or non-professional agents who enter the
United States to gather technology or for other purposes

� Corporations set up outside the PRC by a PRC intelligence service to launder money
� Corporations set up outside the PRC by a PRC intelligence service to raise capital to
fund intelligence operations

� Corporations set up outside the PRC by a PRC individual to hide, accumulate or raise
money for personal use

� Corporations set up outside the PRC by organs of the PRC Government to funnel
money to key U.S. leaders for the purpose of garnering favor and influencing the U.S.
political process and U.S. Government decision-making
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The differing meanings attached to the term "front companies" by different U.S. agencies has led
to confusion, particularly because many PRC companies fall into several different categories, at
the outset or at different times during their existence. In addition, U.S. agencies responsible for
different aspects of national security, law enforcement and Sino-U.S. relations often do not share
even basic data concerning PRC espionage in the United States. This may partly explain why, for
example, in Senate testimony on the same day in 1997, the State Department said it could
identify only two PLA companies that were doing business in the United States while the AFLCIO identified at least 12 and a Washington-based think-tank identified 20 to 30 such
companies. The Select Committee has determined that all three are far below the true figures.
The Select Committee of U.S. Congress has concluded that there are more than 3,000 PRC
corporations in the United States, some with links to the PLA, a State intelligence service, or
with technology targeting and acquisition roles. The PRC's blurring of "commercial" and
"intelligence" operations presents challenges to U.S. efforts to monitor technology transfers for
national security purposes. General Liu Huaqing, who recently retired as a member of the
Communist Party Politburo, the CCP Standing Committee, and the Central Military
Commission, was involved with dozens of companies in Hong Kong and in Western countries
engaged in illegally acquiring advanced U.S. technology. Yet another complicating factor is the
evolution of the names used by PRC-controlled corporations.
Some corporations such as NORINCO and Polytechnologies were easily recognizable as
subsidiaries of PRC corporations. The boards of directors of PRC companies were also easily
recognizable as PLA officers in the past. Recent changes, however, have made it more difficult
to recognize PRC corporations. Some analysts note that U.S.-based subsidiaries of PLA-owned
companies in particular have stopped naming themselves after their parent corporation; a move
prompted at least in part by criminal indictments and negative media reports that have been
generated in connection with their activities in the United States. Many PLA-owned companies
in the United States have simply ceased to exist in the past year or so; a phenomenon that reflects
these factors as well as the fact that PRC-controlled companies often do not make money.
The PRC intelligence services use front companies for espionage. These front companies may
include branches of the large ministerial corporations in the PRC, as well as small one- and twoperson establishments. Front companies, whatever the size, may have positions for PRC
intelligence service officers. PRC front companies are often in money-making businesses that
can provide cover for intelligence personnel in the United States. PRC front companies may be
used to sponsor visits to the U.S. by delegations that include PRC intelligence operatives. There
has been increasing PRC espionage through front companies since the 1990s. As of the late
2000s, a significant number of front companies with ties to PRC intelligence services were in
operation in the United States. The PRC also uses its state-controlled "news" media
organizations to gain political influence and gather political intelligence.
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In June 1993, after a highly-publicized trial, a former Chinese philosophy professor, Bin
Wu, and two other PRC nationals were convicted in a U.S. court of smuggling thirdgeneration night-vision equipment to the PRC. Wu worked at the direction of the MSS, which
he says directed him to acquire numerous high-technology items from U.S. companies. To
accomplish these tasks, Wu and the others created several small front companies in Norfolk,
Virginia. From that base, they solicited technology from a number of U.S. companies,
purchasing the equipment in the names of the front companies and forwarding it to the MSS
through intermediaries in Hong Kong. Wu was a good example of the non-traditional PRC
approach to acquiring technology in that Wu himself was not a professional intelligence agent.
Identified as a pro-Western dissident by the MSS just after the Tiananmen Square massacre, he
was given a choice: he could stay in the PRC and face prison, or he could accept the MSS's offer
to help him and his family by supporting the PRC in its quest for high technology. Wu was also a
"sleeper" agent, who was initially told to go to the United States and establish himself in the
political and business community. The MSS told Wu he would be called upon and given taskings
later.
Wu appears to have been part of a significant PRC intelligence structure in the United States.
This structure includes "sleeper" agents, who can be used at any time but may not be tasked for a
decade or more. In the 1990s, the PRC has also attempted to use front companies to acquire
sensitive information on restricted military technologies; including the Aegis combat system.
The Aegis combat system uses the AN/SPY-1 phased array radar to detect and track over 100
targets simultaneously, and a computer-based command and decision system allowing for
simultaneous operations against air, surface and submarine threats.

Direct Collection of Technology by Non-Intelligence Agencies and Individuals
PRC intelligence agencies often operate in the U.S. commercial environment through entities set
up by other PRC Government and commercial organizations instead of creating their own fronts.
PLA military intelligence officers do, however, operate directly in the United States posing as
military attaches at the PRC Embassy in Washington, D.C. and at the United Nations in New
York. Most PRC covert collection of restricted technology in the United States is accomplished
by individuals attached to PRC Government and commercial organizations which are
unaffiliated with official PRC intelligence services. These organizations collect their own
technology from the USA; rather than rely on PRC intelligence agencies to do it for them.
The Select Committee judged that the MSS may be allowing other PRC Government
entities to use MSS assets to fulfill their intelligence needs. These findings further illustrate
that PRC "intelligence" operations are not necessarily conducted by what are traditionally
thought of as "intelligence" agencies. The main PLA intelligence activity in the United States is
not represented by PLA intelligence organizations, but by PRC military industries and regular
components of the PLA. Although military-industrial corporations are not PLA-owned, they are
deeply involved in arms production and acquisition of military technology.
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The activities of CATIC and its U.S. subsidiaries exemplify the activities carried out by PRC
military-industrial companies. Other PRC companies, such as China Great Wall Industry
Corporation, collect technology for their own use and may be used as cover by PRC intelligence
personnel. PRC technology acquisition in the United States also is carried out by various science
and technology commissions and organizations. COSTIND, for example, has no official U.S.
subsidiary but is the primary coordinating authority over the military-industrial corporations that
collect technology in the United States. COSTIND also uses the "front company" device to
procure high-technology products. The PRC State Science and Technology Commission largely
oversees civilian science and technology collection. The State Science and Technology
Commission also uses diplomats in the U.S. as a key collection tool. It has provided funding to a
PRC scientist to establish various commercial enterprises in the U.S. as a means of collecting
technology information for distribution in the PRC.
The State Science and Technology Commission was involved in efforts to elicit nuclear
weapons information from a Chinese-American scientist. Science and Technology offices in
the PRC's seven diplomatic agencies in the United States carry out a substantial portion of
technology acquisition taskings. The primary role of these offices is to arrange contacts between
PRC scientists and their American counterparts. Various "liaison groups" constitute another PRC
technology collection vehicle in the United States. The PRC's primary official liaison
organization is the China Association for International Exchange of Personnel (CAIEP). CAIEP
operates seven "liaison organization" offices in the United States, including one in Washington,
D.C., and one in San Francisco. It is one of several organizations set up by the PRC to illegally
acquire technology through contacts with Western scientists and engineers. Others include a
purported technology company and a PRC State agency.
Another significant source of the PRC's technology collection efforts outside of its formal
intelligence agencies comes from Chinese business representatives loyal to the CCP who
emigrate to the United States. These individuals pursue commercial interests independent of
direct PRC Government control. Their primary motive is personal financial gain, and they will
sell their efforts and opportunities to any willing consumer. When asked to do so, they pass U.S.
technology back to the PRC. The Select Committee believes that the use of this technique is
proliferating in recent years. The PRC also acquires advanced technology through the outright
theft of information. A few cases exemplify this method of technology acquisition.
Peter Lee, a Taiwanese-born, naturalized U.S. citizen who formerly worked at the Los
Alamos and Lawrence Livermore National Laboratories, passed classified information to
the PRC in 1997 and in 1985. In 1997, Lee passed to the PRC classified U.S. developmental
research on very sensitive detection techniques that, if successfully concluded, could be used to
threaten previously invulnerable U.S. nuclear submarines. In 1985, Lee stole for the PRC
classified information about the use of lasers to create nuclear explosions on a miniature scale.
The Lee case represents a classic non-intelligence service operation. The Select Committee also
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received evidence of PRC theft of technology data from U.S. industry during the 1990s valued at
millions of dollars. The PRC used Chinese nationals hired by U.S. firms for that purpose. The
Clinton administration has determined that no details of this evidence may be made public
without affecting national security. In 1993, PRC national Yen Men Kao, a North Carolina
restaurant owner, was arrested by the FBI and charged with conspiring to steal and export
classified and export-controlled high-technology items to the PRC.84 Among the items about
which Kao and several other PRC nationals were seeking information were:

� The U.S. Navy's Mark 48 Advanced Capability Torpedo
� The F-404 jet engine used on the U.S. F-18 Hornet fighter
� The fire-control radar for the U.S. F-16 fighter
The case of Kao and his co-conspirators is one of several involving PRC commercial entities
attempting to illegally acquire U.S. technology. The PRC also relies heavily on the use of
professional scientific visits, delegations, and exchanges to gather sensitive technology. As the
PRC Government has increasingly participated in the world commercial and capital markets, the
number of PRC representatives entering the United States has increased dramatically. One
estimate is that in 1996 alone, more than 80,000 PRC nationals visited the United States as part
of 23,000 delegations.
Almost every PRC citizen allowed to go to the United States as part of these delegations likely
receives some type of collection requirement, according to official sources. Scientific delegations
from the PRC are a typical method used by the PRC to begin the process of finding U.S. joint
venture partners. These delegations have been known to go through the motions of establishing a
joint venture to garner as much information as possible from the U.S. partner, only to pull out at
the last minute. Scientific visits and exchanges by PRC scientists and engineers and their U.S.
counterparts create several risks to U.S. national security. This has been a particular concern in
recent years regarding foreign visitors to the Department of Energy's national weapons
laboratories. The first of these risks is that visitors to U.S. scientific and technology sites may
exploit their initial, authorized access to information to gain access to protected information. The
Select Committee has reviewed evidence of PRC scientists who have circumvented U.S.
restrictions on their access to sensitive manufacturing facilities. Another risk is that U.S.
scientists may inadvertently reveal sensitive information during professional discussions.
The PRC subjects “visiting scientists” to a variety of techniques designed to elicit
information from them. One technique may involve inviting scientists to make a presentation in
an academic setting, where repeated and increasingly sensitive questions are asked. Another is to
provide the visitor with sightseeing opportunities while PRC intelligence agents burglarize the
visitor's hotel room for information. Still another technique involves subjecting the visitor to a
grueling itinerary and providing copious alcoholic beverages so as to wear the visitor down and
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lower resistance to questions. In one instance, a U.S. scientist traveled to the PRC where very
specific technical questions were asked. The scientist, hesitant to answer one question directly
because it called for the revelation of sensitive information, instead provided a metaphorical
example. The scientist immediately realized that the PRC scientists grasped what was behind the
example and knew that too much had been said.
Another common PRC tactic is to tell U.S. visitors about the PRC's plan for further research; the
hope being that the U.S. scientist will release information in commenting on the PRC's plans.
The Select Committee has reviewed evidence of this technique being applied to acquire
information to assist the PRC in creating its next generation of nuclear weapons. Another risk
inherent in scientific exchanges is that U.S. scientists who are overseas in the PRC are prime
targets for approaches by professional and non-professional PRC organizations that would like to
co-opt them into providing assistance to the PRC. In many cases, they are able to identify
scientists whose views might support the PRC and whose knowledge would be of value to PRC
programs.
The Select Committee has received information about Chinese-American scientists from U.S.
nuclear weapons design laboratories being identified in this manner. Typically, the PRC will
invite such a scientist to lecture and, once in the PRC, question him closely about his work. Once
the scientist has returned to the U.S., answers to follow-up questions may be delivered through a
visiting intermediary. Such efforts to co-opt scientists may be conducted by PRC ministries and
may involve COSTIND. The number of PRC nationals attending educational institutions in the
United States presents another opportunity for the PRC to collect sensitive technology. It is
estimated that at any given time there are over 100,000 PRC nationals who are either attending
U.S. universities or have remained in the United States after graduating from a U.S. university.
These PRC nationals provide a ready target for PRC intelligence officers and PRC Governmentcontrolled organizations, both while they are in the United States and when they return to the
PRC. The Select Committee judged that the PRC is increasingly looking to PRC scholars who
remain in the United States as assets who have developed a network of personal contacts that can
be helpful to the PRC's search for science and technology information. The PRC has also
acquired technological information through open forums such as arms exhibits and computer
shows.
During a recent international arms exhibit, for example, PRC nationals were observed collecting
all possible forms of technical information. This included videotaping every static display and
designating individuals to take notes. The group also stole a videocassette from a display that
was continuously playing information on the U.S. Theater High Altitude Air Defense system,
when the Defense Department contractor left it unattended. Converting the stolen cassette to a
frame-by-frame sequence could yield PRC valuable intelligence information.
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Illegal Export of Military Technology Purchased in the United States
The PRC is also taking advantage of the ongoing U.S. military downsizing. In particular, PRC
representatives and companies in the United States pursue the purchase of high-technology U.S.
military surplus goods. In a single 1996-1997 operation, the Los Angeles office of the U.S.
Customs Service seized over $36 million in excess military property that was being shipped
overseas illegally. Among the seized U.S. military surplus equipment on its way to the PRC and
Hong Kong were:

� 37 inertial navigation systems for the U.S. F-117 and FB-111 aircraft
� Thousands of computers and computer disks containing classified Top Secret
and higher information

� Patriot missile parts
� 500 electron tubes used in the U.S. F-14 fighter
� Tank and howitzer parts
� 26,000 encryption devices
PRC representatives have been the biggest buyers of sensitive electronic surplus material.
Defense Department investigators have noted a trend among the PRC buyers of this equipment:
many had worked for high-technology companies in the PRC or for PRC Government science
and technology organizations. The PRC has been able to purchase these goods because, in its
rush to dispose of excess property, the Defense Department failed to code properly or to disable
large amounts of advanced military equipment, allowing PRC buyers to pay for and take
immediate possession of functional high-technology equipment. Often this equipment was
purchased as "scrap" for which the buyers paid pennies on the dollar. According to the U.S.
Customs Service, many PRC companies that bid on military surplus technology intentionally
used "American-sounding" names to mask their PRC affiliation.
The PRC also has been able to exploit U.S. military downsizing by purchasing advanced
technology, in the form of machine tools and production equipment from decommissioned U.S.
defense factories, through industrial auctions. For example, a multi-axis machine tool profiler,
designed to build wing spans for the U.S. F-14 fighter, originally cost over $3 million but was
purchased by the PRC for under $25,000. According to one industrial auctioneer, the PRC
frequents industrial auctions because they offer accurate, well-maintained equipment at bargain
prices and with quick delivery. Moreover, once the PRC obtains this equipment, there are ample
resources available in the United States to upgrade the equipment to modern standards.
A California company specializing in refurbishing machine tools, for example, was approached
in recent years by representatives of CATIC's El Monte, California office. The CATIC
representatives reportedly inquired about the scope of the company's refurbishment capability,
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including whether it could train CATIC people to rebuild and maintain the machines and whether
the company would be willing to assemble the machines in the PRC. The CATIC personnel also
reportedly asked if the company could convert a three-axis machine tool to a five-axis machine
tool. They were told this was possible for some machines and very often only requires replacing
one computer controller with another.
The U.S. Company noted, however, that such a converted machine would require an export
license. In response, the CATIC personnel reportedly said, rather emphatically, that they would
have "no problem" with the export. The CATIC inquiries came at about the same time CATIC
was negotiating the purchase of machine tools from the McDonnell Douglas Columbus, Ohio
plant. CATIC's discussions with this particular U.S. company did not result in either the training
of CATIC personnel or the conversion of any machine tools. It is unknown, however, what other
U.S. companies were approached with similar inquiries or whether any such inquiries resulted in
technological assistance to CATIC or the PRC. The Select Committee also reviewed evidence
from the mid-1990s of a PRC company that obtained U.S. defense manufacturing technology for
jet aircraft, knowingly failed to obtain a required export license, and misrepresented the contents
of its shipping containers in order to get the technology out of the country.

PRC Purchase of Interests in U.S. Companies (CFIUS & FOCI Cases)
A more recent method used by the PRC to obtain advanced technology from the United States is
through the purchase of an interest in U.S. high-technology companies or U.S. export facilities.
While this method does not yet appear to be prevalent, it has been identified in at least three
instances. In 1990, CATIC acquired an interest in MAMCO Manufacturing, a Seattle,
Washington aircraft parts manufacturer. In a highly-publicized decision that year, President
George Bush exercised his authority under section 721 of the Defense Production Act of 1950
(also known as the Exon-Florio provision) to order CATIC to divest itself of the MAMCO
interest based on the recommendations of the Committee on Foreign Investment in the United
States (CFIUS), an inter-agency committee chaired by the Secretary of Treasury and tasked to
conduct reviews of foreign acquisitions that might threaten national security. CFIUS concluded:

� Some technology used by MAMCO, although not state-of-the-art, was export-controlled
� CATIC had close ties to the PLA through the PRC Ministry of Aviation (now known as
Aviation Industries Corporation, or AVIC)

� The acquisition would give CATIC unique access to U.S. aerospace companies
It is likely that the PRC's strategy in acquiring MAMCO was to give CATIC a venue from which
to solicit business with U.S. aerospace firms, both to yield revenue and to gain access to
aerospace technologies, inasmuch as CATIC has conspired to illegally acquire U.S. sensitive
technology in the past. In addition, according to public reports, CATIC has been used for PRC
arms sales to countries such as Iran. The PRC's efforts to acquire MAMCO did not end with
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President Bush's divestiture order. CATIC requested CFIUS approval to satisfy the concerns
expressed in President Bush's divestiture order by selling its MAMCO interest to the China
International Trust & Investment Corporation (CITIC).
CFIUS noted that CITIC reported directly to the highest level of the PRC Government, the PRC
State Council, and that CITIC did not have any colorable business rationale for wanting to
acquire MAMCO. When CFIUS began questioning CITIC's business purposes and its ties to the
State Council, CATIC withdrew its request. CATIC then filed another request, this time
proposing that it meet President Bush's divestiture order by selling its MAMCO interest to HuanYu Enterprises, a PRC company that was owned by a PRC provincial government and reported
to the PRC Ministry of Electronics Industry (now known as the Ministry of Information
Industry), which in turn reported directly to the PRC State Council. A CFIUS investigation
concluded that Huan-Yu was a consumer, not a producer, of aerospace parts and had no
legitimate reason to acquire MAMCO. The proposed divestiture looked to CFIUS like a "sham
acquisition". Faced with intense CFIUS interest, CATIC again withdrew its filing.
The U.S. Treasury oversees a similar program to CFIUS, called FOCI (Foreign Owned or
Controlled Industries) and reports similar case histories. In 1996, Sunbase Asia, Incorporated
purchased Southwest Products Corporation, a California producer of ball bearings for U.S.
military aircraft. Sunbase is incorporated in the United States, but is owned by an investment
group comprised of some of the PRC's largest state-owned conglomerates as well as a Hong
Kong company. According to a Southwest executive, the purchase will "take [Sunbase] to the
next level" of technology. The Clinton Administration had determined that additional
information on this transaction cannot be made public without affecting national security.
China Ocean Shipping Company (COSCO), the PRC's state-owned shipping company
which operates under the direction of the Ministry of Foreign Trade and Economic Cooperation
and answers to the PRC State Council, attempted to lease port space that was being vacated by
the U.S. Navy in Long Beach, California. The lease proposal led to a heated debate between
Congress, which wanted to prevent the lease based on national security concerns, and President
Clinton, who supported the lease. Legislation passed by both houses of Congress in 1997 barred
the lease and voided the President's authority to grant a waiver.
Other information indicates COSCO is far from benign. In 1996, U.S. Customs agents
confiscated over 2,000 assault rifles that were being smuggled into the United States aboard
COSCO ships. "Although presented as a commercial entity," according to the House Task Force
on Terrorism and Unconventional Warfare, "COSCO is actually an arm of the Chinese military
establishment." The Clinton administration has determined that additional information
concerning COSCO that appears in the Select Committee's classified Report cannot be made
public without affecting national security.
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Methods Used by PRC to Export Military Technology from the United States
Once the PRC acquires advanced technology in the United States, it requires secure means to
export the information or hardware out of the country. Weaknesses in U.S. customs can be
exploited to smuggle classified or restricted U.S. technology. Diplomatic pouches and traveling
PRC diplomats offer another avenue for illegal technology exports. Almost every PRC
Government commercial and diplomatic institution in the United States has personnel who
facilitate science and technology acquisitions. The Select Committee believed that these means
of communicating with the PRC could have been exploited to smuggle nuclear weapons secrets
from the United States. These are some of the further means that have been used to illegally ship
sensitive technology to the PRC:
� In 1993, Bin Wu, a PRC national, was convicted of transferring night-vision technology
to the PRC. Wu used the U.S. postal system to get technology back to the PRC. He mailed
the technology he collected directly to the PRC, mostly through an intermediary in Hong
Kong.
� The PRC uses false exportation documentation and has falsified end-user certificates.
In one case reviewed by the Select Committee, the Department of Commerce reported that a
U.S. subsidiary of a PRC company used a common illegal export tactic when it falsely
identified the machine tools it was exporting. The U.S. Customs Service also indicates that
the PRC's use of false bills of sale and false end-use statements are common illegal export
tactics.
� The PRC has used at least one commercial air carrier to assist in its technology transfer
efforts. In 1996, Hong Kong Customs officials intercepted air-to-air missile parts being
shipped by CATIC aboard a commercial air carrier, Dragonair. Dragonair is owned by China
International Trade and Investment Company (CITIC), the most powerful and visible
PRC-controlled conglomerate, and the Civil Aviation Administration of China (CAAC).
� A common PRC method for transferring U.S. technology to the PRC uses Hong Kong as
the shipment point. This method takes advantage of the fact that U.S. export controls on
Hong Kong are significantly less restrictive than those applied to the rest of the PRC;
allowing Hong Kong far easier access to militarily-sensitive technology.
�The more relaxed controls on the export of militarily-sensitive technology to Hong Kong
have been allowed to remain in place even though Hong Kong was absorbed by the PRC
and PLA garrisons took control of the region on July 1, 1997. U.S. trade officials report that
no inspections by the Hong Kong regional government nor by any other government;
including the United States, are permitted when PLA vehicles cross the Hong Kong border.
Various U.S. Government analyses have raised concerns about the risk of the diversion of
sensitive U.S. technologies not only to the PRC, but to third countries as well through Hong
Kong because of the PRC's known use of Hong Kong to obtain sensitive technology. Some
controlled dual-use technologies can be exported from the United States to Hong Kong license© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 112

The Rooster & The Dragon January 23, 2012
free, even though they have military applications that the PRC would find attractive for its
military modernization efforts. The Select Committee has seen indications that a sizeable
number of Hong Kong enterprises serve as cover for PRC intelligence services; including the
MSS. Therefore, it is likely that over time, these could provide the PRC with a much greater
capability to target U.S. interests in Hong Kong. U.S. Customs officials also concur that
transshipment through Hong Kong is a common PRC tactic for the illegal transfer of technology.

PRC Incentives for U.S. Companies to Advocate Relaxation of Export Controls
U.S. companies in the high-technology sector are eager to access the PRC market. The PRC
often requires these U.S. firms to transfer technologies to the PRC as a precondition to market
access. U.S. export regulations can be seen as an impediment to commercial opportunities.
Executives wishing to do business in the PRC share a mutual commercial interest with the PRC
in minimizing export controls on dual-use and military-related commodities. The PRC has
displayed a willingness to exploit this mutuality of interest in several notoriously public cases by
inducing VIPs from large U.S. companies to lobby on behalf of initiatives, such as export
liberalization, on which they are aligned with the PRC.
The PRC is determined to reduce restrictions on the export of U.S. communications
satellites for launch in the PRC. From the perspective of the PRC, provision of such launch
services creates a unique opportunity to consult with U.S. satellite manufacturers, access
information regarding U.S. satellite technology and obtain resources to modernize their rockets.
U.S. satellite manufacturers are, in turn, anxious to access the potentially lucrative PRC market
and realize that launching in the PRC is a potential condition to market access. By agreeing to
procure numerous satellites from Hughes Electronics Co. (Hughes) and Space Systems/Loral
(Loral) in the early 1990s, the PRC created a mutuality of interest with two companies wellpositioned to advocate the liberalization of export controls on these platforms.
For example, Bernard L. Schwartz, Chairman and CEO of Loral Space & Communications, Ltd.,
the parent company of Loral, met directly on at least four occasions with Secretary of Commerce
Ron Brown after 1993 and accompanied him on a 1994 trade mission to the PRC. C. Michael
Armstrong, the former Chairman and Chief Executive Officer of GM Hughes Electronics, the
parent company of Hughes, has served as Chairman of President Clinton's Export Council since
1993, working with the Secretary of State, the Secretary of Commerce, and others to "provide
insight and counsel" to the President on a variety of trade matters. Armstrong also serves or has
served as a member of the Defense Preparedness Advisory Council, the Telecommunications
Advisory Council and the Secretary of State's Advisory Council. Armstrong and Schwartz, as
well as other executives from high-technology firms, advocated the transfer of export licensing
authority from the "more stringent control" of the State Department to the Commerce
Department. Armstrong met with the Secretary of Defense, the National Security Advisor and
the Secretary of State on the matter; and both Schwartz and Armstrong co-signed a letter with
Daniel Tellep of Lockheed- Martin Corporation to the President urging this change. The changes
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they advocated were ultimately adopted. Between 1993 and January 3, 1999, Loral and Hughes
succeeded in obtaining waivers or export licenses for an aggregate of five satellite projects.
Another example of the incentive to advocate the relaxation of export controls involves the
Charoen Pokphand Group (CP Group), Thailand's largest multinational company and one of the
largest investors in the PRC. CP Group executives have served as economic advisors to the PRC
Government and were chosen to sit on the committees dealing with the absorption of Hong
Kong. The CP Group was a founding member of Asia Pacific Telecommunications Satellite
Holdings, Ltd. (APT); a consortium run by PRC-controlled investment companies including
China Aerospace Corporation. APT imports satellites manufactured by Hughes and Loral as part
of the Apstar program for launch in the PRC by China Great Wall Industry Corporation.
On June 18, 1996, several CP Group executives attended a coffee with President Clinton at the
White House. These executives included Dhanin Chearavanont (CP Chairman and Chief
Executive Officer), Sumet Chearavanont (Vice Chairman and President), and Sarasin Virapol
(employee and translator). The CP executives were invited to the coffee by their Washington,
D.C., lobbyist, Pauline Kanchanalak. According to one participant, Karl Jackson of the U.S.Thailand Business Council, the CP executives "dominated the conversation at the coffee." The
discussion included U.S.-PRC relations, Most-Favored-Nation trade status for the PRC and U.S.
technology. Jackson's characterization of the role that CP executives played at the event is
corroborated by other participants.

The PRC's Efforts to Assimilate Advanced U.S. Military Technology
China, by virtue of the numerous advanced degree holders, should be able to easily digest U.S.
technology artifacts from a reverse-engineering, fabrication, manufacturing and integration
know-how stance. The PRC's approach to U.S. technology firms proceeds from the premise that
foreign firms should be allowed access to the PRC market only because such access will enable
the PRC to assimilate technology and eventually to compete with, or even overtake, U.S.
technology. The PRC thus views foreign firms as a short-term means to acquire technology.
In theory, as the PRC is increasingly able to develop its own technology it will need less and less
foreign help. In practice, however, the PRC faces numerous challenges in integrating foreign
technology into both its civilian and military industrial bases. Among the areas in which the PRC
is particularly dependent upon U.S. technology are computer hardware and microelectronics,
telecommunications, commercial aircraft and machine tools. The PRC, therefore, will most
likely continue to rely heavily on joint ventures with foreign firms to provide advanced
technology in these areas. There are several reasons that the PRC has absorbed and assimilated
only some, and not other, U.S. military and civilian technologies:

� The PRC's funding of technology development, especially in applied sciences,
conflicts with other priorities, including supporting PRC state-owned enterprises
as they restructure.
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� While the PRC has targeted very sophisticated U.S. military technology,
including aerospace and electronics technology, it has not achieved the levels
of training and maintenance necessary to absorb it. But the emphasis on acquiring
the most sophisticated technologies continues, even as some senior PRC officials call
for a greater focus on "building block" technologies.

� The PRC has a reputation for violating intellectual property rights, making some
foreign investors hesitant to transfer their most advanced technology.

� There is a tendency of CCP and PLA officials to look toward their personal gain
and aggrandizement first, and only second to use State assets for the benefit of the
PRC.
The PRC has benefitted from advanced U.S. and Western military technology in several
areas, including ground force weapons, communications, remote sensing, and tactical and
strategic systems. A 1995 study by the Office of Technology Assessment found that the PRC's
joint ventures with the United States in commercial aircraft production appear to have enabled
the PLA to machine smoother skins on its fighter aircraft. Other PRC military products, such as
air-to-air and surface-to-air missiles, submarines and short-range ballistic missiles also appear to
have benefitted from foreign technical help. The PRC has also succeeded in reverse-engineering
military hardware acquired from the United States and other countries; thereby defraying the
high cost of weapons development. For example:

� During the 1980s and 1990s, the PRC is presumed to have diverted U.S. military
technology through civilian programs. In 1983, the PRC is presumed to have exploited
the CFM-56 jet engine technology from a civilian program. The CFM-56 contains the
same core section as the engine used in the B-1B bomber.

� The PRC developed its Z-11 helicopter by reverse-engineering the French Aerospatiale
AS-350 Ecureuil helicopter.

� The PRC's C-801 anti-ship cruise missile is believed to be a copy of the French Exocet
anti-ship cruise missile.
PRC scientists have been pressured to reverse-engineer U.S. high technology rather than
purchase it, even though this means that it may be difficult to maintain because of the lack of
service, training and documentation. For example, the PRC was able to reverse-engineer a highperformance computer and produce a copy for far less than the U.S. equipment would have cost.
By the time they achieved this success, however, a commercially-available desktop computer
with the same power could have been purchased for a small fraction of their costs in time, money
and effort. The PRC seems willing to pay this cost in order to avoid long-term dependence on
U.S. technology.
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The Select Committee judged that at least some of the PRC's statements about its technical
progress are distorted so as to increase the PRC's ability to gain access to foreign technology. By
claiming substantial indigenous progress in areas ranging from supercomputers to stealth
technology, the PRC can allay foreign fears that providing it with advanced technology will
improve the PRC's capabilities. This tactic was used, the Select Committee believes, to
overcome U.S. and Western objections to transfers of high performance computers to the PRC.

Endnotes
This study has consciously omitted copious examples of tragic ―legal‖ as well as demonstrated
illicit activities like the above…not including the omission of any cyber-related potential ex
filtration of technology artifacts so as not to compromise the unclassified nature of this volume.
The general PRC sources and methods today are as unwavering as they were in the 1990s.
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PRCs Current KM-enabled DSTI Strategy Elements
This study does not discuss the desirability of employing core competencies in managing
research collection but the author has consulted with companies and agencies on practical
aspects of implementing core competencies in research management. Within an organization,
development of research core competencies tends to receive preferential and protected funding,
which are very important in times of economic turndown. Serious employee morale problems
can result for those researchers who are not associated with core competence development, since
they have been placed in a more vulnerable position. The alternative, defining all the
organization‘s development thrusts as core competencies, dilutes the purpose of utilizing core
competencies to help manage research; rendering them ineffective.
In other words, a national DSTI knowledge management core competence is a synergy of
individual expertise that is aggregated, coordinated over multiple technical disciplines and is
expressed as a national innovation strategic investment for economic dominance. The text
mining approach of the present paper does address a sub-set of the above features (identification
of China‘s main research thrusts, volume of research output in main research thrusts, relative
quality of selected major research thrusts) to assess potential Chinese DSTI competencies.
Further subjective analysis (beyond the scope of the present paper) is required to characterize the
remaining necessary features of a national core competence.
Country Technology Assessments
National science and technology (S&T) core competencies represent a country‘s strategic
capabilities in S&T. Knowledge of country core competencies is important for myriad reasons:
a) Priority technical areas for joint commercial or military ventures
b) Assessment of a country‟s military potential
c) Knowledge of emerging areas to avoid commercial or military surprise
Obtaining such global technical awareness, especially from the literature, is difficult for multiple
reasons:
a) Much science and technology performed is not documented
b) Much documented science and technology is not widely available
c) Much available documented science and technology is expensive and difficult to
acquire
d) Few credible techniques exist for extracting useful information from large
amounts of science and technology documentation (Kostoff, 2003)
Most credible country technology assessments are based on a combination of personal visitations
to the country of interest, supplemented by copious reading of technology reports from that
country. Such processes tend to be laborious, slow and expensive - accompanied by large gaps
in the knowledge available. The more credible and complete evaluation processes will focus on
selected technologies from a particular country and provide in-depth analysis. For the past half
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century, driven mainly by the Cold War, a large number of country technology assessments were
performed (e.g., Bostian et al, 2000; Leneman, 1984; Stares, 1985; Hutubessy et al., 2002;
Mooney and Seymour, 1996; McIntire, 2003; Campbell et al., 1985; Klinger, 1990; Gray et al,
1993; Lanzerotti et al, 1986; Duncan et al., 1988; Spencer et al., 1989; Davidson et al., 1990).
The last decade has seen an expansion in focus to technologies of major economic competitors.
Over the past two decades, some of the most credible of these country technology assessments
have come from two organizations: World Technology Evaluation Center (WTEC-Loyola Univ)
and Foreign Applied Sciences Assessment Center (FASAC-SAIC). In conducting their studies,
both of these organizations would gather topical literature from the country of interest, assemble
teams of experts in the topical area, have the teams review the literature as well as conduct site
visitations and have the teams brief their findings and write a final report. The studies performed
by these groups remain seminal, labor-intensive approaches to country technology assessments.
Text Mining Technology Assessments
The first author‘s group has been developing text mining approaches to extract useful
information from the global science and technology literature for the past decade (e.g., Kostoff,
2003; Kostoff et al., 1997, 1998, 1999, 2000, 2001, 2002, 2004, 2005 & 2006). These studies
have typically focused on a technical discipline and have examined global S&T efforts in this
discipline. It is believed that such approaches, with slight modification, could be adapted to
identify the core S&T competencies in selected countries or regions; including estimation of the
relative levels of effort in each of the core technology areas. It is also believed that coupling of
the text mining approach with WTEC and FASAC approaches would amplify the strengths of
each approach and reduce the limitations. The text mining component would be performed
initially to identify:
• Key core competencies and technology thrusts in the country of interest
• Key interdisciplinary thrusts
• Approximate levels of efforts in technology-specific competency areas and in
interdisciplinary areas
• Highly productive researchers
• Highly productive Centers of Excellence; including those not well known
• Highly cited researchers
Once the key technologies, researchers and Centers of Excellence had been identified, then site
visitation strategies could be developed. The second phase of the effort would be the actual site
visitations. A key step in this hybrid process would be demonstration of the ability of text mining
to identify the targets of interest with reasonable precision in a timely manner at an acceptable
cost. These three driving parameters (performance, time or cost) could be traded-off against
each other to provide a balance acceptable and tailored to a variety of potential customers.
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China‟s Science and Technology Enterprise
China‟s R&D Expenditures
China regards basic research as the foundation of the development of future technologies, as well
as a driving force for sustainable long-term development of its economy (Jiang, 1997; Peoples
Daily Online, 2000; Chinese Embassy, 2005). As a developing country China‘s current S&T
development policy requires that available resources be concentrated on the development of
selected high technologies that are keys to the nation‘s economic development. In fact, this kind
of policy and strategy has been applied to many other government-funded development
programs; such as China‘s military modernization programs (Cox, 1999). Strengthening basic
research has been a goal during the ninth, tenth, eleventh and now twelfth FYP periods. All
FYPs called for efforts to make breakthroughs in selected areas.
Since 1997-1998, China‘s Gross Expenditure on Research and Development (GERD) growth has
been slightly higher than the Gross Domestic Product (GDP) growth, reflecting the government‘s
accelerated effort in S&T development. China has been encouraging product-development R&D
activities to make S&T contribute to its economic development. For example, in 2002, 75
percent of the nation‘s R&D spending went to product development and another 19 percent to
applied research (MOST, 2003). In 2002, the Chinese Academy of Science (CAS) increased its
spending on basic research to 40 percent of its total outlay, aiming at Nobel-level fundamental
research. It has also taken measures to increase its scientists‘ creativity (Hsiung, 2002).
Despite this, many Chinese scientists argue that basic research is seriously under-funded. In
2001, China‘s basic research funding in the country was 5.3 percent of total R&D expenditures;
compared with a ratio of 16 to 20 percent in the United States, Western Europe and Japan
(Blanpied, 2002). In 2003 China had about 0.86 million people involved in R&D activities,
compared with 1.26 million in the U.S. and about 0.67 million in Japan (Xinhua, 2003). China‘s
R&D spending remains at a low level in terms of the GERD-GDP ratio compared with several
scientifically-important developed countries and this situation is unlikely to change significantly
in the near future. In 2003 the ratio of China‘s GERD to its GDP was 1.3 percent compared to
2.6 percent for the U.S. and 3.3 percent for Japan. China‘s goal for spending on R&D by 2005 is
for 1.5 percent of GDP.
In 2004, state-owned enterprises accounted for 66.83 percent of the total R&D performed in the
country, R&D institutes for 21.95 percent, and universities for 10.22 percent (MOST, 2005).
China (like most developed scientific countries, including the United States and Japan) also
encourages non-government sectors to support R&D from their own funds. In 2003,
governments (central and provincial) contributed 29.9 percent of total R&D support in China,
enterprises 60.1 percent, foreign sources 2 percent and the remaining 8% accounted for by
unspecified ―other‖ sources.
However, among the enterprises‘ expenditures, it was estimated that approximately half of the
amount for R&D came from state-owned enterprises (SOEs) and thus indirectly from the central
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government. If so, then 62 percent of China‘s R&D expenditures in 2004 came either directly or
indirectly from government and only 29 percent purely from private enterprises. In the United
States, private industry accounts for over 65 percent of all R&D support; with government
accounting for somewhat less than 30 percent. In Japan, private industry accounts for a slightly
higher percentage of total R&D support than in the United States and government for slightly
less (NSB, 2004).
Establishing New Concepts of Collection Work
Due to the advancement of science and technology by leaps and bounds in current society, as
well as the enormous advances in information technology, computer technology and
communications technology - "the production of knowledge" is just now evolving into a national
industry. The rate at which knowledge is produced, and the amount produced, has increased
greatly. The speed at which knowledge is disseminated has greatly accelerated. In regard to the
channels for propagating knowledge, the trend is toward the application of network cloud
technology. The forms that knowledge takes are becoming more diverse. The storage modes for
knowledge are more and more characterized by the application of disparate technology. Storage,
transmission and activation methods are also becoming more modernized. To keep in step with
these developments, the work styles and lifestyles of people will undergo a series of changes. At
the same time, people are being confronted with major changes in the organizational setup and
economic setup of the social production system--changes that are now maturing on the scene.
The problem of how to fully and promptly make use of this knowledge to further serve mankind
and the society-at-large, all under the constraints imposed by the given economic conditions, has
also already become a major topic for scientific researchers. In the process of engaging in
scientific and productive activities, an individual can no longer obtain the knowledge that he or
she needs to solve specific problems by merely relying on the mastery of his or her own
information; making simple inferences and making decisions based on direct observations.
Rather, on the basis of the large amount of raw knowledge, or information, available to him or
her, the individual must utilize modern scientific approaches, including the cognitive sciences
and intelligent technologies, in order to activate this information, thus producing new
knowledge; that is, the knowledge that we need to obtain--intelligence.
In light of this new situation, the demands posed to S&T intelligence by social development are
new and rigorous; representing a challenge for intelligence work. This kind of evolutionary
process within the science of intelligence is bound to accelerate. Collection work serves as a link
in S&T intelligence and the challenges to collection work are the most rigorous; for it is the first
link to be affected. This is because information is the only source of intelligence. Information
(whether it be information that can be directly perceived by humans and differentiated or
whether it be information that can only be perceived and differentiated with a machine)
comprises the physical foundation for S&T intelligence. In this day and age, there is greater and
greater appreciation of collection work and the call for reform of collection work is growing ever
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stronger. Thus the PRC proposition that information collection is a science and a technology
arose in 1983 as the times required and was first proposed by Professor Qian Xuesen. Shortly
thereafter, the proposition that the science of information collection is a branch of intelligence
science and information science was also put forward. On the other hand, there are also more and
more people in collection work who are experiencing a sense of crisis in their practical
experience.
The Chinese people feel that traditional work modes, work methods and work systems are in
flux. These people feel that the modus operandi that has long been adhered to--that of
emphasizing self-development, self-perfection and one's own accumulation of resources while
slighting organic horizontal network connections--will be difficult to maintain any longer. As a
result, these people believe there is a need for comprehensive reform of collection work from the
organizational, managerial and technological standpoints. At the same time, there are also some
people in PRC collection work that have a sense of urgency regarding the formation of a body of
collection science theory. These individuals believe that there must be a change in perceptions
and the establishment of a series of new ideas and concepts (e.g. ontologies and semantic tools).
As we know, for historical reasons and reasons relating to the makeup of human resources in
China, information collection work, within the broader field of S&T intelligence work, carried
forward and developed the body of theory, principles, methods and means from the book
acquisition work within the broader field of library work. For a long period of time, information
collection work continued to follow the work mode and system that libraries adopted for the
acquisition of books. For a period of time, this arrangement met the needs of society during a
specific period in history. Now, however, information must be collected quickly and accurately.
This is because information is the hallmark of humankind's intellectual wealth. Now there are
various and sundry types of information and a huge amount of it. We have had a so-called
"information explosion." In addition, the ratio of machine readable information to the total
amount of information is becoming greater and greater. Database throughput is skyrocketing.
Information on microfilm is being received less and less favorably. The status and role of verbal
information remain the most treasured source without any comprehension about trustworthiness.
Furthermore, there has been a change in people's awareness of societal information. People are
placing ever greater demands on the input capabilities of the intelligence system and on the
social functions of collection work. All of these factors have impelled people in information
collection work to face up to a new reality. They cannot but change their perceptions and
establish new concepts of collecting information. Rapid change is still the order of the day as
this transformation continues.
I. The Traditional, Classic DSTI Concepts from a PRC Viewpoint
1. The Perception of the Guiding Principles for Information Collection: Geared toward
academic needs; "build collections" following vertical system principles; aspire to have a "large
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and complete" or "small and complete" collection hub; wait for consumers to come and use one's
resources, in the manner of one who stands by a tree trunk waiting for a rabbit to dash himself
against it.
2. The Perception of Methods of Assessing Collection Work: Consider information piece by
piece; place an excessive, one-sided emphasis on the absolute amount of the information
collected; gauge the quality of collection work solely on amount of information collected basis.
3. The Perception of Targets of Collection: Consider only "real" materials in written form,
such as books, periodicals and documents; take expansion of the collection and replenishment of
the data bank as the sole goal.
4. The Perception of Collection Methods: Regard collection work merely as a highly specific,
routine sort of work; very rarely or virtually never think of collection work as a science and a
technology; put great emphasis on one's own accumulation of resources and on self-perfection.
5. The Perception of Collection Personnel: Believe that someone is competent to do collection
work provided he or she knows a foreign language can count, type and check-off items.
6. The Perception of Expenditures: Put too much emphasis on the "public good" aspect of
collection work; become accustomed to "eating the emperor's rations" and "spending first/
planning later"; neglect the role of development and management.
II. The New Evolving Concepts in PRC DSTI
1. The Perception of the Guiding Principles for Information Collection: Should be geared
toward real problems; "build collections" and "build databases" following the principle of
targeting; aspire to have a highly efficient, diversified network with a rational overall
arrangement, parts with particular emphases and a high degree of interconnection; actively
contact consumers.
2. The Perception of Methods of Assessing Collection Work: In addition to considering
quantity quotas, make the assessment of collection work capabilities our point of departure,
considering whether the work is scientific, targeted, prompt, and whether it can solve consumers'
problems; should consider knowledge parcel by parcel and put more emphasis on the relative
amount of knowledge that has been collected.
3. The Perception of Targets of Collection: In addition to collecting "real" information, should
also collect "virtual" leads or information, "combining the virtual and the real" in collection
work; in addition to collecting information on paper, should also stress the collection of
information on magnetic media, in electromagnetic waves, in the form of acoustic images and
on microfilm; in addition to building "data-banks," should also build "knowledge-bases."
4. The Perception of Collection Methods: Regard collection work as a branch of learning, a
science and a technology; make use of methods drawn from systems theory and cybernetics;
carry forward research on information sources and intelligence sources, consumer demand,
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transmission channels and technologies for obtaining information; establish a scientific, open
collection system.
5. The Perception of Collection Personnel: Collection work can only be done well if there is a
contingent of collection personnel which features a rational distribution of knowledge and
technical posts among workers, rapid response to consumer demand, strong network
management or planning capabilities and excellent ability to cull knowledge from information.
6. The Perception of Expenditures: In addition to relying on government appropriations,
"eating the emperor's rations," and seeking social benefits that serve a public good, should also
engage in development and management activities and strive for economic efficiency; should
change from "spending first/planning later" to "planning first/spending later."
III. How PRC DSTI Desires to Accelerate the Change in Concepts
Although traditional and conventional perceptions of S&T information collection practices and
activities have been influenced by library science, it is true that S&T information collection has
to some degree carried forward - enhanced and developed the foundation provided by library
book cataloging work. Nevertheless, it cannot be denied that S&T information collection still
bears the clear marks of library science.
Henceforth, while information collection work, within the broader field of S&T intelligence, will
continue to have a complementary relationship with and be closely interconnected with book and
periodical acquisition within the broader field of library work as far as their theories and actual
practices are concerned, we should also recognize that traditional collection concepts and modus
operandi are unable to fully meet the demands posed by current and future economic
construction and national defense construction. As a result, we must now have a new
appreciation for S&T information collection activities and collection work, establish new
collection concepts and transform DSTI collection work.
The PRC transformation of collection work will be carried out with an eye to assembling the
intellectual wealth of humanity and from the standpoint of knowledge engineering. It will be
carried out while the establishment and shaping of intelligence science, information science and
collection science is being driven forward - and in an environment characterized by the
transformation of the S&T intelligence cause from a traditional model to an industrial model.
With the advent of the new industrial revolution as China also steps into the information society;
with the deepened reform of China's economic system of organization and S&T system of
organization; facing the challenge posed by mankind's pressing need to develop and utilize
information resources--the internal structure and distinctive levels within collection work will, of
necessity, be subject to gradual, timely adjustments. A series of transformations will also of
necessity take place in the operational mechanisms. All of this will result in continual
development and innovation in collection work; leading the work to become ever more scientific.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 124

The Rooster & The Dragon January 23, 2012
Section Two -- Information, Intelligence and the Target of Collection
Since we are dealing with collection work and problems that pertain to information science and
collection science, we must first clarify what the target of collection is. Is it intelligence, or is it
information? Proposing the question in this way not only involves the basic theory of
information science and collection science, it more practically touches on the purpose and
orientation of collection work.
I. Information Is Not Intelligence
In their daily life and work, people often mix up and confuse "intelligence" and "information."
This is undoubtedly because the production, transmission, and utilization of intelligence can
never be separated from information. Intelligence work thus embraces information work.
Unanimity has yet to be reached in different quarters as to the semantic difference between
intelligence and information. Historically, information work has had a blood relationship to
library work. If, during the historical stage characterized by intelligence activities, we certainly
could mix up information and intelligence; and if, during the historical stage characterized by
intelligence work, we still could get away with mixing up information and intelligence; then, in
the historical stage characterized by intelligence as a science and a technology, we certainly must
clearly differentiate information and intelligence; both from a theoretical standpoint and from the
standpoint of practical experience.
This is because there has been a huge increase in knowledge-related products, the intellectual
wealth of mankind has greatly increased and the structure of S&T intelligence work has become
clearer cut in terms of its distinctive levels. There are currently a considerable number of people
who appreciate the fact that, even though information is the primary source and basic vector for
intelligence, information nevertheless is not intelligence. It is necessary to go through a
catalyzing and activating process in order to extract intelligence from information. Moreover, the
activation of information is yet another science and technology that awaits further development.
People are gradually coming to appreciate the need to make a conceptual differentiation between
intelligence and information; reflecting the fact that the social function of intelligence is now
undergoing a transformation, that intelligence science is maturing with each passing day and that
development of the intelligence cause is just now undergoing a transition from the stage
characterized by ―cloak-and-dagger‖ work to the stage characterized by intelligence as a science
and a technology. Only in this way can information science research be carried forward, because
only information itself is fit to be the object of information science research. Moreover, only in
this way can collection work, (which is within the broader intelligence work setup), completely
extricate itself from the influence of traditional acquisition work (which is within the broader
library work setup); so as to open up new prospects with a brand-new look, establish a physical
foundation for S&T intelligence work that is both firm and flexible and go on to expand research
work in the field of collection science.
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Changes in the names of certain PRC national defense S&T intelligence units reflect the growing
appreciation that Chinese people have--or at least that the relevant authorities under the
responsible leaders have--of the difference between intelligence and information. When these
work units were first set up, they were called "Information Research Institutes". During the
period of economic readjustment they were called "Intelligence and Information Research
Institutes". During the recent period of PRC re-development, their names were changed to
"Intelligence Research Institutes". The change in name reflects a change in what is connoted
by PRC national defense S&T intelligence. It reflects that there has been a shift in the work's
focus and that differentiations between various levels of the work are clearer cut.
A basic thesis and a point of departure for all of the discussions in this book is that information is
not intelligence – the quest is to go from data to decisions through extracting insights based in
information relationships. With properly enabled governance, the shared awareness becomes
institutional wisdom. Our perspective is that information, in a broad sense, is knowledge that has
been put into material form and that information, in a narrow sense, is knowledge that has been
put into the form of symbols. Intelligence is knowledge that is needed to solve specific
problems. Intelligence is particular knowledge that has been extracted from information.
Information is the source from which intelligence is extracted--the substrate and raw material
that is activated in order to produce knowledge. We will specifically deal with the definition,
types, attributes and functions of information later.
II. The Basic Target of Collection Is Information, Not Intelligence
As we know, collection is the first of the three links in intelligence work. Collection is the first
of the three levels of intelligence work. If information is not intelligence, then is the target of
collection intelligence or information? In view of the fact that "intelligence" and "information"
are different in their natures, attributes and functions, information, not intelligence, ought to be
the target of collection work even though the ultimate goal of intelligence work is to obtain
intelligence. The work should be information collection, not intelligence collection.
I put forth this thesis because intelligence is knowledge that is produced from activated
information and targeted toward specific problems. In addition, the specific knowledge that is
connoted by information can only be drawn out, synthesized and analyzed by means of the
mutual effect of the human mind upon information and information upon the human mind, as
well as by means of cognitive activities. The primary task of collection work within the broader
modern S&T intelligence setup is to collect information that serves as an intelligence source and
to provide raw knowledge for intelligence analysis or synthesis work. Clearly, then, the target of
collection is information, not intelligence. It is both unnecessary and unfeasible to demand that
collection work embrace both the collection of information and the collection of intelligence;
moreover, it is becoming more and more unrealistic. Therefore, PRCs understanding of
collection work should be that it is information collection work, not intelligence collection work;
viz., the work of collecting information, not the work of collecting intelligence.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 126

The Rooster & The Dragon January 23, 2012
Is it possible for the PRC to directly collect intelligence in the current real working environment?
This was very much possible in the case of specific problems that were encountered by specific
people during the historical stage characterized by intelligence activities, when the level of S&T
effort was not yet high, the intellectual wealth of mankind was not yet abundant and the amount
of knowledge they had was not yet great. However, now it is indeed more difficult for them (and
us) to directly collect intelligence geared to a problem, when humankind's intellectual wealth has
so abruptly increased and the amount of knowledge being produced is growing exponentially.
Of course, China's current S&T intelligence work is yet in a transition stage from the stage
characterized by intelligence work to the stage characterized by intelligence as a science and a
technology; as the intelligence system is still not organized rationally as is the S&T one. On top
of that, for various reasons related to perceptions and policies, people constantly want to obtain
intelligence directly - and moreover are sometimes successful at doing it. However, this course
of action is really very inefficient and a good example of ―biting off more than one can chew‖.
Section Three -- Sources of Intelligence and Sources of Information
Up to the current time, there has been some discussion in China and abroad in regard to sources
of intelligence. However, most of this discussion has been based on the premise that there is no
distinction between intelligence and information; examining only the question using research
methods that follow traditional bibliographical science methods or library science methods. The
task that is currently confronting PRC S&T intelligence workers and S&T information collection
workers is the need to analyze the question of intelligence sources using modern scientific
methods while regarding collection work as a branch of learning and looking at matters from the
standpoint of information [knowledge engineering] science and collection science.
Currently in China, there is a great deal of disagreement as to the concept and definition of the
"intelligence sources" that people generally speak of. For example, there is the saying in regard
to "documents" that they provide "ten major intelligence sources". Admittedly, this saying
conformed to reality during the period when S&T documents were the primary and most basic
source for obtaining S&T intelligence. However, in this age when there are more diverse vectors
for knowledge, and particularly when the role of cloud computing is becoming more and more
prominent, the PRC admits it needs to promote the evolution of this kind of perception of
intelligence sources beyond the foundation that has been passed down.
This is not to mention the fact that, once a distinction is made between intelligence and
information, such a distinction necessitates a fresh understanding of certain concepts of
intelligence sources. To sum up, the PRCs inherited perception of intelligence sources has
already proven inadequate to explain intelligence S&T activities and guide the development of
S&T intelligence work – so they reinvented the function using semantic and ontological tools.
Since, as we know, intelligence stems from information, this very naturally raises questions
pertaining to information sources. Who produces the needed information? Where and when is it
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produced? What are the laws that govern the production of information? What modes is it
stored in? What are the channels for transmitting it and what are techniques for obtaining it?
What is the status quo and what are the development trends? These are all questions that must be
touched on by either side when studying information sources. The study of information sources
is one of the key constituents of information science and collection science research.
To be able to draw out the concept of information sources from the concept of intelligence
sources reflects the more profound understanding that people now have of intelligence science
and intelligence practice. If we take another look at the various former concepts regarding
intelligence sources (basing our assessment on the fundamental perspective that information is
not intelligence and intelligence is knowledge that is extracted from information in order to solve
specific problems) we will find that these former concepts all have inaccuracies; not only from a
semantic standpoint but also from the standpoint of what they connote. We will also find that it is
difficult to reconcile these old concepts with the demands posed by the development of
information science.
The basic perspectives of this book in regard to intelligence sources and information sources are
as follows: intelligence sources are what intelligence stems from; intelligence stems from
information and information therefore is an intelligence source; and information sources are any
systems that are used to transmit, produce, hold or propagate information. One of the emphases
of this book is a discussion of national defense S&T intelligence sources and national defense
S&T information sources.
Section Four -- The Substance of Information Collection Work
The substance of information collection from the operational and research standpoints is far
more complex, rich, broad and deep than the man-in-the-street imagines. This is because such is
a problem within the broader field of human knowledge engineering and a systems engineering
problem involving the assemblage, transmission and provision of mankind's intellectual wealth.
However, sad to say, generally speaking we now lack specialized writings as well as theories that
have universal application; whether we are speaking in regard to the operational aspect or the
research aspect of information collection. We are still stuck in a stage in which information
collection is regarded merely as ordinary day-to-day work. Few are enthusiastic about
establishing a science of collection and the majority are indifferent – in the USA. Not so in
China. Judging from the current rate of advancement, we won‘t have to wait until the next
century before China can fundamentally change the situation and tip the scales in their favor.
I. The Goals, Functions and Significance of Information Collection
Information is the physical foundation for all of intelligence work. Information collection is the
first level and the first link in intelligence work and it embodies the input capabilities of the
entire intelligence system. Without information collection, the work of ordering and activation
that is associated with the production of knowledge would degenerate into trying to make a silk
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purse out of a sow's ear. The practical goals of information collection are to: be problem
oriented; adhere to the principle of targeting; promote the use of both "real" and "virtual"
information; have a good grasp of information leads; and collect information in its various media
manifestations.
Some of the information that is collected must go through an ordering process before being
incorporated into a data bank; some of it must go through a formatting process before being
incorporated into a database; and some of it is provided to the consumer after going through a
catalyzing process. Many monographs in the field of intelligence science have touched upon a
general explanation of the goals, functions and significance of information collection work;
therefore, we will not go into unnecessary details about them in this volume.
II. The Substance of PRC Information Collection from a DSTI Operational Standpoint
The collection of information is a widely prevalent social phenomenon among mankind. As
society advances, understanding of the substance of collection work from an operational
standpoint steadily deepens. Consequently, collection techniques and methods are also
continuously advancing. Now the problems posed by the practice of collection work far exceed
what people generally take them to be; that is, current problems go beyond the problems within
the "operational scope of acquisition" such as merely "selecting topics" and "purchasing books."
1. Gradually Shape and Establish the Basic Theory for Information Collection; that is,
"Collection Science," as Well as the Related "Information Science." The theory of information
collection is the theory that deals with the universal laws that govern the entire process of
information collection. It is a body of scientific theory that deals with the universal principles
and methods that pertain to the production, transmission, acquisition and selection of
information. Collection theory involves general theory pertaining to intelligence science and
informatics and also particular theory that pertains to information collection. The first proposal
of a discipline of information science within the broader field of intelligence science may be
credited to Professor Qian Xuesen in July of 1983.
2. Study Intelligence Sources and Information Sources; Master the Laws that Govern
Developmental Changes in the Production of Information. Knowledge stems from the human
mind. Information is knowledge in material form and is the source of intelligence. A person can
be an information source manifestation, as can an institution. Information source research and
development is the basis for doing information collection work well. For reasons pertaining to
secrecy, research on national defense S&T information sources is more difficult than research on
ordinary information sources. When studying intelligence sources, in addition to studying
document sources, we must also pay attention to non-document sources. We should use modern
methodologies from the natural sciences when studying information sources, stressing research
on the status and output characteristics of information sources. Admittedly, investigation and
study of book title catalogues is an important way of studying intelligence sources and
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information sources. However, with the evolution of collection science technology, the
limitations of such an approach are becoming more and more evident.
3. Carry out Research on Consumer Demand for Intelligence. Research on consumer demand for
intelligence is the basis for information collection and is one of the key research areas in
collection science. Without consumer demand, collection loses its significance. The study of the
characteristics of consumer demand for intelligence and the laws that govern developmental
changes in consumer demand comprise the basic subject matter of research on consumer demand
for intelligence. The difficulty with research on consumer demand lies in the fact that hardly any
consumers are skillful or adept at communicating their real needs in an accurate manner at the
drop of a hat. Sometimes military S&T intelligence consumers are still unwilling to express their
real needs. It is forecasted that this problem for China will become even more acute vis-a-vis
important consumers' near-term needs, and especially vis-a-vis their mid- and long-term needs.
Currently, the primary method for studying consumer demand is still the direct or indirect survey
method. Their use of mathematical or systems approaches is not widespread but ever-growing.
4. Develop and Use Transmission Channels. If we wish to transmit information between the
information source and the collection worker or collection department, then we must develop and
use information channels. We are not limited to just one kind of usable transmission channel, and
the special transmission characteristics of each kind of transmission channel are unique.
Nowadays, the PRC collection worker must choose the most suitable channel to use to collect the
needed information based on the consumer's particular needs and the type of information being
collected. When investigating what information collection channel to use, he or she considers the
speed with which the channel transmits information, the channel's capacity, its anti-interference
capabilities, whether there are specialized spectral bandwidths, the channel's secrecy and any
extra charges that are involved. They certainly must adhere to the principle of cooperation when
developing information transmission channels, since utilization of a channel is often not limited
merely to intelligence departments. As to the transmission channels for PRC national defense
S&T information, overt transmission channels may be used as well as covert channels and
military transmission channels may be used as well as civilian transmission channels.
5. Cull Information at All Times. One of the important constituents of information collection is
selecting information according to the type of information and the information content. This is
also a key acquisition technique. Only by sifting, differentiating and selecting information can
the direction and the amount of information flowing from the information source to the
information collection department, information processing department or information consumer
can the process be controlled. The work of selecting information is constant which goes on daily
and hourly. The selection of information must proceed according to fixed collection policies and
fixed collection limits. In addition, the "bang for the buck" should be considered and selection
should center on the consumer's intelligence needs. As far as basic selection methods in
information collection work, a distinction is to be made between directional selection and topical
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selection. Today, there is a vast amount of information of various and sundry types. The subject
matter, amount and forms of information that are available for selection are constantly
expanding. In addition, the increasingly indistinct and dynamic nature of consumer demand - as
well as other factors such as the quality of collection personnel - poses very great difficulties to
selection work. Moreover, the PRC defense S&T intelligence needs are becoming more
integrated with each passing day. Often various military, S&T and economic factors must be
considered simultaneously; making the already difficult work of selection yet more difficult.
6. Establish Intelligence Source and Information Source Databases; Compile Manuals for
Searching Out Intelligence Source Leads and Information Source Leads. Currently,
configurations for information storage are becoming more and more characterized by the
application of network technology. With social phenomena such as the increasing diversity of
intelligence needs and ever increasing demands for promptness and convenience, if collection
work continues to adhere to the operational principle of merely collecting "real" information in
order to replenish data bank collections, it will find it difficult to adapt to the demands posed by
social networking progress. In addition to "real" information, the PRC collects information that
pertains to pertinent intelligence sources and information sources, establishes databases for
"virtual" leads, compiles and prints various manuals or reference books for searching out leads
and develops intelligence sources and information source consulting services that can serve as a
"road map" or guide to the end-user.
7. Carry out Research on Information Collection Methods as well as Acquisition Techniques,
Know-How and Skills. Only by the use of appropriate methods and advanced techniques can we
assure both the accurate and prompt collection of information and information leads and a high
degree of efficiency in collection work. Acquisition know-how and skills, which are very
closely connected to personal experience and attainments, can sometimes play an important or
even crucial role. Communications techniques, electronic computer techniques and storage
techniques are gradually being adopted in collection work. However, current appreciation of the
need to study collection methods, techniques and know-how is, on the whole, highly inadequate.
Then again, people may think of collection work as simply "making purchases for an
organization" or they may have romantic notions of "obtaining information through espionage".
8. Study the Management and Organization of Collection Work. The management of collection
work embraces collection policy management, management of the guiding principles for
collection, collection planning management, collection technology management, management of
the organization of collection work, collection quality management, management of the
collection system and management of collection personnel. When assessing management work,
in addition to considering indices measuring performance, efficiency and achieved benefits, one
should also consider indices measuring how scientific the work is as well as economic aspects of
the work.
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The following four points are current PRC considerations when organizing collection work:
(1) Organization should be carried out in accordance with the idea that information
collection work is a science and a technology; not in accordance with the idea that it is
merely a "nuts and bolts" type of work.
(2) Information collection work should be organized in accordance with systems
principles and be regarded as a social networking activity. This overall social entity that
is called a collection system is a complex system that is composed of various types of
work units that cover an extremely wide range and are spread all over the world, but each
of which is also independent and has its own unique form. A collection system is not
merely a system that is comprised of simply a few people or a few departments.
(3) Information collection should be organized in accordance with the demands posed by
an open-loop system. The collection system must often implement information and
message exchanges with information sources, information consumers and information
environments. Collection work cannot be organized according to the closed-loop system
principles of "large and complete" or "small and complete."
(4) Collection work should be organized in accordance with the demands posed by
dynamic systems. The properties and functions of collection systems change over time.
As soon as a collection activity has been carried out, it is necessary to immediately
analyze and study any feedback that has been received from the information consumer
and adjust the collection process in a timely manner, thus improving the work of
collection. A work unit cannot control the collection process by simply increasing the
size of its collection.
Section Five -- Theoretical Approaches to Guiding Collection Work
As of now, the broad mass of S&T workers, S&T intelligence workers and information
collection workers have a considerable amount of practical experience as to how to collect
information. Moreover, in a partial and local sense, they have mastered a set of practical
collection methods and are yet in the process of continuously exploring new collection models.
However, from a methodological standpoint, the problems of how to scientifically and
quantitatively summarize the universal laws pertaining to collection methods and how to guide
collection work via theoretical approaches--all in the light of collection science--are still far from
being solved.
Moreover, at this point, we are merely at the stage of just becoming aware that this problem
needs to be addressed. It may be said that, up to now, we have been unable to establish any
mathematical/data models for DSTI collection methods and that we have yet to propose a
theoretical approach that would enable us to choose the best collection activity from among a
variety of possible collection activities. The question of whether search theory can provide one
theoretical approach to collection would seem to be well worth investigating from a
developmental standpoint.
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I. Search Theory
The problem of information collection is, in essence, a search problem. Humans are well versed
in searching behavior. Search problems are widespread in human social life. "Searching" refers
to the process of planning and implementing a search for a target. Searching first became an
object of scientific research as a result of military operations needs, and the first foundations of
search theory first appeared in the military field. Search theory is a branch of operations
research. It is a kind of mathematical approach that concerns itself with how to rationally utilize
means such as human resources, material resources, financial resources and time in order to
obtain the most favorable search results in the process of searching for a certain kind of target.
Search problems are extremely complex. Not only do search problems involve the searching
entity, the search target, the means used in the search and search technologies or equipment; they
also touch upon the search environment. In addition, each kind of search is subject to its own set
of constraints imposed by physical procedures, time and various prerequisites. Therefore, the
question of how to formulate the best search strategy and plan out a course of action--all in light
of the given situation--is an extremely complex problem. For these reasons, search theory has yet
to evolve systems theories with fixed models. We must carry out research and tests aimed at
specific problems if we are to formulate indices with which to measure search results and
formulate various types of feasible strategies and action plans. Moreover, these various
strategies and plans must be assessed so that the best plan can be selected from among them.
If we require that the problem of information collection be handled from the PRC standpoint that
it is a science and a technology, then the information collection problem is also exceptionally
complex. In the first place, in regard to information, which is the target of collection, there is
that information that can be directly perceived and differentiated by people; such as printed
information, information on microfilm, information in the form of acoustic images, oral
information and information in the form of material objects. Then there is that information
which can only be perceived and differentiated by a machine such as: modulated electromagnetic
waves, magnetic tapes, magnetic disks, phonograph records, optical disks and holograms. The
natures, roles, forms and amounts of these various kinds of information are quite different. In the
second place, information sources can be further divided into information sources that produce
information, information sources that hold information and information sources that propagate
information. Each of these information sources is unique in terms of motility and output
characteristics.
Moreover, they are in a dynamic state. In the third place, the means of collecting information
include: administrative means, legal means, economic means, interpersonal interaction means,
social service means, telecommunications means and clandestine acquisition means. Channels
for transmitting information can be of the linked type, the centralized type, the closed loop type
or the interactive type, etc.. Collection means come in all shapes and colors; depending on the
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information source, how the information is accessed and also depending on energy
considerations or the laws that govern transmission of the information.
Finally, it goes without saying that whether useful information can be collected or not depends
on the characteristics of consumer intelligence demand, the awareness of the role of intelligence
in the society at large, the intelligence environment, collection capabilities and the abilities of
collection personnel. In regard to this kind of complex problem, seeking the best collection plan
(based on the consumer's needs and applying search theory methods) will clearly be a task of
considerable difficulty. From prior tradecraft in China, when a plan was being established, the
planners often depended on the experience of a certain individual so that the collection results
were largely a matter of chance. During the "information explosion" age, the matter of how to
develop theoretical approaches so as to find a preliminary solution to the problem of seeking out
specific needed information in the vast ocean of knowledge is a problem of major importance for
them which collection science researchers needed to solve without a moment's delay.
II. Classification of Search Problems as the PRC DSTI Apparatus Sees Them
1. Classification According to the Goal of the Search
(1) The Inspection Search: This is a search carried out under conditions where one does not
have information regarding the position of the target at a given moment in time. In terms of
collection work, then, this is collection carried out when one does not know if the needed
information is located at a given information source at a given moment in time. This may be
called "inspection-type collection" or "scanning-type collection" by the Chinese.
(2) The Follow-Up Search: This is a search carried out under conditions where one does have
information regarding the target at a given moment in time. In terms of collection work, then,
this is collection carried out when one already knows that the needed information is located at a
given information source at a given moment in time. This may be called "tracking-type
collection" by the Chinese.
(3) The [Communication] Line Search: This is a search carried out under conditions where one
does have information regarding a line section that may lie in the track of a target and that a
target may cross over into. In terms of collection work, then, this is collection carried out when
one already knows that the needed information may appear in a given transmission channel
section. This the PRC terms "surveillance-type collection".
2. Classification According to the Manner of the Search
(1) The Area Search: This normally refers to a search for a target that is presumed to be in an
entire predetermined area. In terms of collection work, then, this is collection carried out when
the needed information is presumed to be in a certain class or kind of information. This may be
called "set collection" or "complete set collection."
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(2) The Scattered Point Search: This is a search for targets that are scattered. In terms of
collection work, then, this is collection carried out under conditions where distribution of the
needed information is scattered. For the most part, this may be called "topical collection."
III. How the PRC Views Measuring DSTI Search Results
In search theory, capability indices and probability indices for the search serve as the norms for
evaluating search efficiency. At present in collection work the PRC still do not have a set of
methods for scientifically measuring collection work results. People are still following the
custom of measuring collection work results by the absolute amount of information collected or
by whether a certain individual states that the information is useful. This is not scientific in the
strict sense of the term. From now on, PRC literature indicates DSTI organizations will use
numerical probability values to assess collection work as a matter of informal policy.
For example: the probability of collecting the needed information within the period of time
stipulated by the consumer; the mathematical expectation of the amount of the needed
information that will be collected within the period of time stipulated by the consumer; and the
mathematical expectation of the amount of time required to collect the needed information, etc.
Looking at the matter from the point of view of the information consumer, demanding that there
be a 100% probability of the collection worker collecting the needed information is unrealistic.
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A History of the Development of Collection Work
Intelligence as a function represents a social activity that is innate in humans. People had a need
for intelligence and consequently intelligence collection activities arose. Only after the advent of
intelligence collection did activities such as intelligence processing and intelligence analysis
arise. Thus one might say that the history of intelligence collection is even longer than the
history of intelligence processing and intelligence analysis. As in the case of intelligence
activities, collection activities have gone through several historical stages during their course of
development. Collection activities develop along with the social activity represented by
intelligence activities. Collection activities are inhibited and stimulated by factors relating to the
level of human S&T development.
If one were to say that S&T intelligence work is now directly confronted by a situation in which
intelligence technology is way out ahead and intelligence science is lagging behind so that
intelligence work lacks theoretical guidance, then one might say in regard to collection work
specifically that it is lagging even further behind than intelligence work, both in terms of
practical experience and in terms of theory. In regard to information science (which is a branch
of intelligence science) and collection science (which is a branch of information science) one
may say that they are not only lagging behind intelligence science from an R&D standpoint, but
also that up until today there is still a dispute as to whether there is a body of theory to guide
collection work.
When studying the developmental history of collection work, in addition to analyzing
developmental changes in intelligence work and intelligence technology as well as how the
society deals with the problem of intelligence demand, one should also stress an understanding
of developmental changes in the role of collection work and developmental changes in the forms
taken by collection targets, transmission and exchange.
While dividing the developmental history of collection work into several historical periods
certainly should not be done in an arbitrary manner, it is also true that it is very difficult to devise
a fixed rule that will be accepted by all. According to the author‘s understanding, the
developmental history of collection work in China (and possibly in the West also) may be
divided into three distinct periods: the period of ―collection acts‖; the period of "collection
work"; and the period of collection as a science and a technology.
Section One -- The Period of Collection Acts
The primary characteristic of this historical period is that most information collection activities
were spontaneous isolated acts by scientists and engineers (there are several cases in the UK
from 1930-1950 that come to mind). This historical period may be roughly considered to start
with ancient times and proceed right up to the conclusion of the Second World War. Science and
technology developed slowly in ancient times. The scope of mankind's scientific and
technological activities was extremely small. Little knowledge was produced. There were few
items that could be exchanged. Moreover, most scientists were either eclectics or quite multi© 2012 Comm IT Enterprises, Inc. All Rights Reserved
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talented, versatile individuals. Therefore, except for the comparatively pressing need for military
intelligence, the demand for S&T intelligence was by no means urgent. If S&T intelligence was
needed, an individual could collect some information and use it directly. This is a classic
example of an isolated collection act. Verbal information--information in the form of a spoken
language--was one of the items collected. A second item that was collected was symbols that
were recorded by hand, on media such as stones, bamboo slips, paper and metal, etc. The
primary collection approach that was used during this period was the informal exchange process.
Collection activities during ancient times still basically did not feature any organized collection
work or organized intelligence work to speak of.
Science and technology developed rapidly in more recent times. The scope of mankind's
activities expanded with each passing day and the amount of knowledge produced steadily
increased. Scientists could no longer follow the multi-talented model. Rather, they could only
become "experts" in certain academic disciplines. Although, as before, scientists had some needs
vis-a-vis S&T intelligence work, "collection work" had yet to come on the scene. Whether an
individual or a collective body that had been spontaneously organized to carry on scientific
research, scientists and engineers still had to collect and arrange information themselves.
However, these same scientists and engineers felt that the amount of information was
considerable, that they were unable to do as well as they would have wished and that the task
was of considerable difficulty. Collection activities during this time could still be considered
isolated acts; and they had not by any means evolved into an independent vocation or profession.
During this period, oral information was one collection target and this period also featured a
greater emphasis on documents as a collection target--documents which had arisen out of the
new printing technologies. The approach to collection activities during this period featured an
equal emphasis on formal exchanges and informal exchanges.
To sum up, during the period of collection acts, collection activities were characterized by the
fact that they were primarily carried out in an isolated manner by academics, scientists and
engineers themselves. The goal was to use the information oneself; not to share it. The scholars,
scientists and engineers primary "operational fronts" were thematic societies and libraries. The
collection targets were verbal information and documents.
Section Two -- The Period of "Collection Work"
The main distinguishing characteristic of collection activities during this period is their evolution
into a profession within the broader field of S&T intelligence work. Thus, collection activities
have been made to serve the needs of society to a greater extent. "Collection work" is carried out
in an organized fashion. Its goal is to share information; not to use it oneself. The period of
"collection work" is considered to have begun after the conclusion of the Second World War and
has continued right up until today.
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In this era of modern science and technology, the amount of S&T knowledge and S&T
information being produced is increasing sharply at an exponential rate. As S&T intelligence
work has been confronted by this "information explosion", it has been spurred on to become a
social profession in its own right. Moreover, S&T intelligence work has become an important
and inseparable component part of the national S&T cause and it is entering a brand new
developmental stage. In the train of these developments, information collection activities have
also become differentiated and have evolved into a profession; they have evolved into "full-time"
"information collection work".
The target of collection has become primarily documents during the period of "collection work".
The approach to collection and transmission has become primarily the formal exchange process.
Clearly, for scientists and engineers to continue to simply rely on the actions of one individual to
collect the continuous flow of information would be of no avail whatsoever. They must avail
themselves of S&T intelligence work, thus facilitating the professionalization of collection work.
At the same time, it has become more and more difficult for scientists to directly carry out
intelligence exchanges among themselves. Collecting verbal information via the informal
exchange process has also come to play less of a role. Moreover, whether intentionally or
unintentionally, the influence of library acquisition work approaches on collection activities has
served to gradually sever the connection between the two exchange processes, even to the point
where the perception and modus operandi has arisen that collection activities featuring the
informal exchange process should be relegated position outside the domain of "collection work".
People have gradually begun to feel that "documents", "information" and "intelligence" are three
concepts that are both mutually connected and mutually distinguishable. This has been because
the number of information sources has been continuously increasing, the forms that information
takes have been becoming more and more diverse and especially because large amounts of
machine readable information have come to the fore. It has also been because people are placing
an ever stronger demand on information processing and information activation capabilities. As a
result, collection workers are facing a series of work-related questions and theoretical questions.
This has served to further promote the development of collection work and has facilitated the
gradual transformation of collection work from acquisition work associated with libraries to
"information collection work" associated with S&T intelligence.
I should also point out at this point that, although the complete evolution of collection into a
profession occurred within the broader field of S&T intelligence work, the development of
collection has nevertheless been sluggish. For a long time now, the everyday work of merely
"incorporating into collections" and "building collections" has been thought to be the role of
collection work. Yet the scientific and technological nature of collection has been overlooked.
Also, the fact that collection represents an open system and that we ought to give full play to its
overall social effect has been overlooked. We often think of collection in too simplistic a
manner. In regard to theory, for example, theories in intelligence science regarding searches, etc.
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have already been quite thoroughly thought through; while only in regard to collection theory
have such inquiries been few and far between. Another example: Realistically, collection serves
as an extremely important prerequisite and foundation within the entire intelligence work; yet we
have been unable to think of collection from an overall standpoint and incorporate it into the
national systems. Even though collection practice and experience has had considerable
usefulness in every vertical administrative system, we have been unable to give full play to the
effect of large national systems and the nation has also not received the overall beneficial effect
that it should have.
Section Three -- The Period of Collection Work as a Science and a Technology
In the genuine information age society of the future, this is the stage that collection work will be
in. At that time, collection will be regarded as a national undertaking and its beneficial overall
social effect will be realized to the utmost. At that time, every department will shake off
sectarianism and interact with each other and stimulate each other, forming a large collection
system throughout the whole society. At that time, it will not be administrative departments
alone that intervene vis-a-vis the operational mechanisms of the collection system. Rather, we
will move from the traditional model featuring administrative decrees exclusively to a model in
which three kinds of mechanisms coexist: administrative decree mechanisms; market
mechanisms and mass organization mechanisms. At that time, collection will have become a
comparatively independent work within the broader S&T intelligence system and will be
generally regarded as a branch of learning to be studied; with collection guided by the theory of
"collection science". At that time, people will utilize a set of new concepts to guide collection.
They will utilize a set of new technological resources to assure the efficiency of collection. Work
methods will undergo qualitative changes and a brand-new situation will emerge vis-a-vis
information collection.
If we consider the past for a moment, we find that an S&T intelligence information knowledge
repository is considered to have begun in 1769 in Germany, with the advent of the first digesttype periodical. Following about two-hundred years of development, talented Soviets proposed
the scientific term "intelligence science" for the first time in 1962. The term immediately
obtained recognition in intelligence circles in every country and has also gone through almost
thirty years of subsequent development. Nevertheless, as of today a full-fledged intelligence
science has yet to be formed and the branch of learning dealing with intelligence as a science and
a technology has yet to be set up. Such being the case, there is little reason to expect that the era
of collection as a science and a technology will be upon us very quickly. The fact is, in ancient
times people were already engaging in collection activities and not until 1983 did Professor Qian
Xuesen propose the scientific term "information science" for the first time in China; pointing out
that they should not regard collection work as merely a routine work, but that as rather a branch
of learning, a science and a technology.
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The heavy and historic responsibility of pioneering the new period of information collection as a
science and a technology can only be undertaken by information collection workers. Collection
workers must pool their practical work experience and their work-related research, improve
quality at the level of the individual, improve the macrostructure, increase their level of learning,
perfect their knowledge and endeavor to be ready to greet the advent of the period of collection
as a science and a technology in the dawning century.
Section Four -- Regarding the Reform of Information Collection Work in the PRC
China's S&T intelligence cause has already been developing for more than thirty years. As of
now, they have assembled a contingent of collection workers of considerable scale in
approximately four-thousand intelligence organizations throughout all of China. They have also
achieved preliminary results as far as the establishment of S&T intelligence sources and
dissemination standards/architectures. While China's information collection work has
experienced many ups and downs during these thirty-plus years, it has nevertheless made
outstanding contributions to the rejuvenation of the S&T intelligence cause, the invigoration of
their science and technology, the construction of their national economy, and the construction of
their national defense.
I. The Predicament Faced by Information Collection Work in China
As of now, profound changes have already occurred in the larger environment in which China's
S&T intelligence work and information collection work finds itself. As they go further into the
information society age, intelligence as a science and a technology has become a burgeoning and
maturing discipline. Intelligence work has become the heart of their new industrial revolution.
The economic system of organization in China continues changing from a rigid planned
economy model to a planned commercial economy model. New mechanisms that are selfregulating and self-restraining from an economic standpoint are even now inducing the
occurrence of corresponding changes in the intelligence system.
The purpose of S&T intelligence work is now swinging from being primarily oriented to
scientific research and leadership concerns to being primarily oriented to economic construction
concerns. To boil it all down to one sentence: The consumer and his needs in regard to the
content of intelligence, the forms that intelligence takes and intelligence products have
undergone fundamental changes. However, whether from the standpoint of concepts and the
management system, or from the standpoint of operational mechanisms and work methods,
China's current information collection work is far from coming into line with the demands posed
by the changes in the larger environment. Therefore, it has fallen into a predicament. Intuitively,
the Chinese feel that this predicament manifests itself in the following ways:
1. The image of a collection worker is warped. He or she is regarded merely as a mechanical
worker who provides labor services and simply "checks items as approved", "checks off items".
"purchases books" and "sends books". Collection is regarded as work that anyone is capable of
doing.
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2. As far as developing collection work as a science and a technology, it is very difficult to
realize accomplishments with a distinctive "collection science" flavor. This is for reasons relating
to the environment, leadership and policies. In addition, the quality and structural composition of
collection personnel are also contributing causes.
3. Urged on by the planned commercial economy and lured on by market mechanisms, collection
departments at every level have found it necessary to be able to gradually squeeze into the
technology market and the information market by presenting themselves as producers and
managers of information products. On the other hand, the broad mass of collection workers still
rigidly cling to the matter of the "public good" and, as a result, are at a loss what to do.
4. Few collection achievements, especially high-level achievements, receive awards and the
quality of the awards that are received is low. This has gone to the point where some people hold
that collection achievements cannot be separated from S&T hardware achievements and stand in
their own right.
5. The approach of emphasizing collecting and downplaying usefulness continues to play a role.
On the one hand, great amounts of information are collected. However, consumers are not as
plentiful as they thought; giving rise to an "information explosion". On the other hand, the
information that is needed by consumers who are oriented to economic construction is
sometimes difficult to obtain; giving rise to an "information famine". All of this necessitates that
they adjust the guiding principles and operating emphases of collection as quickly as possible.
6. Due to factors such as the rise in book prices in China and abroad, upward revisions of
management costs and the devaluation of the Renminbi; contradictions resulting from shortages
vis-a-vis information costs are growing keener with each passing day in each work unit - even to
the point where accounts have been overdrawn. For these reasons, every intelligence
organization has no choice but to reduce the amount added to its collection with each passing
year. The situation where each intelligence organization independently builds its own "library" is
not tenable any longer…thus the migration to a shared resources/shared awareness model.
The various manifestations of the PRC‘s predicament that I have enumerated above (from their
words) are in regard to collection work as it pertains to the collection of ordinary S&T
information. In regard to collection work as it pertains specifically to the collection of national
defense S&T information, it goes without saying that they had been in even more of a hard place.
This was due to the strategic shift in the guiding ideology for national defense construction; viz.,
the need to move from the state of affairs in the past, which was based on early, large-scale
fighting capabilities "on the eve of the battle", to a new state of affairs emphasizing nationaldefense construction in peacetime.
II. Defects in DSTI Information Collection Work by PRC Self-Assessment
As far as the predicament which China's information collection work is currently in, everybody
is going through it personally, it is obvious to all and people's experiences are basically identical.
However, when inquiring into the reasons why this predicament has arisen, the focal points that
are emphasized by different people vary due to the fact that each individual's work experience
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and intellectual background is different. Therefore, there is not a great deal of unanimity in what
their professional people express. It may be summarized in the following several points:
1. Inferiority Complex. For a long time, a considerable number of collection workers have been
accustomed to explaining away their own profession as a kind of service profession that supports
other professions and is attached to other professions. However, very few have genuinely
promoted the systematic relationship between the information collection profession and other
professions, in which they are mutually dependent and interact with each other. Nor have they
done their utmost to urge that the collection profession can also put forth its own distinctive
flowers and bear its own distinctive fruit; to the point that it has really made people feel that it
doesn't matter if there is information collection or not and that its role is merely to "nourish" and
nothing else.
2. Looking Down on Science. One of the diseases that has resulted in society's disapproval of the
collection undertaking is the cold shoulder that has been given to collection work theoretical
research and the lack of zeal and enthusiasm for setting up an information science and a
collection science. As people attach greater importance to economic efficiency, the problem of
looking down on collection as a science and a technology will tend to become more serious.
3. Lacking Integrated Systematization. That our collection system lacks systematization is
something that everybody knows. It is very difficult to implement coordination and cooperation
because each managerial department goes its own way, collection work organizations overlap,
forces are dispersed and each gets along by defending his own "library." For many years there
have been cries for an information collection network featuring a rational overall arrangement,
each part having its particular emphasis, with a high degree of interconnectedness and
outstanding usefulness. However, real achievements have only happened in the past few years.
4. A Single Operational Mechanism. Currently, we still primarily rely on administrative
mechanisms for the operation of our collection system. Collection departments are overly
dependent on administrative departments, making it very difficult for the various collection
departments to handle matters in accordance with economic laws and the laws of the science and
technology of intelligence. Moreover, it is very difficult for such departments to carry out
collection activities fully, conscientiously and independently in a self-supporting manner. They
are unable to quickly come into line with the change from collection as a "cause" to collection as
an "industry," under planned commercial economy conditions. This has also been addressed.
5. A Drab Assortment. Many collection departments frequently overstress the collection of
unadulterated S&T information, neglecting information of a more comprehensive nature, such as
information with S&T and economic content combined and information with military and
economic content combined. In regard to the forms that information takes, too much emphasis is
put on information in the form of printed symbols and not enough on information in the form of
electromagnetic signals, acoustic signals or optical signals.
III. A Turning Point in the Reform of Information Collection Work
As I have noted above, the larger environment and the boundary conditions present a very large
challenge to China's collection work; for example, the reform and opening up to the outside
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 143

The Rooster & The Dragon January 23, 2012
world and the developing of a planned commercial economy - as well as the implementation of
the guiding policies of improving the economic environment, rectifying the economic order and
deepening reforms. Furthermore, various inherent defects in the collection system have led
information collection to fall into a predicament. However, on the other hand, this also presents
an opportunity for the reform of PRCs DSTI collection work. Their investments paid off.
Provided they conform to this new type of technology environment, seize the opportunity,
deepen reform, adjust, improve and rectify; they will be able to gradually extricate themselves
from the predicament and change a temporal turn for the better into a strategic turning point.
An excellent case in point is the plan for the rational overall arrangement of national defense
document resources, which was organized and implemented by the S&T Intelligence Bureau
[Keji Qingbao Ju] of the State Commission of Science, Technology and Industry for National
Defense (COSTIND); which has obtained substantive progress after several years of work.
Actually, this work was later driven by the predicament under the re-named SASTIND.
Recently, the focus of the S&T document work of the State Science and Technology
Commission's (SSTC's) S&T Intelligence Department [Keji Qingbao Si] has been to "adjust and
reform current document resource management methods" and to "implement a rational overall
arrangement and resource sharing". This is yet another very persuasive concrete example.
The PRC began their consideration of seizing the opportunity and changing a turn for the better
into a turning point by considering the following few guiding principles:
1. Limited Goals, Not Acting with Undue Haste. ―The task of promoting the beneficial,
abolishing the harmful and reforming collection is extremely formidable. The process of
extricating collection from its predicament is extremely complex. We must take this fully into
account. Given that they cannot control the larger environment themselves and that they cannot
choose the system of administrative leadership themselves, it certainly will not do for
information collection workers to conceive of their reform goals in terms that are too grand. To
demand that the transformation move at too rapid a speed will also cause us to miss an
opportunity due to delay and to bungle the navigation of this critical turning point. The reform
task at this stage is not to form a set of new self-regulating, self-restraining collection systems.
Rather, it is to seek out an operational mechanism which, while it may be flawed, may
nevertheless be controlled so that collection workers can take care of a number of matters well. ―
2. Demands for Increases in Appropriations Must be Appropriate. Currently, the focal point of
China's economic construction and reform is still to improve the economic environment and
rectify the economic order. Based on society's current perception of S&T intelligence work, to
demand that the nation grant special consideration vis-a-vis information costs and continuously
increase inputs is impractical. No matter how many times the importance of intelligence
resources and the great increases in the costs of domestic and foreign information are pointed
out, while administrative leaders can understand, they find themselves willing to help but unable
to do so. On the other hand, to speak too much of these matters may even have negative side
effects. A key pronouncement noted, ―Therefore, while appeals for increased appropriations visa-vis information costs are necessary, such calls must be appropriate. What is more important is
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to do solid work on matters such as the implementation of a rational overall arrangement and the
sharing of resources so that more abundant results are seen‖.
3. Adjust the Information Assortment Structure. Adjusting the assortment structure of
information that is collected refers to the need to gradually increase the proportion of information
products used, gradually decrease the proportion of information recorded on paper relative to the
total amount of information and also to the need to energetically enhance the collection of verbal
information such that the collection of information of a comprehensive nature that is integrated
with economic information. All of this is geared to their national economy and the demand of
many consumers under the socialization associated with a planned commercial economy. All of
it serves to increase the beneficial social effect and the beneficial economic effect of collection
work, and all of it is carried out under the aegis of a combined command-control (C2) and
market-guided management tasking.
4. Seek Development Via Data Collection. The collection of electromagnetic media information
was, but no longer is, a comparatively weak link in PRCs DSTI current collection schema. In all
of its various kinds of levels, such commercial network-hosted electromagnetic media
information provides an important foundation for national economic development; especially
large-scale document, fact and numeric databases. In its ―predicament‖, collectors well
considered striving for development by collecting data that was needed to build these databases.
We should make up our mind to shift the direction of investments to this work in a step-by-step
manner. Work units that meet the prerequisites can carry out unified implementation of
economic data collection, management data collection and document information collection.
5. Enhance Network Construction. In line with reducing the intervention of administrative
departments in the operation of the collection system, the motive forces driving the deepening of
collection reform included giving full play to the integrated role of administrative mechanisms,
mass-organization mechanisms, mass-market mechanisms and promoting the construction of
information transmission networks. Only in this way was it possible to overcome a state of
affairs characterized by ossification in which the function of each collection organization was
identical; and thereby lead every collection organization to augment its own individuality in an
environment of mutual competition and mutual interaction, incorporating itself into a network,
and exhibiting its own peculiar characteristics in the process of self-regulation and selfdevelopment. So, to the Chinese, networking is both a technical and governance-related systems
engineering problem.
6. Enhance Research on Collection as a Science and a Technology. Whether with respect to the
need to improve the efficiency of information collection work, or with respect to the need to
establish the standing of information collection in an information society, the task of enhancing
research on collection science and of shouldering the historic responsibility of establishing a
science and a technology of collection has already, objectively speaking, been set forth before
collection workers.
Section Five -- The Rational Overall Arrangement of S&T Information
Implementation of a rational overall arrangement of S&T information is an important indicator
of the transition of information collection from the stage of "collection work" to the stage of
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collection as a science and a technology. The problem of the rational overall arrangement of
information is becoming more and more prominent with each passing day. From outward
appearances, it appears that the problem stems from increases in the price of information and
hardships arising from a lack of financial support. However, the significance of the
implementation of a rational overall arrangement certainly does not lie merely in how to allocate
and use limited funds. Rather, the implementation of a rational overall arrangement is significant
in that the objectives of a "rational overall arrangement, a particular emphasis for each part, a
high degree of interconnectedness and outstanding usefulness" are the basic prerequisites for
building a collection system in accordance with the PRC DSTI systems principles.
I. The Overall Arrangement of Information in Some Foreign Countries
Every developed country abroad has taken some definite measures in regard to the overall
arrangement of information if only to reduce the collection of duplicate information. The USSR,
prior to the wall coming down in Berlin, had managed the introduction of information from
abroad very strictly and has adopted a number of measures in regard to the overall arrangement
of information. The first measure had been to set up a coordination committee. This committee
explicitly stipulated that there generally be only three to five subscriptions to any given foreign
language periodical original. It is calculated that the USSR imported 16,000 foreign periodicals
and that it imported 70,000 books annually. There was only an average of four duplicates in any
given collection. The second measure had been to transfer information to digital media; reducing
the number of periodicals in the form of original editions. (85% of the entire collection of the
Pan-Soviet S&T Intelligence Office, now in Russian Federation hands, is electronic).
(About one-half of the foreign periodicals at the Leningrad and Tbilisi Intelligence Offices are
still on microfiche according to Chinese documents). The third measure had been to make
photocopies obsolete. For example, of the 1000 foreign periodicals that were collected by the
Soviet Tbilisi Intelligence Office, about only 200 remain photocopied periodicals as part of the
Russian Federation. The fourth measure had been to make unified catalogs so that each makes up
what the other lacks. Every republic in the USSR had attempted to make a unified electronic
media catalog.
Moreover, the USSR advocated replacing purchases with exchanges and the USSR established
information exchange relationships with several thousand work units located in dozens of
countries that still survive under the Russian Federation. It is especially worth noting that the
USSR had an organization that was responsible for the free allocation and transfer of information
that was left ―unused‖. Every ten years, the USSR's intelligence organizations did an information
"housecleaning" in which unused information was allocated and transferred ―without charge‖ to
a work unit that needed it. China has encoded this logic into its information architecture.
The former German Democratic Republic also emphasized coordinated collection. The entire
country imported a total of 8000 foreign periodicals. However, the Central Intelligence
Document Research Institute, which served as an intelligence center for the nation, only
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collected 500 different periodicals. The East Germans maintained that intelligence sources ought
to be near to the consumer and that, if a periodical is imported, it should first be used to meet the
need of a specialized intelligence work unit. China benchmarked this case also.
Although the U.S. is comparatively flush in terms of funds, it nevertheless also emphasizes
coordinated collection and attention to the matter of an overall arrangement in the academic
realm, at least. In order to solve the problem of duplicate collecting, the Ohio University library
a decade ago entered into an agreement with four work units in the State. In regard to certain
periodicals that were read relatively infrequently, the agreement was that just one subscription
would be made for all the parties to the agreement, rather than each party getting a subscription.
The subscription was handed over to one work unit for ―safekeeping‖ and every work unit shared
this subscription. In view of their positive experience with this measure, the approach was later
expanded to apply between other cities. Currently, more than 200 work units have been
organized to use this type of subscription approach. China sent a delegation to observe the
expanded implementation.
II. A Tentative Plan for Implementing a Rational Overall Arrangement of Information
As explained above, due to: a lack of unified organization, coordination, the irrational overall
arrangement of information/information collection and the work of building infrastructure databases in China are characterized by a situation where some regions have a surplus with low
utilization rates and high duplication rates, while other regions have a shortage and are unable to
meet demand. This situation has been caused to some degree by limitations imposed by historical
and economic factors.
However, the situation is also closely related to factors such as collection work's excessive
dependence on administrative departments, the presence of a single operational mechanism in
the collection system and a guiding policy for construction that emphasizes collection or
downplays usefulness in intelligence work. The PRC reforms swept such aside.
It is true that, in the light of the daily increase in the amount of information in the world, the
amount of demand for information in China is also showing a marked increase. However, it is by
no means true that, in the light of the huge price increases for information, China will be able to
make corresponding increases in expenditures for information. Thus, the implementation of a
rational overall arrangement and resource sharing was determined to be absolutely imperative.
To this end, SSTC's S&T Intelligence Department put forth suggestions for adjustment and
enhancement vis-a-vis pertinent areas, such as the overall arrangement of information.
These suggestions promulgated in two documents that were published respectively in 1988 and
1989: "Suggestions in Regard to the Adjustment and Enhancement of Document Work in the
Pan-China S&T Intelligence System" and "Several Suggestions in Regard to Enhancing and
Adjusting the Construction of Pan-China S&T Intelligence Computer Retrieval Systems". Some
of these suggestions were as follows:
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1. Regarding the Overall Arrangement of Document Resources
(1) Further Free Ourselves from Old Ways of Thinking and Adopt an Overall Point of View
―In our thinking, we must smash sectarianism and adopt an overall point of view. On the basis of
it‘s own unique nature, task and capabilities; each work unit must spell out the distinctive
characteristics and scope of its own collection. Each work unit must regard itself as a
component part of the whole document support system, with mutual coordination, mutual
cooperation and mutual complementation – thus giving full play to the system's overall
beneficial effect‖.
(2) Enhance Coordination via Organizations; Develop Horizontal Combinations
―In order to coordinate the overall arrangement of document resources throughout China and
benefit the development and construction effort, it is necessary to set up high-level organizations
to coordinate and manage lower-level organizations. Every ministry, commission, province,
municipality, large city and autonomous region can set up an appropriate organization and
formulate a coordination plan - all on the basis of its own specific situation and needs‖.
(3) Implement a Rational Overall Arrangement; Establish a Document Resource Support System
Featuring Different Levels
―The overall arrangement of documents in the Pan-China S&T intelligence system may be
divided into three levels: a national level; a specialized department level; and a regional level‖.
Some examples of national-level S&T intelligence organizations are: the National
Comprehensive S&T Intelligence Center [Guojia Zonghexing Keji Qingbao Zhongxin], the
National Natural Sciences Intelligence Center [Guojia Ziran Kexue Qingbao Zhongxin], the
National Military S&T Intelligence Center [Guojia Junshi Keji Qingbao Zhongxin], the National
Patent Documents Center [Guojia Zhuanli Wenxian Zhongxin] and the National Standards
Documents Center [Guojia Biaozhun Wenxian Zhongxin].
These national-level S&T intelligence organizations collect documents as appropriate in
accordance with their respective designated spheres of collection. The S&T intelligence centers
of the various departments and ministries of the State Council are examples of S&T intelligence
organizations at the specialized department level. The sphere of document collection for these
organizations is primarily that information which is most closely related to the specialty of the
organization in question.
S&T Intelligence Research Institutes [Keji Qingbao Yanjiusuo] in provinces, municipalities,
large cities and autonomous regions are the comprehensive S&T intelligence centers for those
provinces, municipalities, cities and autonomous regions. The sphere of document collection for
these organizations should be determined on the basis of the long-term plans for the economy,
and S&T and social development in the particular province, municipality, large city or
autonomous region and also on the basis of the focal points of the particular province,
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municipality, large city or autonomous region and its own capability to render processing
services.
The S&T Intelligence Research Institutes in the prefectures, cities and counties are the local,
grassroots intelligence organizations. The sphere of document collection for these organizations
primarily revolves around urgent needs vis-a-vis local industrial and agricultural production. The
organization in question collects and provides pertinent practical technical information.
(4) Enhance the Work of Reducing Reproductions or Electronic Network Instances
―In accordance with the demands posed by a rational overall arrangement of information, the
S&T Intelligence Research Institutes of every ministry and commission, as well as every
province, municipality, large city and autonomous region should, as a matter of principle, only
collect those documents that are the most closely related to its own specialty or the development
of its own region. Other relevant documents may be requested from the pertinent collecting work
unit or that work unit may be requested to provide an access to the artifact‖.
2. Regarding the Overall Arrangement of Database Resources
(1) ―We should consolidate our forces and aggressively develop Chinese-language document
DSTI knowledge-bases. We should strengthen and improve Western-language document data
standards. Setting out on a practical basis, we should engage in the wholesale building of fact
and numeric databases. Every department under the Party's Central Committee and the State
Council should build networked document banks. Every department, province, municipality and
large city should build linkable, commercially-oriented fact and numeric databases‖.
(2) ―We should make ample use of foreign document database network weaknesses that can be
conveniently imported. We should import and use optical disk database systems in a reasonable
manner. In regard to ordinary grassroots intelligence work units and the great majority of the
intelligence centers of provinces, autonomous regions, municipalities under the central
government and Independent Planning Cities, it is not easy for them to purchase or copy large
data sets or build Western-language database systems themselves‖. [Note: In 1989, the
Independent Planning Cities were Chongqing, Wuhan, Shenyang, Dalian, Harbin, Xi'an,
Guangzhou, Qingdao, Ningbo, Xiamen, Nanjing, Chengdu, Changchun and Shenzhen.]
(3) ―We should build four comprehensive on-line retrieval centers and six specialized ones‖.
III. A Brief Introduction to the PRCs “Rational Overall Arrangement” of National Defense
S&T Document Resources
The organization of the implementation of a rational overall arrangement of national defense
S&T document resources was begun by COSTIND's S&T Intelligence Bureau in 1986. After
several years of work, the S&T Intelligence Bureau has, in accordance with systems principles,
evolved a set of plans and measures for the rational overall arrangement of foreign S&T
document resources. It has adjusted the overall arrangement of the primary foreign document
resources in pertinent S&T intelligence organization collections throughout the national defense
S&T industry--resources such as periodicals, large and complete document sets, major document
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series, conference papers and serial publications that form small series. The S&T Intelligence
Bureau has formulated "The Year 2010 Long-Term Plan for the Building Up and Rational
Overall Arrangement of National Defense S&T Documents." It has developed database software
and an associated computer management system for the rational overall arrangement of foreign
periodicals, conference papers and serial publications that form small series.
By means of a rational adjustment of the overall arrangement of information, the S&T
Intelligence Bureau has fundamentally brought the relations between the various S&T
intelligence organization collections at the ministerial and commission levels into better balance.
It has spelled out the focal points for collection, as well as the varieties and amounts to be
collected for each respective intelligence organization.
Duplicate importation has been avoided, new varieties have been added, the scope of sharing has
been expanded, the overall usefulness of national defense S&T document resources has been
improved and funds have been saved by avoiding duplicate orders for document collection
requirements.
1. Principles for Overall Arrangement
The following principles are abided by in the rational overall arrangement of national defense
S&T documents:
(1) Unified Long-Term Planning. ―Proceeding from the standpoint of the entire national defense
S&T industry, give full play to its overall usefulness. On the basis of the demands posed by the
development of the national defense S&T industry, carry out overall long-term planning for a
rational overall arrangement of national defense S&T documents, while considering, as far as
possible, the processing capabilities of the various collecting work units and the traditions that
they represent‖.
(2) A Particular Emphasis for Each Part. ―On the basis of the different tasks for each respective
intelligence work unit that participates in the overall arrangement, spell out the collection focal
points for each respective work unit and give full play to the strong points of each respective
work unit‖.
(3) Resource Sharing. ―By means of a rational overall arrangement of national defense S&T
documents and from the standpoint of the collection and provision of documents, form all of the
work units into an integrated system in which each work unit can make up for what the other
lacks and in which the work units are complementary and mutually beneficial‖.
(4) User-Friendly. ―Once the overall arrangement has been achieved, immediately implement a
series of measures to assure that use of the overall arrangement of information is user-friendly‖.
(5) Equality and Reciprocity. ―Each member work unit that participates in the overall
arrangement is equal in terms of its status. Problems must be resolved via negotiations.
Principles of reciprocity and mutual benefit must be observed when implementing the overall
arrangement‖.
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2. Implementation Methods
(1) Establish an Organization. ―Under the leadership of COSTIND's S&T Intelligence Bureau,
establish a Group for a Rational Overall Arrangement that is composed of each and every
participating work unit. This group will be permanent and will be responsible for supervising the
implementation of the plan for the overall arrangement, providing coordination in the event of
problems that arise during the implementation of the plan, researching issues that are related to
the overall arrangement and revising the structure of the overall arrangement‖.
(2) Gradual (i.e. Spiral) Development. ―Establishing a rational overall arrangement for national
defense S&T documents is an extremely complex systems project. The overall arrangement
should be centered on general goals and should be implemented in a step-by-step manner. For
example, in regard to regions we should first implement a rational overall arrangement in the
Beijing area. In regard to organizational levels, we should first implement a rational overall
arrangement between intelligence organizations at the ministerial and commission levels. In
regard to types and varieties of documents, we should first implement a rational overall
arrangement where there are rules that can be followed. In regard to domestic and foreign
documents, we should first implement a rational overall arrangement of imported foreign
documents‖.
―The sequence to be followed in the overall arrangement of different types of documents is as
follows. First, implement the overall arrangement of periodicals. Then implement the overall
arrangement of large and complete document sets, major document series, and other serial
publications. In regard to the overall arrangement of periodicals, first implement the overall
arrangement of high-priced periodicals that have an annual cost of 1000 RMB or more. Then
implement the overall arrangement of periodicals that have an annual cost of 500 RMB or more.
Finally, implement the overall arrangement of the other periodicals‖.
(3) Agreement on Norms and Standards. ―Once plans, measures and methods for the overall
arrangement have been decided upon through consultation each and every work unit must
strictly comply with them. When there is a need for adjustment and revision, it must be done
through discussion and approval by the Group for a Rational Overall Arrangement. No member
work unit has the right to implement adjustments and revisions on its own‖.
(4) Appropriate Duplication. ―One must of course do one's best to keep duplicate collecting to a
minimum when implementing a rational overall arrangement. However, when such a course
leads to a negative effect on utilization, necessary duplication must be permitted. One may also
consider duplicate orders in the case of low cost documents, when the cost of making a
reproduction is higher than the original cost of the document‖.
(5) Draw Up Unified Subscription Protocols. ―The overall arrangement can only be upheld if
resource sharing is achieved. If we are to realize resource sharing, the drawing up of union
catalogs is a very important measure, and the facilitation of inter-lending and the making of
reproductions at favorable terms are also significant measures‖.
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3. The Results of the Overall Arrangement.
If we just take the example provided by the PRC reports over the first three years of BPR:
(1) The overall arrangement has improved the overall capability of the national defense S&T
information collection system. Implementation of the overall arrangement has served to enhance
the mutually dependent and mutually interactive relationship between work units. It has served to
moderate the strong administrative flavor of collection work and has led to some overall
construction of the national defense S&T information collection system and some improvement
of its capability.
(2) The overall arrangement has given an impetus to research on collection as a science and a
technology. The practical experience stemming from implementation of the overall arrangement
has served to pose a series of theoretical questions to national defense S&T information
collection workers; particularly questions relating to sources and techniques of obtaining national
defense S&T intelligence. Solving these questions will undoubtedly be a precious gift to the
cause of establishing a collection science.
(3) The overall arrangement has served to reduce duplication and increase variety. For example,
the number of duplicate copies of high-priced periodicals having an annual cost of 1000 RMB or
more per year had been reduced by 153 copies, and there are now 21 more varieties of such
periodicals. The duplication rate for high-priced periodicals of 73.7% before implementation of
the overall arrangement had been reduced to 32.8% after the implementation of the overall
arrangement. The number of duplicate copies of serial publications had been reduced by 74
copies and there are now 8 more varieties of such publications. The duplication rate for serial
publications of 54% before implementation of the overall arrangement had been reduced to 37%
after the implementation of the overall arrangement.
(4) The overall arrangement has led to cost savings. For example: Work units that participated in
the overall arrangement realized cost savings of 568 thousand RMB in 1987. In 1988, they
realized cost savings of 763 thousand RMB. The total savings for the two years was 1.331
million RMB. With adoption of Services Oriented Architectures, Cloud Computing and other
improvements from the IT domain, the effectiveness, efficiency and cost savings can only get
better.
(5) The overall arrangement has improved collection targeting. The work of implementing a
rational overall arrangement of national defense S&T documents has, on the one hand, led to
macro-adjustments of the overall arrangement. On the other hand, it has also led each
participating work unit to micro-adjust the varieties that it collects; thus enhancing collection
targeting – the system itself is a dashboard for facilitating continuous improvement.
(6) The overall arrangement provides valuable experience. The work of implementing a rational
overall arrangement of national defense S&T documents represents a pioneering step in the work
of overall arrangement throughout the entire Chinese nation. The experience furnished by the
implementation of a rational overall arrangement of national defense S&T documents served as a
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model for a number of systems or work units in other disciplines outside DSTI where carrying
out an overall arrangement is desirable.
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Overview of Information
DSTI Need for Knowledge Engineering
In an earlier volume of this book I pointed out that information is not intelligence. Information is
the source of intelligence. In extracting intelligence from information it is necessary to go
through a process of application and activation. I also pointed out that the target of gathering
(collection) is information and not intelligence and that the source of intelligence is not identical
to the source of information. So what really is information? What are its categories, attributes
and functions (as the Chinese see them)? These are the main contents and intentions of this
volume.
Section One -- Explanation of Symbols
Before introducing what information is, we will simply explain the problems of symbols. This
will deepen our understanding and knowledge of information.
I. The Symbolic Expression of Knowledge
In order to achieve the transmission of knowledge, it is often necessary to turn the knowledge in
people's brains (tacit) into matter (tangible artifacts). As humans desire to express knowledge,
they must use the help of various classes of symbols (i.e a standard taxonomy and dynamic
ontology). In their essence symbols are matter. In order for there to be communication and
exchange between humans and humans, between humans and machines, and between machines
and machines, symbols are essential. When people need to express more complex concepts and
content of knowledge, they must use systems of symbols, strings of characters and strings of
digits. Certain systems of symbols express certain significance. Distinct systems of symbols can
express distinct knowledge content and can express the same knowledge content. Different
symbols may be interchanged, as language can be converted to writing, and writing can be
converted into code.
II. Categories of Symbols
In knowledge-transmission activities, people have created a great variety of symbolic systems to
meet the needs of many classes of information. Symbolic systems can be divided into two kinds.
One kind is natural symbols; like vernacular language and writing. Humans can directly perceive
and distinguish this class of symbols. Another kind is symbols created by humans. Humans
create such symbols as various kinds of codes, digit strings and character strings for specific
purposes.
There are also ‗retrieval‘ languages. Some of these can still be directly perceived and
distinguished by humans, but the majority must first be converted before humans can perceive
and distinguish them. Similarly, machines do not understand human language. The only way to
carry on interchange with a machine is to convert natural language into machine language.
Symbolic systems are a human convention. They are a standard for both partners in any
communication. A modern way of schematically depicting this is through a data model.
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Section Two -- What Information Is
There have always been many understandings and explanations about what information is.
Overall, the concept that human beings have of information has grown gradually deeper and
more complete with the development of the social capabilities that technological information
bears inherently.
I. Information Is: Documentation (?)
This attitude is quite widespread in China. When they say that the ―archives of a technical
intelligence organization has such and such a quantity of information‖, the information that they
speak of then refers to documents. Information in this sense is largely the same as the English
word "document". In order to distinguish between information and documents, people have
suggested "documents are information that is expressed in writing". There is some truth to this
explanation. The theory is also easy for PRC people to grasp. In practical DSTI retrieval work,
however, that definition had not previously been universally acknowledged and presented some
intuitive or cognitive difficulty for some of their staff people.
There are two reasons why the concept that ‗information is documents‘ is now universal and
deep-rooted among DSTI practitioners in China. One reason is that technical information work
has evolved from or is an offshoot of library research. This appears even more to be the case
with the work of collecting information. The fact that traditional library work uses publications
as the main focus of study has had a far-reaching influence on people's understanding of
information. A second reason is that written information like printed items enjoy the most
pervasive application in the information activities of today's society. This has led people to
consider information to be resident in documents.
Today information is becoming more diversified all the time. Data read by machine, and
information other than books and paper have appeared in great quantity. In order to solve the
new problems of theory and guidance that intelligence gathering has met in practical work, the
people within the PRC DSTI ecosystem who considered information to be only documents have
in the past decade extended their traditional concept of documents. Now they regard "machinereadable data", "audio data", "object information", "verbal information" and other spectrum
streams as: "machine-readable documents", "audio documents", "object documents", "verbal
documents", et cetera.
All of these data sources/types in China, along with printed documents, are now considered to be
"documents". In the same vein, the people in PRC who hold this view, aside from mentioning
"first-degree documents", "second-degree documents", and "third-degree documents" also talk
about "zero-degree documents". With this kind of understanding, "information collection work"
is "documents collection work". "Data processing work" becomes "documents processing work".
Though there has really never been anything wrong with this explanation, when it is applied to
collection work, however, there is a concern for them.
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Talking about document collection rather than data collection does not really adhere to the
custom and mindset of people in the information age, and there is always the concern of a bias
introduced by either the cache hoarded or the collectors themselves. All this led PRC to move
toward knowledge engineering standards.
II. Information Is: Intelligence
This understanding is quite universal in many foreign countries. What they mean by science and
technology [S&T] intelligence [qingbao] work is what China calls S&T information [ziliao]
work. What they call S&T intelligence gathering is what China calls S&T information gathering.
In this sense, the Chinese word "ziliao" is close in meaning to the English word "information".
NTIS (National Technical Information Service) and ISI (Institute for Scientific Information) in
the U.S., VINITI (the Soviet Science and Technology Information Institute) in the former USSR
and JICST (Japan Information Center of Science and Technology) in Japan all consider
information to be the focus of their research. In China, people already know intellectually and
intuitively that intelligence and information are not the same thing.
In expression, however, there is still a considerable amount of confusion, for instance the
"intelligence information work" that is mentioned in multiple professional PRC governmentspecific publications over the years. Regardless of whether "intelligence" is an attribute or an
appositive of "information," in either case this expression is an unclear logical concept from both
a semantic and connotative perspective. At the very least it is insufficiently rigorous according to
Chinese knowledge managers.
III. Information Is: Intellectual Material (that Serves the People's Republic of China
Scientific Research or Practice)
In this sense of the Chinese word, "information" is very similar to the English word "material".
People with this understanding believe that information is experience generalized from practical
work; it is intellectual information. This new PRC viewpoint attempts to summarize information
from the perspective of information science and explain information from the angle of the human
store of knowledge.
IV. Concept of Documents
In discussing the concept of documents, some PRC people now consider documents to be "the
material form for recording, preserving and transmitting knowledge". Some say documents are
"the medium or carrier on which knowledge content is recorded, stored and transmitted using
technical methods". These interpretations tell us that in reality information is not identical to
printed documents in their minds any longer. The scope of information they seek to acquire is
much broader since Y2K. For example, information includes object information. This
understanding attempts to use principles from information science to treat documents from the
angle of transmitting knowledge.
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V. Expanding the Concept of Documents and Publications
With the rapid advance of knowledge storage & processing technologies, some PRC information
scientists and library scientists feel that rigidly adhering to the traditional library science
concepts of documents and publications has led to a conflict between the progress of their work
and the information needs of the actual users. They therefore have included the new information
science content that has appeared with the new computer, storage and communications
technology in their theories. Aside from the new ‗concept‘ of information, the concept of
"information carrier" has come to the fore. They call the medium for recording and transmitting
information content the "information carrier." Information carriers can be divided into "carriers
of written information"; "carriers of visual information"; "carriers of sound information" and
"new carriers". These "new carriers" refer to "carriers of written, graphic and sound information
that are transmitted using computers and long-range communication networks." This explanation
makes a clear distinction between intelligence and information in its investigation of problems.
An interesting immediate example is the following technical paper from China [Technology
forecasting of new clean energy: The example of hydrogen energy and fuel cell] where the
Key words: Hydrogen energy, technology forecasting, S-curves, bibliometric analysis and fuel
cell are used. China utilized the exact approach the MCTPO was sharing with DIA-DWO !
See: http://www.academicjournals.org/ajbm/pdf/pdf2010/4July/Chen%20et%20al.pdf
We find that these Chinese researchers were also using the LOGLET-LAB software for their
knowledge engineering forecasting analysis…the same as this author did with a third-party to
successfully vet a methodology at the National Academies in 2010 being exploited by RAND in
2011. It does not appear the PRC has ―all‖ the information or toolkit we used; at least that part is
not published by the Chinese team. It does cause one to wonder where the ―leak‖ might have
occurred - even though our investigation was not sensitive or classified, it was very limited in
exposure. Nonetheless, China is using Knowledge Engineering to forecast technology vectors.

Figure 7 – PRC Scheme of integration for technological S-curve and patent activities
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VI. Information Is Knowledge that Has Been Turned into Matter
While the PRC DSTI community now believes that information is knowledge that has been
turned into matter. Some emergent thinking in China are asserting that information is ‗solidified‘
knowledge. In this sense, the Chinese word "ziliao" is close to the English word "data". This is a
broad view of information. From the perspective of the theory of knowledge, information is the
material expression of human knowledge. Only through information can knowledge be
expressed. Formal logic considers information to be subsumed under "knowledge". The specific
difference is that information is materialized. In a narrow sense, information is knowledge that
has been turned into symbols. Here we should understand that the use of symbols is matter or a
material phenomenon. This definition fits quite well with customary usage. The symbols of
which PRC analysts speak here include: writing and pictures as well as various codes, character
strings and numerical strings. It also includes sound, light and electromagnetic signals.
Overall, information is a material expression of humans' knowledge of the objective world; it is
the material manifestation of the human store of knowledge. Seeing the term ―information‖ like
this in the theory of PRC knowledge management can help their retrieval work become more
specialized and scientific. In addition, it becomes easier for them to define the chosen target of
research in information science and retrieval science; which will in turn accelerate the
development of these sciences.
Section Three -- Categories of Information
At present there is no U.S. Federal unified standard and method for making distinctions between
classes of information although China has been working to do so for DSTI. Specifically, PRC
started a few decades ago by classifying information attributes according to transmission
characteristics such as verbal, object and document information. Some were classified according
to the level of processing of the information being transmitted. These are: zero-degree, firstdegree, second-degree and third-degree information. There is classification between disciplines,
such as chemical- or electronics-related information, etc.. Some information is grouped by
industry such: as information used specifically in a given industry, information for commercial
purposes or scientific research data. The most universal method of grouping in the PRC to date is
by the transmission medium. Here, information is considered as printed, miniaturized, machinereadable, audiovisual or ‗whatever‘ data. Some PRC DSTI personnel also classify information
according to the nature of the needs of the user. So, their standardization process is evolving.
In gathering together the human store of knowledge, their goals are to: advance the formation of
information science and retrieval science and to inspire retrieval work to advance to a new level.
They want to quickly transform the traditional understanding and methods of restricting the
target of practical retrieval work to documents. When they make distinctions between classes of
information, they have moved away from the classical concept of documents and now use the
standard of whether or not humans can directly perceive and distinguish content within a specific
context when classifying these documents.
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I. Information that Humans Are Able to Directly Perceive and Distinguish
Humans can directly perceive, distinguish and utilize this category of information. Examples are
printed data, miniaturized data, verbal data and real object data. By "perceive" we are not at all
limited to the sense of sight. Linguistic data uses the sense of hearing. Braille information
requires the sense of touch. In order to distinguish real object data, it is necessary to use the
senses of smell and taste.
Retrieval workers in China have always favored printed information. Whether in the present day
or far into the future, printed (or printable info from digital files) information is going to be the
main target of retrieval. Even though their personnel customarily acknowledge that verbal and
real object data are intelligence resources, there is considerable difference of opinion as to
whether collecting this information is truly intelligence work (i.e. part of the community of
practice).
The actual situation in China at present is that intelligence departments to a greater or lesser
degree have all undertaken the work of gathering and transmitting verbal and real object data
such as in academic exchanges (inside and outside China) or as part of commercial peer-to-peer
technical exchange work. Nevertheless, the numerous S&T elements of their innovation
ecosystem are providing more and more of the dual-use technology information required because
they were able to make the adoption to semantic, taxonomic and ontological tools culturally
easier than the dogmatic PRC intelligence establishment or the traditionalist PLA.
More to the point: the intelligence departments, however, do not complete the main and
fundamental aspects. They are directed and implemented by technology management
departments, foreign affairs departments, trade and economics departments and scholarly
associations. Unfortunately for the Chinese, many of these departments are not yet completely or
seamlessly network/governance ‗connected;‘ as they do the work of attaining information in a
compartmentalized manner. They lack mutual contact – and – the overall effectiveness of
retrieval work is diminished somewhat. Consequently the social utility of retrieval work is not
fully realized. Nevertheless, with the arrival of the information age, PRC DSTI poicy-makers put
higher and higher demands on the timeliness of the knowledge that is transmitted.
The collection of verbal and real object data will receive more and more emphasis and the
coordination of collection work will gradually be improved. Of course there is no need (and it is
not possible) to assign all the work of retrieving verbal and real object data to S&T intelligence
departments…thus the move to place an ―engine room‖ inside the industrial policy organizations
with key other governmental/commercial S&T organizations collaborating. In short, they
collectivized it into a cooperative public-private partnership. I would like to emphasize one more
point here, however. That is how to convert the information that humans can perceive and
distinguish into data that machines can perceive and distinguish. At present there are still
considerable technical difficulties. The PRC will need to employ artificial intelligence
technology and the fifth generation of computers to accomplish the task.
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II. Data that Only Machines Can Perceive and Distinguish
Humans cannot directly use the knowledge expressed by this kind. Only with the help of
machines to convert the knowledge into a form that humans can perceive and distinguish can
people utilize it. Examples of this class include: modulated light waves, electromagnetic waves,
tapes, optical disks and even archaic phonograph records. The appearance of this category of
information shows that the information work of human beings may advance to an all-new depth
and with unprecedented speed. Personnel in the PRC had not previously paid enough attention to
the collection of this genre of information or the associated infrastructure platforms required; and
so the work used to be carried on in a haphazard manner. The level of application of this
information paradigm to PRC society is not yet sufficient but China is addressing the issues.
At present there is still no PRC unified standard for distinguishing between the classes of this
kind of information. For example they can be divided according to the form of the carrier; as
radio wave or magnetic medium data, etc.. Another way of distinguishing is by the class of
signals that are received; as in graphics, writing, language, natural language or artificial language
(encoded, cryptographic) information. With simplicity of nomenclature in mind, some people
call this class of information that can only be perceived and distinguished by machines
"electronic data" or "electronic publications". A PRC retrieval worker must certainly give full
attention to high-volume/high-density storage data. However, cloud computing constructs
probably have made the optical storage repository plans obsolete.
III. Classifying the Information According to the Characteristics of the Users' Demands
Whether distinguishing information by the transmission characteristics, the level of processing of
the knowledge that is transmitted or by whether or not humans can directly perceive and
distinguish the information, these methods of classifying information all consider the nature of
the information itself in the classification. Now, however, it is necessary to emphasize what
intelligence work addresses. Distinguishing between information by the characteristics of the
needs of the users will add focus to the work of retrieval and help the PRC DSTI workforce
overcome the trend of ―stressing‖ collecting information more than using it.
Shannon, the founder of information theory, has developed five classes of information depending
on where it is used. They are directional information, program information, concrete activity
information, product information and revised (feedback) information. Referring to his method of
classification, information may also be grouped into the following five kinds according their
function and use.
1. Directional information that is needed for a certain purpose
2. Information needed for plans or programs that are synthesized from directional data that are
needed for various purposes
3. Information that is needed for decisions on concrete action
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4. Information that is needed by products (e.g. PNT data updated into a Guidance/Control unit)
5. Constantly feedback and revise information that is needed for the goals, measures and items of
extensive/complicated programs.
IV. Features and Categories of Information that are Needed for Macro-management of
National Defense Technology
Now here we begin to encounter the significant advances the PRC has made in leveraging
knowledge engineering and management principles. Different levels of leaders and staff
functions need information of different natures. The higher the level of leadership, the higher the
level of synthesis of information they need; and the harder it is to predict. Generally speaking,
leadership no longer urgently needs information on problems that have already been decided.
They do not urgently need information on problems that they have not even considered either.
For the problems they have considered but have yet to set policy on, however, they do urgently
need information.
What are the characteristics for classifying this kind of information? This is a concept that the
gatherer of information must have in the work of gathering information for macro-management.
Of course, a large quantity of data alone will not be able to meet the needs for information in
leadership policy-making. The information needed at the various stages of raising the questions,
answering the questions, supervision and implementation are not the same. The classes and
characteristics of information needed by the users who manage national defense technology in
the PRC are as follows:
1. Making distinctions by time, information can be divided into historical and predictive. The
quantity of historical data is greater. These data are most helpful for leaders in the process of
setting problems and in management and implementation. Predictive data are most suitable for
selecting the direction, finalizing programs, and in adopting action. Statistical data, documents,
ordinances, regulations and laws related to national defense technology all have a strong time
element.
2. Making distinctions by level of expectation, information can be divided into predictable and
unpredictable data. Predictable data are data whose appearance from a certain data source can be
foreseen. This class of information is very useful to leaders as they solve problems and supervise
implementation. Information retrieval personnel should practice monitoring and tracing of this
class of information. Unpredictable data are data whose occurrence is not easily foreseen. This
kind of data often helps leaders discover information and will influence the selection of a
direction, the setting of programs and revisions of plans. The retrieval personnel must be
sensitive and flexible toward this class of information.
3. Information can be divided into internal and external according to the source from which it
comes. Internal may mean within China and it may mean within the work unit. External can
mean foreign and it can mean outside the work unit. The higher the level of management, the
more pressing the need for foreign information and information from outside the work unit. At
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lower levels of management, more often the information needed is from within the work unit or
within China. No matter what level, however, there is always a need for internal and external
information. At present the work of gathering information within China that is concerned with
national defense technology management often goes beyond the responsibility of the intelligence
departments. Administrative pathways are also needed to complete the work.
4. Information can be divided into specialized and synthesized information, according to the
content. If it is a manager that needs the information, it will certainly not be single, specialized
information. Rather it will be synthesized information that comprises political, economic,
scientific, technical and military information. The higher the level of management, the more
synthesized the information that is needed. Due to historical reasons and the quality of the
information collection personnel, the collection of synthesized information for now is still a
difficult point in the retrieval work.
5. According to the level of organization, information can be divided into highly organized
information and diffuse information. The information that has been ordered, processed and
perhaps even activated by the information worker is considered highly organized information.
Information that has not been processed or has been only slightly processed by the information
worker is diffuse information. Generally speaking, the higher the level of policy making, the
more diverse is the information that is needed. It is very difficult to gather all of the information
that relates to the issue. It is also difficult to gather a lot of relevant information in time through
selecting topics and looking them up. At the lower levels of management, it is easier to obtain
the information that is needed, and after most of this information has already been put in order.
Here we would like especially to point out that the information used for raising questions,
determining a direction and setting a plan is usually not directly available in large quantity from
libraries or data banks. For example there was very little information that had already been
organized and made available for China's year 2000 national defense technology strategy.
6. According to the level of compression or processing, information can be divided into detailed
information and summary information. Generally the policy-making and program development
information that is needed by managers is summarized data or intelligence data. Very rarely are
they detailed or original data or source language information. Moreover, at the higher levels of
management, there is greater need for highly condensed summary information. Gathering
volumes and volumes of original data, therefore, very often will not satisfy the demands of the
high-level user who manages national defense technology. Likewise large sets of series data will
not meet the needs of this level of leader.
7. Classifying information according to the possibility of its occurrence. Generally speaking, not
only are there few information sources related to national defense technology management and
national defense development strategy on a national level, the quantity of information from those
sources is very small. For this reason the information is difficult to gather. Information that deals
with a concrete item of technology, however, is relatively likely to be produced. The quantity is
greater, and the information is relatively easy to gather.
8. Dividing information according to the accuracy/confidence of the content. Overall, the
information used by a policy maker at any level needs to be accurate. In general, when tactical
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policy is being made, the information needs to be accurate. When making policy on strategic
problems, relatively accurate information is needed. There was never a requirement that the
information needed for the year 2000 national defense technology plan be 100 percent accurate
in describing reality and phenomena. 80 or 90 percent accuracy was required, though.
The following table explains the trends of the relationships between the categories of policy
making and the categories of information in the PRC today.
Trends in the Relationships between the Categories of
Policy Making and the Categories of Information
Information Characteristic

Category of Policy Making

Tactical

Strategic

Time

Historical

Predictive

Expectation

Predictable

Unpredictable

Source

Internal

External

Content

Specialized

Synthesized

Organization

Highly Organized

Diffuse

Compression

Detailed

Summarized

Rate of Production

High

Low

Accuracy

High Accuracy

Fairly High Accuracy

Section Four -- The Essential Elements, Attributes and Functions of Information
In this section, I focus on the nature of information, which includes the main elements that
constitute information plus the attributes and functions of information.
I. The Elements of Which Information Is Composed
I have pointed out before that in a broad sense, information is materialized knowledge. In a
narrower sense, information is symbolized knowledge. Information is a form of material
expression of humans' understanding of the objective world. From a physical perspective, the
following elements are needed to constitute information.
1. A Certain Quantity of Knowledge. Knowledge is the fruit of humans' understanding of the
objective world and is the intellectual wealth of human society. Without a certain quantity of
knowledge content, it is impossible to form information. A blank piece of paper, an empty tape,
an electromagnetic wave that has not undergone modulation does not constitute information. A
set of symbols that represent matter or a material phenomenon depicts a certain quantity of
knowledge that has a specific meaning. In their practical work, gatherers of information must
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investigate the density and the level of processing of the knowledge of the information they will
collect or that has already been collected. They must also consider the appropriateness of the
knowledge content for the user as well as its originality and usefulness.
2. A Specifically Chosen Physical Quantity. If the knowledge inside people's brains is to be
turned into matter, it must be represented by the variation of a specifically selected physical
quantity. Braille information is expressed through the variation of magnitude and direction of
mechanical force. Written and graphic information are manifested through the variation of light
intensity, color, frequency and energy density. Electronic data, data in databases, radio wave data
and verbal information are expressed through variations of the electric intensity of
electromagnetic waves, magnetic field strength, or frequency. In gathering information, the
retrieval worker must choose a specific gathering method depending on the physical quantity that
was used to materialize the knowledge. For example, when we receive wireless signals, we need
the appropriate receiver and signal conversion equipment. Sometimes it is necessary to use codecracking techniques or system identification.
3. An Appropriate Carrier. The carrier is a material entity that matches the selected physical
quantity. Through modulation, the carrier can express the variations of the physical quantity.
Knowledge must be materialized on the carrier. Paper, magnetic media, electronic media, film,
electromagnetic waves and sound waves are all carriers. Systems of human knowledge are
expressed through systems of carriers that comprise various carriers. The transmission of
knowledge is achieved through the movement of the carrier through space and through time.
When collecting information, we can never depart from the carrier. We must therefore
investigate the system's structure, physical and chemical characteristics, as well as the
distribution qualities and activity characteristics of the carrier that has been modulated. There
are three main categories of carriers: The first kind does not easily store knowledge, but
transmits knowledge very quickly (including light, electromagnetic and sound waves). The
second kind of carrier including various magnetic media, paper, compact disks and film can both
store and transmit knowledge. The third kind as exemplified by various real objects generally
does not materialize knowledge in order to produce information, yet it fulfills the purpose of a
carrier of knowledge.
4. Finally we would point out that energy is an element of information. It takes consumption and
conversion of energy to turn knowledge into matter or symbols and to modulate that physical
quantity.
II. The Attributes of Information
As the material record of the human store of knowledge, information has three basic attributes:
1. Objectivity. The objectivity of information can be understood from two aspects. First,
information along with carriers are real objects that exist in nature. Once information is formed it
remains forever and preserves its original appearance, unless it is deleted or destroyed. Another
aspect is that information content is the expression of knowledge that exists objectively. Unless
the variations of the physical quantity that are expressed in the carrier are erased, the knowledge
that has been materialized will exist forever and preserve its original significance.
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2. Transmission. Information can be transmitted in time and space. If information could not be
transmitted, it would lose its purpose. The transmission of knowledge is achieved through the
movement of information. The movement of information from the source to the user constitutes
data flow. Modern data transmission frequently is assisted by the organization and adjustment of
information workers and retrieval workers. The retrieval worker usually exerts some control over
the transmission process. This is not the case, however, with exceptional classes of information
or transmission processes.
3. Activation. Information can be activated. The knowledge that is stored in information can be
directly known and distinguished by people, or it may require machines to make knowledge
perceptible. The process by which humans activate information is actually the process of
demodulating and re-modulating the variations of a physical quantity. It is a process of decoding
and re-coding symbolic knowledge. Activation is logical processing of the knowledge content
(not the external characteristics) in order to extract and produce new knowledge.
III. The Functions of Information
Information can have five functions:
1. A measure of the level of humans' knowledge of the natural world. Information is the material
expression of humans' knowledge of the objective world. The deeper the knowledge that humans
have of the objective world, the more accurate will be information's expression of the objective
world, and the more valuable the information will be. For this reason it is said that information is
a measure of humans' knowledge of the objective world.
2. A form for storing knowledge. Information is the material result of humans' understanding of
the objective world. Created by humans, knowledge expresses people's understanding of the
objective world. Knowledge is something that all humans possess. It is objectively stored and
kept in data storage, in archives and in databases. Information is the only form in which humans
can store knowledge.
3. A method for transmitting knowledge. If the knowledge in people's brains is not made into
material information then it has no use for the collective and cannot be transmitted to succeeding
generations nor exchanged in any way. Only through the movement of information can
knowledge be transmitted and utilized. Information is the only way that humans can transmit
knowledge.
4. A tool for understanding the objective world. If people desire to know the objective world, not
only do they need to have contact with that world as the object of knowing, they must also have
contact from the start with the materialized store of knowledge, or information. In order to
advance society, the timely and complete use of the information that keep in storage the sum of
human knowledge and the conscious use of information as a tool for advancing knowledge of the
objective world and expanding the reproduction of knowledge are required.
5. A fountainhead of intelligence. Intelligence is knowledge that is needed to solve a specified
problem. It is a special kind of knowledge; it is a special kind of knowledge that is extracted
from information. Information is not intelligence. Information is the material from which
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intelligence is extracted, a source material for processing knowledge. Dead or even stale
information is not intelligence. Intelligence is enlivened knowledge. We have explained above
that in their natures and functions, intelligence and information are not the same. When we study
retrieval work and further the study of retrieval science we must therefore first make clear that
the target of retrieval is information and not intelligence. Retrieval work consists of information
retrieval, not intelligence retrieval. Intelligence is special knowledge that is extracted from
information. Information is therefore the fountainhead of intelligence, the foundational medium
for activating knowledge. The specified research target of retrieval science is information, and it
is nothing else.
Section Five -- Data Banks and Databases
After information is collected together, it is first put in order and then stored. The information is
further sorted into various kinds of storage, like repositories (data banks) and databases.
I. Data Banks
Generally speaking, any information that humans can directly perceive and distinguish can be
accumulated in a data bank. The basic function of data banks is to store the information that
humans can directly perceive and distinguish. Information that has existed for a long time may
be included directly into data banks; immediately improving the holdings. Printed information
can form "the stacks" and audiovisual information forms the "tape library". Gathered together,
the information in the form of samples make up a "display item collection."
Information that is short-lived cannot be directly included in the data bank. Data such as light
wave signals, electromagnetic signals and sound wave signals cannot be stored in a data bank
unless they are converted. The structure and organization of data banks is a discipline in itself
and is an important component of information science. How a data bank is set up and data
retrieval are closely connected. From the aspect of input: setting up a data bank requires attention
to the scope, quantity, quality and speed of the specified materials. As the specified user of the
output of a data bank, the data retrieval department will collect the material it needs from the
respective data bank according to its own collection policies, financial situation and level of
technology. In decades past, the status and function of databases had grown and still persist.
Some are relational in nature and the pre-Y2K trend of data gateways, data warehousing, data
marts and information portals had more to do with hardware than the workflow of the functions
involved with data utilization. Often these projects and initiatives were established to consolidate
data whereabouts for consumers – and that was often an economy as much as it was an
efficiency. China has kept pace with these business vectors. Cloud computing and service
oriented architectures notwithstanding; we still either have technical issues about how data
should be stored/best accessed and others surround how to make the stored data more useful. The
repository and the data structures require knowledge engineers to focus on these for coherent
solutions. If you don‘t do so, banks and bases are just dumping grounds for data. Data banks and
databases each have their own strength, resultantly, and will continue their mutually beneficial
existence for a long time.
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II. Databases
Since the sixties, many kinds of databases have been set up. This had not only advanced the
development of intelligence work, intelligence technology and information science, it also sent a
powerful impulse to retrieval practices and retrieval work. At present the gathering of written
digitized publications information remains the main focus of collecting practice for the
SYSADMIN worker in IT Departments, the end-user, or the departments that specialize in DSTI
retrieval work. Anyone who does information retrieval work, however, whether in the target or
content of retrieval, or in the methods and techniques of retrieval, and especially in the research
of sources of intelligence and information, have all consciously or unconsciously become
connected with databases.
1. What databases are: Some people believe that "databases are new sets of data documents that
are produced and supplied by computers and that are stored and organized on magnetic media
(tape and disk)‖. Other people believe that "databases are the set of machine-readable data or
information that have a certain access method in common". More simply stated, databases are
computerized sets of documents, abstracts, almanacs, handbooks, dictionaries, encyclopedias,
etc. From the angle of information science, databases are also no more than compendia of data.
It's nothing more than people customarily calling sets of bound volumes or miniaturized data
banks and calling the sets of data that are perceived and distinguished by machines databases.
Without being overly rigorous, we may therefore say that databases are sets of electronic data or
electronically published materials. In fact, the individual documents that are formed into
databases are not necessarily all data documents.
Of course, the study of the structure and organization of databases forms an academic discipline.
The main characteristics of databases are their high flexibility and the ease of expanding and
revising the data that is stored; as well as the versatility of applications. Furthermore, databases
are easier to share as the source for extracting information. The quantity of databases has
therefore become one of the criteria by which the level of modernization in technology and
intelligence work is assessed. Because database technology is closely coordinated with modern
communications and computer technology, in application it is easier for networked computers to
achieve real-time processing. From here it is not hard to realize that when the data retrieval
worker or technical personnel is collecting information, they cannot afford to neglect gathering
information from databases but large data sets equal overload.
2. Categories of databases. Databases are formed as an industry that serves as a sector of national
economy here and in China. In the PRC as with the U.S. : each database has a unique use. They
are small and large, have all kinds of professional content and were recorded on different media.
It was therefore difficult to make distinctions of category using a single viewpoint. The most
frequently seen method of categorizing databases of technological data in China a decade ago
was to divide them into databases of technology documents, databases of facts and numerical
values and management databases.
To help improve the effectiveness of information collection work, PRC made the following finer
distinctions of databases that are related to military technology:
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(1) Databases that are directed toward leadership and leadership organs. This class
includes planning and programming databases, databases of research projects, weapons
and equipment databases, databases of the real industrial strength of national defense
technology, databases for managing national defense technology results, databases for
managing national defense patents and databases covering trade of military products. The
above databases are all in the management category of databases.
(2) Databases that are directed toward technology personnel. These include Chinese and
foreign discipline-related databases of technical documents, subject catalog databases,
databases of abstracts and databases of complete texts. There are also Chinese and
foreign discipline-related databases of master data, numerical values and computer
software.
(3) Databases that are directed toward industries and trades in national defense
technology. These include military technical databases made suitable for civilian use,
databases of national defense technology results & databases of national defense patents.
There are also databases that list names of work units in national defense technology and
industry, databases of foreign companies supplying the military as well as databases of
the technical market, business trends, product samples and military standards.
(4) Databases that are directed toward foundational work. These include databases of
such materials as almanacs, handbooks, encyclopedias, dictionaries and dictionary-like
reference works.
3. Compiling and Utilizing Databases. When an information retrieval worker desires to compile
a database or use a database for search purposes, he or she must consider the following factors.
(1) The relationship between the producer of the database and the host computer. These
distinctions are commonplace in the PRC; and the U.S. has their own variant. The relationship
between the producer of the database and the host computer is very close. An intelligence unit is
at times both the producer of the database and the host computer. Some intelligence units are
either the producer of the database or the host computer. Of course some basic level intelligence
organs are often neither the producer of the database nor the host computer. From the standpoint
of the producer of the database, the more computer hosts there are the more opportunities there
are for utilizing the database that they produce. The more databases that a computer host has, the
more users they will be able to attract. If the intelligence unit is both the database producer and a
host computer, then the relationship between the computer and the database is fairly simple.
When the intelligence unit is not both the producer of the database and the host computer at the
same time, then the following relationships are possible.
The first kind. The intelligence unit is a computer host. They buy database media from
the database producers and make their own databases. (acquisition/procurement)
The second kind. The intelligence unit is a host computer. They rent database media
from the producers and set up their own databases. (applications as a service)
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The third kind. The intelligence unit produces databases. They rent computer
environment time from the host computers. (platform as a service)
The fourth kind. These are databases that are set up through coordinating the efforts of
the database producers and the host computers. (public-private partnerships; consortia)
When collecting database media or utilizing databases, PRC intelligence units must decide which
class to use. This is settled by the status, nature and function of the work unit or by their human,
material and financial resources. It is also necessary to do unified programming and coordinated
development. When importing foreign databases, it is important to avoid buying the same tape
twice.
(2) Utilizing the Channels for Transmission of Databases. As they undertake the work of
retrieving information, the intelligence units may use three channels for transmission of the
information from the database producers or host computers.
The first kind: The intermediate medium is a tape, disk, CD-ROM or a flash drive. For
example, buying or renting a database extract from NTIS (U.S.) in order to use another
database to look up an associated report. China is now working on fusing databases and
repositories to help alleviate the sneaker-net gaps.
The second kind: Setting up a wide area communications network with the host
computer and installing terminal nodes when necessary. The PRC knows it is possible to
network computers and do searches on a massive scale for information related to national
defense science and technology on systems such as Lockheed's Dialog system, System
Development Corporation's Orbit system, Bibliographic Retrieval Services (BRS) system
or Defense Marketing Services' (DMS) system (these are their citation examples, not
ours).
The third kind: Using printed materials that reflect the content of the database. For
example, buying the printed version of thematic contents journals from NTIS to look up
information. Yes – they still do this – but are rapidly coming to a halt doing so.
The expense of the first kind is rather high for intelligence units. It will be necessary to analyze
the capacity for economic support as well as the level of equipment and the frequency of use of
the databases that have been installed. Though the expense of the third kind is low, it is hard to
fully exploit the benefits of a database until the data model is complete and adopted universally.
The expense of the second kind is ―in the middle‖ and it appears to fit with the trend of
networking computers until the cloud or SOAs become more deployed. The key is the frequency
of use. It is also necessary to consider the communications conditions that are positively Martian
in some parts of the PRC.
(3) Databases in Chinese and Databases in Western Languages. The present situation in China is
that both the Western language databases that are available through networks or have been
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purchased have a good foundation and are being utilized. However, there has not been enough
emphasis on the utilization of large quantities of economic and management factual and
numerical value databases from foreign countries for which there is yet a need.
Databases of documents in Chinese have still not been given positive support as an endeavor of
foundational construction in the nation and industry or for social benefit. Though the Chinese
factual and numerical databases have made a good start, there is still a need to coordinate work,
reduce duplication, uphold sharing and to gradually increase coverage or the continuity and
stability of production. Overall, utilizing linked databases in Chinese is still difficult. China's
database services platforms are still backward even though their information engineering is
advancing.
4. The Influence of Linked Databases/Databanks on Information Retrieval Work. Modern
electronic and communications technology and high-density storage technology are the technical
foundation for the rapid development of the PRC database industry. The daily progress of
database technology, the ever-increasing production of databases and the continuous progress of
retrieval technology on networks have had a great influence on information retrieval work. This
progress will bring about a gradual reform in retrieval thinking, the steady improvement of
retrieval ability and a gradual reform of styles and methods of retrieval.
(1) The target of retrieval has been adjusted. The target of traditional retrieval is "hard"
printed materials and miniaturized (microfilm) items that are stored and replenished in
data banks. The appearance of databases requires use of both "hard" and "soft" artifacts in
PRC thinking. ―Besides gathering "hard" materials, it is necessary to understand
information and clues. According to the needs of the user, one must use communications
networks to request information from outside sources and even from very distant
databases‖.
(2) Challenging the idea of "Center of all titles". An intelligence unit traditionally has
wanted to make their data bank as complete as possible and become the "Center of all
titles". ―With the use of databases to search for information, however, it is not possible or
necessary to require that all related databases be gathered together‖.
(3) The construction of retrieval networks has progressed. The launching and utilization
of database resources is closely connected to communications networks and to the
transmission networks of databases on removable media. The need of Chinese society to
gather fully and effectively database materials has driven the development of retrieval
networks and especially of communications networks.
(4) The transmission speed of intelligence and information has speeded up. Because all of
the intelligence and information that are output from databases are transmitted through
electronic communications networks at a very high speed, it can meet the user's needs for
immediate use very well.
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(5) It has promoted renewal of the knowledge of retrieval personnel and their retrieval
skills. Doing a good job of putting together and utilizing databases requires the growth
and maturity of a large group of new cadres who are involved with retrieval work. The
modernization of retrieval work has promoted a restructuring of the knowledge of
retrieval personnel and the improvement of retrieval techniques.
Section Six -- Evaluation of Information
The research target of information science is information, as it is the target of retrieval work. In
order to gather information, it is necessary to make selections of external characteristics or
knowledge content of the data. From there the assessment of the value, the content and the
overall evaluation naturally come forth. At present, PRC DSTI personnel have worked on
adopting a scientific and practical way to evaluate the content and worth of information. In
custom, the user of the information provides the evaluation. In evaluating information, they
consider if and how useful the information is for reference purposes. Some scholars consider the
circulation links of the information. They use such indices as the circulation rate to evaluate
information. Granted these assessment methods are good for practical use during the gathering
stages. From the perspective of information science or retrieval science, however, such
evaluation seems insufficient at the science and technology stages of retrieval. There is urgent
need to give theoretical guidance, bring completeness to the practical work and attempt to
develop some new ways of thinking from the new angles of the content and value of information.
Finally, some comprehensive methods of evaluating information from the PRC DSTI functional
perspective of practical use will be introduced.
I. Assessing the Value of Information
As stated earlier, information in a broad sense is materialized knowledge. In a narrower sense,
information is symbolized knowledge. In summary, information is a material expression of the
knowledge that humans have of the objective world. It is a material manifestation of humans'
store of knowledge.
1. The Value of Information. The value of information is expressed in:
(1) Information that is needed by society or intelligence users to solve a particular
problem.
(2) In the process of scientific labor the intelligence users may activate information and
extract the useful knowledge; which is intelligence.
(3) This intelligence can promote the progress of science and technology. Turned into
productive forces, this progress benefits the society and the economy.
(4) Production of information expends the human intellect, requires labor time and
expends a certain quantity of energy and materials.
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2. Obstacles to Assessing the Value of Information. Though the value of information may be
seen in the above ways, there still remain many obstacles to carrying out evaluation of
information.
(1) The Obstacle of Demand. The users have a definite need for intelligence. The various
social environments and quality of the users, however, lead to extremely complex
specific needs. This poses the most fundamental obstacle for evaluating information.
(2) The Obstacle of Understanding. In principle, the advance and development of science
and technology are the true desire in achieving China's economic vitality. In reality, this
has not been universally accepted by society. There are many important people in society
who consider intelligence and information work to have a "supplemental" status and
function in China's economic construction. This means that it is difficult to accurately
assess the value of information.
(3) The Obstacle of Indirect Benefit. Information is only able to benefit the society and
the economy after the user has activated it and extracted the useful knowledge for use in
their scientific and technical activities. This makes the benefits of technical information
less direct; which increases the difficulty of evaluating information.
(4) The Obstacle of the Vagueness of the Value. In all of the above expressions of the
value of information, it has been difficult to find clear quantities. The value was
expressed with vague terms such as "extremely", "very", "average" or "not". This
produces a challenge to accurately assessing the value of information.
3. Assessing the Value of Information. The evaluation of information is an objective judgment
involving many indices. They comprise the degree of need for the knowledge product in the
information, the ease in activation of the information, the amount of benefit, how much mental,
energy and material resources are expended and the amount of required labor time expended.
Because many obstacles exist in evaluating information, it is almost too hard to begin a complete
assessment of the value of information. The following ways of thinking can be useful in the
assessment, however.
(1) If information is seen as a product of complex labor, then it is possible to turn their
value into a complex function of simple product value.
(2) If information is seen as a product, it is possible to disregard a few factors, or overemphasize the weight of other factors and focus on assessing the exchange value of
information in the economy. In this aspect, retrieval workers have accumulated
considerable experience and have found that often it is feasible to make assessments and
judgments this way.
(3) Using a fuzzy evaluation method: With the help of fuzzy comprehensive evaluation
of fuzzy mathematics, it is possible to analyze the value of information into a series of
measurable and directly related indices. After comprehensive optimization, the value of
information may be assessed. This evaluation method is both scientific and relatively
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easy to use. It has reliable results and has potential practical value when the retrieval
department decides on policy in light of a certain class of information or certain
specialized information.
II. Evaluating the Content of Information
The content of information is a specified quantity of knowledge. Intelligence is knowledge that is
needed to solve a specific problem; and information is the source from which intelligence is
extracted. In evaluating the content of information, we may meet with obstacles similar to those
met in assessing the worth of information. The obstacle of the specificity of the needs of the user
is even harder to overcome. From a research perspective we may do principled evaluation of the
content of information from the angle of increasing knowledge or from the angle of problem
solving.
1. Evaluating information content from the angle of increasing knowledge. The British scholar
Brooks believes that knowledge is a comprehensive (structure) of concepts that are connected by
relationships. He considers intelligence to be a small part of this structure. He has suggested a
basic formula to be used to describe the relationship between intelligence and knowledge:
K(S) + DI = K(S + DS)

where K(S) is the original knowledge structure, I is the increment of intelligence, and K(S + DS)
is the improved knowledge structure obtained from this increase of intelligence and (S is the
result of the improvement. He also notes that he has not actually assigned a definite meaning to
each symbol in the equation. It would also be correct to replace DI with DK. Using DI, however,
it is possible express that distinct knowledge structures may have distinct results.
Brooks also has pointed out that the increase of knowledge is not simply piling up knowledge.
After intelligence has been included in the knowledge structure, what it adds is not simply more;
it actually performs a certain adjustment of the knowledge structure. Brooks' equation provides a
mental avenue as we evaluate the content of information. When evaluating the content of
knowledge, it is necessary to evaluate the extent to which the knowledge (intelligence) contained
in the information can improve the knowledge structure that the user needs in solving a specific
problem. If people encounter a problem, in the first place they ought to have an understanding of
the problem. Once a certain amount of knowledge is attained, then this knowledge can be
materialized into a series of symbols of matter or material phenomena. People utilize and
activate information in order to solve problems. From information they extract useful knowledge
and obtain intelligence; and can thereby gain a new understanding of the problem. With
increased new knowledge, the problem may obtain a partial or complete solution.
This new knowledge can be materialized into a series of new symbols. Comparing this new set
of symbols with the original set reveals that the relationships between the individual symbols
have been adjusted, and have been ordered and organized anew. We may therefore consider the
difference between new and old structures of knowledge to be a measure for evaluating the
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content of the information. So that people are able to perceive this measure, it must be expressed
through the exchange of information or of symbols. From the angle of increasing knowledge, it
is also possible to apply fuzzy mathematics to the problem of quantifying the evaluation of
information content.
2. Evaluating Information Content from the Angle of Problem Solving. When interacting with
information, what people care most about is the content of the information. They are most
interested in how much intelligence they can draw from the information. As such, evaluating the
content of information is identical to evaluating the quantity of intelligence in each class of
information. We know that information is an entity that can be seen and touched; and that
intelligence is knowledge that is needed for solving problems. There is no way to observe or
directly measure this intelligence. It is possible only to observe and evaluate information with the
help of some accompanying phenomena that can be measured.
According to the basic tenets of Shannon's theory of information, we may see problems as an
event - as a system that we must understand. If we are to solve a problem, we must understand
the situation of the system. If we have complete knowledge about it, then we will be able to
affirm completely the situation in which the system resides and the problem will receive a
complete solution. On the other hand, if we have no knowledge about it at all, then we know
nothing about the situation of the system and the problem will not be solved to any extent. If we
have partial knowledge of a problem, then we only know the situation that the system might be
in. The problem may achieve a partial solution. Every time we obtain new intelligence (new
useful knowledge) from information, then the situation of this system becomes more certain to
us. The possibility that we can solve the problem becomes greater.
This proves that there is a close relationship between intelligence and the uncertainty of things.
Part of the process of knowing is activating information and obtaining intelligence from
information. The uncertainty of the situations of things is reduced through this process. For this
reason we can consider this uncertainty to be a measurement of how much knowledge we have
of this thing or this system. The degree to which uncertainty is reduced can be seen as a
measurement of the quantity of intelligence and as a standard by which to evaluate the content of
information. Suppose we know in advance that the probability of an event (a solution to a
problem) occurring is P1. After obtaining a certain amount of intelligence from information we
know that the probability of this event occurring is P2. (P2 is greater than or equal to P1.) Then
the quantity of intelligence that is obtained from the information is:
I = -log2 P1/P2

The unit of calculating the quantity of intelligence in this way is the bit. We may use the size of
the "I" value to evaluate the content of the information. Using "I" to evaluate the quantity of
intelligence matches our general understanding. If the specific problem of the user has already
been completely solved and the probability is 1, then any information that is collected has no
purpose for the user. When I is 0, there is much further to go before a solution to the user's
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problem is found. It is then easier for the user to find the necessary intelligence in the
information that is collected and the requirements of the user are more easily met. Finally I
would like to point out that the quantity of intelligence obtained from a class of information is
greatly affected by the individual intelligence level and knowledge background. The quantity of
intelligence obtained may vary according to the user or researcher.
III. Comprehensive Evaluations of Information
In doing retrieval work and in selecting information, retrieval workers consider not only their
own evaluations of the worth and content of the information. They must often consider some
factors like the category of the information, its external characteristics and its circulation utility
and make a comprehensive evaluation of the information. Here we introduce some principles and
methods for comprehensively evaluating information from the perspective of practical use.
1. Principles for Selecting the Evaluation Method. There are many methods we can use to
evaluate information comprehensively. In order to decide which method to use, it is important to
abide by the following principles.
(1) Ease of use. The method chosen must be made as simple as possible so that it can be used
fully or used for the most part. If the method is too complicated to use, then it will have little
meaning for daily retrieval work.
(2) Suitability for many classes of information. There are many classes of information, such as
documents, verbal information, real object data, machine-readable data, audiovisual data and
radio wave data. The evaluation method chosen should be suitable for evaluating various classes
of information; so that the evaluation results may be compared.
(3) The Principle of Quantifying. The method that is chosen should employ a certain degree of
quantitative analysis. These quantities may be used to assess the value of information.
(4) The Principle of Qualitative Adjustment. Because of the vagueness and relativity of the value
of information, human subjectivity may have an excessively large role in the assessment. It is
therefore necessary when choosing an evaluation method to use qualitative measures to adjust
the quantification and revise the results of the quantified assessment.
2. Index Systems for Evaluation of Information
(1) Reliability. How close the knowledge contained in the data matches actual practice
and real results. Only when information is reliable can it have considerable value for
activation. If information is not reliable, it will be less valuable to the user. In studying
the characteristics and conditions of the intelligence sources, an understanding of the
patterns of the external features may make it easier to judge the reliability of the
information content.
(2) Suitability. Suitability is how useful the knowledge contained is to the user. It refers
to the social and economic benefit after the information has been activated and
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scientifically processed by the user. The content of information must match the
intelligence needs of the user. Specific users need information of specific content. One
kind of information will be more useful to one user than it will to another. Investigating
the suitability of the information must be carried out with the research of the user's needs,
the information source and the information circulation in mind.
(3) Timeliness. Timeliness is both the originality of the content of the information and the
time it takes for the information to be transmitted from the information source to the
retrieval department. The time lag for national defense technology information is
generally quite large.
(4) Availability. Availability means how easy or difficult the information is to obtain.
The organ or individual that produces the information must protect their own political,
technical and economic interests. They must also often enact security measures in the
movement of some information. Hence there is public information, internal information,
confidential information, secret information and top secret information. The higher the
level of secrecy, the less available the information is. Market conditions may also affect
the availability of information. Generally speaking, once the reliability and suitability
conditions are met, classified information has the most intelligence. By contrast, national
defense technology information is rather difficult to obtain.
(5) Ease of Decoding. How easy is information for people to understand. Data are
encoded systems of symbols. There are all kinds of symbols and a great variety of
encoding methods. Some symbolic systems are easy for people to understand and others
difficult. Some decoding is easy, and some decoding is harder. For example the frequent
problems encountered in language and writing. People have no way of understanding
machine-readable data unless they are converted.
(6) The Network Element. Has information been adequately distributed in macrointelligence and mid-intelligence systems? Though certain information may have
considerable reliability, suitability and timeliness, if it already exists at a network point,
there is less need to obtain that information.
(7) Economics, or the price of the information. People are recognizing the commercial
attributes of information more and more. In fact, the intelligence contained in information
is not always in direct proportion to its price. At times, an inverse relationship may exist.
Nowadays, funds for information retrieval are short everywhere and the cost of
information is on the rise. People therefore pay more attention to the economic factor in
evaluating information.
At present it is not possible to find one best scientific and practical method or standard for
comprehensively evaluating information. The experience method of evaluation, however, has
been in use for many years and the theoretical quantification method is being studied.
3. The Experience Evaluation Method. This is mainly conducting evaluation based on the
practical experience of the retrieval worker. This method is the one used most frequently and
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most extensively in actual retrieval work. When a retrieval worker selects information, it is not
always a choice made according to a qualitative or quantitative evaluation of information.
Frequently the decision is made according to experience. The experience evaluation method is
simple to use, but because the experience, history, and knowledge background of the retrieval
worker restrict it, it is not easy to evaluate information completely and accurately. It is possible
that individual preference will affect the decision.
4. The Individual Scoring Method. First a system of indices for evaluating information is set up.
Each index is assigned a set of standards, and then the retrieval workers assign a point value to
each index. Then the scores of each index are added up for each of the various classes of
information to give the overall score for a class (or category) of information. Finally qualitative
revision is done according to the total point value and ordering and selection of the information
can be completed. Because the users of some specified information have expectations and
demands for each index that is evaluated, it is possible to weight the various indices according to
their importance. The score of each index is multiplied by the index weight and then summed to
give the total. This evaluation result is more likely to be to be closer to the actual situation.
In its essence, this evaluation method combines both qualitative and quantitative methods.
Though it reflects a comprehensive evaluation of information to a certain degree, the method is
still very rudimentary, and not very accurate. The main reason is that the scoring is still very
subjective. The individual evaluator's work history, knowledge background and understanding of
the standards for the index are all unique. The evaluation results may therefore have low validity,
or even lead to an opposite conclusion. The method of direct evaluation by the individual
however is convenient to blend with the experience evaluation method, and will certainly
provide some practical reference verification when selecting information.
Organizing evaluation committees of retrieval workers in theory would make the evaluation
results more accurate. Each committee member would separately score each data set according to
his or her own evaluation program. All of the data would be statistically analyzed and then put in
order by the final point total. Granted this method of evaluation to a certain extent eliminates the
deviation due to human individual differences. However, Since this method is rather troublesome
to use, it does not have very much real significance for retrieval work.
5. Fuzzy Evaluation Methods. Fuzzy mathematics studies and processes vague phenomena. The
value of information has such vagueness, so the evaluation of information is also vague. The use
of fuzzy methods to evaluate information has drawn much attention.
(1) Basic Assumptions:
- Acknowledging that evaluation of information is vague, and believing that methods of fuzzy
mathematics may turn the vague evaluation into precise measurement.
- With a focus on the comprehensive result of factors, emphasis on overall optimization.

- Belief that the evaluator can use vague information and his or her own knowledge and
experience to make the correct decision.
- Use of computers to process information quickly, accurately and reliably.
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(2) Arranging the evaluation committee. An intermediate link is needed to quantify the fuzzy
evaluation. The judgments and opinions of the members on the committee form the basis of the
quantification. Since the information is evaluated for retrieval purposes, the committee is
composed mainly of retrieval workers. The committee members should be appropriate for the
task. The committee should have authority, be representative and be just.
(3) Setting up the index system and its standards. Due to the many classes of information, there
are many indices that need to be assessed. The goal is to address the key conflicts, and make the
system of indices detailed and complete, so that it can fully reflect the objective value of the
data. The system must not excessively increase the amount of data processing, yet the evaluation
indices must also be set up to reflect the objectivity, transmission ability and capacity for
activation of the information. The indices must not be overloaded and should be easy for the
evaluators to understand. These are the difficult points in selection. For example, the following
eight indices might be chosen for evaluation: reliability, appropriateness, originality, timeliness,
availability, ease of decoding, network attributes and economy. When appropriate some of the
less important indices may be disregarded.
After the evaluation indices have been decided, each index must be divided into levels, such as
"extremely", "very", "generally" and "not". Then each level of each index is given content of
principle. This gives the reference standards table for evaluating the indices. With this table, the
evaluators can evaluate the information by making a check mark for a certain level of a particular
index of the information that is evaluated. The single-factor fuzzy matrix can be obtained
according to the judgment results from the committee. If eight indices are being evaluated, and
there are four levels, then R is a fuzzy matrix with eight lines and four columns.
(4) Determining the Weight Coefficient. Considering only the factors in the matrix is not enough.
Because the importance of each index and its influence on the value of the information vary from
one index to another, it is necessary to assign a weight coefficient ak to each index. Various
methods may be used in determining the weight coefficient ak, such as the experience method,
the Delphi Approach and the voting-statistical method. If there are m evaluation indices, then
A = ( a1, a2, ... am)
If there are eight evaluation indices, A is a fuzzy matrix with one line and eight columns.
(5) Setting the mathematical model. Once we have the evaluation index matrix R and the weight
coefficient matrix A, then we may obtain the fuzzy evaluation matrix B per the fuzzy
comprehensive evaluation method.
r11

r12 ...... r1n

B = A Fn R = ( a1, a2, ... am ) ( r21
rm1
rm2 ...... rmn

r22 ...... r2n )

= ( b1, b2, ... bn )
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where b1 is the sum of the first level for all the indices, and b2, b3, ... bn for the subsequent levels.
bj is less than or equal to 1. The comprehensive evaluation matrix uses a value between 0 and 1
to express the overall evaluation result given to the particular information category by the
evaluators.
(6) Determining the Evaluation Standards. In order to sequence and compare all the information
that is being evaluated, it is necessary to do another weighting. This second weighting matrix is:
F =

f1
( f2 )
fn

where fj is the weighting of the jth level. Adjoining matrices B and F gives
f1
G = B Fn F = ( b1, b2, ... bn ) (f2) = b1f1 + b2f2 + ... + bnfn
fn

This is the comprehensive score for the evaluated information.
The fuzzy evaluation method is simple and easy to use because all the evaluators need to do is
make a check mark. This evaluation method may be used on many classes of information and the
results are reliable. It may also be used in coordination with qualitative evaluation methods.
This method of evaluation has potential application value in the actual work of evaluating
information.
Section Seven -- Present State of Technological Information & Trends for Development
Many scholars have done analysis and prediction related to the present state of technological
information and trends for development using "documents" as an indicator. They have pointed
out: the exponential growth of the quantity of documents, the overlapping of document content,
the scattered-ness of documents, the decrease of time before documents are no longer useful, the
diversity of carriers, the continuing increase of languages, the rapid increase of translated
documents, the increasing trend toward industrialization and the increasing seriousness of the
"time lag" problem. I would like to set forth some ideas on the present state and trends for
development of technological information from the broad perspective that information is
materialized knowledge which also reflects PRC DSTI thinking.
I. The Rapid Increase in the Production of Information
At present, the human store of knowledge is very abundant and is becoming more plentiful all
the time. As a material sign of humans knowledge, the rate of production of information has
continued to increase rapidly, and the speed is increasing all the time. This has led to the great
variety and quantity of information today and the consequent challenges of finding the right
information in this new sea of data. The rate of increase of information is not the same for the
various fields. The rate of increase of information in science and technology is higher than that
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of basic sciences information. For a long time, high technology information has been produced
more rapidly than general science information.
II. The Proportion of Machine-Readable Data Increases Daily
Nowadays people still frequently use vision and printed materials to access information. There is
a clear trend toward an increasing proportion of machine-readable data. There will come a day
when the main way in which people utilize information is on the foundation of machine-readable
data. A technological revolution is occurring in the world today. The central content of this
revolution constitutes the nation's and even the world's information systems. In the future people
will no longer rely solely on their brain memories in doing information work. Instead, humans
will join forces with information systems and computers. The memory and search tasks will be
allotted to information systems.
The only requirement is that the speed at which knowledge is turned into matter be rapid, that the
data can be transmitted quickly from the information source to the user and that information can
be found rapidly in the data banks and databases. All of these tasks are easily achieved with
database information if semantically contextual. Machine-readable data fits the information
society.
It will therefore develop rapidly in the PRC; gaining DSTI special support and the protection of
state policy. The quantity of databases produced is ever increasing and new electronic books,
magazines and newspapers appear all the time. They have become the main way in which
younger people access information. These electronic media, however, will never completely
replace visual materials. The information that humans can examine with their eyes will always
coexist with information that is "examined" by machines. The two will complement each other
and have areas in common.
III. The Extensive Future of Miniaturized/Alternative Materials and Media
Miniaturized data are printed materials that have been reproduced in miniature on a
photosensitive medium – still in vogue for HUMINT operatives abroad. The main kinds of
miniaturized data are microform, microfiche and micro-cards. In recent years, laser holograms
have also appeared. Miniaturized data have small volume, are easy to transmit and are
inexpensive. They are growing in popularity among retrieval workers. The following two factors
contribute to the broad future of development for miniaturized data:
1. In contrast with printed items, miniaturized data is now easily integrated with computer search
systems. Miniaturized data may become a scan-able input film or output film for computers; thus
significantly increasing the speed at which the data is processed.
2. Holographic data that are produced using laser hologram technology made high-density
storage possible. The development of fiber optics transmission technology increased the value of
miniaturized data tenfold.
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IV. The Status and Role of Verbal Information Increases Daily
Verbal information is an important component of information that has always been valued. When
people have a problem, they first hope to solve it through direct verbal communication. The
specificity of verbal information is strong, transmission is fast, and feedback is immediate. These
assets are acknowledged the world over. Social media such as Facebook or Twitter have
moderated this trend to migrate toward digitized and wave-transmitted text messaging. The
following reasons account for the high status of verbal information in the information age:
1. Telephone technology, satellite communications technology and other such modern
communications methods (e.g. VoIP) have made it possible for people to have direct
verbal communication though they may be 10,000 miles apart. The advance of
modernized transportation--in particular the aviation industry--has shrunk the distances
between people and increased the opportunity for face to face direct verbal exchange.
2. The progress of artificial intelligence technology and the launching of the next
generation of multi-core processor computers have made direct dialog between humans
and machines possible. One day it may become possible for machines to directly
understand and process human natural language better. That will lead to a great increase
in the status of verbal-derived information.
3. Security is very important for knowledge concerning national defense science and
technology. The private ownership of know-how knowledge is more and more
pronounced. When information of this nature is desired, verbal information is often the
most helpful. There are frequent occurrences of "laying bare a secret with a single
remark".
These days, verbal exchange activities are more frequent. Every year there are thousands of
international conferences on technology scholarship and technical exchange. The range and
frequency of such activity is high for scientists. In the past, China's technical personnel, for
various reasons, have had very limited opportunities for international interaction. As the state
policy of reform and opening-up has been put into practice, however, the situation has improved
immensely. Scholarly and technical exchange within China faces many new problems due to the
trend of commercializing technology, however.
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PRC National Defense S&T Intelligence Sources Discussed
In the course of the development of information science and the study of collection, people will
inevitably come up with different views regarding various concepts. This is quite normal, and
academically we should permit everyone to express his opinion. The question of the concept of
"information sources" is one of the hot topics in information science circles. The Chinese DSTI
personnel are deeply interested in it; and explaining this concept clearly has important
significance for the development of information science. However, because information science
is an evolving field, people are not consistent when it comes to their definitions for the question
"what is information?" In the No. 1, 1983 PRC issue of the "Journal of Information Science"
there was an article by Huang Huihuang in which he listed 37 explanations of the definition of
information. Therefore, even at present some PRC subject matter experts (SMEs) have differing
views on the concept of "information sources" and their explanations are not the same in the
literature. Some journals in the information science field in China have columns devoted to a
discussion of this topic.
PRC DSTI practitioners believe that, in order to arrive at the correct interpretation of the concept
of "intelligence sources," they must first come up with a fairly scientific definition for the
concept of "intelligence." They believe that professor Qian Xuesen's definition, which he
summarized by saying that "intelligence is the knowledge required to understand a particular
problem", is fairly scientific. Let us consider and analyze the question premised upon this
definition. What is particularly more important among the PRC literature debates is: studying the
concept of "intelligence sources" from an overall and systematic perspective. By studying it
based on their experiences in (now) more than 30 years of work in S&T information, while
focusing on the developments that will be made in the days to come in S&T information IAW
their publicly available strategic plans, we arrive at a notion about their ―timely new concept‖.
The PRC does not advocate following foreign definitions indiscriminately, because on one hand
the foreign concepts are quite inconsistent in their view. On their other hand: foreign dictionaries
and the translations of foreign monographs have limitations such as one word having multiple
meanings or the translator having some specialized knowledge or understanding (so the writer's
concept is not necessarily expressed accurately; which can easily lead one down the wrong path)
This is particularly true in newer academic disciplines.
Obviously, we have the same issue in reverse. Therefore, PRC manuals dictate DSTI personnel
should certainly ―…study such reference works, but must not follow them slavishly; not allowing
them to restrain us too much and most importantly we must proceed with our practical work in
mind - elevating our emotional knowledge into rational knowledge and proceeding to establish a
scientific theoretical concept system for information science, the study of information and the
study of collection‖. Earlier, I had already laid out some basic perspectives regarding our
understanding of PRC DST-Intelligence sources and information sources. In this volume, I will
discuss these adversarial viewpoints specifically; and in somewhat more detail.
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Section One -- Examples of the Concept of Information Sources Most Commonly Seen in
China and Elsewhere
I. PRC Use of Several Typical Formulations in “Foreign” Information Management Circles
1. In 1976 the United Nations Educational, Scientific and Cultural Organization (UNESCO)
published a book called "Terminology of Documentation, and this book of terminology provided
the following definition for "information sources": "Sources of information obtained by
individuals to satisfy their information needs are known as information sources." Putting this in
everyday terms, information sources are where information comes from.
2. Based on the "Chinese-Russian-English Dictionary of Information Science" published in 1982
by the Scientific and Technical Documents Publishing House, Soviet information scholars
believed that "Any system which produces information or which holds information for the
purpose of transmission is known as an information source." In terms of PRC‘s subsequent
understanding; what they are referring to here as information sources are facilities such as
research institutions, libraries and information offices.
3. In "Information Sources for Research and Development -- Use of Engineering Literature"
edited by K. W. Mildren Butterworth and published by Publisher, Ltd., British information
scholars held the following views: They viewed academic societies, academic bodies, research
institutions, colleges, periodicals and books, etc., all as information sources; and they viewed
information carriers as the most direct source for users to acquire the actual information.
4. In the 1982 book "Organization and Methods in Information Work" by the Soviet writer R. N.
Uvanov, the author equated "information sources" with "documents," and this book was
approved for use in institutions of higher learning by the Soviet department in charge of higher
education and specialized secondary education.
5. In 1980 the Polish scholar A. Baomeikaersiji wrote in "Information Systems in Scientific
Research" that "The concept of information sources can be understood as places which produce
or have information for propagation purposes (systems; organizations; institutions), or
documents which contain information (scientific; technical and economic information; as well as
reports regarding scientific, technical and economic achievements)." That is, he viewed
institutions and documents as information sources.
II. Several Typical PRC Views Among “Domestic” Information Circles
1. Information sources means where information comes from. S&T periodicals, conference
records, S&T reports, government publications, academic degree treatises, S&T books,
standards, product samples, patent documents and others (such as newspapers, technical archives
and drawings, etc.) are known as the 10 major information sources.
2. Information sources, that is, where information comes from, does not merely refer to the 10
kinds of documents in (1.) above, but also includes material information such as verbal
information and samples, etc..
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3. Information sources do not equate to sources of intelligence in that information sources should
be the wellsprings which produce intelligence. Specifically, the latest scientific and technical
achievements produced and created in the history of man which have not entered the
transmission process.
4. Information sources are all the public institutions or individuals which can produce
information or answer difficult questions. For example: research institutions, academic societies
(associations), colleges and universities, production firms, libraries and information facilities,
document search tools and compilation units, specialists and scholars, etc..
5. What information sources refers to are the institutions and bodies which produce and transmit
various kinds of actual information. This not only includes research institutions, libraries and
information offices and companies or enterprises, but also includes documents and objects in
various carrier forms, as well as specialists.
III. Analytical Comparison
In taking an overall look at the typical formulations of information circles in China and
elsewhere regarding the concept of information sources, it is not difficult to see that several of
their domestic ―views‖ are basically imported directly from overseas or formed through minor
modifications after being imported. There is nothing strange about this, because the pace of their
studies of information science had lagged that of foreign countries; and importing some
knowledge is necessary (as well as beneficial).
The first kind of typical ―view‖ in China is to limit information sources merely to documents.
This view was seen often in some information science treatises and books in the early period in
China (the 60s), and its inertia effect continues to this day. One readily acknowledges that this
concept is justifiable; given China's historical conditions at the time; that is, with the United
States, the former Soviet Union and other western countries implementing technological
embargoes against China. Furthermore with PRC simultaneously implementing (then) closeddoor policies; the primary means by which PRC S&T intelligence personnel obtained
information was by reviewing the open commercial literature…and found it quite satisfactory.
From today's perspective, China‘s old focus was obviously too narrow, as it ignored informal
exchange processes and also other non-documentary forms of information sources. Developing
collection operations under the guidance of this archaic kind of understanding resulted in
searches which laid too much emphasis on things that are "substantial," which is to say, a
tendency to overemphasize published materials in their searches. Meanwhile the study of
generation and dissemination stayed dormant; ignoring that which should have been emphasized
in the modern information age such as "virtual" collection leads. This was a common failing
among many information units in China during the previous period.
In addition, the focal point in the differences in the various other concepts of information sources
is whether or not research institutes, academic societies (associations), government
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organizations, companies and enterprises, libraries and information offices or other such
institutions (including specialists and scholars; hereafter referred to simply as institutions) are
information sources. Some PRC DSTI personnel think that only "institutions" are truly
information sources, while the information source concept of others in the literature refers
specifically to information carriers involving various document and non-document forms. Yet
emerging as a prevalent concept is that institutions and information carriers involving various
document and non-document forms are all information sources.
Bringing up the "institution" question represents a PRC breakthrough in the traditional
perspective on collection work that has been around for many years. For a long time, their
collection workers have been accustomed to targeting various literatures, studying their types,
characteristics, functions, current situation and development trends while there has not been
enough study of the "institutions" which produce and transmit this literature. They had been
accustomed to providing the literature they have collected from various places to the users, but
have neglected to introduce the "institutions" which are the sources that produce and transmit
this literature.
Bringing up the "institution" issue also represents a breakthrough in PRC DSTI artificial
boundaries, so that literature and non-documentary information, research and production units
and librarians or information technology departments all appear within the field of vision for
S&T R&D personnel along with intelligence information workers. Undoubtedly this has played
an enormous role in stimulating and promoting the development of information science in China;
particularly the formation of the study of collection itself. It may be said that posing the
"institution" issue indicates a milestone for subsequent in-depth development utilizing
knowledge engineering as a core disciplinary competency.
Section Two -- Categories and Characteristics of PRC DST-Intelligence and Information
Sources
Below, I will outline the PRC‘s understanding of the concepts of intelligence sources and
information sources. The theoretical basis for their argument is that intelligence and information
represent two different concepts which are both interrelated yet mutually different; and that
intelligence does not equal information. Intelligence is the knowledge required to resolve
specific problems; it is special knowledge which has been extracted from information, while
information is the wellspring of the extracted intelligence, the raw material for active knowledge.
I. Intelligence Sources
1. What Does the PRC Mean By the Term Intelligence Sources?
Intelligence sources are the sources which man relies on to acquire intelligence. Intelligence, per
se, is only stored in three forms: One is when it exists in memory in the human brain (i.e. tacit
knowledge), from where it is propagated through speech as verbal materials - with people
obtaining it through conversations, discussions, listening to reports and other such modes. Two is
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when it exists in physical materials (such as products, prototypes and samples, etc.) or when
people obtain it through observation, surveying and mapping and other modes. Three is when it
exists in what is commonly referred to as readable data (including the PRC dogmatic ―ten major
types‖ of documentary data, audio-visual data, photo-electric data, database data, etc.). DSTI
personnel acquire it through reading (directly or in machine-readable form) and analytical
(contextual, semantic) research. Together, these three forms of information constitute the source
of intelligence. The three fundamental characteristics of intelligence sources (i.e., information)
are that they objectively contain "specific knowledge" which "can be transmitted" and "can be
acted upon" (i.e, objectivity, transmissibility and actionable).
2. Categories and Characteristics of PRC DSTI Intelligence Sources
There are various methods and standards to categorize PRC DSTI intelligence sources and by
relying on different pre-conditions, they can arrive at different categories. If they are
differentiated based on the specialty involved in the knowledge being transmitted, they can be
divided into the chemical area or the electronic area, etc.. If the differentiation is based on the
industry or trade involved, they can be divided into industrial intelligence sources, commercial
intelligence sources and scientific research intelligence sources, etc. If they are categorized
according to the intelligence requirements of the users, they can be divided into strategic
intelligence sources, tactical intelligence sources, technical intelligence sources, shared
intelligence sources or specific intelligence sources, etc..
If the differentiation is based on the processing levels of the knowledge being transmitted, they
can be divided into zero-order data intelligence sources, primary data intelligence sources,
secondary data intelligence sources and tertiary data intelligence sources. If the differentiation is
based on the symbols involved for knowledge in material form, they can be divided into
character-symbol intelligence sources, audio-symbol intelligence sources, video-symbol
intelligence sources, engineering-symbol intelligence sources or electromagnetic-symbol
intelligence sources, etc.. In addition, they can also be differentiated based on whether people
can sense or perceive them directly.
Because intelligence sources are what mankind depends on to obtain intelligence, and
intelligence comes from information, information is thus the source of intelligence, so in reality
intelligence source categorization methods are information categorization methods. Below I will
outline the form in which PRC DST-intelligence is stored as the categorization precondition to
discuss the respective characteristics of verbal information, physical information, documentary
information and database information (from their viewpoint). Analyzed based upon the three
fundamental attributes of intelligence sources; verbal information has the following advantages:
(1) The intelligence it contains is newer than documentary information. In many cases, it is the
latest intelligence that has not yet been turned into publicly disseminated documents.
(2) It is transmitted quickly. Documentary information has no way to compare to it. From the
time S&T personnel achieve partial results to when their work is entirely finished, they have
written the system documents, and this has been disseminated by the publishing and issuing
units, it generally requires two to three years. In the case of verbal exchanges, however, it not
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only does not require fancy writing, it is also not limited by the publishing cycle, so the
transmission speed is much faster. Today, with the rapid developments in communications
technology, the advantages of rapid transmission are increasingly apparent.
(3) It has good activation characteristics, and it is easy for S&T personnel to extract intelligence
from it. First, this is because it is highly focused. The party presenting a lecture or the two parties
in a discussion are lecturing or having a dialogue within the bounds of a determined topic and
obtaining intelligence from a colleague who is studying the same topic is clearly more suited to
one's needs and much more convenient than searching through the relevant sections scattered in
hundreds or thousands of documents. Second, because the feedback in verbal exchanges is rapid,
when there is something you don't understand, you can ask about it in order to clear it up; and
when you find some new intelligence leads, you can pursue them.
The recipient of verbal information can perceive the tones, expressions, and gestures of the
speaker directly, thereby understanding things which cannot be conveyed -- or cannot be
conveyed entirely -- in writing. Verbal information often contains numerous details which are
not included in treatises, and these are frequently things which the recipients need. The
development of the modern communications industry makes it even easier to capitalize upon the
inherent advantages of verbal information.
The drawbacks of verbal information are:
1) Although it is transmitted quickly, it has a short life span. When people are
talking their speech disappears immediately, which is not conducive to
pondering the contents.
2) Furthermore, the dissemination area is narrow and only a few people can make
effective use of it. In the process of being transmitted to a third party by a
person involved directly in the exchange, or with the passage of time and the
attenuation of one's memory, it may be distorted or gradually fade away.
3) The opportunities for getting verbal information directly are invariably limited,
and are somewhat random in nature. Furthermore, it requires a relatively high
level of the spoken language on the part of the user.
4) There was no way in the past to use search tools to find verbal information but
now speeches and videos are prominent on the internet...but these are not the
same as HUMINT interviews, insider wiretaps or bugging (eavesdropping)
operations.
The advantages of physical information are:
(1) The intelligence contained is real, directly observable and concrete. By comparison with
imported technology and equipment, it costs less and one sees faster results. Speaking from this
perspective, it is a source of intelligence which is worth particular emphasis to the Chinese.
(2) Its activation characteristics are superior to those of documents; because, for one thing, it is
highly focused and for another it represents a concrete physical entity that can be used for
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surveying and mapping, laboratory testing and analysis. Naturally, to extract the intelligence
embodied in a physical object requires that it undergo complex analysis and study (reverse
engineering, e.g.). If the academic or technical levels of the specialists are not sufficient, at times
it may even defy analysis.
The disadvantages of physical information are:
(1) The costs are relatively high. It can only be collected in small amounts in a targeted
manner. Furthermore, you may only be able to look at display items during an exhibit
where you can't take them apart - so you can't analyze them fully.
(2) The transmission speed is slower than that of verbal information and even slower yet
than that of documentary information.
The advantages of documentary information are:
(1) The quantity is enormous and it is rich in content; epitomizing nearly all the principal parts of
the what is required by the DSTI function.
(2) It has good transmissibility. It can be disseminated widely, accumulated systematically,
stored for a long period, and used directly.
(3) At present there are sufficient search tools.
(4) The price is fairly low.
The drawbacks of documentary information are:
(1) Its action-ability is not as good as that of physical information or verbal information.
(2) The transmission speed is relatively slow; as these physical artifacts or microfilmed
facsimiles have to be smuggled out and duplicated in-house.
The advantages of database information are:
(1) Using database information to conduct searches can save greatly on time and effort.
(2) It ensures that searches are relatively complete and accurate.
(3) Database information storage density is high, greatly saving on storage space.
(3) Considerable flexibility. The data contained can be augmented and modified at any time.
Greater indexing depths can be attained. The data can be applied in a flexible manner and
multiple-path searches can be conducted.
(4) Integration with advanced computer technology facilitates on-line, real-time processing.
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(5) Integration with modern communications technology facilitates remote and timely
transmission.
(6) It is characterized by a one-time input and multiple outputs. It is not necessary to make a
copy of the output, as it can be printed directly by the computer or transmitted long distances via
communication networks.
The greatest drawbacks to database information are:
(1) It cannot be perceived or recognized directly by humans.
(2) Data security is complex.
(3) The investments are considerable.
In comparing these various kinds of intelligence origins/media (although each has its advantages
and drawbacks) because of the enormous quantity of documentary information and the fact that it
is relatively inexpensive, it is in wide circulation around the world, it can be accumulated
systematically and stored for a long time - its use as a major way of obtaining PRC DST
intelligence is inevitable. These several points are aspects which the other kinds of information
(such as verbal and physical information) cannot match. To date, and for a fairly long time into
the future, this will still be the most effective and common means of PRCs accumulating and
disseminating intelligence; representing the most fundamental and important source for obtaining
intelligence and the one which is most favored by Current PRC S&T personnel. It is now the
primary material foundation for PRC S&T intelligence work. Nonetheless, it should be pointed
out clearly that, from the perspective of development trends, the importance and role of verbal
information (HUMINT) and database information (OPEN SOURCE or Cyber-espionage) as
sources for obtaining intelligence are becoming increasingly prominent, and they will play an
ever-greater role toward 2020. In today's world, the more developed a country is with regard to
science and technology the more importance it attaches to and the higher the utilization rates are
for verbal information and database information. S&T personnel in third world countries,
however, including Chinese S&T personnel, often overemphasized documentary information and
underestimated the role of verbal information, while in the case of database information there
was a sense of mystery or, because they didn't want to deal with query language learning curves
(an age related phenomenon we can relate to).
3. Characteristics of Intelligence Sources. The characteristics of intelligence sources can be
summarized simply in the following four points:
(1) Relative
The relativity of intelligence sources is primarily manifested in the relationship between the
"source" and the user. In the eyes of some PRC DSTI personnel, what is considered a "source"
may not be seen as such by other functional specialists. For example, a biologist's intelligence
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sources have absolutely no significance through the eyes of a weapon's specialist, so they do not
constitute "sources". To be sure, the value of a given intelligence source to a given user depends
on the quantity of intelligence that it can provide, but at the same time one must also note how
much intelligence can be extracted from the said intelligence source by the user - which is also
related to a great extent to the intelligence of the user and his background knowledge. This is a
very key viewpoint, as it motivated the PRC to pursue knowledge engineering techniques to
provide contextual searches from the frame of reference of the inquirer, while taking advantage
of all linked data and machine-analyzed relationships among information sources.
(2) Cumulative
The cumulative nature of intelligence sources is manifested in the cumulative nature of objective
knowledge. If this cumulative aspect is lacking, the development of science and technology is
extremely slow and a modern culture and ideology and S&T achievements may possibly be
thousands of years away. The more a system is used and contributed to, it generates more
provenance in knowledge so that the user community can spend more time looking for insights
and wisdom rather than facts…and with modern software, the system can push information to
the end-user depending upon their role (e.g. Amazon book recommendations) The PRC ―gets‖
this point in a foundational way for its DSTI activities.
(3) Complex and Varied
Whether viewed from the types of intelligence sources involved or the value of the intelligence
stored, they are all extremely complex and varied. Compared to other material sources, there is
no comparison in the degree of complexity and variety.
(4) Reproducible
Intelligence sources are not the same as other material "sources" which produce energy directly,
such as power sources, water sources, heat sources, etc. (in that most material "sources" are
easily depleted and cannot be regenerated). Most have a one-time effect and, when used (if they
are not lost through depletion), they are lost through conversion and therefore as an overall
resource - or - the more it is used, the less of it there is. Intelligence sources, however, are
different. Once it is used by the first person, second and third parties can still use it. If used
properly, not only will there be no ―drying up‖ phenomenon but also it will increase in utility the
more it is used. Therefore we say that intelligence sources are miracle "sources" which never run
out or become used up…however there is a ―shelf-life‖ issue (i.e. relevance) which knowledge
base business rules must be written to address.
II. Information Sources
1. What Does the PRC Mean By the Term Information Sources?
An information source is any system to produce, transmit, store or disseminate information
according to the PRC training manuals. “For example, the China Defense Science and
Technology Information Center is a system which produces, stores, and disseminates
information; so it is an information source. The China National Publications Import and Export
Corporation is a system which disseminates information; so it also is an information source.
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Through the electromagnetic wave propagation of audio-visual information, radio and television
stations are information sources. Specialists and scholars can produce verbal information as
well as written information; so they are information sources. The Lockheed Corporation in the
United States produces information; so it is an information source (it also has a Dialog database
system to store computer-recognized data which is capable of on-line dissemination; so the
institution that has this type of database system is also an information source)―.
2. Essential Characteristics of Information Sources
There are two essential characteristics of information sources to the Chinese: one being that they
produce, store or disseminate information and the other being transmission. The "transmission"
feature has attracted particular attention. One person may have an incredible abundance of
knowledge in his brain, but if he does not speak or write articles, he cannot be considered an
information source. Museums collect or store many display items and these display items are
also physical data sources, but this physical data is not for transmission - therefore museums
cannot be called information sources.
3. Customary Forms of Information Sources
In China, an information source is a system; and the form it customarily takes is that of an
institution or group. For example, government departments, research units, corporate enterprises,
colleges and universities, libraries, information offices, intelligence centers and information
centers, etc.. Specialists and scholars are capable of producing information individually and,
when they transmit this to the outside, they are information sources. However, with the advent of
the information society and the increasing modernization of science and technology, the role that
individuals play in the creation of modern S&T achievements is becoming ever smaller and often
this role is played by a group. Furthermore, after their latest knowledge takes material form as
information, with respect to transmission it is constrained by the system where they are located
(including the government, work units and publishing departments, etc.), therefore, from an
overall perspective, specialists and scholars fall into the system category.
Throughout China‘s DSTI advancement towards research and development for information
sources, they first considered the information source as a system from an overall perspective and
this was particularly/emphatically true in their embracing collection of open-source information.
―When carrying out internal data collection, in addition to conducting an investigation of the
information source system from a macro-perspective, we should also conduct investigations from
a micro-perspective of the positions, functions, attitudes, psychology, and other such aspects of
the individuals in the system, as only then will we be able to obtain useful information. ―
To summarize the above, the PRC includes government departments, research offices, corporate
enterprises, colleges and universities, libraries, and information offices and other such
"institutions" in the information source concept category but not in the intelligence source
concept category. As they state in their own manuals, this "institution" issue is the focal point of
the differences in several typical intelligence source concepts in China and elsewhere. Therefore,
I would like to focus on a discussion of their (PRCs) interpretation a bit.
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The theoretical basis for their argument is that intelligence and information represent two
different concepts. The source of intelligence is information, but information is not intelligence.
When a certain research institution has a certain research achievement, it shows that they have a
new understanding of the objective world and have created knowledge -- intellectual wealth. By
undergoing a transformation into material form, this knowledge becomes information and, under
certain external pressures, begins to circulate and be transmitted in society; flowing into the vast
sea of knowledge created by their predecessors.
In the case of PRC S&T workers, DST-intelligence research personnel and end-users, even if the
research results of the said institution are precisely what they require, they must still first find it
in the vast sea and fully assimilate and understand what it contains before they can extract the
specific knowledge that they require -- intelligence. Obviously what is first transmitted to the
hands of the user is information, not intelligence.
Therefore, strictly speaking, the
aforementioned research institution is considered by the PRC an information source producing
information, not an intelligence source directly producing intelligence. Similarly, in the case of a
library or an information office, what they are storing and transmitting is information, not
intelligence. Therefore, strictly speaking, they are information sources, not intelligence sources.
―By way of specific examples, there are a number of famous think tanks
in the world, such as the RAND Corporation in the United States, etc.
They accept consultation topics from clients and conduct research on
their behalf, as well as searching for optimal schemes or designing
systems for them. They formulate development programs for their clients
or make proposals. From a micro-perspective, the final reports that they
submit to the clients should be considered intelligence; regardless of
their quality, authenticity or feasibility.
Here, the role that is being played by the intelligence research personnel
in the think tanks is that of an agent. They are acting on the user's behalf
in searching for information, activating the information and extracting
intelligence from the information. However, after the final report is
submitted to the client, generally speaking, the client will not accept it
blindly by any means, but will want verification and review.
Furthermore, if this final report is published and circulates through
society, then as far as third parties are concerned, it is not intelligence,
but information. For the possessor, it may be extremely valuable
reference data, but for others it may be information that is of absolutely
no meaning at all.
As an example; for national defense S&T workers in the People‘s
Republic, a research report by the RAND Corporation regarding
municipal development represents data that they don't even want to read.
So, viewed from a macro-perspective, the products which come from
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these think tanks are still information as far as the public is concerned,
not intelligence, so it is a bit more reasonable to consider it an
information source than an intelligence source. ―
True intelligence sources are information. Some personnel in China relate "institutions" and
"information" with "reservoirs" and "canals," or "power stations" and "transmission lines," and
using this metaphor, "institutions" are general sources of intelligence while information
represents the intelligence source branches. Actually, there is a clear difference in the
relationship between information and intelligence and that of "reservoirs" and "canals."
"Reservoirs" and "canals" are both sources of water, while "power stations" and "transmission
lines" are both sources of electricity and if you open the "control gates" or the "switches," water
or electricity pours forth and it can be used indiscriminately as is.
However, the information flowing from research institutions, information agencies or publishing
houses is information in various categories; and what is spread out before the user is a vast sea of
data which cannot at all be used as is. One must select and activate it before intelligence can be
refined from it, and furthermore this is closely related to the quality of the user. What flows
continuously from "institutions" is information which contains intelligence, while what circulates
in society is a data stream which contains intelligence, but it is not a true stream of intelligence.
While one may treat these "institutions" as sources of intelligence, they are only "sources of
intelligence in a broad sense," which is to say, "an extension of the concept of intelligence
sources." Such formulations are not as clear or scientific as the "information source" concept.
With the deepening development of information science and the study of collection in the PRC,
it is necessary for them to propose or clarify some new concepts in a timely manner. Wording
which falls into the category of "in the broad sense" or "by extension" invariably gives one a
vague feeling that there is something the Chinese DSTI apparatus yet does not grasp nor see.
Section Three -- Output Characteristics of Information Sources
When engaging in information collection, it is necessary to focus on the output characteristics of
sources of research data as only in that way can we "exploit the source" and "introduce it"
effectively.
I. Special Features of Output Content
From a macro-perspective, the information which is output by an information source has specific
scientific and specialized contents; which is closely related to the nature and specific mission of
the information source. From a micro-perspective, each bit of data which is output represents a
summary of the specific knowledge of a specific person at a specific place and time. To improve
the focus of the collection work, it is necessary to study the specific characteristics of what is
output by the information source. When users pose a requirement to collection personnel, they
can suggest a range for what is needed, and they can also clarify the content of the information.
As such, it is something produced by a certain person at a certain time.
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II. PRC Reducing Their Dependence on Output Forms
Different information sources put out different types of information. Regardless of the form of
the knowledge that is output, it invariably relies on a certain carrier medium. Although the
knowledge may have the same kind of content, it can use different carrier mediums for the
output. For example, the AD report still sold by NTIS (National Technical Information Service)
in the United States comes in both book and digital forms. The same is true for the historical
U.S. military standards; even though many were rescinded by policy or made obsolete by
commercial standards. The U.S. Naval Printing and Publishing Center, for example, sells them in
book and electronic form, while the American National Standards Institute also sells them both
in book and digital form for industry reference. The U.S. Information Processing Service Corp.
sells them in CD-ROM form, while the Global Engineering Documents company in the United
States can output a by-section or multiple-sections of the military standards data in book form;
depending on the user's specific requirements. Therefore, the PRC DSTI collection personnel
definitely studied the dependence on carriers of the knowledge output by an information source.
The Chinese determined that: ―Based on various pre-conditions, giving consideration to what
information source to use, what form to collect it in, and what type of carrier form the
information will be collected in can result in greater technical and economic benefits‖.
III. Multiple Output Channels are Harvested by PRC DSTI Personnel
Since an information source is involved, it is necessary to transmit the information externally,
but in the PRC their transmission channels are not necessarily limited to one route. When
studying information sources, collection workers emphasize studying their output channels;
which are also the channels through which they can import information. They have a clear idea
of what their primary output routes are, and what the secondary output channels are. For
example, NTIS in the United States is itself a commercial institution which sells information, so
it has been used by the PRC as a primary route itself for the output of information. Then there is
also the American Institute of Aeronautics and Astronautics (AIAA); itself serves as the primary
output channel for AIAA papers. They have a contract with Jane's in Britain, which sells their
material on consignment of which the Chinese are subscribers. At the same time, Jane‘s also
sells them to their own members under preferential conditions. Therefore, Jane's and AIAA
members are the secondary output channels for AIAA papers – both recognized opportunities by
PRC DSTI personnel on an economic foundation. ―Only by conducting a thorough study of the
output channels of an information source can a collection worker find the information import
channel which provides more, faster, better and cheaper service‖.
IV. PRC Observations About the Controlled Nature of Information Output Periods
Owing to both objective and subjective factors, the periods for the output of material from
information sources are often controlled. For example, in the case of AD reports, those in the
30000 and 50000 series, as well as those in the AD/C series, are confidential information. Those
in the 80000 and 90000 series, as well as those in the AD/B series, are unclassified, but limited
distribution documents. If the PRC wants to buy these materials, they can't do so at the time the
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report is published. With the passage of time, however, they know we may declassify or lift the
restrictions on these reports, with the cutoff date being xxxx. The PRC watches for these
releases all the time…it is thought by other Asian competitors that the PRC use software
intelligent agents in their web-crawlers to actively pursue these sources with automatic
notification to the DSTI personnel when applicable.
As another example, the United States had a plan to put out the 8-volume "Nuclear Weapons
Data Handbook," and although it was already in the planning stage, because of limitations
involving the publishing plans and publication cycle of the publishing house, they could not be
issued at the same time. The first volume was published in January 1984 and, while it was
originally determined that the next one published would be volume three, the publication plan
was again adjusted so that they issued volume two in April 1987.
There were some PRC S&T intelligence personnel who were anxiously waiting to read this
series, and furthermore their time constraints were rumored to be pressing by their leadership; so
the Chinese learned at that time when they wanted to get something in a timely manner, they had
to recognize the controlled nature of the time for the output of materials from information
sources and track them to be successful. In a nutshell, those who work as PRC DSTI collection
personnel have a clear-headed understanding of the controlled nature of when information is put
out; being careful to summarize the patterns involved and being adept at seizing opportunities to
collect valuable information in a timely manner.
V. PRCs Ability to Evaluate Information Output
How does the PRC assess the value of information output? This is not only a complex theoretical
question, but also an actual work issue for their DSTI personnel. Historically, what collection
personnel mostly used was the "evaluation by subject matter experts method." Because of
interference from the psychological factors of the science/engineering specialists, this approach
was found to be not accurate enough (bias; lacking uniform criteria among disciplines for even
basic definitions; knowledge integration problems; different forms of expression). The goal the
PRC decided to strive for was to establish a set of fairly effective methods and standards to
scientifically evaluate the value of information and the collection work. In the past five-ten years
they have made significant progress in this arena; letting machines (computers) do what they do
better than mankind and letting man-kind contributions (SMEs) focus on fuzzy logic and
interpreting what information patterns and linkages might mean.
VI. Dynamic Nature of the Output Situation
The output situation of information sources does not remain unchanged. Everything is dynamic,
from the content, form and channels of the output to the time of the output - and these each also
change with time and space. PRC DSTI collection workers understand this feature of
information sources; as well as grasping its variable state and governing rules.
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Section Four -- Parameters PRC Uses for Evaluating the Status of Information Sources
Chinese and foreign information sources represent objective reality, and from the standpoint of
collection work, how do they go about evaluating their states? Simply, by using qualitative
description methods or quantitative evaluation methods. Here I will introduce several common
PRC DSTI parameters as they might use them - as starting points in understanding and
evaluating the situation in an information source.
I. Quantity of Information in the Information Source
This refers to the absolute quantity of information that the source produces, stores or transmits. It
also refers to the total quantity of information produced by a given research institution or the
total quantity it produces yearly. It may refer to the total amount of information stored by a given
information unit, or the total amount stored annually. It may also refer to the total amount of
information transmitted by an information source or the total amount transmitted annually. To
the Chinese, the quantity of information is a reflection of the size and potential energy of the
information source. We often see a given PRC library or DSTI information office write in its
promotional literature that their holdings come to so many tens of thousands of items; which they
use to illustrate their performance and contribution margin.
II. Information Source Discipline and Specialty Coverage
Science can be divided into general categories such as basic disciplines, applied disciplines, and
industrial technology, etc., and it can also be divided into classical disciplines, new disciplines,
cross disciplines and marginal disciplines. To facilitate the explanation of problems, often they
should be further sub-divided. For example, the classical disciplines can be further divided into
physics, chemistry, biology, mathematics and so forth. The information source discipline and
specialty coverage area parameter reflects the breadth of the disciplines covered. When
comparative studies are conducted on information sources, uniform classification standards
should be used for disciplines and specialties.
III. PRCs Point of Emphasis in Information Source Disciplines and Specialties
The information source discipline and specialty coverage area can only reflect the breadth of the
disciplines covered, not the point of emphasis of the information produced, stored or
disseminated by a certain information source. Therefore, to further describe the nature and state
of an information source, PRC depends upon the parameter of its point of emphasis. As far as
targeting specific users goes, this parameter can further reflect how important an information
source is to oneself. Taking national defense S&T industry users as an example, although the
Institute of Scientific and Technical Information of China (ISTIC) has a great deal of material
and has broad coverage of disciplines and specialties (because its emphasis is not at all on the
national defense S&T realm), by comparison, it would appear that the China Defense Science
and Technology Information Center (CDSTI) is more important as a source of information to the
PLA while ISTIC primarily benefits PRC Commercial innovation knowledge.
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IV. Annual Growth Rate of Information in an Information Source
This shows the year-by-year growth situation in the information produced, transmitted and stored
by an information source. It can measure whether an information source is developing, in a
stable mode or in decline. The PRC DSTI apparatus encodes such analytic metrics in their
knowledge engineering schemas to capture these knowledge base ―informatics‖.
V. Information Source Information Quality
This parameter shows the academic and technical levels of the information source, the
transmission levels or the value of the information stored. PRC tracks informatics on this also.
VI. Response Time of Information Sources to User Needs
This refers to the time lag between when an information source receives a request from a user to
when it sends the information, when the user wants to collect a piece (batch) of information from
a certain foreign information source or get a piece (batch) of information from a certain domestic
information source. To the Chinese, this is an important parameter in measuring how good the
―situation‖ in an information source is (i.e. a information health status check). Take for example
when they want to buy a publication of the U.S. Congress which has already been issued openly.
Buying it through an information source like the China National Publications Import and Export
Corporation would take about one year before they received it.
Buying it overseas through an information source such as an institution with an overseas office
generally takes about two to three months before they would get it. However, using the express
collection method of a certain document company, in general they would get the material in two
to three weeks. With contemporary cyber-hacking methods (not to mention quasi-legitimate
proxy downloads on-line), it is now a matter of hours/days…not just because CTI helps in
capture, but also the knowledge engineering schema and DSTI landscape documentation aids in
automatic distribution based on business rules. One can see that the option with response time to
the user's needs that is shortest is seen as best; so from the perspective of time constraints in
collection work, an engineered and CTI-enabled capture/distro system is a ideal for DSTI
information – it is their S&T policy‘s boardroom OODA Loop equivalent to USA ‗data-todecisions‘ thinking.
VII. Cost Response of Information Sources to User Needs
This refers to the sum of costs and service charges to collect a given piece of material.
VIII. Psychological Response of Information Source to User Needs
In everyday terms, this refers to the quality of work by the information source and how good
their service attitude is. For example, if an information source always gives its users a feeling
that the service is convenient and can satisfy both the psychological needs and actual needs of
the users (such as providing new information regularly, giving preferential services/prices to
legacy customers, having convenient procedures, guaranteed quality and delivery or guaranteed
exchanges for wrong or defective goods, etc., then it is undoubtedly a good source of information
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in the eyes of the PRC users and DSTI collectors – as we would view customer service standards
in the USA.
IX. Information Source Boundary Conditions
Any domestic or foreign information source represents objective reality, but it does not exist in
isolation. The forms in which it exchanges information with the external environment and their
mutually constraining relationship are its boundary conditions; which is also an attribute if not a
parameter that reflects the situation of the information source.
―For example, even if a given information source is good with regard to a broad coverage of
disciplines and specialties, and its response time to user needs, its cost and psychological
response to user needs are all good and they work openly based upon foreign currency exchange
or establishing an open purchasing account - then this is undoubtedly an ideal source of
information, but if you don't, regardless of how good the other parameters are, this information
source is of no use to us‖.
Accordingly, when evaluating information sources, attention in the PRC is paid to the boundary
conditions parameter. Generally speaking, the boundary conditions include: how much an
information source brings in, its forms and constraining conditions, the output forms and
constraining conditions, etc.. At present, PRC DSTI work is still concerned with the level of
qualitative analysis, but there is no question that they made a larger move in the direction of
quantitative analysis. This required that they rely upon certain mathematical methods and
establish corresponding mathematical models. ―The specific calculations should also draw on a
large amount of information if we are going to be able to ensure the reliability of the quantitative
analysis. However, the acquisition of quantitative analysis data will inevitably guide us to the
more effective exploitation and utilization of information sources‖.
Section Five -- PRC National Defense Intelligence & Information Source Characteristics
National defense S&T intelligence is a branch of PLA military intelligence which is used to
serve their national defense S&T effort. Because the national defense S&T effort includes areas
such as: weapons and equipment programs, plans, research, design, testing, design finalization,
mass production, applicability to field use, etc., all the countries of the world consider national
defense science and technology as a classified category, which has given national defense S&T
intelligence sources and national defense S&T information a unique coloration in China. Its
characteristics are:
I. Most of the Departments Which Produce National Defense S&T Information are
Government Departments
A given among PRC DSTI personnel is a fact that the information sources which produce ANY
national defense S&T information are mostly government departments; and in particular defense
ministries or scientific research bases directly under the military. ―For example, Britain's
defense ministry has 36 national defense research and development bases. These bases are
highly secure, generally not open to the outside or only open on a limited basis.‖
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II. Contracting Departments Must Carry Out Security Obligations
Some think tanks, companies and universities also contract with the defense ministries to do
some of the national defense S&T consulting, research and production tasks, but these
information sources must also carry out security obligations. Their research results all must
undergo security reviews by the consigning unit to determine the scope of what is turned over.
Such is no secret to PRC DSTI collectors. ―For example, from its offices to its databases, the
RAND Corporation concentrates its secure areas and open areas in separate places. The secure
section of its database holds a large amount of U.S. national secrets, particularly secret
documents and information related to national defense and foreign affairs. For the secure areas,
they have a system of human guards and automated alarms - and no foreigners are admitted‖.
III. National Defense S&T Information Sources Must Undergo Monitoring and Inspections
by National Security Departments
For example, quite a few countries divide those who come into contact with secrets into several
grades; with various different restrictions and requirements for them when they visit another
country or engage in technical exchanges and afterward their activities are reviewed. ―For
another example, any foreigner who enters the work area of the RAND Corporation must
undergo a review and approval ahead of time by security departments concerning his purpose,
background, and the duration of his stay; as well as making security arrangements.‖
IV. Information Sources Which Store and Sell National Defense S&T Information Are
Generally All National or DOD Agencies
The PRC knows our vis-à-vis protocols. ―For example, the U.S. National Aeronautics and Space
Administration (NASA), the U.S. Defense Technical Information Center (DTIC), and the
National Technical Information Service (NTIS) in the Department of Commerce, etc. Although
NTIS in the Dept. of Commerce is a commercial office which sells national defense S&T
materials, its first process is a security review; with everything that constitutes open material
going on to the next step in the process; while any material which falls into the classified or
sensitive category is sent back to the unit that inadvertently turned it over.‖
V. Information (Intelligence Sources) Which Involve National Defense S&T Are Generally
Divided Into Open and Classified
Once Again, the PRC is paying attention and taking notes about our classification and marking
policies. ―For example, every year the RAND Corporation openly publishes more than 400
various research reports and papers, but it is said that the number of classified and internal
reports is about the same. The NTIS AD Reports are divided into open, limited distribution and
classified categories. NASA reports also are divided into N and X designations, with the N being
used for open S&T reports while X is used for limited distribution S&T reports. ―
VI. The Classified Nature of Intelligence Sources Also Results in Their Being Concealed
and Dispersed
Self-explanatory to them and us…it‘s what keeps their clandestine services employed.
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VII. Public Materials Are Still a Major Source of Intelligence for PRCs National Defense
S&T Workers
In the USA, particularly in DoD, we make emphasis in security training about essential elements
of friendly information (EEFIs) but among many technology people in the commercial (yet dualuse) industry, there is not a culture for such awareness unless something is parked as corporate
intellectual property specifically (e.g. a recipe or formula trade secret) A common saying in
China‘s DSTI circles (reportedly) has it that:
―there are no walls which completely block the wind nor is absolute secrecy achievable, and,
invariably there will be numerous open situations in which things are revealed - either in a
tangible or intangible form. By picking here and there among the vast amount of public
materials and accumulating information a drop at a time, often it is possible to basically reveal
the outlines of some secret intelligence; and this is particularly true in the case of the Western
countries. Through probability analysis, in foreign countries it is believed that 80 percent or
more of intelligence can be gotten through public materials. National defense S&T information
collectors should have an ample understanding of this; not abandoning public materials but
enhancing their study and collection of them.
And they have; in the past five years especially.
VIII. Fortuitous Discovery of Secret Intelligence Sources
Owing to various subjective factors, such as negligence on the part of security review personnel,
etc., some materials which should be classified may erroneously become open data in public
circulation. The so-called "hydrogen bomb leak incident" in the United States in 1979 was just
such a situation. A simplified version of the events goes like this. There was a top secret S&T
report called "UCRL-4725, Weapons Development, June 1956." The declassification review
personnel misunderstood the title, describing it as the "Nuclear Rocket Propulsion (ROVER)
Program" and declassifying it. As a result, the library at the Los Alamos National Laboratory
loaned it out and the report was discovered by an individual by the name of H. Morland (a part
time writer). It was like finding a rare treasure, and he immediately borrowed it and made two
copies. He wanted to publish an article entitled "The H-Bomb Secret: How We Got It, Why
We're Telling It" in the April 1979 issue of "The Progressive" magazine. This article revealed the
specific structure of the hydrogen bomb and information on how it works.
The U.S. government believed that the article revealed the secrets of the hydrogen bomb and was
in violation of the "Atomic Energy Act," so they prohibited publication and also brought a
lawsuit. However, Morland and "The Progressive" claimed that the contents of the article were
collected from public materials, not secrets, so they could pose no threat to national security and
prohibiting the publication was a violation of freedom of the press; lodging a protest with
government departments. Through several weeks of investigations and debate, it was determined
that Morland had not seen any classified documents and it was inappropriate to tag him with the
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crime of revealing the secrets of the hydrogen bomb. Accordingly, on 17 September 1979 the
U.S. Department of Justice wiped out the complaint, thus signaling the conclusion of the "Hbomb secrets leaking incident" which had caused a stir for a time, so Morland and "The
Progressive" had won the lawsuit. The November 1979 issue of "The Progressive" carried the
"H-bomb secrets" article. Subsequently, the "Financial Times" in Britain, "Science and Life" in
France, and the West German weekly "Der Spiegel" carried this article and related pictures. The
result was that it provided important reference material for the S&T personnel in various
countries who were engaged in research on the hydrogen bomb.
During the investigation of the incident, the U.S. government learned that the U.S. Dept. of
Energy had conducted declassification reviews of a large amount of classified material from
1971 to 1976, covering a total of 2.8 million items, of which 1.5 million were declassified. At the
Los Alamos National Laboratory, they reviewed a total of 388,000 documents in 33 days, so
each reviewer had to review around 1000 documents a day - about two a minute. The pace of the
reviews was startling and resulted in a large number of errors -- around five percent -- that is,
some 19,400 documents were mistakenly declassified and of these there were at least eight
highly secret items regarding thermonuclear weapons; which ended up being open material that
could be browsed freely by outside visitors.
Subsequently, the U.S. government adopted emergency measures to recover all the related
materials and copies as classified documents. This incident told the PRC DSTI apparatus that, on
one hand, absolute secrecy is not attainable, while on the other hand, there is a random element
involved in the discovery of secret intelligence sources and, to turn this randomness into
inevitability, it is necessary that there be those who monitor some sectors and areas with
regularity and vigilance. In recent years, the PRC stepped up open-source collection in the hopes
of capitalizing on serendipity or stupidity…capturing knowledge before it can be recalled.
These features of the PRCs national defense S&T intelligence sources and information sources
show that national defense S&T information is much more difficult than collecting normal S&T
materials. It is dispersed, hidden, and subject to various restrictions. ―To exploit national defense
S&T information sources and intelligence sources, we must first devote considerable energy to
studying them, getting a clear understanding of their situation, monitoring them widely and
accumulating information bit by bit; also being quick to seize on their fortuitous nature. In
addition, it is also necessary to stress that there is still 20 percent or less of our intelligence that
must come through the collection of information using special means, such as reconnaissance
satellites, electronic eavesdropping and the activities of special agents (purchasing or stealing),
etc..‖
Section Six -- Results of PRCs DST-Intelligence Source and Information Source Research
I. PRCs Objectives in Launching Studies of Intelligence and Information Sources
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1. They Promote the Development of Scientific Research and Information Collection Work
―In today's industrialized society, where science and technology have been developed to a high
degree, knowledge is a boundless sea spreading out in front of our S&T workforce and
information collectors in various categories, enormous quantities; and in various scripts and
symbols, with various kinds of shifting and changing information. To take documentary
information as an example, this includes: the books put out by publishing companies and
publishing houses, personally printed books, books, report and documents printed or published
by state agencies, periodicals edited and published by various academic groups or from
publishing houses and private companies, learned journals from universities, numerous other
periodic publications and papers-presentations or proceedings from academic societies, etc. ―
This is what we in the USA refer to as the large data set problem. Faced with this vast ocean,
their S&T personnel often felt helpless too, for how could they "find a needle in a haystack" or
even the right haystack? How did they find and collect more of the data they needed faster. The
results of studying "intelligence sources" gave them the "key" to unlock the sea of knowledge;
enabling them to take shortcuts and get "where they want to go" ahead of time.
―However, to do a good job of data collection, the first thing is to have a fairly clear
understanding of this varied data and the data sources that produce, store and transmit it: The
special features and characteristics of each publishing house and manufacturing corporation,
what kind of books do they put out, and what is their quality? What are the categories and
features of books and periodicals from state agencies; and how authoritative are the academic
publications? Are they serious or of a popular-debate nature? Furthermore, the situation of the
information and publishing units is not one that never changes. Older ones may withdraw and
new ones continually appear, so knowledge in this area is shifting and changing. Only when we
have a clear understanding of these circumstances can we achieve clear goals and emphasize the
key points. And only then can we get our data collection work to have a definite goal, otherwise
we just end up collecting things blindly.‖
2. Benchmarking to Benefit Establishment of Special Intelligence Organizations in China
If they are intimately familiar with the situation in domestic and foreign information sources,
then they can learn from the experiences of other countries and other organizations.
3. Benefits the Establishment and Development of PRC DSTI Systemic Best Practices
Information engineering is a maturing discipline, and as research into this field deepens, it will
inevitably produce new branch discoveries such as for the study of collection and the study of
retrieval, etc. The aforementioned research into publishing institutions and the types,
characteristics, and qualities of things they publish is precisely just such a part of the study of
collection, and when the PRC organized an overview of it and its relatively stable portions, it
represents the result of research into "information source" attributes, which are a valuable
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reference work for collection personnel. It not only promoted the development of the study of
collection from a theoretical standpoint in China, it also guided collection personnel in launching
specific efforts in practice.
4. Benefits the Training of (in Fact is Tailored to) Younger Generations of Personnel
Launching PRCs research into "intelligence sources" and "information sources" was a great
undertaking in which "those who go before plant the trees, while those who come afterward
enjoy the shade." It enabled a new generation of collection personnel to launch their work
standing on the foundation established by the research of their predecessors - so that they have
rules to follow and do not have to start from square one in everything. It allowed them to launch
their cyber-operations on the basis of the achievements of their predecessors so they did not have
to continually modify, enhance and improve the research.
II. Summary of PRCs "Intelligence Source" and "Information Source" Research Results
On one hand, "intelligence source" and "information source" research is reflected in the
exploration of theoretical, conceptual and methodological problems - with the objective being to
establish a system of scientifically-inspired concepts and scientifically-sound evaluation
methods. On the other hand, it is reflected in applied research, with the objective being to guide
collection personnel in the exploitation and rational selection of intelligence sources and
information sources. As a result of China‘s applied research, the specific form it took is the
compilation of a series of "guides", "directories", "yearbooks" and other such reference books
along with the near-concurrent development of corresponding databases and the circulation of
improved/audience-specific DSTI monographs.
Other countries began to focus on applied research on "information sources" in the late 50s, and
applied research on "intelligence sources" for many players outside China started even earlier.
Some prestigious publishers and fairly authoritative academic societies (associations) have made
the compilation and publication of such "guides" and "directories" a part of their publishing
programs; and it can be said that, in the course of the development of libraries and information
enterprises, some developed countries have treated the publication of guides to "intelligence
sources" and "information sources" as an extremely important strategic task and subsequently
have planned for it in a comprehensive manner. The PRC merely figured out how best to
automate that premise for their DSTI needs in support of national growth objectives.
1. Brief Introduction to Early PRC "Intelligence Source" Reference Books & Monographs
An "intelligence resources guide" or "monograph" corresponding to a given specialty may be
considered the base camp for various different kinds of information in the said specialty. By
understanding this, one comes to know what materials in the specialty in question meet one's
needs; while by mastering this it becomes clear where one's focus should be in acquiring
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information. Using it makes it possible to acquire large amounts of information leads and
information in a relatively short period of time, which helps to improve the completeness and
accuracy of searches. Accordingly: understanding, mastering and using specialized "intelligence
source guides" and "monographs" is their algorithm for getting through the appropriate sea of
material. From another perspective, compiling an "intelligence source guide" or "monograph" is
an important result of intelligence source research. Depending on their functions, they are
divided up in the PRC as:
(1) Media-Related: This type of reference work only provides leads for searching in original
sources (intelligence sources), but does not provide answers directly. For example, special
catalogues, digests and indexes which fall into the category of secondary materials. What this
means is that the materials that are constantly appearing are studied, classified and indexed one
by one; after which they are included in the records. Both the editors and users are aware that
these represent a stable data flow which is "controlled" by certain organizational methods and,
once it is organized, the data flow can be "searched" conveniently. However, they do not provide
users with ready-made "answers," but only provide information leads and a guide to searching
the information; functioning as a kind of medium between the users and the intelligence source.
In the PRC DSTI system. for example, the "Bulletin of U.S. Government Reports," the "New
York Times Index," and the "Catalog of Special Materials on Hydrogen and Oxygen Rocket
Engines," etc., are all media-oriented guides to information sources.
(2) Resource Type: This type of reference work can provide clear "answers" for related questions
in summary form, so it is not necessary to search further through secondary or primary materials.
Therefore, they represent necessary means for impromptu or rapid reference, for example,
yearbooks and handbooks, etc. They fall into the category of tertiary materials. The worldfamous Jane's yearbook is an intelligence source guide of this nature.
(3) Instructive: These kinds of reference works do not provide direct leads for intelligence
sources, nor do they provide brief answers to questions, but rather they instruct and transmit
methods and approaches to search original source materials; making it possible for users and
advisers to conduct data searches independently. In the PRC DSTI system for example, things
such as the "Guide to Reference Books" put out by the American Library Association (ALA) and
"Searching Foreign Science and Technology Documents and Materials" put out by the Institute
of Scientific and Technical Information (ISTIC) of China fall into this category. ―Understanding
the methods and governing rules that they cover is like having a wiring diagram to the labyrinth
of knowledge. ―
(4) Comprehensive: This kind of guide to information resources is often in the form of a large
monograph which introduces readers to frequently-used materials, search and reference works
and methodologies within a certain specialized range; including yearbooks and large reference
sets, etc. Some also provide descriptions of various materials and include brief introductions to
related academic institutions, etc. In the PRC DSTI system for example, "Basic Knowledge
About Chemical Literature" edited by Yang Shanji and Yang Jingran in 1981 falls into this
category. This book focuses on introducing chemistry and chemical engineering materials that
are commonly seen in foreign countries including: periodicals, conference proceedings, scientific
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and technical reports, patents, abstracts, summaries, book series and collections, dictionaries and
various large reference sets.
The book has 12 chapters in all, which are, in order:
Overview of Books and Literature; Periodicals -- An Important Information Source; Document
Search Tools; Scope and Application of the Index of the U.S.' 'Chemical Abstracts'; Summaries,
Collections, S&T Reports and Academic Degree Treatises; Patents and Searching Them;
Dictionaries, Handbooks, Physics Tables and Spectral Data; Organic Chemistry Reference
Books; Inorganic Analysis, Chemical Engineering, and Materials Reference Works; S&T
Literature Retrieval Services; Development Trends in Chemical Information Retrieval and Books
and Materials. Such information source monographs are elementary reference works and have
become must reading for related PRC scientific research personnel and DSTI information
collectors.
2. Brief Introduction to "Information Source" Reference Books and Monographs
Compared to "intelligence source" research and reference books, research on "information
sources" and their reference works and monographs appeared relatively late in PRC DSTI
tradecraft. Although reference books and monographs related to information sources also have
proved to be of reference value for S&T workers in general and did serve to "broaden one's
horizons" or as "a search mentor," they were primarily for the internal user within information
departments and among their DSTI collection personnel; helping them to understand and grasp
the information sources that produce, store and transmit information to facilitate focused
information collection and exploitation efforts. From the perspective of their content, such
reference works are primarily of two types which I shall illustrate by examples: One is
introduction to organizations, e.g., the "Guide to High Tech Groups in the United States," "Guide
to U.S. Government Research Centers" and the "Guide to U.S. Academic Societies
(Associations)" in the United States; and the "World Guide to Technical Information and
Document Services Agencies" put out by UNESCO. The other category is producers and
transmitters of verbal information -- introductions to scientists, such as "American Men and
Women of Science" or the "International Listing of Energy and Nuclear Scientists" put out in
Britain.
Because "intelligence sources" and "information sources" are two closely-related concepts, with
the deepening development of research in information science and expanding user needs, the
contents of reference books resulting from studies of "intelligence sources" and "information
sources" are not absolutely separate, and there is some cross-over and inter-permeation. For
example in the PRC DSTI system, a monograph relating to "intelligence sources" will often
touch on "information sources," and may cover some important scientific research institutions
and scientists for reference use by technical personnel, while a reference book related to
"information sources" will also often touch on their publications, cost, acquisition paths, etc..
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III. PRC DSTI Steps in Studying "Intelligence Sources" and "Information Sources"
1. Determine the Scope of the Study in Keeping with Needs
This is the first PRC step in studying DSTI "intelligence sources" and "information sources."
This determines the focus of the research work. If their personnel are involved in agriculture,
obviously there is no need for them to go hunting for chemical engineering. From the perspective
of the scope of the specialty, the more specific you can be the better, while the wider the scope
the more complex it becomes.
2. Determine the Items to be Studied
As far as studying "intelligence sources" is concerned, based on the ultimate objective to be
achieved, PRC DSTI personnel next determine what kind of reference work or monograph is to
be compiled, that is, is it to be media-related, a resource type, instructive or comprehensive?
Then they select and determine the research items. The research items in each kind of reference
work are evidently different. Compiling a special catalog or an index to material in a certain
department is their ―relatively easy way‖ of initiating a project-ized search and generally
includes information about the collecting unit, the book search number (if known, e.g. ISBN),
the title, the translated title, the author, year of publication and number of pages, etc.. On the
other hand, however, compiling a comprehensive requirements worksheet required the PRC
DSTI apparatus to invest in administratively-oriented solid training and orientation toward longterm knowledge accumulation rather than treating them as a series of ad hocs. Generally
speaking, the main research item project attributes now include: each category of primary
materials, databases, information sources, quantity and quality and search methods for the
specialty in question (as well as ensuring resource access allocations for retrieval tools and any
up-front training in how to use them. In addition, some ―bloging‖ now takes place so the project
ramp-up ―ticket‖ also includes any legacy commentaries and experiences the collector can find
within the knowledge base on this subject matter.
The primary items for "institutional data sources" requested may include: name, address, telex
(telephone) number, fax number, point of contact, features and operational scope, research and
development areas, structure, leading organizations, finances, founding date and historical
development, publications and databases, amount of data stored, technology and product levels
and development orientation, computer application situation, special features, etc. The same is
true for project-izing for Verbal information sources -- the primary items in a "Who's Who"
include name, sex, contact address, telex (telephone) number, fax number, work unit, brief
biography, specialties, academic achievements, publications, scope of activity, recent work,
foreign visits, etc..
3. Collect Materials Widely
This includes various miscellaneous materials encountered in actual work and materials that have
been publicized domestically and abroad including: reference works, yearbooks, handbooks and
monographs.
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4. Long-Term Accumulation
One PRC DSTI axiom plays out repeatedly – that in-depth research primarily relies on the
accumulation of hard work over a long time. This is because, on one hand, existing materials are
often fragmentary and incomplete and, on the other hand, human understanding of any matter
proceeds from the superficial to the profound. So, to have a comprehensive understanding of any
matter requires in-depth investigative research and the accumulation of a large amount of
material before one can begin to separate the ―wheat from the chaff‖ or the ―true from the false‖.
5. Conduct Research
As is true with any technical information research effort, PRC DSTI research proceeds step-bystep; achieving greater depth one item at a time while the research results are verified iteratively.
6. Compile Reference Works or Develop Databases
Self-explanatory; no other exposition available.
7. Continue to Accumulate, Modifying or Supplementing As Appropriate
Because "intelligence sources" and "information sources" are both dynamic systems to the
Chinese, continuously modifying and supplementing them becomes an extremely important
aspect of their work. Only in this way can they ensure originality, continuity and accuracy. If the
knowledge disseminated is already outdated, it has absolutely no practical value for the reader.
Section Seven -- Introduction to Typical PRC National Defense Intelligence Sources and
Materials
Due to the abundance of materials and the limited space here, this section can only be a concise
introduction of some selected sources of importance; especially those which are closely
concerned with our own National Defense Science and Technology Intelligence research work.
I. Publications of the United States Congress and the United States Congressional
Information Service Company
1. Publications of the U.S. Congress
―The main responsibility of the United States Congress is legislation and the formulation of
policy. The two houses of Congress have set up over 300 permanent committees and
subcommittees, each of which is responsible for dealing with some particular issue or topic. The
committees which are closely concerned with national defense are the Aviation and Space
Committee, the Military Affairs Committee, the Appropriations Committee, the Joint Nuclear
Energy Committee, the Joint Committee on National Defense Production, etc. [imprecise titles
as published] Committees make extensive collections of facts and figures related to their topics,
and they conduct preparatory research. They hold hearings, and listen to the views and
proposals of experts.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 209

The Rooster & The Dragon January 23, 2012
Finally they examine and approve and send to the two houses of Congress their policy
recommendations and legislative reports. Actually the basic work of the U.S. Congress is
accomplished in its various committees. In the course of carrying out its duties the U.S. Congress
generates large amounts of documents, namely, the Congressional publications. According to
preliminary statistics, each session of the Congress produces tens of thousands of documents.‖
As far as China is concerned, these are the most numerous category of publications produced by
the United States Government. They are in four categories:
(1) Congressional committee preliminary work reports (prints)
―Congressional committee preliminary work reports are researched and written by specialized
working groups set up under the committees. This material is for internal use by Congressional
committees. The material includes background material on research topics, statistical and
analytical material, draft resolutions, situation summaries to assist the Congress in formulating
laws, etc.. They are the foundation of Congressional testimony, documents, and reports.
Sometimes they serve as appendices to Congressional testimony, testimonial material on various
proposals in draft resolutions, or material which supplements documents.‖
(2) Testimony (Hearings)
―The various committees of the two houses of Congress often hold hearings to discuss various
draft resolutions. At these times, people concerned may be asked to attend and testify, and they
may provide relevant information and materials. The content of hearings is assembled into a
document later. This is called testimony. It includes the questions and answers; and written
materials prepared by experts in advance. The latter material is the more important.―
(3) Reports
―This refers to the proposals and legislative reports which the Congressional committees submit
formally to the two houses of Congress.‖
(4) Documents
―Congressional documents include various letters sent to the Congress, yearly reports to
Congress from administrative departments, special reports sent to Congress, committee activity
report forms, report forms for special research reports which assist the committees and other
documents of various types such as reports from patriotic organizations. These documents
become material in the main historical files of the Congress.
Most of the content of Congressional publications involves analysis, trends, guiding principles,
and policies related to a situation, with appended statistical source material, background
material, and scientific and technical material. Most of this material is from the hands of experts.
The material is not only the basis by which the U.S. Congress carries out its functions, it is also
very valuable reference material for other countries formulating their own guiding principles
and policies. This material is an important source of intelligence for conducting research on
development strategies and on macro-management.
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The U.S. Government's "Three big reports" for researchers of national defense S&T intelligence,
namely, the Annual Defense Department Report, the Department of Defense Program for
Research, Development and Acquisition, and the United States Military Posture, are also
included in Congressional publications. The Department of Defense is one of the departments of
the U.S. Government. Each year while Congress is in session the Department of Defense must
send the Congress a work report and strive to obtain Congressional appropriations. It is for
these reasons that the Department of Defense produces these "Three big reports." These reports
represent the viewpoints of the U.S. military. The reports analyze the strategic position of the
United States in the world and the so-called threats the U.S. faces, compare military forces,
describe countermeasures which should be taken; and propose a research, development and
acquisition plan for weapons and equipment.‖ Through penetrating study of these reports, the
PRC can learn:
(a) The U.S. military's view and estimate of the world situation.
(b) The research and development plan for American weapons and equipment, as well as
the objectives and rationale for the American's development of various kinds of strategic
weapons, conventional weapons, C5I and for their importation of foreign weapons
(within the NATO system), etc.
(c) The status of American investment in the development of weapons and equipment.
(d) The status of scientific research, testing and evaluation of American weapons and
equipment.
(e) How the U.S. Department of Defense regards adversaries. This can provide clues and
circumstantial evidence for studying and understanding an adversary common to China.
―The "Three big reports" are important sources of intelligence for research on the development
strategy for weapons and equipment. What we receive each year is the openly published
versions. It is said that there are also classified versions. ―
2. Congressional Information Service, Inc.
―This is a source of materials produced by the United States Congress (Congressional
publications). There are two sources which distribute Congressional publications. One is the
U.S. Government Printing Office (GPO), and the other is the Congressional Information Service
(CIS). The former is a publishing unit, set up underneath the Congress, which publishes booktype documents. The latter is an independent, specialized, privately operated company which
publishes filmed-type documents. Comparing the two, the GPO is inadequate in the following
respects:
(1) The GPO is not in the nature of a publishing house, and its compiling and editing
capabilities are inadequate. It is mainly responsible for printing, publishing and
distributing.
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(2) The GPO publishes only a portion of the Congress's publications, not all. Also, it sells
until it sells out and does not retain stocks. Therefore a Congressional publication which
one might want to buy from the GPO might already be out of print.
The United States Congressional Information Service Corporation does not have these two
problems.
(3) Each month the GPO publishes a list titled Monthly Catalogue of United States
Government Publications. This catalogue is purely a list. It is inadequate as a reference
tool for research work. By contrast, the CIS has its own set of complete reference systems
suitable for research work. Using keywords in this set of systems, you can find on your
own all the Congressional publications and statistical information which you need.‖
―The United States Congressional Information Service Corporation is located near the U.S.
capital, Washington, at 4520 East-West Highway, Suite 800, Bethesda MD 20814. The company
was founded in 1970. From its original staff of nine it has developed into a world-class
publishing company with 320 workers. The reason the company was established and has
continually grown is that the U.S. Congress produces a torrent of publications. Without
organization, not just foreigners but even the members of Congress themselves would be unable
to make comprehensive use of them. Another reason is that print runs are limited and there is the
risk that materials will be out of print. This company is very good at adapting to the
circumstances and satisfying people's demands. Currently it has subscribers all over the world.
Seventy-six countries purchase Congressional publications and their indexes from this company.
One of the company's biggest customers is the United States Government itself.
The company sells:
(1) A complete set of Congressional publications since 1970, in microfiche, with
accompanying CIS Indexes and CIS Digest for use in lookups.
(2) Statistical information issued by U.S. Government organizations since 1973, in
microfiche, with accompanying Index to U.S. Statistical Data and Digest of U.S.
Statistical Data for use in lookups.
(3) Statistical data issued since 1980 by all state governments and by publicly and
privately established organizations, in microfiche, with accompanying Statistical
Reference Data Index and Statistical Reference Data Digest for use in lookups.
(4) Statistical data issued by 76 international organizations including the United Nations
and the European Community and their branch organizations since 1983, in microfiche,
with accompanying Index to International Statistical Data and Digest of International
Statistical Data. ―
The digital or hard-copy forms of the Index and Digest can be purchased separately. The Index
and Digest are published monthly; with cumulative editions quarterly and yearly. Currently in
China the Beijing Library keeps a set of Congressional publications. The China National Defense
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Science and Technology Information Center keeps a full set of publications of the Congressional
Military Affairs Committee and Science and Technology Committee. The indexes and digests
may have been acquired by China presumably, but this was not explicitly reported in what
information was surveyed for this study.
II. AD Reports, United States National Defense Technical Information Center (DTIC) and
the United States National Technical Information Service (NTIS)
1. AD Reports
(1) What does the PRC mean by the term AD reports?
"AD reports" is a general term for scientific research reports on research projects funded or
assisted financially by the U.S. Department of Defense. Currently they are archived and provided
for use by the National Defense Technical Information Center. These are one of the well-known
four major types of S&T reports of the U.S. Government to the PRC. They have a long history,
their numbers are huge and they abound in content. The PRC DSTI apparatus has ALWAYS
considered DTIC a major source of intelligence on research, design, production, testing and
appraisal work in the United States. The PRC knows how to use DTIC better than some of us!
―In accordance with laws and regulations, the U.S. Army, Navy, and Air Force and their
combined units which engage in scientific research for national defense must compile S&T
reports on their research results by phase and on final completion of a research project. These
reports go to the Information Center for storage and to be provided for use. On receipt of a
report, the Information Center gives it a strict examination, determines its classification and puts
it on file with a number assigned with a centralized method: AD-XXXXXX. About 20,000 AD
reports are issued openly each year.‖
(2) Sources of AD Reports for PRC Targeting
The producing organization of an American ―AD‖ report, that is, the organization which is
responsible for its content, is called by PRC DSTI workers as ―the source unit‖ or ―corporate
author‖. There are over 20,000 ―source units‖ for AD reports; of which the main ones number
over 3,000. These have been put into six general categories by the PRC:
(a) Scientific research organizations of the U.S. Army system
(b) Scientific research organizations of the U.S. Navy system
(c) Scientific research organizations of the U.S. Air Force system
(d) Institutions of higher learning, their subordinate research institutes and laboratories
(e) Corporate enterprises
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(f) Scientific research organizations of the U.S. Government, other foreign governments
and international organizations
(3) Categories and Content of AD reports; a Chinese View
An important digest-type reference book for locating and ordering the U.S. Government's four
―major ―reports is the U.S. Government Reports Announcements & Index; called for short the
GRA&I. This has been published since 1946. Its name, publication frequency and classification
system have all changed many times. In July 1965 it started using the classification system of the
Committee on Scientific and Technical Information. That is, it had 22 major categories and 178
secondary categories. It was published every two weeks. In January 1987 it changed again and
began to use the classification system of the National Technical Information Service, with 38
major categories and 362 secondary categories. Also it became a bi-weekly publication. The
major categories currently in use are:
Administration and management
Aviation and aerodynamics
Agriculture and foodstuffs
Astronomy and astrophysics
Atmospheric science
Behavior and sociology
Biomedical technology and human factors engineering
Building industry technology
Commerce and economics
Chemistry
Civil engineering
Combustion, engines, and propellants
Communications
Computers
Detection and countermeasures
Electrical engineering technology
Energy
Environmental pollution and control
Health planning and health services research
Industrial and mechanical engineering
Library and information science
Manufacturing technology
Materials science
Mathematics
Medicine and biology
Military science
Missile technology
Natural resources and geo-science
Navigation, guidance, and control
Nuclear science and technology
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Ocean technology and engineering
Ordnance
Photographic and recording equipment
Physics
Problem solving information helpful to national and local governments
Space technology
Transportation
Urban and regional reconstruction and development

AD reports are distributed in the 38 major categories above. The content of AD reports touches
upon every area of national defense S&T, such as aviation, space technology, guided missile
technology, nuclear technology, ordnance, military science, electricity and electronic
engineering, communications research, etc.. Therefore we can say that AD reports are a major
source of intelligence on national defense S&T work.
(4) Classification Levels and Declassification Status of AD Reports
AD reports are in four protective categories: Secret, Confidential, For Official Use Only (also
called Unclassified/Restricted, Limited) and Open (Unclassified/Unlimited) or yet, SBU
―Sensitive But Unclassified‖. Secret and Confidential reports account for 16% of the total.
Unclassified/Restricted account for 39% and openly distributed, 45%. Since 1975 some AD
reports which were originally classified and For Official Use Only have gradually been
declassified and had their restrictions lifted; becoming ever openly available. They appear in
Government Reports and Announcements with their original serial number. Also, the PRCs
National Defense Technical Center publishes a special index to serial numbers of declassified
and restriction-lifted AD reports; reporting the status of these. As of the end of 2005, a total of at
least 313,483 AD reports had been declassified or had restrictions lifted.
(5) Serial Numbers of AD Reports
The serial numbers of AD reports are rather complex and the way they are composed does
change. In general a serial number is related to the level of classification and reports classified at
different levels have numbers from different series. See the following for exemplar specifics.
AD Report Serial Number Range Level of Classification / Time Span
AD-000001 to 163403
classified and open, Mar 1953 to Apr 1960
AD-163500 to 165117
open, [blank time span]
AD-175000 to 183121
not publicly announced, [blank time span]
AD-200000 to 229999
open, Oct 1958 to Jul 1963
AD-300000 to 399999
Secret and Confidential, Oct 1958 to Apr 1969
AD-400000 to 499999
restricted distribution and open, Jul63-Nov66
AD-500000 to 532211
Secret and Confidential, May 1969 to Dec 1974
AD-600000 to 787897
open, Jul 1964 to Dec 1974
AD-800000 to 894999
unclassified restricted distro, Nov66-Jul 72
AD-900000 to 999999
unclassified restricted distro, Jul72-Dec74
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AD-A000001
AD-B000001
AD-B950000
AD-C000001
AD-D000001

to
to
to
to
to

999999
949999
959999
949999
09999

AD-E000001 to 599999
AD-P000001 onward

open, Jan 1975 to present
unclassified restricted distro, Jan75-present
open, Jan 1975 to the present
Secret and Confidential, Jan 1975 to present
openly published patents and patent
applications, Jan 1975 to present
trial shared listing, 1978 to Mar 1982 when
this series was abolished
conference document monographs, Mar83-present

From January 1975 onward the AD reports used a new serial number format, with AD- followed
by the letters A, B, C, D, etc. to indicate openly published, unclassified but restricted, classified,
and patents and patent applications. The format AD-Exxxxxx began to appear in 1978. Starting
in September 1977, four major units including the U.S. National Defense Documentation Center
(later DTIC) and the Naval Research Laboratory implemented a trial plan for ―shared‖ listings.
All new classified or open technical reports within this plan were assigned "D-E" serial numbers.
AD-E was a temporary catalogue number. When the reports were formally entered into the
technical reports database, they were incorporated into the standard system. The format ADPxxxxxx began to appear in May 1983. "P" represents conference proceedings. All papers in the
AD-A series conference proceedings also appear in notices with an AD-P serial number. In
addition to the above, the format AD-xxxxxxL was also to be seen. Here, the letter L indicated
limited distribution. The PRC DTSI apparatus was tracking ALL our taxonomic classification
changes and how to search our defense data.
(6) The Problem of Duplicate Listings of AD Reports
One of the characteristics of modern science knowledge is the overlapping and permeation/
diffusion (if not permutations) among the various branches of learning. Also, because of the
development of information science and technology, the various fields of science have all created
their own reference publications. Because of this, it often happens that one report or paper will
be published or used in several types of publications at the same time or in succession. Thus a
report may be duplicated across numerous instances. For example, the U.S. National Aeronautics
and Space Administration's "STAR" catalogue and the U.S. Department of Energy's Energy
Research Abstracts (ERA) both provide lots of clues about AD reports, and some even give the
report serial numbers.
The Monthly Catalogue of United States Publications also incorporates some AD report listings.
Also, according to statistics, about 25% of AD reports fall in the category of documents which
are issued periodically or which are reprinted from periodicals. Besides this, AD reports may
also reappear in conference proceedings and patents. This phenomenon of duplication facilitated
the PRC DSTI apparatus in finding and using U.S. material, but it was quite a bother to the
Chinese when ordering our AD reports (I find this quite amusing they made this a caution in
their DSTI training texts). ―If one is not careful, the problem of duplicate collection may occur,
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wasting money. So it is essential to clarify the relationships among the various lists, and to rely
on the U.S. Government Reports Announcements & Index when collecting documents.‖
(7) PRC Repositories of U.S. AD Reports
China's National Defense S&T Information Center began acquiring openly published AD reports
in the early 1960's. The China S&T Information Research Institute [Zhongguo Keji Qingbao
Yanjiusuo], the Shanghai S&T Information Research Institute and the Sichuan Province S&T
Information Research Institute currently have complete collections of AD reports. These
organizations are China's repositories of information from AD reports. The Beijing Document
Service Office [Beijing Wenxian Fuwu Chu] acquired the GRA originally on magnetic tape
from the United States and almost immediately set up its own GRA report database.
2. U.S. Defense Technical Information Center, Cameron Station, Alexandria, Virginia
22304-6145 (pre-BRAC)/Ft. Belvoir (post-BRAC)
Since World War Two the structure of national defense S&T information work in the United
States has undergone five phases of change, based on changes in missions and the demands of
the objective situation. Specifics are as follows.
Listing of the Historical Evolution of the Structure of National Defense S&T Information Work
in the United States
Office of Scientific Research and Development (OSRD), 1941-47
which split into two organizations:
Central Aviation Documents Office (CADO), 1948-51
Naval Intelligence Research Department (NRS), 1947-51
which merged to become:
United States Armed Services Technical Information Agency (ASTIA), 1951-63
then:
Defense Documents Center (DDC), 1963-79
then:
Defense Technical Information Center (DTIC), October 1979 to the present

It was not until after 1951 that publication of S&T reports as the AD-series began. From 1951 to
1963 the repository for AD reports was the Armed Services Technical Information Agency.
"AD" is an abbreviation for "ASTIA Document." In July 1963 the Armed Services Technical
Information Agency reorganized as the Defense Documents Center. Reports on file continued to
have AD-series numbers, but the meaning of AD changed to "Accessioned Documents."
[English as published] In October 1979 the Defense Documents Center changed its name to
Defense Technical Information Center. All the reports in its Technical Reports Database still
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have AD-series numbers, but now AD has become a kind of registration number by which the
Defense Technical Information Center identifies and distributes documents.
At present, the U.S. Department of Defense system's repository for AD reports and the source of
information from them is the Defense Technical Information Center. The Center is responsible
for collecting, organizing, storing, indexing, publicizing and providing the use of AD reports.
However, the Center serves only the U.S. Department of Defense and its contractors, other
government departments and their contractors and some international research organizations.
These are called "registered users." At present there are over multiple thousands of them.
Anyone other than these registered users, whether in the United States or elsewhere, who wants
to obtain openly published AD reports must purchase them through the U.S. Department of
Commerce's National Technical Information Service. Therefore it is this Service which is the
source of widespread dissemination of openly published and declassified or de-restricted AD
reports of which the PRC took full advantage until it became easier for them to ―hack into‖ the
DTIC directly by illicit cyber activities. The headquarters of DTIC is in the state of Virginia on
the Ft. Belvoir military reservation. It is under the facility patronage of the Defense Logistics
Agency but currently is managerially controlled by ASD(R&E) [as an interim it was under
Defense Information Systems Agency]. Aside from the on-site service center at its headquarters,
DTIC had service centers in seven areas with concentrations of defense industries: New York,
Huntsville, Dayton, San Francisco, Los Angeles, Boston and Washington. DTIC has a director
and a deputy director. From the director down to the workers, all the personnel at DTIC are
civilians.
On 29 March 1965 the Department of Defense issued Directive 5100.38 specifying the
following nine missions for the former Defense Documents Center:
(1) Actively and continuously collect all technical reports (except those which are Top
Secret or Codeword material).
(2) Quickly send out notices in index format of technical reports collected.
(3) Provide technical reports to users and provide other document services promptly.
(4) Promptly recommend valuable technical reports to the various intelligence analysis
centers of the Department of Defense.
(5) Work with other government organizations to formulate data flow standards, improve
technical report distribution methods, and improve the efficiency of information sharing.
(6) Have high standards in processing and distributing technical reports.
(7) In accordance with Department of Defense policies and regulations on secrecy,
formulate unified rules on information collection, storage, duplication and distribution.
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(8) Adopt advanced technology and equipment and gradually improve document
handling and service.
(9) Develop technical cooperation with domestic and foreign document centers and
intelligence analysis centers.
Following the organizational name change in October 1979, then-Deputy Assistant Secretary of
Defense for Research and Engineering R.M. Davis announced that besides these nine missions,
DTIC would also take on a new mission, that of providing technical and management
information to leaders and S&T personnel at all levels of the Department of Defense. Currently,
DTIC's work mainly involves two areas, technical document service and technical information
service (with stress on data and trend information for management use).
(1) Technical Document Service
DTIC is the Department of Defense's center for document collection, handling, indexing and
distribution. As required by past regulations, source organizations were sending DTIC 20 copies
of each technical report. Electronic methods obviously caused pause to modify excessive hardcopies. DTIC carries out document handling, establishes technical report databases, and compiles
and publishes (on-line) a biweekly Technical Abstracts Bulletin (TAB). DTIC used to copy each
report in microfiche as back-up or to assure continuity of operations in case of mass data loss. 30
years of IT progress have allowed DTIC to deal with these contingencies digitally, of course.
In some manner, DTIC still provides three types of document services: ordinary service,
distribution service and on-site/web service.
Ordinary service involves providing the Technical Abstracts Report and specific
documents to registered users; using computer applications that generate special periodic
queries for users; compiling special-topic lists for designated users; providing users
physical copies of archived AD reports; and recommending useful, newly archived
technical reports to various intelligence analysis centers laboratories and program
acquisition offices of the U.S. Department of Defense. This basically addresses the inhouse production and administration to ensure information available to DTIC is put into
the system for all registered users as well as ―consulting‖ or ―advising‖ clientelle.
Distribution service consists of broadcasting digitally (forwarding or pushing content) of
each technical report provided by source organizations to users who specialize in that
area; distributing copies of newly archived AD reports by way of an automatic
distribution system to units specializing in that area; and sending copies of original
unclassified or declassified reports to NTIS. Again, these are internal operational actions.
On-site/Web service consists of allowing users to search document indexes and technical
information using computer terminals at the headquarters or any surviving satellite
service offices as well as the Internet. Also, on-site personnel are responsible for
consulting and for answering users' questions – all of whom can be flagged by customer
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service email accounts. Many DoD organizations have a dedicated DTIC relationship
manager because of the scope/persistence of the technical dialog required. Techipedia is
the DTIC on-line user-interface portal which enables non-semantic or limited semantic
searches for information to registered account holders. This is the visible face of DTIC.
(2) Technical Information Service
DTIC was responsible for managing the Defense Research, Development, Test, and Evaluation
Online System (DROLS), which consisted of a Technical Reports Database, the Scientific
Research Project Database, the Scientific Research and Development Plan Database, and the
Independent Research and Development (IRAD) Database. This system was for internal use
within the Department of Defense system. Its objective was to allow leaders and S&T personnel
at all levels of the Department of Defense to understand promptly the specifics of scientific
research projects which are planned, underway, or completed - as well as to infer the status of
development of science and technology within the U.S. DoD ―portfolio‖.
Ordinary users can use suitable terminals (NIPR) to search its unclassified documents and data.
Classified users with the correct communications name and authentication code can use
classified terminal and classified communications circuits (SIPR) to retrieve classified
documents or data. Even though Techipedia has overcome or made past constructs obsolete, the
PRC has perceived DTIC leveraged much of their previous library thinking for maximum re-use
in subsequent manifestations of service…so it may be useful to outline the historical basis of
DROLS components:
(a) Technical Reports Database
The Technical Reports Database was the largest of the four databases. It involved technical
reports on scientific research projects which have already been completed (that is, AD reports).
(b) Scientific Research Project Database
The content of this database involved Department of Defense scientific research projects under
way. Started in 1968, this was the earliest of the four databases to be established. This database
had a total of 48 major data elements including: scientific research project, S&T area, technical
objectives, research channels, status of progress, project number, contract number, responsible
Department of Defense unit and its address, contractors and their addresses, names of key
scientific research personnel, start date of research work, estimated completion date of research
work, major funding organization, other funding organizations, topic words, identifying words,
keywords and classification level and distribution regulations for project status summaries.
(c) Scientific Research and Development Plan Database
This database held brief reports on scientific research projects already in the Department of
Defense's scientific research ―plan‖. The data items included: project name, S&T area, technical
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objectives, research channels, project serial number, status of progress, search words, costs,
dates, classification level, etc.. About 3,500 planned projects were recorded here annually.
(d) Independent Research and Development Database
What was entered into this database was brief reports on scientific research projects undertaken
independently by contractors; provided for the use of the Department of Defense so as to strive
for future Department of Defense contracts. These summaries helped the Department of Defense
understand and make judgments about industrial research activities in special areas of technology
- and follow the reported status of progress of those activities. About 7,000 entries were added to
this database each year – but recent media reports in the U.S. have cited the DIBs risk aversion to
any IRAD without more specificity from DoD about what war-fighter capability needs are in
terms of militarily critical technologies. Because what was contained in this database is
(potentially) patent-related information, no associate contractor could search it. It was provided
for limited access Department of Defense use only.
Currently it is an important mission of DTIC to step up its technical information service work.
So as to improve its ability to provide technical and management information to leaders and
technical personnel at all levels of the Department of Defense, DTIC has further improved the
system currently in use. DTIC iteratively researched how to exploit other non-DoD specific
databases in the United States or abroad to expand their utility as a DSTI resource in avoiding
technological surprise. The DTIC catalog of documentation obviously had to expand by some
geometric factor. DTIC is also actively training leaders at all levels of the Department of Defense
in order to improve their ability to use the repository of varied databases.
3. National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161
NTIS is a major PRC DSTI source responsible for disseminating information both within the
United States and elsewhere. Falling under the jurisdiction of the Department of Commerce, it is
the only government organization which assumes responsibility for its own profit and loss and
which makes its living by selling information. All of its expenses, such as workers' wages,
production costs, publicity, advertising and postage are paid out of revenue obtained from the
sale of information and the provision of services. It receives not a cent of Congressional
appropriations unless under a special development plan. Nevertheless, its mission is mandated by
the government. According to a U.S. Government statute, it is responsible for collecting,
organizing, marketing and retailing all open-source research, development and project reports
produced with the financial assistance of the federal government; as well as foreign technical
reports or other documents provided by national and local government organizations and their
contractors.
The PRC emphasis is on four major categories of reports: AD, NASA, DoE and PB.
In addition, NTIS is the center for the sale of federal government-produced, computer processed
data files and software. Also NTIS is responsible for the sale of license application documents
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for patents owned by the U.S. Government itself (technology transfer mechanism). The formats
of NTIS products are books, microfiche, microfilm, magnetic tape, CD-ROM, .pdf, etc..
NTIS is responsible for managing the Center for Use of Federal Technology (CUFT) and the
Federal Software Exchange Center (FSEC). The former allows U.S. industry to learn promptly
about specially selected useful and immediately effective technology. The latter promotes the
exchange among government organizations of computer software which can be purchased
through NTIS.
NTIS has over 370 workers. Only something more than 50 of these are engaged in information
processing and indexing. NTIS is responsible for processing and indexing only PB reports. The
other types of reports (AD, DoE and NASA) are sent to NTIS after cataloguing by the original
archiving organization. The other people at NTIS are all involved in promoting the sale of
information, processing or shipping orders and providing customer service information. This
latter point illustrates the commercial nature of this organization.
Currently NTIS has well over three million documents on file. Of these, over 300,000 are foreign
technical documents. NTIS adds about 70,000 new technical reports to its archive each year. The
information is stored for the long term and can be sold at any time. Almost all documents are in a
database and can be provided to users directly in digital format. The remaining, less often
requested documents can be duplicated from a master as users need them. Each year NTIS sells
over six million documents; sending out about 24,000 items per day.
NTIS uses bulletins, periodicals and indices to notify users at regular intervals about newly
received U.S. and foreign technical reports and other, special information. It sends out over
3,000 types of topical lists based on users' needs. Users can use long-term order forms
(microfiche selection and ordering service) to order microfiche by topic. Users can do online
searching of the NTIS Catalogue Database to find the newest technical reports or to compile
special-topic lists. All of the database reading equipment can be leased from NTIS. Currently
NTIS has over 300,000 users; over half being from the business world in the United States. U.S.
Government organizations are the second largest category. China is the largest foreign user of
NTIS. NTIS makes one shipment a week to China.
NTIS's best known and most widespread publication is the U.S. Government Reports
Announcements & Index, which gives notice in digest form of the unclassified S&T reports
produced by scientific research organizations and contractors of the various departments of the
U.S. Government (such as the Department of Defense, NASA and the Department of Energy), as
well as S&T reports and translations from foreign countries and international organizations. This
periodical is an important tool for PRC purchasing and searching the ―four major types‖ of DSTI
reports. The vast majority of material in this notice can be obtained from NTIS. A small amount
of the material must be purchased separately from other selling organizations. These items are so
identified in the notice.
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III. NASA reports and the National Aeronautics and Space Administration (Code NTT-4,
Washington, D.C. 20546)
1. NASA reports
(1) What Are NASA Reports?
NASA is short for the U.S. National Aeronautics and Space Administration. NASA established a
Scientific and Technical Information Facility in order to accomplish exchange and dissemination
of S&T material. PRC DSTI personnel often refer collectively to the S&T reports collected,
indexed, publicized and supplied by this organization as NASA REPORTS. Strictly speaking, its
materials should be differentiated as NASA's own reports (true NASA reports, designated with
an "N" and non-NASA reports. Reports from the predecessor of NASA are known as NACA
(National Advisory Committee for Aeronautics) reports. Currently the S&T Information Facility
holds well over one million S&T reports; and it uses internet facilitation to accomplish automatic
handling of information.
(2) Sources of NASA Reports
(a) One category of sources for the PRC is S&T organizations subordinate to NASA, contracted
companies and enterprises and institutions of higher learning. The S&T reports they generate are
official NASA reports; properly called reports from NASA itself. According to an investigation
the PRC DSTI apparatus did in 1985 as only one example of their desire for tracking U.S.
repositories, NASA's own internal reports constituted only about 15% all NASA reports.
(b) A second NASA category is AD reports from the Department of Defense system, DoE
reports from the Department of Energy and PB reports from government departments. NASA's
S&T Information Facility takes those reports concerned with aeronautics and space, assigns them
an "N" number, archives them, publicizes them and supplies them for use.
(c) A third NASA category is S&T reports produced by some foreign S&T organizations and
inter(trans)national organizations. NASA's S&T Information Facility collects these reports,
assigns them "N" numbers, archives, publicizes, and supplies them for use. The organizations
producing these reports include NATO's Advisory Group for Research and Development, the
European Space Agency, Britain's Royal Aerospace Establishment, France's Centre National
d'etudes Spaciales, the Aeronautics and Space Research Institute of Japan's Science and
Technology Agency, etc., involving more than 20 countries. In addition, the facility has English
translations of S&T reports from the Soviet Union and eastern European countries. It even has
translations of S&T reports from the PRC. For example, the 1985 STAR index number 15 listed
translations of 13 Chinese S&T reports.
The last two categories described above are not NASA's own internally generated reports.
(3) The Content of NASA Reports
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NASA reports are quite specialized. They are concentrated in the areas of aviation and space
flight. Also, NASA reports are high quality. They are a major source of intelligence from
researchers in the scientific fields of aviation and space flight.
(4) Classification and Numbering of NASA Reports
NASA reports may be open-source or classified. All openly distributed reports have serial
numbers beginning with N, such as N85-27240. Numbering begins each year with 10001. All
S&T reports which are classified or which have restricted distribution have serial numbers
beginning with X, such as X79-10045. Numbering of these also begins each year with 10001.
X-numbered S&T reports are collected, indexed, publicized, and provided for internal use only
by NASA's S&T Information Facility. They are not openly distributed. They fall within the
category of NASA restricted distribution. They are also differentiated as reports on projects
either receiving or not receiving financial assistance from NASA.
According to colleagues, the main source of X-numbered reports includes: NASA itself, its
contractors, U.S. Government organizations and the European Space Agency. Because both N
and X reports are stored in NASA's database, X reports can be searched not just manually on-site
but also by computer internet (like DTIC).
If a NASA report is classified, its title includes a notation for its level of classification. If the title
of a report is classified, then it will not appear in catalogue searches. The classification notation
indicates the report's classification level: For Official Use Only-Restricted, Confidential or
Secret Information. If a report is For Official Use Only-Restricted Distribution, its title contains
a notation to that effect. The notation prescribes the report's scope of issue; explaining clearly
what organizations are authorized to receive it. These are:
NASA only: For use only at NASA headquarters and the various NASA research centers.
NASA & CONTR only: For use only by NASA and its contractors.
GOVT & AGCY only: For use only by government organizations.
GOVT & CONTR only: For use only by U.S. Government organizations and their
contractors (including NASA and NASA contractors).
Besides this, NASA also has numbers beginning with capital N in the series Nxx-60000, 70000,
and 80000. Capital N reports are not included in the STAR index. They first appeared in the
1962 U.S. Government Report Notice. Some have the notation "declassified on such-and-such a
month and year."
(5) Periodicals Which Publicize NASA Reports
Openly disclosed NASA and NACA reports from before 1963 are listed in the Monthly Notice
of U.S. Government Publications compiled and printed by the Government Printing Office. From
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1963 onward, NASA prepared the digest periodical Scientific and Technical Aerospace Report,
called the STAR index for short. This is published twice a month on the 8th and the 23rd, one
volume with 24 issues each year. The STAR index has 11 major and 75 secondary categories, by
specialized area. It allows search by keyword, by source, by individual author, by contract
number, and by cross-referenced report number and catalogue number. The STAR index reports
open-source S&T reports collected by the NASA S&T Information Facility. Each of these report
numbers begins with N. Each issue reports over 1,000 items.
The features of STAR are:
(a) A large number of S&T reports listed, over 25,000 each year.
(b) Quite fast notification of NASA reports, normally 30 to 60 days faster than the GRA&I.
(c) High degree of specialization, limited to reports on aspects of aviation and space flight.
(d) Broad scope of collection, with quite a lot of duplicate notice of relevant reports from other
departments or countries.
An example of researching the proportions of N-numbered reports (2003-2004), with the
following results:
Profile of N-numbered Reports, 2003-2004
NASA itself
AD
DoE
PB
Other

14.2%
18.9%
27.7%
3.6%
35.6%

Beginning with the second half of 1974, the STAR index added summaries of S&T projects in
progress. There were then no S&T reports for these projects, but they reflected NASA's current
S&T trends and plans. NASA X-numbered reports are listed in the Limited Scientific and
Technical Aerospace Reports digest, called for short the LSTAR index. Publication of this
quarterly index began in 1973. Its predecessor was CSTAR, the Classified Scientific and
Technical Aerospace Reports index, which ceased publication at the end of 1972.
(6) Types of Reports Published Openly by NASA Itself
Besides reports with serial numbers beginning with N, NASA has its own meaningful serial
numbers for reports which it publishes openly. See the following list:
NASA-TR-R Technical Reports: Most of these are technical summaries and descriptions of
S&T accomplishments from NASA's various centers
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NASA-TN-D Technical Notes: Topical technical documents compiled by technical personnel at
NASA's various centers; content is incomplete, but still quite important; mostly reports of new
technical accomplishments, new techniques and new materials
NASA-TM-X Technical Memoranda: Includes preliminary test reports, data and information
or fairly important documents whose classification has been downgraded, conference papers, etc.
NASA-CR Contractor Reports: S&T reports prepared by NASA contractors in the course of
scientific research, testing, and production
NASA-TT-F Technical Translations: Mostly translated Soviet reports, papers, collections, etc.
NASA-EP Educational Publications: Publication of these began in 1971; they are a rather
small amount of reading material for educational use concerning aviation and space flight
NASA-SP Special Publications: Publication of these began in March, 1962; content is quite
unwieldy and complex; some items have great value as reference material; mainly these items
include summary reports, conference notes, data handbooks, compilations of data, special topic
papers, monographs, lists of documents on special topics, etc.
NASA-CP Conference Publications: Publication of these began in 1977; these report records of
conferences
NASA-TP Technical Papers: Publication of these began in 1977; these report on quite a lot of
new technologies; content is similar to TN
NASA-Case, patent descriptions and patent applications: These include descriptions of
patents which NASA holds and patent applications submitted to the U.S. Patent Office
NASA-M Memoranda: These dated from NASA's early years; there are few of them and
issuance has been discontinued
NASA-RP Reference Publications: These report some NASA reference information
NASA-Release, news releases: These report NASA news bulletins
(7) Obtaining NASA Reports and Archives in the United States
As with the Defense Technical Information Center, NASA's S&T information system has only
"registered user" service, including:
(a) NASA headquarters, its various research centers and its contractors
(b) U.S. Government organizations and their contractors
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 226

The Rooster & The Dragon January 23, 2012
(c) Libraries in the United States which have agreements with NASA (these libraries are
responsible for providing NASA reports for the public to read)
(d) Other organizations which must consult NASA reports in their work
(e) Foreign organizations and groups which have exchange agreements with NASA
Among these users, the most important are NASA headquarters, its various research centers, and
its contractors. These people number more than 800. The NASA S&T information system is the
internal source of NASA reports for NASA headquarters itself. In addition, the U.S. National
Space Society's Technical Information Office library archives openly published reports from
NASA itself; the British Library's External Lending Department archives openly published
reports from NASA itself and many non-NASA N-series reports appearing in STAR; and the
European Space Agency (ESA) archives openly published reports from NASA itself. These
provide service to their own system or to the public. These organizations are also sources which
retain NASA reports, and are alternate channels for the PRC DSTI apparatus.
So as to give common citizenry more contact with U.S. Government publications, the U.S.
Congress passed a "Federal Depository Libraries Plan." By this plan, under the management of
the Government Printing Office, fifty local libraries are appointed to be responsible for
receiving, storing, providing access for reading and interlibrary loan of government publications.
These libraries keep complete sets of reports published openly by NASA. These libraries are
other sources of stored NASA reports within the United States available to PRC collectors.
As with AD reports, ordinary users within the United States and users outside the United States
who wish to purchase openly published NASA reports must go through NTIS. All NASA reports
which appear in STAR can be ordered and obtained from NTIS. As for non-NASA N-series
reports, some of these can be ordered from NTIS (but not NASA-adopted AD, PB and DoE
reports; which can of course be obtained from NTIS). However, a small number of non-NASA
N-series reports must be purchased separately from other sales organizations. For specifics see
the notations for how to obtain items under "Avail[ability]" in STAR listings. Because of the
serious overlap in reports listed in GRA&I and STAR, and because non-NASA N-series reports
include a large number of S&T reports from other organization or countries the PRC trains its
DSTI personnel thus:
―When simultaneously using several indexes, making use of different channels and collecting
different types of documents, one must clearly understand the relationships among the various
indexes and take care to avoid duplicate orders. In this regard there is a set of skills which
persons engaged in ordering publications should master. ―
At present, China's National Defense S&T Information Center keeps a full set of openly
published NASA reports digitally, on microfiche and some materials in paper form. The Center
also archives some non-NASA N-series reports digitally, on microfiche or paper. Within China,
the China S&T Information Research Institute, the Shanghai S&T Information Research Institute
and the Sichuan Province S&T Information Research Institute collect full sets of NASA
materials.
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2. National Aeronautics and Space Administration
(1) Concept
NASA reports are generated by the National Aeronautics and Space Administration. The Soviet
Union launched the world's first manmade satellite in October 1957. After that, the second
session of the 85th Congress of the United States passed the "National Aeronautics and Space
Act," establishing NASA on 1 October 1958. In the structure of the U.S. Government, NASA is
at a level equivalent to that of a department, on an equal footing with the Department of Defense
and the Department of Energy. NASA is under the direct leadership of the Congress and the
President. Under the provisions of the Act, NASA assumed control of the property, facilities and
personnel of the National Advisory Committee for Aeronautics which was founded in 1915.
NASA's duties and responsibilities are:
(a) To direct research related to problems of flight both within and beyond the atmosphere.
(b) To organized the development, construction and testing of air and space flight vehicles.
(c) To direct the use of various types of manned and remotely controlled flying vehicles
conducting space exploration.
(d) To establish cooperative relationships with air and space flight research organizations in
other countries.
(e) To be responsible for the exchange and dissemination of research results and data.
According to the Act, NASA is mainly responsible for guiding and coordinating air and space
research activities other than those of the military. But in fact, NASA serves military
departments directly or indirectly…therefore representing a back-door to DOD the PRC exploits.
They have tracked and train their DSTI apparatus about the NASA organization.
―NASA headquarters is located near Capitol Hill in Washington, the District of Columbia. The
headquarters has six offices: Office of Air and Space; Office of Space Applications Technology;
Office of Resource Planning; Office of Space Flight Planning; Office of Space Science; and the
Office of Tracking and Data. NASA has 14 research centers and laboratories. Those mainly
engaged in aeronautical research work are the Langley Research Center, the Ames Research
Center, the Lewis [now Glenn] Research Center and the Dryden Flight Research Center.
Those mainly engaged in astronautics research work are the Goddard Space Flight Center, the
Johnson Space Center, the Marshall Space Flight Center, the Kennedy Space Flight Center, the
Wallops Space Flight Center, the Jet Propulsion Laboratory, the National Space Flight
Technology Laboratory, the Michoud General Equipment Plant [Assembly Facility], the Western
Test Range Work Station, and the White Sands Missile Range Test Station.‖
(2) NASA's S&T ‗Information Work‘ of Notice to the PRC
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(a) NASA's S&T Information Facility has the centralized responsibility of collecting, evaluating,
examining, digesting, cataloguing and indexing materials- as well as services such as retrieving
documents, making copies and data distribution.
(b) The NASA S&T Information Facility provides round-the-clock service to retrieve various
types of information for users. Copies of the information must be mailed out within 48 hours if a
physical product is required. Inquiries made from internet terminals in various places or from
broad locations receive a reply within seconds to minutes.
(c) The facility gives prompt notice and supply of new materials. It is a requirement that various
technical reports collected be processed and publicized within four to six weeks. Copies of
technical reports and dissertations listed in each issue of STAR and IAA [International
Aerospace Abstracts] must be provided on time to NASA's libraries, research centers and
laboratories a week before the issue goes out. The volume of files sent out each year is about two
million. Knowledge is distributed in three ways: As required, automatically to users who receive
full sets of the documents; selectively, based on a user's specific choice of categories; and based
on the requirements of NASA's contractors and on materials exchange agreements with
organizations within the United States and in foreign countries.
(d) The facility has cooperative relationships with various concerned information organizations
within the United States. NASA maintains close and cooperative relations with DTIC, NTIS, ETIS (the Department of Energy's Technical Information Service) and other federal government
information organizations which exchange catalogues. Also the facility coordinates with
concerned academic bodies, and has a rational division of work with them.
(e) The facility exchanges information with foreign organizations.
NASA makes use of information exchange measures for the wide-ranging collection of various
types of materials concerned with its mission and objectives. In coordination with NASA's
International Affairs Group, the S&T Information Facility negotiates the conditions by which
materials are exchanged with information organizations in various countries (and it signs
exchange agreements with them). The counterpart must first send NASA samples of
exchangeable materials, estimate the yearly volume of what will be sent, declare that NASA is
allowed to duplicate in some media form the materials provided and agree to open provision of
the materials in the United States. What NASA provides to its exchange partners is mostly STAR
and NASA's own reports. If NASA discovers that the quality or quantity of documents provided
by a counterpart does not meet NASA's requirements, it may at any time propose to the
counterpart that a clause in their agreement should be revised, or that the agreement should be
terminated. Currently, NASA has signed exchange agreements with 225 organizations in 49
countries and with some international organizations. Each year NASA receives over 2,000 types
of materials from them.
(f) Search service. NASA's S&T Information Facility can search various types of materials as
registered users require.
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(g) Translation service. Based on requirements from NASA scientists, engineers and
administrative personnel, NASA can provide a translation service for materials and official
documents from over 30 languages other than English.
(h) NASA publishes various items to satisfy the different needs of different users:
-- It compiles, publishes, and prints NASA's own reports (about 1,000 each year)
-- It compiles and publishes STAR and LSTAR
-- It has delegated the American Institute of Aeronautics and Astronautics to compile and publish
International Aerospace Abstracts; contributing funds to the effort.
-- It compiles and publishes catalogues of specialized materials such as Aeronautical Engineering
(monthly); Aerospace Medicine and Biology (monthly); Earth Resource [as published]
(quarterly); NASA Patent Abstracts Bibliography (half-yearly); and Selected Current Aerospace
Notices (SCAN), a selection of about 200 topics on a particular theme (bi-yearly). The number
and scope of articles in each edition of SCAN is not fixed, and, it may be increased or reduced
according to actual requirements.
The titles appearing in the above five types of periodicals are selected from STAR and IAA.
Quarterly Listing of AGARD Reports is a compilation of technical reports from AGARD,
publicized in STAR. It has no index. AGARD Index of Publications includes digests and various
kinds of indexes. Issue number 1 lists documents issued between 1952 and 1970. After that, one
issue was published every three years.
-- NASA compiles and publishes NASA Research Activities (every two months).
-- It compiles and publishes Research and Technology Objectives and Plans Summary (yearly).
-- It compiles and publishes Journal Holdings for NASA Libraries (yearly). Publication of this
began in 1983. By 1984 it already included 7,768 items. This index tells a reader which types of
periodicals are held in various libraries, so as to achieve the objective of sharing.
(i) NASA provides search service by linked equipment.
NASA has a NASA RECON (Remote Console) linked equipment search system. Users far away
can make use of secure internet terminals to link directly with the main computer at the NASA
S&T Information Facility. The NASA RECON system has the following seven databases:
-- Aerospace database; providing online search of all materials appearing in the two periodicals
STAR and IAA since 1962. Over 1.4 million documents have been entered in this database. Each
year over 70,000 more are added. Originally use of this database was restricted to NASA and
other government organizations, but beginning in 1985 it was connected for search with the
American company Dialog Information Services.
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-- Restricted Aerospace Science and Technology Reports Database; the content of which is
similar to LSTAR.
-- Undistributed Restricted Documents Database
-- Research and Technology Objectives and Plans Summary Database; the content of which is
the same as the yearly paper version.
-- NASA Research and Development Contract Search File
-- NASA/RECON NALNET - Periodicals File; the content of which is similar to the printed
version of Journal Holdings for NASA Libraries.
-- Numerical Data Databases Index, which is a list of 144 NASA and seven non-NASA
numerical databases.
IV. American Institute of Aeronautics and Astronautics, AIAA Conference Paper
Preprints, International Aerospace Abstracts, and AIAA documents
1. The address of AIAA is 555 West 57th Street, New York, NY 10019.
(1) Introduction
AIAA is a multi-profession, non-governmental, academic body. Its membership consists of
scientific researchers engaged in aeronautical and space flight research, technical personnel from
companies or enterprises, and graduate students from some large institutions of higher learning.
The institute also attracts foreign scientists and technical personnel; including some from China.
This organization was founded on 1 February 1963 by merging the Institute of Aerospace
Sciences (IAS) and the American Rocket Society (ARS). Prior to 1961 the IAS was called the
American Aviation Society. Founded in 1922, the American Aviation Society was the
authoritative body for the science of aviation in the United States. The American Rocket Society
was founded in 1930. It was one of the earliest academic bodies to be engaged in rocket
technology and space flight research. In the early 1960's, in order to contend with the Soviet
Union for supremacy in space, the United States implemented major changes in its scientific
research structure, information research, materials services, etc.. To meet the need for developing
research activities concerning aviation and interplanetary flight, and to avoid duplicative waste
of manpower, materiel, and time in scientific research work, after a year of deliberation the
Institute of Aerospace Sciences and the American Rocket Society merged to become the Institute
of Aerospace Sciences. It has over 36,000 members.
AIAA has under it 32 technical committees: Aerospace and Atmospheric Physics; Atmospheric
Environment; Fluid Mechanics; Plasma Dynamics; Atmospheric Flight Mechanics; Celestial
Mechanics; Propellants and Combustion; Power Supply Systems; Electrical Propulsion; Liquid

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 231

The Rooster & The Dragon January 23, 2012
Propellant Rockets; Solid Propellant Rockets; Gas Propulsion; Nuclear Propulsion; Underwater
Propulsion; Communications; Instruments; Guidance and Control; Structural Mechanics;
Structures; Materials; Aviation Flight Vehicle Design; Aviation Flight Vehicle Operation; Space
Flight Vehicle Design; Space Flight Vehicle Reentry; Launch Apparatus and Guided Missiles;
Maritime Systems; Flight Testing; Surface Testing; Reliability and Durability; Life Science
Systems; Project Management; and Outer Space Law.
Each technical committee is responsible for academic activities in its particular area of
specialization. AIAA holds its annual conference each year in early November in New York. In
June it holds a mid-year conference. Also, each year it holds 15 to 20 symposia based on
specialized branches of learning. AIAA is a producer of institute or association-type materials.
(2) AIAA's Publications and Conference Documents
The main types of S&T publications issued by AIAA are:
(a) AIAA Journal (monthly); Publishes research documents pertaining to aviation and
aerospace. The content includes jet and rocket propulsion technology, flight mechanics, celestial
mechanics, guidance, communications in space, atmospheric and space physics, materials and
structures, spacecraft research, development and design, etc.
(b) Journal of Aircraft (every two months). Mainly publishes papers concerning aspects of
aircraft design, flight mechanics, flight testing, flight safety, airport design, air traffic control,
navigation, propulsion systems, structures and ground equipment.
(c) AIAA Student Journal (quarterly). Mainly publishes essays by the institute's student
members and papers by teachers of aviation and space flight technology.
China's National Defense S&T Information Center archives all three of these periodicals.
AIAA's conference papers are mainly advance copies -- AIAA Papers Preprints. Also, members
of AIAA's technical committees compile copies of all (not just AIAA's) conference papers on
important topics into Progress in Astronautics and Aeronautics. These are published, printed and
distributed by MIT and other publishing houses. The first edition of this series appeared in 1960,
and as of the present they number in the hundreds of volumes.
2. Advance Copies of AIAA Conference Papers: AIAA Papers Preprints
(1) Concept
On its own, AIAA convenes 15 to 20 symposia each year. These are mainly of two types. One is
secret; with conference papers which are not openly disseminated. An example would be a
conference on AIAA's joint strategy. The other type is open, with openly distributed conference
papers. An example would be an AIAA conference on aerospace science. As for joint symposia,
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when AIAA is the host and other associations are participants, then AIAA's name appears first.
An example is "IAA/ASME Conference on Structures, Structural Dynamics, and Materials."
Conference papers carry AIAA report numbers, such as AIAA 78-355, and conference paper
preprints can be purchased from AIAA. When another association is hosting the conference and
AIAA is a participant, the name of the other organization comes first, as for example in
"EEE/AIAA Conference on Space and Atmospheric Observation and Measurement
Instruments." Conference papers for this conference would not be given AIAA report numbers,
and they cannot be purchased from AIAA. They would be supplied by IEEE.
AIAA conference papers normally appear as preprints one or two months before the conference.
These papers are all read aloud at the symposium, and they are sold to conference attendees and
provided to pre-designated subscribers. Each year over 1,000 preprints are published either
individually or as collections. Quite a large proportion of these papers either had, or will appear,
in one of AIAA's periodicals. Thus there is duplication in the content of conference paper preprints and the institute's periodicals. The content of AIAA papers are original and the writing
styles are succinct. The papers can reflect new achievements, new levels attained or new trends
in the world's aviation and aerospace S&T. They are an important source of information widely
appreciated by aeronautical and aerospace S&T personnel. China's National Defense S&T
Information Center and other organizations hold full sets of AIAA papers from 1963 to the
present.
(2) Publication Formats and the Course of Their Evolution
AIAA papers are available on paper and digitally. Distribution in paper format began formally in
1963. At first there were only a few hundred items per year. Publication formats were not fixed.
Some items were published alone, with each item having a report number. Sometimes items were
included in bound volumes, with some of the items assigned their own report numbers and some
not. So there was a lack of standardization. This situation continued from the 1960's to the early
1970's. After that, the number of reports grew year by year and publication of them gradually
became more standardized. The fairly fixed, ―three-format‖ publication scheme took shape by
the end of the 1970's. In the first, all the papers for a conference are issued individually, each
with its own report number. In the second, all the papers for a conference are bound into one
volume; with each paper having its own report number. In the third method, some of the papers
for a conference are together in one volume, while others are distributed individually. Each of
the papers is assigned its own report number, and stand-alone reports and the ones in collections
do not duplicate each other. In combination with each other, the three methods constitute a
complete set of AIAA conference paper pre-prints.
(3) Output Channels
The channels by which AIAA makes available AIAA papers are as follows:
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(a) Member purchase. Members pay a certain amount of money each year and get ―preference‖
in the purchase price and advance release of conference papers.
(b) Onsite purchase. All conference participants can select and purchase papers at the
conference, but nonmembers get no preferential treatment.
(c) Ordering in advance. Subscribers in China place orders by way of the Foreign Languages
Bookstore for individual AIAA papers which interest them.
(d) Long-term advance ordering. Subscribers who need to order a full set of AIAA papers can do
so with a long-term advance order. They pay in advance based on prices set by AIAA, and AIAA
provides a full set of conference paper preprints after each conference. The PRC DSTI collectors
arrange with the China Books Import and Export Corporation [Zhongguo Tushu Jinchukou
Gongsi] for a long-term advance order for the next year's papers.
(e) After-conference sales. After a conference, users can purchase either a full set or individual
conference papers, in paper form or digitally. The price goes up after a year has elapsed and it is
often difficult to guarantee the supply of a full set.
(f) Sale by authorized agent. For example, AIAA and Jane's Publishing Company have signed a
contract by which Jane's is a sales agent for AIAA's publications.
Comparing these various channels, member purchases are best in terms of price, delivery time
and quantity. Apart from this channel, in terms of acquisition time on-site purchase is the fastest.
Next best is long-term ordering, by which items are normally received three to six months after a
conference, with a small number taking a year. Sometimes papers from one conference arrive in
several different deliveries. Reportedly, PRC DSTI personnel complain that ordering piece-meal
from the Foreign Languages Bookstore has been quite slow responding.
Historically, PRCs problems with collecting AIAA papers by way of long-term advance ordering
are that, in terms of quantity (for various reasons) deliveries each year are incomplete;
sometimes even short by several hundred items. There is no list of what is to be provided and
delivery can take a very long time. This often makes it very difficult for the PRC DSTI personnel
to determine within a short time which missing numbers represent delivery shortages and which
numbers represent no materials at all.
(4) Reasons for Missing Numbers
Each year there were many numbers missing from AIAA conference paper pre-prints in China.
Why was this? To clarify the exact reasons, someone in the PRC DSTI apparatus researched this
topic in 1984. Obviously it was an important knowledge source for their efforts. The results of
their investigation showed clearly that the main reasons for missing numbers were:
(a) Insufficient number of papers. Each symposium is pre-assigned a range of report numbers. If
there are not enough papers to match the index, then numbers will be missing.
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(b) Failure to gain approval. Writers send AIAA the topic of their paper and an abstract of its
content. But if the content is secret or it reflects incomplete preparation, the paper is not
approved for distribution.
(c) Writer withdraws. A writer will sometimes recognize on his own that the quality of his paper
is less than ideal, and will withdraw the paper.
(d) Issuance in a periodical. For various reasons, a writer may be unable to deliver the
prearranged conference paper on time. It might appear in a periodical some time later.
(e) Partial sellouts. Some conference documents sell out because of a large number of buyers,
and thus complete sets cannot be provided.
(f) Mistakes. Personnel who do the shipping may make mistakes and send incomplete shipments.
(5) Contingency measures
The following contingency measures were implemented to ensure complete sets of this material:
(a) After a time, they check the AIAA report numbers as publicized in IAA (International
Aerospace Abstracts) to determine whether there is no document for a missing number or
whether the shipment was incomplete.
(b) Expedited shipments to make up the set. If shipment of a series is incomplete, then many
expedited overseas shipments are necessary. AIAA regulations say that it is responsible for
expedited shipment within 12 months after a conference. Supplementary shipments are no longer
made after that - and all one can do is to send a new purchase order. In the PRC DSTI
experience, ‗expedited‘ shipment was most effective six months after a conference. However,
expedited shipments out of the country were certainly not completely reliable. Sometimes
several ‗expedited‘ shipments still did not arrive, or the shipment contained serious duplication.
Then PRC DSTI personnel used IAA material on other media elsewhere so as to make up a
surrogate duplicate; completing the required set.
3. International Aerospace Abstracts
Besides organizing various specialized symposia or publishing periodicals, collections and
conference papers, AIAA's Technical Information Service also compiles and publishes
International Aerospace Abstracts (IAA). Publication of IAA began in 1961. Originally it was a
monthly periodical compiled and published jointly by the U.S. Aviation Association and the U.S.
Air Force Aviation Research and Development Command's Air Force Scientific Research Office
(AFOSR), with financial assistance from the National Science Foundation (NSF). From 1963
onwards it became a twice-monthly periodical compiled and published by AIAA with financial
assistance from NASA. NASA and AIAA reached agreement whereby International Aerospace
Abstracts and Scientific and Technical Aerospace Report (STAR) became "sister publications"
reporting on aviation and aerospace documents.
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The two periodicals have a clear division of labor. STAR is responsible for reporting on S&T
reports, and IAA is responsible for reporting on "on-report documents‖: periodical articles,
books, conference papers, etc. IAA is an abstract-like index. Its classification system and layout
are similar to that of STAR, and it has five indexes at the end. Each edition reports over 1,000
abstracts, over 30,000 each year. IAA is published on the 1st and the 15th of each month.
Documents reported in IAA are assigned unified "catalogue numbers," or "abstract numbers,"
beginning with the letter A to distinguish them from the N numbers in STAR. Examples are
A74-10001, A78-10002, etc. The serial numbers begin each year with 10001. THE PRC has
tracked this source for decades.
4. IAA Documents
All documents reported in the International Aerospace Abstracts are collectively called "IAA
documents."
(1) Sources and value of IAA Documents
IAA Documents are mainly selected from conference papers of associations, societies and
research organizations of the United States and other countries; from books and from over 900
S&T periodicals. The selection is limited to aviation and space flight. Examples of Conference
papers noted as IAA documents include:
(a) American Institute of Aeronautics and Astronautics (AIAA) papers
(b) American Society of Lubrication Engineers (ASLE) papers
(c) American Society of Mechanical Engineers (ASME) papers
(d) American Society for Testing and Materials Engineers (ASTME) papers
(e) American Combustion Institute (CI) papers
(f) American Institute of Electrical and Electronics Engineers (IEEE) papers
(g) American Institute of Chemical Engineers (AICE) papers
(h) American Instruments Society (ISA) papers [as published; ISA is International Society for
Measurement and Control]
(i) American Society of Automotive Engineers (SAE) papers
(j) American Society of Motion Picture and Television Engineers (SMPTE) papers
(k) Jet Propulsion Laboratory (JPL) Reports
(l) NATO Advisory Group for Aerospace Research and Development (AGARD) Reports
(m) International Council of the Aeronautical Sciences (ICAS) papers
(n) United Nations Conference on Peaceful Uses of Nuclear Energy, UN papers
(o) British Aeronautical Research Council (ARC) papers
(p) British Institute of Mechanical Engineers (IME) papers
(q) French Office National d'Etudes et de Recherches Aerospatiales (ONERA) technical papers
(r) German Deutsche Gesellschaft fur Luft- und Raumsfahrt (DGLR) reports
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It is especially worth pointing out that in IAA publications, a significant proportion were
translated Russian language documents from the Cold War era. Statistics from 1982 to 1984, for
example, showed that Russian documents constituted about 40% of all documents on archive.
Under the PRCs parallel situation during that timeframe (with a lack of Russian language
materials at their disposal) IAA Documents provided them a path by which to understand the
status of aviation and space flight advanced developments in the Soviet Union. How much more
did they learn about ours?
IAA Documents remain a major source for PRC scientists and technicians engaged in aviation
and space flight research. The strong point of IAA Documents from the PRC view is that the
repository contains many conference papers of original subject matter. Because of the confusion
with other organizations which issue conference papers, it is sometimes difficult to follow the
―thread‖ of how to order something specific versus en masse from certain events (if possible).
So, PRC DSTI personnel doing the data acquisition found that it was not easy to get full sets or
‗select‘ presentations in a timely manner – and some conference presentations are sometimes not
for distribution (only for the benefit of conference attendees).
AIAA's unified compilation of documents and its publicizing of them in IAA at regular intervals,
although well after-the-fact, is nevertheless more centralized and complete – attributes the PRC
favor. Also, the ―discussion thread‖ or the gist of the research is easy to follow for nonscientists/engineers (not so much in IEEE for instance) and searching is easy for someone
building a knowledge base.
The weak points of IAA Documents are that many papers are abstracted from periodicals while
many others are from conference papers of companion associations/societies. As a consequence,
there is quite a lot of duplication with the content of other publications (such as periodicals and
conference notes). Finally (of curious chagrin to the Chinese), domestic (North American) users
(even in the heyday of western aviation/space prowess) were not very familiar with it - its
circulation rate was very low; making it harder for the PRC to indirectly acquire copies by
coincidence.
(2) Status of Acquisition and Holding of IAA Documents
The publication IAA Documents is archived by the AIAA Technical Information Service's
library, which sells reprints of documents to users in paper and digital form. That is where the
‗source material‘ for IAA is kept. Since 1966, about two-fifths of the documents reported in
International Aerospace Abstracts have been sold in soft formats. (e.g., when all items used to be
sold in microfiche form – they had "#" after the abstract number in IAA. Russian language
documents for sale had "+" after the number.) At present, China's National Defense S&T
Information Center is the only organization in the country with a full set of IAA Documents that
can be confirmed in the open.
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V. DoE Reports and Their DST-Intelligence Value to the PRC
1. The Evolution of DoE Reports
The U.S. Congress passed the Atomic Energy Act in August 1946 which at the same time
established the U.S. Atomic Energy Commission (AEC). Documents collected, organized and
reported by AEC's Division of Technical Information are collectively called AEC reports by the
PRC DSTI apparatus. AEC reports are research reports; focusing on military use but also
reporting on dual military-civilian use of atomic energy as submitted by the U.S. Atomic Energy
Commission's scientific research organizations and contractors. The Atomic Energy Commission
had underneath its Headquarters equally famous atomic energy research organizations such as
Los Alamos Scientific Research Laboratory, Lawrence Livermore Laboratories, Ames
Laboratory and Oak Ridge National Laboratory. Besides these research reports, numerous
reports on atomic energy research were supplied by atomic energy research organizations in
countries which had bilateral agreements with the Commission such as: Australia, Canada,
Denmark, Finland, France, Japan, the Netherlands, Norway, Sweden, Britain and the (then)
Federal Republic of Germany.
The U.S. Atomic Energy Commission was abolished in October 1974. The U.S. Energy
Research and Development Administration (ERDA) replaced them in January 1975. The creation
of ERDA was a measure taken by the U.S. Government to deal with the nuclear threat which it
faced at that time. Besides taking over relevant functions of the Atomic Energy Commission,
ERDA conducted extensive development and research activities on various kinds of nuclear
energy. In terms of administration, ERDA not only took over the control of AEC's various
specialized research organizations, it also took over the U.S. Department of the Interior's Coal
Research Bureau, the Bureau of Mines' Energy Research Center, the U.S. Environmental
Protection Agency's advanced motorized propulsion systems research organization, the U.S.
National Science Foundation's organization researching solar energy usage and its organization
for researching and developing geothermal energy. This scope was a mother lode for PRC DSTI.
As the organization changed, AEC reports became ERDA reports - which the ERDA Technical
Information Center was responsible for collecting, organizing and publicizing. Although AEC's
organization was abolished in October 1974, its publishing work did not stop until June 1976.
For this reason, AEC reports and ERDA reports coexisted side by side for a time. In October
1977 the United States established the Department of Energy.
This department took over all of the functions of the Energy Research and Development
Administration, the Federal Energy Administration and the Federal Power Commission. Their
S&T information work became the responsibility of the Department of Energy's Technical
Information Center. Since then, PRC DSTI personnel have customarily used the general term
―DoE reports‖ for all S&T reports and other materials collected, organized and publicized by that
e-Center.
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2. Sources and quantities of DoE reports
DoE reports came from several thousands of domestic sources, but the main ones were the
Department's eight main operations offices, its five main energy technology centers, its 18 largescale laboratories and their contractors. Organizations Subordinate to the U.S. Department of
Energy that the PRC DSTI apparatus actively historically tracked are detailed below:
1. Eight main operations offices
Albuquerque Operations Office
Chicago Operations Office
Idaho Operations Office
Nevada Operations Office
Oak Ridge Operations Office
Richland Operations Office
San Francisco Operations Office
Savannah River Operations Office
2. Five main energy technology centers
Bartlesville Energy Technology Center
Grand Forks Energy Technology Center
Laramie Energy Technology Center
Morgantown Energy Technology Center
Pittsburgh Energy Technology Center
3. Eighteen large-scale organic or affiliated laboratories
Ames Laboratory
Argonne National Laboratory
Battelle Pacific Northwest Laboratories
Bettis Atomic Power Laboratory
Brookhaven National Laboratory
Fermi National Accelerator Laboratory
Hanford Engineering Development Laboratory
Idaho National Engineering Laboratory
Knolls Atomic Power Laboratory
Lawrence Berkeley Laboratory
Lawrence Livermore Laboratories
Los Alamos Scientific Laboratory
Mound Laboratory
Oak Ridge National Laboratory
Princeton University Plasma Physics Laboratory
Sandia National Laboratories
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Savannah River Ecology Laboratory
Stanford Linear Accelerator Center
In addition, an extensive range of documents produced by energy and atomic power research
organizations of other countries, from international atomic power bureaus, international systems
of information about nuclear matters, NASA, the National Bureau of Standards and other
organizations (including AD reports) are adopted and reported in "Energy Research Abstracts."
Currently DoE reports on about 24,000 items a year, about 34% of all the acquisitions of NTIS.
About 4,000 of these research reports are from countries other than the United States. These
represent 17% of newly added reports each year. In a way, our collection actions help make it
easier for the PRC to follow global DSTI matters (not just for Energy).
3. The Content and Types of DoE Reports
The establishment of the Department of Energy allowed the centralization in that Department of
the United States' previously dispersed work on energy research, development and usage. The
content of these reports mainly includes: nuclear energy, chemical energy, hydro-energy, solar
energy, geothermal energy, wind energy and wave/tide energy - as well as: the basic science of
energy, the application of energy science and technology, energy management and policy,
energy transformation, atmospheric environmental science, surface environmental science,
biomedical science, earth science, materials, chemistry, engineering, etc.. The proportion of
S&T reports which deal with non-nuclear energy is very large, slightly more than half.
The types of documents catalogued in Energy Research Abstracts include: S&T reports, articles
from periodicals, conference papers, books, patents, standards, etc..
4. DoE Report Serial Number Formats
Unlike AD reports, PB reports and NASA reports (which have unified standards for serial
numbers) DoE reports were (often still are) numbered by various different systems. This created
difficulties for the PRC DSTI apparatus in distinguishing the vital few from the trivial (or
duplicative) DoE reports. However, DoE serial numbers do follow some rules of which the PRC
evidently took cautionary notes about. A report number normally consist of an abbreviation of
the organization name as the leading letters; followed by a sequence number. A summary of the
main types of interest to the PRC is as follows:
(1) Reports published by Department of Energy headquarters all start with the letters
DoE. For example, DoE/TIC stands for Department of Energy, Technical Information
Center; DoE/EIA stands for DoE Energy Information Administration; and DoE/ER
stands for DoE Energy Research reports.
(2) Contracted reports published by the Department of Energy have serial numbers in the
format DoE/abbreviation for the name of the contracted party. For example, DoE/NASA
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indicates a report prepared under contract between the Department of Energy and the
National Aeronautics and Space Administration and DoE/JPL indicates a report prepared
under contract between the Department of Energy and the Jet Propulsion Laboratory.
(3) Reports from organizations subordinate to the Department of Energy each have their
own system of serial numbers. For example, COO designates Chicago Operations Office
reports, NVO designates Nevada Operations Office reports and ORNL designates Oak
Ridge National Laboratory reports.
(4) Report designators indicate the type of report. For example, CONF (Conference)
indicates a document from a Department of Energy conference and DoE-tr (Translation)
indicates a DoE translation of a foreign document.
It is startling but not surprising entirely that the PRC were cognizant of (and instantiating)
knowledge management at such an early stage of the Departmental maturation. Because the
numbering system of DoE reports basically continued that of the former AEC and ERDA
reports, if the PRC DSTI personnel wished to search among the report numbers of organizations
subordinate to the former Atomic Energy Commission, they could merely consult the
republished TID-85 (10th Rev) of October 1972. This is a report from the NEC Technical
Information Office. This 185-page report listed the various report designators used by the AEC,
normally the organization designator, but also some with letter designators referring to a special
project or a type of publication. Part one of TID-85 was an alphabetical list of report designators
and part two explained the report-publishing organizations.
5. The DST-Intelligence Value of DoE Reports to the PRC
DoE reports are one of the four main categories of U.S. reports the PRC relish for DSTI. They
touch every aspect of energy research and construction. Energy is a country's economic lifeline
as well as the springboard for a country's economic takeoff. Given China's continued shortage of
energy to fuel expansion, good research from this set of reports is of great usefulness in
accelerating their country's buildup and accomplishing the much popularized ―four
modernizations‖ [i.e., agriculture, industry, S&T and military]. Actual experience proves that
DoE reports were and are yet an important source of intelligence for PRC DSTI personnel or
those engaged in national energy research and construction. In their own words:
―Besides this, DoE reports include a large number of artifacts which are concerned with
research into nuclear energy involving dual military-civilian uses. Examples are:
reactors of various types (including those used on ships); nuclear power systems used in
space; research, development, testing and production of nuclear weapons; laser nuclear
fusion technology; isotope separation technology; production and control of nuclear
material; nuclear material safety issues; personnel security issues; secret information
security issues; export control issues; nuclear weapons control issues; nuclear power
stations, etc. This portion of their reports continually gets a great deal of attention from
those engaged in national defense S&T work in various countries and it is a source of
intelligence with great value.
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Research reports concerned with nuclear power mainly originated with research organizations
subordinate to the former Atomic Energy Commission. This portion of the repository is in three
categories: unclassified, declassified and classified reports. Classified reports are subdivided into
two types: secret and top secret. Of all the reports, each year about 35% are issued and sold
openly and the remaining 65% or so are listed as classified.
6. Searching and Obtaining DoE Reports
The main ‗reference books‘ for searching DoE reports are:
(1) Energy Research Abstracts (ERA); compiled and published by the Department of
Energy's Technical Information Center every two weeks since 1976. ERA describes DoE
reports in abstract and index formats. The abstracts are listed under the main scientific
category - with six types of indexes at the end of each issue: group authors, individual
authors, main topic, contract number, report number and ordering number-report number
cross reference.
(2) Government Reports Announcements & Index; a reference book for searching and
ordering all four major types of U.S. reports (including DoE reports).
(3) International Nuclear Information System Atomic Index (INIS Atomindex); started in
1970. It is compiled and published every two weeks by the International Nuclear
Information System (INIS). Mainly, this index synopsizes abstracts of atomic S&T
reports from countries/regional areas which are members of the International Atomic
Energy Agency and includes some DoE reports. INIS Atomindex is currently an abstracttype reference publication with six major categories and 24 sub-categories. At the end of
each issue is found: an individual author index, an organizations index, a report number
and periodical number index and a keyword index.
As with AD and NASA reports, DoE reports must be purchased through NTIS. Government
Reports Announcements & Index or Energy Research Abstracts often served the PRC DSTI
apparatus as a reference book for ordering, but reportedly their personnel accidentally used the
two simultaneously and overbought source materials; leading to official training updates
cautioning their workforce in taking care to avoid duplication.
7. Status of DoE report holdings in China
The China S&T Information Research Institute, the Shanghai S&T Information Research
Institute and the Sichuan Province S&T Information Research Institute hold complete sets of
openly published DoE reports. The former Ministry of Energy Resources' [since abolished]
Nuclear Information Center held copies of openly published DoE reports which only concerned
nuclear energy.
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VI. U.S. Military Standards, Publications and Forms (PRC special interest on Dept. of the
Navy, Naval Publications and Forms Center, 5801 Tabor Ave., Philadelphia PA 19120)
1. Refresher on U.S. Military Standards
(1) What are U.S. military standards?
Although our RDA policies in the United States migrated away from this practice, for
adversaries concerned with quality yield and interoperability still can advance utilizing these
artifacts we consider passé. The objectives of military standards were to achieve overall
strengthening of research and development, design and maintenance in national defense
engineering projects; to improve military materiel procurement and logistical supply
management work; to ensure the interchangeability, compatibility, reparability and reliability of
military materiel; to improve product design efficiency; to reduce as much as possible the
number of types of products and lower product cost and to simplify management of logistical
supply work as much as possible (thus strengthening field units' latent posture and wartime
combat capability).
Under the overall leadership of the Office of the Secretary of Defense, the various military
departments and staffs under the Department of Defense had formulated many military
standardization documents which benefitted the PRC PLA. At the same time (with the
prerequisite that military use requirements are fulfilled), these Service-unique or certainly
military-specific organizational staffs also assimilated or adopted in entirety some
standardization documents formulated by other parts of the federal government, by specialized
associations and societies (e.g. ISO 9000), and some regional or coalition standardization
documents (e.g. STANAG), to become military standardization documents. The PRC referred to
this series collectively as "U.S. Military Standards" regardless of origin. Much later, as world
industrial standards became more tangible, dual-use technologies were better able to be
integrated into the PLA. Until then, the PRC DSTI learned much from U.S. DoD MILSTDs.
(2) Brief History of the Development of U.S. Military Standards
U.S. military standards were developed from the standards of the Army and the Navy
(incorporating the USMC ones). Later, because the two services had some products in common,
the formulation of common standards was necessary. Thus appeared the Joint Army-Navy
standards, designated JAN, which were the predecessors of U.S. military standards. There are
still a small number of JANs among the U.S. military standards currently in effect; which
obviously now include USAF details.
During World War II the United States needed to send a great deal of military materiel to the
European battlefield. The level of standardization at that time was not high and this caused
extreme difficulties in the transport, storage, maintenance, employment and logistical supply of
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the materiel - difficulties which had a direct effect on the combat power of units (still does). To
resolve these problems, the United States, Britain and Canada got convened to formulate U.S. Britain-Canada standards; designated ABC-STD. These standards were mainly used in their
navies. This category was still in effect throughout subsequent U.S. military standard revisions.
After World War II, so as to strengthen the direction of the standardization of military materiel,
the U.S. Department of Defense designated the Office of the Secretary of Defense as the highest
authority for military standardization work throughout the armed forces. Under this Office were
set up eight departments to unify leadership and divide work and responsibilities in
standardization work and in the formulation, review, approval and application of military
standards forces-wide. Standards formulated during this period are designated MIL (short for
"military".
In 1954 the United States promulgated the Defense Standardization and Specification Program
(DSSP) Policies, Procedures and Instructions. This was implemented throughout the armed
forces as Department of Defense Directive (DoDD) 4120.3, serving as the yardstick for
standardization activities throughout the Services and forward operating agencies. The document
prescribed the direction, mission, guidance and policy for standardization work in the
Department of Defense. The document directed that all military specifications, standards,
manuals, diagrams and other concerned documents of all types constitute a complete,
standardized system of Department of Defense documents. By the 1970's, issues in technical
standardization became more and more connected with international technical exchanges and
trade competition. This situation caught the attention of countries all over the world. Technical
standards began to move toward internationalization. To adapt to this situation, U.S. military
standards began to make a transition (or at least translation) from the SAE (e.g. inches) to the
metric system. Some military standards that adopted the metric system use the designation
"DoD" (i.e as in DoD-STD) to distinguish them from MILSTDs otherwise not needing to make
such conversions.
(3) The Specialized Content, Characteristics, Role and Uses of U.S. Military Standards by PRC
The specialized contents of U.S. military standards were extremely broad in scope. It involved
conventional weapons, nuclear weapons, fire control equipment, ammunition, explosives,
rockets, missiles, spacecraft, aircraft, ships, engines, electronic equipment, computers,
mechanical equipment, tools, metallic materials, nonmetallic materials, chemical products,
photographic equipment, medicines, medical equipment, electric material, fuels, oil, refrigerants,
firefighting, clothing and various other kinds of military materiel. U.S. military standards formed
a complete classification system. From the overall system; to the various component systems
down to spare parts; standards and regulations had been formulated for nearly everything. U.S.
military standards fit together with each other administratively as much as they promoted
equipment interoperability/integration.
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So as to obtain greater technical and economic efficiency, U.S. military standards had to
somewhat promptly reflect the more mature, advanced S&T achievements of their times. For this
reason, standards were superseded very frequently. Each year there were six to seven thousand
changes in the standards including: formulations, revisions, corrections, supplements,
rescissions, etc.. The lifespan of a U.S. military standard normally did not exceed five years;
partly because of advancing state-of-the-art in technologies or fabrication but also merely
because of multilateral or industry-wide agreements or market-driven consumer behaviors (e.g.
VHS vs. Laser Discs or BetaMax formats).
In summary, U.S. military standards were characterized by their completeness, rich content,
rigorous structure, advanced technical nature, unified format and strong practicality. Thus, many
other countries, including countries as industrially developed as Japan, have adopted U.S.
military standards. The formulation of several international standards began with U.S. military
standards as their starting point. Internationally, U.S. military standards are still widely
recognized as authoritative and relevant. Here‘s how the PRC DSTI apparatus viewed them:
―The introduction and study of U.S. military standards can promote the
standardization of our own military industrial products by adoption and can
be used for reference in formulating one's own standards. Referring to them
can yield an understanding and a grasp of the level of technology and
developmental trends in U.S. military industrial products. It can improve the
level of one's own research and design; promote the technical transformation
of industrial enterprises; accelerate innovation; upgrade to new generations
of products; improve operations and management; expand foreign trade and
exports and increase economic efficiency. ―
U.S. military standards were (and are) a (continued) source of information of great value to PRC
technical personnel engaged in national defense standardization work as well as in national
defense S&T, production and management.
(4) The Structure of U.S. Military Standards
Covering such supposedly obsolete categorizations/taxonomies are important in understanding
how the PRC DSTI apparatus built their present knowledge management system. We often don‘t
have to look in China itself for these insights because much of it already exists here, but has been
forgotten. We have to look inward first before looking outward at China. Beyond the calculus
formulated by the more than 100 military organizations under the Department of Defense, the
archived U.S. military standards also included some standards written by federal (civilian)
government organizations, specialized associations and societies - as well as a few regional
standards. The content of various types of standards and the proportion of each is,
approximately, as follows:
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(a) Standards Formulated by U.S. Military Organizations
About 100 military departments and staff organizations under the Department of Defense
participated in the formulation of military standards. Among these participants were 13 defense
supply centers, 20 Navy organizations, 26 Army organizations and 41 Air Force organizations.
They completed each assigned standardization mission under the direct oversight of the Office of
the Secretary of Defense. These organizations both authored and implemented standards. The
standards written by these organizations represented about 82% of all military standards ever
published. Mainly they were military specifications, military standards, military standard
drawings, military standard manuals and lists of acceptable products.
(b) Standards Formulated by Non-U.S. Military Organizations
About 18% of the standards used by the U.S. military were formulated by organizations other
than those under the Department of Defense. Of these:
-- About 11% were formulated by the peer-level federal departments. Mainly these were
taken from federal specifications, federal standards, federal lists of acceptable products,
and federal information processing standard publications.
-- About 4% were formulated by associations and societies. Mainly these were taken
from aviation and space flight standards formulated by the American Society for
Materials and Testing, the National Aeronautics and Space Administration, the American
Society of Automotive Engineers and from American National Standards Institute
issuances.
-- About 3% were regional type standards. Mainly these were taken from North Atlantic
Treaty Organization Standardization Agreements, U.S.-Britain-Canada standards, fourcountry U.S.-Britain-Canada-Australia standardization plans, five-country U.S.-BritainCanada-Australia-New Zealand Air Force Standards Coordinating Committee
agreements and North Atlantic Treaty Organization joint quality assurance regulations.
Details on the structure of U.S. military standards were as follows (according to statistics from a
list of U.S. military standards published in March 1983 by the American National Standards
Institute).
Exemplar Standards Formulated by U.S. Military Organizations:
Military Specifications (MILSPECs); 27,000
Military Standards (MIL-STDs); 1,000
Military Standard Drawings (MS AN, AND); 5,000
Military Handbooks (MIL-HDBKs); 147
Qualified Products List (QPL); 1,600
Exemplar Standards Formulated by Other Than U.S. Military Organizations:
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Federal Government Standards
Federal Specifications (alphabetic designation); 5,600
Federal Standards (Fed-STDs); 134
Federal Specification QPL (QPL plus alphabetic designation); 114
Federal Information Processing Standard publications (FIPS); 73
Specialized Association Standards
American Society for Materials and Testing (ASTM); 1,400
National Aeronautics and Space Administration standards (NAS); 280
American Society of Automotive Engineers (SAE); 900
American National Standards Institute (ANSI); 630
Regional Standards
North Atlantic Treaty Organization Standardized Agreements (NATO STANAG); 335
U.S.-Britain-Canada standards (ABC-STD); 46
U.S.-Britain-Canada-Australia standardization plans (ABCA-STD); 13
U.S.-Britain-Canada-Australia-New Zealand Air Force Standards Coordinating Committee
(ASCC); 317
North Atlantic Treaty Organization joint Quality Assurance Provisions (AQAP); 12
(5) The Major Categories of U.S. Military Standards
(a) Military Specifications
Military specifications were standardization documents specially formulated to support the
procurement of military goods and materials. These documents often provided the PRC complete
design details for a project, or they may just have prescribed an item's functions or articulate
requirements. The Department of Defense stressed at the time that: as much as possible the
specifications should specify performance requirements; so as to facilitate soliciting competitive
bids widely in the world of industry. Military specifications constituted about 75% of the
military standards formulated by U.S. military organizations. Military specifications were
classified by their use as the following.
-- Common specifications for use by two or more services; reviewed and approved by the
Department of Defense; use mandatory for all the armed forces.
-- Limited-use specifications formulated, reviewed, approved and used by one of the
services while not binding on the others. There was often a designator at the end of a
specification's serial number to show what organization formulated it. For example, in
MIL-T-85549 (AS), the "AS" stood for (then) Aviation Systems Command.
Military specifications were classified according to product and material types as follows:

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 247

The Rooster & The Dragon January 23, 2012
-- General Specifications; Technical requirements formulated for use with all products of
a certain type. Normally these specifications had the words "General Specification" after
the specification title.
-- Sub-specifications; Technical requirements for a particular type of product. These had
/1, /2, /3, etc., to indicate requirements for different products. For example, MIL-C3098/140C.
Military specifications were classified according to formulation procedures as follows:
-- Formal specifications; those which had been officially issued.
-- Interim specifications: Formal specifications which had not yet been promulgated and
were provisional. These were designated with the work "Interim." Also they had they
numbers 00 before the specification number, as in MIL-M-008856.
The format and content of military specifications were as follows:
-- Range of applicability (Scope): The type, class, specifications and range of variation
in the various parameters of the object discussed in the specification.
-- Applicable Documents: The various relevant documents used with the specification,
the document editions and how to acquire them.
-- Requirements: This was the core content of a specification. Mainly this consisted of
specific requirements for a product's materials, performance, structural dimensions,
weight, interchangeability, external appearance, allowable defects, installation,
maintenance, reliability, manufacturing techniques, quality markings, etc.
-- Quality Assurance Provisions: These were a series of tests, inspections and
verification methods specified to assure and verify a product's quality; as well as the
testing environment and conditions, the sampling plan, testing equipment, etc.
-- Preparation for Delivery: This included a product's oil seals, packing, crating and the
standards used for such things.
-- Notes: This included product uses, alteration markings and relevant commercial or
legal clauses for the overall specification.
-- Ending: This included the organizations which formulated, manage, review or approve
and use the specification. The Air Force used numbers to indicate this, but the other
Services used abbreviations.
-- Appendices: as needed.
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As you can now surmise - Military specification serial numbers consisted of a capitalized
abbreviation of the word "Military," namely, MIL, plus the first letter of the first word of the
topic of the specification, plus the specification number. This gives a composite military
specification serial number. For example, in MIL-L-45528A, "L" stands for the first word of the
topic. When formulating new specifications or revising old ones, specifications using the metric
system all had the new designator DoD instead of MIL. Designators for changed military
specifications were as follows.
-- The letters A, B, C, D, etc., indicated the number of the change. The date was also given.
-- Amendment 1, 2, 3, 4, etc., indicated number of the amendment and the date was also given.
-- Supplement 1, 2, 3, 4, etc., indicated the number of the supplement and the date was given.
-- "Notice" indicated information about a military specification. These were classed as: Notices,
Change Notices, Cancellation Notices, Reinstatement Notices, etc. All Notices showed the
corresponding date.
(b) Military Standards
Military standards were a set of documents specially formulated for creators in order to resolve
the problem of design standardization in military industrial goods and materials. Military
standards explain and put forth requirements for materials, products, techniques, operating
procedures, quality control, methods, packing, tolerances, diagram symbols, terminology,
customary practices, etc.. The object of formulating military standards is to reduce variety as
much as possible, and thus achieve the design objectives of good product interchangeability,
compatibility, reliability and maintainability. Military standards constituted about 3.2% of all
the standards formulated by U.S. military organizations. The format and content of military
standards were as follows:
-- Foreword; The reason the standard was formulated or revised and the objective of its use.
-- Contents: [no added explanation]
-- Text and illustrations;The standard's scope of applicability, related documents, definitions,
normal requirements, detailed explanations and appendixes.
-- Notes: [no added explanation]
Composition of military standard serial numbers: These consisted of MIL plus STD plus a
serial number. For example, in MIL-STD-781D, "STD" is an abbreviation of "Standard."
Revision, amendment, supplement and notices for military standards were the same as for U.S.
military specifications. It is necessary to explain here the differences and the relationship
between military specifications and military standards.
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Military standards were formulated to fill the needs of engineers and architects. The objective
was to provide designers basic information and data. The standards themselves were not
procurement documents. They were put to use in the procurement process through the medium
of specifications. Military specifications were the true procurement documents. Military
specifications were provided for the use of the military in procuring goods and the use of
manufacturers in competitive bidding from a level playing field.
Military standards were the foundation on which military specifications were later drawn up. To
assure that the technical requirements specified by military standards are fulfilled, besides
military specifications themselves one must also rely on a large number of standards concerned
with aspects of fabrication, testing and acceptance techniques. These standards were
incorporated into a specification in order to standardize one or more features of an item (such as
its dimensions, numerical values or structural details) or to standardize design requirements
which are key to the achieving the equipment's design objectives. At times, one specification
would involve dozens (or even more than a hundred) specifications. For example, aircraft
hydraulic system specification MIL-H-5440C involved 548 related standards.
The following is a brief example the PRC itself used (a long time ago) among its DSTI
practitioners to explain the relationship between specifications and standards:
―The specification for spark plugs must incorporate standards for bolt threads in order to assure
the interchangeability of spark plugs made by different manufacturers. The spark plug
specification in this example may specify requirements for all styles, dimensions, and types of
spark plugs needed for equipment currently in use by the military. Nevertheless, in terms of
scope of applicability, it might happen that the specification might include requirements for some
types of spark plugs whose use is about to be discontinued. Even though these spark plugs are
about to be discontinued, they must still be procured for use in some equipment which is still in
use. It might also happen that the specification would include more types than what are actually
needed. In this situation, to prevent spark plugs which are about to be phased out from being
incorporated in future design plans, and to eliminate types which are not needed, it is necessary
to issue a standard to restrict the design and selection of spark plugs, and to specify the selection
principles for the spark plugs described in that specification. Then, this standard will be
incorporated in specifications for equipment and facilities (and internal combustion engines) to
restrict the types of spark plugs they will use. ―
(c) Military Standard Drawings
Military standard drawings mainly used diagrams or tables to specify the structural dimensions
and design characteristics of spare parts. They were issued in loose-leaf format. Designers could
use them directly to assure interchangeability. Military standard drawings constituted about 15%
of the standards formulated by U.S. military organizations. Military standard drawings were
numbered by using the designator MS plus a serial number, as in MS-27990A.
Revisions of military standard drawings were indicated by the letters A, B, C, etc., after the serial
number, or by the use of the word "Revised" followed by A, B, C, etc.. Also the date of the
revision was shown. Use of the unified designator MS began in 1974 with (then) newly
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formulated or revised "Air Force and Naval Aviation Standard Drawings" (abbreviated AN) and
"Air Force and Naval Aviation Design Standard Drawings" (abbreviated AND). Military
standard drawings which used the metric system had the designator DS.
(d) Military Handbooks
A military handbook is a kind of ‗comprehensive‘ reference document. It is a compilation of
engineering technical data for relevant products, techniques, customary practices, maintenance,
etc.. Military handbooks were supplements to standards; providing commonly used design and
engineering examples. Military handbooks were ―reference-type‖ documents. Their use was
optional and they did not contain compulsory, legally-mandated requirements.
Military handbooks constituted 0.35% of the standards formulated by military organizations.
The numbering of military handbooks used the designator MIL plus HDBK plus a number, as in
MIL-HDBK-217D. In this, "HDBK" is an abbreviation of the word "Handbook." The letter A,
B, C, D, etc., appearing after the serial number of military handbooks indicated the revision
number.
(e) Qualified Product Listings
Manufacturers used to produce items both in accordance with their contracts and in compliance
with the requirements of military specifications. To speed up delivery and reduce the amount of
in-process inspections, manufacturers could apply for advance inspection. Advance inspections
were conducted by the government or by government-appointed measurement and testing
organizations.
The government issued qualification certificates for products which met specifications, and put
their products on a qualified product list to indicate that the product had achieved a grade which
was ―up to standard‖. Products on a qualified product list normally required future compliance
sampling at irregular intervals. If it was discovered that a product's quality no longer met
specifications, then its qualification certificate was revoked.
Thus, a qualified product list was an important PRC data source about conforming products
which satisfied the requirements of military specifications. The list showed not just the product's
name and standard, it also noted the product's manufacturer, supply vendors and their addresses
– all of which made PRC surveillance plans easier to formulate (way before Google, I know).
Not every military standard had a corresponding qualified product listing. The products listed in
qualified product listings constituted only a very small proportion of the products which the
military needed to procure. Qualified product listings constituted about 4.1% of the standards
formulated by U.S. military organizations.
The numbering of qualified product listings used the designator QPL plus the number of the
corresponding standard. For example, QPL-27723-1 is the qualified product listing for U.S.
military standard MIL-P-27723. The "-1" indicates the list's revision number.
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(6) Allocation of Serial Numbers for U.S. Military Standards
Serial numbers for U.S. military standards were allocated to the various Services and to
Department of Defense organizations by an administrative management staff function. In turn,
these organizations allocated serial numbers to organizations subordinate to them. Serial
numbers were allocated to the various organizations in blocks, as follows:
(a) Military Specifications
Army: 10000-14999, 40000-40599, 41808-53999
Navy: 850-999, 15000-19999, 21000-21259, 21261-24999
Air Force: 4000-4999, 8788-8999, 9501-9999, 25000-27999, 38000-38999
Department of Defense: 28000-28499, 30500-31499
(b) Military Standards
Army: 317-400, 604-699, 901-930
Navy: 700-799
Air Force: 800-899
Department of Defense: 931-1154
(c) Military Handbooks
Army: 100-157 (except 140), 170-199 (except 161-163)
Navy: 212-299
Air Force: 300-399
Department of Defense: 50-99, 500-679
(d) Military Standard Drawings
Army: 1201-1299, 10000-13999, 35000-90000
Navy: 3100-3199, 14000-19999
Air Force: 9000-9999, 20026-34999, 100000-499999
Department of Defense: 49000-50999, 63200-66599
(7) Categories of U.S. Military Standards
Over 45,000 U.S. military standards were in effect at one time. (Although new standards were
formulated yearly; including revised versions and discontinued standards restored to use. A large
number of standards were discontinued each annually also, and so, the change in the total
number over the life cycle did not deviate greatly). U.S. military standards involved all
functional specialties, and the Department of Defense had put them into categories to make them
easier to manage and search.
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For the status of the categories, the PRC DSTI apparatus reportedly reviewed the Federal Supply
Classification Cataloging Handbook, called FSC Handbook for short, which was compiled and
published by the Department of Defense's Defense Supply Agency.
(a) FSC Handbook classifications
The FSC Handbook indexed items according to the physical characteristics of various types of
goods related to U.S. military standards; grouping them into categories convenient for logistics
management. These classifications are certainly not rigid. A two-level, four-digit classification
method was used (first designating a major category and then a minor one). To facilitate
supplementing and revising category numbers, the first two digits indicated the major category
and the second two places indicated a sub-category under that major heading. In any one
category, materiel was listed alphabetically by keyword. Items which were not conveniently
classified in any sub-category used the designator 00; as in 1400. Items which were purely part
of a major category used GP; as in 14GP. Items whose content was more concentrated used
letters for convenient, direct look-up. For example, ENVR indicated environmental conditions
and related testing methods.
(b) Brief explanation of FSC Handbooks
The FSC Handbook was in three volumes; designated H2-1, H2-2 and H2-3.
Volume 1 (H2-1) was a simple chart of Groups and Classes, listed in order by major category
and sub-category number. The name of the category was given after the number, along with an
explanation of the content and scope which each category should include - as well as what it
should not include.
Volume 2 (H2-2) was a Numeric Index of Classes; a listing by classification number. Under
each sub-category was an alphabetic listing by keyword of specific items which that subcategory included.
Volume 3 (H2-3) was an Alphabetic Index, listing the names of each product in each category
alphabetically by keyword. Each entry was followed by the corresponding category number.
The above three volumes were consulted by the PRC as we would have used them - in
combination with each other to search from different angles for the category under which a
product was classified with its standardized keyword. Along with developments in S&T,
logistics management and because of the frequent revisions in military standards, there were
continual revisions or supplements in the categories to which a military standard corresponded.
By way of illustration: looking at the list of categories from May 1982, from weapons and
various kinds of military materiel to logistical supply, there were 78 major categories, 615 subcategories and 32 textual categories. This was quite a big change from the 1973 edition, which
had 76 major categories, 595 sub-categories and 18 textual categories. Thus, the PRC took
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frequent note of the changes in the Federal Supply Classification Handbook so as to gain a
current grasp of the status of classifications and avoid failure to order an item - and to be able to
find a required U.S. military standard promptly.
(8) Searching U.S. Military Standards
(a) Main reference Documents for Searching
-- Department of Defense Index of Specifications and Standards (DoDISS) was the main
reference document for searching U.S. military standards and related documents. This index was
published and distributed by the U.S. Naval Publications and Forms Center. A cumulative issue
was distributed each 1 July and supplements are issued each odd-numbered month to report on
changes or revisions in the previous two months. The DoDISS Index was in two parts: the first
being an Alphabetic Listing of standards by keyword and the second a Numeric Listing of
standards by number.
The Alphabetic Listing of standards reported a standard's topic, number, classification number,
the organization which formulated it and the issue date and the organization which managed it.
The Numeric Listing was in parts A and B. Part A reported all the U.S. military standards in
effect as of the 1 July date of publication. Part B reported on changes in standards since the
previous 1 July. The information reported included a standard's number, its topic, its
classification number, the organization which formulated it and the issue date and the
organization which managed it. PRC DSTI personnel kept track of all these.
-- Federal Supply Classification Listing of DoD Standardization Documents reports
information including classification number, topic, standard number, the organization which
formulated it and the issue date, and the organization which manages it. Using this listing, one
can find all the U.S. military standards related to a particular specialty. Therefore this listing is
quite useful to comrades involved in specialties. The publishing organization, frequency and
publishing method of this listing is the same as that of the Department of Defense Index of
Specifications and Standards.
(b) Methods of Searching U.S. Military Standards -- Keyword alphabetical search method
Keywords are words which identify the core content of a standard. These keywords had been
standardized for MILSTDs writ large. The PRC DSTI personnel were taught to be intimately
familiar with this aspect of knowledge management. ―Before searching for a military standard,
first make use of volume 2 of the FSC Handbook (H2-2) to find the corresponding standardized
keyword. Then use the keyword to search the alphabetic index of keywords in part 1 of DoDISS
In this way one can find for oneself what standards information to search. ―
-- Standard Number (SN) search method (again in the PRC DSTI training frame of reference)
―To find out the status of changes to a known standard, or to find out the topic and classification
number of a standard number, then one can use part 2 of the DoDISS, the Numeric Listing. This
search method is quite simple. It is based on the classification number of the specifications and
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standards, and then on a sequential listing by number. When the standard's number is unknown
and the Numeric Listing cannot be used, then this search method is of very limited usefulness. It
cannot be used as the primary search method. ―
-- Federal Supply Classification search method
―When one wants to know the military standards for aspects of a particular specialty, search the
Federal Supply Classification Listing of DoD Standardization Documents. This listing has a
classification number listing at the front. Using this method, first consult the FSC Handbook
volume 1 (H2-1), the Groups and Classes chart, and find the standard classification number
related to the specialty. Then find the classification number in the above mentioned Supply
Classification Listing.‖
(c) Computerized Searching
When some large information services organizations in the United States initially had our
military standards stored in computer databases for subscription search by computer at any time,
the PRC DSTI apparatus wasted no time in capitalizing on it. China North Industries
[NORINCO] Science and Technology Information Research Institute had signed a contract with
the American DIALOG Information Search Services Center. As one of the latter's terminals, the
Institute could conduct on-line searches when the term was foreign to the public. The Center
expanded its foreign services.
The DIALOG Information Search Services Center had over 220 databases, with clues to about
60% of the world's S&T data. Database number 113 contained, for example, standards of various
types including: U.S. military standards, federal government standards, standards from various
associations and societies and NATO standards. Through DIALOG database 13 specifically, we
know the PRC obtained vital clues about our capabilities, limitations and RDA interests from
these standards data as well as those in various other foreign countries.
(9) Publication and Distribution of U.S. Military Standards
According to past U.S. Department of Defense regulations, printing and distribution of U.S.
military standards was the responsibility of the U.S. Naval Publications and Forms Center in
Philadelphia. It was responsible for duplicating adopted U.S. military standards which were
formulated by organizations other than the U.S. military. The Center sold unclassified military
standards to foreign customers.
Besides the U.S. Naval Publications and Forms Center, more than 30 other organizations in the
United States during that tenure supplied U.S. military standards as a retail endeavor. The main
organizations having service relationships with China were the American National Standards
Institute (NSI) and the Information Handling Services Corporation (IHS). They routinely
archived and distributed U.S. military standards to the PRC DSTI apparatus.
(10) Status of holdings of U.S. military standards in China
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The China National Defense S&T Information Center holds a full set of U.S. military standards
data in paper and digital form. This totals more than 80,000 major items (not including those
which have been rescinded but retained for review). The Center serves the entire country. In
1980 the China Aviation Standardization Research Institute purchased from the American
National Standards Institute a full set of U.S. military standards data in paper form; totaling over
43,000 items in one fell swoop. The American ―side‖ provided this set of military standards
based on the July 1979 U.S. Military Standards Index [as published; meaning the Department of
Defense Index of Specifications and Standards (DoDISS)] and the March 1980 supplement.
Each year the American‖ side‖ provided them a microfiche copy of the revisions, reissues and
supplements volume. The China Aviation Standardization Research Institute provided access to
this service for all concerned organizations throughout the PRC DSTI apparatus.
The only complete sets of original edition military standards in China are the two described
above. Besides these, the Shanghai S&T Information Research Institute holds a complete
‗duplicated‘ set and North Industries S&T Information Research Institute, the State Machinery
Commission's Standards Institute and other (but not identified) organizations hold copies of
items related to their specialties. The various organizations mentioned above are domestic
Chinese sources of information from U.S. military standards. In addition, the Beijing
Abstracting Service Office has imported U.S. military standards on magnetic tape, and has
created its own database of military standards.
2. The U.S. Naval Publications and Forms Center
The U.S. Naval Publications and Forms Center was the only center within the Department of
Defense for archiving, printing, publishing and distributing U.S. military standards. It sold data
to domestic and foreign customers all unclassified military standards listed in DoDISS. A
purchaser could order one copy, one category or the whole set, based on his needs. If a purchaser
wanted to order one category, he needed to clarify the category number using the Federal Supply
Classification Handbook. Each sub-category cost about $15 (for new issues) in late 1980s USDs.
Purchase of a complete set (newly issued) cost over $9,000 in late 1980s USDs. Purchasing
items individually was more expensive and generally avoided by the then economically
conservative PRC DSTI apparatus.
This center archived over 100,000 items of military standards. Every day it received about 30
new standards, handled 2,000 customer service transactions, and shipped 9,700 standards. The
center's distribution work had been mechanized. It had a conveyor belt 9,200 feet long and
operated from a control station for automated packing and shipping. The center had a service
inquiry desk with telephone connections; which could answer users' questions 24 hours a day.
Under normal circumstances a special order form must had been used to purchase standards and
related information. Orders could be placed by phone in urgent situations. Shipment to the
customer was made within ten days after receipt of the order. The PRC LOVED this set-up!
―The method used for the purchase of full sets of U.S. military standards is prepayment and
automatic shipping. Preordering of standards issued in the following year takes place at the end
of each year. With advance payment of a small amount of U.S. currency per sub-category, one
can receive a full set of standards newly issued in the following year.―
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The above-mentioned American National Standards Institute and Information Handling Services
(IHS) also sold U.S. military standards. These two organizations also each claimed to have over
90% of world's standards material. So, in terms of supplies of U.S. military standards, a
comparison of the output of these three sources revealed the following to the PRC DSTI
apparatus:
―The U.S. Naval Publications and Forms Center provides materials only in printed form. The
quality of its printing is high, and the price is less expensive. However, delivery time is longer,
and it does happen that shipments are short by small amounts. (These can be made up with
expedited shipments.) The American National Standards Institute can provide materials in both
paper and microfiche form. The printed copies are reproduced by the Institute from its own
microfiche copies. Shipment receipt time is shorter, and shipments are more complete. The main
weak point is the lesser quality resulting from enlargement from microfiche. A small number of
the worst items are unreadable because the image is not clear and there is no way to fix them.
Information Handling Services mainly provides boxed film. The quality lies between that of the
previous two providers. Delivery time is faster and more complete. The weak point of this service
is the need for an enlarging and reading machine. The materials are not convenient to use, and
the cost of the data is higher. Judging from our experience, the military standards source
materials on microfiche and microfilm which the last two providers have were produced by
processing and copying original materials from the Naval Publications and Forms Center.‖
Another point worth noting is that a subsidiary company of the American Information Handling
Services Corporation, Global Engineering Documents of Santa Ana, California, had as its most
distinguishing feature its ‗fast acquisition‘ operations. It could provide fast delivery of U.S.
government, military and industrial documents (i.e. specifications, standards, regulations,
manuals and periodicals) as well as publications from other American organizations. PRC caught
on to this one also:
―Acquiring materials from other sources takes months, whereas they can be obtained in a very
short time from Global Engineering Documents. Also, by giving this company a prepayment of
$500 one can get a discounted price preference of 10%. The company is a source of some
urgently needed materials. ―
VII. Stockholm International Peace Research Institute (Bergshamra S-171 73 Solna,
Sweden) and its publications.
The Stockholm International Peace Research Institute is one of the world's eight famous strategic
research organizations and IRONICALLY another historical source of information for the PRC
DSTI apparatus. In August 1964, Swedish Prime Minister Tage Erlander proposed the
establishment of a peace research institute to commemorate 150 years of peace in Sweden.
Following two years of deliberation, in January 1966 the Swedish Parliament concurred with the
proposal and gave legal recognition to the institute as an "independent foundation." The Institute
was formally founded on 1 July 1966; and it still exists.
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The purpose and scope of operations of the Institute is to conduct scientific research on major
issues of "international peace and security" and to make its own contribution to the peaceful
resolution of international disputes and the creation of peaceful environments. For more than 50
years this institute has concentrated its research on the issue of armaments and arms reduction. It
focuses its research on the armament technology race, the worldwide proliferation of weapons
and on negotiations on arms reduction or control to stop and reverse this situation. The institute
originally had about 40 workers in five status categories:
First is personnel detailed by Swedish government staff organizations. The deputy
director of the institute, equivalent to its secretary general, has always been appointed by
the Swedish Foreign Ministry. Also, among the researchers there must be one currently
serving officer of the rank of Colonel; detailed by the Ministry of Defense.
Second is researchers who, by reason of long-term contracts, essentially have jobs for
life. There are two or three of these. Along with the director they frequently chair the
Geneva disarmament conferences and other conferences concerned with arms control.
Third is researchers employed on short-term contracts, normally for one or two years.
Fourth is research assistants. These do not need special skills. Some are long-term
workers, and others work on contract.
Fifth is visiting researchers. Sometimes they do research work for one quarter, and
sometimes they only participate in research on a special topic.
Most of the institute's researchers work on contract. Their pay, decided at the time their contract
is signed, is related to their own salary history. Personnel come from anywhere in the world. As
much as possible, consideration is given to personnel with multiple specialties. However, the
institute did not during the Cold War era give posts to American or Soviet researchers. The
institute professes that it avoids being caught up in world power politics. The PRC kept tabs on
this operation in astonishing detail:
―Staff workers were assigned as follows: two in the library; two on external matters and
publishing; three editors; three in periodical clipping; three accountants; five secretaries; two in
printing and distribution; and one telephone operator.‖
Since the institute's founding it has built up its library based on the needs of its work. Its holdings
are mainly in the field of international relations; with an emphasis on worldwide arms
manufacturing, arms control and the problem of arms reduction. Topics include various aspects
of weapons production, arms trading, military expenditures, military technology, nuclear
weapons, the spread of nuclear weapons, and military satellite technology. Currently the library
has about 11,000 volumes, some of which are official documents. Wassenaar Arrangement (WA)
member countries (40 of them) in the EU all use this resource in preparation for the WA Expert
Group conferences in Vienna annually. The library archives 3,200 journals from more than 800
research organizations and more than 200 newspapers. The library does not distribute externally.
Its materials are for internal use.
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A point worth noting is the institute's outstanding contribution in periodical clipping. The three
staffers working on this clip and file daily from more of the world's most representative
newspapers. The materials used by researchers at the institute come from the governments of
various countries, from sister organizations and from materials donated by some researchers
themselves - but mainly researchers rely on materials assembled by the institute's compilers. The
method by which they select, classify and organize materials is very important to the PRC DSTI
apparatus. In particular, their method of classifying and grouping was though worth borrowing,
so I replay it here. The staffers classify material in about 40 major categories and over 100 subcategories. To prevent the material from becoming excessively scattered, each year it is
concentrated and reorganized under about 40 topics that can be seen by WA participants with
privileges.
The leadership department of the Stockholm International Peace Research Institute is its eightmember Governing Board including: a chairman, the institute's director, and six other members
who serve for five years. The six members are appointed by the Swedish government without
distinction for nationality. The Governing Board meets two or three times a year to decide the
institute's policies and major plans. Research activities are under the specific direction of the
institute director.
Besides this, the institute also has an organization for consulting on scientific issues - its Science
Committee. Its 24 members serve for no fixed term. Although it is a consultative organization, it
meets only once every two or three years. It actually has no responsibilities to the institute.
Moreover, it has nothing to do with the views expressed by the institute. The committee
members come from various countries; now including the United States and the former Soviet
Union/eastern bloc composite states.
The cost of the institute's activities is paid for by entirely by the Swedish government. The
institute receives no financial assistance from any other country, foundation or research institute.
The institute's research accomplishments are reflected in its databases and it its various
publications. The institute has the world's only publicly available "Database of Major Weapons
System Transfers." This database contains arms transfers for each year, especially sales of
weapons to the Third World. The institute also has a "Database of Military Satellite Launches"
and a "Database of World Military Expenditures." All these were reviewed by the PRC DSTI
apparatus.
The institute's World Armaments and Disarmament (SIPRI) Yearbooks are consulted the world
over. They provide reports and the results of research on world armaments and arms reductions
for that period; including descriptions of developments in national defense S&T and weapons
and equipment; military expenditures and arms trading as well as attempts to halt the arms race.
All editions are on file at the China National Defense S&T Information Center. In addition, the
institute publishes its own books in 14 categories. They do not amount to a large number, but
they are of high quality. According to statistics, as of the end of 2004 the institute had published
about 170 books.
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Stockholm International Peace Research Institute's publications, databases, and especially its
Yearbooks,are regarded as authoritative sources of information by many qualified scientists
(both domestic and foreign) engaged in research on international issues, problems of
international relations, arms control and the arms race, arms reduction, weapons and equipment
development strategies. Such researchers use these publications and databases extensively. All
of the institute's publications are openly distributed to the whole world. The institute's publisher
is Taylor and Francis, Ltd., of London. The institute's publications are given free of charge to
governments and to the United Nations. Every country in the world which has at least one public
library can obtain the institute's publications free.
VIII. London International Institute for Strategic Studies, 23 Tavistock Street, London
WCZETN and its publications
The London International Institute for Strategic Studies was established in 1959. At that time,
some British scholars researching international issues felt strongly that the world had entered a
"nuclear era," and that security issues had become more complex and more pressing. As the
perceived nuclear might of the Soviet Union growing continuously, with the credibility of the
U.S. nuclear umbrella thought to be shaken some day and with Europe's power already reviving,
"strategic issues" could and should be researched. In particular, following the Suez War and the
Hungarian incident, the painful feeling in Britain's political, academic and media spheres was
that Britain's venerable Royal Institute of International Affairs could not bring its usefulness into
full play and was not attracting the public's attention to issues of defense.
Thus, in 1959 personages from the fields of academia, politics, religion and the media in Britain
launched the establishment of the London "Strategic Research Institute"; specifying its mission
as: "to research the ever more complex security issues of the nuclear era." It was not until after
1964 that the institute gradually developed into an internationally renowned strategic research
institute; with the participation of strategic researchers from various countries. In 1971 it
formally changed its name to the International Institute for Strategic Studies. The International
Institute for Strategic Studies is one of the world's few big and famous strategic research
organizations. Its emphasis is on research in military strategy. The institute's aim is to provide
the public information and research reports, derived from rigorous analysis, on key current and
future issues affecting international security. The institute's three principal missions are: to give
financial support to research; to publish the results of research and to serve as a forum for
discussion or debate of international security issues. The institute is a producer of source material
commonly accumulated by the PRC DSTI apparatus.
The International Institute for Strategic Studies is a private association. It declares itself to be
"independent of any government and subject to no special interest group." Its leadership
organization is a board of directors which normally has about 30 members; about half of which
are British or American. The institute's highest leader is its chairman of the board; an honorary
position. The institute's director is in charge of the actual work. The director can be a Member of
the British Parliament. Judging from the institute's history and present situation, its deputy
director and assistant director are British and have not been replaced in more than 20 years,
while the succession of institute directors have practically all been former West Germans. This
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shows that the real power is in the hands of Britain and Germany. There had been clear signs that
the influence of the United States has been increasing following the formative years (as
evidenced by the addition of an American deputy director since 1977) as well as by a trend in
which some of the figures in the publication Military Balance are the same as American
estimates – with the Ford Foundation all of a sudden becoming the number one backer.
Currently the London International Institute for Strategic Studies has over 2,600 individual
members from about 74 countries and areas, as well as 248 member groups. Individual members
pay annual dues. Member ‗group‘ dues are much higher. Members can receive most of the
institute's publications free. The institute's research structure is characterized by its small
number of permanent researchers. There are only the director, the deputy director and one or two
research directors. However, the research mission is certainly not carried out by just these few
people. Visiting researchers also participate in research work. About ten come each year, from
various countries. For the most part these visiting researchers meet with the permanent
researchers once a week to report on their own research - and after that - there is a discussion.
The results of their research are assembled and most of it is published in topical form in the
institute's periodical publication, Adelphi Papers. Once again, the diary kept by the PRC DSTI
apparatus about their inner workings is alarming in detail:
―Besides researchers, the institute also has some research assistants such as: one intelligence
researcher, one person in charge of publishing, and two or three books and periodicals
managers. The intelligence researcher is responsible for assembling information on relevant
world military trends, and especially on armaments, from periodicals and other openly published
materials, and then putting these items in order. The yearly Military Balance is compiled from
this information. The periodicals manager is responsible for clipping from periodicals and, with
the assistance of researchers, putting these items in order. The books and periodicals managers
each understand three foreign languages. The institute collects only books concerned with
aspects of strategy. The administrative management department consists mainly of the
secretary-general, a conference secretary and one secretary for each of the permanent
researchers. It also has two typists and three or four telephone operators and receptionists for a
total of about ten people. Counting up the above, the institute must have had about 30 people.
That is, about ten permanent and assistant researchers; about ten administrative people and
about ten visiting researchers. Of these, the institute director, deputy director, information
researchers, secretary-general, conference secretary, etc., play an especially important role in
maintaining the continuity of the institute's work. ―
The annual budget of the International Institute for Strategic Studies is very small. Half of its
income is from member dues and the sale of publications. The remainder is from the American
Ford and Rockefeller foundations; the Krupp Foundation of West Germany; from foundations in
Sweden, France, Japan and other countries or from private groups and enterprises. However, the
institute does not accept donations from governments. When they explain the institute's situation,
researchers always stress that, except for 1978 donations from the governments of many
countries for the purchase of a small and ancient five-story office building in London's Covent
Garden theater district for use as its new address, the institute "has never accepted any
government donation to carry out any major research plan." The research activities of the
International Institute for Strategic Studies can be classified as follows:
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1. Routine Conferences
(1) Annual Report Conferences
These are held in September each year on a theme decided by the board of directors. The annual
conference points out the direction of strategic research regarding various countries. Normally
about ten papers are read at each conference and these are followed by discussions in separate
groups. About 100 people attend. They are all selected from among members who apply to
attend a conference.
Exemplar themes of conferences noted by the PRC collectors were:
1973: The Military in Modern Society
1974: The Middle East and the International System
1975: Western Powers
1976: Dispersion of Power
1977: Conventional Weapons Technology and East-West Security
1978: The USSR after Brezhnev: Prospects for Soviet Military Power in the 1980's
1979: Future Strategic Deterrence
1980: Third World Conflicts and International Security
1981: U.S. Security in the 1980's
1982: International Factors in the Security of the West
1984: New Technology and the Security of the West
1985: Power and Policy: Problems Brought by SDI

(2) Alastair Buchan Memorial Conference. Held once a year for the delivery of a lecture by the
institute's first director, Alastair Buchan.
(3) Lectures. This type of conference involves speaking invitations extended to personages who
are visiting Britain, members of the staffs of British embassies abroad and media personalities.
Some of these conferences are large and some are small. Sometimes the audience is large and
sometimes very few attend. Besides institute members, people from London area universities,
government staffs and the media are also invited to attend.
(4) Academic conferences, four times per year.
(a) Annual academic conference (as explained above)
(b) Annual conference for young students
(c) Annual conference on regional security
(d) Annual conference on arms control issues
(5) Annual Conference for national defense officials from Britain, France and Germany
2. Symposia

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 262

The Rooster & The Dragon January 23, 2012
(1) Routine symposia; held once a week by researchers.
(2) Special topic symposia. Researchers and people from outside the institute discuss a topic
which is normally selected by the director. Sometimes they are held to assist the work of visiting
researchers. Invitations are also extended to members of the staffs of British embassies abroad
and to media personalities.
The London International Institute for Strategic Studies publishes the following:
(a) Military Balance, published annually in October, is the representative publication of this
institute and the one for which it is world-famous. Military Balance is an authoritative appraisal
of the military strength and military expenditures of various countries. It is a major (and
sometimes considered authoritative) basis for the analysis of military issues not just by the
technical people of various countries, but by most government officials and the military sphere.
This publication is the responsibility of the intelligence researcher and one assistant. In the
spring of each year the results of research on the military power of various countries are
assembled into a draft which is sent to the government or the military of various countries to
solicit their comments. Final analysis and judgments based on comments received take place in
September, and the final version is published. The countries generally cooperate to varying
degrees. Military Balance has been published continuously since 1959.
(b) Strategic Survey, published annually in May since 1969. This is an analysis from regional
and worldwide perspectives of the trend of strategic developments in the previous year. This
publication is for research on strategic thinking and on diplomatic or political trends.
(c) Survival, published every two months. This publication mainly passes on important
declarations from governments and statesmen of various countries and major articles from other
journals. Sometimes it also publishes research reports commissioned on special topics.
(d) Adelphi Papers. (Adelphi is the name of the institute's former location.) Most of the
manuscripts published as Adelphi Papers are the results of research by researchers at the institute
and papers from the annual conference. About ten Adelphi Papers are published each year.
(e) Adelphi Library. Each year the institute compiles a number of Adelphi Library publications,
whose content is carefully selected from Adelphi Papers and other major research reports. In
recent years, more of the content has come from various papers presented at the institute's annual
conference.
(f) Each year the institute gives financial assistance for the publication of material incorporated
in the IISS Books series.
The publications described above, and especially Military Balance, are essential reading for
anyone engaged in research on military strategy or development strategies for national defense
S&T, weapons and equipment. They are very valuable sources of DST-intelligence. The above
are published openly and the China National Defense S&T Information Center archives them.
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IX. The American Defense Marketing Services, Inc. (DMS Corporation), 100 Northfield
Street, Greenwich, CT 06830, USA), and its publications [apparently now part of Forecast
International/DMS, 22 Commerce Road, Newtown CT 06470]
The American Defense Marketing Services Corporation was established in 1959. It is a privately
held stock corporation (and publications business). Its headquarters is in Greenwich in the state
of Connecticut while having operating offices in Europe (Inning, Germany and Oxfordshire,
England) and Asia (Tokyo, Japan). DMS Corporation claims to be the world's only company
researching and reporting information on the high-tech defense and weapons systems markets of
the United States and other countries. The scope of the company's reporting includes defense
budgets, scientific research organizations, manufacturers, the research, development, production,
procurement, supply of weapons or equipment and arms trading. The company's research
involves a wide range of specialties, but mostly it concentrates on space flight, aviation and optoelectric technology; along with conventional weapons. The company is a key organization to the
PRC DSTI apparatus in researching market demand for weapons and equipment, development of
weapons and equipment and forecasting.
DMS Corporation employs over 100 people. The company has an editorial department with more
than 30 devoted to compilation; an administrative management department; marketing and
distribution arms and a production department. The editorial department has specialist groups
underneath it. The company's main objective is to compile and publish DMS publications, called
simply DMS. To this end, the company has set up an occupational information gathering
network with feelers extending all over the world. Participants in the gathering of information
make direct contact with concerned departments of the governments of various countries and
with responsible officials in industrial centers, read the world's main periodicals with other
publications and thereby collect information on the arms market. Then they process, assemble
and analyze this information in order to publish it in report format. The company's main sources
of information are:
1. Various publications from the United States and from the main developed nations of Europe,
such as U.S. Government contracts, manuals, military documents and Congressional testimony.
2. Information obtained directly from concerned government departments. DMS Corporation
employees have close relations with the U.S. Department of Defense. Some of the employees are
former military personnel. Some cooperate with the military either directly or indirectly.
Employees in Washington (former military officials) can even come and go freely at the
Pentagon; gathering information on defense markets and procurement any time they wish.
3. Information obtained directly from manufacturers by way of electronic correspondence.
The company's production department is responsible for the printing, binding, packaging and
mailing of all of the company's publications. DMS Corporation also has a subsidiary company in
Washington D.C., DMS International, which is responsible for organizing seminars. DMS
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Corporation is an information dissemination source. It has developed rapidly in recent years, and
it now has over 40,000 subscribers in various parts of the world. Most of these subscribers are
companies and government organizations. The largest of these subscribers include Canada and
the United Arab Emirates, both of which order complete sets of DMS publications. DMS
Corporation's sales volume is in the multi-millions of dollars range. The company's main
business activities are:
(1) Sending 65 types of publications to various nations other than ITAR embargo countries.
(2) Providing special topic consultancy services. Customers can commission DMS to conduct
research on a particular topic. For example, what roles might a certain type of weapon play
within the next few years? Or, what are the developing trends in innovations?
(3) Responding to customer inquiries. All DMS subscribers can send inquiries to the company,
but with a specified scope. That is, those who purchase a portion of the DMS publications can
pose questions only on topics touched upon by those publications. Subscribers to all of the
company's publications may ask any question they like. About 60% of the inquiries supposedly
are handled free of charge. Service charges depending on the circumstances are collected for
inquiries involving a lot of work. Communications costs are born by the subscribers.
(4) In March each year, DMS Corporation convenes a Symposium on Defense Scientific
Research Budgets and Equipment Procurement Budgets, which is also called the DMS Defense
Budget Symposium. Participants often include the U.S. Department of Defense, responsible
officials from the three Services (the Army, Navy/Marines and Air Force), market researchers,
trade and long-range planning personnel, marketers, public finance analysts, etc. The U.S.
defense budget and equipment procurement budget for the next fiscal year is discussed item by
item and by armed service, by scientific research plan and by procurement plan. Participants may
express their views publicly.
(5) In April each year the company convenes an Annual Symposium on NATO Industrial
Cooperation. This symposium provides an opportunity for participants to hear detailed
explanations of the military equipment development and procurements plans of the NATO
member countries. The focus is on the search for opportunities for cooperation among countries.
DMS Corporation enjoyed a prestigious reputation among American industrial producers
because it could provide them a constant stream of information about the U.S. Government's
military budget and defense equipment procurement before the internet and Google made it
seconds away from acquiring publicly – but members can save the nit-picking work and attend
an event to get the bottom line as well as network. DMS is not an endangered activity. The peerto-peer information allows them to make prompt adjustments in their production and solicit
government business. In short, it is more of a forum than repository now. Because DMS
Corporation's operations are related to defense, everything it does which is considered by the
government to be an important activity is subject to government interference, to government
participation in the activity or to increased restrictions. According to past statistics, it had 65
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publications in six major categories. The company frequently makes a few changes in the major
and sub-categories of its publications; sometimes combining categories and sometimes splitting
them. The major categories as of late were:
(a) Market Intelligence Reports
This category of publication is nicely designed loose-leaf binder material digitally available as
.pdf format. It provides important defense market information, with a focus on recognizing new
business opportunities. Each month "supplement pages" and "focused extracts" are provided
each month with the latest information. Each separate report provides the status of various
weapons systems in each of their phases - from preliminary research to development to operation
and maintenance, etc.
Each report includes two parts: data and analysis. The data portion includes detailed information
such as model numbers, missions, maturity status, manufacturer, changes, characteristics,
performance, schedule, price, number on hand, etc. The analysis portion provides detailed
information such as background, status, outlook, export status, related activities, recent activities,
DMS Corporation's analysis and a ten-year forecast. This latter major category is further divided
into the sub-categories: Platform/Major Systems, Product/Subsystems, Agency/Industry and
Foreign Military Markets; with 29 further divisions.
(b) Major Systems Market Forecasts
These are forecasts of the market for major weapons systems. Each year there are about 2,000
pages of these research reports. They provide complete details on current worldwide stockages,
production and development plans including: a report on each plan, a ten-year forecast and seven
subsections on forecasts for armored vehicles worldwide.
(c) Market Studies & Forecasts
These constitute about a thousand pages per year of reports providing the complete status of
major markets such as: worldwide requirements including RDA plans for the army, navy, air
force and national defense organizations of various countries. These reports have 17 subsections
on topics such as world market research and forecasts for robots.
(d) DMS Special Reports
These describe the status of space platforms and air defense weapons systems. They include two
subsections.
(e) Newsletters
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These are in six types of which one is a two-weekly periodical and the other five are weeklies.
They emphasize reporting on the latest developments, investigations of ongoing trade talks,
reports on calls for bids on contracts and reports of major changes in personnel.
(f) Handbook/Directories
These include four volumes, including a defense budgets handbook. DMS publications are
expensive. A full set of DMS publications cost over $30,000 even before Y2K…albeit, the
electronic information helped stabilize the consumer pricing from entire trend extension. The
China National Defense S&T Information Center and each of their Defense Industry Information
Centers placed selective orders for DMS publications routinely. DMS Corporation also provides
its subscribers static and dynamic databases. The static database is a government contracts
database; a file on major openly publicized government contracts. The dynamic database is the
DMS/Online International Search System; managed jointly by DMS Corporation and Data
Resources Incorporated (DRI). DMS Corporation first enters the latest information it has
collected into DRI's computer for online internet search and publishes it later.
The DMS/Online International Search System has nine databases across three software
languages. The databases are: DMS Contracts Database, DMS Codes Database, DMS Contractor
Database, DMS Market Quotations Report Database, DMS Official Defense Documents
Database, DMS Communications Database, DMS Daily News Database, Daily Business Report
Database and DMS Contract Analysis Database. The languages were ABSTRACT, TEXT, and
EPSPLUS RETRIEVE but could have been converted from proprietary to COTS by now.
Anything from simple, single-word searches or relational/contextual complex market analyses
can be conducted form most home work stations via user-account/password protected access.
China North Industries Science and Technology Information Research Institute had signed a
contract with DMS Corporation whereby the institute can use its terminals to conduct searches
on the DMS/Online International Search System. The various kinds of data provided by DMS
Corporation (including its publications, databases and verbal information from conferences) are
still important sources of information for DSTI researchers of development strategies for national
defense S&T, weapons, equipment and entities engaged in arms production/trading.
X. Jane's Publishing Company, Ltd., 238 City Road, London ECIVZZU [as published],
England and Jane's annuals.
The history of Jane's can be traced back to 1898, when the first Jane's Fighting Ships annual was
published. The annual was compiled by artist and naval reporter Fred T. Jane. It was purely a
private undertaking, with no government financial assistance. In 1985, Jane's Publishing
Company set up Jane's Information Services, Ltd.; Jane's is a world-famous military publisher.
Its specialty is the publishing and distribution of various reference books, including its annuals,
handbooks, guides and encyclopedia. Besides these, it also publishes periodicals and books.
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Jane's is an information dissemination source important to many besides the PRC DSTI
apparatus.
The best known of Jane's publications are Jane's annuals, of which there are about 15 types. They
are famous for being accurate and authoritative. They can provide full information on the
defense equipment of armies, navies and air forces worldwide as well as their means of transport.
Public opinion considers news published in Jane's annuals to be true. The content of the annuals
is verified repeatedly. The books contain a large number of photos and photo captions. To
prevent the compilers from mixing in their own views and commentary and to prevent criticism
or bias toward any country or group, all explanations use original source material or original
wording.
Each year's annual revises and supplements material in the one from the previous year to reflect
new developments in technology and the current state of affairs. Because of the accuracy of the
content and the excellence of the text and illustrations, the books are always highly regarded by
formal organizations and arm-chair researchers in various countries; whom consider the books to
be valuable sources of information. It is understood that many countries use Jane's annuals as
their basic reference material when compiling weapons handbooks. The periodical Jane's
Defence Weekly also gets a great deal of attention from defense S&T personnel the world over.
The China National Defense S&T Information Center archives the vast majority of Jane's
annuals.
XI. Periodicals
"Periodicals" refers to serialized publications issued at regular or irregular intervals, with the
interval between issues not exceeding one year. Periodicals have the following characteristics:
1. They use the same name for a long period of time.
2. They are serials; with each edition having a sequence number (volume; issue) and a date (or
both).
3. Each has a format, binding and size which it customarily uses.
4. It has numerous writers; with each issue having at least two essays.
Periodicals are also called magazines. The word "periodical" focuses on its cyclical nature, while
"magazine" emphasizes the nature of its content. A periodical's publishing cycle is short.
Articles are published quickly, in great numbers, with content that is fresh and incisive and
which touches a wide range of topics. Thus a periodical can quickly reflect the worldwide level
of development and trends of science and technology. Most articles in periodicals are original
documents which have not been reorganized. Many new research accomplishments and trends
are reflected first in periodicals.
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Although some of these still have not come to a conclusion and are merely preliminary or status
reports, they are quite valuable to PRC DSTI readers as starting points and reference material.
Producers and distributors of periodicals are to be found everywhere and are too numerous to
describe. There are many types of periodicals. The types of periodicals which different types of
researchers in different academic fields frequently use are not the same. In this regard there
persists a "core periodicals effect," which is to say, a large number of scientific essays in a
particular field become concentrated in a small number of S&T periodicals.
―All personnel, and especially information researchers, should read
periodicals frequently and from them learn of trends, understand
progress, open up new lines of thought, and absorb accomplishments
already made. This includes defense S&T personnel. ―
According to estimates, the S&T information obtained by PRC DSTI personnel from periodicals
constitutes about 60% of all such information and, as for information researchers, over 80% of
their information comes from periodicals.
XII. Books
Books have a long history but surprisingly there is still no commonly accepted professional
definition of a book. Some countries today follow the notion established by the United Nations
Educational, Scientific and Cultural Organization (UNESCO; also a treasure trove of economic
development information) and call a published item of more than 49 pages a "book," and an item
with between five and 49 pages a "pamphlet." Other professionals call the UNESCO standard a
"monograph" and don‘t label something a book until it surpasses 100 pages.
A ‗book‘ from the PRC DSTI perspective is mainly a summarization and explanation of S&T
research accomplishments and knowledge and experience about production technology. Its
content is in the nature of a summary, knowledge that has been reorganized. In terms of
timeliness, the knowledge reported in a book is older than that in periodicals. However, the
knowledge presented in a book is normally more mature, systematic and comprehensive than in
other publications because the writer has selected, verified and appraised it; achieving a
comprehensive understanding of it. In light of these characteristics, books frequently become
sources of information for researchers of foundational theories and for special topic researchers
in the PRC DSTI apparatus.
Examples of what the PRC acquired are the following U.S.-published books: Space Laboratory;
Nuclear Weapons Data Handbook; Future Tanks; Electronic Warfare; Strategic Defense Plan
and Soviet Military Power.
Conversely during the Cold War era, the PRC sought out the Soviet-published books such as:
U.S. Military Power; Japanese Military Power; Star Wars: Fantasy and Danger; Naval Power of

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 269

The Rooster & The Dragon January 23, 2012
Various Countries; Military Power of Major Capitalist Countries and Modern Japan's Integrated
Military Production. Books such as these continue to be very valuable references in research of
national defense S&T topics for the PRC.
XIII. Conference Papers and Their Intelligence Value
1. Summary of the status of S&T conferences
Academic conferences remain excellent forums for the exchange of academic ideas and S&T
accomplishments. Attending academic conferences is an important channel and an effective way
to obtain information first hand for the PRC DSTI collectors. With developments in science and
technology, there is increasingly more exchange of scientific research accomplishments and
mutual deliberation about newly discovered activities in the field of S&T among those who work
in it. Many of these activities are revealed by way of public lectures or seminars. To gain
appreciation about this channel - according to the French Chamber of Commerce, about 4,000
international conferences were held throughout the world in 1993.
Further, according to a report from the American Institute for Scientific Information's Index to
Scientific & Technical Proceedings, over 10,000 S&T conferences were convened throughout
the world in 2004, of which many published conference proceedings. According to statistics,
currently in the United States over $150 million a year is spent on convening S&T conferences; a
noticeable fraction of the government's total spending on S&T. On the average, about three S&T
related conferences take place every day in the United States. Taking the American Institute of
Electrical and Electronics Engineers (IEEE) as an example, in 2004 it alone sponsored over 300
conferences on electronic technology. S&T conferences are generally classified by the PRC
DSTI apparatus on three levels:
(1) Basic level conferences. These are specialized S&T conferences held by S&T institutes,
laboratories, institutes of higher learning, companies and enterprises, government organizations,
military organizations, etc. Conferences at this level are smaller but highly specialized. They take
place sooner than national or international conferences on that field of study – so the PRC places
a premium on this source of information. Many basic level conferences are held on dates which
are not announced in advance and after the conference no conference minutes are published.
Most papers which are difficult to acquire for the PRC are from this type of conference.
(2) National conferences. Most conferences of this type are convened by national trade or
industry associations and professional societies - or by several organizations acting in unison.
Some regional conferences in the United States such as the Western Conference on Electronics
fall in this category.
(3) International conferences. These are convened by international organizations or jointly by
organizations in several countries.
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S&T conferences are put into eight major categories by the PRC for knowledge mangement:
(a) Congresses
(b) Conferences
(c) General Assemblies
(d) Seminars, not to include lecture series
(e) Symposia
(f) Workshops
(g) Working Groups, Discussion ―Round-Table‖ Groups or Expert Groups
(h) Committees
Actually, conferences go by even more names than this, such as conventions, meetings, institute
or course, round table, etc.. These are normally indexed by the PRC in general conferences.
2. Introduction to Conference Documents
By conference documents, PRC DSTI personnel mean essays or reports falling within a certain
scope that are read at a seminar; then compiled and published. They are also called conference
notes (by us as well as them). From the planning stage to conclusion, a conference normally
publishes the following materials that are of PRC DSTI interest:
(1) Circular (advertisements)
(2) Conference program (agenda)
(3) Advance abstracts or pre-prints. Some conferences publish only conference paper preprints
and not conference notes. For example, the above-mentioned AIAA does this.
(4) Conference reports. These are conference outlines or notes issued by conference attendees
or sponsors in a journal or magazine during, or not long after, a conference.
(5) Conference proceedings. These are a published summary of papers issued at a conference.
Sometimes the conference papers are appended. They are the formal record of a conference.
However, this type of publication even with internet facilitation can sometimes not be available
to readers until three months to even two years after a conference if the organizer resources or
community of practice/interest is meager.
The format in which conference proceedings are published is not at all standardized. It general it
takes four forms:
(a) In periodicals. Published in some edition of a periodical, or in a special edition produced for
a conference.
(b) Special compilations of papers. Conference papers assembled into a volume and assigned
an appropriate title. Publication in book form.
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(c) Conference serial. Publication as a periodic or aperiodic serialized item. Some are published
directly according to the sequence of the conference, using the conference's title. For example,
Notes from the 10th International Conference on Combustion. Some are published as a book
series by way of an academic group, such as the papers from the 18th Conference of the U.S.
National Space Society, included in the group's Progress in Interplanetary Space Flight and
Aviation Science, Volume 77, published in 1981.
(d) S&T reports; published by some government organization or industrial or commercial
enterprise.
Organizations which publish conference notes are classified in five types by the PRC:
(a) Research organizations of enterprises; including research institutes and laboratories belonging
to enterprises - as well as associations or federations under the enterprise.
(b) Government departments; including research organizations subordinate to government
departments and international organizations among governments.
(c) Academic groups; including specialized societies and associations.
(d) Publishing companies
(e) Publishing houses of universities and other institutes of higher learning.
Of the above five types of publishing organizations, the one publishing the greatest volume of
conference notes is academic groups. Publishing companies come second. The vast majority of
publishing organizations tend to use serialized formats for the publication of conference notes, or
they publish them in specialized periodicals. Only publishing companies and some university
publishing houses are interested in publishing conference notes in book form. Normally
academic groups do not publish conference notes in book form (or at least such books are hard to
obtain). As for conference notes published in the form of S&T reports, government departments
are practically the only organizations which use this format. Of the above five types of
conference materials [circulars, programs, etc.], the main type of materials for research use in the
PRC DSTI apparatus are a conference's formal record, its conference papers or notes. However,
when conference papers cannot be published promptly or at all, advance abstracts and pre-prints
have certain usefulness in making up for this or can serve as replacements.
3. The intelligence Value of Conference Documents to the PRC
Papers read or issued in writing at a seminar are normally more academic, with more ‗novel‘
content. Major discoveries in some fields of learning are often first made public in this sort of
forum. Academic groups normally invite to their conferences groups or individuals whom the
group believes have achievements to their credit. The papers delivered at conferences by these
groups or individuals are all subjected to rigorous examination and selection by the academic
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group. Thus, these papers are of very high quality. They may be prompt reflections of the newest
developments (new discoveries or achievements) in research activities in a certain field of study
or reflections of developing trends in such research activities. With an international conference,
of course the papers presented there may reflect the worldwide level and status of a certain field
of study, as well as the level and status in each country. For conference participants, the
timeliness of conference papers far exceeds that of other documents. Besides this, conference
documents are rich in content. They are compilations of several essays on one core topic. They
touch upon different facets of the same specialty. Thus one volume of conference notes often has
reference value for researchers in many specialties. Attendees and field practitioners both
compete to be the first to read them.
In light of the great intelligence value of conference documents, they attract a dominant attention
from PRCs S&T personnel. For instance, it was reported that a researcher at a certain university
in Beijing had this appraisal for the Notes from the 1983 IEEE Conference on Acoustics,
Language and Signal Processing: "It affords an opportunity, and convenient conditions, in which
to learn about the latest foreign scientific research achievements and trends in digital signal
processing. It will be one or two years before some of the papers are published openly in IEEE
periodicals." (Note: IEEE normally publishes conference notes prior to or at the start of a
conference.) Or, in the appraisal of notes from a certain conference by an S&T researcher from a
certain ministry, "This collection of papers explains the latest developments in defense
electronics research. It represents the advanced foreign level in this field. Some of these papers
state principles clearly, explain advanced technology and have detailed block diagrams. They
are very valuable to our S&T workers." From the two examples above, we can see that the
intelligence value of conference documents is ―out of the ordinary‖ for the PRC DSTI staffers.
4. PRC DSTI Problems and Difficult Points about Collecting Conference Papers
The major DSTI information centers of all countries now make it a point to ‗collect‘ conference
papers. At the same time, PRC personnel indicated that they all feel that doing so has been a
headache. The major problems and difficult points discovered are:
(1) Order receipt rates were not high and it was hard for them to assemble complete sets of
conference papers in a series. The reasons for this were:
(a) The conveners/organizers of some conferences, especially international conferences,
have no fixed, standing organization or office address; and there was no way to contact
them after the conference.
(b) The times when conference notes were published were irregular. Some notes were
published two to three months after the conference and some not for one or two years. By
making contact early, PRC DSTI personnel found that notes had not been published yet
and could not be ordered. Making contact later, PRC DSTI personnel found that they
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could not be supplied because the conference organizers indicated proceedings were sold
out or out of print.
(c) Picking up clues to how conference notes were to be published was difficult. The PRC
DSTI apparatus expressed frustration in being able to obtain prompt and complete
information about conference notes. First, because publishing organizations were varied
and second, because news about the publication of conference notes was scattered. In
particular, no news was advertised about many basic level conferences; so naturally
people ―on the outside‖ of the academic or professional social network had no way of
knowing about them.
(d) With some conferences, the original plan for publishing conference papers later
changed and they were not published. Some basic level conferences do not publish notes
at all. Others publish only pre-prints and not conference notes.
(e) Most of the time the print run for conference notes was small and could not meet
demand. Some sets of conference notes were basically only provided to conference
attendees.
(f) Notes from a small number of conferences have limited distribution.
(g) Procedures for purchasing conference notes were loaded with trivial detail. A mistake
made at any juncture meant the whole effort is wasted.
(2) Receipt was slow. The main reasons for this were that ordering procedures were complex and
PRC distribution channels were not smooth. This meant that some urgently needed conference
notes could not be ordered and received quickly by the PRC DSTI requestors.
(3) The problem of duplication was also significant. The reasons were:
(a) Reports were not clear. The same conference may be reported by several names
without reference.
(b) Sometimes the same set of conference notes may be published in several forms, such
as a special edition of periodicals or a report by some 3rd-party organization.
(c) In terms of methods of procurement, there may be a conflict between ordering a single
item and ordering a complete set of an organization's publications. This easily led to
duplication.
(d) When a conference is convened jointly by several organizations sometimes they all
have the right to publish separate editions of the conference notes.
In summary, obtaining news about relevant conferences, discriminating among them and
collecting conference documents is a deep subject to the PRC DSTI apparatus. Their people
engaged in collecting conference documents evidently used to put a lot of effort into searching
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before the Internet – but the challenge then became a knowledge management one, not a
knowledge discovery one. The various PRC DSTI elemental organizations which do this work
each have their own set of effective methods and their own experiences; although their methods
await further improvements and supplements using semantic, taxonomic and ontological
techniques.
XIV. China‟s Use of Its Own National Defense S&T Reports
1. Since China was founded, China's national defense S&T effort has developed by leaps
and bounds.
Along with economic development, China has achieved many scientific research successes and
technology breakthroughs in their own right. They have innovated many theories and methods,
while concurrently assimilating many experiences and lessons learned by others. Making this
knowledge a shared awareness domain is a key element of PRC DSTI strategy: ―If we take these
things and promptly assemble them into S&T reports, put them in order, and circulate and apply
them in society, then this will create an even more enormous amount of wealth. This can
redouble the effectiveness of China's national defense S&T effort with no need for additional
investment.‖
Currently, many S&T information organizations in China use a great deal of Chinese language
national defense S&T reports or other types of Chinese language materials. Judging from usage,
the borrowing rate of these materials is reportedly now far higher than that of similar foreign
language materials - and facts have proven the information value of establishing a ‗system‘ of
China National Defense S&T Reports. In recent years, PRC leaders and scientific researchers in
many DSTI-related organizations have recognized this point in full; and they are putting forth a
great effort toward laying the foundation for the establishment of a FEDERATED system of
National Defense/Dual-Use S&T Reports for both their operational activities and decision
support. The national government level is also taking action on the establishment of a China
National Defense S&T Reports system governance policy with what we‘d call a ‗Terms of
Reference‘. One prominent leader in the PRC reportedly remarked to their media: ―Along with
the development of the effort and the passage of time, China‘s National Defense S&T Reports
are becoming ‗fresh troops‘ in the effort to find sources of information on national defenserelated S&T knowledge. They will certainly display their exuberant vitality more and more.‖
2. Brief Introduction to China‟s National Defense S&T Reports
(1) What are China‘s National Defense S&T Reports?
"China‘s National Defense S&T Reports" is the general term for S&T reports produced in the
course of defense-specific scientific research, testing, production, operations and training - then
processed and organized. The object in establishing a system of China National Defense S&T
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 275

The Rooster & The Dragon January 23, 2012
Reports is to accumulate and disseminate S&T achievements; to promote the exchange and
development of their national defense science and technology; and to make these things better
serve BOTH national defense modernization and the construction of the civilian economy.
(2) Sources of China National Defense Science and Technology Reports
China‘s National Defense S&T Reports mainly come from the various organizations involved in
the research, development, production, testing and use of weapons and equipment; from the
various professions of their national defense S&T industry; and from the various national
defense professional associations or societies; as enabled through linked information networks.
(3) Classification and Numbering of China National Defense S&T Reports
China‘s National Defense S&T Reports have five classifications; namely: open, for internal use,
confidential, secret and top secret. The level of classification is determined by the organization
producing the S&T Report. Declassification or lowering the classification is the responsibility of
the producing organization (as it often is the case in the U.S.). China‘s National Defense S&T
Reports have a unified numbering system. The serial number consists of two parts: a Chinese
Pinyin designator and an Arabic number. For example, in GF-830001Mc, the designator GF is
the first letters of the Chinese Pinyin words "Guo Fang" (national defense). Thus, China National
Defense S&T Reports are called for short, "GF reports." In the Arabic number 830001, "83"
stands for the year of archiving and "0001" is the sequence number by which that report was
archived that year. The Chinese Pinyin letter at the end, "M" stands for the character "mi" in the
classification "confidential" [mimi]. "Mc" stands for confidential, "Mb" stands for secret, and
"Ma" stands for top secret.
(4) Reporting and Searching China‘s National Defense Science and Technology Reports
The reference book for reporting and searching China‘s National Defense S&T Reports is the
China National Defense S&T Reports Notice and Index [Zhongguo Guofang Keji Baogao
Tongbao Yu Suoyin]. The China National Defense S&T Reports Notice and Index is a topic list
format search publication without abstracts. It records: catalog number, volume and issue
number, title, subject, name of group and individual authors, report date and page count. The
Notice and Index divides the content into 20 major categories:
General science
Missile technology and space technology
Aviation
Propulsion and combustion
Navigation and guidance
Communications and sensing
Nuclear technology
Military science
Ordnance
Mechanical engineering and other engineering
Electrical engineering technology and electronic technology
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Computers and mathematics
Materials
Physics
Chemistry
Astronomy
Geo-science
Biology and medicine
Research and equipment
Common concepts
Reports are listed under the related category. Each issue reports on about 1,000 items. At the end
of each issue one can work from both a keyword index and a conference report index. In short,
the PRC DSTI apparatus continues to evolve and advance their thinking about knowledge
engineering and management as part of a National strategy…with equal benefit to the PLA and
their industrial base. It is now easily visible that, by the Chinese way of thinking, the term
‗intelligence‘ is NOT confined to the function or organizational affinity if intelligence.
Knowledge is not collected for the benefit of the PRC intelligence community to utilize…the
Chinese have a much broader appreciation of the concept. The lesson to be learned for the U.S.
DoD in general and AT&L in particular is that they should reflect on a DSTI knowledge base
that is not dependent upon an intelligence ‗stove-pipe‘ to service them as much as taking control
into their own hands with their own information; linking decision support information to better
optimize COCOM requirements, Service procurement, DoD R&D/S&T investments, purely
Commercial innovators, DIB (esp. small businesses) providers and industrial policy-making.
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Consumer Intelligence Needs Studies – PRC DSTI Focuses on End-Use
In the PRC, Intelligence Consumer Needs Studies refer to surveys across the entire DSTI ecosystem to ensure consumers of intelligence knowledge are a driving factor in their knowledge
engineering improvement endeavor. Their intelligence customers are consumers of actionable,
contextual information (i.e. not a data dump); including all individuals and organizations that use
real intelligence or insightful information in the course of scientific research, technological work,
production, policy-making or management. The PRC DSTI apparatus refers to the former as
individual intelligence consumers and the latter as institutional intelligence consumers. They
loosely refer to both as intelligence consumers; or consumers for short (as we might).
One major distinction! In the PRC, DSTI end-users are both the consumers and the creators of
intelligence and information. It is not a ―have to give in order to get‖ governance model. Rather,
it benchmarks an ideal best expressed in the contemporary cable TV production ―Camelot‖ (by
STARZ; Season 1, Episode 5) in which the actress playing Guinivere is alert to the chaos as
refugees pour into the newly occupied Castle. She opines to King Arthur that ―…all these people
have wants but they also all have something they can contribute‖. Of course, being a
Hollywood-style production, the King makes it policy on-the-spot and appoints Guinivere
project manager for implementation.
Likewise reflects the PRC DSTI knowledge base philosophy: ―The study of intelligence
consumers covers a broad area, including the study of the intelligence needs of consumers, the
study of the psychology of consumers, the study of the acquisition of intelligence by consumers,
the study of consumer intelligence assurance and the study of consumer training. Every stage in
intelligence work and information work, whether it is the gathering, processing, storage,
indexing, circulation of intelligence or intelligence studies is most closely related to consumer
studies. However, the emphasis differs from stage to stage. As far as collection is concerned, the
emphasis is on the study of consumers' intelligence needs.‖ Today, the PRCs DST-Intelligence
Consumer Needs Studies exist as a unique field and one of the most important basic research
areas in their BPR evolution for ―collection‖.
Section One -- Basic Concepts
I. General Human Needs vice Intelligence Needs
The PRC version regarding a theory of consumer-based intelligence needs was first based on the
general theory of human needs. According to Maslow, the well-known American psychologist
who founded behavioral science, man has five needs; namely, physical needs, need for security,
need for social interactions, need for esteem (both self-esteem and acceptance from others) and
the need to actualize his own ideals. These five needs change in order. As one need is satisfied,
the next need in line intensifies. Ultimately the need to actualize one's ideals becomes the most
powerful of all. This is the well-known Maslow theory of need system.
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As Chinese society advances and production grows, the PRC DSTI apparatus internalized the
forecast that the first four human needs would become increasingly satisfied. Meanwhile, mans
high-level need, namely the need to realize his ideals, also would reach its most intense, climatic
point. Conjecturing the typical educated Chinese Man would realizes his various ideals by
engaging in all sorts of creative endeavors - the most important of which to them were science,
technology, production and management. The need to solve the miscellaneous problems
encountered in these creative pursuits gave rise to the anticipated need for specialized
knowledge. When any man searches for a ‗shortcut‘ to scale the pinnacle of science and
technology, he must learn from the experiences of his predecessors to avoid reinventing the
wheel or making avoidable mistakes; wasting scare resources. Hence, they keenly acknowledged
the urgent need for full and accurate intelligence or information.
II. Intelligence Needs and Intelligence Behavior
Typically, a PRC DSTI individual (or organization) with a need for intelligence would have
previously engaged in various types of intelligence collection behavior, including formal or
informal scientific exchanges, in order to obtain the necessary intelligence or information for
their own advancement goals. PRC leaders left numerous literary references to such and refer to
the actions taken by an individual (or organization) to acquire such intelligence or information on
their own (without sharing) as sub-optimal behavior. Nevertheless, parochial motivation can be
leveraged so at the collective level the PRC DSTI apparatus incorporated the fact that ―A
consumer's intelligence needs give rise to and regulate the consumer's intelligence behavior.‖
What kind of intelligence behavior does such a PRC a consumer engage in? Let us analyze it
using a construct developed by F.D. Wilson; a noted British intelligence expert. Wilson outlined
the kind of intelligence behavior a consumer may engage in as ―lines of inquiry‖ which he
formed into four interrelated sets: Four connections indicated lines of inquiry where the
consumer does not rely on any formally established intelligence collector. He called these „Type
A‟ exchanges. Two other connections indicated lines of inquiry where intelligence
organizations were relied upon. Here, his term "intermediaries" referred to research personnel or
source-material generators while the attribute he labeled "technology" referred to card catalogs,
bibliographies, computerized indexing equipment and other knowledge discovery/retrieval tools.
He called them ‗Type B‘ exchanges. Wilson drew three additional lines of inquiry indicating
where intelligence research personnel or data producers were relied upon to satisfy a need. He
called these ‗Type C‘ exchanges. The final two connections from Wilson indicated lines of
inquiry where the consumer directly (physically) had access to facilities (processes) or
equipment (products) for reverse engineering; which comprised ‗Type D‘ exchanges.
It is clear from Wilson‘s postulate that apart from Type A lines, intelligence or information must
be obtained through intelligence organizations (in the collective sense) in all other lines of
inquiry. Intelligence organizations occupied the position of an intermediary; serving as a bridge
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to satisfying the consumer's needs. Through the intelligence organization, the consumer had
access to knowledge not yet recorded (as well as tangible recorded knowledge in a repository). In
our so-called era of "information explosion," when science and technology is highly advanced,
no consumer can rely solely on his own abilities; he has no rational choice but to turn to
leveraging other nodes beyond what he can reasonably access/process. Hence, the important
place of knowledge engineering and management for the PRC DSTI apparatus in the process of
economic, scientific and technological development strategy.
III. Consumer Intelligence Needs Studies
The study of consumer intelligence needs to the PRC DSTI apparatus simply means figuring out
consumer knowledge deficits with the characteristics of that consumer's intelligence collection
behavior and determining if they exhibit some patterns (so, they review agenda for artifact
acquisition but more importantly how the customer USES the information they get). To a lesser
degree they document how the consumer comes by what they get on their own for possible
benchmarking, franchising, de-confliction and information standards establishment. Naturally,
man's intelligence behavior is inseparable from his psychology. Thus when the PRC studied
intelligence behavior and its patterns, they inevitably had to examine the individual or
organization psychological side (pathology) as well.
IV. The Rise of Consumer Intelligence Needs and Their Cyclical Process
Intelligence needs give rise to and regulate intelligence activity. When people engage in all sorts
of creative activities to obtain the necessary intelligence or information, their creative activities
advance into even newer territories and scale even newer heights - which, in turn, gives rise to
new intelligence needs and the cycle repeats itself endlessly. So, there are some self-regulated
continuous improvement mechanisms and dynamics at work.
Section Two -- Significance of PRC DSTI Consumer Intelligence Needs Studies
Consumer intelligence needs studies are an important field in collection science and collection
work. Every intelligence system must be connected to a given set of consumers. The consumer is
the be all and end all of an intelligence system. As the first link in intelligence work, collection
work is even more closely linked to the consumer. Consumer intelligence needs are the basis and
purpose of collection work.
I. Consumer Needs Studies Point to a Direction for PRC DSTI Collection
As he goes about collecting materials, the first questions the collector should confront are these:
Whom am I collecting for? What am I collecting? A collector should not collect at random. The
basic purpose of consumer intelligence needs studies by the PRC was to answer these questions
holistically, systematically and strategically – it is NOT an additive NOR an ad hoc exercise
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within their DSTI apparatus. Consumer intelligence needs studies help familiarize collection
personnel with their own consumers (processes of why the information is needed; don‘t confuse
with personal relationships although these are not discounted either in the system) and get a firm
grip on their intelligence needs (in terms of how information is circulated and who needs what by
documented business rules; a role-based approach). As a result, their collection work would be
highly relevant if not timely.
II. Consumer Needs Studies Must Be Conducted if the Cost-Effectiveness of Collection Is to
Improve
Raising the utilization rate of materials is an oft-discussed topic in China. Judging from survey
data collected by their various units earlier this decade, the materials circulation rate generally
hovered around 20 percent, regardless of the size of the organization. In other words, between 75
and 95 percent (accounting for survey error) of the information collected at great expense did not
live up to its potential as actionable intelligence. There was a major gap discovered between the
sources of intelligence and intelligence consumers. At least their bright side was finding the
utilization was up from 10%; when the previous such survey was conducted in the 1990s.
This problem is not unique to China but was something that raised their leadership‘s eyebrows as
it might elsewhere around the world. According to statistics published in the former Soviet
Union newspaper Pravda, between 70 and 80 percent of the materials in all Soviet libraries were
un-utilized; 43 percent of the materials in the All-Soviet Library of Science and Technology had
never seen a reader; and over 50 percent of the books in Lenin Library had never been used. Let's
take a look at an anecdote from the United States. Of the 36,892 books acquired by Hillman
Library at Pittsburgh University in 2009, 39.8 percent have never been checked out once; 14.3
percent have been checked out once; 8.3 percent had been checked out twice; and only 2 percent
have been checked out more than seven times. Of the books acquired between 1998 and 2005,
48.37 percent have never been touched.
Liu Qinzhi, former deputy director of the School of Information Science at Siemens University,
said it well, "The modern library, even a virtual digital one, is not a place for storing books.
More does not mean better and more complete does not mean better either. Whenever I visit a
library, I am told it has a collection of such and such a number of books dating from such and
such a year. I nod politely; but when I see the thick coating of dust on the gilt-edged volumes, I
wonder inside, 'How come?'"
What is the cause of this? One reason has to do with the training of intelligence consumers;
another with the way intelligence units and libraries had been publicized. But the foremost
reason is the power of psychological/cultural momentum (some argue it is inertia) exerted by the
library-as-book-warehouse philosophy. Regardless of their size, all materials-collecting units
(DTIC included) strive to be "big and comprehensive." They pride themselves on the size of their
collection. The more materials they have, the more powerful they feel. Their collection work
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becomes a blind pursuit of quantity; disregarding even economic profits and cost-benefit
comparisons. The PRC DSTI apparatus clearly desired to intervene when someone noted in the
policy ‗suggestion box‘: ―If this goes on for long, we will be making the biggest mistake in our
collection work.‖
Another major reason for such a policy suggestion was that not enough previous research had
been done on consumer intelligence needs in terms of the customer operation or vision. The PRC
DSTI collection personnel sometimes did want to be selective or discriminating (some
documents hint at laziness, lack of incentives or lack of a comprehensive protocol). One of their
golden rules in DSTI collection work now is to be "relevant." There are eight characters written
on an information order/request form: "Guojia waihui, jinzhen xuanding"; which means "be
careful what one chooses to buy because it is the foreign exchange of the country one is
spending."
Because of their historical less-than-thorough understanding of consumer
intelligence needs, however, the DSTI personnel often ended up acquiring information that
should not be acquired or that is dispensable. The survey results were fed back at ALL levels of
the DSTI eco-system for corrective actions.
As the PRC commercial information industry developed, the industry's managerial personnel and
information collectors became more sophisticated and corrected the archaic government concept
of "supplementing what is necessary with what is complete". All PRC DSTI nodes in the ecosystem adjusted their collection regulations/instructions, so the above-mentioned problem was
resolved in due course reportedly around 2005. Against this new backdrop, the continued
emphasis, status and importance of PRC DSTI Consumer (not just PLA) Intelligence Needs
Studies in driving their knowledge management system will become increasingly evident to the
United States daily.
III. Consumer Intelligence Needs Studies as a Shortcut to Improving Quality of Collection
Personnel Skills
Collection work sounds simple. In some of the PRC DSTI departments it is yet (reportedly)
referred to as "procurement"; lacking any scientific flavor. In reality, however, collection work is
a scientific technique and the apparatus is making pockets of resistance futile. Besides mastering
the basic theories, skills and techniques of DSTI work itself a PRC collector must be familiar
with the subject matter of his own area of work – because in their knowledge management
paradigm EVERYONE in the eco-system is a contributor (it is not a ‗specialty‘ or ‗discipline‘ or
‗job description‘ anymore). In China, collection is no longer something a college graduate or
even a graduate student is fully qualified to do as soon as he takes up the job. However, the PRC
DSTI apparatus has taken great strides in treating the activity as a profession in terms of learning
resources for the eco-stem population when they note: ―It is no exaggeration to suggest that it
takes three to five years of practical experience to train a basically competent collector. In
addition, if you want to keep getting better as a collector, you need continuing education.‖
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Whether in an intelligence department or library, collection work in the modern PRC DSTI
knowledge management paradigm is not limited to just one discipline or specialty. In the case of
the larger organizations, work is divided according to the sources of materials and the type of
materials. The smaller the organization, the ‗cruder‘ the division of labor. In other words, besides
collecting materials in his own specialty, a collector must also collect materials in other
disciplines. The very nature of the work requires PRC DSTI collection personnel to be "jacks of
all trades." Moreover, as science changes every day and knowledge becomes obsolete at an
accelerating pace, a collector cannot keep up with the pace of the times by just relying on what
he has learned alone. The PRC DSTI training guidance suggests:
―…Instead you must broaden the scope of your knowledge and keep updating it. To take a leave
of absence from one's job in order to attend a few courses is not the best thing to do. The best
approach is to have extensive contacts with the consumers and study their needs in depth. Our
personal experience is that by interacting with a consumer, we are interacting with a teacher,
and that by studying in depth one particular consumer need, we are taking a specialized course.
As we keep on doing this, over time we become competent within our own fields as well as
effective, efficient collectors for our sponsors.‖
IV. Consumer Intelligence Needs Studies as a PRC Precondition for Becoming Versatile
DSTI Collection Personnel
Collection work is not always procedural routine work. We cannot go to the client and ask for
instructions every time we have to decide whether or not to secure an item or a few items‘ even
if they are routine ones. The same is true in China and in their training guidance it states: ―In
our collection work in the real world, we often come across situations when circumstances
change rapidly and which requires us to be adaptable as collection personnel. Only when we
know the consumers' needs like the palms of our hands can we be decisive at critical junctures
and acquire good materials for the country and for our consumers at fair prices; materials that
have real use for the consumers, not stuff that is simply put away and forgotten.‖
V. The Pattern of Consumer Intelligence Needs as a Guide for PRC DSTI Collection
Personnel as They Collect on Their Own Initiative
I made the various points above from the micro perspective. The central purpose is relevance,
that is, collect whatever the consumer needs. But collection personnel need to be more than that.
For one thing, this is reactive. For another, there are tens of thousands of consumers, so it is
impossible to satisfy all of them. The Chinese approach to this situation is expressed in their
training guides where they argue:
―Therefore, not only must collection personnel be familiar with consumer needs, but they must
also detect a pattern to such needs. In other words, they must launch studies in collection
science: classifying the consumers and identifying key consumers; determining the
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corresponding relations between consumer type and consumer needs; probing the causes of the
rise, change and development of consumer intelligence needs and their patterns; and identifying
the factors that affect consumer intelligence needs - either objectively or subjectively.‖
To put it differently, after studying specific consumer needs extensively, the PRC DSTI
personnel are molded to look beyond the appearance to grasp the essence. Identifying the
principles or rules that have general guiding significance for collection work. Collection
personnel then base themselves on these principles or rules as they take the initiative to collect.
That is why the PRC believes it infused collection work with energy, initiative and dynamism.
VI. Discovering the Patterns in PRC Consumer Intelligence Communal/Individual
Behavior Helps Extend the DSTI Collection Personnel's "Feelers"
In their own words:
―Consumer intelligence needs give rise to and regulate consumer intelligence behavior. Thus,
not only must we conscientiously inquire into and study the consumers' intelligence needs, but
we must also look into the patterns of consumer intelligence behavior so that we obtain feedback
on an objective level, which can then be used to supplement and verify the theorems or rules we
have developed relating to consumer intelligence needs.‖
Discovering the pattern of consumer intelligence needs help them extend the collection
personnel's/organizations‘ feelers (e.g. social network, data base subscriptions). For instance,
PRC DSTI knowledge engineering predecessors drew this conclusion from their studies:
"Every intelligence consumer finds the intelligence and information it needs through informal as
well as formal channels. In the eyes of some consumers, the informal channels are more
important than the formal ones. To date there are still activities such as the 'invisible college'
[e.g., alumni networking]. Informal channels such as the 'invisible college' are highly valued by
consumers mainly because of the key role played by some experts in these collectives. The
experts are both consumers and a source of intelligence. The consumers' trust is the main reason
why we have this kind of information-seeking behavior."
Given this ―law‖, PRC DSTI collection personnel take pains to discover the "invisible college"
that may exist all around them and find out who is the backbone of such a "college". After
making such discoveries, they extend their feelers toward these targets and put them to full use both as subjects of study in their consumer intelligence needs determinations and as a source of
materials. PRC DSTI collection personnel frequently tap the materials at the (sometime
unwittingly) hands of these experts in order to improve the overall effectiveness of collection
work; gradually incorporating small informal exchanges into the sphere (i.e. scope of content and
scope of people in the network) of formal exchanges.
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VII. PRC DSTI Collection Personnel Exert Themselves to Increase Their Name
Recognition among Consumers and Colleagues (foreign and domestic).
There is a common complaint, reportedly, among PRC DSTI supervisors ―in the collection
trade‖. The story goes something like this - a collector new on the job often says in surprise,
"Why hasn't anyone contacted me to talk business? All the phone calls are for the old comrades.
They all ask for this or that person by name". Even among old ‗comrades‘, the situation varies
supposedly from person to person. Some people are heavily sought-after, while others are
ignored…a phenomenon that might sound familiar here also.
Those who are sought-after are the perceived winners. They enjoy high name recognition among
consumers or management. Name recognition in the PRC DSTI apparatus is earned when a
collector consistently solves needs-related problems for a consumer(s). The more problems you
solve for consumers; the more people will come to you and the greater your name recognition. In
western boardrooms, this is something that acts as a disincentive for anyone to produce and at
best creates a climate of mediocrity…even so in China.
―Collection personnel must not shy away from trouble or look upon dealing with consumers as a
burden. Instead they must approach consumers in every way possible and effectively help them
solve problems relating to the gathering of materials. At the same time they must be adept at
discovering a pattern to things through their myriad contacts with consumers. Such a discovery
can guide them and their colleagues as they take collection work to a deeper level. There is much
research collection personnel need to do; they must not be content just to muddle through. They
must painstakingly establish greater name recognition among consumers and people in the same
business. In other words, a collector should have the spirit of Gen Xu, but more importantly, the
spirit of Zhen Tianyang.‖
Section Three -- Essential Attributes of Consumer Intelligence Needs
I. Objectivity
Consumer intelligence needs are an objective reality independent of man's will. For the Chinese,
they are a tangible reflection of greater social development and economic progress. Strangely,
the migration to capitalism created a sort of market pull for knowledge management (KM)
adoption in parallel with Internet/Communications Technologies (ICT) advancements for
enablement. Since the Chinese were already pushing KM R&D for taxonomies, ontologies and
semantic engines – a ‗perfect storm‘ for PRC DSTI evolution happened in the past decade.
II. Specificity
The specificity of consumer intelligence needs is complex and is affected by two major groups of
factors: one having to do with the consumer's own personal attributes and the other with the
environment the consumer is in. The first group includes such factors as occupation, academic
credentials, job responsibilities, age, command of a foreign language, specialty, psychology,
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interest and expertise. The second group consists of the general and specific policies of the
government, the nation's history, cultural tradition, levels of scientific development, sources of
intelligence and the state of their intelligence (broad definition here) services. The specificity of
consumer intelligence needs is reflected in many ways, including:
1. Different types of consumers have different intelligence needs;
2. Because they differ in their objective environments and the responsibilities they
assume, consumers of the same type may have different intelligence needs.
3. As a consumer moves from one stage of a project to another, his intelligence needs
may change.
4. Some consumers from the same type and in totally identical environments nevertheless
may have different intelligence needs. This is because they have different personal
interests, specialties and "ideals". Hence, the diversity of their intelligence needs.
5. Some consumers belong to the same type, have the same objective environment,
undertake similar responsibilities and have similar interests and specialties. Nevertheless,
because they vary in personal background, experiences and habits; their intelligence
needs each have their own special characteristics.
Take one of their anecdotes as most simple example.
―A professor who has studied in Germany often first inquires about the situation in Germany,
while a professor who has studied in Japan would first inquire about the situation in Japan.‖
The complexity and diversity of consumer intelligence needs and the difficulty of consumer
intelligence needs studies are inherent in the specificity of consumer intelligence needs…so the
PRC DSTI apparatus sought to encode individual account attributes into their business rules;
going beyond role-based and into seat-based knowledge engineering. Much is broadcast to
account holders because of their presumed need to become educated rather than their job-driven
need to know.
III. Dynamics
As noted above, as society/technology advance, so do intelligence needs. Intelligence needs are
born of the objective problems in real life that need to be solved. In return, Intelligence needs
provide feedback to help solve these real (or perceived) problems. This cycle keeps repeating
itself; each time pushing consumer intelligence needs to a higher level.
IV. Time-sensitivity
That is, there is a time and speed dimension to the consumer's need for intelligence and
information…no surprise here.
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Section Four – PRC DSTI Consumer Intelligence Needs Studies: What They Consist of and
the Forms its Achievements Take
From the perspective of collection science, the first thing the PRC DSTI worker does in studying
consumer intelligence needs is to examine the specific features (criteria, parameters, attributes,
operating conditions, thresholds, etc.) of their needs and figure out exactly the basic
characteristics of the consumers (ability of individual or organization to understand what they are
given even when collector is successful) within the worker's area of responsibility and their
actual (managed expectations; wants vs. good enough) needs. Next they establish an appropriate
consumer record (personal or political drivers) and consumer needs (i.e. what comprises
actionable information and artifactual forms it might take) record. This is the output of consumer
intelligence needs studies at the original, primary level. This output is the basis for data
modeling activity.
Next the PRC DSTI workforce creates (computer-hosted, not ledger-based) entries to both a
consumer-oriented database and consumer intelligence needs database. Such databases make
information storage, retrieval and utilization more convenient for downstream collection
workers. This output product of consumer intelligence needs studies occur at the intermediate
level. It is worth noting that because of the dynamic nature of consumers/intelligence needs,
such records and databases are revised and amplified continuously to ensure that they are usable
and up-to-date.
At an even higher (scientometric) level - the analytics module of the Consumer Intelligence
Needs Program explores intrinsic laws of behaviors while searching for theorems or rules having
general, guiding significance for collection work, These advanced-level studies also involve
exploring the degree of dependency of each type of consumer on the various sources of
intelligence and materials, that is, their interrelationship; shedding light on the relative
intelligence value of a source of intelligence or information; and scientifically determining the
kind of information and the amount of information one's department should collect or the
channels one entity should open up. This piece of research is long-term and incremental.
Moreover, it is adjusted regularly as tasks and consumers change in order to maximize the cost
effectiveness of collection work. Algorithms are discovered and implemented persistently; the
PRC DSTI apparatus knowledge management paradigm is a self-learning system with maximum
leverage of user-contributed provenance. The more and longer they employ the KM architecture,
the better it becomes.
When the PRC investigated DSTI interrelationships, they could initially only do so on a macro
level from the perspective of a ‗group of consumers‘. No collector has (yet) been ever able to
satisfy each particular need of every consumer. Certainly, methodological research is an
important part of their Consumer Intelligence Needs Studies Program. There is no question that
semantic techniques, robust taxonomies and dynamic ontologies will lead to even more reliable
research results for both the PLA and also their industrial base.
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Section Five – PRC Assessment Standards for Consumer DST-Intelligence Needs
In this context, ‗evaluation criteria‘ refers to the starting point from which the PRC examines and
assesses the uniqueness of DSTI consumer needs and explores their intrinsic patterns.
I. Consumer-Based Indicators
Among these indicators are: occupation, job responsibilities, job title, specialty, educational
standard, command of foreign language, intelligence training and age. Because these attributes
often determine the main attributes of intelligence needs, they are investigated as a major part of
PRC consumer intelligence needs studies.
II. Types of Intelligence Required by Consumers
Do they need intelligence or information? Dynamic intelligence, data intelligence or specialtopic intelligence? If they need information, what kind of information? Periodicals, books or
scientific and technical reports? Primary materials or secondary materials? Here the emphasis is
on investigating the consumers' opinions and evaluations of the various types of materials (and
sources of intelligence).
III. Topics and Content of Intelligence or Information Needed by PRC DS&T Consumers
Today and in the Future
Which discipline? Which specialty? What is the subject matter? What are the contents? The
more specific; the better. When a consumer has a few leads, he is asked to provide as much
information as possible such as: the title of a book, the name of the publishing unit, the name of
the department or individual, Chinese or overseas, who has been researching the topic in
question, and the name of the department or individual, Chinese or overseas, who may have
possession of the materials in this area.
IV. An Indication of the Amount of Intelligence or Information Needed by the Consumer.
These constitute ‗guesstimates‘ since quality and accuracy usually trumps quantity.
V. An Indication of the Year or Years in Which the Required Intelligence or Information
Were Published and an Indication of the Time Frame within Which They Must Be
Obtained.
Self-explanatory; helps is allocating resources and priorities at the macro-system/strategic level
as well as tactically by a collector or collecting entity.
VI. Consumers' Demand that Intelligence and Information be Accurate, Continuous and
Cumulative
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 289

The Rooster & The Dragon January 23, 2012
With collection work as the starting point, I have listed six evaluation criteria above. These
reportedly are the framework in place for the PRC DSTI apparatus for top-down-directed studies.
However, it is not necessary to use all six criteria every time a collector conducts a tactical study
as part of the overall program of consumer surveillance. Additionally, DSTI analyst or collector
personnel may select some or all of them based on the subject matter and objectives involved in
‗hunch‘, ‗inspiration‘ or curiosity-related (i.e. NOT consumer generated) research priorities.
Section Six -- Types of PRC Consumer Intelligence Needs and their Relations with DSTI
Collection Work
Consumer intelligence needs in the PRCs DSTI KM paradigm are classified in many ways such
as: general needs (strategic or common) , specific (tactical, segment-oriented or unique request)
needs, current needs, long-term needs, actual (i.e. validated; vetted) needs, potential (forecasted
or conjectured) needs, knowledge-based (i.e., derived from previous collection success or from
analytics of the knowledge base) needs, news-based (e.g. we just saw a news story and now we
want to know more) needs and data-based (i.e. known deficits in processes or projects dependent
upon the knowledge to move operate) needs.
―From the collection worker's perspective, we think that classifying consumer needs based on
their relations with collection work has even greater practical instructive significance for
collection work. Accordingly we have classified the relations between intelligence needs and
intelligence work as follows: The so-called ‗demand for known materials‘ refers to a situation
where the consumer knows the name of the database, the title of the book, or the author of the
book, or a situation where the document number (such as scientific and technical report number,
technical standard number, or patent number) is already known.
In these cases, the required intelligence or information can be searched by following the known
lead or through a directional search. ‗Subject need‘ refers to the need to search for materials
relating to a particular subject or discipline through formal or informal channels or for oral
materials. In this case, the consumer may have some lead to the materials he needs or he may
have no such knowledge at all, making it necessary to do a ‗subject determination topic search‘.
So-called ‗dynamic intelligence‘, special-topic intelligence and database intelligence refer to
active answers to scientific and technical questions – and are not vehicles of intelligence.‖
Section Seven -- The History & Current State of PRC Consumer Intelligence Needs Studies
I. A Brief History
Consumer intelligence needs studies originated in research on library consumers. It has been 60+
years since Bernal and Urguhari presented their consumer survey report at the British Royal
Society's scientific information conference in 1948. In the early days, the primary focus of
consumer intelligence needs studies was the way readers made use of magazines. Bernal, for
instance, studied eight research organizations and conducted a survey on 208 scientists using the
questionnaire survey method. These 208 scientists specialized in a variety of fields; most of them
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in 15 disciplines. They were asked to name the magazines they read, their purpose of reading
those magazines, the reason for reading them and the results of reading them. The subjects of
study were the readers who checked out magazines from the library at the British Museum. The
questionnaires were distributed to them along with the magazines they checked out in order to
find out their utilization of magazines. Compared to the broad spread of specialties represented,
the samples were quite small.
Consumer information needs studies gradually became a popular topic in the information science
community starting in the late 1950's. The contents and depth of the studies became more
sophisticated. Over time this area of research earned its place as a basic area in library science
and information science. This period gave rise to a number of influential reports. In 1958,
Tornudd presented his research report at an international academic conference. He identified the
following as factors influencing consumer information needs: the ease or difficulty with which
information was obtained, occupation, research environment, academic credentials and specialty.
His contribution to consumer information needs studies was enormous.
Subsequently Menzel came up with his critique. He divided previous study reports into three
groups:
1) surveys on hobbies and requirements;
2) information utilization studies; and
3) information exchange distribution surveys.

Menzel's classification scheme was widely accepted at the time as a more appropriate scheme. In
his report, Paisley noted that information consumers were the principal players in search of
information in the various systems and emphasized the need to each define his conceptual frame
of reference. Other influential reports of this period included a study by the American
Psychology Association, a study by Johns Hopkins University on the exchange of information
among social science researchers, and a survey on social science workers at Basi [phonetic]
University.
Currently hundreds of information scientists in the United States, the Russian Federation,
Britain, Japan, Denmark, Finland and other countries are engaged in research in this area each
year; producing hundreds of papers. To fund its study of commercial consumer information
needs, the United States goes so far as to appropriate hundreds of millions of marketing or
advertising dollars; which shows the degree of importance private industry attaches to this piece
of work. Some academic elements established similar consumer studies centers. At Xavier
University (LA) for instance, The Center for the Study of the American Dream has been actively collecting
the results of consumer research in countries around the world; at the same time producing many
case studies on its own.
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 291

The Rooster & The Dragon January 23, 2012
Consumer information needs studies had a late start in China. It was not until the 1970's that it
captured the attention of the general public and not until the early 1980's that substantial progress
was made. The systematic conduct of consumer information needs research did not come about
until 1983. Today many PRC DSTI departments and units have organized specialized studies
and some publications devote special columns to articles in this field. A 1986 study on seven
publications; namely: Qingbao Xuebao, Qingbao Xuekan, Qingbao Kexue, Qingbao Kexue
Jishu, Qingbao Yewu Yanjiu, Qingbao Zazhi and Tushu Qingbao Zhishi found 45 articles
dealing with consumer studies - 8.81 percent of all articles in the publications. While the number
of articles in this field is substantial, their contents are more or less the same. Most of them are
general papers; which shows either that research in this area has yet to be deepened or the PRC is
trying to suppress U.S. insight into the maturity of their effort towards a semantic DSTI
knowledge base.
II. Current Situation
There is universal agreement among PRC DSTI practitioners that in the field of information
science, the "information consumer" is the most studied area other than information indexing
(classifications; taxonomies; ontologies). Its history goes back decades and research in this area
has produced a bumper crop of achievements. It has earned its place as a basic subject in library
science/information science. However, many information scientists still consider it an immature
discipline and complain that research in this area has not yet produced the expected results.
Tsuda Yoshinari of Japan wrote in his book, An Introduction to Library Science-Information
Science, "It is often said that the objective of consumer information needs studies is to design
and improve information systems, but very few are actually put into practice. What is
particularly amazing is that in the absence of data on consumer information needs, many
information systems have been designed and improved." This statement may be a little
exaggerated, but does reflect the sense of dissatisfaction with research results. Here is the PRC
version of the same story:
―In our work in the real world, we also frequently come across mutually contradictory study
results and feel less than confident about some research data. As we read books on information
science, whether Chinese or foreign, we often find descriptions of the characteristics of the
intelligence needs of various types of consumers. After reading them, we often get the sense that
the studies are too crude, too general, imprecise and of little instructive significance for
practical work. This is why we think consumer intelligence needs studies are still in the
preliminary stage and have yet to develop in depth. An unremitting effort on the part of
intelligence workers is still called for.‖
Why is this so? Apart from the complexity of the issue itself, there are these reasons:
1. There is no widely acceptable and mature methodology (i.e., globally-speaking; PRC work
does have declared domestic acceptance so far). So it is difficult to draw universally recognized
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scientific conclusions. Every method in use today has its limitations. As a result, many research
results are mutually contradictory and cannot serve as a sole guide.
2. There is no ideal cooperation from the subjects of study. This matter sounds simple, but it is
hard to resolve. Many consumers do not truly understand that when they answer the questions
conscientiously and accurately, they themselves will benefit in the future. On the contrary, for a
variety of reasons, they regard a questionnaire from some amorphous department as an additional
burden; so they set it aside and ignore it. Alternatively, they may answer it perfunctorily, not
truthfully. This prevents research personnel from drawing scientific conclusions of general
significance and even misleads them into believing that false appearances are the truth.
―It is necessary for a host of enthusiastic consumers (both actual
consumers and potential consumers) to directly participate in consumer
intelligence needs research. They need to enthusiastically and truthfully
describe their situation or join the ranks of researchers outright. Only
that way can consumer intelligence needs studies take an epoch-making
step forward and only thus can the conclusions we draw be scientific
and practical.‖
3. Research, even in the PRC, is still conducted in a way that is too fragmented. What is lacking
is a series of rigorous control measures. As a result, the data obtained is piecemeal, incomplete
and hard to compare. Units or individuals that organize the studies lack full confidence in the
data gathered and other departments; research personnel simply do not know what to make of it.
Accordingly, some people of insight have proposed organizing international studies and
launching extensive international cooperation. E. Tenud of Denmark, for instance, proposed
organizing a large-scale international survey on all types of information consumers in all the
countries using operational research methods as a way to amplify information consumer studies.
I think it may be a tad premature to presume China would engage in international cooperation,
but at a minimum they have made enforceable policy changes to initiate cooperation on a larger
scale within China. When all the influential DSTI contributors in China completely join forces to
formulate rigorous knowledge engineering/management measures and conclude exhaustive
consumer studies they will greatly improve the infrastructure of information dominance in
China.
4. Neglect of theoretical research. The overwhelming majority of consumer researchers have a
very narrow objective. They may be prompted by departmental needs to search for specific ways
to improve intelligence work or they may be interested only in finding the optimal design for
intelligence organizations or networks.
Only a handful of researchers globally devote themselves to probing the pattern of consumer
intelligence needs or intelligence behavior and concentrate on theoretical development. This
tendency to over-emphasize immediate payoffs and neglect theoretical studies has hindered the
development of consumer research and does not bode well for the development of the discipline.
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It is the direct mission of scientific research to bring to light the objective laws of a thing. Only
the discovery of objective laws and scientific theorems has universal practical significance and
higher instructive value. It is shortsighted to judge the value of scientific research by its current
value. Nobel Laureate C. Taoensi, the American physicist, said, "To look upon science merely in
terms of its practical applications is like trying to prove the importance of music for mankind by
pointing to its box office receipts."
Section Eight -- Research Methods for Consumer Intelligence Needs
Generally speaking, from the early days of consumer intelligence needs studies to the present,
people in the field have mainly used the social science research methods of: statistical survey,
observation and experimentation. That is, they chose typical examples on which to conduct a
study; then compared, analyzed and synthesized the survey results. Before the late 1950's,
indirect investigative methods were most commonly used:
1. Conducting statistical studies on the check-out patterns at libraries;
2. Counting the documents cited in abstracts and indexing publications;
3. Counting the documents cited in books and magazines.
Methods of direct investigation gradually evolved from methods of indirect investigation in the
1960's and came into widespread use:
1. Distributing questionnaires to sampled individuals and units;
2. Studying consumers and their units;
3. Using the diary method. Issue to consumers a diary index on which are printed certain
investigation items. The subjects are asked to make daily entries. The diaries are later
collected at the end of a set period. Data in the diaries would then be tabulated and
analyzed.
4. Actual observation. Investigators were sent to work alongside the consumers;
observing and recording the way intelligence was obtained and utilized.
Methods that came into use since the 1970's include the following:
1. Launching a pilot project to test a particular information service. That is, a given
service is provided and feedback from the consumers is obtained in order to understand
their real needs.
2. Compile matrices depicting the organization, functions and activities of a consumer
unit;
3. Know the consumers' activity plans and arrangements;
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4. Conduct large-area surveys to investigate not just the end-user but also his
subordinates and superiors, co-workers and associates.
5. Convene seminars bringing together consumers of the same type at regular intervals;
6. Take part in discussions on a specific research plan, on the formulation of work plans
or technical (data base construction/architecture) conferences;
7. Examine consumers' borrowing records and comments. Read correspondence and
reports relating to consumers;
8. Apply systems engineering methods. Study consumers in other countries. Analyze and
compare the results of various kinds of surveys.
The first issue encountered by those who study consumer intelligence needs has to do with
methods. Although information scientists in every country now fully realize the importance of
the methodology of information needs studies and although the methods of research have been
undergoing continuous innovation in practice, the consensus of the intelligence communities at
home and abroad is that there is as yet no mature and widely acceptable research method due to
the complexity of the mix of consumers and the limitations of all the research methods now in
use. However, science and our undertakings cannot sit still waiting for methods to mature. In any
case a mature research method can only be born of practice.
―As far as the present is concerned, using the current conditions in China as the starting point
and based on what we have learned from consumer intelligence needs studies, we believe that
provided they are done properly, a mix of the questionnaire method, the interview method, and
information feedback method is the most practical, feasible, and effective way to conduct
consumer intelligence needs studies. It can effectively help us determine the principles and
objectives of intelligence collection and improve collection work. It can help us launch in-depth
consumer intelligence needs studies and search for a pattern. It also yields basic intelligence and
information.‖
Below is a brief explanation of each of these methods:
I. Questionnaire Method
The questionnaire method is one of the most common research methods in consumer intelligence
needs studies. Its main advantage is that it is simple. The coverage of the survey can be narrow
or extensive. The survey is easy to conduct. A substantial amount of survey data can be obtained
within a relatively short period of time. It also is quite inexpensive to conduct. Its main
drawbacks are these: The return rate is low, not all the questions on the questionnaire form are
answered, the questionnaire does not convey the mood of the respondent when he or she is filling
out the form, and there is no assurance that the respondent actually understands the questions.
The challenge posed by the last two disadvantages to the in-depth study of consumer intelligence
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needs cannot be ignored because it prevents us from determining the reliability of the data
gathered. If we are fully aware of this point as we actually carry out a survey and take
appropriate supplementary measures which would probably go a long way toward clarifying the
nature of intelligence needs. This is how a questionnaire survey is conducted in practice:
1. Clearly define survey objectives. Once objectives are set, we can proceed to design the
questionnaire revolving around these objectives; formulating questions at different levels and
from different perspectives. Objective-setting is the guide for the entire survey from beginning to
end. Before conducting consumer intelligence need surveys, we must expend enough energies
and time clarifying its objectives. Once this is properly done, it will lay a solid foundation for the
successful execution of the survey.
2. Define the survey subjects. Decide who are the targets of the survey; depending upon the
objectives of the survey. If the objective of the survey is to find answers to general questions
pertaining to S&T personnel, the subjects of the survey should be the population consisting of all
types of S&T personnel or, more specifically, a random sample of this population. If the
objective of the survey is to extract intelligence on S&T personnel in a particular discipline or
specialty, then the subjects of the study should be confined to this particular population. But this
is not enough. We also need to obtain and analyze other pertinent particulars relating to the
subjects of the survey, including their occupation, specialty, profession, age, their perception of
intelligence work, intelligence behavior, psychological traits, the information environment they
are in and other background information. All these particulars may have a major effect on the
objectivity and reliability of survey results.
3. Determine the sampling principle. Generally speaking, random sampling based on the various
particulars of the survey subjects is enough to ensure the representatives of the sample. In
practice there are four major sampling methods:
(1) Simple Random Sampling. Sampling is done within the population based on the
random sampling principle.
(2) Layer/Stratified Sampling. The advantage of this method is the ability to
increase the representativeness of the sample and avoid the over-representation or
the non-representation of a particular characteristic that happens with simple
random sampling. For instance, S&T personnel may be divided into several levels
based on a given survey principle. Next the size of the sub-population can be the size
of the S&T personnel at each level as a percentage of the total population of S&T
personnel. As for the way levels are divided, that can be determined by the set
objective of the survey.
(3) Grouping Random Sampling. Under this sampling method, the
surveyed is divided into certain sub-regions, the composition of the
each region being almost the same as that for other sub-regions. In
there are similarities between the sub-regions and differences within
region. Random sampling is then conducted in each sub-region.
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(4) Judgment Sampling. The person conducting the survey chooses those who are
representative from among the sample based on his subjective judgment.
4. Design of Questionnaire. This is the most critical step. Whether the questionnaire is designed
well or badly directly affects survey results. Before the designing begins we must first gather
materials extensively, including questionnaires designed by others, and learn from their
experience. The questionnaire should be as simple and clear as possible. The contents of the
questionnaire should be reduced to a minimum. The questionnaire should be closely related to
the objectives of the survey. Also it should be related to issues that the consumers are more
interested in so as to enhance the appeal of the survey and interest the respondents in answering
the questions. The meanings of words and terminology on the questionnaire should be clear and
well-defined.
Generally speaking, as far as the various survey items on a questionnaire are concerned, the best
thing is to ask a respondent to give each indicator a fixed quantitative value. Among the most
common are the grading system, 10-point system, and five-grade system. The simplest is the
grading system under which a respondent is to assign a grade to each item depending on its
importance. If there are n items, there may be 1-n grades. The most important item is assigned a
(1) for instance. The less unimportant an item; the higher the grade, but not more than n. Items
that are considered equally important may be assigned the same grade. Skipping is allowed,
meaning that some grades may be omitted. Where the quantitative approach is really
inappropriate, it would be necessary to use the simple question-and-answer method to gauge the
opinions of those surveyed.
Based on PRC DSTI experience, they learned the lesson about paying attention to the ordering of
the contents of the survey. Practice showed them that a consumer often tended to give more
complete answers to the questions at the top of the questionnaire and shorter answers to those at
the bottom. Therefore, core questions and questions that were more interesting were later placed
at the beginning of a questionnaire; while questions that solicit personal side-comments from the
consumer or are easier to answer would be put at the bottom - such as those relating to name, age
and functional discipline. The purpose of this series of steps was to make it easier for the
respondent to give answers easily and accurately so as to ensure a higher return rate and make
sure that the survey yields a sufficient amount of data. Also, PRC learned the need to emphasize
the importance of the ‗personal particulars‘ given by the respondents for the final analysis. They
became enumerated on the questionnaire as part of the other items such as: profession, job title,
command of foreign language, place of work and nature of work. In many surveys, their final
analysis and conclusions were (reportedly) adversely affected because this important attribute
was overlooked.
5. Conduct a small-scale preliminary survey to correct any existing thinking that is inaccurate or
unrealistic and make the questionnaire more scientific. A preliminary survey may also shed light
on some problems that then can be resolved, thus enabling the main survey to proceed more
smoothly.
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6. Conduct the formal survey and collect questionnaire forms.
7. Process and analyze survey results. After the questionnaires are collected, we need to tabulate
and process the data and analyze the final results. Among the quantitative statistical methods in
use are the following:
(1) Form Method. Data is entered into pre-designed statistical forms. The form must
be designed to include both horizontal and vertical items so as to facilitate vertical,
normal, cross and related analyses and comparison.
(2) Diagram Method. With this method, survey results are processed and presented
in a variety of diagrams, including bar charts, pie charts, vertical diagrams and all
sorts of diagrams of curves. Its biggest advantage is that it is a direct and striking
and easy to understand.
(3) Mathematical Statistical Method. In the wake of the development of
informational mathematics, the application of mathematics in consumer intelligence
needs studies will grow over time, which will have an increasingly profound impact
on our understanding of the pattern of consumer intelligence needs. Here, I discuss
a few simple ways of gauging the opinions expressed by the surveyed subjects.
(a) Averaging the Points (or grades, same below)
Divide the sum of the grades assigned by the respondents for a particular item by the total
number of respondents. The quotient is the average for that item.
(b) Weighting
The total number of points assigned by the respondents to a particular item as a proportion of the
sum of all the points assigned by the respondents to all items. This proportion is known as the
weighted score for that item.
(c) Highest Evaluation Frequency
The number of respondents who assign the maximum number of points (or the lowest grade
under a grading system) to a particular item compared to the total number of people surveyed.
This proportion is known as the highest evaluation frequency.
(d) Average Ranking Indicator
First, the various items are ranked according to the points assigned by the respondents. That way
every item receives a ranking equivalent to the number of respondents. Next, divide the total
number of rankings by the total number of respondents and the result is the average ranking for
the corresponding item. The lower the number, the better. Where the grading system is used,
divide the sum of the grades assigned by the respondents to a particular item by the total number
of respondents. The quotient is the average ranking.
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Each of the four processing methods discussed above can be used alone or in combination with
others. Then, one would use the average ranking to determine their pecking order. To measure
the degree of consistency in the respondents' opinions regarding a particular item in the survey,
the PRC frequently uses the so-called Kender Harmony Coefficient as a measure. Below is a
detailed explanation of the way the PRC calculates the Kender Harmony Coefficient based on
the results generated by the grading method.
Assume that their intelligence personnel collected the questionnaires with n items and compiled
a table based on the results, in which aij is the grade assigned by Consumer i to item j. The
number of valid returns is m. The most important item is the lowest grade (grade 1), while the
least important item is the highest grade (grade n).

Sij = amax --- aij.
Amax is the highest grade given.

As a result of this change, the more important items correspond to the higher ‗grades‘. The
average of the sum of the grades equivalent to all the items is V; the Kender Harmony
Coefficient. The change of V from O to 1 reflects the increase in the consistency of opinions
among the respondents regarding the various items. Thus V is a measure of the consistency in
the way the respondents in an intelligence needs survey view the various items.
II. Interview Method
The interview method in the PRC is still a fact-to-face (rather than by phone or computerized
instrumentality) method of investigation. Rational is that the investigator has a grip on the
interviewee's psychology and mood. With this interview method, the return rate, the rate at
which all questions are answered and the accuracy are all quite high. This method avoids the
kind of situation that occurs when a respondent misunderstands a question and gives a wrong or
ambiguous answer. Its disadvantage is that it is expensive and the scope of the survey is narrow.
It also requires investigators that have solid interviewing skills and experience.
III. Intelligence Feedback Method
With this method, the PRC uses information they obtain during their collection work to shed
light on the characteristics and changes in consumer intelligence needs. It guides them in
adjusting the principles and method of intelligence gathering. The major sources of PRC DSTintelligence QA/QC are listed below:
1. Work Records Statistics. Tabulate and analyze the miscellaneous work records they have
created in their day-to-day intelligence service work such as: reader registration records,
check-out records, comment books, etc., thus, gleaning business process intelligence from
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these records. Although there are constraints on the scope of the survey and its contents,
the intelligence thus obtained can be one of their references as they study consumer
intelligence needs and adjust their collection policy. Its advantage is that it can be
conducted as part of daily work in the background. Another advantage is timeliness.
2. Citation Analysis. This is a method used to obtain information on the use value of a set of
documents or a serial by studying its citations. Through citation analysis, they can
systematize the value of a „thing‟ (such as a serial, paper or author) and use it to guide
collection. This method is often used in the analysis of core periodicals. Its disadvantage is
that the number of cited articles is often smaller than the amount of literature actually
consulted by the author, so it does not reflect the whole picture. Nevertheless the
information thus gleaned still forms an important part of their data.
3. Materials Evaluation. With this method, materials are recommended to „experts‟ and
evaluations sought. This method is often used in materials gathering work and there have
been many reported success stories. A detailed material evaluation not only fully informs
them whether or not the material in question contains information that has use value, but
also enables them to figure out what materials the experts urgently need right now and
where such materials are available. This information help them adjust the direction of
collection promptly and gradually zero in on the sought-after targets; at the same time
providing the basic data for their consumer intelligence needs studies. Because of its value,
this method has become a major piece of their day-to-day work in materials collection.
Section Nine -- The „Laws‟ of Consumer Intelligence Needs and Intelligence Behavior
This section explains some of the laws derived from the PRC consumer intelligence needs
studies of the past. More laws await discovery by future iterations and publication.
I. The Distribution of PRC Consumer Intelligence Needs is Consistent with the Bradford
Law of Grade Distribution.
Materials required by PRC DSTI consumers exhibit a trend toward concentration and
fragmentation. An extensive amount of research shows that the distribution of the materials
required by given consumers is relatively concentrated based on discipline, variety and language.
That is, "core materials" could satisfy the bulk of their consumer needs. To meet equivalent
demand, the quantitative relationship among core materials, related materials and discrete
materials should be consistent with the Bradford graded distribution law, that is, l:n:n2.
II. PRC Consumer Intelligence Needs Change as the Knowledge Structure of DSTI
Consumers Changes.
The consumers' knowledge structure to a large extent was found to determine (or constrain) their
intelligence needs. In a static sense, consumers who differ in knowledge structure have different
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intelligence needs. In a dynamic sense, changes in the consumers' intelligence structure affects
not only how much intelligence is required, but also the contents and quality of such intelligence.
III. „Matai‟ Effect and „Robin Hood‟ Effect
There are the so-called Matai Effect and Robin Hood Effect in PRC consumer
intelligence needs. There are a small number of consumers with substantial
intelligence needs. Over time the amount of intelligence needed will rise higher and
higher above the average. These consumers will do their best to gain access to more
and more current intelligence or information. At a time when there are not enough
sources of materials, their behavior is bound to affect the needs of other consumers.
Matai is the name for the Chinese water chestnut, which proliferates by sending out
many creeping rhizomes which by suckering produce additional plants and choking
out competitors...thus, the moniker „Matai Effect‟ in intelligence needs. Also,
according to Dr Asiata Saleimoa Vaai, matai is a Samoan system of government evolved out of
the fusion of the institution of family and a hierarchical system of titles. It is characterized by
institutions in which the relationships and interactions of kin and groups are influenced by
reference not only to kinship factors but particularly by such considerations as titles, hierarchy of
titles, genealogies and honorifics. Structured in hierarchical networks, matai form the governing
elements of the whole. On the other hand, a majority of consumers showed a more ‗even‘ need
for intelligence; which is known to them as the Robin Hood (i.e. large band of Merry Men
sharing alike what they can get; having to steal from the knowledge-rich to give to the
information-poor) Effect. These trends are particularly marked today, when S&T is highly
developed, so the PRC intervened to institute a universal DSTI knowledge management decision
support system engine endeavor over five years ago.
IV. Consumer Intelligence Behavior Influenced by Zipf's "Least Effort" Principle
According to Zipf, as a person goes about his daily activities, he is bound to operate to a certain
extent within his environment. Zipf argues that the consumer's actions are governed by the "least
effort principle‖. According to this principle, people try their best to achieve their objectives by
expending the least effort. A considerable amount of PRC research has demonstrated that
consumer DST-intelligence behavior is consistent with Zipf's least effort principle. For instance,
in choosing intelligence sources, consumers almost exclusively go by the least effort rule, first
picking the most convenient source while relegating considerations of quality and reliability to a
secondary place.
This point has been verified by the research of information scientists in the United States,
including V. Rosenberg, Allen and Grestberger. Let's take another example. In just about every
country, S&T literature in the mother tongue is consulted most often because it is most
convenient and requires the least effort. In a 1972 study, Soper demonstrated that 57 percent of
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the materials used by a consumer came from his own files, about 26 percent came from the
library of his work unit and 10 percent came from a library that was harder to reach in
geographical terms. These data eloquently testify to the decisive impact of the least effort
principle on consumer intelligence behavior. Thus, another rationale for the PRC to institute
computerization and software to let the machine do what is best done by machines; letting man
handle the fuzzy logic part at which homo sapiens holds advantage over machines.
V. Whether Intelligence Needs Are Converted into Intelligence Behavior Is Determined by
the Amount of Intelligence Value. (You get what you incentivize – consumer involvement)
Generally speaking, if the problem that needs to be resolved is an important one, or if the
intelligence and information are of great value, then the consumer will certainly try in a thousand
and one ways to get hold of the intelligence swiftly. On the other hand, if the issue is not so
important or if the intelligence or information at issue are not indispensable, then he will
certainly wait for them patiently, instead of scrambling everywhere to locate them immediately.
VI. Consumers Have Similar Processes of Searching for Materials.
The process here refers to the process in which a consumer searches for the materials he needs.
He begins by looking among his own materials before turning to formal channels and asking for
help from colleagues. Only after these channels have been exhausted to no avail will he consider
seeking help from a library or information organization. Because the various methods differ in
convenience and ease of use, just about all consumers have developed similar materials search
habits. PRC studies concur.
VII. Consumers Prefer "Invisible Colleges”. (networks)
Every intelligence consumer looks for the intelligence he needs through formal as well as
informal channels. Although informal channels are not as important and reliable as formal ones,
they are deemed more practical in the eyes of many consumers out of inertia or for other reasons.
To date the so-called "invisible colleges" in the PRC centered on a handful of influential
scientists and experts and organized spontaneously by the consumers; still common in DSTI
exchanges and activities.
Among their engineering and technical personnel, for instance, there were documented
exchanges of visits and communications over a period of time between the units and individuals
who are the first to conduct a piece of research or to innovate and others who subsequently
conduct similar research or carry out similar innovations. The consumer takes this kind of
unofficial exchange channel seriously mainly because the consumer is more than a consumer in
this kind of collective. As the core scientist or expert and a major source of intelligence, he also
is its backbone. It is the consumer's trust in it that has primarily given rise to this type of
intelligence behavior.
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VIII. Mooers‟ Law
Mooers' Law is an empirical observation of behavior made by American computer scientist
Calvin Mooers in 1959. The observation is made in relation to information retrieval and the
interpretation of the observation is used commonly throughout the information profession both
within and outside its original context.
An information retrieval system will tend not to be used whenever it is more painful and troublesome
for a customer to have information than for him not to have it.

Not to be confused with Moore‘s Law (Moore's law describes a long-term trend in the history of
computing hardware whereby the number of transistors that can be placed inexpensively on an
integrated circuit doubles approximately every two years. The period often quoted as "18
months" is due to David House, an Intel executive, who predicted that period for a doubling in
chip performance The law is named after Intel co-founder Gordon E. Moore, who described the
trend in his 1965 paper. ), Mooers made this discovery when he was researching the way
consumers used information indexing systems. It sheds light on the decisive impact of "ease of
use" on a system. This is exactly what happens in reality. The simpler the indexing system, the
more it is used by consumers. Conversely the more complicated a system; the less frequently it is
used. DSTI Students of PRCs consumer intelligence needs have found that the Mooers Law not
only is applicable to consumer indexing behavior but also illustrates on a broader scale the
principle underlying consumer intelligence needs: If it presents more trouble or causes a bigger
headache to the consumer to obtain some intelligence or information than not to obtain them, he
would give up looking for the intelligence or information. Thus, the Mooers Law not only is the
standard they set out to meet as they designed their information indexing system, but is also a
guide for designing the broader organizational structure and collection activities.
Section Ten -- Basic Characteristics of PRC National Defense S&T Intelligence Consumers
I. PRCs Basic Means of Categorizing Consumers of National Defense S&T Intelligence
As noted above, many factors affect PRC DSTI consumer needs. They can mainly be divided
into two broad groups: those that are related to the consumer's personal qualities and those that
have to do with his environment. Among personal qualities are: profession, academic
qualifications, job title, age, knowledge of foreign language, field, psychology, hobbies and
academic specialty. Among environmental factors are: national policies, national history, cultural
tradition, the level of S&T development, sources of intelligence and maturity of intelligence
decision support services. These factors shape a consumer's intelligence needs. Consumer
intelligence needs are highly individualistic.
Let us leave aside the individual and look at the collective factors. Among the environmental
factors, national policies play the biggest role in the PRC and are of foremost importance.
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National policies determine the general attributes of the intelligence needs of rank-and-file
intelligence consumers and their overall development trend. We can look upon national policies
as the "strategic factor" affecting consumer intelligence needs; a point fully verified by the
history of China's defense S&T industry and the history of their corresponding national defense
S&T intelligence work. I found the following PRC quote interesting enough to share it below:
―During the War to Resist U.S. Aggression and Aid Korea in the early days of the PRC, our
ammunitions and aerospace industries surged ahead by leaps and bounds. In the 1960's, our
country, determined to break the blockade and scale new heights, stepped up leadership over
national defense S&T enterprises and launched a series of key projects. As a result, the number
of consumers of defense S&T materials hit a historic high. China successfully researched and
developed the atomic bomb and guided missile. During the Cultural Revolution, few people used
S&T materials and the number of people who used defense S&T materials also hit bottom. What
little materials we imported were put in the warehouses to be consumed by mice instead of
humans. Since the 3d plenary session of the 11th CPC Central Committee in December 1978, the
focus of government work has shifted to economic construction. The policy of reform and
opening was put forward and China's defense S&T enterprises also took a turn for the better.
The number of people who used defense S&T materials rose year after year, hitting a historic
high in 1984.‖ Today, regional tensions deemed stable, the PRC national strategy is being
adjusted, and the strategic guiding principle behind defense buildup is also changing.
In the past, the bottom-line was to fight early and to fight on a large scale. Now their continued
goal is to further seize the favorable opportunity presented by shifting economic trends in
international relations and put the PRC economy on a superior (no longer content with a sound
one) footing in the shortest time possible. This dual-use technology fueled policy has led to
epoch-making changes in the intelligence needs of the consumers of PRC national defense S&T.
Intelligence workers and intelligence collectors fully appreciate the "strategic impact" of
government policies on consumer intelligence needs.
―When a government policy is being adjusted in a major way, intelligence workers and
intelligence collectors should farsightedly take appropriate measures such as modifying the
collection policy or changing the collection plan so as not to be caught short in satisfying
consumer needs and forced to act retroactively.‖
As far as the consumer's own qualities are concerned, PRC DSTI studies show that people in the
same occupation share some common characteristics in their intelligence needs, regardless of the
region they live in, regardless of what technical development policy is being implemented and
regardless of technical specialty.
Therefore, the PRC considers occupation attributes the principal "technical factor" influencing
design of systems supporting consumer intelligence needs. Consumers with the same job title,
the same knowledge of a foreign language, or the same professional duties do share some
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common features in their intelligence needs, but such commonality is more limited and less
striking than if the PRC DSTI apparatus classified these consumers by occupation.
Therefore, the PRC classifies the consumers based primarily on their occupation and proceeded
to investigate the special characteristics of the intelligence needs of the various types of defensespecific S&T consumers. In what ways are they similar? In what ways are they different?
The purpose of investigating the special characteristics of the intelligence needs of the various
types of defense-specific S&T worker is to provide a theoretical basis for making defense S&T
intelligence work more focused and effective; so that their collection work becomes more
proactive in satisfying consumer needs and so that they more fully meet the different needs of
all types of defense personnel from all defense perspectives.
II. Classification of National Defense S&T Consumers
Based on the realities in the PRC defense industry and taking the parameter ‗occupation‘ as the
basis for consumer attributes about information requirements classification, the Chinese have
divided their defense S&T personnel into these four major categories:
1. Scientific Research Personnel. Primarily engaged in basic research in defense S&T (basic
and applied research).
2. Engineering and Technical Personnel. They work at the ‗frontline‘ of the PRC defense S&T
industry and are responsible for the industrial design, research and development, production or
testing of approved (i.e. formal programs) equipment models and key discovery-aimed projects.
3. Managerial and Decision-Making Personnel. Primarily policy and oversight personnel who
occupy governmental, military and corporate leadership positions at all levels.
4. „Soft‟ Scientific Research Personnel. This group has grown up in tandem with the needs of
the development of strategic studies and management studies in PRC defense S&T industry.
These personnel serve as "think-tanks" in some of the most major decision-making processes. At
present soft scientific research personnel are mostly researchers in policy study organizations,
information/computer sciences, social/cultural/behavioral psychology and verification-type (red
teams; auditors, investigators, grey-beards; etc) organizations.
The classification scheme above is a general one. The boundaries between different types of
consumers are a matter of subjective degree. In reality, a given consumer may belong to two or
more categories. For instance, a large number of managerial personnel in the PRC are themselves
scientists or engineers who may be engaged in two different types of work at the same time.
Nevertheless, this fact did not prevent the PRC DSTI apparatus from examining their needs
when they are engaged in either specific line of work based on the above classification scheme.
In short, they calculated it both ways for those individuals.
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III. Characteristics of Intelligence Needs of Various Types of Defense S&T Consumers
Below is a discussion of the characteristics of the intelligence needs of various types of defense
S&T consumers, based on PRC consumer research results and practical experience in using the
evaluation standards outlined above as their criteria.
1. Intelligence Needs of PRC S&T Personnel
PRC scientific (basic) research personnel engage in related activities in order to understand or
discover the laws of nature and find ways to apply these laws effectively. The upshot is ‗new‘
scientific knowledge. The following major characteristics the PRC studies found to be inherent
in the work of scientific (basic) research personnel:
(1) What (basic) scientific research personnel need are one-time materials that are highly
theoretical. As far as they are concerned; the major sources of intelligence in response are: opensource periodicals, conference proceedings, text books and 3rd party S&T reports.
(2) The materials required by basic scientific research personnel tend to be fairly narrow in
subject matter. PRC DSTI feedback inputs demonstrated that such contents were more
specialized in nature and closely (better) related to the consumers' assigned work topics.
(3) Scientific basic research personnel required a substantial amount of materials. They needed to
have a broad understanding of the world-wide developments in their specialty, of the viewpoints
from various schools of thought and of the latest research results.
(4) It is customary for scientific basic research personnel in the PRC to monitor both foreign and
domestic research trends. Usually what they ascribed as being valuable to their scientific
research work was new viewpoints, new methods and new data. As a result, they demanded
novelty and currency in their materials.
(5) Because scientific research personnel demanded more specialized materials, they also had a
higher demand when it came to accuracy. Typically scientific research work is characterized by
continuity; a scientific researcher may spend several years on a single major piece of research.
Thus there is little change in the subject matter of the materials. He only demands that the
materials be orderly and advance him step-by-step: from the simple to the complicated; from the
superficial to the thorough.
Thus, scientific basic research personnel in the PRC (among others) had a statistically significant
level of more exacting demands (in terms of the continuity and accumulative nature of their
materials). The PRC DSTI study analysts often came across a situation where a researcher read
an article closely related to his field and then asked (expected, rather) to also see ALL the
reference materials cited at the end of the article.
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2. Intelligence Needs of Engineering and Technical Personnel
The ultimate goal of the activities of engineers and technicians (in the U.S., China and other
locales) is to design and manufacture products or to complete engineering projects that satisfy
strategic and technical demands. The following characteristics of their intelligence needs are
inherent in their line of work. PRC consumer requirement results for these occupations were:
(1) PRC Engineers and tradesmen required one-time materials that were expectedly highly
technical that solved the specific problems they were encountering. Their major sources of
information were open-source S&T reports, technical standards, patents and physical artifacts
(such as schematic drawings, logistical algorithms or machine software instructions). They were
also highly interested in material end-product objects and materials samples for reverse
investigation.
(2) The subject matter of the materials required by engineering and technical personnel was
unexpectedly found to be broader than that for scientific research personnel (even the applied
R&D folks). Not only must engineering and technical personnel master the principles and
methods of product design and production, but they also must have an extensive knowledge of
materials, processing technology, compatibility with other systems, the functionality of a product
and the ease of maintenance.
Nevertheless, except for ‗generalist‘ design personnel (systems engineers, architects or
integrators), most of those in the PRC apparatus who design ordinary components had relatively
narrow intelligence needs as they were oriented toward the subsystem or parts they were
concerned with. Even personnel in charge of overall design activities were found to primarily
revolve their intelligence needs around a particular product or project. Compared to management
personnel and soft science research personnel, the subject matter of their intelligence needs was
found to be much narrower.
(3) Engineering and technical personnel did not go after a huge amount of materials, but instead
demanded reliability in the materials (quality more important than quantity). Sometimes just one
set of materials was sufficient to meet their needs; provided the materials truly matched their
knowledge deficit and were perceived to be reliable/authoritative sources.
(4) Engineering and technical personnel demanded that the materials be relevant but were not too
concerned with either the year of publication or their novelty. As long as they could help solve
real-life problems, dated materials were just as welcome. In notations reported by the studies
themselves about DSTI apparatus day-to-day work, the consumer studies also come across
instances where materials from the 1950's made themselves useful in engineering designs of the
1980's through the 1990‘s...but not after Y2K. Applied researchers fell into Eng/Tech surveys.
(5) The subject matter of the materials required by engineering and technical personnel in the
PRC DSTI apparatus was found to be neither too broad nor too narrow, but they had the highest
accuracy demands. In this they were similar to scientific research personnel. However, the work
of engineering and technical personnel revolved around models, mock-ups, prototypes and pilot
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projects. As a product was updated or replaced, these workers' intelligence needs also changed
accordingly. Hence, they did not emphasize that their materials be continuous and accumulative.
3. Intelligence Needs of Managerial and Decision-Making Personnel
Managerial and decision-making personnel in the PRC are responsible for formulating general or
special policies, drawing up plans and organizing scientific research or production activities.
These were found by the PRC to be the characteristics of their intelligence needs:
(1) Managerial and decision-making personnel typically did not need materials that are long on
theory and technology. What they needed were third-round/tier materials that had been vetted
and analyzed by 3rd-party reporting; were concise and pithy. The higher their leadership level,
the more the managerial and decision-making personnel demand that the materials be condensed,
concise and clear (identical to the U.S. environment – PRC DSTI leaders manage in sound bites
too!). They routinely read news summaries, bulletins, abstracts, research reports, verification
reports and feasibility analyses.
(2) The subject matter of the materials read by managerial and decision-making personnel was
far more extensive than that of the materials consulted by scientific research personnel or
engineering and technical personnel. They were interested in happenings on every front,
including: products, energy, materials, personnel, market outlooks and development prospects.
They demanded that the materials be highly comprehensive. In fact the more senior a manager,
the more he demanded that materials be comprehensive. Not only were they interested in
technology, but they were also interested in the international situation, military posture, national
politics and the local/global economic scene. They wanted to cover every area across the board.
(3) Managerial and decision-making personnel in the PRC DSTI apparatus needed a substantial
amount of materials but in terms of scope; not depth. In this they differed from scientists,
engineers and technicians. They usually were willing to listen to a variety of voices and look at
different plans so as to make comparisons using information provided from a decision-support
knowledge base as well as staff advice before choosing the option though best.
4. Intelligence Needs of „Soft‟ Scientific Research Personnel
Because ‗soft‘ scientific research personnel in the PRC serve as "think-tanks" in some major
decision-making processes, their intelligence needs to a certain extent are shaped by the
intelligence needs of managerial and decision-making personnel.
(1) Soft scientific research personnel needed to read materials in both Chinese and foreign
languages extensively, but more especially in Chinese. They needed comprehensive materials,
historical materials, policy-oriented materials, background materials and all sorts of statistical
data or research reports.
(2) The subject matter of the intelligence required by soft scientific research personnel was very
broad and ranged from politics and economics to military science and technology. Another
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striking feature was that these personnel were interested in research methods, mathematical
models and other theoretical constructs.
(3) It was discovered to be necessary that soft scientific research personnel read a large amount
of materials. Without the benefit of materials of a given size and a given quality, these personnel
would be rendered helpless…but quantity was rated over quality by these segments of the PRC
DSTI apparatus.
(4) As with managerial and decision-making personnel, soft scientific research personnel
demanded that the information be timely; outdated materials had NO intelligence value to them.
Be that as it may, they certainly were found not to ignore old information.
(5) Soft scientific research personnel required that their materials covered a broad area.
However, their intelligence needs were often topic-based and tended to change fairly rapidly.
Because their intelligence needs changed rapidly, it was annotated as imperative for true
intelligence personnel and DSTI collection activities keep pace with them and provide the right
kind of materials in a timely manner. Moreover, soft scientific research personnel demanded that
their materials be highly accurate and often used profession-specific tools for comparison and
analysis to differentiate the true from the untrue or see through smokescreens of false
information propagated by the enemy/adversary/competitor. Soft scientific research personnel
had no strong demand when it came to continuity or cumulativeness in materials.
Section Eleven – PRC National Defense S&T Intelligence: Exemplar Case Studies in
Consumer Intelligence Needs Research
I. Consumer Intelligence Needs Studies Conducted by the U.S. Defense Documentation
Center
In the 16 years between its founding in 1963 and its change of name in 1979, the U.S. National
Defense Documentation Center conducted three large-scale studies on consumer intelligence
needs. In 1965, it hired the Auerbach Co. to conduct a study on the needs of consumers within
the Department of Defense (DoD). In 1966 the North American Aerospace Co. conducted a
study on consumer needs in the national defense industry. In 1975 it again hired the Auerbach
Company to conduct the largest consumer needs study ever in history. Now that the U.S. DoD
has DTIC and Techipedia; there is a philosophy centered on account management, organizational
customer ―representatives‖ and voluntary participation on ―User Councils‖. While applaudable
for DTIC to be proactive in emailing surveys and such…it does not seem to be as programmatic
or strategic in nature compared to the PRC DSTI apparatus endeavor. Below is a detailed
description of the last ―old school‖ survey…as it was evidently for the PRC to benchmark from it
earlier in their knowledge management/engineering journey.
1. Purpose of Study
According to the estimates in a report by the Office of Science and Technology in the Executive
Office of the President of the United States, scientific and technological efficiency could increase
10 percent as a result of improvements in the information system. The National Defense
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Documentation Center agreed with this estimate and held that with better management,
coordination and cooperation with other information systems, the efficiency of the entire R&D
sector could be enhanced without incurring additional spending.
They further asserted that DoD should and could play a leading role in cooperation with the
federal government, in the country at-large and worldwide. To achieve these objectives, as an
added cautionary note, they said the DoD must have a real understanding of consumer needs and
the position it occupies and formulate a scientific development plan based thereon. To draw up a
development plan for the National Defense Documentation Center for 1978-88, they urged that
the following issues must be resolved:
(1) The demands placed on the National Defense Documentation Center's S&T information
work by the R&D, testing and evaluation departments within the defense sector;
(2) The role played by the National Defense Documentation Center in satisfying national
defense S&T information needs;
(3) The feasibility of the objective of completing the improvement of information products,
information services and information systems before 1988; and
(4) The position and role of the National Defense Documentation Center in the national
S&T information community in the decade between 1978 and 1988.
Toward these ends, the U.S. DoD National Defense Documentation Center decided to launch a
study on consumer needs and their contextual information environment in order to provide a
basis for internal reforms driven by scientific/technical/procedural planning.
2. Study Methods
(1) Investigation Procedures
The study was conducted in four stages:
(a) A study was done on consumers within the DOD and its contracting units to find out
their level of satisfaction with current information services and obtain basic data on
consumer needs for the next development stages in the future.
(b) A study was conducted on some other commercial/governmental information
organizations thought to offer outstanding information services or were active in the
information field (and had them use the benchmarks to set objectives for the next decade);
determining the „relationship‟ between the Documentation Center and external S&T
information departments in the future.
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(c) Literature on information storage and the transmission of advanced technology was
examined. Such advanced technology was thought to affect the techniques of information
dissemination in the next 10 years…and of course they were correct.
(d) The results of the above-mentioned studies were evaluated (some say filtered) by small
groups of experts.
(2) Survey Methods
(a) Survey of Consumers
A mix of the questionnaire survey method and interview method was used, with emphasis on the
latter. Of the 100 units representing four types of consumers, an equal number was chosen
according to the principle of random sampling to represent each group. The four types of
consumers were:
-- Primary consumers within the DoD (the Labs)
-- Secondary consumers within the DoD (Acquisition)
-- Primary consumers in the DIB contracting units (IRAD); and
-- Secondary consumers in the DIB contracting units (SBIRs, STTRs)
What distinguished primary consumers from secondary consumers was the volume of demand. A
primary consumer was a unit that used materials at the National Defense Documentation Center
two hundred times or more each year. Within each unit three groups of study subjects were
selected from among research personnel, managerial personnel and intelligence workers
according to the principle of layer random sampling.
After the study subjects were chosen, they were contacted by telephone to set up a time for an
interview. Before the interview, the subject was given a survey card on which were printed the
questions the subject would be asked in the coming interview. The purpose of the survey card
was to ensure that the interviewee would be able to correctly answer the questions that had been
carefully designed. That way time would not be wasted.
(b) Survey of Information Organizations
The principal method of investigation here was the interview method. Fourteen units were
studied in all, including the Department of Energy, National Aeronautics and Space
Administration, the National Bureau of Standards, the National Technology and Information
Service, the National Library of Medicine and other national agencies. Also studied were some
S&T intelligence units inside the DoD. Most of the interviewees were personnel in the various
units who were in charge of formulating S&T information plans.
The interview revolved around three major topics:
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-- the current situation in information work in the unit;
-- the unit's plan prior to 1988;
-- in the 10 years between 1978 and 1988, the unit's status and role in
the overall S&T information community.
The purpose of asking these questions was to gain a clear understanding of the information
environment in which the National Defense Documentation Center found itself at the time and
during the plan period and identify the S&T information issues that would affect planning by the
National Defense Documentation Center.
(c) Survey of Literature
The survey involved searching and examining the relevant literature and studying its contents.
The purpose of the literature survey was to understand the current situation in information
storage and transmission technology and its future development trends. In all 68 pieces of
literature were analyzed.
(d) Evaluation by a Panel of Experts
After comprehensively analyzing the results of the above-mentioned studies, Auerbach Company
drew up a "table of future events" and asked a panel of experts to evaluate it. The panel of
experts was composed of perceived academic information experts and other influential industry
figures in the information (or information technology) community. During the evaluation process
every "event" was considered for its importance, necessity, suitability and likelihood of
happening. The reaction of every expert was taken seriously so there was a sense of proportion in
comprehensively evaluating each "event."
3. Analysis of Survey Results
After tabulating and analyzing the results of the studies on consumers and information
organizations, the following insights were obtained:
(1) The local library was the consumer's first choice as a source of materials. Last was the
long-distance library (such as the Defense Documentation Center).
(2) The traditional documentation and book services provided by the Defense
Documentation Center, including the way in which such services were rendered and the
scope of such services, were too narrow. Consumers needed a more powerful and
comprehensive database. What they hoped to see were knowledge facilitation services, not
just documentation services (i.e., a garbage dump).
(3) The Defense Documentation Center must make it easy and convenient to store and
retrieve information in the comprehensive database.
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(4) The consumers were willing to spend a little more money in return for higher-quality
services, such as more accurate and relevant answers. [I‟d say the trouble was right there]
(5) The time to respond to consumer needs must be reduced.
(6) Consumers had no knowledge of a majority of services provided by the Defense
Documentation Center or its information sources.
(7) Consumers needed to utilize not only the Defense Documentation Center, but also other
S&T information sources. They also would like to be able to inquire about multiple sources
of information locally.
(8) The local information community was made up of a number of information
organizations which were independent from and did not interact regularly with one
another. Most units had their own special missions and focused on their own respective
consumers.
(9) Most information organizations appreciated the value of document processing
standardization. Nevertheless, apart from making limited improvements, they would not
genuinely support any plan to give up existing systems. That „current‟ debate over such
issues as processing standardization and management would continue into the next 30
years (1978-2008).
(10) The vast majority of information organizations were inclined toward supporting local
(also parochial) information organizations. In their opinion, local organizations staffed by
trained personnel were more likely to provide grass-roots consumers with quality services
than large-scale (a consolidated or federated approach)organizations.
(11) People tended to favor the development of specialized scientific information databases
emphasizing the computerized storage of actual data, instead of the storage of factual
materials…tipping the scales of functionality in favor of academics and lab scientists over
fabricators, integrators or policy makers.
4. Final Results
Director Hubert E. Shater of the Defense Documentation Center said, "Auerbach Company did
some highly effective and reliable work in collecting and analyzing data on the needs of
consumers; on S&T information work now and in the future and on the development trend in
information transmission technology. The report generated by this study provides the Defense
Documentation Center with a most logical basis as it makes plans for the future and for longterm investment. Although we do not propose to follow the proposals put forward by the
contractor verbatim, it has indeed made some sound evaluations and constructive proposals as
far as the things we need to do are concerned. The Defense Documentation Center was in the
past and still is today a traditional documentation and book service organization. We admit that
its scope is narrow and cannot effectively satisfy consumer needs. We must develop technology,
strengthen our ties with various centers of information analysis in the DOD, develop our own
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database, and truly provide data intelligence services. We must find a way to serve the majority
of consumers more swiftly and more practically by working through local information
organizations."
Based on the results and proposals generated by the study conducted by the Auerbach Company,
a Defense Documentation Center ―special work group‖ drew up a road-map plan for 1978-1988
with a companion applied technology plan. The work plan covered day-to-day workflows, the
level of intelligence products, consumers' service needs, the quality and the quantity expected.
The applied technology plan was an investment and development plan. It had 17 objectives
divided into three groups, as shown in the following three Lists:
First Group of Objectives - Improving Support for U.S. DoD S&T Intelligence Work
1. Improve the efficiency of the production and processing at Defense Documentation Center.
2. Eliminate duplication in S&T information work/work-products across the DoD.
3. Improve the commonality, accuracy and comprehensiveness of the S&T intelligence database.
4. Improve the quality, responsiveness and timelines of S&T information services.
5. Update/amplify the materials to meet changes in mission, demand and the state of technology.
6. Track the extent of consumers' acceptance of S&T information products & the future demand.
Second Group of Objectives - Improving S&T Intelligence Storage, Retrieval & Utilization
1. Expand the scope of the Defense Documentation Center's system and the avenues of storage
and retrieval. Make that system and other S&T information systems more mutually
accommodating.
2. Find ways to utilize evaluated dossiers and the results of information management studies.
3. Increase the number of consumers who could actively utilize the Defense Documentation
Center. Promote the understanding of the S&T information services in defense system.
4. Enhance the comprehensiveness of the database at the Defense Documentation Center. Study
and improve the utilization of related documents.
5. Step up the exchange of research results & technology among defense & civilian sectors.
6. Designate a few departments to be responsible for providing useful S&T materials.
Third Group of Objectives - Applying Advanced Technology to S&T Intelligence Work
1. Apply advanced technology to information processing, duplication & transmission.
2. Establish an information systems network within the DoD.
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3. Develop automatic abstracting and indexing technology and the technology to store and
retrieve information at the Defense Documentation Center.
4. Provide S&T information processing and networking systems at the Defense Documentation
Center with advanced computing and communication capabilities.
5. Develop a more cost-effective plan for the first and second distribution of documents, the
reporting of documents and for product delivery.
In the end this consumer needs study led to the renaming of the Defense Documentation Center
as the Defense S&T Information Center in 1979 and to the DoD assigning to it a new task, which
was to provide S&T personnel and managerial personnel at all levels in the DoD with technical
information and managerial information. Some U.S. DoD consumers today believe that renaming is the only lasting legacy of the initiative; due to knowledge about/outside use of
commercial advances (e.g. ―push‖ algorithms, contextual search) beyond DTIC budgeted
abilities such as are resident in Amazon, Google, Bing and IBM Watson.
At DTIC, S&T information is difficult to relate when a composite is required to war-fighter
requirements, industry centers of excellence, funded programs or platforms etc. It is even harder
in trying to weave in global economics or policy factors. All of these elements are stove-piped
and often not discoverable by the researcher. For instance, the needs of pro-active counterintelligence in the U.S. is somewhat handicapped because information is not linked or fused as
part of a comprehensive knowledge engineering/management effort. The data is everywhere and
nowhere. Everyone but no one is accountable for fixing the problem. Institutional barriers
abound for any desire to pool resources.
II. Core Periodical Survey Conducted by the China National Defense S&T Intelligence
Center
1. Purposes of Study
According to PRC DSTI studies on intelligence sources, because periodicals are published
frequently and put articles into print quickly; because they are large in number, original and indepth in content; and because they cover a broad area - periodicals are capable of reflecting the
level of S&T development in the world and the trend therein. As an intelligence source, they are
their first choice of rank-and-file S&T personnel as well as DST-intelligence collectors/
researchers. According to PRC study estimates, S&T personnel and intelligence workers obtain
60 percent and 80 percent, respectively, of their S&T intelligence from periodicals.
PRC studies on consumer intelligence needs revealed a pattern in which materials required by
consumers tended to be both concentrated and dispersed (depending on class of user) to satisfy
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equivalent demand. The quantitative relationship among ‗core‘ materials, related materials and
discrete materials was 1:n:n2 (which is consistent with the Law of Grade Distribution). This
suggested to them that core materials were enough to satisfy consumers' basic materials needs.
The "core periodical effect", as they called it, meant that in any given field, the large number of
scientific papers in the world were concentrated in a hand-full of S&T periodicals.
As prices of S&T periodicals have soared at the rate of 15-20 percent each year, periodical
subscription fees had accounted for about one half of PRC DSTI materials spending for multiple
five-year planning cycles. At a time when they are strapped for funds against this expense item,
rising prices further complicated their materials acquisition…as it would (or does) to us. Science
and pragmatic reality taught the PRC DSTI apparatus that the old collection policy, which was
"the more, the merrier" or "the more comprehensive, the better"; clearly no longer met the needs
of the new situation in a fundamental way. Subsequently they made their material target
selections more relevant, became more conscious of cost effectiveness and tried to achieve the
optimal results with the least expenses; shifting the focus of collection work from quantity to
quality. Hence, it was imperative that they conduct a more current ‗core‘ periodical survey.
2. Method of Study
(1) Determine the pre-requisite of a core periodical set. The subjects of study were the 1,022
foreign-language periodicals subscribed to.
(2) The following three methods, commonly used in the PRC consumer intelligence needs
studies, were used:
(a) The rate at which a periodical is checked out;
(b) Citation analytical method;
(c) Questionnaire
3. Survey Results
(1) Calculating the Checkout Frequency Rates
The PRC DSTI team counted the number of times a periodical was checked out in the almost
seven years between 1999 and 2005. The resulting top 56 periodicals are listed below.
List of 56 Periodicals Checked out Most Frequently, in Descending Order
Rank/Country/Region
1 United States
2 United States
3 United States

Title in Original Language
Aerospace Daily
Aviation Week & Space Technology
Defense Daily
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Rank/Country/Region
4 Britain
5 Switzerland
6 Britain
7 Britain
8 United States
9 Germany
10 United States
11 United States
12 France
13 Switzerland
14 United States
15 United States
16 Britain
17 Britain
18 United States
19 United States
20 United States
21 United States
22 United States
23 United States
24 United States
25 Britain
26 Britain
27 United States
28 France
29 United States
30 United States
31 United States
32 United States
33 United States
34 United States
35 Britain
36 Switzerland
37 United States
38 United States
39 Britain
40 United States
41 United States
42 United States
43 United States
44 United States
45 United States
46 Britain
47 Germany
48 Netherlands
49 Switzerland
50 United States
51 United States
52 Britain
53 Britain
54 United States
55 Japan
56 Russian Federation

Title in Original Language
Flight International
International Defense
New Scientist
Nature
Science
Military Technology and Economics
Signal
Defense Electronics
Air et Cosmos
Interavia Airletter
Defense Industry Report
Defense & Foreign Affairs Policy
Defence
Jane's Defence Weekly
Air Force Magazine
Armed Forces Journal International
Nucleonics Week
Nuclear Fuel
Bulletin of the Atomic Scientists
Scientific American
Science Digest
Military Record of CBR/Atomic Happenings
Defence Material
National Defense
Cols Bleus
IEEE Spectrum
Microwave Systems News
Electronics
Journal of Electronic Defense
Journal of C4/Countermeasures
International Aerospace
Aviation Studies
Interavia
Aerospace America
Space News Letter
Spaceflight
Military Review
Defense
DMS Missiles/Spacecraft
Concepts
Arms Control Today
Defense Week
Survival
Soldat und Technik
NATO's Nations
Armada International
United States Naval Institute Proceedings
Army
Navy International
Maritime Defense
Laser Focus
Genshino Sokuho
Foreign Military Review
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(2) Citation Analysis Results
The focus was the several publications put out by this center. We looked at the literature
consulted by the writers in preparing the articles. Then we identified the periodical where a
particular reference could be found and determined how often this periodical was cited.
Periodicals were arranged in order according to the number of times it was cited. The results are
presented in the list on the following page:
List of Periodicals Ranked According to Number of Times Cited, in Descending Order
Rank/Country/Region
1 United States
2 Britain
3 United States
4 United States
5 United States
6 United States
7 United States
8 United States
9 United States
10 Britain
11 United States
12 United States
13 United States
14 United States
15 United States
16 United States
17 France
18 United States
19 United States
20 Britain
21 United States
22 United States
23 United States
24 United States
25 United States
26 Britain
27 United States
28 United States
29 Britain
30 United States
31 Britain
32 United States
33 Switzerland
34 Switzerland
35 Netherlands
36 Hong Kong
37 Russian Federation
38 Germany
39 Germany
40 France
41 France
42 Japan

Title in Original Language
Aviation Week & Space Technology
Defence
Aerospace Daily
Defense Electronics
Signal
Air Force Magazine
Defense & Foreign Affairs Policy
DMS Missiles/Spacecraft
Nuclear News
New Scientist
Nuclear Industry with INFO
Scientific American
Journal of C4/Countermeasures
Defense Industry Report
Astronautics and Aeronautics
Electronics
L'Aeronautique et L'Astronautique
Electronic Warfare and Counter-EW
Microwave Journal
Armed forces
Laser Focus
Computer World
National Defense
Missiles & Rockets
IEEE Spectrum
Jane's Defence Weekly
Microwave Systems News
Naval Engineers Journal
Military Record of CBR/Atomic
Flying
Nuclear engineering International
Electronic Design
Interavia Airletter
International Defense Review
NATO's Nations
Xiandai Junshi
Foreign Military Review
Wehrtechnik
Soldat und Technik
Air et Cosmos
Defense Nationale
Kagaku Shimbun
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Rank/Country/Region
43 Japan
44 Japan
45 United States
46 Switzerland

Title in Original Language
Heiki to Gijutsu
Tsuken Geppo
Space NewsLetter
Armada International

(3) PRC DSTI Consumer Questionnaire Survey Results
The subjects of the study were the 1,022 foreign-language periodicals the PRC DSTI apparatus
subscribed to through 2005. A core periodical survey form was sent to the scientific research
personnel concerned at each DSTI center along with the list of periodicals. They were asked to
fill in the code numbers of the periodicals which they read most often and which they regarded
as core periodicals or major periodicals. If the periodical a reader had in mind was not on the list
but was deemed essential, he was asked to note accordingly in the comment column. The return
rate of the survey forms was 85 percent. The survey forms returned contained a variety of
opinions on 606 publications, while 416 publications received no comments. The results of the
questionnaire survey were tabulated according to the number of times a periodical was rated a
core publication by the interviewees and are presented in the list below:
List of Periodicals Ranked According to Results of PRC Questionnaire Survey
Rank/Country/Region
1 United States
2 United States
3 United States
4 Britain
5 United States
6 Britain
7 United States
8 United States
9 United States
10 United States
11 United States
12 United States
13 Britain
14 United States
15 Germany
16 Britain
17 Britain
18 United States
19 United States
20 United States
21 Switzerland
22 United States
23 United States
24 Switzerland
25 Japan
26 United States
27 United States

Title in Original Language
Aviation Week & Space Technology
Defense Electronics
Signal
Armed Forces
National Defense
Defence
Journal of Electronic Defense
Defense Daily
Air Force Magazine
Armed Forces Journal
Defense Week
Aerospace Daily
Flight International
Scientific American
Military Technology
New Scientist
Survival
Sea Power
Army
DMS Missiles/Spacecraft
Interavia
Journal of C4/Countermeasures
Military Review
Armada International
Gunji Kenkyu
International Aerospace
Bulletin of the Atomic Scientists
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Rank/Country/Region
28 United States
29 United States
30 Switzerland
31 Japan
32 Japan
33 United States
34 United States
35 Britain
36 United States
37 United States
38 United States
39 United States
40 United States
41 United States
42 United States
43 United States
44 Switzerland
45 Netherlands
46 Britain
47 Britain
48 Britain
49 Britain
50 United States
51 United States
52 United States
53 United States
54 United States
55 United States
56 United States
57 United States
58 United States
59 United States
60 United States

Title in Original Language
Defense
Strategic Review
International Defense Review
Heiki to Gijutsu
Kokubo
Army R.D.& A.
DMS Ship Vehicles Ordnance
Journal of Strategic Studies
IEEE Spectrum
High Technology
United States Naval Institute Proceedings
Air University Review
DMS Missiles & Satellites
DMS Electronic Systems
DMS Aerospace Agencies
Defense Industry Report
Interavia Airletter
NATO's Nations
Signal
Nature
Nuclear Weapons Date File
Military Record of CBR/Atomic Happenings
Space World
Electronics
Satellite Communications
Microwave Journal
IEEE Transactions on Aerospace & Elec. Sys.
Laser Focus
Science
Air Defense Magazine
Arms Control Today
DMS Foreign Military Market, NATO Weapons
DMS Foreign Military Market, NATO Europe

(4) Comprehensive Analysis and Final Results
As noted in the section on the methods of conducting consumer intelligence needs studies, each
method had its own advantages and shortcomings. Therefore three methods were used so that
they could offset one another's drawbacks and so that the PRC DSTI apparatus could verify one
set of results against others; ensuring the reliability of the survey results. The questionnaire
method was usually regarded as less reliable. In this case, however, the objective of the study
was well-defined, the questionnaire was simple in content, the questions were easy to answer
accurately and the respondents were the direct consumers of the periodicals. For these reasons,
the results generated by the questionnaire method were actually seen by the PRC analysts as
more accurate and reliable than those yielded by the other two methods.
Accordingly, the results of the questionnaire study were taken as the baseline; all the top 60
periodicals ranked by the overwhelming majority of scientific research personnel were
subsequently treated as core periodicals. As a matter of fact, 60 percent of the periodicals on the
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top 56 list produced by their "frequency of borrowing statistical method" were among the top 60
ranked periodicals. Moreover, 53 percent of the periodicals on the list of top 46 periodicals
generated by the citation analytical method also appeared on their top 60 list. To offset the
limitations of the questionnaire method, every periodical that was chosen under both the "citation
analytical method" and "frequency of borrowing statistical method" but which did not appear on
the top 60 list compiled in accordance with the results of the questionnaire method also was
treated as a core periodical. This was one way the DSTI analysts supplemented the results of the
questionnaire method. There were six such periodicals in all. Periodicals in a rare language
circulate in a smaller circle than periodicals in the English language, so they were not judged
using the same quantitative criteria. Because of this and other unknown corrective factors, the
surveyors asked for comments and decided to select 14 periodicals also as core periodicals. This
was the second supplement to the questionnaire method. That way a total of 80 core periodicals
were finally identified. See the following list:
Current List of PRC DSTI „Core‟ Periodicals
Rank/Country/Region
1 United States
2 United States
3 United States
4 United States
5 United States
6 United States
7 Britain
8 United States
9 Switzerland
10 United States
11 Switzerland
12 Netherlands
13 Britain
14 United States
15 United States
16 United States
17 United States
18 Britain
19 United States
20 United States
21 United States
22 United States
23 Britain
24 Britain
25 United States
26 Switzerland
27 Switzerland
28 United States
29 United States
30 United States
31 United States
32 Britain

Title in Original Language
Aviation Week & Space Technology
Signal
National Defense
Air Force Magazine
Aerospace Daily
Scientific American
New Scientist
Journal of C4/Countermeasures
International Defense Review
IEEE Spectrum
Interavia Airletter
NATO's Nations
Military Record of CBR/Atomic Happenings
Electronics
DMS Missiles/Spacecraft
Laser Focus
Defense Electronics
Defence
Journal of Electronics Defense
Defense Daily
Armed Forces Journal International
Defense Week
Flight International
Survival
Army
Interavia
Armada International
International Aerospace
Bulletin of the Atomic Scientists
Defense
United States Naval Institute Proceedings
Nature
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Rank/Country/Region
33 Germany
34 Britain
35 Japan
36 United States
37 United States
39 United States
40 Japan
41 United States
42 Japan
43 United States
44 United States
45 Britain
46 United States
47 United States
48 United States
49 United States
50 United States
51 Britain
52 Britain
53 United States
54 United States
55 United States
56 United States
57 United States
58 United States
59 United States
60 United States
61 Japan
62 Japan
63 Austria
64 Russian Federation
65 France
66 France
67 France
68 France
69 France
70 Russian Federation
71 Russian Federation
72 India
73 India
74 United Nations
75 France
76 United States
77 Britain
78 United States
79 Germany
80 United States

Title in Original Language
Military Technology & Economics
Armed Forces
Heiki to Gijutsu
DMS Foreign Military Market: NATO Weapons
DMS Foreign Military Market: NATO Europe
Sea Power
Gunji Kenkyu
Strategic Review
Kokubo
Army D.R. & A.
DMS Ships Vehicles Ordnance
Journal of Strategic Studies
High Technology
Air University Review
DMS Missiles & Satellites
DMS Aerospace Agencies
Defense Industry Report
Signal
Nuclear Weapons Data File
Space World
Satellite Communication
Microwave Journal
IEEE Transactions: Aerospace/Electronic Systems
Science
Air Defense Magazine
Arms Control Today
Military Review
Koku Joho
Koku Zasshi
Osterreichische Militarische Zeitshift
Foreign Military Review
Armees d'Aujourd'hui
Armee et Defense
Defense Armament
Aviation Magazine International
La Lettre du C.N. E.S.
Aviation and Rocket Motor Abstracts
Rocket Manufacturing and Aviation Tech Digest
Strategic Digest
Strategic Analysis
International Atomic Energy Bulletin
Air et Cosmos
Defense and Foreign Affairs Policy
Jane's Defence Weekly
Microwave Systems News
Soldat und Technik
Space NewsLetter

4. PRC DSTI Studies‟ Insights and Lessons
Because of high turnover in the personnel who gathered the periodicals and because this was the
first core periodicals survey conducted by the Chinese National Defense S&T Documentation
Center since the mid 1980s, the analysts recommended that the credibility of their results from
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the survey needs to be further verified in practice, continuously improved as a measurement
feedback instrument and amplified through future information science/knowledge engineering
research. Reportedly, they have won tentative approval from the scientific research personnel to
implement additional knowledge engineering to the core reference databank beyond open-source
periodical materials.
Their study reportedly revealed a number of unexpected facts, including some which were
supposedly quite shocking to the collection personnel. For instance, of the 1,022 periodicals
subscribed to, as many as 167 (or 16 percent) were totally ignored anywhere from one year to as
long as six years, a sheer waste of over 40,000 yuan annually. This was a serious fact that they
reportedly incorporated into their training guides: ―It tells us that we as collectors must take a
rigorous scientific attitude. Do not rely on subjective imagination. Do not engage in unfounded
speculation. Do not believe what people say out of context one-sidedly.‖
As a result of this piece of research, PRC DSTI collection personnel saw the direction of their
work for the future. To take their collection improvement work (knowledge engineering and
management system) to a higher level, they decided to automate many analytics in order to
persistently conduct studies like these and several other topics not related to the user-centricity.
Only when they feel they are armed with sufficient data will they believe themselves to not be
blinded by false phenomena. The epilogue to their effort says it all: ―…only then can we stride
forward toward the realm of freedom from the historical realm of necessity.‖

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 323

The Rooster & The Dragon January 23, 2012

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 324

The Rooster & The Dragon January 23, 2012
Information Transmission Channels
Section one -- The Concept of Channels
The transmission of knowledge depends on the movement of information in order to be realized.
To cause information to move from the information source to the user, it is necessary to go
through certain transmission channels. In the transmission of information, the first requirement is
reliability; the second is high efficiency. In describing information transmission channels, this
volume starts from the perspective of information science; describing transmission channels in a
broad sense, which take information from the information source to the user. Looking at this
from the perspective of the study of collection, the transmission channels used in obtaining
information are merely the pre-channels within this broad definition of channels. Thus, in
addition to the general features involved in information transmission channels, the transmission
channels discussed in this volume also emphasize the application of the general features of
channels to analyze transmission channels used for obtaining knowledge from the perspective of
DSTI information collection, which are the transmission channels PRC uses to take the artifact
or data from the information source to the knowledge base, organization or individual end-user.
It must also be pointed out that the transmission channels we are discussing in relationship to the
PRC DSTI apparatus refer to information transmission channels between people (or between
people and institutions) and not the medium or carrier transmitting the knowledge. In addition to
the study of information sources and users, the PRC DSTI research involved in collection also
studies information transmission channels so as to control the direction, speed, rate and fidelity
of the flow of information as well as to achieve selection of the optimal channel. Further, the
PRC outlook on development and utilization of collection ‗channels‘ is also a basic technique of
obtaining necessary knowledge base design requirements information. Unless there is
interference, information generally does not undergo any change in form or distortion of
knowledge content during the process of transmission. When the PRC investigated their channels
for collecting information, it was important for them to consider the transmission speed,
transmission capacity, specialization spectrum, transmission reliability and anti-interference
capability of the channel. This author was unable to acquire any status of the PRC DSTI
apparatus inferences these studies might convey about issues in intelligence transmission with
their process changes, nor did I discover PRC discussions about implications regarding their
intelligence transmission effectiveness.
Section Two -- Categories of Channels
Here I will roughly categorize DSTI channels based only on PRCs own actual reported situation.
The Chinese used the following methods.
I. Categorization Based on Whether the Transmission Path Is Controlled by an Intelligence
Worker
This can be divided into:
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1. Direct Tactical Transmission Channels.
These are also called ‗unofficial‘ transmission channels by the PRC. In this category of channels,
the transmission of information from the information source to the user is generally not regulated
and controlled by a collection worker or true intelligence worker; or only partially so. Primarily,
it is controlled and regulated by the sci-tech worker, the institution he belongs to or the socialprofessional exchange group. The forms taken by this type of transmission channel in the PRC
were found to be roughly as follows:
(1) Face-to-face exchanges between sci-tech personnel within a work unit, or
between sci-tech personnel and management personnel
(2) Exchanges between sci-tech personnel and close colleagues or friends
(3) Exchanges between colleagues in the same business as the sci-tech personnel
where the exchange is only unilateral; such as observation
(4) Conference exchanges; such as academic conferences, technical conferences,
demonstration meetings, appraisal meetings, panel discussions, etc.
(5) Exchanges aimed at the public at-large via newspapers, television or
broadcasting
(6) Exchanges by sci-tech personnel with persons outside his field or in other sectors
of PRC society in order to develop a new field of research.
2. Indirect Tactical Transmission Channels.
These are also called by the PRC ‗official‘ transmission channels. In this category of channel,
information transmitted from the information source to the user is controlled and regulated by a
collection worker or true intelligence worker. That is to say, the user obtains the necessary
information with the help of DST-intelligence work; relying on the true or expanded definition
about their intelligence system. This transmission channel mode was found to be office-specific.
3. Direct Strategic Transmission Channels
True PRC intelligence workers or DSTI collection workers participate in the control. The
transmission of verbal/virtual information is fast, highly focused and feedback is rapid. PRC
Society's need for it is evidently becoming more urgent because of commercialization,
‗disruptive‖ ICT (e.g. Facebook, Twitter) and capitalistic trends. In the future, once artificial
intelligence technology and next-generation computing technology are further commercialized,
its position and role in the PRC DSTI knowledge management game-plan will naturally become
more prominent.
Thus, collecting verbal/virtual information and participating in the control of direct transmission
through social media are steadily becoming a task of formal PRC intelligence departments and
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overarching DSTI collection departments; resulting in the appearance of this category of
transmission channel in their studies. It is another mark delineating the distinction between the
information collection activity within intelligence work and the library activities of finding and
storing books.
II. Categorization Based on the Relationship between the Information Source and the User
Information sources and users may be manifested in the forms of institutions or individuals.
There are different types of relationships between them, and the features of the transmission
channels were found by the PRC to also differ.
1. Administrative relationship channels. This type of channel is generally manifested as "top
down," or "bottom up." The transmission of information is mandatory, a duty and is achieved
through reliance on the administrative structure. For example, if the user is the superior and the
information source is the subordinate, when the user needs information, the information flows to
the user via the administrative channel by means of the administrative dynamic. When the
superiors need verbal information, the subordinate must make a "report." Sometimes,
information produced or stored by the superior passes through an administrative channel to the
subordinate.
2. Economic relationship channels. This type of channel is generally maintained through
economic conditions or balances. It is generally manifested as "orders", "purchases", "contracts",
"exchanges" or "agreements"; established on the basis of market economics.
3. Service relationship channels. This type of channel is generally established among
intelligence units, libraries and information units, similar information sources that store
information, radio stations, television stations and other information sources that broadcast
information to end-users. Whether domestic or foreign, these information sources, to a certain
extent, all have the quality of being a public benefit as far as the Chinese are concerned and the
transmission channels between them to their users (to a certain extent) constitute a public
service.
III. Categorization Based on the Method of Networking the Transmission Channel
Channels of information transmission in the PRC were found to be usually multi-segmented,
network-style channels. The function of the channel segments is not entirely linear. Based on the
networking method used to link the segments of the channel, transmission channels may be
categorized as:
1. Serial.
Similar to relay-style. The information is transmitted from the information source stage-bystage towards the user or the true PRC intelligence institution or DSTI collection department. In
sum, to transmit information from A to E, it must pass in order through sub-channels AB, BC, C,
and DE. It can be inferred B, C, D and E may be users, intelligence institutions, DSTI collection
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departments, intelligence workers or DSTI collection workers. Moreover, in the PRC DSTI
apparatus there must be one collection department (or collection worker) among these in serial;
serving as a primary control on the entire transmission process.
Unidirectional/active information collection or unidirectional/passive information collection
often uses this type of channel in the PRC. Collection of secret information in the PRC must use
this type of channel. Information transmitted over long distances via telecommunications
sometimes must choose this type of channel. The overall number of connection segments in a
serial channel can be calculated as follows:
When B connects with A: 1 connection time;
When C connects with A: 2 connection times;
When D connects with A: 3 connection times;
When E connects with A: 4 connection times.
A total of 10 connection times.
2. Centralized Style.
In sum, information transmitted from information source A to B, D and E must always pass
through node C. For PRC frame of reference, C may be a true intelligence center, DSTI
information center or source publication center. Also: B, D and E may be end-users, true
intelligence institutions, DSTI collection departments, true intelligence workers or DSTI
collection workers.
The node in the middle – ―Center C‖ – or another DSTI collection department (or collection
worker) serves as the primary control over the entire transmission process. [focal point C at the
center with four lines radiating off clockwise to points A, B, D and E] The overall number of
connection segments in a centralized style transmission channel may be calculated as follows:
When B connects with A: 2 connection times;
When C connects with A: 1 connection time;
When D connects with A: 2 connection times;
When E connects with A: 2 connection times.
A total of 7 connection times.
The centralized channel best embodies the historical stage of PRC DST-intelligence work as well
as the social networking aspects of PRC historical intelligence work. Surprisingly, it is also
currently the more commonly-used transmission channel in the broad definition of DSTI
collection work – but the central focus is the semantic knowledge base rather than some
institution or designated ―handler‖.
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3. Ring Style.
This PRC DSTI method of transmitting information from information source A to B, C, D and E
may be end-users, true intelligence institutions, DSTI collection departments, true intelligence
workers or DSTI collection workers. Furthermore, in the present PRC DSTI ―system‖ or
‖paradigm‖ [a pentagon with points A through E counterclockwise at each of five points] there
must be at least one unit or other collection department (or collection worker) among them
functioning as the primary control over the entire transmission process. The overall number of
connection segments in a ring style transmission channel may be calculated as follows:
When B connects with A: 1 connection time;
When C connects with A: 2 connection times;
When D connects with A: 2 connection times;
When E connects with A: 1 connection time.
A total of 6 connection times.
This type of channel formation has a lower yet total number of connection segments; facilitating
the formation of a network but notice the level of indirect connectivity. The thrust of PRC DSTI
knowledge engineering, policies and organizational/procedural changes are to collectivize the
entire apparatus for shared awareness from each node‘s frame of reference: ―When collection
channels are established in the future, this should be given full attention. Ring-style transmission
channels will be a major transmission method of obtaining information in the technological
stage of collection.‖
4. Bilateral Style.
The method of transmitting information from information source A to B, C, D and E may be the
same list of ―usual suspects‖ as outlined in the previous iterations. Actually, this type of
transmission method has the least total number of connection segments and appears to be the
most simple and direct, because the connections between B, C, D, and E and source A are all
direct channels. [imagine point A with four straight lines radiating downward and connecting to
points B through E at the end of each line] From the perspective of DSTI collection work in the
PRC, this type of channel is seen as a necessity and is a permissible deviation to the network
model above from time-to-time.
However, in their workflow and dynamic reality of the knowledge needs, requiring that a
scientific research unit, end-user, true intelligence institution or DSTI collection department
complete its own research and duties - then disseminate this to a great number of places to fulfill
the assigned mission could not be effectively implemented in the current PRC society or in the
future PRC DSTI eco-system. Reportedly, the precondition in China today for bilateral style
transmission channels is the direct obtaining of urgently-needed (or otherwise you won‘t get it)
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information. This type of transmission method is one of the most rudimentary transmission
methods for expediting but works against long-term strategic analytic use of the semantic
knowledge base. In both true PRC intelligence activity (where internet communications science
and technology were not as advanced as today) and during the ―historical‖ period of DSTI
collection activity, bilateral transmission was the basic mode of transmitting information.
However, both now and in the future, bilateral transmission will remain a commonly-used
channel for obtaining information due to the pragmatic. China reportedly has a thrust of work ongoing to resolve this challenge. They fully realize when information is transmitted through
bilateral channel networks, it is very difficult for true intelligence institutions or DSTI collection
departments to exert primary control over the entire transmission network – and they find this
unacceptable other than by practical contingency.
5. Mutual Style.
This is a combination of serial, centralized, ring style and bilateral style channels. [Imagine a
pentagon with points A through E counterclockwise at each of five points; additionally, there are
straight lines within the pentagon connecting AC, AD, BD, BD and CE so that each point is
connected with all other points] A, B, C, D, and E may be information sources, end-users, true
intelligence institutions, DSTI collection departments, true intelligence workers or DSTI
collection workers. The user and the information source are both relative.
This type of transmission method in the PRC is reportedly also relatively common in current
DSTI collection work (but not in true intelligence work). The operation of their system is fairly
complex. Reportedly, true intelligence departments and DSTI collection departments jointly
exert marginal control over the transmission network but not always exert primary control over
it. The source or the end-users have more authorities/permission levels in such a construct. It is
more visible in the proprietary commercial/industrial espionage segments of the PRC DSTI ecosystem.
IV. Categorization Based on Whether the Channel has Social Attributes
Information transmitted through a channel is influenced by a number of different social factors.
Thus, it is quite natural for the PRC to categorize DSTI channels based on whether or not they
have social attributes.
1. Human Channels.
This type of channel is a social channel. It is characterized by a high degree of reliance on
individual persons or groups of persons. At all nodes of the channel or at the primary nodes, it is
human beings who control or change the direction, speed and rate of the information
transmission.
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Human channels in the PRC have a long history, and to this day are still the primary channel of
transmitting sensitive (if not classified) information. The advantage of this channel is its
flexibility, resilience and ease of being directly regulated or controlled by human beings.
Moreover, user feedback herein about information suitability is easily obtained but seldom
recorded as provenance for knowledge base management. The drawback of human channels is
that transmission speed is slow and the efficiency of ―peer-to-peer network‖ transmission is not
high. Furthermore, there is a great deal of interference from political, cultural, hierarchical,
parochial and other personality-specific social factors. Obviously, human rules and regulations,
the quality of personnel and their work styles have a very important impact on the quality of
transmission. In the transmission of PRC secret information, human channels still (obviously)
play a critical role, but they are trying to weed this out through improved knowledge
engineering.
2. Natural Channels.
This type of informal or ―back-door/blind-copy‖ channel is a kind of ‗mechanical‘ channel
which is, to a large extent, free from the influence of individual persons or groups of persons.
Examples used to include telecommunications and optical communications media but in the PRC
these are easily interdicted/observed outside the DSTI apparatus. State-regulated electrical signal
or optical signal information is nevertheless transmitted over electrical wires, cables, fiber optics,
or through space satellite wave forms. They also are SIGINT to be fused with HUMINT and
OSINT to the PRC DSTI apparatus they would be to true intelligence professionals of top-tier
countries. The PRC seeks to collect and synthesize such un-protected or non-encrypted
transmissions (social media included) abroad to add richer depth to an already mature knowledge
management paradigm.
The appearance of telecommunications software applications channels and cloud-based
computer data strategies mark humankind's entrance into a new historical period for methods of
DSTI information transmission. ―In the current age, the development and utilization of database
information requires obtaining necessary information from distant places in a timely fashion,
making the use of telecommunications channels imperative. The appearance and development of
new interpersonal telecommunications channels has brought about a transformation in our
collection concepts and collection techniques; strengthening our people's capability to transmit
and capture vital science and technology information.‖ The greatest advantage of
telecommunications channels and optical communications channels is the rapid speed of
transmission, which "shrinks" the distance between the information source the DSTI collection
department and end-user. In addition, this type of channel better meets the PRC demands of
DSTI networked databases linked by computers and information standards of exchange. The
drawback of this type of capture for the PRC, aside from the large dataset involved, is the
difficulty of making timely adjustments to the channel properties based upon customer feedback.
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V. The Complementary Nature of Transmission Channels
Taking past PRC information collection work as the point of departure, DSTI collection workers
establish and develop various types of channels in order to transmit the information from the
information source to the end-user (i.e. planned redundancy for increased assurance). Although
there are many types of channels resulting from this, each has its strong points and its uses.
Typically they are not interchangeable and can only have a complementary relationship. Thus,
when the PRC apparatus establishes and selects information transmission channels, DSTI
collection workers cannot favor one type while overlooking another type, but must establish a
complete set for comprehensive operation. For example, direct channels and indirect channels
will co-exist for a longer period of time than they would have preferred.
Service-based relationship channels vice economic or administrative relationship channels will
remain permanently complementary by design. ―Only administrative relationship channels may
be chosen for collecting information on domestic defense sci-tech planning; as information will
not be available through economic relationship channels. For collecting foreign information of a
general nature that is not particularly time sensitive, a channel from Chinese library
import/export companies or foreign language book stores should be selected. However, for
collecting specific, urgent, and even secret information, a channel must be selected that has high
transmission speed, is capable of obtaining more and has high transmission reliability.‖
Networking is a necessary and now mandatory trend in the PRC formal establishment of DSTI
transmission channels. As a result this should serve to strengthen the complementary
relationships among existing PRC DSTI channels. ―Putting emphasis only on the aspect of
establishing ‗serial‘ and ‗centralized‘ transmission channels should gradually be changed. The
lack of information transmission channels, collection systems that have not been integrated into
the national system, and the failure to establish scientific collection networks that can be actively
controlled is currently the greatest and most pressing problem in sci-tech information collection
work. We believe that with the implementation of opening to the outside, domestic revitalization
and with the progress in reforming the sci-tech system; this situation will gradually change.‖
Section Three -- The Properties of PRC DSTI Channels
Usually the following variables can be used to describe or measure their transmission channels.
I. The Channel's Transmission Speed
Information is a substance. Thus, whether it is information that the transmitting human being can
directly perceive and recognize, or information that the transmitting machine can detect and
recognize, it is all a physical process - and the transmission of information requires a certain
amount of time. The time required for the information to be transmitted from the information
source to the user or the collection department can be used to describe the channel's transmission
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speed. The smaller the amount of time used, the faster the transmission speed. One PRC
publication noted that some DSTI user-requested articles required several hours, days or even
months to be transmitted from the ‗source‘ through the channel to the user. Yet, they also dryly
annotated:
―It requires several hundredths of a second or several tenths of a second for a
group of sound signals to be transmitted from one person through a channel
directly to another person. An electrical signal only needs several thousandths
of a second or several ten thousandths of a second to be transmitted from the
signal source through the telecommunications channel to the receiving
terminal. A document imported from abroad often requires six months to a year
if it is brought in through a Chinese library import/export company channel.
Using one's own channels may only require 2-3 months. Information from the
Stockholm International Peace Research Institute takes one year to go from
publishing to reception going through Chinese library import/export companies
while a direct exchange takes only a few days or a few weeks.‖
Thus, their leadership reportedly began ―cracking the semantic knowledge base whip‖ to ensure
the knowledge engineering was not only working on storage/retrieval and distribution issues but
on intelligent ways for the taxonomy and ontology to perform persistent outreach and search for
DSTI information discovery.
II. The Channel's Transmission Capabilities and Limitations
Optical, audio, and electrical signals must all be transmitted independently and occasionally
asynchronously. In the case of only having one channel, each artifact type most likely has to be
dealt with sequentially. For any transmission channel, the amount of information accurately
transmitted within a unit of time is referred to as the channel's transmission capacity. The
transmission capacity of a channel is limited. Viewed from the perspective of a document user, if
the documents are transmitted too quickly or there are too many, the user cannot make
selections.
With regards to receiving equipment or end-users, if signals are transmitted too quickly, the
receiver cannot distinguish them. If a person who is a source of verbal information speaks too
quickly, the listener cannot hear anything clearly. When too much information comes in order
within the unit of time, it exceeds the collection department's/individual‘s ability to select,
examine and accept it - the information piles up and cannot be put to use in a timely fashion.
The lowest common denominator is the human in the loop although for some data streams the
limiting factor may indeed be bandwidth, cache, spectrum or processing power. Factors that
affect transmission speed and transmission capacity, besides the restriction of the features of the
channel itself do include many other social and human factors. ―Information overload‖ is a
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tangible challenge to the PRC DSTI knowledge engineer. Bits/second can be used to express the
rate at which a mechanical channel transmits electromagnetic signals – these improve at
exponential and geometric rates. However, expressing the rate at which human channels transmit
or digest information is not that simple. ―When collecting information, a collection worker must
consider the limits of the channel's transmission capacity, and must do his utmost to select the
channel with the fastest transmission speed, based on the time requirements for receiving the
information, so that the information can be collected as soon as possible and promptly
transmitted to, yet more importantly actionable by the end-user.‖ This is why the Chinese are
committed to dividing knowledge management tasking correctly between man and machine
while getting the man-machine interface ―right‖.
III. The Channel's Breadth & the Spectrum of Specialization
The knowledge content of all information, no matter what form it takes, should belong to a
certain specialized category. Transmission channels have limits relative to the specialization of
the information they transmit. A specific channel can only allow information from a certain
category of specialization to pass through. This is, in the PRC, what is meant by the concept of a
DSTI channel's breadth of the spectrum of specialization. The larger the range of specialized
categories of information that are allowed to pass through, the broader the spectrum of
specialization- the obverse being narrower. The spectrum of specialization of channels passing
through Chinese library import/export companies is very broad. As long as it is public material,
it all passes though, regardless of whether it is natural science, social science or involves national
defense science and technology.
Using channels that pass through PRC DSTI institutions of all types stationed abroad, it may be
possible, under certain conditions, to transmit public information on military and national
defense science and technology topics. The spectrum of specialization is for the PRC in this
regard is fairly broad. The breadth of their spectrum of specialization of channels established by
PRC national business departments (commercial and state-owned enterprises) depends on what
technical fields they are in contact with or perform themselves. In these case for the PRC DSTI
apparatus, the range of specialization of information that can be transmitted through the channel
of a particular individual is naturally narrower and is limited by their individual specialized
knowledge, functional specialty or organizational position. For example:
―Telecommunications channels are also like this. We can use online methods to collect
information on U.S. defense market service companies, but the information collected is only that
related to market conditions for weapons worldwide and not information on other market
conditions. ―
In summary, different PRC DSTI transmission channels have different breadths of the spectrum
of specialization. When carrying out their collection of information, the appropriate channel must
be selected based on the user's requirements for the range of specialization.
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Section Four -- Channel Interference and Anti-Interference Measures
Transmission is the process of moving information from the information source to the user. The
fundamental requirements for transmission are first reliability and second high efficiency. The
transmission of information is carried out via channels. Channels can play the role of a
transmitter and at the same time they can play the role of interference or hindrance. As long as
information is being transmitted through a channel, interference will necessarily occur
somewhere to some degree. There are many forms and types of interference. Some delay the
time of transmission while others change the direction of transmission; and still others distort the
keys representing the insights within the information. In summary, the result of interference is to
make the user unable to receive the information - or unable to receive it in a prompt, reliable or
understandable/consumable fashion.
According to PRC DSTI research projects, there are many reasons giving rise to their
interference experiences. Some come from within the channel, such as the organization of
collection work, the level and quality of personnel, etc. Others come from outside the channel,
such as political factors, social factors, natural phenomena, etc.. While these sources of
interference may be controlled or appropriately excluded, it is never possible to eliminate them.
The difficulty of combating interference as far as the Chinese are concerned lies in the social
attributes of transmission channels. On the one hand, it is very difficult for their DSTI collection
workers to know for sure that information is being subjected to interference while in the channel;
and the extent of the interference. Furthermore, even when he knows, more often than not he can
do nothing about it because the entire transmission process is not under the control of a single
collection worker. Thus, it cannot be expected that any channel will function exactly as the user
demands. All that can be demanded is that it does the best it can to function satisfactorily.
I. Types of Interference
1. Interference from Crowding.
―For a particular channel, if the amount of information transmitted within a unit of time is
smaller than the capacity of the channel, then the information can be transmitted normally. If the
amount of information transmitted within one unit of time is greater than the capacity of the
channel, then interference due to crowding will occur; causing a breakdown in flow or a jam. ―
2. Distortion Interference.
―When information is being transmitted in the channel, distortion of the symbols that represent
the knowledge may occur due to interference. This, in turn, affects the amount or fidelity of the
knowledge transmitted.‖
Some distortion interference arises due to improper work, such as loss of information on a
medium, coding errors, damage to documents during the transmission process, missing pages,
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indistinct copy, etc.. Some distortion interference is intentionally caused by people, such as
adversarial interference with electromagnetic wave information, measures adopted for
confidentiality, actions taken to further one's own economic benefit, etc.. ―To deal with
distortion interference caused by humans, in doing collection work we should rely on the
abundant knowledge of intelligence sources and information sources, examine and distinguish
advanced adversarial collection technology tradecraft.‖ Yet another type of distortion
interference is caused by nature or the environment. Examples include the influence of lightning
on short-wave signals, the influence of unshielded automobiles and electric welding machines on
television signals, the influence of weather and storage conditions on books and film, etc..
3. Interference from Time Delay.
In the collection of information, time is of the essence. Factors that influence the normal
transmission speed of information in a channel is what is meant by interference from time delay.
Many complex, non-technical reasons give rise to interference from time delay. They
nevertheless carry strong social attributes and are intimately connected to the entire PRC nation's
level of science and technology, management system and intelligence policies. Solving the
problem of interference in the PRC due to time delay required starting from the management of
DSTI collection work.
―If one of your clients does not have very stringent demands with regard to the promptness with
which information is transmitted, then if the transmission speed is somewhat slow , being a few
days or a few months late doesn't matter, and when interference due to time delay arises, no one
takes it seriously. Furthermore, both collection departments and end users tend to "cope" with
interference due to time delays, turning a blind eye to it and adopting a see no evil, hear no evil
attitude. Here is a vivid example: in its dealings with our nation, there was something the U.S.
National Technical Intelligence Service Office could not understand. When China sent them an
order, it was always a batch and never divided into urgent or routine items; all were to be
handled as routine. They also felt that China never used modern methods of communication to
obtain materials from them. Developed countries are different from us, in that when obtaining
materials, urgent cases are handled urgently and slow cases are handled slowly.‖
4. Directional Interference.
When information moves through the channel it should go from a specified information source to
a specified end-user; and this direction of flow is controlled by people. If some factor causes the
information to go away from the specified user, then directional interference has occurred in the
transmission. Occasionally, directional interference arises due to mistakes in publishing,
mistakes in ordering and other errors. In these cases the interference is easy to eliminate. But the
majority of directional interference arises because the PRC DSTI collection worker has not done
sufficient research on the intelligence source, information source and user. Eliminating this type
of interference requires them to raise the quality of collection personnel proficiency, initiative
and strengthen their investment in knowledge-base enabled investigation R&D.
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II. Typical Methods of Combating Interference
An information collection worker in the PRC DSTI apparatus realizes that information being
transmitted through a channel cannot be completely free from interference, but he should further
be aware that anti-interference measures can be taken to control interference and to exclude
interference in collection or dissemination whenever possible. The following measures are
typically used as a matter of PRC DSTI policy to combat interference:
1. Improve the Organizational Work of the Information Collection Department to Reduce
Interference Coming from Within Channels.
As mentioned before, one important reason why PRC DSTI channels were subjected to
interference is that knowledge requirements and other organizational work was inadequate. Thus,
based on the features of the channel, they had to supervise & adjust task organization and work
flow at appropriate times, raise the level and capability of collection personnel and improve
professional methods and styles so as to achieve their goals of "accurate" and "fast" transmission
of information. For example: ―…to solve interference from crowding, planning can be improved,
and selection work or the rational use of channels can be strengthened. Obviously, raising the
recognition of collection work, strengthening leadership of collection work and adjusting the
structure of collection personnel intellectual resources are fundamentally significant to
controlling channel interference.‖
2. Strengthen Existing Transmission Channel Infrastructure and Raise the Channel's Ability to
Combat Interference.
Every PRC DSTI information collection department has its own collection channels, and in the
work of collection they carry out multi-faceted considerations of the actual situation and
summarize each one's reliability, strengths and shortcomings. ―It is impractical to demand that
every channel be perfect, but by focusing on each one's strengths and cultivating and
strengthening them, each one will have its own different features, so that we can use the
appropriate one based on the requirements of the actual mission.
By targeting their weaknesses, it should be possible to get to the bottom of things, find the reason
behind the shortcomings and take relevant strengthening measures; raising their antiinterference capability to the maximum extent while lowering their shortcomings to the lowest
level. An information collection worker should know the features of the existing channels like the
back of his own hand and be thoroughly clear about them.‖
How should one go about strengthening? This may begin from organization, coordination,
economics, administration or other aspects but in any case must be administered
comprehensively.
3. Choose Transmission Channels with Relatively High Reliability, Boldly Expanding Their
Utilization, and Gradually Perfecting Their Functions in Practice.
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One important point here is the issue of ideas as discovered in a PRC DSTI memorandum: ―At
present many of our comrades who work with information are greatly influenced by the power of
tradition. They learned their work procedures and work methods from a ‗master‘ and are not
willing to think outside the box. With regard to the work of information collection, one
manifestation of this is that wherever the ‗master‘ obtained his information is where I obtain
information. Whatever channels the ‗master‘ used are the channels I use.
Even if more reliable channels are discovered, they ‘stay in a rut‘ and are unwilling to try
something new; sticking to the same course no matter what. It is impossible to raise the
efficiency of collection work by continuing in this way. We should boldly select channels of
higher reliability discovered in practice and expand their utilization. Sometimes one channel's
spectrum of specialization may not be wide enough and the collection worker must take the
initiative to widen it appropriately.‖
4. Develop New Channels that Are Not Vulnerable to Interference.
For a long time PRC national defense sci-tech intelligence units have collected foreign
information and, because they were subject to the limitations of the era, for the most part they
used serial channels or centralized channels to carry out the work; interference from time delay
was fairly intense. With opening to the ‘outside‘ having taken place, the timely establishment of
direct channels under individual control on the principle of mutuality was thought to reduce the
links in their process of DSTI collection and speed up information transmission speed; thereby
raising the reliability of DSTI information transmission.
―It is necessary to remind people to keep in mind that as an information collection department,
at the same time that collection channels are being established, it is imperative to do the two
tasks of keeping a tight grip on user research and intelligence sources and investigating
information sources in order to achieve the goal of controlling channels and curbing
interference. ―
5. Differentiate Information Transmission on the Basis of Relative Importance and Relative
Urgency.
―…this is a very effective method collection workers can use to combat interference due to
crowding and interference due to time delay.‖
6. Simultaneous Transmission through Multiple Channels
―Under special circumstances, for particularly urgent material, the method of simultaneous
transmission through multiple channels may be used. At such times one should not hesitate to
add redundancy in exchange for the most reliable method that obtains the most information.
Actually, when materials of the same type are sent from the same information source through
different channels, some will always be faster, some slower, some arriving earlier and others
later. There is a higher economic price for this type of anti-interference measure and it cannot
be used widely.‖
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7. Continually Developing and Applying ‗Modernized‘ Intelligence Techniques.
―Promote scientific, modernized collection and dissemination techniques in order to provide
reliable technical support to controlling channel interference.‖
Section Five -- Channel Confidentiality
Channels in the PRC are divided almost as they are in the United States - into secret, unclassified
and public networks. The primary control exercised by a DSTI collection department or worker
over a secret channel is most obvious. During the process of transmission, secret information is
always surrounded by the conflict between ‗theft risk‘ and ‗protection measures‘. The collection
of classified information in the PRC must follow these principles:
―Transmission of secret information can only be done through secret
channels; in developing secret information transmission channels, the
struggle between theft of secrets and resistance against theft of secrets
must be kept in mind and precautionary measures must be taken;
demands must be strict and work tight; protect secret transmission
channels seriously!‖
The development and establishment of secret DSTI information transmission channels is a
policy-intensive, long-term task involving a high level of PRC coordination. During the
development period, in addition to paying attention to the operational issues of "obtaining
permission" and "exercising precautions" deliberate human interference (what we might call an
insider threat or accidental disclosure) is something the PRC DSTI apparatus seeks to actively
recognize and eliminate…as do we in the United States.
―For professional collection workers, the protection of secret
information transmission channels is relatively easy to do, but users
sometimes lower their guard. Once the information is activated by the
user, and the intelligence obtained is utilized, the sci-tech work of the
user will yield new results and accomplishments. At this time, some users
often consciously or unconsciously reveal secret channels in the course
of disseminating or publicizing their achievement; interfering with the
normal operation of the channel.
Thus, during the process of obtaining and using secret information,
collection workers certainly must discharge their duties faithfully,
educating the user about publicity in time and seriously requesting that
they do their part to protect the channel; and do their work according to
the rules. At the same time, collection workers themselves must not
casually spread around information concerning the secrecy of a
channel.‖
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PRCs Methods and Techniques of Obtaining DSTI Information
This volume presents an introductory outline of PRC DSTI information collection programs,
methods and procedures. Generally speaking, research data sources, intelligence consumer
requirements and transmission channels can also be included under the category of collection
technology. The question of DSTI collection, to the Chinese, is not only one of methods and
technology, but it encompasses skills and expertise as well; the latter having much to do with
individual human qualities, temperament, accomplishments and abilities (these are matters not
dealt with in this book). As regards the discussion of collection methods, the point was made
previously that "from the developmental aspect, search topics could be treated under information
collection methodology." Section 1 of this volume addresses the subject from the aspect of
collection systems and briefly visits the question of how DSTI ‗acquisition‘ is done in the PRC.
The other sections of this volume describe actual PRC DSTI ‗collection‘ methods.
Section One -- Information Collection Systems
The PRCs DSTI information collection methods and technology are intimately linked to the
subject of knowledge systems. Although information collection systems have been around for a
long time, they had not received close attention until the development of intelligence S&T and
especially the greater application and timeliness requirements for the information needed by
modern commerce if not society writ large. Only through PRCs gradual development of the
concepts and eventual mastery of the technologies pertinent to knowledge systems will it be
possible for their DSTI apparatus to fully raise information collection to higher levels of
efficiency and make collection systems more strategic in nature.
I. General Description of PRC DSTI Information Collection „Systems‟
An information collection system is the input mechanism of an intelligence system, meaning that
the function of a collection system essentially is to fuel and enable the functional processes.
Input operations are obviously germane to the goals, capabilities and environments of collection
systems.
―The information collection system is an organized collection apparatus composed of many
links. It gets many kinds of inputs from its information sources and gives many kinds of outputs
to intelligence consumers. An information collection system is an open system that makes
constant adaptations to a changing system environment.‖
A knowledge collection system is a transmission system with information coming in and
information going out. A knowledge collection system cannot change the structure or form of the
information itself, but it can change the speed and direction of the information transmission. To
state it succinctly, an information collection system applies search methodologies and in
accordance with consumer requirements hunts, discovers, selects, transmits and supplies useful
information. An information collection system consists of two parts, men and machines. As
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collection S&T develops, machines will have greater roles to play, but they can never replace
humans. The relationship between humans and machines will demand study, but human
activities will come first. An information collection system may be categorized as a manually
operated system, mechanically operated system or an electronically operated system. Present day
S&T information collection systems are primarily electronically operated systems. Information
collection application theory is still in its transitional stage. The S&T aspects of information
technology, computer technology, operations research, systems science and intelligence studies
will provide the technical and methodological bases for the development of information
collection systems. The epicenter of PRC research on DSTI information and collection is the
progressive developmental work on knowledge base systems with engineered taxonomies,
classifications and ontologies.
II. The Analysis, Design and Activation of Information Collection Systems
The establishment of the PRC DSTI information collection system involved three stages: system
analysis, system design and system activation.
1. System analysis. This stage defined the targets, requirements and workability of the collection
system. The analytic research probed the questions of who are the users, who are the primary and
the general users, what are the categories of users and what kinds of information will be needed
at what times for what special activities? What sorts of information resources are relevant? Can
they be produced? What are the available supply channels? Are their intents and extents rational,
and are they organizationally, technologically and economically workable? Intelligence
consumer requirements research, intelligence sources and information sources research and
delivery channels research provided the foundations for strategic collection systems analysis.
2. System design. In accordance with the aims and capabilities of their collection system, the
plans and designs set the specifications for organizing personnel, finances, materials, technical
facilities and the rules for working in concert to actuate interdepartmental coordination of
collection. In designing their collection system, collection systems at-large were studied globally
to gather reference data used for proposing and establishing new system specifications.
3. System activation. This included collection system operations, calibrations, controls and
evaluations.
III. Particular Points of Activating an Information Collection System
1. Calibrations and evaluations of a collection system can only be done while the system is
operating. System effectiveness and problems can only come to light when the system is in
operation, therefore, when the system is actually activated it is absolutely essential to get
feedback from consumers and information to information sources to enable continuous
regulation of the collection system so that the system can maintain normal operations.
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2. A collection system is an ‗open‘ system; closely connected to the external environment and
the intelligence system. Changes in the external environment have a direct impact on the
effectiveness of a collection system, therefore, in the process of activating a collection system, it
is important to pay close attention to the effects that external control variables have on the
structure and functions of a collection system in order to enable the collection system to exercise
good adaptability.
3. A collection system is an active society or eco-system that places high demands on
cooperation; closely associated with a multitude of activities inside and outside of the
intelligence system. Within the collection system there are extraordinarily complex nonlinear
mutual activities among subsystems. Therefore, the collection system must be constantly
perfecting itself. Its internal coordination mechanism must be studied and coordinated in
activation.
4. A collection system's operations are set up on a basis of a sequential processing of a series of
singular operational assignments; therefore, in the course of actuating a collection system, the
complex process of collection is broken down into a series of more simple collection processes,
including the assignment of people, positions and duties in order to achieve an organized
implementation - which means, in effect, reducing to a minimum uncoordinated implementations
of subsystems within a collection system and keeping them operating harmoniously in a unified
order that best assures the well being of entire collection system.
A collection system contains a wealth of matter that must be carefully studied by a large body of
DST-intelligence operators. The general makeup of the PRC DSTI collection system has already
been treated from several viewpoints as addressed above. Proceeding from the general principles,
an attempt will now be made to outline organizationally the question of how they collect. ―It is
believed that the way to conduct research and development of various kinds of highly effective
collection systems is through more rapid acquisition techniques, S&T itself, more substantive
collection science and earnest development of information science (knowledge engineering).‖
Section Two -- The Basic Process of Obtaining Information
I. Setting Collection Policy
Collection policy must be formulated according to the purposes and mission of each collection
system. Collection policy doesn't solve the basic problems of collection activities, but guides the
general principles of collection operations and inspects the criteria of collection operations.
Collection policy is determined according to the intentions of the higher authorities, their
understanding of the intelligence environment, explicit service objectives and financial
considerations. Below outlines the PRC DSTI apparatus thinking about such:
1. Administrative levels and echelons. ―The first thing that must be known when setting
collection policy is where the intelligence elements fit into the national intelligence system. If it is
to be at the State Council level, totality is to be considered; at the ministry and commission level,
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comprehensiveness is considered; and at the research institute level, the specialty is the item of
consideration.‖
2. Intelligence environment. ―When setting collection policy, the specific locations within the
intelligence environment must be thoroughly studied, such as the geographical environment or
the cooperative environment, so that the collection policy can embody the principles of
systematics and networking in order to achieve a rational layout of resources. The context of the
intelligence environment must also include the effects and actions of the information industry.‖
3. Service objectives. ―Requirements differ according to different kinds of people and different
kinds of information, for example, the kinds of information needed by people engaged in national
defense S&T management are obviously different from those engaged in national defense S&T
research. Therefore, the specific needs as determined by service objectives of the intelligence
element must be taken into consideration when setting collection policy.‖
4. Financial capability. ―Collection policy must be supported by reliable financial resources.
Two points are important in considering financial resources. One is that the information costs
inflate annually. Such factors as the natural inflation rate of imported documents, increasing
management expenses and yuan (renminbi) devaluations combine to raise prices by 15 to 20
percent every year. The other factor inflating the cost of information that must be considered is
China's material expense funds allocation system, which is set in advance and doesn't change
over many years.‖
5. "Increase product variety; reduce redundancy; distribute rationally; share resources."
Although this slogan is mouthed by every PRC DST-intelligence element engaged in the process
of setting collection policy (and everyone endorses it as the guiding policy), it has in fact, for a
variety of reasons, reportedly not born much fruit. There is the sense that funds are tight, but
there is yet a lot of redundant collection and it occurs everywhere. As the S&T management
system reforms set in, it was hoped that this situation would have been turned around.
II. Formulating Collection Plans
A collection plan is the scheduled embodiment of collection policy that not only defines specific
targets for collection operators but proposes solutions for anticipated problems. In the process of
drafting a collection plan, the following principles are observed in the PRC :
1. Foresight. ―Material resources, user requirements, the laws of statics and change that will
effect transmission channels during the course of the plan and other plan-inhibiting conditions
should be forecasted.‖
2. Systematics. ―In terms of space, the requirements for rational arrangements between elements
and the question of overall balance of various categories of information within elements must be
considered. And, in the time domain, the question of succession and serial continuity must be
considered. ―
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3. Expansiveness. ―New plans offer new development and innovations over old plans; and there
should be no feet dragging or resistance to change.‖
4. Multidimensional structures. ―Every aspect of information collection cannot be fully attended
to, and a more reasonable multidimensional structure should be defined on a more appropriate
scale in accordance with the mission and collection policy of the individual element itself in
terms of its information categories, product types, quantities and specialties.‖
5. Focus. ―Collection plans must be focused on the needs of consumers and avoid being drawn
into the quantity-oriented ‗storage center‘ mentality.‖
6. Salient points. ―The salient points of collection in the plan should be the information most
important to consumers, items of widely shared interest and those that have the most promise of
getting results.‖
7. Domestic and foreign integration. In the collection of information, Chinese and foreign
language information are equally important. Some intelligence elements pay more attention to
foreign language information than Chinese language information.
―The collection process should not be focused on the importation of foreign information alone,
but should combine foreign information with Chinese information. In differentiating situations
and making selections, some collected foreign information should be used, and some domestic,
and methods of duplication extraction and textual rendering methods should be used in the
search for answers.‖
8. Keep within financial means. ―Proceed in accordance with financial & personnel strengths.‖
III. Implementing Collection
The actual collection of information is a time consuming process that is conducted in two phases.
1. Organizational activity. One aspect of the organizational activity takes place within collection
departments, such as the organizational work of making selections, assigning studies, admitting
new members and organizing work flow. The other is the aspect of external organizational
activity. People and organizations are the sources and the consumers of information and the
transmission channels under whatever conditions can't do without people and organizations.
Therefore, external organizational activity is always to be done. It is called liaison work.
Collection operators all have certain organizational and liaison capacities.
2. Service processing. In the actual process of collecting information, every collection operator
has to do an awful lot of painstaking work; work that is necessary and practical, without which
the information basically cannot be obtained. It is by means of this work that the inherent
problems of collection, the summation of the collection experience and the sought after laws or
scientific nature of collection work should be discovered.
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IV. Consumer Information Feedback
The collection of the information and delivery to the consumer, or non-delivery to the consumer
as the case may be, having been accomplished, does not represent the end of the collection
process. An important step in the process for the PRC is the collection of consumer reactions and
appraisal of the information. This information feedback facilitates adjustment and control of the
information collection and transmission process, the progress of the collection effort, the
perfection of the collection system and the improvement of results of the collection effort. The
execution of this procedure is still cumbersome.
Section Three -- Basic Methods of PRC DSTI Information Collection
The so-called collection method to the PRC means the timely collection of information from the
information sources in accordance with their collection plan. There are many collection methods
and they can be summarized according the PRC customary practices of DSTI collection
operators as follows:
I. Assigning the Direction and Subjects of Collection
1. Directing collection. ―This means, within the limits allowed by the plan, to implement full
collection of all information produced by a certain information source, or all of certain
categories of information, or certain specifically designated information. The collection may be
directed to collect all of the London International Strategic Research Institute's research
reports; or it may be directed to get the complete sets of AD reported film information or all of
the NASA film reportage. IEEE information could be the directed target of collection; or the
directed collection may be a book title or some concrete leads supplied by a consumer as a
means to ‗get the goods‘.‖ The many foreign phone signals monitored by the PRCs overseas
commercial installations or signals of foreign TV/Cable/Satellite broadcasting stations are also
directed collection. That the PRC consumers derive DSTI intelligence from directed collection
information almost goes without saying.
2. Assigning collection subjects. This means assigning information collection according to the
area of specialty or outline of requirements appointed by the consumer, and although the
assignment may be well focused, the collection is guided by a frame of reference in which the
targets are not absolutely definitive and the information that is actually wanted lie within that
framework. Collection is therefore not an easy task and there is an aspect of randomness about it
that puts a high demand on the quality and expertise of the collection operator. Every item of
information collected in this manner will not necessarily be useful, but when a useful item turns
up, it will have positive after effects. ―Information collected that is directed at leadership
organizations or research department ‗subjects‘ fall under assigned collection subjects. Verbal
information collected through the ‗selected subjects‘ of arranged technology exchanges are also
assigned collection subjects. As (itemized) fact databases and full-text databases are developed,
the information in those databases collected through on-line retrievals directed at specially
designated questions also fall under the category of assigned collection subjects.‖
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3. Directed collection and assigned subject collection methods are mutually supportive. The
traditional "document repositories" are largely of the directed collection methodology. ―The
collection activities of S&T intelligence work should put more emphasis on applying the
assigned subject collection approach to intelligence questions and apply directed collection
efforts toward certain specially designated information.‖
II. Active and Passive Collection
1. Active collection. ―To actively collect information deemed pertinent according to analysis and
anticipation of the consumer's requirements is active collection. Active collection is difficult in
the respect that it requires the information collection operator to be very strong in the research
capabilities and specialized knowledge of the consumer.‖
2. Passive collection. ―To passively collect information in accordance with the precise and
concrete contents; even leads or clues provided by the consumer is called passive collection.‖
3. Active collection and passive collection are mutually supportive. For many years, the conduct
of PRC DSTI collection was passive, and not much use was made of active collection. Consumer
problems often arose suddenly and only then the information collection was initiated. ―The
effective way to reduce this "time lag" is to improve active collection activities both
organizationally and individually through operators and this has become a priority item for
collection departments. ―
III. Unidirectional and Multidirectional Collection
1. Unidirectional collection. Unidirectional collection means using a single channel to collect
from a single information source in response to a specially designated consumer requirement,
and this is the means most frequently encountered in actual collection work. ―The unidirectional
collection of overt information for general user needs usually satisfies the requirement. It is the
means generally used to collect classified information as well, and the need for multidirectional
collection is not great. ―
2. Multidirectional collection. Multidirectional methods may be used to collect information from
a single information source or multiple information sources to satisfy a special requirement from
a special consumer. Multidirectional methods can't be used often because they can easily result
in redundant collection. The trade-off for redundancy in multidirectional collection is timeliness
and accessibility.
IV. How the PRC Tracks DSTI Collection
For certain types of requirements, dynamic monitoring and tracking is conducted against relevant
intelligence sources and information sources and when new and useful information arises,
collection is initiated. Tracking collection is useful for obtaining quickly evolving information
(e.g. IT) and accumulating information on special topics (e.g. advanced materials; nano).
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Tracking DSTI collection is often done by the PRC in coordination with true intelligence
research or soft-science research activities.
V. Positive and Negative Integration
It is neither necessary nor possible for any intelligence element in the PRC to gather all DSTI
information systems within one collection scope; especially in view of the rapidly developing
databases of today and there is no reason for them (my opinion) to persist in simply using the
"positive" collection method. In the information age, "positive" and "negative" must be
combined, which means collecting "positive" information (e.g. discovery) and also collecting
"negative" information leads (to rule out R&D dead-ends early).
"Positive information is collected to load a database so that customers may be served by means
of the retrieving ‗positive‘ information from the database. Collecting negative leads enriches a
database by providing consumers with pointers that tell the consumer what sorts of information
other departments may have, where the information that the consumer wants may be found and
by what means it can be obtained.‖
The ‗positive-negative integration‘ method is an important revolution in the concept of collection
that gives the PRC DSTI collection operator new vistas and new vitality.
Section Four -- Information Collection Methods
Determining collection policy, formulating collection plans and selecting collection methods will
not collect actionable information without the aid of identifying specific means of collection.
I. Administrative Procedures
Information collection in the PRC is conducted through the authority of administrative
organizations and leadership and through authoritative command & control principles throughout
their DSTI knowledge base and apparatus. It encompasses such forms as report submissions,
subscriptions and allocations. In their system, the collection of documents, archival information
and programmatic information must be done through these (sometimes encoded as business
rules) protocols.
II. Economic Procedures
DSTI information collection is conducted according to the requirements of fiscal laws and
regulations, through such forms as budgetary levers and adjustments. It involves such things as
ordering of goods, making purchases and conducting on-line retrievals. Information collected
from independent (foreign or domestic) profit-making information sources must be conducted
though financial/procurement procedures using their knowledge portal. Encoded economic
algorithms are perhaps their most important and most common procedures used in present-tense
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PRC DTSI information collection…their knowledge base reportedly attempts to model itself
from Amazon.com in the sense they will see all the places they might come by a bit of
information (if already in the system), and multiple choices are displayed (if discoverable but not
in the systems) with an indicator on what might be the cheapest procurement/collection route.
III. Legal Procedures
PRC DSTI information collection is conducted in accordance with numerous laws, regulations
and social standards comparable to the United States...but in their apparatus, these are also all
placed into the knowledge base to show linkages and applicability. Collection of national defense
S&T by U.S. national defense technical intelligence centers by law is subject to the budgetary
program element or line item system that rations and compartmentalizes; an apartheid approach
as far as the Chinese reflect on it. This sort of procedure is not much used in China as might have
been the impression in economic procedures mentioned above. The PRC information collection
activity writ large reportedly has a budget constraint, but spending against it involves
cooperative/collective iterations throughout the DSTI eco-system of organizations and end-users.
The budget supposedly belongs to the national community; which is expected to share what it
also collects on their institutional budgets or commercial/industrial collection initiatives.
IV. Person to Person Exchange Procedures
Information collection is conducted through personal contacts, as in attending academic
exchange conferences, technical exchange conferences, planning, demonstration, and appraisal
meetings and through discussions between individuals. This is the procedure commonly used for
collecting verbal (eliciting tacit knowledge) information, but it is not limited to verbal
information. Participation in ‗consultative‘ activities is also a person to person exchange
procedure for collecting information. PRC DSTI collectors, especially those committing
industrial espionage, have used the guise of venture capitalist investors or simply their own
company apparently seeking mergers & acquisitions opportunities.
V. „Social Engineering Service‟ (false professional courtesy) Procedures
PRC DSTI Information collection is increasingly supplemented through the social service
attributes of global networking behaviors such as through the receipt of complimentary samples,
reports and ‗casual‘ discussions. ―Intelligence elements should be attentive to using their
attributes as information sources to spread their influence. Intelligence networking activity
should be developed. In times past the social service procedure was an important form of
information collection, had gradually fallen into disuse and now is resurgent because of the
popularity of internet environments for potential personal gain or desire for acceptance.
Workers should attempt to take advantage of the foreign motivations in these forums.‖
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VI. Telecommunications Procedures
Optical, acoustic and electronic signal information is collected by both state-owned and PRC
commercial communications facilities. These streams of information in the PRC apparatus are
reviewed, reportedly, twice; once for their intrinsic worth and then to discover how they relate to
other topics in other information streams – so all relations can be tagged. ―Telecommunications
procedures are necessary for collecting and unifying information across various, disparate
database resources at long-range.‖
VII. Other Procedures
This includes such sage procedures as legitimate on-site acquisition, eavesdropping and theft.
Section Five – PRC DSTI Selection Techniques
―The process of information collection encompasses the process of information selection and
information selection occupies every moment of every hour [i.e. on a persistent, no longer a
periodic basis]. Making good selections is the key to achieving quality accomplishment of the
collection mission.‖
I. The Intent of Selection in the PRC DSTI Apparatus
The PRCs basic intent and purposes of ‗selection‘ in the process of DSTI information collection
are: keeping costs to a minimum (affordable), getting the needed information to the consumer as
quickly as possible (effective), reducing or eliminating interference and running a smooth
(efficient) information collection operation.
―Making selections is a day to day activity in the process of information
collection, and it is not at all an easy task. The technique of selection requires
a wealth of expertise based on the collector's abilities, knowledge of
information science and collection science and previous selection skills.
Especially important are analytic abilities, associative skills, judgment and
empirical knowledge.‖
Reportedly, no matter how good they become at the job, the‘ selective reach‘ of a DSTI
collection operator in the PRC does not extend to making selections about the distilling of
intelligence (i.e. analysis and synthesis options) from the information. That is a machine‘s job
first and other SMEs sequentially.
II. The Criteria of Selection in the PRC DSTI Apparatus
As expressed above, the selection element (cost consciousness-driven?) permeates the entire
PRC process of DSTI information collection and every link in the collection process involves
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some downstream act of selection. The workings of every subsystem in the PRC DSTI collection
(and knowledge management) system for the most part are inseparable from the algorithms
related to selection. Here below is a smattering of how pervasive this has become in their
guidance to the DSTI eco-system (including end-users). The PRC philosophy is definitely not
―money is no object‖.
1. Selection of information required by consumers. ―It is not possible to respond to every
consumer desire. It is necessary to see whether the information desired falls within the range of
what ought to be collected; and whatever does fall within that range must be prioritized and
dealt with on its merits‖
2. Selecting resource materials. ―In making selections it is important to consider the accessibility
of the information, what it will cost and what will be the response time of the information source
in satisfying the consumer requirement.‖
3. Selecting the form of the information carrier. ―When selecting information categories, it is
important to consider the readability of the information; and the factors of cost and storage
conditions.‖
4. Selecting information transmission channels. ―In selecting the channels, it is important to
consider the speed of information transmission, cost, the reliability of the channels and their
vulnerability to interference.‖
5. Selecting information content. This has to do with judging the information content of the
source. ―One thing to consider in selecting information content is the special reference of the
expressed main subject of the request, and the other is whatever has relevance to the expressed
main subject. Special reference means that which coincides completely and having relevance
means having a certain degree of connectedness. At the same time, in selecting information
contents, it is also important to pay attention to whether the element already may have the
information or whether it has already been acquired; leading the question of setting up
techniques and systems for cross-checking information.‖
6. Selecting information transmission opportunities. ―Selecting transmission opportunities
mainly concerns selecting the most opportune times for the best price point rate in addition to
the most convenient and reliable transmission.‖
7. Selecting information acquisition volumes. ―In order to best satisfy consumer requirements it
is necessary to select a suitable ‗safety coefficient‘ for handling an adequate, practical and
affordable volume of information before the information is actually collected.‖
III. Difficulties of Selection in the PRC DSTI Apparatus
Selection, to be sure, is pretty tough to do, first because it has to be done in accordance with the
consumer requirement, irrespective of the sentiments of the selector. It is well known that
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consumer requirements come not only in great variety, but they can be highly idiosyncratic and
difficult to comprehend.
The second reason is because in the process of making selections, accurate judgments have to be
made as to where the information fits into the consumer mission requirement; and that can only
be satisfactorily accomplished through thorough investigation and study of the consumer in
context of known information and intelligence sources.
Thirdly, in the process of assessing the content of the information, it is difficult to make anything
more than a general appraisal of any content that is beyond the scope of the selector's own
expertise, which is tantamount to saying, the less the selector knows, the easier the selection and
the higher the failure-rate.
The difficulties described above are any collection operators' subjective reasons for the
difficulties they encounter. The PRC DSTI apparatus conducted a study and documented the
following objective causes of the difficulties that often confound their collection operators:
1. Collection policies were not sufficiently clear, ―Collectors either have no clear guidance as to
what to do in the course of making selections or interpret the guidance differently. Other causes
for that are often of a personal disregard in social nature, or they lie within the structural
weaknesses within or across operational organizations themselves. Business rules, with
involvement by the collectors, should be programmed into the databases where practical.‖
2. The explosive increase in information volume. ―The vastness of human knowledge and the
rapid increase in the volume of information and types of products is constantly expanding
selection options available to collection operators and it is making it difficult for them to master
the full range of relevant information and intelligence resources.‖
3. Knowledge is rapidly outdated. ―Modern S&T development is a cauldron of change with new
discoveries, inventions and creations being made every hour of every day. Old ideas are being
supplanted by newer ideas, and imperfect methods by more perfect methods. This applies to S&T
personnel likewise, and so to collection operators. The rapid obsolescence of their store of
knowledge makes their selection of information content less and less adequate. The fact that
collection operators are generally responsible for a broad range of specialties makes these
conflicts and difficulties even more pronounced.‖
4. The scientific language and linguistic acronym obstacle. ―The information encountered today
and in the future will be composed of language symbols used for abbreviating knowledge.
Collection operators, in selecting information content, must first recognize symbolic language.
The language comprehension of any individual collector has its limits, and not only will the
difficulties of natural language, specialized language and machine language be encountered, but
what presents even more serious difficulties are the variations in texts and degrees of writing
skills.‖
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5. Time/Utility differential. ―There is a time lag between the formation of knowledge in the brain
and its transformation into solid information. The delivery of information from the information
source to the consumer takes time, and there are time-consuming obstacles in that delivery time
that also contribute to the time differential. These two kinds of time differentials are social in
nature, and the processes of their formation are generally beyond the control of the collection
operator. It is also often difficult to produce the most desired conditions for choosing the best
time for transmission.‖
6. Economic limitations. ―The process of selection is clearly constrained by financial
considerations. The collection operator may happen upon a most ideal circumstance for making
a selection, but a lack corresponding financial support may render him willing but unable to
serve the consumer.‖
7. Problems of selection methodology. ―The conduct of selection in present-day information
collection is basically dependent on the nature of the individual, and it is directly affected by the
work attitude, quality, education and experience of the individual. There is still no widely
distributed scientific ‗selection‘ methodology and collection operators still don't give sufficient
attention to the known laws of information extraction, analysis and search [i.e. taxonomies,
classifications and ontologies] in the process of making selections. Intelligence mathematics [i.e.
bibliometrics; data analytics] is still not actually used to the degree we desire in guiding
selection activities with a degree of success we demand.‖
8. The limitations of knowledge management technology development. ―The level of selection
technology maturity and availability is too low. The needed selection technology cannot be
assured; and that will inevitably hamper the efficacy of selection process improvement
initiatives.‖
IV. Information Selection Reference Materials and Manuals
―To conduct selection activities without the guidance of collection policies and plans is like
trying to ‗cook without rice‘. It can't be done blind, nor wrested out of thin air. It must be based
on frequent investigation and study with the assistance of reference materials and reference
manuals. ―
These reference materials are diverse in form and content, scattered, not easily found and they
can be rather difficult to comprehend. DSTI collection operators in the PRC rely primarily on
their daily searches, discoveries and accumulations. Most of the reference materials they use
today include: advertisements in periodicals and on-line databases, publication notifications, new
book and electronic publication announcements, publisher's price lists, academic conference
forecasts, critical reviews in newspapers or magazines and verbal accounts from interviews with
experts and graduate students.
In order to promote sales and expand distribution, domestic and foreign information sources
periodically or aperiodically publish reference books that consumers use for reference in the
process of making selections. They include subscription catalogues, publication catalogues, new
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book weeklies (e,g, Amazon‘s Kindle and NOOK by Barnes & Noble) and cumulative book
lists. Although the primary purpose of reference-book search and book-list databases is for
researchers to investigate and find materials, it is still a convenient way for PRC DSTI
information collection operators to find leads and information sources.
―Information collection operators should regularly peruse reference books relevant to their
affairs, such as the various subscription catalogues compiled by the China National Publications
Import and Export Corporation, foreign book stores and Xinhua Book Store; reference materials
as are often used by national defense S&T information collection operators such as the ‗U.S.
Government Report Notifications and Index‘, ‗Spaceflight S&T Report‘, and ‗World
Conferences‘."
Reference materials for the selection of computer-readable information are widely scattered. The
following are past examples of the PRCs DSTI training guidance introductions to some of the
legacy reference books that were available for making selections from databases.
1. "Guide to Reference Books”. The "Guide to Reference Books" has a long history. In the
U.S. it was called the "reference consultation Bible"; the supplementary editions of which
typically enlarged their database with around 45 different computer listings of reference books.
2. "Computer-Readable Databases; a Directory and Data Source Book”. This book has been
published regularly since it was initiated by Professor M. E. Williams of the University of
Illinois in 1976. A new edition was issued every three years. It began to appear in two volumes
in 1985: the "Science, Technology, and Medical Science Volume" and the "Trade, Law, Social
Science and Anthropology Volume." The contemporary Directory, which introduces a total of
2,805 databases, is one of the most popular reference-book databases of its kind.
3. "Directory of On-Line Databases”. This book combines book lists and other literature lists
in one handy volume. It provides frequently updated descriptions of the scope and dates of every
database. It was begun in 1979 and was published quarterly.
4. "On-Line Data Retrieval Source Book”. This directory had indexes of relevant database
tables and subject titles that helped the searcher find data that can't be looked up in other
reference books.
5. "Guide to DIALOG Databases”. This directory was published by DIALOG Systems and
contained detailed discussions that were useful to PRC DSTI specialists and true intelligence
operators.
6. "On-Line Reference Aid; A Directory of Manuals, Guides & Thesauri" and the "Quick
Reference Guide." Evidently, these were/are internal PRC issuances for the community of
practice.
Nonetheless, with or without compendiums and Internet globalization (used to be called the
Extra-Net), it is worthwhile to note in the context of PRC DSTI information collection, that
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before the PRC undertook holistic reforms toward knowledge engineering of a communal
knowledge base through federation…their reference materials and books most commonly
encountered either had little to do with military or national defense S&T or the contents of their
previews were overly simplistic and could not completely fulfill the needs of China's collection
operators. The technology enablement of a collective mentality means the Chinese consider
every end-user and DSTI personnel sensors in the knowledge base. For example: ―Therefore,
front-line national defense S&T intelligence collection operators must redouble their
investigative research efforts to make daily accumulations, broaden their resources and build
their files.‖
Section Six -- Modernized Collection Operations and Computer Applications
A distinguishing feature of PRC DSTI apparatus collection modernization is the advancement
and assimilation of collection S&T itself. ―Computers are the touchstones of modern
intelligence technology, and they are the technology that will guarantee the modernization of
data collection. Computer technology is now widely used to automate intelligence operations,
particularly in the process of retrieving information, but the use of computers as information
selectors and analyzers is still in the searching and testing stage. Given the wellspring of the
human spirit, as collection operations gradually enter upon the collection S&T stage and
modernization of intelligence operations progresses, the question of modernizing collection
operations and information acquisition technology will eventually capture the attention of all
corners of our society.‖
I. The “Basic Recipe” for Modernizing PRC DSTI Collection
So-called collection modernization to the PRC means applying modern scientific methods and
technical procedures guided by collection science (knowledge engineering) in carrying out the
DSTI process and it encompasses the following aspects:
1. Making Information Collection Part of the PRC National System and Formulating Effectual
National DSTI Collection Policy
Assuming requirements are completely understood in the context of their end-users and
appropriate selection strategy has been optimized, DSTI information collection is the next step in
the entire PRC dual-use intelligence process and it is of utmost importance to their ultimate
delivery of actionable information. ―The information collector has to have strong social instincts
and be highly cooperative by nature in his milieu of intelligence departments, and the
information production, preservation and broadcasting departments. Information collectors are
not only the first link in intelligence operations, but they have close association with planning
management, product management, academic and technical exchange work, foreign exchange,
foreign trade and archives.‖ This is a holistic, beyond even a whole-of-government approach
because it involves China‘s commercial industrial base heavily; shifting away from control by
scientists in favor of engineers who support the corporate giants and entrepreneurs.
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The reality of the present is that China has not just considered bringing information collection
fully into the national system and collection policy but has already done so in a manner that
wholly comports with their present economic expansion circumstances. China may have
approached receipt for the full benefit of information collection improvement endeavors in the
macroscopic sense but not yet in the microscopic sense; as coordination among the various
departments and units was audited and deemed to be deficient. Policy and re-organizational
changes were instituted as well as key personnel substitutions. In China, one of the indicators of
modernized S&T information collection operations is whether or individual tactical collection
operations are harmonious with their national strategic knowledge management system - and whether or not effective governance, technical and administrative policies have been sufficiently
formulated and followed.
2. The PRC national S&T information collection system will have arterial intercommunications
and an interconnecting, mutually-supportive collection network.
―The targets of the national S&T information collection system must be made clear. The
disposition of its subsystems should be scientifically sound, and they should cover a vast area.
There should be a clear division of labor among subsystems, and each should have its own
particular emphasis. Each subsystem should have its own collection channels and procedures.
Overall, the national collection system should have veins and arteries of intercommunications
and an interconnecting collection network with tentacles reaching to every corner of every
area.‖
3. The PRC national DSTI collection system will use a chain of transmission links to deliver
information to its consumers; giving them maximum benefits in terms of time and technical
economics.
4. The first steps were taken in formulating a system of theoretical concepts of information
science and collection science to provide a generally acknowledged guidance for reforming
information collection and promoting the modernization of intelligence operations.
5. Applying Modernized Collection Technology
―The application of modernized collection technology [e.g. BluRay CDs can hold 50 Gigabytes
and PC USB-port data drives reach 3 Terrabytes now; China is the world leader in ICT
technologies now from chip production through sales] in information collection operations will
surely greatly raise the efficiency of collection. The contents of modernized collection [i.e.
process; semantics] technology and modernized intelligence [i.e. ICT] technology are very much
the same. They include computer, communications, networking, identification and information
processing technologies. Collection technology also extends to information production and
information transmission technologies.‖
China's collection technology, reportedly, is lagging in the degree of modernization of memory
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performance computing (HPC). The memory lag may have more to do with the fact powerful
chipsets that can be cheaply fabricated still cause a heat and processing problem for PCs. Thus
the industry, including Lenovo, moved into dual- or multi-core processors. It is only a small
matter of time before China fixes these possible constraints
Advanced internet and computing technology (e.g. IPv6; Services Oriented Architectures,
Cloud), one of the indicators of their modernization, is widely applied in PRC DSTI collection
and latter operations, but only in doing searches and testing. From another perspective however,
thanks to the military requirement and the resident commercial expertise, the degree of
modernization is quite high for information collection through telecommunications and
computer-aided reconnaissance techniques. Those two techniques got off to an early start as far
back as the 1980s and the process improvements that accompanied them was a natural
outgrowth.
In conducting a contemporary analysis of the application of ICT technologies to information
relevant for collection operations, the first thing done by the PRC DSTI apparatus was to employ
systematic methods by enlisting the aid of mathematical tools (such as operations research and
search theory, fuzzy mathematics and Bayesian statistics) and began by making a series of
mathematical models of information sources, consumer requirements, collection procedures and
extraction methods. This was to be followed by even more laborious research. The following are
descriptions of two quite useful examples of the application of computers in China‘s information
collection operations:
II. Case Study: PRC DSTI Document Acquisition Microcomputer Management Systems
1. Systems Overview
International trade, research and development in an era of globalization presented new
challenges to PRC academia, industry and government entities; all of which depend upon global
scientific and technological advances. Whereas the freedom to globally share technology can
lead to new technological, economic and intellectual development; protecting technology from
foreign disclosure can have significant implications for domestic and multi-national progress.
Under the present international export control regime, these potentially conflicting viewpoints
are reconciled through the active management of functional and non-functional requirements for
technology worldwide. To leverage their own IP protection objectives while circumventing
restrictions the Chinese find adverse to their military/economic goals, the PRC DSTI apparatus
has reportedly established a line of research towards developing a computational policy for
managing and assessing critical technology within the existing international regulatory
framework because so much of their national strategy relies upon dual-use technologies. The
contributions of this body of DSTI R&D reportedly include a rigorously defined, empirically
validated policy meta-model (expressed in Description Logic) for describing, classifying and
reasoning about what makes technology critical in the context of a global supply chain.
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Computational policies consist of a formal model based on policy semantics (information classes
and rule axioms) and descriptions of environmental state required to deduce the policy
implications of state change. Users of a computational policy can input new information as the
environment changes and receive instant feedback on the policy implications for those changes.
This concept is in stark contrast to how many policies, regulations and standards and developed,
maintained and applied, today. In this manner, the PRC DSTI apparatus is seeking to relate user
capability requirements to dual-use technologies, manufacturing/integration know-how and
process control information streams; which is a real-world problem of international import to
industry, government and academia.
The PRC point of departure for this line of knowledge management R&D was Global
Requirements Engineering (GRE) which invokes several challenges that have arisen from
globalization and off-shoring which include: coordinating distributed teams of stakeholders,
ensuring shared understanding of requirements and managing change over time. The
considerable geographic separation of their providers, sources and stakeholders introduced
complex social, cultural and technical challenges. Much of the previous volumes have outlined
all the Chinese have done to tackle those ‗people‘ and ‗organizational‘ issues.
Whereas GRE research often examines requirements for a single system (VERY important to the
PRC apparatus up ‗till now), their recent departure in their knowledge management R&D work,
reportedly, is unique because they are attempting to describe critical requirements across
multiple systems and applications. This scope is similar to legal requirements, which govern
multiple industries and requirements for product families or features. The challenge of
maintaining the momentum with their DSTI knowledge base operation, which receives
contributions globally, is also a global requirements engineering problem and thus will likely
benefit from research in distributed project and multi-site collaboration [which we know as
described in the previous volumes they have accomplished] and open-source requirements
processes [which this study has not been able to ascertain].
Documented similar research to conduct strategic requirements assessments, reportedly reviewed
by the PRC DSTI apparatus, includes work by Farbey & Finklestein and Regnell et al.; Farbey
and Finkelstein proposed strategic analysis from a skills distribution and contracts perspective to
support the claim that software, process and supply chain should be designed together
[something the previous volume demonstrate the PRC has likewise done]. In addition, they
highlight the need to sustain a network of suppliers to ensure world class effectiveness [of
importance to the PRC dual-use dependencies].
The PRC DSTI research reportedly supports this claim by: first wanting to demonstrate that
know-how, a nominal measure of skills, is on multiple critical supply chain paths that support a
path toward world class engineering innovation and, second, by identifying critical technologies
in a supply chain; any part of the PRC DSTI eco-system can assess the health of their suppliers
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for the purpose of making better investment or acquisition decisions. Regnell et al. introduced
the Quper model for requirements road-mapping to evaluate whether performance improvement
is proportional to the size of investment required to achieve such improvement. I envision the
potential PRC DSTI requirements model would be used in supplying critical information to
identify technology gaps in strategic science and technology investment; which is
complementary to the goals of the Quper model.
Because this study could not obtain an actual PRC meta-model, classification schema,
taxonomy or ontology they actually employs throughout their DSTI apparatus, other
bibiometric means were used to come by an informed inferential hypothesis of what their
dual-use interests are and how it might be depicted. Such will be detailed in a subsequent
volume of this document.
In order to save time in information collection operations, raise efficiency, reduce duplication of
labor, complete tasks that would be difficult to do manually, and get the maximum use out of the
information, the China National Defense S&T Data Center reportedly uses the latest commercial
HPC platforms for the analytics, established a ‗new‘ Chinese character system, has been
migrating archived data out of captive applications using services-oriented architectures,
experimenting with cloud architectures and created a development environment they term the
Advanced Document Acquisition Microcomputer Management System (ADAMMS); a spiral
development that can track itself back to the 1980s as a PLA and PRC true intelligence
application.
1. System Design
Because there are still certain limitations in accessing a hub in a system for use on a
microcomputer for general applications, an adequate database management system could not be
designed in the previous DAMMS program for multiple conditions on one microcomputer alone
let alone for a nation full of computers with internet connectivity. The ADAMMS design had to
accommodate the individual computer, multiple host organizational parochial systems set-ups,
data bases, tasks and special items that have to be accomplished. The ADAMMS system was
reportedly designed mainly for the following features:
The requirements meta-model reportedly shall enable the generation of critical technology
descriptions in a controlled language that represents a subset of the Chinese language. The
generation algorithm may be implemented in a web-based prototype and will have the obvious
benefit that users of the prototype can read the generated descriptions in vernacular Chinese
without receiving training in Description Logic. In addition, as users update critical technology
parameters, which in turn changes the axioms in the knowledge base, the generated description is
automatically updated to reflect these changes. The controlled language is thought to include all
three types of descriptions: critical performance parameters, capabilities and technology lifecycle relationships between scientific concepts. In their prototyping activity, these descriptions
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could be exported into the HyperText Markup Language (HTML) so that technology names can
be hyperlinked; allowing users to browse the technology life-cycle and supply chains for critical
technologies from their frame of refeerence.
(1) The document acquisition mission and specific items. The specific items of the next
generation DSTI information acquisition system are thought to be:
(a) The relevancy time span is short. The coverage consists mainly of newly published
matter and S&T reports issued within the last three or four years. Any older documents
are believed to be generally not retrievable.
(b) It has specific management items. The order number, price, origin, publisher, address,
the publication date and delivery time all have to be used in the document acquisition
system as initial data elements for cataloging. Other QA/QC or retrieval analytics are
believed to be on the drawing board.
(c) The title and organization report number will mainly used for reference look-up and the
retrieval system mainly will support complex subject search.
(2) The scale of the database has to be maintained in dynamic equilibrium. The scale of the
fusion among many repositories, databases and architectures is limited by the memory capacity
and processing speeds, so the researchers reportedly decided to prototype with information input
limited to material of the last few years. As new information is constantly being put in, the old
information has to be deleted periodically so that the database scale will be kept in dynamic
equilibrium. For a live system, it will have to do the same thing for the entire knowledge base.
(3) Full utilization of storage space. In the process of laying out the structure of the metadatabase, choosing the term length and setting up indexes, full consideration will to be given to
how much storage space is being taken up in order to leave as much room as possible for future
data input. The Cloud R&D is being undertaken partly for this rationale…to move beyond a
Services Oriented Architecture.
(4) The system must be easy to operate, have reliable stability and have fast operating speed.
2. System Structure and Functions
Once the PRC DSTI apparatus develops its requirements meta-model, such shall enable endusers, analysts and collectors in controlled environments to express descriptions of confidential
performance parameters without disclosing these specific details beyond a trusted third-party.
Figure 8 on the next page illustrates a notional environment wherein consumers within the scope
of a PRC DSTI computational policy express their confidential/sensitive performance parameters
(step A), which are then aggregated by a trusted third-party (step B). The third-party conducts an
assessment to identify the maximum or minimum threshold for a technology across all programs
in the internationally regulated dual-use environment. The threshold is published as a control to
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be used by PRC strategic governmental officials, S&T Agencies, the PLA and PRC key
manufacturers to determine if knowledge or physical components/materials needed by their
products are considered controlled or protected information (step C).
The aggregation step may prioritize information or physical components/materials that are used
in militarily critical systems or exclude other domestically-generated components, when
information of better foreign availability becomes known to the trusted third-party (step B).
Because of the systematic encoding used in their evolving DSTI semantic knowledge base, we
believe this anticipated, distributed capability will be more responsive to global econometric and
scientific environmental changes to ensure that their DSTI selection/collection practices are
consistent with PRC overarching growth policy and to tighten the bond between the PLA and
their complete industrial base.

Figure 8 - Aligning Performance Parameters with Controlled Information

(1) Database structure
In order to assure that the system will operate normally, a primary concern was the use of terms
in the database; which had to be of quite high frequency. Term strings were used based on the
initial letters of their Chinese Pinyin spellings, such as PM to represent Pian Ming (article title),
and GRZZ for Ge Ren Zuo Zhe (individual writer). In order to save storage space, the number of
terms was reduced as much as possible, some having two uses, such as PM, which means article
title, and is also the name of a conference. CBS is both publisher and conference sponsor. LYDH
is both goods-ordering number and a non-ordering-channel codename (repros & technical talks).
In order to save MORE storage space, every term length was carefully chosen. The selected
length of the PM field was 100 characters, and the title of any document with more than 100
characters was left incomplete. The part that was dropped, as far as the document acquisition
system was concerned, had no effect, and was admissible. Abbreviations were used to shorten
titles that were too long for input, such as shortening International to Intl, and Conference to
Conf, etc. Another consideration was that terms such as GRZZ would not be principle look-up
items, only reference items. Term lengths were set at 20 characters, the minimum to guarantee
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that the first author would be complete; as far as the ‗system‘ is concerned, one author is enough.
In order to improve the look-up speed, reliability and convenience for the user, the term PMDM
was entered into the database structure. It is composed of a small amount of characters selected
from an data article card according to a given procedure in order to avoid using all of the
characters for the article title look-up, the time and the input so as to reduce the error rate and
speed up operations.
(2) System Structure
The system uses modular operations, the various function modules being coordinated by a main
control module.
(a) Main control module. A system menu is displayed by which the user can select
operational functions or build system branches and links.
(b) Look-up module. The desired records are found through the specific look-up value of
each term. If the record exists, the system notes whether there are revisions, if the record
doesn't exist, the system tells whether it has been added to the database. The user can
change or add the records as needed.
(c) Tracer module. When searching for data that should have arrived but hasn't, this
module makes it convenient to make inquiries to relevant organizations.
(d) Statistics module. Statistics are kept on order forms and examination and acceptance
data. Examination and acceptance statistics are divided into conference records, books and
other categories.
(e) Bulletin module. This module sends timely notifications on new information to the
reader enabling the reader to see the new information as quickly as possible.
(f) Deletion module. This module keeps the database in order. It can delete records one at a
time, or in batches (under prescribed conditions it deletes all unneeded records at once) in
order to guarantee the dynamic equilibrium of the scale of the database.
(g) Printer module. This module prints knowledge base extracts, information order forms
and look-up service artifacts.
(h) Accounting module. Material account records made from the data in the knowledge
are put into an account record format.
(i) Budget module. This module computes the expenditure for material actually received
within a specified time; performs research analysis on the material availability or prices.
(j) Systems Administration module. This is used for knowledge base building and policing.
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3. ―Advertised‖ System Features
(1) The system is used by information collection operators of intelligence elements and libraries.
(2) It is menu driven, has strong dialog functions and is easy to use/master.
(3) The K-base has protective functions and it is easy to fix if something goes wrong.
(4) Besides Chinese; Western languages, Japanese and Russian can be viewed on the system.
(5) Can be used from any work-station, it doesn't cost much per seat and has wide applicability.
Possible Library Management Database Structure
Term
PM
PMDM
FDRQ
DHRQ
CBS
GRZZ
SSH
JGBGH
CBNY
LYDH
DGJG
DGSL
DHSL
YS
HYRQ
HYDZ

Information Category
(Article title or conference title)
(Article title code)
(Order date)
(Goods received date)
(Publisher)
(Individual writer)
(Book search number)
(Organization report number)
(Publication, year, month)
(Source number)
(Goods order price)
(Goods order quantity)
(Goods received quantity)
(Page number)
(Conference date)
(Conference location)

4. Operational Effectiveness Requirements of the System
The development of the DAMMS system was completed and put into use in November 1985.
PRC audits note that in practice DAMMS had shown that it fulfilled its intended design
requirements and obtained positive results. Thus, the ADAMMS prototype expanded on what the
PRC DSTI people thought was a useful formulary:
(1) It has to greatly increase look-up speed and save search time.
(2) It has to search in more formats. Look-up parameters have increased as have
organization-specific report attributes.
(3) It has to solve many problematical manual procedures.
(4) It must reduce duplication of labor and content.
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(5) It has to increase DSTI collection work quality and end-user effectiveness.
(6) It must increase the information utilization rate. This prototype is intended to be a push
and pull functionality.
(7) System analytics. In order to create the conditions for improving information collection
services, the total body of data in the database is available for analysis of the promptness of
delivery, publisher prices, applicable laws, etc; and the findings can be used for follow-on
improvements.
Reportedly the prototypical semantic knowledge base and collection management systems are
now being used in beta-tests throughout China. In addition to the ADAMMS development
environment at the China National Defense S&T Data Center, Guizhou University has developed
a Chinese periodicals acquisition management system as well and many other intelligence
elements, libraries and information service units are actively developing or have already
developed contributing contents in federation to the collection management systems of their own
legacy.
The use of computers for information collection management got off to a late start in China, and
the level of technology and degree of application was higher abroad than in China pre-Y2K. For
instance, The U.S. Library Automated Management Corporation had developed the LIBS system
while the TULIP system at Tsukuba University in Japan was in use as China was making the
intellectual lead away from library sciences and intelligence for the sake of information. Now, it
appears they have leapfrogged ahead. Since we have just taken a peek at where China is going in
this regard, it might be important to review IT speaking, where they came from when they were
in the catch-up mode.
III. History of the PRC Legacy Strategic Intelligence Resources Database System
The original strategic intelligence resource database system was designed to meet the needs of
the China National Defense S&T Data Center's intelligence researchers in their strategic research
on weapons facilities development, and the needs of information collection operators in
developing strategic information resources (not the entire apparatus). Its purpose was to help
intelligence researchers find the information they needed for their own research subjects as
quickly as possible; and to help information collectors to study, understand and master the
circumstances, special features and publication rules of foreign strategic information resources.
The system used the DBASE III compiler program on an IBM-PC/XT computer. It had good
man/machine dialog functions and a wide search range with clean, neat and succinct language
wording standards. It completed work that was difficult to accomplish by hand and was deemed
far more effective than the manual mode. In short, it automated what they had always done. The
original strategic intelligence resources database system was, nevertheless, the product of applied
research conducted by collection science researchers (who are advocates and participant in
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directing the ADAMMS prototype). They combined (then) new concepts in collection science
research with the (then) latest database technology (i.e RDBMS like Oracle). It was for its day
cleverly conceived, inventive, had its own interface style and was judged good practical price
value.
1. System Design Ideas Applicable to Past and Future PRC DSTI Knowledge Bases
The system will be based on the latest research results and concepts in information science and
collection science; by their experimentation or the state-of-the-art globally. Those results and
concepts will be employed in designing the system, including: both the intelligence resources
and information resources concepts that grew from legacy experience, the development of
principles concerning the particular needs of strategic end-users, maximum savings in labor,
networking concepts, directed and active collection, combining of negatives and positives and
overt open-source information that can satisfy over 80 percent of consumer's DSTI
requirements. What all this signifies is that the PRC strategic intelligence resources knowledge
base system (past or future) is the applied result of basic hard & soft science
research/engineering. In THEIR own words:
(1) [DST] Intelligence researchers' requirements are characteristically problem-oriented
and needed on short notice, unlike the forecasted medium- and long-range requirements
that are worked into a collection plan and pursued through active collection of foreign
information resources. Therefore, in solving their near-term problems they have to rely
mainly on their daily accumulations and searches done at the intelligence center and on the
collections of fraternal elements. There isn't time to fill their requirements by looking for
the relevant information from foreign sources. Therefore, a way must be found for the
"knowledge base" to clearly contain the collections of relevant elements for their own use.
(2) PRC DST-intelligence collectors are now primarily engaged in strategic R&D, and their
information requirements gradually became more and more comprehensive. Nor are their
requirements limited to military and defense matters, but their information needs extend to
aspects of government, economic, S&T, law, and research on national and international
affairs. Therefore the scope of interest of elements associated with the activities of the local
Center need to broaden the "knowledge base" and it should contain information on
international affairs and relevant organizations.
(3) Over 80 percent of all consumer requirements can be satisfied by overt, open-source
information, therefore if all of the information collected through whatever channels by all
elements were put together to form a consultation network of shared information, under
existing conditions researchers requirements could for the most part be satisfied. The
relevant elements need only to be brought into the network and then they would be happy
to lend their own information collections to the building of a collective knowledge base.
(4) One of the laws that emerged from research on consumer intelligence requirements was
the "maximum labor saving law" of consumer intelligence work. The problem they
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encounter is that after beginning the search for information near at hand, they always end
up having to search in ever farther and more difficult places. If the "knowledge base"
could select and supply everyone with the subject-title record of the information collected
by many organizations sharing common interests, it would greatly reduce the time and
energy of their information searches. One of the ideas incorporated in the "knowledge
base" design was to satisfy psychologically and in actuality the consumers' needs expressed
by this law of intelligence work.
(5) Although the legacy system works on a microcomputer and doesn't yet have full text
storage for the amount of information we have arriving daily, there is no great need for
that, and to build an intermediate intelligence resource knowledge base amenable to the
spirit of saving time and effort and satisfying the needs of researchers is something that can
be done. The data collections of all associated elements in the "knowledge base" are all in
the form of subject-title records that only provide a lead to the information. It is not
duplicated storage, and whenever necessary the record can be borrowed for viewing by the
relevant element. This is again the collection policy of combined positives and negatives.
(6) When it is necessary to do active collection, or when the collector is specifically directed
to proceed further with current collection, then it is clearly understood, with no
uncertainties, that the search needs to progress to domestic and foreign information
sources, be it an "organization" or a "scientist”. The "knowledge base" is to be used as a
reference book; it ascertains the existence of relevant information sources and the relevant
information.
(7) The arrangement of the data items in the "knowledge base" should be based on and
reference the information as described in the conjoined "intelligence resources" and
"information resources” research.
(8) Inasmuch as the "intelligence resources" and the "information resources" are dynamic
in nature, the "knowledge base" system should be designed to function dynamically, and it
should be easily revised and expanded.

2. Inferred PRC DSTI Knowledge Base System Structure and Functions (from above)
The prototypical PRC DSTI strategic knowledge base system reportedly will be composed of
four sub-databases in the structure depicted in the following outline.
(1) The Collection of Relevant Information from Domestic Information Resources by the SubDatabases
The knowledge recorded in these databases are not for the data kept at a local Center because
that data is at hand for machine or manual investigative lookup and retrieval. What they record
are the leads to the data collections of other information resources (meta-analysis and metamodeling) that are of interest to intelligence researchers of the China National Defense S&T
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Data Center and the broad consumer basis. The data leads contained in the sub-databases have
been reportedly selected, collated, processed and keyed to the governmental, economic, military,
S&T and legal aspects of emergent strategic issues. They are thought to contain a minimum
cataloging consisting of eight data element attributes: collection element responsible, document
search number, title, translation title, author, year of publication, page number and subject.
They can display and print all of the new relevant data leads for the collection of any element and - according to the subject, year of publication and author, they can display and print the data
leads in a sub-database that fall within the range of that subject, year of publication or author. If
the consumer already knows the title, the consumer can find out what domestic element has that
material, and the consumer can go to the relevant element by means of the document search
number and ask to view the material virtually.
―Sub-databases are mainly for the use of intelligence researchers, and they are also of value for
the collection operators' understanding of the circumstances of the collections of other elements.
Consumers can peruse the data in another unit's collection without leaving their own areas, and
they can determine their own needs, making their work so much easier. It speeds up the delivery
of information and markedly increases the information utilization rate.‖
(2) The Sub-Database for Domestic Information Resources
This database provides an understanding of the services of domestic information resources
(intelligence organizations and research units) that relate to the affairs of the China National
Defense S&T Data Center and it is convenient for making contacts, collection, and requests to
review material. It reportedly contains nine cataloging attributes: organization names, addresses,
telephone numbers, responsible persons, nature of missions, service organizations, collection
data, magnetic tapes and publications. It can display or print its data resource items according to
locations or names of organizations.
(3) The Sub-Database for Foreign Data Resources
This database is primarily for the DSTI collection operator's understanding, research and
development of relevant foreign data resource services and it is also of value to intelligence
researchers in learning the activities of relevant organizations and circumstances of publications.
It holds the daily accumulations of the research efforts of collectors and their files. After any
year of assiduous effort it can serve as a reference book.
This database contains 12 catalog attributes: organization names, addresses, cable and telephone
numbers, histories of changes and developments, nature of missions, distinguishing features,
leadership organizations, financial circumstances, primary activities, publications and databases.
It can display or print out certain data resource items according to locations and names of
organizations.
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(4) The Sub-Database for Eminent Foreign Persons
This sub-database is set up for learning the circumstances of foreign authors, specialists and
academicians. It reportedly contains names and surnames, sex, biographical notes, work and
home addresses, occupations, achievements, writings, range of primary activities, recent work
circumstances and whether they have visited China. It can display or print out all information
according to name and whatever the database contains according to special subject category
numbers, and the circumstances of all persons engaged in any special activity.
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PRCs First Views on the Study of Intelligence, Information and Collection
Section One -- Brief Review of the Development of Information Science
The best modern-day use of open-source DSI was performed by R.V. Jones for the United
Kingdom in WWII where he was credited with the discovery about Nazi nuclear R&D and the
implications thereof. This far preceded the recorded appeal by Dr. Albert Einstein to President
F.D.R and the Manhattan project. Later, Roosevelt tasked his science advisor to model a program
for the United States based on the work of Jones (all of which I won‘t re-account here). Much
after that plan for a S&T-I apparatus was set up in the U.S., something else noteworthy happened
from the same individual.
The origin of applied information science VISION can be traced back to 1945. Vannerar Bush,
Director of the U.S. Bureau of Scientific Research and Development, released an article entitled
"As We May think‖. For the first time, the role of scientific information in large scale R&D (to
drive innovation) was revealed. A concept outlining a prototypical, mechanically reduced
literature index system (Memex) was introduced. Since then, scientists around the world began
to pay attention to information. A number of famous scientists gathered in London in 1948 to
hold the first information science conference.
The meeting was sponsored by the Royal Society and had a great deal of impact. In 1958, an
international information science conference was held in Washington DC, sponsored by the
National Science Foundation, the National Achieve Society, the American Academy of Sciences
and the American Scientific Research Evaluation Committee. The foundation of information
science was laid down in these two meetings. During the next 60 years, the development of
information as a science can be discussed in five stages.
First phase (1950s-1960s): limited applied research. Most of the topics dealt with the
sharp contradiction involved in the production, supply and utilization of information,
exploring theories and methods to look up information and establishing information
organizations that provide the optimal service. In addition, issues related to information
users and their demands were also investigated.
Second phase (1970s): application of new technology. Due to rapid advances in
electronics and communications, the use of new technology in information was put on the
agenda. During this period, the major projects included using mainframe computers to
establish a domestic literature processing system, establishing various databases and
networks for online search, automation, studying the design, evaluation, interconnect and
compatibility of automated information systems and assessing the impact of modern
information technology on conventional intelligence work, as well as its social, economic
and political influence.
Third phase (1980s): basic theoretical research. In this period, the focus was basic
theory in all countries. In developed nations the focus shifted from "design and
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development" to basic theory. During this period more in-depth work was done on
networking of information systems, automatic categorization, automatic indexing,
machine translation, etc.
Fourth phase (1990s): another cycle of applied research. Much was done surrounding
standardization, classification, semantics, taxonomies, logic and ontologies in terms of
advancing philosophies, methods and techniques.
Fifth phase (2000s): another cycle of new technologies. We know what they are.
Sixth phase (2010-?): should be back to basic theoretical research. The technologies will
be aligned with the latest validate applied research on the subject. Consolidate gains;
economies of scale produced and documenting implementation lessons‘ learned.
Section Two -- Current Thinking on Intelligence, Information, and Collection
I. Intelligence
Intelligence is a not a new discipline but DSTI information practices are still being developed
cyclically as mentioned in the previous section. Evidently there is not a universally acclaimed
definition. Russian professor A. H. Mihaylov believed that DSTI is a science that "studies the
structure and basic characteristics of information and the general pattern in scientific
exchange". T. Saracevic, an American information expert, believed that DSTI is a science that
studies human communications and the characteristics of communication systems. British
information expert Brooks considered DSTI a study of the action and reaction between "World
2" and "World 3." In 1979, the International Standardization Organization (ISO) introduced the
definition that DSTI is the study of the function, structure and transfer of information and the
management of information systems. In China, the "basic glossary of information and
documents" defines DSTI as a study of the theory, pattern and method of acquiring, transferring
and using information; and of the management of information systems.
Theories about information came from actual practice. Furthermore, they have fallen far behind
actual practice – which is the genesis regarding my prediction for the sixth phase. Assuming it all
did start in 1945, it has been around for more than 60 years. Has it become an independent
discipline? There are different views in the international community although doctoral degrees
are conferred in knowledge engineering now. With the exception of a few people such as E.P.
Semenyuk of Russia, the majority still believes that information has not yet become an
independent discipline because theories must be relevantly established before a subject becomes
an independent discipline. Theories of information are evolving at the present moment.
According to V.M. Kedrov et al. of Russia, the following four conditions must be met to
establish an independent discipline.
1. Define a specific subject to study.
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2. Establish a conceptual system.
3. Illustrate basic laws intrinsic to the subject to be studied.
4. Create principles and theories to explain facts.
Recently, Semenyuk presented a paper around Y2K to the Russian Federation Academy of
Sciences and argued that all the conditions for information to become an independent discipline
have been met. First, there is a clear subject to investigate in information, i.e., scientific
information and its exchange. Second, there is a conceptual system concerning its subject. Third,
basic laws governing the subject have been demonstrated, such as Price's law of the exponential
increase of documents and Bradley's law of dispersion on publication. Fourth, a number of
principles and theories have been established to interpret many facts, such as the principle that
scientific exchange and information activities have social, economic and cultural constraints.
Fifth, there are unique methods to study information, such as the ‗blank analysis‘ method.
However, Professor V. Slamecka of the United States believed that there is a considerable
distance for information to become an independent discipline. He briefly discussed the progress
in information in the past 20 years as follows.
(1) As a scientific movement, it does not have a unified structure

(2) As a discipline, its nature is not yet defined
(3) There is a lack of core standard
(4) Most of the study methods come from other mature disciplines
(5) The majority of the activities are focused on practical issues
(6) The objective in most cases is pointed toward applications
Brooks of the United Kingdom believed that information is still drifting in the sea of practicing
common sense. Philosophically, information neither has a well-defined position nor a theoretical
basis. Krauss et al. of the former Democratic Republic of Germany believed that information
was still mainly limited to applying knowledge from other disciplines to solve practical
problems.
China is in agreement with the latter type of scholars. The status and unique features described
above indicate that information is not yet an independent discipline. Its theoretical system is still
evolving. Finally, let me quote Qian Xuesen to end this section.
In July 1983, he was the first person to say: "S&T intelligence must be treated as a scientific
discipline. To do a good job in this area, we must build up this discipline in China. We no longer
treat defense S&T intelligence as a task. It must be considered a scientific discipline". And,
"Why don't we spend two years to devote to defense S&T intelligence‖. Nevertheless, contrary to
his wishes, very little progress was made. Six years later, Qian Xuesen wrote: "I proposed to
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create a discipline to study information six years ago called knowledge and information
activation technology. An academic discussion group was initiated, but it stopped in six months
because most participants were not interested". In 1989 Qian Xuesen wrote: "This type of
conservatism originates from society. To a large extent it is because there are too many issues
concerning the environment we live in and the orderliness we live by. It is difficult to motivate
people". Hence, Qian Xuesen put his hope in the 21st century. He wanted the intelligence
community to welcome the 21st century by devoting itself to the study of defense S&T
intelligence. Although it took longer than he desired, I believe I can say here unequivocally that
they have!
II. Information
According to the PRC DSTI apparatus, S&T intelligence can be divided into four areas. First,
information needs to be gathered. Second, information needs to be organized according to a
certain order and a knowledge base needs to be established. Third, information needs to be
indexed for ease of access. Fourth, information needs to be analyzed or studied. According to the
custom of the Chinese technology intelligence community, the first three are considered ―data
handling‖.
In order to transfer information and acquire intelligence, there is a need to gather data. As
information becomes a topic, people are interested in conducting scientific research on
information, especially given the sharp contrast between the "information explosion" and
"intelligence poverty". Objectively, there is a need for information workers to provide an
effective and scientific method to satisfy the growing need for information. As mentioned earlier,
in the 1950s-1960s information workers explored the principle and method for information
indexing and the preparation and evaluation of abstract indexing publications. In the 1970s the
use of a mainframe computer to provide dumb-terminal ―on-line‖ search by networking with
various databases, which belonged within the domain of information, became a central subject in
the field of information with remarkable success.
The study of information materials started at almost the same time as information studies, but it
was not recognized as a discipline. Because information materials are tied even more closely to
day-to-day practice, or they are even more highly specialized, or the study subject is even more
specific, it appears to be more mature in certain areas; especially in applications such as
information indexing, data labeling (by subject; by category), glossary, etc. From the standpoint
of building an intelligence organization, in the data field every nation more or less follows the
same model. There is very little disagreement. Of course, as a whole, there is a lack of a
theoretical concept framework. It is still focused on applied research. The majority of the work is
directed toward solving practical problems. These are facts facing people working in this field.
DSTI information work is a spin-off of library science. It has benefited significantly from library
science. Methods such as indexing and abstracting are very successful because they are the
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foundation of library science. However, it is also severely restricted by library science. For
instance, a library is a "house of books" and its collection should be "large and complete."
Hence, collection plays a very minor role, otherwise known as "purchasing‖. Over the years,
anywhere in the world, very few people ever performed any in-depth research on data collection
in a scientific manner that was multi-disciplinary in scope and reach.
III. Collection
For the fields of intelligence and information science it is possible to list the subjects, contents,
methods and theoretical structures being studied by various scholars. However, the field of DSTI
systemic collection is lagging far behind. There is a lack of content even for research on
collection. One day as part of this study project, I was flipping through various business
intelligence, information engineering or knowledge management journals on-line and out of a
total of 500-600 screen pages accounted for merely a dozen pages I deemed applicable to this
issue. Furthermore, there is an apparent lack of variety even with what I did find. It seems that
everyone follows the same principles of specificity, accumulation, prediction, planning,
purchasing, exchange, requesting, on-site searching and duplication.
A profound scientific investigation of DSTI collection began in China; seeking to build it up as a
discipline occurred in the past decades. Professor Qian Xuesen, as I mentioned before, made a
great contribution. He laid the foundation for this discipline in China. In a PRC defense S&T
intelligence meeting held on July 2, 1983, he pointed out with foresight that "information
collection is a science that needs to be rigorously studied". Since then, PRC S&T intelligence
workers and information collectors put more effort to "deepen" their understanding of collection.
Thus collection studies began and continued; and continued; and continued. Knowledge
Engineering and Management, as applied to DSTI ―science‖, is not in its infancy any longer, but
it will take at least a few years, if not a decade or perhaps until the middle of the 21st century, for
collection to become an independent discipline.
In their own words, PRC DSTI collection research has the following characteristics.
1. Most research projects are work-related; i.e., collection is treated as a task, rather than a
science. Although there are a few research projects, most of them are specifically focused on a
process or link. From the system standpoint there is more instances of high-level research.
Although this type of research can solve some practical problems, it is beginning to have a major
impact on the profession as a whole. Collection is being impacted by social progress. Overall, it
is in an "ultra stable state." Only in recent years, as national S&T system reform deepens, with
reduced or level funding for information expenditures, it is becoming more difficult to manage.
2. To initiate a study of collection and its related tasks the first problem encountered is
information gathering. There are no mature and reliable methods. First, the task of collection
depends strongly on social connections. It often involves multiple channels and multiple nodes.
Therefore a collector cannot experience the entire process of information collection. An
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individual or a group of people in a certain department cannot control all information.
Furthermore, due to interference from either social or human factors, even with partial
information in hand, it is difficult to extract false information and then establish either a
mathematical or physical model based on true information. Information collection and truth
screening are far more serious and complex than data sequencing, labeling and indexing. This is
caused by the unique situations encountered in information collection. They are the "high
thresholds" preventing the study of collection as a science. All collectors from various
departments must cooperate fully to solve this problem. However, due to differences in
understanding, collection research is highly uneven in different departments. Some departments
are not interested at all. It appears it will take a long time for this issue to be resolved.
3. As far as study methods are concerned, traditional methods used in information and library
science still apply. It begins to "borrow" or "modify" techniques used in other disciplines at an
increasing rate. Of course, there is a lack of uniqueness. Most people are still using a direct
descriptive method to qualitatively describe what actions are taken and how the work is being
done. Or it is a qualitative explanation of practical experience in information collection. In
conclusion, the most commonly used methods are limited to experience-based surveys and
statistics.
4. Some scholars and collection workers have realized that general principles and laws to guide
and explain collection must be further derived from a philosophical level. Some beneficial
investigations have begun. Certain opinions and concepts have been introduced. Although these
viewpoints are not mature enough to be accepted by the general public, it signifies some progress
in the science of collection. It propels the study of collection science into the sixth phase.
Section Three -- Comparison of Study Subjects in Intelligence, Information and Collection
As discussed earlier, one of the premises for an independent discipline is a clearly defined study
subject. Let us understand and compare the subjects to be studied in intelligence, information and
collection as follows.
I. Subjects of Intelligence
As far as intelligence and its study subjects are concerned, there are numerous definitions and
some are distinctly different. They are given by information scholars and operators with a variety
of experiences, knowledge backgrounds and targets. A number of classic methods to define it
were described earlier. The PRC advocates of knowledge engineering pronounced a semihumorous note on this: ―Collectively, we have an idea. Regardless whether so-called
‗intelligence research‘ work should be included as a part of intelligence, we should use a novel
approach to observe intelligence both laterally from a social perspective, as well as
longitudinally from a historical perspective based on more than 4 decades of experience in S&T
intelligence in order to gradually create theories and form a branch of intelligence with Chinese
characteristics. Some call it information science, others call it intelligence science. Why not call
it ‗informagence‘ science.‖
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Under the premise of separating intelligence from information, let me name the ―science‖ to
study DSTI information as knowledge engineering. Another way to express it is to call the study
of S&T intelligence and its processes knowledge management. Specifically, it is the study of the
patterns, principles and laws related to S&T intelligence including: its concepts, attributes,
structures and functionality; as well as the processes of creation, transfer, exchange and
absorption. S&T Intelligence has two branches, i.e., collection and analysis. The former includes
information collection, sequencing, indexing and retrieval.
II. Subjects of Information
There are similarities between what the PRC refers to as "information" and what the other
countries‘ intelligence community refers to as intelligence work. It is close to information and
communication. Nevertheless, it is definitely not equal to documentation. Can the science and
technology used to study information be called information science? In other words, is the study
of information and information flow processes a science?
Specifically, information science is the study of patterns, principles and laws related to the
concepts, attributes, types and functionality of information, as well as the processes of
information creation, transfer, flow and utilization. Obviously, compared to intelligence, the
subject and contents of information science are a subset of those in intelligence science…China
made that intellectual calculus. They see intelligence way beyond the activity of doing
intelligence as a function.
III. Subjects of Collection
Data collection is a technical discipline and warrants additional research. Can the science to
study data collection be called collection science? In other words, is it appropriate to call the
study of information collection and information collection process the science of collection?
Obviously, collection is a branch of information. The subject and contents of collection science
are a subset of those studied in information science. In one field, the focus is on "commonality"
while in the other the focus in on "individuality". Of course, compared to intelligence science
they are even a smaller subset.
The science of collection studies intelligence sources, information sources, the needs of
intelligence users, transfer channels, collection techniques and basic theories of collection. The
core contents include intelligence sources and collection techniques. Collection science does not
study laws and methods related to information activation and extraction because those are areas
covered by intelligence analysis. The basic objective of information collection is to obtain
information required by the clients.
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Section Four -- Disciplinary Characteristics of Intelligence, Information and Collection
Because information and collection are branches of intelligence, we must first discuss the
disciplinary characteristics of intelligence before we investigate those of information and
collection.
I. Disciplinary Characteristics of Intelligence, Information and Collection
According to conventional academic thinking, is ‗information‘ a social science, a natural science
or a technological science? There is no agreement among scholars around the world. The PRC
philosophy attempted to derive its posture from other Communist/Socialist impresarios; whom
they believed had a head-start on knowledge engineering, the DSTI potential thereof and were
adversaries with the United States capitalistic ―system‖. Professor Mihaylov of Russia believed
that information belongs to the domain of social science because it studies "phenomena and laws
unique to humans". Russian Academy Fellow Ershov believed that "information is a natural
science that studies the transfer and processing of information". F. K. Klaus of the former
Democratic Republic of Germany believed that "information is a discipline on the periphery of
natural science, social science, engineering and science". The majority view in China agrees
with that of Klaus et al.; in China, although some people believe information belongs to social
science and others consider it a management science, most people believe that "information is a
comprehensive applied science that borders natural science, technological science, and social
science". A different view was presented by Qian Xuesen on August 7, 1984 in a national
discussion meeting on thinking. It was introduced for the first time that "information is an
applied science in the domain of thinking‖.
A.A. Dorovnichyn of Russia introduced yet another new concept. He believed that "like
mathematics, information is a methodology". Mathematics is the slave of other disciplines.
Intelligence is also a slave. Its mere existence is only to help other disciplines. It does not study
or create any specific matter or natural process. Rather, it provides methods for other disciplines.
This is a unique viewpoint. Let us discuss the Chinese understanding and viewpoint as follows:
Modern science and technology have developed into a closely related entity with numerous
disciplines. This entity is a system that needs to have clearly defined layers and departments.
There is a need to pinpoint the position and layer of a modern topic in this ‗system‘ in order to
study its disciplinary properties. To pinpoint the position of information in modern science and
technology, we must first clarify whether it is an independent discipline or a subset of other
disciplines. In reality, information is still a new area. It may not yet have evolved into a complete
discipline. Its theoretical system may not yet have been fully created. In organizations, it is not
managed as a separate ‗department‘. From the standpoint of its study and contents, it is not
appropriate to assign it to either natural science or social science. Information and information
materials have developed into large-scale enterprises in all countries. Information is a powerful
tool to understand the world objectively. It is an extension of the human brain and the five
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senses. It is attached to human thinking and belongs to the domain of cognition. It is a very
powerful methodology. Hence Qian Xuesen was profoundly correct to put it under the science of
thinking. The science of thinking is a science that studies laws and methods governing thinking.
Although still in its journeyman stage, Qian Xuesen predicted that there would be a Chinese
Academy of Thinking in the 21st century. Thinking, social science, natural science, mathematics,
system science and the human body are the PRCs innovation ―vital organs‖; the six subsystems
of modern science and technology. From their experience gathered in the past 100 years in their
scope of innovation, they further divide these six subsystems into three layers, i.e., basic science,
technology and engineering; based on whether it either directly or indirectly impacts on the
objective world. Longitudinally, in which layer does intelligence belong? PRC actual
experience showed that on one hand intelligence is the application of basic sciences such as
thinking, information and culture (i.e. the study of creating intellectual wealth). On the other
hand, it involved engineering and technology including: analysis, data handling techniques,
databases and design of information structures/systems. Hence, it belonged to the technology
layer. Its disciplinary characteristics were found to be similar to those of control theory,
operational research, applied mathematics, applied mechanics and electronics; which all belong
to technology.
Transversely, DST-intelligence is most appropriately placed as a cross-sectional discipline. This
is determined by its study subject and research contents as the Chinese view them. Unlike other
disciplines, DST-intelligence research is not the study subject itself. Instead, it is a study of
commonality among phenomena and general motion of processes. Rather than the specific
characteristics of various subject matters and processes, intelligence is the study of the laws
governing the transfer, processing, activation and utilization of information produced by the
subject matter as it develops. In other words, intelligence is situated in a position where various
disciplines, including natural science, social science and human body science, merge. It
provides a common method to all disciplines how to effectively gather, store, index, activate
and utilize information. This is very important to discerning how the Chinese interpret DSTI.
Committee member Gao Yisheng of the Chinese Academy of Sciences complained in a meeting
that "one problem is the huge amount of information. How can we grasp what is most critical?
We need intelligence workers to teach us some effective methods". This illustrates that
intelligence is a methodology to the PRC DSTI apparatus. It also proves (from a different angle)
that intelligence is a cross-sectional discipline; similar to mathematics, information theory,
system theory and control theory.
In conclusion, the majority of the PRC DSTI apparatus believes (and most importantly their
leadership directs) that intelligence belongs to the subsystem of thinking. Longitudinally, it is at
the level of technology. Transversely, it is a cross-sectional discipline. Since information science
is a branch of intelligence to the PRC, its disciplinary characteristics are similar to those of
intelligence as well. It also is considered both a technology and a cross-sectional discipline.
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Furthermore, information science to the PRC is a combination of their fundamental disciplines
such as logic, decision-making and culture. In addition, the PRC has used such as the theoretical
basis for techniques such as information creation, data acquisition, data sequencing, database
construction, data retrieval, data transfer and data flow. Furthermore, intelligence as a function
transversely supports other disciplines by providing proven applied theories and methods for data
acquisition, data processing, data retrieval and data utilization. Similarly then, DSTI ‗collection‘
is to the PRC both a technology and a cross-sectional discipline. Certainly, from the operating
standpoint, collection may be more involved with management and coordination than indexing
and retrieval. However, collection is not a management science to the PRC DSTI apparatus;
rather, it is a knowledge engineering & management endeavor.
II. Query the Theory of "Peripheral Discipline"
Very few people in China consider intelligence and collection as social sciences. However, quite
a few people believe they belong within the domain of ‗peripheral‘ disciplines; albeit they now
address it as a discipline in its own right. What is a peripheral discipline? There are numerous
ways to create a peripheral discipline. Basically, there are two expressions. One is the creation of
a new discipline in an area where two related disciplines cross over, such as biochemistry. The
other is to use the theoretical methods of one (or more) discipline to study the subjects in another
discipline. For instance, the laws of physics are used to study the motion of heavenly bodies to
create astrophysics. However, intelligence and information are not quite the same. The subject
matter is not the specialty of the discipline. In other words, it is not a study of either the state or
the motion of matter. Instead, it discards specific features of various disciplines, matter,
phenomena and processes to study their common patterns, theorems and criteria in an abstract
manner. Hence, it cannot be called a peripheral discipline.
Of course, intelligence is a phenomenon. System theory, information theory and control theory
have permeated into intelligence and information science. Some physical principles and
mathematical methods have been applied in intelligence and information research. Nevertheless,
they cannot be used as bases to determine the academic characteristics of intelligence. Since
system theory, information theory and control theory can be used to study a wide range of
subject matters, they have powerful methodology capabilities. Since new technologies such as
cloud computing can be used over a wide range, they can provide excellent technical protection.
Just because of the fact that the theories, methods, and techniques described above are used to
study population, it does not arguably make population science a peripheral discipline.
In addition, intelligence should not be considered a peripheral discipline simply because the
subject matter and contents of intelligence and information involve both social and natural
sciences. In essence, it was not developed as a result of cross-over permeation between social
science and natural science. The PRC DSTI apparatus elected to review the academic
characteristics of intelligence, information and collection from the standpoint of their
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significance. As we know, a leap of understanding of the objective world is considered a
scientific revolution. A leap in changing the objective world is a technological revolution. Then,
once a leap in the understanding of intelligence and its process, or collection and it process, takes
place, is it a scientific or technological revolution? This question caused the PRC DSTI
apparatus to reflect circumspectly on the peripheral discipline argument and instead take the
technology argument into consideration more profoundly.
Section Five -- General Methods to Study Intelligence, Information and Collection
Any discipline has its own unique methods. Many of DSTI information methods are either
derived from library science, or transplanted from social science and natural science. It takes
more hard work and further investigation by all those in the field of intelligence and information
to advance and perfect a methodology. The PRC has been pursuing this for as long as this author
has spent as a working adult.
I. Commonly Used Methods
1. Terminology Analysis
Before attempting to solve any problem, a person working in intelligence and information should
have a clear definition of each term and the concept it represents and gradually build up an
understanding of the relationship among different concepts in order to stabilize the viable
positions in the theoretical system. Defining basic (key) terms is helpful to form various
assumptions, which is the basis of research. In light of the fact that theoretical concepts lag in
DSTI, this is a highly practical method which was undertaken by the PRC apparatus.
Marxist-Leninist epistemology believes that a concept is an objective reflection of the nature of a
thing or a phenomenon in words. A specific word (or phrase) to describe a concept is a ‗term‘.
Using terminology analysis to define the meaning of a term is to illustrate the content; as well as
outlining the most important and essential characteristics of the concept. Terminology analysis
in the PRC usually goes through these following four stages.
First step: Pick terms of interest to the task as initial preparation work.
Second step: Collect all the information on the term possible. Collect information from all
possible aspects to build the ensuing analysis on a solid foundation, rather than limiting the
outcome by the data collected. Information should be collected from special papers, theses,
dictionaries and handbooks.
Third step: Perform terminology analysis to determine the concept and most essential
characteristics of the term. Rigorously read through the information gathered and extract
anything that describes the term. Deliberate and compare repeatedly to find differences and
contradictions, and write down all the questions. Use it as the basis to perform terminology
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analysis. The initial review, from the standpoint of materialism (See Karl Marx), is to analyze the
term from a historical perspective in order to understand any changes of its definition along with
the formation and development of the concept. History itself is also evolving as well, so the
second iteration performs an etymological analysis to understand the original meaning of the
term and possible interpretations. The third iteration performs a comprehensive contrast analysis
to extract the ―essence‖. ―Taking your actual work experience, and the status and prospect of
intelligence science into consideration, introduce your own assumption of the concept and
essential characteristics of the ‗term‘ or ‗derivative‘.‖
The fourth step is to put their own "terminology assumption" into practice to see whether it can
adequately explain various problems encountered in the real world. They examine whether it is
properly placed in the theoretical concept system, find contradictions and correct them. Finally,
they more accurately express the ‗concept‘ and essential characteristics of the ‘term‘ or give a
definition to a newly-derived term.
In this book, the concept definition of "intelligence source" and the derivation of "information
source" are useful examples of terminology analysis.
2. Concept Inference
PRC concept inferences are based on the dialectical materialist theory of methodology.
Dialectical materialism is a strand of Marxism, synthesizing Hegel‘s dialectics, which proposed
that every economic order grows to a state of maximum efficiency while simultaneously
developing internal contradictions and weaknesses that contribute to its systemic decay.
Philosophically, dialectical materialism — that Man originates History through active
consciousness — was originated by Moses Hess, and developed by Karl Marx with Friedrich
Engels. Moreover, Joseph Dietzgen developed the hypotheses of dialectical materialism
independent of Marx, Engels and Hess. In Marxist philosophy, the proposition that dialectical
materialism is the philosophical basis of Marxism is disputed regarding the ideological status of
science and naturalism in the philosophy of Karl Marx. Dialectical materialism is essentially
characterized by the thesis that history is the product of class struggles and follows the general
Hegelian principle of philosophy of history. By contrast, Marx's dialectical materialism considers
history as a product of material class struggle in society. Thus, theory has its roots in the
materiality of social existence.
On this basis, the concept to be analyzed is compared to the fact, phenomenon, or event. In
simpler terms, ―concept inference‖ is to find a more specific experiential mark of a concept after
the definition of the term is determined by terminology analysis. These ‗marks‘ should be visible
and measurable. They provide the material basis for the concept underlying a ‗term‘. ―Upon
completion of the research work and after obtaining new information; you should analyze and
understand the concept of the term at a higher level to make the definition and connotation of the
term more accurate, enriched and comprehensive.‖
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In the study of intelligence, information and collection, abstract concepts are often encountered.
It is difficult to directly link these abstract concepts to facts, phenomena and events encountered.
Hence, it is hard to measure and it is necessary to "decompose" a concept into various
components in order to convert them into measurable ―markers‖ in the real world of intelligence.
But by doing so, it is then possible to collect more information and information for either
qualitative or quantitative analysis to allow the research to dig in deeper. It will make the concept
more complete through feedback signals.
In PRC intelligence, information and collection research, concept inference is a commonly used
method. Let me use an example to explain the PRCs steps and specific procedures to implement
concept inference. Assume that there is a need to study the "reading skill" of various groups of
readers. Since "reading skill" is an abstract concept, it is often very difficult to collect any
information that is a direct measure of "reading skill‖. In this case, concept inference is useful in
such research. I will use take same four steps outlined prior from the PRC DSTI apparatus:
Step 1: On the basis of terminology analysis, find a number of specific concepts (lower level)
that determine "reading skill" to some extent.
In this example, "reading skill" may be decomposed into the following specific concepts
including: "reading contents", "book list knowledge", "systematic and continual nature of
reading", "capability and skill to select specific information", "capability to grasp and profoundly
understand the contents read", "capability to apply knowledge contained in the information in
practice", "reading hygiene (i.e. experience and techniques to promote effective reading)", etc.
Step 2: The concepts described above (in whole as well as in common) form the concept of
"reading skill". In any study concerning "reading skill", it is necessary to pick some of them.
In some cases, it is necessary to choose more of them and in others less. The selection is
dependent on the subject matter and objective of the study. Hence, the second step is to select
specific concepts that are meaningful, important and relevant to the direction of the study, and
are necessary to accomplish the objective of the task. These selected concepts can then be the
characteristics of the abstract concept of "reading skill".
Step 3: This step can be summarized as a determination of the experience characteristics of
"reading skill".
Experience characteristics are the final characteristics of the concept "decomposition" process.
These are visible and measurable features. Based on these features, a judgment can be more
precise. Let us use "reading range", i.e., the first characteristic of "reading skill" as an example. It
can be further "decomposed" into the following experience characteristics:
(1) contents of reading;
(2) hours spent on reading;
(3) quantity read;
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(4) purpose of reading;
(5) difficulty of materials read.

Once experience characteristics are identified, it is possible to apply a number of suitable
methods to monitor and record facts and information. For instance, reading contents can be
determined through an analysis of the materials checked out. Reading hours can be measured
through reader surveys, or by observation.
Quantity read can be surveyed or analyzed by reviewing library cards. Reading purpose can be
determined by interviewing readers, or analyzing the contents and assessment of the information.
The difficulty of the reading material can be revealed by using one or more methods to measure
the degree of difficulty of articles.
Step 4: Collect, organize, process and analyze the data and information on all experience
characteristics and try to elucidate a pattern. Then by deduction apply it back to concept
characteristics and to basic concept.
In this example the mode of operation of scientific readers was determined by reviewing the
"reading skill" of different reader groups. The PRC uses the criteria as illustrated to support or
direct their own individual or collective research work.
N.B.: In the PRC DSTI R&D, concept inference is also used to determine the assessment criteria
for intelligence users' needs.
3. Information Activation Method
This is a fully scientific (inter-disciplinary) method used extensively in the PRC DSTI apparatus
for information science and collection R&D. In essence, it extracts ‗nutrients‘ from a variety of
data to obtain intelligence. Similar to other researchers in basic science, technology and
engineering; researchers in intelligence, information and collection must also read a great deal in
order to obtain guidance from work done in the past and experience gathered by their peers. In
China, it is considered a misunderstanding and a joke to study intelligence while neglecting
acquiring some.
The core of PRCs information activation work includes: collecting quality materials of the
subject matter in sufficient quantity, assessing these materials in accordance with reliable
standards, eliminating all questionable portions, repeatedly checking and double-checking if
necessary and eventually arriving at dependable results. Finally, they attempt to reveal any
unnoticed pattern that exists objectively in order to activate the information to obtain
intelligence.
It is highly inadequate for a researcher to collect information at the last moment. Instead, it
should build up over time. ―A researcher should routinely read 5 foreign periodicals, 10 Chinese
periodicals, and some special reports. Furthermore, he or she should periodically attend
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international academic exchange meetings. Information activation is needed in both theoretical
and applied research. In addition, it can be used in various stages of the research project. In
preparation, it can help determine the direction of research and set up a plan. In
implementation, it can be helpful in terminology analysis, concept inference and hypothesis
creation, as well as in providing some facts. Upon completion, it can help verify the accuracy of
the results.‖
At present, information activation is widely used in their intelligence and information research.
In the example introduced earlier in this book, a user study conducted by the U.S. DoD
Document Center in 1975 regarding the "status and future trend of information storage and
transfer technology" was done using the information activation technique alone.
4. Observation and Experimentation
Observation and experimentation is a common method in natural science. It has been
transplanted into intelligence and information R&D by the PRC . The close relationship between
observation and experimentation is well known. Experimentation is based on observation.
Furthermore, it is preserved as a component. However, observation is not always based on
experimentation. Nevertheless, an experiment becomes meaningless without observation.
Although experimentation evolves from observation, they are absolutely not on opposing sides.
Instead, it is a single entity. When observing a subject, in addition to selecting a suitable method,
it is necessary to ensure that the researcher (observer) does not influence the study of the
development process of the phenomenon. Moreover, every effort must be made to avoid any
influence from the researcher. An experiment is done to understand the nature and pattern of a
certain phenomenon. Consciously, certain necessary conditions are created, or altered, to actively
influence the process of the subjective matter to meet the objectives. This is an important
difference between experimentation and observation.
(1) Observation
In general a scientific observation is a specially organized, planned and goal-oriented activity to
understand a subject matter. It can be an individual method or a component of another method.
The difference between a scientific observation and an ordinary observation is that it obeys the
objectives and tasks of the study. It must have a well-defined range of terminology and concept.
These terms and concepts are needed in the study. It has a detailed observation plan and follows
rigorous methods. The information obtained from various observation methods should be
comparable. In addition, the data collected by means of observation usually need to be verified
and tested for reliability. The quantity and quality of the subject matter must be selected and
determined in an observation so that it can accurately represent the major characteristics of the
subject matter. This task can be accomplished by using certain empirical equations and statistical
methods. Finally, a method must be chosen.
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Based on the way facts and data are obtained, it can be divided into direct observation and
indirect observation. In direct observation facts and information are obtained when there is a
direct link between the observer and the subject matter. In this case, the observer records what he
sees. In indirect observation the observer does not come in contact with the subject matter.
Instead, it is done by other people who are familiar with the subject matter. On the basis of the
relationship between the researcher and the subject matter under observation, it can be divided
into intervening observation and non-intervening observation. When a researcher observes the
subject matter "from the sideline" during a pre-determined time period according to plan it is a
non-intervening observation. In an intervening observation the researcher becomes a member of
the subject under study. He works with the group and participates in all their activities in order
study the subject matter internally.
In addition, there are open observation and undercover observation. In the former case, the
subjects know that they being observed. In the latter case, they do not know they are being
observed. An observation may be long or short. Of course, a long observation is most beneficial.
A short observation is usually used to clarify a specific situation and detail or to collect certain
evidence. The results must be recorded in accordance with certain requirements. The format
should suit the objectives and tasks of the study. Not only is the format important but also the
time of record is critical. Finally, statistical analysis must be performed to reach some
conclusions. Certain techniques in statistical analysis and fuzzy logic can be used to find the
nature and pattern associated with the subject matter. The disadvantages of observation include
a large workload and deviation of the information from reality.
(2) Experimentation
Experimentation is an extension of observation. It is the most commonly used study method in
natural science. Any research institution has a large number of laboratories. One of the unique
features of experimentation is the ability to reproduce facts and situations of interest. Another
feature is the ability to create and change a series of experimental conditions and to observe the
creation, development and change due to such conditions. The objective is to determine any
intrinsic correlation between these effects and the objective conditions to unveil the nature and
pattern of the effect itself. The premise is to establish a hypothesis to be validated. To verify the
validity of a hypothesis, a detailed plan is required to establish the necessary experimental
conditions, and to observe and record the results in detail. Finally, the data is analyzed both
qualitatively and quantitatively using suitable mathematical methods.
Based on logic structure, there are two types of experiment to verify a hypothesis. The first is the
contrast method. In this type of experiment the hypothesis is verified by comparing two or more
(test and control) groups. The second type is the serial progressive approach. In this type of
experiment there is no control. The way the hypothesis is verified is by comparing the results
obtained before and after the experiment. In light of the fact that intelligence, information and
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collection have strong social characteristics based on the place and condition of the experiment,
they can be divided into natural experiments and laboratory experiments.
A natural experiment takes place in a normal workplace under normal conditions, such as a
reading room in a library. By changing the working conditions and providing various extraneous
factors, the effect on the subject of study is observed. This provides the researcher with
information that is otherwise impossible to obtain. This is the unique feature of a natural
experiment. A natural experiment can be carried out easily. However, it is highly susceptible to
unintentional interference. To "eliminate" any interference and to ensure the accuracy of the
experiment, an experiment may be organized to take place in a laboratory. In this case, it is
necessary to have a specific site. The people or subject matter must also be appropriately
selected. Various experimental conditions are then created without external interference to unveil
and measure the reaction of the study subject. When using an experimental method, error
analysis should be carefully done just as in natural science. This is a critical step.
Currently, experimentation is widely used in PRC intelligence, information and collection R&D
such as: studying end-user's needs, construction of transfer channels, selection of information
sources or design of indexing and retrieval systems.
5. Survey Statistics
Survey statistics is a commonly used method in social study. It was the first method to be
transplanted into PRC intelligence and information research. It is the most popular method across
their DSTI apparatus today and is still being widely used. Survey is a method where a sufficient
number of "samples" is taken according to a specific scientific principle. Statistics is a method
where statistical analysis in done on various records related to a specific problem to obtain more
information. The methods introduced earlier to study the needs of intelligence users including:
survey questionnaires, interviews and citation analyses all belong to the domain of survey
statistics. Of course, survey statistics are not limited to studying intelligence user's needs. It is
widely used in the PRCs research of information transfer channels, methods and techniques for
data acquisition or policies and plans for collection. Without any exaggeration, improvement
measures in every aspect of today's PRC DSTI work are based on survey statistics.
6. Expert Appraisal
Expert appraisal can be considered as both a logical and statistical process. Information obtained
from experts based on their experience or practice is analyzed, judged and synthesized. Expert
appraisal is being applied in the PRC to various studies in intelligence, information and
collection. It is primarily used to solve problems in two areas: First, it is used to assess the
quality of various objects in intelligence research. These objects may be intelligence sources and
users, and previous processes and study methods. In this case expert appraisal not only can be
used alone, but also as a component of other research methods. Today it is still the primary
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method to judge the value of the information collected. Second, expert appraisal is often used to
predict the future development of a certain object. Because it is difficult to set up a mathematical
model for some objects, expert appraisal is invaluable in predicting their future development. It
does not require detailed computation and experimentation to arrive at the future development of
subject matter that is familiar to the expert. Of course, it is a prediction of trends and directions;
rather than details.
Expert appraisal in the PRC DSTI apparatus is divided into "individual appraisal" and "collective
appraisal". For a relatively simple problem, such as assessing the value of a piece of information,
"individual appraisal" may be used. It involves visiting one or a few experts to assess the
situation. For a relatively complex or important issue, such as evaluating certain research
methods or predicting the future development of certain events, "collective appraisal" is required.
A group of experts needs to be assembled. Conclusions will be drawn based on statistical and
probability analyses of the appraisal from each individual expert. By doing so a brand new
appraisal from a quality standpoint can be obtained based on the opinions of the group.
Collective appraisal can reduce the level of subjectivity, bias and narrowness often encountered
in individual appraisals.
The procedures PRC uses for "collective appraisals" are as follows:
(1) Establish an expert appraisal analysis group. Its tasks are to: clearly define the topic and
objective of the study, select experts, determine the method and procedure for the survey,
prepare, issue and collect survey forms, perform statistical analysis on the results and finally
summarize the results of the appraisal.
(2) Establish a group of experts for appraisal. The organizational structure can either be a "solid
entity" or a loosely held organization. However, it must contain a group of pre-selected experts
who are familiar with the subject matter. They must be representative in quantity and viewpoint.
Choose experts who can assess the problem from various aspects. Retain key figures that are
experienced in related fields. The accuracy and reliability of the appraisal can be directly
impacted by the quality and representation of the expert group.
(3) Prepare for survey work. Primarily, preparing the necessary background materials and
drafting the survey outline. To quantitatively process survey data it is usually necessary to
decompose the survey outline into a form in order to standardize and tabulate the answers. To a
large extent the accuracy of the appraisal is dependent upon how detailed the questions asked by
the experts are and the accuracy of the questions expressed. Hence, preparation of a scientific
questionnaire is an important step in their "collective appraisal".
(4) Organize to implement the survey and appraisal.
(5) Retrieve survey opinions to perform data analysis.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 388

The Rooster & The Dragon January 23, 2012
There are three ways they perform a "collective appraisal‖. One is to visit or interview experts to
go over the form. Then the results are summarized by an expert appraisal analysis group. The
second approach is to invite the expert group to a meeting to discuss the results. The third
approach was first adopted by the Land (camera) Corporation and it is also called the Turfy
method. The key feature is to first mail the survey and background material to every expert. Each
expert then replies in writing after studying the issues. The organizer collects their opinions and
then sends all the answers back to the experts with or without any editing in an anonymous
manner to allow each expert to evaluate his own opinion based on the arguments of his peers. He
can supplement or modify his opinions and send in his answers one more time. The expert
appraisal analysis group can then perform statistics and summarize the results of the second
reply. Of course, if the issue is highly complex, then the process may be repeated a few more
times to make the conclusion more precise and focused. This method is an extension of a
discussion meeting. It has the following advantages of a discussion:
(1) Experts have ample time to review the materials and to perform in-depth research. It
can overcome the problem of having to speak on the spot without adequate preparation.
(2) By reading through the previous survey, the opinions of others are known. With this
level of understanding, one can perfect and modify one's own opinions.
(3) Due to anonymity the group is not influenced by the opinions of a few well-known
experts. This helps open up the field and encourage independent thinking. It can also
avoid face to face confrontation when opposing views are presented. It allows each party
to calmly analyze the view and reasoning behind the other party's opinion and to
complement his own.
(4) Since usually more than a few dozens of experts are involved, all answers are given in
a tabulated format to facilitate quantitative analysis. In view of these advantages, this
method has been widely used ever since 1960. Some research materials pointed out that
more than 20% of the prediction in modern times is still done this way.
7. Mathematical Methods
There is one unique feature in modern S&T development. As computer technology advances,
mathematical methods are widely used in various fields. Hence the trend is to turn scientific
knowledge into mathematical expression. Intelligence, information and collection are no
exception. For example, in the PRC DSTI apparatus a mathematical abstract of a complex
intelligence or information flow process is obtained by applying probability and control theory
while quantitative analysis is carried out using mathematical models. Marx believed that "a
science is truly developed after mathematics can be used to deal with it". It usually takes the
following steps to apply mathematics to intelligence and information science.
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(1) Use the language of mathematics to describe the problem to be studied and to build a
suitable mathematical model
(2) Find a method to solve the mathematical model
(3) Interpret and evaluate the mathematical solution to form a judgment or prediction of
the problem
II. Several Notable Issues in Philosophy and Methodology
In exploring the philosophy and methodology of studying intelligence, information and
collection, the current PRC DSTI apparatus is in agreement with the overall principle introduced
by Dr. Qian Xuesen for intelligence research. He said: "Never just limit yourself to your own
ideas because it prevents you from seeing the whole system".
The development of disciplines such as thinking, systems, control theory and information theory
reflects an overall change to make thinking a more scientific process. In the study of information
and collection, the PRC has actively adapted to this change. Of course, information and
collection are collective bodies of a series of processes and factors, i.e., systems. The purposes of
study are to investigate the laws governing the organization of information and collection, to
understand the laws that puts the system in order from a random state and to explore how this
orderly entity remains functional. To study the correlation between processes or factors, an
optimization method based on the selection theory is used. PRC DSTI researchers no longer limit
themselves to factors affecting an individual entity. Instead, they make deductions based upon
decision theory. For a long time, classic decision theory was used by the PRC exclusively to
study information and collection. This is a deficiency in the field they have now corrected.
Because to date people are still using a qualitative methods by describing an experience, similar
to what happened in conventional library science, at first progress in information and collection
was very slow. Furthermore, it did not seem very scientific and the unique characteristics of the
discipline appeared ambiguous. In the future, certain novel techniques are anticipated to further
strengthen their quantitative methods. Another disadvantage of using passé methods in library
science was they confine themselves in a primitive ―descriptive‖ approach. This is from one of
their early documented critiques:
―We must point out here that as far as collection is concerned, not even intuitive experience has
been accurately and sufficiently described as of the present moment. Hence, when one is ready to
initiate a study on collection, one must combine intuitive description with theoretical extraction.
In the early stage, we should look for issues encountered in routine work and use topics to drive
key tasks.‖
Since information is often inappropriately accumulated and inherited, it makes information and
collection more resistant to change. Over the years the PRC DSTI apparatus has felt it easier to
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stir up the pot than to reform. In the future, in addition to microscopic methods aiming at partial
improvements or evolutionary spirals, they will continue to especially pay attention in studying
macroscopic methods that can advance information and collection as a whole in order to result in
a fundamental revolutionary spiral.
III. Approaches/Methods Discovered in PRC DSTI Research and Introduced from Abroad
The theoretical concepts surrounding intelligence, information and collection are maturing. The
practical study methods about them in China are equally evolving. Hence there was always an
―urgent‖ need for them to refer to certain new theories, ideas and methods in philosophy, social
science and natural science regardless of source. This point is of great significance to the
formation, development and even key breakthroughs in the PRC discipline of DSTI information
and collection. A number of theories and ideas that are related to theoretical research on
intelligence and information are introduced below. These methods and ideas were developed
abroad.
1. Idea Gene Theory by Dawkins of the United Kingdom and Intelligence Gene Theory by S.K.
Sen of India
According to modern genetics, the gene is the basic biological element of inheritance. It exists on
the chromosome in the form of a linear array. In 1976, Dawkins proposed the idea that a human
being, just like a biological body, transplants, expands and reappears as time and space vary.
There is also a postulate that Dawkins termed the ―thinking‖ gene. A thinking gene, if correct,
serves as a basic human element driving science, as well as possibly being the heir and
propagator of human culture. A biological species evolves based on invariance and mutation of
genes. Dawkins believed that the development of a scientific idea is remarkably similar to the
evolution of a biological species. Some new ideas undergo changes to form new laws, doctrines
and theories. He attributed the inheritance and development of ideas to heredity and the mutation
of thinking genes. He also believed that a thinking gene is a high fidelity replica of the idea. It
can form a gene composite entity that can live and multiply.
In 1981, S.K. Sen of India introduced the concept of replacing "thinking gene" with "intelligence
gene" in an attempt to lay a solid theoretical basis for information science. He equated the state
of living to an increase in intelligence. He believed that an organic entity evolves by way of
hereditary genes, natural selection, replication fidelity and mutation. Intelligence, however,
increases gradually by way of heredity of intelligence genes, error detection, social constraints
and thinking changes. S.K. Sen criticized the methods to quantitatively evaluate and measure
knowledge increases. He believed that these methods are based on published articles or available
literature as a whole, and do not agree with the actual evolutionary process of ideas. He proposed
to build a quantitative method to measure intelligence on gene theory.
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Counting the number of time an article has been read is not a good way to measure the novelty of
a new idea. Citation statistics cannot actually reflect whether the idea illustrated in an article is
rejected, accepted, or partially utilized. Therefore he proposed to establish an idea gene structure,
idea gene chain and idea gene exchange model. S.K. Sen also pointed out that the current
categorization method is irrational. He suggested that we reconstruct a categorization system
based on an idea evolution chart. In information retrieval, he also proposed to start from looking
for the idea gene from the literature and then gather data by means of natural progression to form
an idea gene string. Then, prepare it into a novel idea index for use.
Liu Zhihui of the Chongqing Branch of China Institute of S&T Intelligence pointed it out
that it is more appropriate to change "intelligence gene" to "knowledge gene". The
phenomenon of knowledge inheritance and mutation should be looked at from a dialectical
standpoint. In the evolutionary process, knowledge primarily represents the inheritance of
certain academic ideas. At the same time, to some extent, it contains a criticism of this idea. In
genetics, the dominant character (i.e. inheritance) is to carry forward tradition and its recessive
character (i.e. mutation) is to criticize tradition. As knowledge mutates, the primary behavior is
to criticize the idea. At the same time, to a certain degree, it also inherits this idea. Its dominant
character is to criticize tradition (i.e. mutation). Its recessive character is to inherit tradition (i.e.
inheritance). The idea gene theory describes the process of thinking based on the theory of
evolution. An idea is a system of knowledge. The equations, laws and patterns created from these
basic concepts are the DNA of knowledge. Knowledge DNA is the primary constituent of the
knowledge cell. It is the basic structure of "inheritance" and idea "mutation". The entire building
of science is created by knowledge cells. The idea gene theory of Dawkins and intelligence gene
theory of S.K. Sen are worthy of further study. Based on such theories, the traditional
categorization method in the PRC has been challenged and current quantitative methods of
information analysis will be impacted. The theoretical study of DSTI in China has undergone a
major reform after introducing the idea gene theory into this field.
2. Brooks' View
Since 1978 Brooks had dedicated himself to the basic theory of information. He presented a
series of insightful viewpoints. His representative work, "Fundamentals of Information"
(published in 1980), received worldwide attention. His view can be summarized in the following
five points.
(1) He advocated that information ought to be a discipline of science. He said that "from the
standpoint of philosophy, information does not have a place nor does it have any theoretical
basis". Hence he proposed to abandon some narrow concepts developed in their embryonic stage
(limited to literature) and investigate the essence of information and a series of basic issues
related to information from a broader perspective.
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(2) On the basis of the three-world theory, information should study the interaction between
world 2 and world 3 to form an independent discipline. He said that" information is
fundamentally needed and is objective, rather than subjective, knowledge. People studying
library science and information science have to pay attention to Bop's three-world theory
because it provides a theoretical basis for library and information activities other than from a
practical viewpoint". He emphatically denied that information is a combination of some related
fields (such as linguistics, communication theory, computer science and statistics). He believed
that information has its own unique research subjects and domains that have not yet been
touched; i.e., the interaction between world 2 and world 3.
(3) The basic equation to express the effect of information on knowledge structure is K(S)+DI =
K(S+DS), where K(S) is the original knowledge structure, DI is the incremental information and
DS is the improvement. Brooks considers it a quasi-mathematical formula. The reason why he
presented this equation is because people are extremely ignorant about how knowledge grows.
He also stressed that knowledge increase is not a simple addition. Instead, it is an adjustment of
the knowledge structure.
(4) Ranking & Sequencing and Logarithmic Perspective are two basic methods to quantitatively
measure information. In Brooks' reply to Neil's criticism, he said "information also needs a
quantitative measure; otherwise it is merely a summation technique and not a true science".
What did he advocate to use? One is ranking and sequencing. This method can preserve more
information/data and it is easy to use. The second is logarithmic perspective. Brooks daringly
applied the Weber-Fleishnan law to the subjective human recognition process. That is, the
human recognition process operates in a logarithmic manner. He also pointed out the presence of
"recognition space" and "information space". It is different from physical space and is
constrained by logarithm.
(5) Objective knowledge is organized based on the logic content of the literature. Brooks
believed that the material organized by current information workers by category and by subject is
not knowledge. Instead, it is literature. A system thus built can only provide literature clues. The
real information still needs to be analyzed and revealed by the user. Therefore, he proposed to
organize it by a knowledge map. A knowledge map is a direct display of the interaction and
linkage points for people to create and think based on the logic content of the paper. Brooks
conducted a small experiment to draw a knowledge map by using Faradan's index. However he
did not disclose any results.
Brooks is no ―up-and-coming youngster‖ in information science. His viewpoints are worth
pursuing. His understanding of the characteristics of knowledge is a giant step deeper. His
equation, although simple and coarse, after all establishes an inherent relation between
information and knowledge. To the PRC it pointed to a direction of basic DSTI information and
collection research to further elucidate the relation between information and knowledge as well
as to establish a more elaborate mathematical model. The idea of drawing a knowledge map by
Brooks coincides with S.K. Sen's point of building an idea gene evolution chart. However, once
a "knowledge map" or "idea gene chart" is successfully drawn, it is equivalent to building a brain
outside the human body. It will be a significant contribution as people handle more and more
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daily information. Particularly, Brooks sharply criticized the status quo of theoretical information
research and challenged the traditional view. He fought hard to understand basic issues of
information from a philosophical perspective and firmly believed that information would become
not only a new independent discipline but a differentiating factor for world dominance in S&T.
Brooks' views are novel. We in the U.S. should study and absorb their scientific merit as have
the PRC DSTI apparatus.
3. Brief Introduction to the "Three New Theories"
In the tide of new technology revolution, modern science has developed from the "old three
theories" (i.e., systems, control and information) to the "new three theories" (i.e., dissipation
structure, coordination and mutation). They are powerful tools to understand the multidimensional correlation between the internal factors of an object and the external environment.
Dissipation structure theory was originally proposed by Professor Prigogine of the Freedom
University of Belgium in 1969. It was primarily used to investigate the mechanisms, conditions
and laws governing the evolution of a system that starts in a highly random state and ends in a
stable and orderly state. Prigogine pointed out that in a system far from equilibrium, when a
variable reaches its critical value, by means of abrupt changes there is a possibility that it may
switch from a random state to a orderly state in terms of time, space or function.
This orderly macrostructure formed in the non-linear region far from equilibrium must
continuously exchange material and energy with the external world to maintain its stability so
that it will not disappear due to small perturbation. Prigogine calls this kind of structure that
needs to dissipate material and energy to maintain its orderliness a dissipation structure. Under
certain conditions, the system can organize itself. This is his ―self-organizing effect‖. According
to Prigogine's hypothesis, a system requires at four conditions to form a dissipation structure:
(1) it must be an open system
(2) it must be remote from equilibrium
(3) there must be non-linear interaction among various factors, and
(4) a huge rise or fall leads to orderliness.
In 1973, Professor Haken of Stuttgart University in Germany introduced the coordination theory.
It expands Prigogine's dissipation structure theory from an open system, remote from
equilibrium, to a closed system that is in equilibrium. Haken believes that under certain
conditions, a coordination effect is produced through non-linear interaction among various subsystems. A system may undergo changes from a random state to an orderly state, from a low
level orderliness state to a high level orderliness state, or from an orderly state to a random state.
In coordination theory, the degree of orderliness of the system is expressed as an order variable.
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This order variable is a critical, un-damped and slow-relaxing variable that governs the entire
process. It determines the structure and functionality of the result.
Quantitative study on both dissipation structure theory and coordination theory relies on
mathematical methods associated with mutation theory. Mutation theory is the study of various
discontinuities of various natural states and structures, as well as socioeconomic activities, using
theories in topology, singular point, qualitative differential equation and stability mathematics.
Mutation theory organically combines dissipation structure theory with coordination theory to
promote the development of systems theory. In recent years, some people in the PRC are trying
to introduce the "three new theories" into their DSTI information research. Some preliminary
attempts were made. However, it will take a great deal of hard work to understand how
dissipation structure theory and coordination theory can be used to interpret the theories and
practices of intelligence.
Section Six -- Significance of Intelligence, Information and Collection Knowledge Research
It does not seem hard to answer this question from the standpoint of work. However, from the
standpoint of science and technology, considering the impact of technology and industrial
revolution brought about by new technology, and also considering that major advances in
systems science are right around the corner and major breakthroughs in thinking science are
imminent and a new scientific revolution is in the near future, it is not an easy task to clearly
express the significance of studying intelligence, information and collection under such a broad
background…but the PRC DSTI apparatus has made such a statement:
―In spite of it, our feeling is that the significance and impact of such a study is definitely not
limited to improving the effectiveness of various tasks such as data collection, sequencing,
indexing and activation. It is also not limited to making better use of the information. Roughly
speaking, in addition to understanding how to utilize information fully and in a timely way to
create intellectual wealth and total knowledge for mankind, it also involves how the human brain
can function to the full extent. Let us assume that once the thinking mechanism of the human
brain is understood, artificial intelligence can be developed and knowledge engineering is
widely spread. By then, information technology will also have advanced considerably.‖
What would the state of intelligence, information and collection in the PRC be then? What is
going to happen to other science and technology-dependent economies? What kind of impact
will it have on China‘s further industrial, economic and technological expansion? If these
questions are asked, then indeed it is impossible to accurately and comprehensively describe the
significance of the PRC‘s or Unites States‘ optimizing intelligence, information and collection.
Eventually, people on both sides of the Pacific will realize the significance of knowledge
engineering R&D as applied to DSTI and driving an innovation engine. It is, at least, a major
social issue concerning gathering of (or monopolizing) global human intellectual wealth.
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Study Results
Relative Research Investment Emphases between China and USA
The relative frequency of China and USA research articles in the SCI was computed. The
difference in thematic emphasis between the USA and China is dramatic! China emphasizes the
hard sciences that underpin defense and commercial needs. The USA emphasizes research areas
focused on medical, psychological and social problems. There are even research areas where
China leads the USA in absolute numbers of research articles published. This means that, in
those areas, China‘s relative investment strategy is greater than four times that of the USA.
A number of these detailed areas in which China places high emphasis are related to nanotechnology. A recent nanotechnology text mining study [Kostoff et al., 2006a] showed that
China was second to the USA in nanotechnology research article productivity. This means that at
the next level or two lower in aggregation, there could be nanotechnology sub-areas in which
China was actually leading in absolute numbers of research article production; and also areas in
which they were well behind the USA in absolute numbers of research article production. The
present analysis confirms that hypothesis, and suggests that the USA should pay particular
attention to those areas in which China has chosen to apply substantial relative emphases.
Relative Technology Investment Emphases between China and the USA
In the Engineering Compendex, as in the Science Citation Index, China‘s focus is on the hard
sciences and especially engineering sciences; whereas the USA‘s relative focus is on health and
biology-based research. In the overtly military-related terms (countermeasures; intrusion
detection,; missiles), China has a commanding presence. One interesting exception is the
presence of ‗aeronautics‘ in the list of USA dominant terms. Similar anomalies have been noted
in past studies. In technologies that require a large infrastructure, and therefore large investment,
China has tended to be under-represented, and that probably accounts for the ‗aerospace‘ underemphasis.
Comparison of China‟s and USA‟s Investment Strategies
In comparing China‘s research citations with those of the United States, the three criteria of
‗right job‘, ‗job right‘ and productivity/progress were used. In any research evaluation, the first
criterion to consider is ‗right job‘. If the research unit being evaluated is not aiming at the right
target, the highest quality approach will not provide results useful to the organization‘s mission.
A major component of ‗right job‘ is the research investment strategy. This includes the allocation
of resources among the components of the research portfolio and the rationale for that allocation.
The taxonomy that will shown in the following sections reflects the present research investment
strategy of China (based on published output). Of particular interest is how this investment
strategy compares with that of other countries and which particular areas China has chosen to
emphasize.
ALL 3rd Party RESULTS HEREIN CORROBORATE EARLIER WORK BY THE OFFICE OF NAVAL RESEARCH
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One approach to performing such a comparison would be to compare taxonomies of different
countries at different hierarchical levels. This requires that categories defined by the clustering
algorithms would have similar content and theme, for those categories to be compared directly.
Another approach is based on the philosophy that very specific sub-technology areas should be
compared, to identify precisely where different countries emphasize their investment. These
critical sub-technologies emphasized by each country become the „dots‟ to be connected for
understanding the overall country research strategy. How specific should the technology areas
be? Let us follow the chain of disaggregation, starting from the top.
At the highest level would be the research articles for all of China. One could compare the
number of research articles in a given year with that of, say, the USA, and draw very general
conclusions about overall research output. This was essentially the approach of King, in
comparing research output from 31 different countries (2004). Very limited information can be
obtained from this level of resolution. At the next level would be research articles for each
technology area for a country. Kostoff proposed that making comparisons at this level for
critical technologies provides a much more strategically important view of each country‘s
capabilities (2004d).
Recent text mining studies on nanotechnology and energetic materials (Kostoff et al., 2006a)
show that China is advancing rapidly in its research article production in these two critical
technologies; and was second only to the USA in research article production. However, even
these results aggregated at the critical technology level may be ―too‖ aggregated for critical
investment strategy emphasis analyses. If China is second to the USA, for example, in
nanotechnology in general, might there be sub-areas of nanotechnology (e.g., nano-composites,
nano-rods, etc.) where China is actually leading the USA? And what would be the strategic
implications of China heavily emphasizing research investment in such areas?
Thus, at the next level would be sub-critical technology areas, such as nano-composites or nanorods in the nanotechnology example above. Further levels of disaggregation are possible, such as
‗metal nano-composites‘ or ‗heavy metal nano-composites‘. The terminal level of resolution
used for the comparison depends on the objectives of the study and the numbers of articles
available at the different levels. This latter approach was used to compare the relative investment
strategies of China and the USA for the present study; with a resolution at about the critical subtechnology level. The approach used was as follows:
Ten thousand articles each of USA and China were downloaded from the SCI. At the time the
download occurred, the total number of USA articles was 233,936 and the total number of China
articles was 58,044. Thus, the USA had approximately four times the total number of research
articles for as China. A phrase frequency analysis was performed on each download and the
phrases were then combined. The ratio of frequencies for each phrase was tabulated. Phrases
were ordered by ratio of occurrence in each country‘s download. Two bands were considered:
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a) Phrases that had a large China/USA frequency ratio and
b) Phrases that had a large USA/China frequency ratio (the opposite ends of the spectrum).
The phrases in these bands were inserted into the SCI, and the absolute values of numbers of
records that contained these phrases were obtained. The results are shown in the following:

Results Table A – China Strengths over USA
___________________________________________________________________________

Results Table B – USA Strengths over China
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The next two tables are similar to Tables A & B, except that they contain common (to USA and
China) high frequency phrases that were derived from the Engineering Compendex (EC) instead of
the SCI. They also contain comparisons of occurrence frequency for a given query term between the
EC and the SCI. Both China and the USA had similar numbers of records in the EC (for those
records that contained a country address), so no normalization was needed. Table C contains a set of
phrases taken from the Engineering Compendex (EC) in which China had a large lead relative to the
USA in terms of the ratio of record occurrences. Those terms and their ratios of occurrence were then
compared to the ratio of China and USA records in the SCI. In general, the EC is a much more
applied database than the SCI, and some of the words/phrases chosen in Tables C & D reflect that.
Some of the phrases were high-frequency shared phrases not only in the China EC phrase list, but
also in the China SCI phrase list. The specific number of records retrieved by a query term may be
different therefore from the previous Tables; and is due to the fact that the data for these tables were
downloaded on different days. There are new records (even retroactively by date) uploaded to the
SCI and EC every day, so from day to day there can be an increase in terms of number of records that
are returned from a specific query.

Tables C/D – China Strengths over USA/ Vice Versa [XRD = X-Ray Diffraction; Crystallography]
_________________________________________________________________________________________
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What are the most utilized journals for China as a whole?
The twenty journals containing the most Chinese articles for 2004-2005 appear to be
concentrated in chemistry, materials and physics; with one medical journal. Many of these are
Chinese-generated journals.
What are the most prolific institutions?
The twenty most prolific institutions for research articles are the Chinese Academy of Sciences
in aggregate (all branches); followed by universities. The most prolific of the universities are
Tsing Hua, Zhejiang, Peking, Shanghai Jiao Tong and Hong Kong.
Which countries collaborate the most with China?
The most collaborative countries with China, as reflected in the authors‘ country listing from SCI
articles, are as follows:
INTERNAL (11,8659); USA (9,919); Japan (4,247); Germany (2,450); England (2,295); Canada
(1,923); Australia (1,811); France (1,374); Singapore (1,334); South Korea (1,197); Taiwan
(870); Russia (651); Italy (632); Sweden (626) and India (623).
What is the citation impact of collaboration?
Approximately one-quarter of research articles having at least one author with a China address
were the result of China‘s collaboration with other countries. The impact of collaboration was
negligible on median citations of the total with a projected impact from only 5% of the cited
articles.
What are the main technical areas for collaboration?
Two examples were selected: Chinese collaboration with the USA and with Japan.
The two areas that stand out for both collaborative groups (China-USA; China-Japan) are
biomedical and nanotechnology.
However, when frequencies of similar phrases from each group are taken into account,
for the China-USA articles, biomedical comes first and nanotechnology second.
For the China-Japan articles, nanotechnology ranks higher relative to biomedical.
Given China‘s relative (to the USA) investment strategy emphasis in nanotechnology and lesser
relative investment emphasis in bio-medical, the collaborative research relationship with Japan
appears to be more quid-pro-quo than is the relationship with the USA.
Which journals are cited the most?
The top ones cited most appear to be primarily English Language journals in contrast to many of
the top most prolific journals being Chinese Journals. This suggests that at this time there may be
a larger dependence on English Language (i.e. foreign) journals than on China‘s own internal
journals, at least for Chinese papers published in journals accessed by the SCI.
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Selected Technology Bibliometrics
I. Genetics
Based on the computational linguistics (document clustering) results, Genetics is an important
area of Chinese research. The following simple query (Gene or genes or genetic NOT (genetic
algorithms or genetic programming)) was inserted into the Science Citation Index search engine,
and 3,996 records were retrieved for the period. The bibliometrics analysis was performed on
these retrieved records. Their most prolific genetics scholars are:

Journals Containing Most Genetics Papers
Six of the top 20 journals are Chinese. Most of the journals are fundamental research journals.
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Most Prolific Genetics Institutions
Seventeen of the top twenty institutions are universities; with the other three being variants of the
Chinese Academy of Sciences. Four of these institutions are medical and three are agricultural;
reflecting the split between plant genetics and medical genetics.

The USA stands out as the major collaborator, co-authoring almost twenty percent of the
genetics articles. The next tier consists of Japan, England and Germany. In checking on the first
authors in the collaboration efforts, it was noted that such produces a much different list from the
most prolific authors list. Less than half the names on the latter list are Chinese. In reviewing the
most cited journals, it was noticed that most of those journals are front-line basic research
journals; divided again into plant and medical genetics. In contrast to the journals containing the
most articles, which contained six Chinese listings, none of the most cited journals were Chinese.
In reviewing the most cited citation documents themselves, it was noted that none of these
documents have a Chinese first author.
Five of the PRC documents are from 1980 or earlier. The more recent PRC-related documents
seem to focus on genetic mapping, while the older documents address the identification and
growth of various organisms and their genetic makeup. A comparison of citations was made
between China‘s genetics papers and those of advanced countries USA, Japan &India. China was
obviously far below the United States and Japan but ahead of India. The reasons for the
differences are unclear. They could range from poor quality to more emphasis on narrower
applications.
THEREFORE, EVEN THOUGH CHINA BIBLIOMETRICS INDICATED THEY WERE
INTERESTED IN GENETICS, THEY HAVE A KNOWLEDGE AND MATURITY
DEFICIT; MAKING THIS A DIRE DUAL-USE SHOPPING LIST ITEM FROM THE
USA/JAPAN.
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II. Alloys
Based on the computational linguistics (document clustering) results, Alloys is an important area
of Chinese research. The following simple query (alloy* OR alloys OR steel OR steels) was
inserted into the Science Citation Index search engine and 3,994 records were retrieved. The
bibliometrics were performed on these retrieved records.
Most Prolific Alloys Authors

Journals Containing Most Alloys Papers
Five of the journals are Chinese. Most are materials-oriented and mainly applied; with a few
Physics journals appearing lower on the list. The second and third listings appear to be
proceedings from Chinese conferences.
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Most Prolific Alloys Institutions
Out of 20 institutions listed, seventeen are universities.

Most Prolific (Collaborative) Countries
Japan and the USA are the two major collaborators. In contrast to the genetics discipline
analyzed previously, the USA‘s share of joint papers decreases from almost twenty percent in
genetics to less than four percent for alloys. Japan‘s share of joint papers in the two disciplines
remains the same; at slightly under five percent.
Most Cited First Alloys Authors
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Most Cited Alloys Documents
Most of the highly-cited documents are very applied and material-specific. There are a number
of documents that deal with glass formation, and metal-glass formation and its processing. They
are also much more recent than the other main research areas; with all but two of the Alloys
papers being post-1990.
Alloys Country Citation Comparison
Again, China doesn‘t have citation performance of advanced countries, but outperforms India.
CONCLUSION IS: ALLOYS WILL CONTINUE TO BE A PRC SHOPPING LIST ITEM
III. Agriculture
Based on the computational linguistics (clustering) results, Crops is a thrust area of Chinese
research. Starting with the words generated by the clustering algorithm for the Crops cluster, an
iterative feedback approach was used to generate a comprehensive query for this research in
China. The query was inserted into the Science Citation Index and the most recent 3,757 records
were recovered. The bibliometrics analysis was performed on these records.
Most Prolific Crops Authors
The appearance of the non-Chinese surname Christie is interesting, and reflects a researcher at
Queens University in Belfast who appears to work closely with Chinese researchers.

Journals Containing Most Crops Papers
The table below lists the 20 journals containing the most Crops papers. The top three journals
stand out. Two of the top three top journals are Chinese. Both journals appear to be fundamental
in nature. The rest of the journals appear to be much more applied in nature (e.g. Plant and Soil,
Journal of Plant Nutrition, Agricultural Water Management, etc.)
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Most Prolific Crops Institutions
The 20 most prolific institutions are listed in the next Table. Most dominant is the Chinese
Academy of Science. Sixteen of the institutions are universities, and the remaining four are
research institutions. Five of the sixteen universities are agricultural universities specifically.

Most Prolific (Collaborative) Countries
The USA is the dominant collaborator by far; followed by a second tier of Japan, Germany,
Australia and Canada.
Most Cited Crops First Authors
The presence of Sun-RC, Li-Y, Wang-J, and Lui-B can be correlated with their appearance as
first authors in the most cited documents list. However, unlike the most prolific authors list,
where all but one of the surnames are Chinese, only about half the most cited authors have
Chinese surnames.
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Most Cited Crops Journals
There were no Chinese journals listed among the top 20 journals. There is a reasonable mix of
basic and applied research journals; split between more general research journals such as Science
and Nature and more plant-oriented journals.
Most Cited Crops Documents
Three of the seventeen documents listed are pre-1980 and two more are very early 80‘s. The
basic thrust of current research is focused on plant genomics and the DNA structure of plants;
possibly for genetically- engineered plants. [WARNING; think about Mycoherbicides. See
National Academies Report 2011]
Most Cited Crops Countries
Again, China under-performs the advanced nations in citations, but out-performs India;
even with India having more than double the publications output.
CONCLUSION IS THAT CHINA WILL CONTINUE TO ELICIT AGRICULTURAL
DUAL-USE INFORMATION FROM THE UNITED STATES AS PART OF THEIR
STRATEGIC SHOPPING LIST
Partitional Clustering Results
The clustering algorithms provided by 3rd party assistance were based on the partitional,
agglomerative,and graph-partitioning paradigms. Partitional and agglomerative algorithms are
able to find clusters that are primarily globular, whereas its graph-partitioning and some of its
agglomerative algorithms are capable of finding transitive clusters. In this study, documents were
clustered using the partitional clustering algorithms provided pro bono, in a blind challenge as to
purpose or context, on a non-attribution basis by a 3rd party. Partitional clustering algorithms find
the clusters by partitioning the entire document collection into a predetermined number of
disjoint sets; each corresponding to a single cluster. This partitioning is achieved by treating the
clustering process as an optimization procedure that tries to create high quality clusters according
to a particular function that reflects the underlying definition of the ―goodness‖ of the clusters.
This function is referred to as the clustering criterion function.
The 3rd party implemented seven such criterion functions that measure various aspects of intracluster similarity, inter-cluster dissimilarity (and their combinations) and have been shown to
produce high-quality clusters in low- and high-dimensional datasets (Zhao and Karypis, 2005).
The anonymous (unwitting) study partners used two different methods for computing the
partitioning clustering solution. The first method computes a k-way clustering solution via a
sequence of repeated bisections, whereas the second method computes the solution directly (in a
fashion similar to traditional K-means-based algorithms). These methods are often referred to as
repeated bisecting and direct k-way clustering; respectively. The 3rd party computed the direct kway clustering as follows:
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Initially, a set of k objects is selected from the datasets to act as the seeds of the k clusters. Then,
for each object, its similarity to these k seeds is computed and it is assigned to the cluster
corresponding to its most similar seed. This forms the initial k-way clustering. This clustering is
then repeatedly refined so that it optimizes a desired clustering criterion function. This
optimization is performed using a randomized incremental optimization algorithm that is
―greedy‖ in nature, has low computational requirements and produces high-quality solutions
(Zhao and Karypis, 2005). A k-way partitioning via repeated bisections was obtained by
recursively applying the above algorithm to compute 2-way clustering (i.e., bisections). Initially,
the objects are partitioned into two clusters, then one of these clusters is selected and is further
bisected, and so on. This process continues k - 1 times, leading to k clusters. Each of these
bisections is performed so that the resulting two-way clustering solution optimizes a particular
criterion function. The actual documents were represented with the widely-used vector-space
model. The various terms present in the documents were used to define a high-dimensional space
and each document was considered to be a vector in that space.
Partitional Document Clustering Inferred PRC DSTI Taxonomy Levels 1-4 (SCI)

However, unlike the traditional vector-space representation, which relies entirely on single terms,
all consecutive two- and three-word combinations were taken into account, resulting in a
representation that is capable of capturing the phrases commonly occurring in the documents. In
addition, Porter‘s stemming algorithm was used to pre-process the various terms of each
document prior to obtaining their vector-space representation. The weight of each dimension was
computed using the TF-IDF model in which terms that occur many times within a document are
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given higher weight (TF) and terms that occur across many documents were given lower weight
(IDF) (Zhao and Karypis, 2005). The similarity between two documents was measured using the
cosine of their corresponding document vectors.
MultiLink – Word Taxonomy (SCI)
This is the taxonomy that resulted from the dendrogram . The following Table shows the inferred
top-level PRC DSTI taxonomy (Levels 0-4):
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MultiLink – Phrase Taxonomy (SCI)
This Table is the phrase-equivalent of the previous one. This is also the taxonomy that
resulted from the dendrogram and also shows the inferred PRC DSTI top-level taxonomy
(Levels 0-4).
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MultiLink – Word Flat Taxonomy

Next Steps? – For the Reader
Before I produce all the detailed taxonomic inferences, which are a snap-shot based upon what
the PRC is indicating in the scientific, engineering and manufacturing communities they are
interested in obtaining…please review these taxonomies with an eye toward emergent
technology opportunities.
Important technologies that will impact on the state of the world in the near future are to be
publicly identified by the Global Agenda Council on Emerging Technologies (of the World
Economic Forum) in Geneva, Switzerland on 15 February, 2012. The list (of which this author
had advance draft synopsis of) highlights technology trends most likely to impact on the state of
the world in the near future and was developed by a cross section of experts from science,
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 412

The Rooster & The Dragon January 23, 2012
businesses and public policy. The technologies are expected to have major social, economic and
environmental impacts. Many of the technology trends are currently below the radar of most
policy makers. Council Member Tim Harper, in personal correspondence said "Technology is a
very powerful tool for change. If the ‗Arab Spring‘ demonstrated that many governments are still
unsure how to respond to mature and simple to grasp technologies such as Facebook and Twitter,
then they run the risk of being absolutely powerless in the face of science-based technological
change". Innovation in nanotechnology, biotechnology and information technology is already
helping solve pressing challenges as diverse as efficient "renewable" energy sources,
malnutrition and hunger, access to clean water, disease diagnosis and treatment, "green"
technologies, and global climate change and sustainability.
Council Chair Professor Sang Yup Lee at the Korea Advanced Institute of Science and
Technology (KAIST) explained that "Accelerating progress in science and technology has
stimulated a new age of discovery, and many of the technologies identified by the council are
critical to building a sustainable and resilient future". Regarding job creation through emerging
technologies, Council Vice-Chair Javier Garcia Martinez said, "There are no generally applicable
shortcuts in the path that goes from emerging technologies to new industries and job creation.
This path includes sufficient and sustained funding; leaving enough incentive to the founders and
real focus on scale, reliability and safety". The report also cautions that without new
understanding, tools and capabilities - ranging from public policy to investment models - their
safe and successful development is far from guaranteed. Among the trends are advances in
informatics, biotechnology, medicine, materials, education and resource usage.
Informatics for adding value to information and handling "big data" for
"data-to- decision" is highlighted, and has been the focus of ideageneration during this year's Davos forum. In particular, the intelligent
technologies for creating valuable information out of noisy data need to
be developed.
In the biological domain, synthetic biology and metabolic engineering are
expected to become increasingly important in manufacturing new drugs and
producing chemicals and materials from renewable resources.
Systems biology along with computational modeling & simulation of chemical
and biological systems are playing increasingly important roles in helping
design therapeutics, materials and processes that are highly efficient in
achieving their design goals; while minimally impacting on human health,
resources and the environment.
Innovative technologies for a second green revolution that provide
security in food supply for growing population and biomass for biorefineries are also selected.
Nanomaterials designed and engineered at the molecular scale are expected
to continue to provide novel solutions to energy, water and other
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resource-based challenges. Also listed are breakthrough technologies that
potentially turn carbon dioxide from a global liability to a valuable
resource.
The list also includes wireless power, high energy-density power systems,
personalized medicine and nutrition and enhanced education technologies.

Director of World Economic Forum Andrew Hagan said, "We believe that these emerging
technologies to be announced annually by the council will provide a chance for all stakeholders
to link technology trends to the global megatrends and solutions to the mega-challenges. The
challenge will not just be the new ideas but leaving the old ones behind".
At the Summit on the Global Agenda 2011 in Abu Dhabi, United Arab Emirates, the World
Economic Forum‘s Global Agenda Council on Emerging Technologies asked some of the
world‘s leading minds within the entire GAC Network which technology trends would have the
greatest impact on the state of the world in the near future. Below, the Global Agenda Council on
Emerging Technologies presents the technological trends expected to have major social,
economic and environmental impacts worldwide in 2012. They are listed in order of greatest
potential to provide solutions to global challenges:
1. Informatics for adding value to information
The quantity of information now available to individuals and organizations is unprecedented in
human history, and the rate of information generation continues to grow exponentially. Yet, the
sheer volume of information is in danger of creating more noise than value, and as a result
limiting its effective use. Innovations in how information is organized, mined and processed hold
the key to filtering out the noise and using the growing wealth of global information to address
emerging challenges.
2. Synthetic biology and metabolic engineering
The natural world is a testament to the vast potential inherent in the genetic code at the core of
all living organisms. Rapid advances in synthetic biology and metabolic engineering are
allowing biologists and engineers to tap into this potential in unprecedented ways, enabling the
development of new biological processes and organisms that are designed to serve specific
purposes – whether converting biomass to chemicals, fuels and materials, producing new
therapeutic drugs or protecting the body against harm.
3. Green Revolution 2.0 – technologies for increased food and biomass
Artificial fertilizers are one of the main achievements of modern chemistry, enabling
unprecedented increases in crop production yield. Yet, the growing global demand for healthy
and nutritious food is threatening to outstrip energy, water and land resources. By integrating
advances across the biological and physical sciences, the new green revolution holds the promise
of further increasing crop production yields, minimizing environmental impact, reducing energy
and water dependence, and decreasing the carbon footprint.
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4. Nano-scale design of materials
The increasing demand on natural resources requires unprecedented gains in efficiency. Nanostructured materials with tailored properties, designed and engineered at the molecular scale, are
already showing novel and unique features that will usher in the next clean energy revolution,
reduce our dependence on depleting natural resources, and increase atom-efficiency
manufacturing and processing.
5. Systems biology and computational modeling/simulation of chemical and
biological systems
For improved healthcare and bio-based manufacturing, it is essential to understand how biology
and chemistry work together. Systems biology and computational modeling and simulation are
playing increasingly important roles in designing therapeutics, materials and processes that are
highly efficient in achieving their design goals, while minimally impacting on human health and
the environment.
6. Utilization of carbon dioxide as a resource
Carbon is at the heart of all life on earth. Yet, managing carbon dioxide releases is one of the
greatest social, political and economic challenges of our time. An emerging innovative approach
to carbon dioxide management involves transforming it from a liability to a resource. Novel
catalysts, based on nano-structured materials, can potentially transform carbon dioxide to high
value hydrocarbons and other carbon-containing molecules, which could be used as new building
blocks for the chemical industry as cleaner and more sustainable alternatives to petrochemicals.
7. Wireless power
Society is deeply reliant on electrically powered devices. Yet, a significant limitation in their
continued development and utility is the need to be attached to the electricity grid by wire –
either permanently or through frequent battery recharging. Emerging approaches to wireless
power transmission will free electrical devices from having to be physically plugged in, and are
poised to have as significant an impact on personal electronics as Wi-Fi had on Internet use.
8. High energy density power systems
Better batteries are essential if the next generation of clean energy technologies are to be
realized. A number of emerging technologies are coming together to lay the foundation for
advanced electrical energy storage and use, including the development of nano-structured
electrodes, solid electrolysis and rapid-power delivery from novel super-capacitors based on
carbon-based nano-materials. These technologies will provide the energy density and power
needed to supercharge the next generation of clean energy technologies.
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9. Personalized medicine, nutrition and disease prevention
As the global population exceeds 7 billion people – all hoping for a long and healthy life –
conventional approaches to ensuring good health are becoming less and less tenable, spurred on
by growing demands, dwindling resources and increasing costs. Advances in areas such as
genomics, proteomics and metabolomics are now opening up the possibility of tailoring
medicine, nutrition and disease prevention to the individual. Together with emerging
technologies like synthetic biology and nanotechnology, they are laying the foundation for a
revolution in healthcare and well-being that will be less resource intensive and more targeted to
individual needs.
10. Enhanced education technology
New approaches are needed to meet the challenge of educating a growing young population and
providing the skills that are essential to the knowledge economy. This is especially the case in
today‘s rapidly evolving and hyper-connected globalized society. Personalized IT-based
approaches to education are emerging that allow learner-centered education, critical thinking
development and creativity. Rapid developments in social media, open courseware and
ubiquitous access to the Internet are facilitating outside classroom and continuous education.
Note Well: the Number One Tech Trend for 2012 as determined by
World-Renowned experts is informatics…a major part of the PRC
DSTI apparatus strategy execution! Other elements of the
inferred taxonomy below indicate China is paying attention and
mining technical information of dual-use value in most of the
areas outlined above.
Science Citation Index (SCI) Cluster Results
There were 34,834 records with Abstracts downloaded from the SCI. They were clustered into
256 groups by the document clustering algorithm. The following summary of each cluster
includes: cluster number; followed by number of Abstracts in that cluster (in parentheses);
followed by the phrase roots with the highest numerical weighting; followed by a short summary
description of the main cluster theme. Generally, the ordering of the clusters is by cohesiveness,
the most cohesive being first.
China Clusters
Cluster 0: (59) sar 32.3%, cov 19.5%, sar.cov 16.0%, protein 3.2%, coronaviru 2.3%
Focuses on proteins, viruses, antibodies and vaccines related to SARS: (Severe Acute
Respiratory Syndrome)
Cluster 1: (47) delai 10.2%, neural 9.5%, neural.network 8.8%, network 6.4%, exponenti 4.4%,
exponenti.stabil 3.9%, global 3.1%, stabil 3.1%, global.exponenti 2.9%, global.exponenti.stabil
2.1%, time.delai 1.8%, lyapunov 1.4%, inequ 1.4%, suffici.condit 1.3%, suffici 1.2%,
cellular.neural 1.1%, neural.network.time 1.0%, cellular.neural.network 1.0%, condit 1.0%,
network.time 1.0%
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Focuses on the stability of delayed neural networks, particularly cellular neural
networks, with emphasis on global exponential stability
Cluster 2: (50) cnt 66.1%, nanotub 4.3%, carbon.nanotub 3.6%, carbon 3.2%, nanotub.cnt 3.1%,
carbon.nanotub.cnt 3.0%
Focuses on carbon nanontubes, especially their synthesis and structure
Cluster 3: (27) cach 51.8%, proxi 4.2%, video 3.2%, scheme 2.7%, proxi.cach 2.3%, server
2.2%, stream 2.0%, multicast 1.5%, vod 1.5%, client 1.2%, stream.media 1.0%, multimedia
1.0%
Focuses on caching schemes and caches, especially proxy caches, as they relate to media
streaming on networks and servers
Cluster 4: (54) signatur 33.9%, scheme 25.3%, signatur.scheme 6.9%, proxi 2.6%, secur 2.6%,
signer 2.4%, messag 2.3%, proxi.signatur 2.0%, blind.signatur 1.1%
Focuses on signature-signature schemes, including proxy signature schemes, for data encryption
Cluster 5: (57) black.hole 26.7%, black 21.2%, hole 16.2%, entropi 4.6%, horizon 3.1%, scalar
1.1%, quasinorm 1.0%, brick.wall 1.0%
Focuses on black holes and black hole horizons, with emphasis on their associated entropy.
Cluster 6: (33) solder 40.1%, undercool 12.1%, imc 4.1%, alloi 2.1%, solidif 1.9%, eutect 1.9%,
dendrit 1.7%, solder.alloi 1.5%, solder.joint 1.5%, reflow 1.3%, interface 1.1%
Focuses on solder and solder joints, particularly lead free solder, with emphasis on
solidification, structure, and properties.
Cluster 7: (35) video 63.7%, text 2.4%, segment 1.7%, sport 1.6%, sport.video 1.6%, watermark
1.4%, mpeg 1.2%
Focuses on video, especially sports video, with emphasis on watermarking.
Cluster 8: (72) bifurc 56.8%, hopf 7.0%, hopf.bifurc 5.4%, delai 2.1%, period 2.1%,
period.solut 1.1%
Focuses on bifurcation, especially Hopf bifurcation.
Cluster 9: (50) ionic.liquid 26.6%, ionic 17.9%, liquid 9.7%, bmim 5.8%, liquid.bmim 2.3%,
ionic.liquid.bmim 2.3%, reaction 1.9%, bf4 1.7%, methylimidazolium 1.3%, yield 1.1%,
butyl.methylimidazolium 1.0%, pf6 1.0%
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Focuses on ionic liquids, especially BMIM: (butyl methylimidazolium), with emphasis on its use
as a reaction medium and promoter to increase reaction yields.
Cluster 10: (40) peer 29.6%, p2p 10.4%, network 8.2%, topolog 6.7%, peer.peer 6.0%, overlai
2.8%, p2p.network 2.1%, search 1.5%, node 1.5%, chord 1.3%, rout 1.3%, queri 1.2%,
peer.network 1.0%, peer.peer.network 1.0%
Focuses on peer to peer: (P2P) networks and file-sharing systems, with emphasis on their
topology and topological mismatches.
Cluster 11: (67) zno 62.2%, nanorod 5.1%, zno.nanorod 3.4%, zno.nanostructur 3.0%,
nanostructur 2.3%, zinc 1.1%
Focuses on ZnO; especially ZnO nanorods, with emphasis on their synthesis and structure
Cluster 12: (67) martensit 21.6%, transform 9.6%, martensit.transform 8.4%, alloi 8.2%,
shape.memori 5.7%, memori 4.1%, shape.memori.alloi 2.9%, memori.alloi 2.9%,
transform.temperatur 2.8%, temperatur 2.8%, shape 1.9%, sma 1.4%,
martensit.transform.temperatur 1.3%, phase 1.1%, phase.transform 1.1%, tini 1.0%
Focuses on martensitic transformation temperatures, particularly of shape memory alloys
Cluster 13: (104) fuzzi 72.8%, control 2.6%, fuzzi.control 2.3%, system 1.3%
Focuses on mathematically fuzzy concepts including: fuzzy control, fuzzy models, fuzzy logic, etc.
Cluster 14: (103) grid 56.6%, resourc 7.2%, comput 4.4%, grid.comput 2.7%, service 2.0%,
schedul 1.5%, architectur 1.0%
Focuses on Grid Computing, a system for computer resource sharing.
Cluster 15: (111) entangl 58.8%, state 6.4%, entangl.state 4.3%, quantum 4.2%, scheme 1.3%,
teleport 1.2%
Focuses on quantum entanglement and entanglement states.
Cluster 16: (83) graph 56.5%, vertic 7.7%, bar 3.2%, vertic.bar.vertic 2.0%, bar.vertic.bar 2.0%,
bar.vertic 2.0%, edg 1.9%, vertex 1.4%, conjectur 1.2%, connect 1.0%
Focuses on graphs and curves, especially theories and proofs involving them.
Cluster 17: (229) angstrom 62.1%, degre 3.5%, crystal 2.1%, beta 2.0%, angstrom.beta 1.9%,
monoclin 1.7%, space.group 1.6%, ref 1.5%
Focuses on crystallographic structures and space groups, especially determination of unit cell
dimensions: (designated as a, b, and c) in angstroms.
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Cluster 18: (59) beta 22.9%, glucopyranosyl 8.1%, beta.glucopyranosyl 7.5%, glucopyranosid
7.4%, beta.glucopyranosid 5.1%, isol 3.6%, glycosid 1.9%, compound 1.5%, spectroscop 1.5%,
hydroxi 1.3%, new 1.3%, elucid 1.3%, alpha 1.3%, beta.glucopyranosyl.beta 1.2%,
glucopyranosyl.beta 1.2%, glucosid 1.2%, structur.elucid 1.1%
Focuses on glucopyranosyl, especially isolation of chemical compounds containing
glucopyranosyl.
Cluster 19: (66) symmetri 14.5%, conserv 10.4%, invari 9.3%, lie 5.0%, lie.symmetri 4.1%,
noether 3.8%, form.invari 3.6%, equat 3.0%, system 2.7%, infinitesim 2.4%,
infinitesim.transform 2.3%, hojman 1.7%, noether.conserv 1.6%, non.noether 1.5%, conserv.law
1.5%, non.noether.conserv 1.2%, transform 1.1%, law 1.1%
Focuses on system symmetries, especially Lie symmetries and non-Noether conserved quantities.
Cluster 20: (116) crack 58.6%, stress 3.4%, intens.factor 2.2%, crack.tip 1.9%, tip 1.5%,
stress.intens 1.2%, stress.intens.factor 1.2%, fractur 1.0%, load 1.0%
Focuses on cracking, crack tip growth rates and stress intensity factors of materials.
Cluster 21: (125) nanotub 59.2%, carbon.nanotub 14.8%, carbon 9.1%
Focuses on nanotubes; especially synthesis of carbon nanotubes.
Cluster 22: (46) antenna 34.3%, microstrip 5.7%, bandwidth 5.6%, patch 3.0%, slot 2.5%,
patch.antenna 2.1%, ebg 1.9%, band 1.7%, ground.plane 1.7%, radiat 1.6%, imped 1.3%,
imped.bandwidth 1.2%, frequenc 1.1%, ground 1.0%, pbg 1.0%
Focuses on antennas, particularly patch antennas, with emphasis on their design and
characterization.
Cluster 23: (80) sar 37.1%, patient 6.0%, acut 3.5%, syndrom 3.0%, respiratori 2.7%,
acut.respiratori 2.5%, sever.acut.respiratori 2.3%, sever.acut 2.3%, acut.respiratori.syndrom
2.1%, respiratori.syndrom 2.1%, sar.patient 2.0%, sever 1.8%, cov 1.6%, outbreak 1.4%,
syndrom.sar 1.4%, respiratori.syndrom.sar 1.4%, infect 1.3%, coronaviru 1.1%, sar.cov 1.1%,
flap 1.0%
Focuses on SARS: (Severe Acute Respiratory Syndrome; particularly studies involving SARS
patients, cases and outbreaks.
Cluster 24: (87) alloi 35.0%, hydrogen 6.7%, hydrogen.storag 4.1%, capac 3.5%, discharg
3.3%, electrochem 2.6%, mill 2.5%, storag 2.3%, discharg.capac 1.8%, hydrid 1.7%, phase
1.7%, storag.alloi 1.1%, hydrogen.storag.alloi 1.1%, cycl 1.0%
Focuses on alloy synthesis and electrochemical characterization, with emphasis on
characterization of hydrogen storage and discharge capacity.
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Cluster 25: (66) grate 32.8%, fiber 8.6%, bragg 6.0%, bragg.grate 5.2%, fbg 5.1%, wavelength
4.0%, fiber.bragg.grate 3.3%, fiber.bragg 3.3%, sensor 1.4%
Focuses on gratings, especially fiber Bragg gratings: (FBGs), with emphasis on their
development as sensors and optical elements.
Cluster 26: (69) nanocomposit 36.4%, clai 8.9%, mmt 7.1%, ommt 4.6%, montmorillonit 4.0%,
intercal 2.5%, exfoli 2.1%, clai.nanocomposit 1.2%
Focuses on synthesis of nanocomposites, particularly polymer/clay nanocomposites containing
montmorillonite: (MMT).
Cluster 27: (55) corros 62.6%, steel 2.7%, corros.resist 1.7%, pit 1.5%, eros 1.3%, resist 1.3%,
implant 1.1%, stainless.steel 1.1%, stainless 1.0%
Focuses on corrosion and pitting resistance of metals and alloys, including steels and stainless
steels.
Cluster 28: (75) eu3 31.9%, phosphor 19.6%, emiss 3.5%, luminesc 3.3%, excit 2.4%, eu2
2.2%, dope 1.7%, eu3.ion 1.5%, ion 1.4%
Focuses on Europium ion: (Eu3+ and Eu2+) doped phosphors, especially their synthesis and
characterization, with emphasis on luminescent properties.
Cluster 29: (143) speci 35.2%, new.speci 19.2%, genu 8.4%, china 6.2%, new 6.1%, speci.genu
1.8%, new.scienc 1.0%
Focuses on the identification of mainly zoological and entomological species in China.
Cluster 30: (71) chaotic 32.9%, synchron 11.3%, chaotic.system 9.0%, system 5.8%, chao 4.0%,
control 3.7%, feedback 1.7%, chua 1.3%
Focuses on chaotic systems; especially their control and synchronization.
Cluster 31: (166) nanowir 68.2%, arrai 2.1%, nanowir.arrai 1.6%, diamet 1.6%
Focuses on nanowires;, especially their synthesis and characterization.
Cluster 32: (78) ring 31.3%, titl 5.9%, titl.compound 5.8%, dihedr.angl 4.0%, dihedr 4.0%,
compound 3.6%, benzen.ring 2.8%, conform 2.1%, molecul 1.9%, angl 1.8%, benzen 1.8%, boat
1.3%, bond 1.1%
Focuses on compounds and molecules containing rings, such as benzene rings, with emphasis on
their synthesis and characterization.
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Cluster 33: (56) mcm 38.9%, molecular.siev 6.2%, siev 5.5%, mesopor 4.4%, catalyst 4.1%,
sapo 3.5%, acid 1.6%, molecular 1.5%, select 1.3%, catalyt 1.2%
Focuses on molecular sieves, especially those comprised of MCMs: (mesoporous crystalline
materials), with emphasis on their synthesis and characterization.
Cluster 34: (68) ca2 57.2%, channel 3.0%, intracellular 1.8%, calcium 1.3%, cell 1.2%
Focuses on the calcium ion, Ca+2; particularly as it relates to cells and cellular functions.
Cluster 35: (114) er3 13.1%, upconvers 8.8%, emiss 6.9%, glass 6.4%, yb3 5.4%, dope 3.6%,
excit 2.2%, luminesc 1.7%, laser 1.5%, tm3 1.4%, absorpt 1.3%, crystal 1.2%, er3.dope 1.1%,
fluoresc 1.1%, tellurit 1.1%, intens 1.0%, lifetim 1.0%
Focuses on glasses containing Er3+; especially for upconversion laser applications.
Cluster 36: (91) face 30.5%, recognit 27.6%, face.recognit 5.0%, featur 2.7%, imag 1.9%,
discrimin 1.9%, face.imag 1.1%, gabor 1.1%
Focuses on face recognition algorithms.
Cluster 37: (81) quark 48.8%, meson 5.8%, nucleon 3.4%, mass 3.3%, gluon 1.6%, chiral 1.4%,
qcd 1.0%
Focuses on quarks and quark models.
Cluster 38: (255) atom 22.4%, ligand 5.4%, titl 5.0%, two.atom 3.8%, coordin 2.9%, atom.two
2.6%, two 2.4%, distort 2.3%, geometri 2.2%, titl.compound 2.1%, molecul 2.0%, octahedr
1.6%, h2o 1.2%, bond 1.2%, compound 1.1%, water.molecul 1.0%, distort.octahedr 1.0%,
complex 1.0%, carboxyl 1.0%
Focuses on the atomic structure of molecules and compounds.
Cluster 39: (69) diamond 27.1%, deposit 13.4%, diamond.film 10.9%, film 9.4%, substrat 3.0%,
cvd 1.4%
Focuses on diamond films, including nano-structured diamond films, with emphasis on their
deposition by various methods.
Cluster 40: (66) schedul 30.5%, algorithm 8.1%, job 5.8%, time 4.7%, machin 3.2%,
process.time 2.5%, minim 2.5%, process 2.0%, makespan 1.4%, schedul.algorithm 1.0%, optim
1.0%
Focuses on machine scheduling and optimization, with emphasis on algorithms that deal
with these subjects.
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Cluster 41: (101) soliton 37.1%, soliton.solut 7.9%, equat 5.4%, solut 5.3%, nonlinear 2.1%,
dimension 1.7%, variabl.separ 1.3%, variabl 1.2%, perturb 1.0%
Focuses on solitons: (waves), especially equations and solutions related to them.
Cluster 42: (79) delai 4.9%, matrix.inequ 4.2%, robust 4.1%, system 4.0%, inequ 3.8%, stabil
3.1%, linear.matrix.inequ 3.1%, linear.matrix 3.0%, linear 2.6%, feedback 2.6%, control 2.4%,
design 2.3%, lmi 1.8%, matrix 1.8%, output 1.7%, suffici 1.5%, suffici.condit 1.5%,
feedback.control 1.5%, time.delai 1.5%, output.feedback 1.4%, close.loop 1.2%, uncertainty
1.1%, time 1.1%, loop 1.0%, condit 1.0%
Focuses on control of linear systems, especially related to time delay and feedback control.
Cluster 43: (89) alloi 32.7%, amorph 15.3%, amorph.alloi 7.3%, magnet 5.3%, glass 3.2%,
glass.form 2.2%, crystal 1.3%
Focuses on characterization of alloys, especially amorphous alloys, with emphasis on high
temperature and magnetic properties.
Cluster 44: (62) glass 50.0%, bmg 3.4%, metal.glass 2.2%, glass.transit 1.7%, bulk.metal 1.4%,
bulk.metal.glass 1.4%, crystal 1.2%, nucleat 1.0%
Focus on glasses, especially metallic glasses, with emphasis on synthesis and characterization of
properties such as glass transition temperature.
Cluster 45: (66) fiber 60.4%, concret 5.8%, strength 1.8%, reinforc 1.2%
Focuses on fibers, especially fibers for composites and concrete reinforcement, with emphasis on
their syntheis and characterization.
Cluster 46: (155) dielectr 33.1%, ceram 12.8%, dielectr.constant 6.5%, dielectr.properti 4.0%,
sinter 3.3%, constant 3.0%, microwav 1.8%, temperatur 1.4%, microwav.dielectr 1.2%, property
1.2%
Focuses on characterization of the dielectric properties of ceramics.
Cluster 47: (52) dna 29.4%, immobil 17.4%, nucleic 5.2%, nucleic.acid 4.7%, enzyme 2.0%,
acid 1.3%, immobil.enzym 1.0%, calf.thymu 1.0%
Focuses on DNA; particularly the immobilization of DNA, and enzymes.
Cluster 48: (79) cancer 18.8%, risk 18.4%, genotyp 6.4%, polymorph 4.5%, escc 1.6%, gastric
1.4%, lung.cancer 1.4%, lung 1.3%, control 1.1%, case 1.1%, cancer.risk 1.0%, allel 1.0%
Focuses on cancer risk and control.
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Cluster 49: (113) period 12.1%, period.solut 10.8%, posit.period 4.2%, exist 3.9%,
posit.period.solut 3.7%, delai 3.0%, solut 2.9%, predat 2.8%, prei 2.2%, equat 2.1%, impuls
1.8%, differenti.equat 1.7%, coincid.degre 1.5%, suffici.condit 1.5%, theorem 1.4%, suffici
1.4%, differenti 1.1%, posit 1.0%, exist.posit.period 1.0%, continu.theorem 1.0%, predat.prei
1.0%, stabil 1.0%
Focuses on positive periodic solutions to system equations.
Cluster 50: (144) titl.compound 15.3%, titl 13.2%, compound 9.5%, intermolecular 5.4%, bond
5.1%, molecul 5.0%, hydrogen 4.5%, hydrogen.bond 3.2%, intermolecular.hydrogen 2.8%,
crystal 1.8%, crystal.structur 1.5%, intermolecular.hydrogen.bond 1.3%, intramolecular 1.2%,
interact 1.1%, intramolecular.hydrogen 1.0%
Focuses on compounds containing intramolecular hydrogen bonds, with emphasis on their
structure.
Cluster 51: (116) web 26.7%, semant 15.6%, servic 13.9%, ontolog 11.6%, web.servic 3.6%,
inform 2.1%
Focuses on web services, especially focused on semantic Web aspects.
Cluster 52: (91) mwnt 13.3%, swnt 12.9%, carbon 11.4%, nanotub 8.6%, carbon.nanotub 6.7%,
wall.carbon 5.2%, wall.carbon.nanotub 4.8%, wall 3.2%, singl.wall.carbon 2.0%, singl.wall
2.0%, mwcnt 1.3%, tube 1.3%
Focuses on single-wall and multi-wall carbon nanotubes; includes studies that focus on their
synthesis, characterization, and use in reactions involving other materials.
Cluster 53: (104) polymorph 10.9%, genotyp 10.4%, allel 10.3%, snp 4.3%, haplotyp 4.3%,
schizophrenia 4.0%, gene 3.8%, chines 3.0%, popul 2.1%, hypertens 1.8%, han 1.7%, subject
1.5%, bmd 1.1%, frequenc 1.1%, patient 1.0%
Focuses on specific types of genes, especially polymorphs, and their functions.
Cluster 54: (76) gold 17.8%, sam 8.7%, electrod 5.7%, assembl 3.0%, self.assembl 2.8%,
monolay 2.7%, immunosensor 2.6%, surfac 2.2%, gold.nanoparticl 2.1%, electrochem 1.9%,
gold.electrod 1.7%, assembl.monolay 1.7%, self.assembl.monolay 1.7%, nanoparticl 1.6%, self
1.5%, immobil 1.3%, antibodi 1.1%
Focuses on devices containing or utilizing gold, with emphasis on electrodes, especially selfassembled monolayers: (SAMs), and biosensors.
Cluster 55: (135) solut 17.7%, wave 9.0%, equat 8.4%, wave.solut 7.6%, exact 3.1%, nonlinear
3.0%, solitari 2.8%, ellipt 2.8%, solitari.wave 2.7%, ellipt.function 2.6%, exact.solut 2.1%,
jacobi.ellipt 1.9%, jacobi 1.6%, solitari.wave.solut 1.6%, jacobi.ellipt.function 1.4%, function
1.3%, period 1.1%
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Focuses on exact solutions, including solitary wave solutions, to various equations and
functions.
Cluster 56: (76) devic 12.7%, emit 6.2%, layer 5.9%, light.emit 4.0%, alq 3.7%, ito 3.3%, ol
3.1%, hole 2.8%, organ 2.7%, npb 2.3%, light 2.3%, organ.light 2.2%, organ.light.emit 2.0%,
lumin 1.2%, emiss 1.2%, light.emit.devic 1.0%, emit.devic 1.0%, effici 1.0%
Focuses on devices, especially organic light emitting devices, including light emitting diodes:
(LEDs), with emphasis on their fabrication.
Cluster 57: (147) rock 9.9%, zircon 7.1%, ag 5.3%, mantl 4.5%, granit 3.8%, metamorph 3.5%,
isotop 2.6%, basalt 1.9%, similar 1.5%, north 1.4%, crust 1.4%, geochem 1.3%, magma 1.1%,
date 1.1%, subduct 1.1%, ree 1.1%, gneiss 1.0%, magmat 1.0%
Focuses on rock and mantle beneath North China, with emphasis on isotope dating.
Cluster 58: (235) soil 70.6%, fertil 1.4%
Focuses on soil, especially the effects of soil properties on plants, in China
Cluster 59: (90) transgen 25.3%, plant 11.8%, gene 11.4%, express 4.0%, transgen.plant 2.0%,
tobacco 1.9%, gu 1.8%, transform 1.5%
Focuses on transgenic experiments; especially those involving transgenic plants.
Cluster 60: (43) wavelet 52.9%, signal 2.3%, denois 1.4%, wavelet.transform 1.4%, multiresolut
1.4%, frame 1.3%, fault 1.2%, transform 1.0%
Focuses on wavelets.
Cluster 61: (147) wear 41.9%, friction 8.9%, wear.resist 3.0%, steel 2.7%, slide 2.2%, surfac
1.6%, lubric 1.6%, composit 1.6%, resist 1.6%, coat 1.1%, friction.coeffici 1.0%
Focuses on wear resistance of materials, especially experimental evaluation of wear resistance
properties.
Cluster 62: (120) film 19.9%, thin.film 8.5%, thin 7.3%, ferroelectr 6.4%, dielectr 4.2%, bst
3.4%, pzt 3.3%, anneal 2.4%, temperatur 1.2%, deposit 1.1%
Focuses on films, especially thin films, with emphasis on their synthesis and evaluation.
Cluster 63: (138) neural.network 22.4%, neural 21.8%, network 16.7%, ann 5.7%,
artifici.neural.network 2.0%, artifici.neural 2.0%, model 2.0%, train 1.6%, artifice 1.4%,
network.ann 1.0%
Focuses on neural networks; especially artificial neural networks (ANNs).
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Cluster 64: (82) capillari 11.6%, separ 8.3%, buffer 5.3%, electrophoresi 3.8%, detect 3.3%,
mmol 3.2%, capillari.electrophoresi 2.3%, analyt 2.1%, acid 1.5%, chiral 1.3%, run.buffer 1.3%,
voltag 1.2%, concentr 1.1%, electrokinet 1.0%, run 1.0%
Focuses on chemical separation methods; especially those based on capillary electrophoresis:
(CE).
Cluster 65: (59) cure 24.3%, resin 16.1%, epoxi 5.0%, flame.retard 4.7%, retard 3.6%, flame
3.5%, thermal 2.1%, epoxi.resin 1.5%, thermal.degrad 1.1%, degrad 1.1%
Focuses on curing and resins, with emphasis on curing of resins.
Cluster 66: (69) resourc 42.2%, agent 7.1%, digit 3.9%, mobil.agent 3.2%, library 2.7%,
digit.librari 2.3%, system 2.2%, architectur 1.8%, mobil 1.7%, inform 1.1%
Focuses on resource management, especially as it relates to computer networks, with emphasis
on mobile agents and digital libraries
Cluster 67: (67) gev 14.4%, collis 8.0%, pion 4.1%, hadron 3.5%, parton 3.1%, transvers 2.6%,
momentum 2.3%, product 2.2%, collid 2.0%, transvers.momentum 1.9%, quark 1.6%, gluon
1.4%, bar 1.3%, lhc 1.3%, pseudorapid 1.2%, jet 1.0%
Focuses on energy levels in the GeV range; especially energies related to the motion and
interaction of sub-atomic particles.
Cluster 68: (174) tio2 54.3%, photocatalyt 6.3%, anatas 2.2%, photocatalyst 1.7%,
photocatalyt.activ 1.6%, sol 1.3%, dope 1.0%, gel 1.0%
Focuses on TiO2, especially its photocatalytic behavior.
Cluster 69: (96) secur 43.6%, protocol 9.3%, attack 4.5%, authent 4.0%, scheme 2.0%, kei
1.4%, encrypt 1.2%, commun 1.2%, messag 1.0%
Focuses on security, especially system and protocol security.
Cluster 70: (171) crystal 9.8%, space.group 7.6%, space 3.7%, angstrom 3.4%, degree 3.0%,
group 2.9%, beta 2.5%, monoclin 2.4%, complex 2.3%, system.space.group 2.1%, system.space
2.1%, compound 1.8%, structur 1.7%, 000 1.6%, singl.crystal 1.5%, rai 1.4%, crystal.structur
1.4%, diffract.crystal 1.3%, diffract 1.0%
Focuses on the characterization of crystal structures; especially space groups.
Cluster 71: (78) aldehyd 30.2%, aromat.aldehyd 7.0%, aromat 5.6%, keton 3.6%, yield 3.1%,
condens 2.2%, reaction 2.2%, solvent.free 1.5%, aldehyd.keton 1.4%, synthesi 1.2%
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Focuses on aldehydes, especially aromatic aldehydes, with emphasis on reactions involving
them.
Cluster 72: (115) algebra 56.1%, lie 2.8%, lie.algebra 2.2%, modul 2.0%, loop.algebra 1.4%,
hierarchi 1.4%, let 1.3%
Focuses on algebras, especially Lie algebra and loop algebra.
Cluster 73: (111) copolym 40.7%, poli 6.3%, block 3.9%, block.copolym 2.7%, polymer 1.8%
Focuses on polymers, especially block copolymers, with emphasis on their synthesis.
Cluster 74: (325) coat 68.6%, sprai 1.6%, oxid 1.3%, composit.coat 1.2%, composit
1.0%
Focuses on coatings; especially composite coatings.
Cluster 75: (118) exist 13.5%, posit.solut 6.9%, solut 6.8%, boundari 5.3%, point 4.7%, theorem
4.6%, fix.point 4.1%, equat 3.7%, point.theorem 2.7%, fix.point.theorem 2.6%, posit 2.4%, fix
2.1%, differenti.equat 1.7%, differenti 1.5%, exist.multipl 1.2%, singular 1.1%, nonlinear 1.1%,
exist.posit 1.0%, infin 1.0%
Focuses on the existence of positive solutions to equations; especially those involving a fixed
point theorem.
Cluster 76: (108) popul 24.8%, genet 16.3%, divers 4.2%, polymorph 2.7%, genet.divers 2.6%,
allel 1.9%, primer 1.8%, haplotyp 1.8%, ssr 1.8%, microsatellite 1.6%, speci 1.3%, china 1.2%,
marker 1.1%, sequenc 1.0%, loci 1.0%
Focuses on genetic diversity in populations.
Cluster 77: (56) weld 36.0%, crack 7.4%, fatigu 3.6%, carbid 2.5%, joint 1.8%, fractur 1.7%,
heat 1.4%, stress 1.3%
Focuses on the structure and properties of materials, with emphasis on characterization of welds
and fatigue and fracture behavior.
Cluster 78: (75) late 6.7%, basin 5.8%, permian 3.7%, rock 3.1%, triassic 3.0%, earli 2.9%,
jurass 2.8%, format 2.7%, cretac 2.3%, china 1.9%, middl 1.8%, sourc.rock 1.8%, south 1.6%,
belt 1.6%, volcan 1.5%, sourc 1.3%, zone 1.3%, oil 1.3%, southern 1.1%, mesozo 1.1%
Focuses on geological formations in China, with emphasis on determination of geologic age.
Cluster 79: (82) vaccin 9.9%, antibodi 9.8%, immun 9.1%, antigen 5.7%, epitop 4.7%, viru
2.8%, assai 1.9%, mab 1.8%, mice 1.6%, elisa 1.5%, respons 1.5%, protein 1.4%, infect 1.3%,
peptid 1.3%, dna.vaccin 1.2%, dna 1.1%, influenza 1.0%
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Focuses on antibodies, vaccine, and immunity.
Cluster 80: (157) nanoparticl 64.5%, gold 2.4%, gold.nanoparticl 1.4%, size 1.4%
Focuses on nanoparticles; especially those containing gold.
Cluster 81: (168) decai 29.2%, bar 8.4%, psi 5.9%, branch 2.5%, branch.fraction 2.2%, gamma
2.2%, detector 2.0%, meson 1.4%, fraction 1.3%, measur 1.1%, violat 1.0%, x10 1.0%
Focuses on decays of subatomic particles; especially those involving branching fractions.
Cluster 82: (60) cool 8.7%, air 8.3%, heat 6.8%, rvr 5.8%, build 4.1%, energi.consumpt 3.8%,
energi 3.6%, heat.cool 3.4%, ventil 3.3%, consumpt 2.6%, citi 2.0%, indoor 1.3%, energi.effici
1.2%
Focuses on air cooling and heating systems, especially their energy consumption and efficiency.
Cluster 83: (114) code 24.0%, channel 6.9%, scheme 4.3%, error 2.6%, symbol 2.5%, estim
1.9%, ofdm 1.8%, bit 1.8%, fade 1.6%, antenna 1.3%, cdma 1.2%, decod 1.1%, ber 1.1%,
channel.estim 1.1%, multipl 1.0%
Focuses on coding over channels, with emphasis on errors and fading.
Cluster 84: (80) cross.section 14.1%, section 12.0%, cross 9.2%, scatter 3.8%, momentum
3.5%, isospin 2.7%, energi 2.7%, calcul 2.0%, differenti.cross 1.1%, differenti.cross.section
1.0%, neutron 1.0%
Focuses on cross sections; especially related to quantum reactions/interactions.
Cluster 85: (117) reaction 18.4%, transit.state 5.8%, energi 3.4%, b3lyp 2.7%, transit 2.0%, state
1.9%, 311 1.6%, mp2 1.5%, theori 1.3%, barrier 1.3%, calcul 1.2%, pathwai 1.2%, radic 1.2%,
ch3 1.2%, product 1.1%, level 1.1%, energi.surfac 1.1%, potenti.energi 1.0%,
potenti.energi.surfac 1.0%
Focuses on reactions; especially their energy and transition states.
Cluster 86: (107) qtl 13.4%, chromosom 11.4%, marker 5.2%, trait 5.1%, rice 3.8%, map 2.7%,
genet 2.7%, hybrid 2.3%, genom 1.9%, seed 1.8%, parent 1.5%, line 1.3%, loci 1.2%, gene
1.1%, resist 1.1%, popul 1.0%
Focuses on chromosomes and genes; especially genetic markers and traits.
Cluster 87: (70) peer 14.8%, queri 9.3%, xml 8.3%, storag 5.1%, server 3.6%, file 3.1%, data
3.0%, system 1.6%, document 1.6%, peer.peer 1.6%, stream 1.6%, disk 1.5%, web 1.4%, servic
1.2%, node 1.1%, distribut 1.0%
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Focuses on systems for storing and sharing data, especially peer to peer (P2P) systems.
Cluster 88: (100) deform 22.5%, strain 9.2%, strain.rate 5.4%, roll 5.0%, stress 2.1%,
microstructur 2.0%, compress 1.8%, superplast 1.8%, tensil 1.6%, cold.roll 1.5%, alloi 1.4%,
rate 1.3%, temperatur 1.2%, textur 1.1%, hot 1.1%, grain 1.1%, cold 1.0%, recrystal 1.0%,
plastic 1.0%
Focuses on the deformation behavior of materials as determined through experimental
investigations.
Cluster 89: (97) filter 47.0%, nois 18.4%, signal 2.6%
Focuses on filters; especially those designed to reduce noise.
Cluster 90: (76) star 30.9%, galaxi 10.3%, mass 2.9%, cluster 2.8%, stellar 2.6%, ngc 1.6%,
outflow 1.5%, binari 1.3%, luminos 1.2%, circl.dot 1.1%
Focuses on stars, and their relation to composition and evolution of galaxies.
Cluster 91: (70) kinet 18.5%, reaction 8.4%, decomposit 2.5%, hydrolysi 2.3%, active 2.2%,
kinet.model 1.8%, rate 1.6%, kinet.paramet 1.6%, activ.energi 1.5%, enthalpy 1.2%,
rate.constant 1.2%, mol 1.1%, paramet 1.1%, constant 1.0%
Focuses on kinetics of reactions.
Cluster 92: (193) gene 13.0%, cdna 7.4%, express 7.2%, sequenc 4.4%, protein 4.1%,
amino.acid 3.6%, encod 3.2%, amino 3.1%, clone 2.6%, human 1.9%, acid 1.6%, testi 1.5%,
transcript 1.3%, pcr 1.0%
Focuses on genes, especially c-DNA.
Cluster 93: (53) chines 26.2%, famili 14.7%, mutat 8.8%, popul 4.2%, hear 2.4%, medicin
1.6%, genet 1.5%, diseas 1.3%, chines.medicin 1.2%, unrel 1.2%, gene 1.1%, chines.famili 1.0%
Focuses on Chinese families, with emphasis on genetics and medicine.
Cluster 94: (145) isol 10.6%, compound 9.5%, spectroscop 6.8%, elucid 5.6%, structur.elucid
5.3%, nmr 4.4%, new 4.0%, structur 2.2%, two.new 1.7%, elucid.basi 1.3%, basi 1.2%,
elucid.spectroscop 1.2%, new.compound 1.2%, diterpenoid 1.2%, hydroxi 1.1%, name 1.1%,
structur.elucid.spectroscop 1.1%, spectral 1.0%
Focuses on isolation of compounds and elucidation of their structures.
Cluster 95: (110) strain 20.6%, isol 6.5%, 16 5.9%, sequenc 4.2%, rrna 3.8%, phylogenet 3.1%,
16.rrna 3.0%, speci 2.7%, rrna.gene 2.5%, rdna 2.1%, 16.rrna.gene 2.1%, genu 2.0%,
gene.sequenc 1.6%, rrna.gene.sequenc 1.6%, gene 1.4%, dna 1.2%, type.strain 1.0%
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 428

The Rooster & The Dragon January 23, 2012
Focuses on isolates and strains of micro-organisms or genes, especially r-RNA.
Cluster 96: (107) neuron 49.9%, receptor 2.2%, neuroprotect 1.4%, induc 1.3%, gaba 1.3%,
activ 1.1%, rat 1.1%, glutam 1.0%
Focuses on neurons.
Cluster 97: (84) chromatographi 11.5%, enzym 3.5%, purifi 3.1%, hsccc 2.8%, ethyl.acet 2.6%,
acet 2.5%, purif 2.3%, ethyl 1.7%, crude 1.3%, puriti 1.3%, extract 1.2%,
counter.current.chromatographi 1.2%, current.chromatographi 1.2%, counter.current 1.2%, gel
1.2%, prepar 1.1%, high.speed.counter 1.1%, speed.counter 1.1%, speed.counter.current 1.1%,
solvent.system 1.0%, separ 1.0%
Focuses on compounds and enzymes, with emphasis on their synthesis, separation, and
purification, and especially the use of chromatography.
Cluster 98: (144) equal 30.2%, let 13.1%, equal.equal 5.0%, element 4.3%, integ 3.7%, infin
3.4%, sigma 2.7%, subset 1.6%, mod 1.4%, prove 1.3%, delta 1.2%, posit.integ 1.0%,
equal.equal.equal 1.0%
Focuses on mathematical investigations, with emphasis on solutions to equations and functions.
Cluster 99: (66) limit.cycl 11.6%, homoclin 7.8%, bifurc 5.4%, orbit 4.9%, cycl 4.1%, system
3.8%, limit 3.0%, oscil 2.4%, perturb 2.3%, period 2.2%, homoclin.orbit 1.9%, lyapunov.expon
1.5%, motion 1.4%, point 1.4%, chao 1.3%, lyapunov 1.2%, number.limit.cycl 1.2%,
number.limit 1.2%, expon 1.0%, heteroclin 1.0%
Focuses on evaluations of systems; especially those involving limit cycles, homoclinic loops or
orbits, and oscillation or oscillators.
Cluster 100: (170) tumor 37.3%, cell 13.1%, tumor.cell 2.8%, cell.line 2.1%, mice 1.9%,
express 1.7%, line 1.3%, carcinoma 1.2%, cancer 1.0%
Focuses on tumors, including tumor growth, metastases, treatment, and inhibition, with
emphasis on experiments involving cells in mice or cell lines.
Cluster 101: (147) beam 60.2%, gaussian 3.0%, gaussian.beam 1.7%, propag 1.3%
Focuses on beams, especially Gaussian beams.
Cluster 102: (108) traffic 20.8%, network 8.2%, rout 7.1%, qo 4.3%, packet 3.9%, bandwidth
2.7%, scheme 2.4%, multicast 2.1%, delai 1.6%, internet 1.6%, congest 1.5%, protocol 1.5%,
node 1.4%, hoc 1.1%, wireless 1.0%
Focuses on traffic, mainly on internet and electronic traffic.
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Cluster 103: (127) grain 46.9%, grain.size 4.7%, boundari 4.1%, grain.boundari 3.5%, size
2.2%, microstructur 1.5%, alloi 1.5%, deform 1.3%, refin 1.1%, grain.refin 0.7%, twin 0.7%,
ribbon 0.7%, grain.growth 0.6%, recrystal 0.6%, phase 0.6%, temperature 0.5%, ecap 0.4%,
surfac 0.4%, anneal 0.4%, cast 0.3%, growth 0.3%, textur 0.3%, averag.grain 0.3%, plastic 0.3%,
dendrit 0.3%
Focuses on the grain structure of various alloys and the microstructure of such alloys.
Cluster 104: (351) film 31.3%, thin.film 22.0%, thin 19.1%, substrat 1.8%, deposit 1.5%,
temperatur 0.7%, anneal 0.5%, sputter 0.5%, zno 0.4%, tio2 0.3%, optic 0.3%, electron 0.3%,
orient 0.3%, layer 0.2%, film.deposit 0.2%, grown 0.2%, silicon 0.2%, structur 0.2%, sol 0.2%,
surfac 0.2%, crystal 0.2%, resist 0.2%, magnetron 0.2%, magnetron.sputter 0.2%, dope 0.2%
Focuses on thin films and their deposition.
Cluster 105: (126) aryl 21.6%, catalyz 8.0%, reaction 5.5%, palladium 5.0%, alkyn 3.8%, coupl
3.6%, palladium.catalyz 3.6%, coupl.reaction 3.4%, yield 3.2%, cross.coupl 2.1%, stereoselect
2.0%, afford 1.3%, regioselect 1.1%, suzuki 1.1%, synthesi 0.9%, substitut 0.9%, aryl.halid
0.8%, termin.alkyn 0.7%, halid 0.7%, phosphin 0.7%, cross 0.7%, cross.coupl.reaction 0.7%,
sonogashira 0.5%, termin 0.4%, iodid 0.4%
Focuses on chemical reactions with an emphasis on catalyzing agents.
Cluster 106: (77) waveguid 26.8%, fdtd 7.0%, differ.time.domain 2.3%, finit.differ 2.3%,
time.domain 2.3%, differ.time 2.3%, finit.differ.time 2.1%, index 1.6%, optic 1.5%, finit 1.3%,
domain 1.3%, differ 1.2%, domain.fdtd 1.0%, time.domain.fdtd 1.0%, coupl 1.0%, mode 0.9%,
mmi 0.8%, multimod 0.8%, photon 0.7%, simul 0.7%, band 0.6%, propag 0.6%, caviti 0.6%,
electromagnet 0.6%, numer 0.6%
Focuses on waveguides along with Finite Difference Time Domain analysis of the waveguides.
Cluster 107: (131) column 9.1%, mobil.phase 7.0%, separ 5.8%, phase 4.5%, mobil 4.1%,
chromatograph 2.6%, acid 2.0%, hplc 1.9%, stationari.phase 1.9%, detect 1.9%, high.liquid
1.8%, liquid 1.7%, chromatographi 1.6%, methanol 1.5%, min 1.4%, chiral 1.4%, stationari
1.3%, csp 1.3%, revers.phase 1.1%, liquid.chromatographi 1.0%, acetonitril 0.9%,
high.liquid.chromatographi 0.8%, flow.rate 0.7%, mug 0.7%, recoveri 0.7%
Focuses on different means of either charge or mass separation, high pressure liquid
chromatography, or liquid-liquid extraction.
Cluster 108: (97) equat 21.0%, differenti.equat 15.5%, differenti 11.8%, partial.differenti 3.7%,
partial.differenti.equat 3.0%, stochast 2.5%, partial 2.0%, solut 1.3%, nonlinear 1.2%, numer
1.0%, viscoelast 0.9%, ordinari.differenti 0.9%, ordinari.differenti.equat 0.9%, ordinari 0.7%,
stochast.differenti 0.6%, linear 0.6%, dynam 0.5%, gener 0.4%, govern 0.4%,
stochast.differenti.equat 0.4%, system 0.4%, function 0.4%, deriv 0.3%, plate 0.3%, non 0.3%
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Focuses on differential equations to describe various systems.
Cluster 109: (120) chiral 21.4%, enantioselect 11.8%, asymmetr 9.5%, allyl 3.9%, ligand 3.5%,
keton 3.2%, reaction 2.4%, aldehyd 2.1%, yield 1.5%, synthesi 1.4%, alcohol 1.3%, catalyz
1.2%, catalyt 1.1%, addit 0.7%, catalyz.asymmetr 0.5%, asymmetr.addit 0.5%, aromat 0.5%,
deriv 0.5%, beta 0.4%, oxazolin 0.4%, catalyt.asymmetr 0.4%, new.chiral 0.3%, catalyst 0.3%,
absolut.configur 0.3%, unsatur 0.3%
Focuses on chiral compounds, chiral ligands and enantioselectivity.
Cluster 110: (204) cell 32.9%, apoptosi 13.7%, induc 3.6%, bcl 2.0%, caspas 2.0%, inhibit
1.4%, apoptot 1.4%, express 1.3%, activ 1.2%, prolifer 1.1%, induc.apoptosi 1.0%, cell.cycl
0.9%, death 0.8%, protein 0.7%, cell.death 0.7%, cell.apoptosi 0.6%, k562 0.6%, dna 0.5%,
arrest 0.5%, cell.line 0.5%, cycl 0.5%, bax 0.5%, inhibitor 0.4%, ro 0.4%, regul 0.4%
Focuses on multiple types of cells and what affects them, emphasizing apoptosis.
Cluster 111: (80) nanorod 37.0%, nanobelt 8.5%, nanostructur 3.0%, synthes 1.7%, growth
1.6%, length 1.6%, singl.crystallin 1.3%, hydrotherm 1.2%, singl 1.1%, crystallin 1.1%, diamet
1.0%, crystal 0.9%, templat 0.7%, format 0.7%, mum 0.7%, surfact 0.5%, nanorod.synthes 0.5%,
step 0.5%, singl.crystal 0.5%, mechan 0.5%, growth.mechan 0.5%, morpholog 0.4%,
oxid.nanorod 0.4%, xrd 0.3%, structur 0.3%
Focuses on nanostructures, especially nanorods and nanobelts, and their formation and
characteristics
Cluster 112: (135) steel 38.7%, ferrit 6.3%, austenit 5.1%, grain 2.0%, roll 1.8%, martensit
1.7%, microstructur 1.2%, transform 1.0%, strength 1.0%, deform 0.9%, carbon 0.9%, precipit
0.8%, bainit 0.8%, temperatur 0.7%, low.carbon 0.6%, stainless.steel 0.6%, stainless 0.6%, hard
0.6%, disloc 0.5%, carbon.steel 0.5%, cool 0.4%, boundari 0.4%, low 0.4%, tough 0.4%, size
0.4%
Focuses on various steels, especially ferritic and austenitic, with an emphasis on failure modes,
testing and composition
Cluster 113: (98) beta 43.3%, cyclodextrin 9.8%, alpha 2.8%, beta.cyclodextrin 2.8%, inclus
2.3%, complex 1.4%, inclus.complex 1.4%, benzoyl 1.0%, acid 1.0%, nmr 0.8%, glcp 0.8%,
beta.beta 0.7%, bind 0.7%, acetyl 0.6%, alpha.beta 0.5%, trichloroacetimid 0.5%,
cyclodextrin.beta 0.4%, guest 0.4%, residu 0.4%, beta.glcp 0.4%, beta.cyclodextrin.beta 0.4%,
benzoyl.beta 0.4%, caviti 0.3%, cd 0.3%, bi.beta 0.3%
Focuses on alpha and beta cyclodextrin.
Cluster 114: (338) catalyst 53.8%, catalyt 2.8%, activ 2.5%, oxid 2.2%, select 1.5%, al2o3
1.4%, hydrogen 1.3%, support 1.2%, reaction 1.1%, methan 1.0%, convers 1.0%, methanol
0.7%, sio2 0.6%, al2o3.catalyst 0.5%, gamma.al2o3 0.5%, reduct 0.5%, oxygen 0.5%, promot
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0.5%, surfac 0.5%, impregn 0.4%, carbon 0.4%, catalyt.activ 0.4%, temperatur 0.4%, zro2 0.4%,
speci 0.4%
Focuses on chemical reactions; specifically those involving catalysts.
Cluster 115: (106) heat 36.8%, heat.transfer 8.9%, transfer 6.0%, fin 1.9%, heat.flux 1.7%, flux
1.6%, cycl 1.4%, convect 1.2%, refriger 1.1%, temperatur 0.9%, model 0.9%, exergi 0.8%, cool
0.8%, flow 0.7%, mass.transfer 0.7%, heat.exchang 0.6%, compressor 0.5%, heat.pump 0.4%,
irrevers 0.4%, coeffici 0.4%, experiment 0.4%, transfer.coeffici 0.4%, tube 0.3%, mass 0.3%,
power 0.3%
Focuses on heat transfer.
Cluster 116: (80) search 37.1%, algorithm 11.4%, tree 2.1%, search.algorithm 2.1%, heurist
2.0%, constraint 1.9%, queri 1.3%, tabu 1.0%, optim 1.0%, local.search 0.9%, distanc 0.8%,
mine 0.8%, set 0.7%, genet 0.7%, graph 0.7%, comput 0.7%, genet.algorithm 0.6%, tabu.search
0.6%, model 0.4%, local 0.4%, search.space 0.4%, benchmark 0.4%, line.search 0.4%, pattern
0.3%, train 0.3%
Focuses on algorithems, especially search algorithms, development for specific problems
of interest.
Cluster 117: (112) polymer 32.5%, graft 6.0%, monom 5.1%, initi 2.6%, polym 2.1%, acryl
1.6%, molecular.weight 1.3%, raft 1.2%, methacryl 1.2%, radic.polymer 1.1%, radic 1.1%, mma
1.0%, weight 1.0%, atrp 0.9%, copolymer 0.9%, methyl 0.8%, poli 0.8%, styren 0.7%, copolym
0.7%, molecular 0.6%, vinyl 0.6%, convers 0.6%, transfer 0.6%, atom.transfer 0.5%,
transfer.radic.polymer 0.5%
Focuses on various polymers, copolymers, monomers and grafting.
Cluster 118: (77) machin 36.7%, svm 4.8%, tool 2.8%, support.vector 2.7%, cut 2.5%,
support.vector.machin 2.2%, vector.machin 2.2%, grind 1.8%, vector 1.3%, error 1.1%, pl 1.0%,
kernel 0.9%, machin.tool 0.9%, support 0.8%, speed 0.8%, model 0.7%, classif 0.6%, optim
0.6%, case 0.5%, manufactur 0.5%, micro 0.4%, learn 0.4%, descriptor 0.4%, surfac 0.4%,
machin.svm 0.4%
Focuses on support vector machines.
Cluster 119: (86) neutron 13.1%, proton 8.9%, nuclei 8.7%, band 3.4%, nucleon 2.5%, energi
2.1%, gamma 1.8%, relativist 1.6%, mev 1.4%, state 1.3%, nuclear 1.1%, detector 1.1%, calcul
1.1%, mean.field 1.1%, nucleu 1.0%, triaxial 1.0%, relativist.mean.field 1.0%, relativist.mean
1.0%, rmf 0.9%, odd 0.8%, deform 0.8%, superdeform 0.6%, model 0.6%, nuclear.matter 0.6%,
moment.inertia 0.6%
Focuses on various experiments that probe the nucleus, emphasizing detection of protons and
neutrons.
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Cluster 120: (78) matric 26.1%, matrix 13.6%, rank 3.4%, invers 3.3%, eigenvalu 3.2%,
singular 3.1%, condit 1.4%, element 1.4%, condit.number 1.3%, nonsingular 1.2%, suffici.condit
1.1%, suffici 1.0%, bound 0.9%, multilinear 0.9%, oper 0.9%, commut 0.8%, represent 0.8%,
number 0.7%, vandermond 0.7%, kernel 0.6%, displac.structur 0.5%, drazin 0.5%, space 0.5%,
singular.integr 0.5%, integr 0.5%
Focuses on mathematics; with a strong emphasis on matrices.
Cluster 121: (129) fiber 25.6%, wavelength 11.0%, optic 6.2%, gain 2.7%, pump 2.4%, laser
1.6%, puls 1.5%, power 1.5%, amplifi 1.4%, birefring 1.4%, dispers 1.1%, fibr 1.0%, polar
0.9%, erbium 0.9%, tunabl 0.8%, output 0.8%, pcf 0.7%, signal 0.7%, erbium.dope 0.6%, modul
0.6%, mode 0.6%, raman 0.6%, optic.fiber 0.5%, dope 0.5%, dope.fiber 0.4%
Focuses on fiber optics and the component fibers.
Cluster 122: (181) adsorpt 60.1%, adsorb 6.2%, adsorpt.capac 1.8%, surfac 1.5%, capac 1.2%,
resin 1.1%, isotherm 1.0%, acid 0.5%, remov 0.5%, ion 0.5%, adsorpt.isotherm 0.4%, water
0.4%, langmuir 0.4%, carbon 0.4%, exchang 0.4%, solut 0.3%, activ.carbon 0.3%, zeolit 0.3%,
metal 0.3%, soil 0.3%, concentr 0.3%, activ 0.2%, chitosan 0.2%, group 0.2%, mol 0.2%
Focuses on adsorption and removal of matter from various media using various adsorption
media.
Cluster 123: (102) mass 8.9%, spectrometri 7.8%, mass.spectrometri 7.3%, chromatographi
4.3%, ioniz 4.2%, ion 3.0%, esi 2.9%, electrosprai 2.5%, liquid.chromatographi 2.4%, liquid
2.3%, electrosprai.ioniz 1.5%, fragment 1.2%, tandem.mass 1.1%, tandem 1.0%, hplc 0.9%,
high.liquid 0.9%, extract 0.8%, high.liquid.chromatographi 0.8%, separ 0.8%,
chromatographi.mass 0.7%, chromatographi.mass.spectrometri 0.7%, ga.chromatographi 0.7%,
ga 0.7%, tandem.mass.spectrometri 0.6%, ioniz.mass 0.6%
Focuses on mass spectrometry and liquid chromatography.
Cluster 124: (88) jet 10.6%, grb 5.6%, radio 4.5%, pulsar 4.3%, gamma.rai 3.6%, burst 2.9%,
sourc 2.4%, rai 2.4%, emiss 2.2%, disk 2.0%, gamma 2.0%, line 1.6%, accret 1.6%, flare 1.5%,
agn 1.5%, afterglow 1.3%, luminos 1.3%, compon 1.2%, gamma.rai.burst 1.1%, rai.burst 1.0%,
galact 0.9%, similar 0.9%, model 0.8%, accret.disk 0.7%, light.curv 0.6%
Focuses on many different aspects of astronomy, including pulsars, gamma ray emission and
luminosity.
Cluster 125: (71) switch 20.0%, power 19.4%, voltag 5.4%, convert 4.0%, output 2.0%, diod
1.4%, oper 1.3%, devic 1.3%, current 1.2%, circuit 1.0%, optic 0.9%, power.factor 0.9%,
optic.switch 0.9%, modul 0.8%, zv 0.7%, oper.principl 0.6%, mode 0.6%, rectifi 0.5%, control
0.4%, design 0.4%, power.consumpt 0.4%, input 0.3%, system 0.3%, oscil 0.3%, high 0.3%
Focuses on power, namely electrical power, as well as various switches and power converters.
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Cluster 126: (188) sinter 44.3%, powder 3.2%, sinter.temperatur 2.7%, grain 2.0%, ceram 2.0%,
temperatur 1.7%, composit 1.4%, sp 1.3%, sampl 1.3%, plasma.sinter 1.1%, spark 1.0%,
spark.plasma 0.9%, spark.plasma.sinter 0.9%, microstructur 0.8%, press 0.8%, properti 0.7%,
phase 0.7%, sinter.sp 0.6%, densiti 0.6%, materi 0.6%,thermoelectr 0.5%, sic 0.4%,
plasma.sinter.sp 0.4%, fabric 0.4%, size 0.4%
Focuses on various sintering techniques such as spark plasma sintering, and the mechanical
properties of sintered materials as well as proper sintering techniques.
Cluster 127: (152) puls 49.1%, laser 10.8%, laser.puls 3.7%, optic 1.4%, femtosecond 1.1%,
gener 0.7%, plasma 0.6%, pump 0.5%, chirp 0.5%, phase 0.4%, durat 0.4%, power 0.4%, modul
0.3%, radiat 0.3%, frequenc 0.3%, nonlinear 0.3%, puls.durat 0.3%, intens 0.3%, ultrashort
0.3%, signal 0.3%, time 0.3%, harmon 0.3%, group.veloc 0.3%, field 0.3%, numer 0.3%
Focuses on pulses from optical lasers.
Cluster 128: (149) extract 51.8%, spme 3.0%, acid 1.9%, solvent 1.9%, sampl 1.2%, solid.phase
1.1%, liquid 1.1%, phase 1.0%, phase.microextract 0.9%, microextract 0.9%, solid 0.8%,
chromatographi 0.7%, hplc 0.6%, extract.effici 0.5%, solid.phase.microextract 0.5%,
ga.chromatographi 0.4%, water 0.4%, detect 0.4%, extract.time 0.4%, organ 0.4%, headspac
0.3%, sfe 0.3%, compound 0.3%, ga 0.3%, volatil 0.3%
Focuses on extraction & recovery of one physical component from another component.
Cluster 129: (151) network 60.6%, node 5.6%, connect 1.3%, topolog 0.9%, model 0.7%,
sensor 0.7%, scale.free 0.6%, sensor.network 0.5%, dynam 0.4%, simul 0.4%, scale 0.4%,
algorithm 0.4%, distribut 0.3%, system 0.3%, small.world 0.3%, world 0.3%, link 0.3%, rout
0.3%, architectur 0.3%, complex.network 0.3%, processor 0.2%, scale.free.network 0.2%,
free.network 0.2%, data 0.2%, commun 0.2%
Focuses on networks, specifically computer networks, and the various nodes in a network.
Cluster 130: (173) laser 30.6%, pump 15.4%, power 5.1%, output 3.0%, optic 1.7%, diod 1.6%,
output.power 1.6%, caviti 1.3%, lock 1.1%, puls 1.0%, pump.power 0.8%, yag 0.8%, mode
0.8%, switch 0.8%, mode.lock 0.6%, laser.diod 0.6%, modul 0.4%, effici 0.4%, repetit 0.4%,
frequenc 0.4%, intens 0.4%, signal 0.4%, satur 0.3%, beam 0.3%, rate 0.3%
Focuses on lasers and pumped lasers.
Cluster 131: (228) magnet 58.2%, magnet.field 5.8%, field 5.1%, magnet.properti 1.7%,
temperatur 1.5%, coerciv 0.7%, anisotropi 0.7%, phase 0.7%, properti 0.6%, grain 0.4%, sampl
0.3%, ribbon 0.3%, ferrit 0.3%, structur 0.3%, coupl 0.3%, magnet.measur 0.2%, particl 0.2%,
materi 0.2%, ferromagnet 0.2%, measur 0.2%, transit 0.2%, electr 0.2%, exchang.coupl 0.2%,
magnetostrict 0.2%, compound 0.2%
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Focuses on magnetic properties of various materials, the effects of magnetization on various
materials.
Cluster 132: (231) electron.microscopi 7.9%, microscopi 6.9%, transmiss.electron 6.4%,
transmiss.electron.microscopi 6.3%, electron 6.2%, transmiss 5.0%, diffract 3.2%, rai 3.2%,
electron.microscopi.tem 2.8%, microscopi.tem 2.8%, tem 2.8%, diffract.xrd 1.6%, xrd 1.3%,
rai.diffract 1.3%, powder 1.1%, rai.diffract.xrd 1.0%, synthes 0.8%, xrd.transmiss.electron 0.8%,
diffract.xrd.transmiss 0.7%, xrd.transmiss 0.7%, nanorod 0.7%, rai.powder 0.7%,
rai.powder.diffract 0.6%, powder.diffract 0.6%, morpholog 0.6%
Focuses on electron microscopy; especially transmission electron microscopy (TEM).
Cluster 133: (166) cancer 20.2%, cell 12.6%, express 5.7%, cancer.cell 4.6%, breast 3.0%,
gastric 2.9%, p53 2.8%, tissu 2.4%, mmp 2.0%, breast.cancer 1.6%, carcinoma 1.5%, cell.line
1.5%, tumor 1.5%, apoptosi 1.1%, line 1.0%, protein 1.0%, gastric.cancer 0.8%, human 0.7%,
gene 0.7%, mrna 0.7%, invas 0.5%, activ 0.5%, cancer.cell.line 0.5%, normal 0.4%, mcf 0.4%
Focuses on various forms of cancer and possible treatments and cellular expression.
Cluster 134: (109) atom 43.7%, oxygen.atom 3.6%, nitrogen.atom 2.5%, oxygen 1.8%, ligand
1.5%, nitrogen 1.4%, complex 1.2%, coordin 1.2%, two 1.2%, distort 1.0%, structur 0.9%, ion
0.8%, bridg 0.7%, two.oxygen 0.7%, two.oxygen.atom 0.7%, atom.two 0.7%, tin 0.6%, tin.atom
0.6%, geometri 0.6%, crystal 0.5%, site 0.5%, on 0.5%, molecul 0.4%, atom.on 0.3%, bipyramid
0.3%
Focuses on atomic structure concentrating on O2 and N2 atoms, with emphasis on ligands and
synthesis of complexes.
Cluster 135: (84) decis 36.1%, suppli.chain 3.8%, custom 3.6%, inform 3.2%, suppli 2.3%,
linguist 1.7%, risk 1.3%, system 1.3%, product 1.3%, oper 1.2%, model 1.2%, decis.support
1.2%, decis.support.system 1.0%, support.system 1.0%, chain 0.9%, select 0.9%, decis.maker
0.8%, decis.model 0.7%, attribut 0.7%, support 0.7%, maker 0.7%, integr 0.6%, cost 0.6%, onlin
0.6%, new.product 0.6%
Focuses on business structure and business modeling and supply chains; including the role of
linguistics in the decision support systems.
Cluster 136: (116) crystal 8.4%, singl.crystal 7.7%, rai 6.0%, singl.crystal.rai 6.0%, crystal.rai
5.8%, diffract 5.2%, crystal.rai.diffract 3.9%, singl 3.0%, structur 2.9%, compound 2.8%,
rai.diffract 2.5%, synthes 2.1%, hydrotherm 1.4%, crystal.structur 1.1%, h2o 1.0%, angstrom
0.9%, hpo3 0.8%, complex 0.8%, bpy 0.7%, element 0.7%, nmr 0.6%, structur.singl.crystal
0.6%, structur.singl 0.5%, new 0.5%, framework 0.5%
Focuses on single crystal x-ray diffraction method for analyzing compounds and their structure.
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Cluster 137: (124) blend 39.9%, hdpe 4.2%, mechan.properti 1.6%, melt 1.6%, crystal 1.1%,
starch 1.1%, lldpe 1.1%, graft 1.1%, properti 1.0%, polyethylen 0.9%, mechan 0.8%, peo 0.7%,
phase 0.7%, tensil 0.7%, shear 0.7%, temperatur 0.6%, strength 0.6%, morpholog 0.6%,
densiti.polyethylen 0.6%, content 0.6%, epdm 0.6%, ldpe 0.6%, vibrat 0.5%, nylon 0.5%,
copolym 0.5%
Focuses on blends, especially of polymers, with emphasis on high density polyethylene as well as
mechanical and melt properties.
Cluster 138: (109) kong 13.4%, hong 13.3%, hong.kong 12.7%, health 5.4%, sar 4.4%, care
2.4%, chines 1.1%, women 1.0%, practic 1.0%, risk 0.7%, psycholog 0.5%, ag 0.5%, medic
0.5%, social 0.5%, perceiv 0.5%, health.care 0.5%, influenza 0.4%, nurs 0.4%, respond 0.4%,
popul 0.4%, singapor 0.4%, worker 0.4%, hospit 0.4%, diseas 0.4%, peopl 0.4%
Focuses on health problems among Chineese citizens; especially in Hong Kong.
Cluster 139: (112) surfact 30.5%, micel 7.1%, vesicl 3.2%, sd 2.9%, sodium 2.4%, ctab 2.0%,
concentr 2.0%, cmc 1.5%, anion 1.2%, water 1.0%, oil 0.9%, anion.surfact 0.9%, mix 0.9%,
interact 0.9%, triton 0.8%, triton.100 0.8%, aggreg 0.8%, cation 0.7%, tension 0.7%, biodegrad
0.7%, hydrophob 0.6%, micellar 0.6%, solubil 0.6%, microemuls 0.5%, solut 0.5%
Focuses on surfactants and micelles and their aggregates.
Cluster 140: (180) ceram 50.0%, zro2 2.4%, sinter 2.3%, glass.ceram 1.6%, composit 1.3%,
strength 1.3%, glass 1.3%, fractur 1.2%, al2o3 1.0%, materi 0.8%, mechan.properti 0.8%, green
0.7%, microstructur 0.7%, gelcast 0.7%, properti 0.7%, green.bodi 0.7%, tough 0.6%, slurri
0.6%, temperatur 0.5%, fractur.tough 0.5%, mechan 0.5%, powder 0.5%, grind 0.4%, si3n4
0.4%, grain 0.4%
Focuses on ceramics, including fabrication, doping and mechanical properties.
Cluster 141: (100) preval 12.0%, hiv 9.2%, smoke 5.0%, sexual 4.3%, risk 3.1%, china 2.2%,
infect 1.8%, health 1.5%, smoker 1.4%, femal 1.4%, drug 1.3%, ag 1.3%, women 1.2%, rural
1.2%, chines 1.2%, male 1.2%, year 1.0%, survei 0.9%, sex 0.9%, hiv.aid 0.9%, aid 0.9%, diseas
0.9%, worker 0.9%, men 0.8%, popul 0.8%
Focuses on sexually transmitted diseases such as HIV. Also focuses on smoking and its health
problems, as well as other respiratory ailments.
Cluster 142: (121) sediment 26.5%, lake 10.7%, river 6.6%, water 4.4%, estuari 3.2%, coastal
1.9%, concentr 1.2%, china 0.8%, sea 0.8%, bai 0.8%, season 0.7%, pcb 0.7%, pah 0.6%,
pearl.river 0.6%, pearl 0.6%, area 0.6%, river.estuari 0.6%, nutrient 0.6%, tidal 0.5%, level
0.5%, fish 0.4%, phosphoru 0.4%, tide 0.4%, pearl.river.estuari 0.4%, reef 0.4%
Focuses on sediments and sediment tracking and contamination in various water sources; lakes,
rivers, estuaries, seas, etc.
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Cluster 143: (114) sequenc 28.3%, genom 9.3%, dna 6.8%, chromosom 3.1%, dna.sequenc
2.7%, clone 2.6%, gene 2.1%, nucleotid 2.1%, isol 1.5%, viru 1.4%, rna 1.0%, strain 0.8%,
fragment 0.8%, region 0.6%, code 0.5%, amino.acid 0.5%, pcr 0.5%, rice 0.5%, ident 0.5%,
amino 0.5%, hybrid 0.4%, protein 0.4%, mrna 0.4%, replic 0.3%, segment 0.3%
Focuses on DNA and genomic sequencing.
Cluster 144: (138) electrod 39.1%, electrochem 3.3%, carbon 2.9%, oxid 2.0%, current 1.3%,
biosensor 1.1%, glucos 1.0%, carbon.electrod 0.9%, potenti 0.9%, peak 0.8%, surfac 0.8%,
platinum 0.8%, mwnt 0.8%, detect 0.8%, voltammetri 0.6%, cnt 0.6%, gce 0.6%, cyclic 0.6%,
mol 0.6%, amperometr 0.6%, glassi.carbon 0.5%, peak.current 0.5%, electrocatalyt 0.5%,
glassi.carbon.electrod 0.5%, detect.limit 0.5%
Focuses on electrodes in electrochemical systems; especially carbon-based electrodes.
Cluster 145: (142) algorithm 29.8%, converg 10.3%, iter 4.3%, optim 2.6%, program 2.3%, solv
1.8%, global 1.6%, newton 1.5%, constraint 1.5%, linear 1.2%, numer 1.1%, trust.region 1.0%,
linear.program 0.9%, function 0.9%, new 0.8%, algorithm.solv 0.8%, trust 0.7%, comput 0.7%,
smooth 0.7%, global.converg 0.6%, point 0.6%, object.function 0.6%, solut 0.5%, quadrat 0.5%,
genet.algorithm 0.5%
Focuses on algorithm development, especially modeling, convergence and optimization.
Cluster 146: (82) photon 10.3%, atom 7.7%, field 6.6%, three.level 2.8%, coher 2.7%, level
2.6%, state 2.6%, caviti 2.4%, excit 2.1%, quantum 1.8%, level.atom 1.7%, two.photon 1.4%,
detun 1.2%, two 1.1%, reson 0.9%, probe 0.9%, popul 0.9%, three.level.atom 0.8%,
electromagnet.induc.transpar 0.8%, electromagnet.induc 0.8%, induc.transpar 0.7%, magnon
0.7%, mode 0.7%, absorpt 0.7%, caviti.field 0.6%
Focuses on photons: (emission/absorption/interaction) and multi-level atomic systems
emphasizing the role of fields on the photon and atomic system behaviors.
Cluster 147: (102) turbul 29.6%, flow 7.0%, vortex 3.9%, vortic 3.2%, veloc 2.3%, reynold
1.8%, fire 1.6%, model 1.6%, pressur 1.5%, bubbl 1.3%, particl 1.2%, simul 1.1%, number
0.9%, reynold.number 0.7%, wall 0.7%, combust 0.7%, flame 0.6%, eddi 0.6%, turbul.flow
0.6%, scale 0.6%, vent 0.5%, street 0.5%, turbul.model 0.5%, numer 0.5%, fluctuat 0.4%
Focuses on turbulent flow, especially vortex dynamics and modeling.
Cluster 148: (99) theorem 49.9%, semigroup 2.9%, prove 2.7%, regular 2.3%, subgroup 2.0%,
space 1.3%, finit 1.0%, finit.group 0.9%, convex 0.7%, congruenc 0.7%, condit 0.7%, group
0.6%, proof 0.6%, class 0.5%, set 0.5%, point 0.5%, oper 0.5%, order 0.5%, fan 0.4%, topolog
0.4%, prime 0.4%, theori 0.4%, limit.theorem 0.4%, maxim 0.4%, isomorph 0.4%
Focuses on mathematical theorems.
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Cluster 149: (142) discharg 11.1%, capac 6.9%, cathod 6.7%, electrochem 6.4%, cycl 3.5%,
electrolyt 3.5%, lithium 3.2%, batteri 2.6%, materi 2.4%, charg.discharg 2.2%, mah 2.0%,
lifepo4 2.0%, charg 1.7%, composit 1.3%, oxid 1.2%, discharg.capac 1.1%, licoo2 1.1%,
cathod.materi 1.0%, electrod 1.0%, lithium.ion 0.9%, polym.electrolyt 0.8%, ion 0.7%, spinel
0.5%, conduct 0.5%, powder 0.5%
Focuses on the charge and discharge capacity of various materials, and mainly their use in
electrochemical/electrical charge transfers. Basically it focuses on batteries/battery cells.
Cluster 150: (126) fluoresc 41.5%, bind 4.0%, quench 2.9%, fluoresc.intens 2.4%, bsa 1.6%, hsa
1.5%, intens 1.3%, fluoresc.quench 0.9%, complex 0.9%, ion 0.8%, mol 0.7%, bind.constant
0.6%, emiss 0.6%, albumin 0.6%, dna 0.6%, spectra 0.6%, serum.albumin 0.5%, constant 0.5%,
serum 0.5%, fluoresc.spectra 0.4%, concentr 0.4%, protein 0.4%, interact 0.4%, detect 0.4%,
sensit 0.4%
Focuses on the fluorescence of various materials/atoms/compounds and fluorescence quenching.
Cluster 151: (144) piezoelectr 9.7%, ceram 8.7%, ferroelectr 6.7%, dope 6.0%, dielectr 4.1%,
pzt 3.7%, phase 2.2%, properti 1.7%, electr 1.5%, composit 1.3%, piezoelectr.properti 1.3%,
relaxor 1.0%, crystal 0.9%, oxygen.vacanc 0.8%, tetragon 0.8%, temperatur 0.8%, pmn 0.8%,
perovskit 0.8%, vacanc 0.8%, grain 0.7%, bi4ti3o12 0.6%, sampl 0.6%, constant 0.6%, polar
0.6%, 3nb2 0.5%
Focuses on the piezoelectric and dielectric properties of various materials; including ceramics.
Cluster 152: (128) film 35.5%, electrod 5.3%, multilay.film 3.1%, multilay 2.8%, tio2 2.1%,
electrochem 1.5%, layer 1.3%, tio2.film 1.1%, biosensor 1.1%, assembl 0.9%, glucos 0.8%,
layer.layer 0.7%, cyclic 0.7%, voltammetri 0.7%, film.electrod 0.5%, carbon 0.5%, deposit
0.5%, self.assembl 0.5%, cyclic.voltammetri 0.5%, surfac 0.5%, redox 0.4%, solut 0.4%,
carbon.electrod 0.4%, mol 0.4%, oxid 0.4%
Focuses on films and doping agents that are embedded or placed on films; such as sensors.
Cluster 153: (99) children 15.2%, chines 10.5%, social 8.0%, school 7.4%, cultur 4.0%, adolesc
2.6%, moral 1.7%, parent 1.2%, teacher 1.1%, kong 1.0%, hong 1.0%, hong.kong 1.0%, child
0.8%, self 0.7%, ag 0.7%, depress 0.7%, belief 0.7%, peer 0.7%, compet 0.6%, dental 0.6%,
score 0.6%, perceiv 0.5%, person 0.5%, year 0.5%, support 0.4%
Focuses on various social and health characteristics/behaviours of Chinese citizens & children.
Cluster 154: (132) dna 33.9%, mutat 9.8%, pcr 4.5%, gene 3.7%, detect 3.2%, primer 1.7%,
sequenc 1.4%, methyl 1.2%, mutant 0.9%, genom 0.8%, probe 0.6%, microarray 0.6%,
oligonucleotid 0.6%, polymeras 0.6%, hybrid 0.5%, hbv 0.5%, cell 0.4%, plasmid 0.4%, promot
0.4%, sampl 0.4%, assai 0.4%, tumor 0.4%, sensit 0.4%, point.mutat 0.4%, cancer 0.4%
Focuses on DNA; specifically on detection, characterization, mutation and sequencing.
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Cluster 155: (88) mice 49.8%, induc 1.7%, dose 1.6%, express 1.5%, level 1.2%, group 0.7%,
treat 0.7%, increas 0.6%, activ 0.5%, protect 0.5%, inhibit 0.5%, administr 0.5%, liver 0.5%,
control 0.4%, receptor 0.4%, brain 0.4%, mrna 0.4%, tissu 0.3%, anim 0.3%, morphin 0.3%,
decreas 0.3%, histamin 0.3%, infect 0.3%, acid 0.3%, mous 0.2%
Focuses on the use of mice in medical experiments.
Cluster 156: (113) seismic 14.3%, fault 5.4%, earthquak 5.0%, basin 4.5%, veloc 4.0%, crust
3.0%, mantl 2.3%, river 2.0%, wave 2.0%, reservoir 1.7%, crustal 1.6%, moho 1.5%, zone 1.4%,
area 1.3%, tecton 1.3%, geolog 1.1%, belt 0.9%, wave.veloc 0.8%, depth 0.7%, region 0.7%,
seismic.wave 0.6%, rock 0.6%, upper 0.6%, beneath 0.6%, uplift 0.5%
Focuses on seismic activity; including earthquakes.
Cluster 157: (138) chemiluminesc 5.2%, detect.limit 4.7%, mug 3.7%, sampl 3.6%, detect 3.1%,
rel.standard 3.0%, limit 2.9%, rel.standard.deviat 2.8%, standard 2.7%, standard.deviat 2.5%,
deviat 2.0%, trace 1.9%, inject 1.7%, flow.inject 1.6%, rsd 1.6%, formaldehyd 1.5%, flow 1.4%,
recoveri 1.3%, linear.rang 1.3%, preconcentr 1.3%, rel 1.2%, selenium 1.1%, rang 1.1%, reaction
0.8%, digest 0.7%
Focuses on chemiluminescence, emphasizing issues of detection limit for detecting trace material
amounts; especially at the microgram level of concentration.
Cluster 158: (445) film 64.8%, deposit 2.6%, substrat 1.4%, thick 1.0%, anneal 0.7%, surfac
0.5%, film.thick 0.5%, zno 0.5%, film.deposit 0.5%, temperatur 0.5%, property 0.4%, sputter
0.4%, structur 0.3%, electron 0.3%, zno.film 0.3%, rai 0.3%, optic 0.3%, spectroscopi 0.2%,
magnet 0.2%, amorph 0.2%, dlc 0.2%, carbon 0.2%, microscopi 0.2%, orient 0.2%, measur 0.2%
Focuses on various films, discussing formation, doping, deposition etc.
Cluster 159: (90) seed 14.2%, germin 9.8%, forest 7.5%, seedl 3.8%, cotton 3.3%, season 3.1%,
leaf 3.0%, biomass 2.8%, wheat 2.3%, canopi 2.2%, cultivar 1.7%, plant 1.5%, tree 1.1%,
seed.germin 0.9%, year 0.9%, veget 0.8%, tea 0.7%, grassland 0.7%, grow.season 0.6%, china
0.6%, growth 0.5%, npp 0.5%, rice 0.5%, area 0.5%, stand 0.4%
Focuses on all matter of plants, both food plants and non-food plants; including seeds and their
properties, such as germination rate.
Cluster 160: (119) stress 50.0%, shear 5.4%, rock 2.4%, residu.stress 1.6%, residu 1.1%, deform
0.9%, plastic 0.8%, strain 0.8%, fractur 0.7%, shear.stress 0.7%, model 0.7%, compress 0.5%,
mine 0.4%, element 0.4%, strength 0.4%, stress.field 0.4%, stress.state 0.3%, simul 0.3%, materi
0.3%, load 0.3%, specimen 0.3%, failur 0.3%, tension 0.3%, yield 0.3%, concret 0.3%
Focuses on the mechanical properties of materials, and stresses on them, along with what
happens to stressed materials. Also talks about residual stresses, and stress testing and stresses
in rocks.
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Cluster 161: (78) egg 10.9%, diet 8.8%, larva 6.3%, feed 6.3%, fed 4.9%, fish 4.0%, dietari
3.0%, toxic 1.2%, femal 1.0%, reproduct 1.0%, growth 1.0%, fertil 1.0%, mmt 1.0%, dai 0.9%,
rate 0.9%, larval 0.9%, lipid 0.9%, level 0.7%, embryo 0.7%, exposur 0.7%, weight 0.7%, adult
0.6%, shrimp 0.6%, hatch 0.6%, bodi 0.6%
Focuses on the interaction of insects and their predators, and what influences the mortality of
insects/fish.
Cluster 162: (122) solut 9.0%, global 8.1%, exist 5.4%, infin 4.6%, asymptot 3.8%, equat 3.6%,
nonlinear 2.1%, suffici.condit 1.9%, system 1.8%, suffici 1.8%, condit 1.8%, blow 1.5%, posit
1.4%, prove 1.2%, uniqu 1.2%, attractor 1.2%, equal 1.0%, boundari 1.0%, global.exist 0.9%,
cauchi 0.8%, differ.equat 0.8%, oscil 0.8%, exist.uniqu 0.8%, asymptot.behavior 0.7%,
element.infin 0.7%
Focuses on mathematical equations and mathematical models and systems.
Cluster 163: (149) strain 22.0%, damag 8.1%, plastic 5.9%, stress 5.3%, deform 3.2%, model
2.9%, strain.rate 2.2%, fatigu 2.0%, stress.strain 1.8%, constitut 1.8%, materi 1.8%, load 1.3%,
constitut.model 1.0%, solder 0.9%, rate 0.8%, test 0.7%, plastic.strain 0.7%, harden 0.7%, simul
0.7%, dynam 0.6%, compress 0.5%, concret 0.5%, shear 0.4%, failur 0.4%, finit.element 0.4%
Focuses on mechanical properties of materials with emphasis on damage to the material, plastic
deformation and fatigue life.
Cluster 164: (100) algorithm 22.4%, cluster 11.9%, learn 5.0%, data 4.2%, mine 3.0%,
0.8%, train 0.8%, accuraci 0.8%, data.mine 0.7%, fuzzi 0.7%, pattern 0.6%, discrimin 0.6%,
network 0.6%, learn.algorithm 0.6%, kernel 0.6%, recognit 0.5%, model 0.5%, neural 0.5%, text
0.4%, object 0.4%
Focuses on algorithems; with an emphasis on clustering algorithems.
Cluster 165: (170) speci 60.3%, genu 1.1%, plant 1.1%, china 1.0%, phylogenet 0.9%, sequenc
0.8%, genera 0.7%, collect 0.7%, morpholog 0.6%, habitat 0.5%, region 0.4%, taxa 0.4%, tree
0.4%, group 0.3%, two 0.3%, asia 0.3%, two.speci 0.3%, plant.speci 0.3%, forest 0.3%, fungi
0.2%, domin 0.2%, taxonom 0.2%, clade 0.2%, charact 0.2%, divers 0.2%
Focuses on various species of organisms and plants; and their characteristics. Also talks
about DNA and comparing it between species.
Cluster 166: (95) wind 30.0%, dust 10.4%, solar 3.1%, storm 2.2%, latitud 1.9%, region 1.0%,
aerosol 0.8%, radiat 0.8%, satellit 0.8%, model 0.8%, cloud 0.8%, dust.storm 0.8%, ionospher
0.6%, build 0.6%, data 0.6%, solar.activ 0.5%, sunspot 0.5%, transport 0.5%, atmospher 0.5%,
particl 0.5%, period 0.5%, lightn 0.5%, forc 0.4%, summer 0.4%, pollut 0.4%
Focuses on wind, both solar wind and lower atmospheric wind; includes wind modeling, and
wind damage, as well as particulates in the wind such as dust and aerosols.
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Cluster 167: (466) patient 62.1%, diseas 1.2%, year 1.1%, treatment 1.0%, group 1.0%, clinic
1.0%, month 0.7%, surviv 0.6%, score 0.5%, therapi 0.5%, control 0.5%, ag 0.4%, tumor 0.4%,
hospit 0.4%, outcom 0.4%, cancer 0.4%, recurr 0.3%, symptom 0.3%, rate 0.3%, 001 0.3%, risk
0.3%, level 0.3%, mean 0.3%, chines 0.3%, serum 0.2%
Focuses on medical patients and their medical problems.
Cluster 168: (179) bond 7.3%, b3lyp 6.7%, energi 6.1%, isom 6.1%, 31g 2.5%, vibrat 1.9%,
geometri 1.6%, densiti.function 1.5%, dft 1.3%, theori 1.2%, level 1.2%, b3lyp.31g 1.2%,
hydrogen 1.2%, structur 1.2%, dissoci 1.2%, molecul 1.1%, atom 1.0%, basi.set 1.0%, densiti
0.9%, complex 0.9%, mp2 0.9%, densiti.function.theori 0.9%, function.theori 0.9%, electron
0.9%, stabl 0.8%
Focuses on the bonds between atoms and molecules; with emphasis on their electron transfer.
Cluster 169: (243) bond 16.2%, hydrogen.bond 13.8%, hydrogen 12.9%, molecul 4.5%, anion
4.2%, cation 2.6%, interact 1.9%, compound 1.6%, water 1.6%, titl 1.5%, water.molecul 1.3%,
dimension 1.1%, structur 1.1%, titl.compound 1.1%, chain 1.0%, h2o 0.9%, form 0.8%,
bond.interact 0.7%, hydrogen.bond.interact 0.6%, three.dimension 0.6%, atom 0.6%, link 0.6%,
two 0.5%, center 0.5%, crystal 0.5%
Focuses on the bonds between atoms and molecules, specifically hydrogen bonding, and atom
interaction.
Cluster 170: (95) featur 19.9%, word 12.4%, svm 5.3%, classif 5.3%, classifi 2.3%, charact
2.1%, segment 1.8%, featur.select 1.8%, extract 1.8%, speech 1.4%, select 1.3%, chines 1.0%,
vector 0.9%, recognit 0.8%, retriev 0.8%, sentenc 0.7%, machin 0.7%, learn 0.7%,
support.vector 0.6%, train 0.5%, support.vector.machin 0.5%, vector.machin 0.5%, string 0.5%,
discrimin 0.5%, inform 0.5%
Focuses on speech, voice and written or typed character characterization and classification,
with emphasis on feature / word extraction.
Cluster 171: (144) kinas 9.6%, receptor 7.6%, activ 6.1%, phosphoryl 5.9%, induc 4.6%, signal
3.3%, protein 2.6%, inhibit 2.1%, cell 1.8%, protein.kinas 1.7%, kappab 1.7%, pathwai 1.5%,
regul 1.5%, mapk 1.4%, inhibitor 1.3%, mediat 1.2%, express 1.1%, pka 0.9%, pkc 0.9%, camp
0.9%, p38 0.8%, erk 0.6%, beta 0.6%, tyrosin 0.5%, stimul 0.5%
Focuses on kinase and receptor activation and the signaling of the cells between the receptors.
Cluster 172: (174) quantum 37.0%, spin 9.7%, quantum.dot 2.9%, dot 2.3%, phonon 1.8%, state
1.7%, coupl 1.7%, gate 1.4%, electron 1.1%, field 1.0%, qubit 1.0%, system 0.9%, current 0.9%,
exciton 0.6%, gaa 0.5%, magnet 0.5%, classic 0.5%, energi 0.4%, decoher 0.4%, mesoscop
0.4%, charg 0.4%, reson 0.4%, two 0.4%, interact 0.3%, magnet.field 0.3%
Focuses on quantum particules, quantum dots and the spin of electrons.
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Cluster 173: (327) gene 47.6%, express 10.0%, gene.express 2.1%, transcript 2.0%, protein
1.2%, cell 1.1%, regul 0.9%, promot 0.9%, sequenc 0.9%, mutant 0.6%, strain 0.6%, genom
0.6%, pcr 0.5%, rna 0.5%, mutat 0.5%, cancer 0.4%, activ 0.4%, recombin 0.4%, clone 0.4%,
function 0.4%, human 0.4%, microarrai 0.4%, coli 0.3%, mrna 0.3%, tumor 0.3%
Focuses on genes,gene expression and genetic sequencing.
Cluster 174: (177) wave 52.3%, propag 2.0%, frequenc 1.8%, refract 1.3%, electromagnet.wave
1.0%, electromagnet 0.9%, neg.refract 0.8%, field 0.8%, numer 0.7%, spiral 0.6%, crystal 0.5%,
mode 0.5%, dispers 0.5%, acoust 0.5%, photon.crystal 0.5%, harmon 0.4%, spiral.wave 0.4%,
photon 0.4%, wave.propag 0.4%, amplitud 0.4%, dimension 0.4%, neg 0.4%, groov 0.3%, gap
0.3%, guid 0.3%
Focuses on electromagnetic, gravitational and other waves; and their propagation.
Cluster 175: (101) space 27.0%, manifold 10.4%, metric 4.3%, oper 2.8%, map 2.3%,
riemannian 2.0%, banach 1.5%, compact 1.4%, invari 1.0%, bergman 1.0%, prove 1.0%,
riemannian.manifold 1.0%, banach.space 0.9%, curvatur 0.9%, sphere 0.9%, theorem 0.7%,
function 0.6%, isometr 0.6%, norm 0.6%, let 0.6%, hardi 0.6%, bloch 0.6%, sitter 0.5%,
dimension 0.5%, local 0.5%
Focuses on mathematics; with emphases on spaces and manifolds.
Cluster 176: (137) express 8.1%, tgf 7.3%, tnf 4.0%, tnf.alpha 3.1%, tgf.beta 3.1%, mrna 3.1%,
alpha 2.9%, mmp 2.3%, vegf 1.6%, beta 1.5%, level 1.5%, cytokin 1.4%, beta1 1.2%, lung 1.2%,
cell 1.2%, activ 1.2%, tgf.beta1 1.1%, protein 1.0%, rat 1.0%, induc 1.0%, factor 1.0%, receptor
1.0%, growth.factor 0.9%, macrophag 0.9%, bone 0.9%
Focuses on cellular expresson and tumor necrosis factor alpha and transforming growth factor.
Cluster 177: (222) protein 58.4%, bind 1.5%, sequenc 0.7%, proteom 0.6%, express 0.6%,
interact 0.6%, human 0.6%, cell 0.5%, membran 0.5%, amino.acid 0.5%, amino 0.5%,
bind.protein 0.4%, function 0.4%, electrophoresi 0.4%, membran.protein 0.4%, gel 0.4%, mass
0.4%, spot 0.3%, serum 0.3%, regul 0.3%, domain 0.3%, protein.protein 0.3%, acid 0.3%, hsa
0.3%, detect 0.3%
Focuses on proteins, protein separation and protein analysis.
Cluster 178: (223) cell 40.1%, express 3.0%, mice 1.8%, prolifer 1.6%, stem.cell 1.4%,
lymphocyt 1.2%, stem 1.2%, differenti 1.2%, bone 1.1%, cd4 0.7%, human 0.7%, activ 0.7%,
marrow 0.6%, immun 0.6%, msc 0.6%, cd8 0.6%, induc 0.6%, transplant 0.6%, bone.marrow
0.6%, cultur 0.6%, cytokin 0.5%, progenitor 0.5%, stimul 0.5%, vitro 0.5%, regul 0.4%
Focuses on various kinds of cells and their attributes; along with cellular expression.
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Cluster 179: (177) catalyst 41.5%, reaction 3.3%, catalyt 2.6%, polymer 1.8%, active 1.4%,
yield 1.2%, complex 1.0%, reus 0.8%, ionic.liquid 0.8%, ethylen 0.7%, epoxid 0.7%, copolymer
0.6%, liquid 0.6%, acid 0.6%, catalyz 0.6%, aldehyd 0.6%, carbon 0.5%, catalyst.system 0.5%,
ionic 0.5%, polyethylen 0.5%, alcohol 0.5%, oxid 0.5%, palladium 0.5%, condit 0.4%,
temperatur 0.4%
Focuses on catalysts and their use.
Cluster 180: (161) market 26.1%, firm 10.4%, price 8.5%, econom 4.1%, economi 2.9%, trade
2.3%, innov 1.8%, bid 1.2%, institut 1.0%, stock 0.9%, model 0.9%, enterpris 0.8%, china 0.7%,
social 0.6%, product 0.6%, reform 0.6%, privat 0.5%, moral 0.5%, equilibrium 0.5%, system
0.5%, polit 0.5%, portfolio 0.5%, cost 0.4%, govern 0.4%, decis 0.4%
Focuses on economics, specifically different markets/firms/price of goods in different economies.
Cluster 181: (79) colloid 8.4%, silver 7.9%, assembl 5.1%, hollow 4.9%, nanoparticl 4.2%,
self.assembl 2.4%, sphere 1.8%, templat 1.7%, shell 1.7%, silica 1.6%, particl 1.5%, self 1.4%,
nanospher 1.2%, surfac 1.2%, colloid.crystal 1.0%, silver.nanoparticl 0.9%, aggreg 0.8%, poli
0.8%, diamet 0.8%, hollow.sphere 0.8%, nanopl 0.8%, layer 0.7%, spheric 0.7%, crystal 0.7%,
ctab 0.6%
Focuses on colloidal silver spheres and their self assembly.
Cluster 182: (353) alloi 56.8%, microstructur 2.4%, phase 1.5%, cast 1.4%, oxid 1.1%,
temperatur 0.9%, strength 0.7%, precipit 0.6%, layer 0.5%, grain 0.5%, property 0.4%, gamma
0.4%, surfac 0.4%, content 0.4%, ag 0.4%, addit 0.4%, eutect 0.3%, magnesium.alloi 0.3%, melt
0.3%, mechan 0.3%, magnesium 0.3%, rate 0.3%, form 0.3%, titanium 0.3%, mechan.properti
0.3%
Focuses on the creation/formation/evaluation of alloys and their microstructure.
Cluster 183: (116) boundari 12.5%, equat 7.5%, solut 3.9%, boundari.condit 3.8%, numer 3.8%,
integr 2.6%, integr.equat 2.3%, crack 1.9%, function 1.8%, condit 1.6%, singular 1.3%, stress
1.2%, displac 1.2%, domain 1.0%, wave 1.0%, accuraci 0.6%, quadratur 0.6%,
differenti.quadratur 0.6%, deriv 0.6%, green.function 0.6%, point 0.6%, singular.integr 0.5%,
singular.integr.equat 0.5%, piezoelectr 0.5%, orthotrop 0.5%
Focuses on mathematics: boundary conditions, equations, etc.
Cluster 184: (142) estim 28.6%, error 17.8%, regress 1.9%, likelihood 1.8%, model 1.7%, sampl
1.6%, data 1.3%, asymptot 1.3%, statist 0.9%, maximum.likelihood 0.9%, paramet 0.9%, simul
0.9%, bootstrap 0.8%, distribut 0.7%, test 0.7%, varianc 0.6%, calibr 0.6%, linear 0.6%, squar
0.5%, parametr 0.5%, outlier 0.5%, nonparametr 0.5%, empir 0.5%, accuraci 0.5%,
likelihood.estim 0.4%
Focuses on estimation and the error associated with estimation.
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Cluster 185: (122) numer 8.0%, equat 6.9%, solut 4.5%, finit 3.4%, converg 3.0%, stoke 2.9%,
scheme 2.8%, navier 2.6%, navier.stoke 2.5%, approxim 2.3%, finit.element 1.9%, stoke.equat
1.6%, element 1.6%, order 1.6%, navier.stoke.equat 1.6%, discret 1.5%, solv 0.8%, flow 0.7%,
second.order 0.7%, linear 0.7%, Interpol 0.7%, second 0.6%, accuraci 0.6%, error 0.6%,
numer.solut 0.6%
Focuses on numerical equations; especially solution of numerical equations for fluid flows, such
as the navier stokes equation.
Cluster 186: (128) finit.element 15.5%, element 12.7%, finit 10.5%, model 2.5%, roll 2.5%,
element.model 1.7%, finit.element.model 1.6%, simul 1.6%, rail 1.3%, fem 1.2%, dam 0.8%,
strip 0.8%, forc 0.8%, stress 0.8%, contact 0.7%, rotor 0.6%, calcul 0.6%, deform 0.6%, materi
0.6%, numer 0.6%, plate 0.6%, bridg 0.5%, elast 0.5%, field 0.5%, shape 0.5%
Focuses on finite element models.
Cluster 187: (196) control 43.8%, system 7.0%, control.system 2.2%, model 1.4%, disturb
1.3%, pid 1.2%, nonlinear 1.1%, design 1.0%, simul 1.0%, robot 1.0%, dynam 1.0%, pid.control
0.9%, stabil 0.7%, loop 0.7%, optim 0.7%, robust 0.5%, time 0.5%, track 0.4%, paramet 0.4%,
control.scheme 0.4%, algorithm 0.4%, scheme 0.4%, oper 0.4%, output 0.3%, actuat 0.3%
Focuses on various control systems and the controllers themselves.
Cluster 188: (123) polym 33.7%, solvent 3.4%, monom 2.5%, solubl 2.2%, poli 1.7%, imprint
1.4%, membran 1.3%, polymer 1.1%, synthes 1.1%, chain 1.0%, nmr 1.0%, organ.solvent 0.9%,
polycondens 0.8%, acid 0.8%, imprint.polym 0.7%, ether 0.7%, polyimid 0.7%, molecular 0.6%,
hyperbranch 0.6%, organ 0.5%, chromophor 0.5%, templat 0.5%, weight 0.4%, thermal 0.4%,
properti 0.4%
Focuses on polymers, their formulation, their formation and their uses.
Cluster 189: (400) imag 59.4%, algorithm 1.8%, pixel 1.3%, segment 1.3%, color 1.1%,
reconstruct 1.0%, data 0.6%, object 0.6%, textur 0.6%, wavelet 0.5%, feature 0.5%, nois 0.5%,
process 0.5%, model 0.5%, fingerprint 0.5%, watermark 0.4%, detect 0.4%, transform 0.4%,
resolut 0.4%, system 0.4%, match 0.4%, spatial 0.3%, extract 0.3%, inform 0.3%, robust 0.3%
Focuses on imaging, both the instruments used and the mechanics behind taking images.
Cluster 190: (132) crystal 17.3%, melt 4.9%, differenti.scan 3.2%, differenti.scan.calorimetri
2.9%, scan.calorimetri 2.9%, calorimetri 2.8%, dsc 2.6%, scan 1.8%, temperatur 1.7%, crystallin
1.6%, differenti 1.5%, phase 1.5%, thermal 1.1%, scan.calorimetri.dsc 1.1%, calorimetri.dsc
1.1%, polym 1.1%, copolym 0.8%, pcl 0.7%, isotherm 0.7%, crosslink 0.7%, poli 0.7%, ipp
0.6%, waxd 0.5%, cholester 0.5%, isotherm.crystal 0.5%
Focuses on the crystal structures of various compounds and their physical properties such as
melting properties with the analysis done by differential scanning calorimetry.
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Cluster 191: (83) band 14.4%, dope 9.1%, electron 6.2%, gap 3.3%, energi 2.4%, state 2.2%,
electron.structur 1.8%, surfac 1.6%, band.gap 1.5%, densiti 1.3%, atom 1.3%, valenc 1.2%, orbit
1.2%, structur 1.1%, densiti.state 1.1%, valenc.band 1.0%, Fermi 0.6%, photoemiss 0.6%,
phonon 0.6%, semiconductor 0.6%, do 0.6%, gaa 0.5%, conduct 0.5%, band.structur 0.5%,
calcul 0.5%
Focuses on doped materials, especially crystals and their various parameters that fall in
different bands. Also emphasizes optical band gaps.
Cluster 192: (132) crystal 34.6%, grown 2.7%, optic 2.6%, linbo3 2.6%, defect 2.5%, pwo
1.8%, photon.crystal 1.8%, absorpt 1.7%, photon 1.6%, dope 1.6%, singl.crystal 1.2%, growth
1.2%, crystal.grown 1.2%, band 0.9%, singl 0.9%, pwo.crystal 0.8%, structur 0.8%,
linbo3.crystal 0.7%, spectra 0.7%, caf2 0.5%, kdp 0.4%, face 0.4%, domain 0.3%, diffract 0.3%,
trap 0.3%
Focuses on various crystals & their light carrying/ other optical properties/defects in them.
Cluster 193: (176) powder 34.8%, size 3.3%, particl 2.9%, precursor 1.7%, particl.size 1.5%,
combust 1.5%, calcin 1.5%, temperatur 1.4%, xrd 1.3%, phase 1.1%, synthes 1.0%, precipit
0.8%, nano 0.7%, gel 0.7%, synthesi 0.7%, tem 0.7%, powder.synthes 0.6%, mill 0.5%, product
0.5%, sem 0.5%, nanos 0.5%, la2o3 0.5%, rai 0.5%, oxid 0.4%, sol 0.4%
Focuses on powders and their fabrication and synthesis and mechanical properties.
Cluster 194: (109) zeolit 24.7%, catalyt 10.4%, activ 4.4%, oxid 3.4%, zsm 1.9%, acid.site
1.7%, acid 1.7%, catalyt.activ 1.6%, catalyst 1.6%, site 1.3%, select 1.0%, reaction 0.9%, hzsm
0.8%, methanol 0.8%, cobalt 0.8%, tpd 0.7%, oxygen 0.7%, co2 0.7%, zeolit.beta 0.6%, adsorpt
0.5%, hydrogen 0.5%, reactor 0.5%, membran 0.4%, base 0.4%, complex 0.4%
Focuses on zeolites and their formation and chemical makeup, as well as various catalysts.
Cluster 195: (153) temperatur 6.9%, spin 5.8%, magnet 5.7%, ferromagnet 5.1%, dope 4.8%,
field 3.4%, transit 2.9%, magnetoresist 2.4%, resist 1.9%, sampl 1.4%, insul 1.3%, phase 1.3%,
electr 1.3%, superconduct 1.3%, temperatur.depend 1.0%, state 0.9%, depend 0.9%,
antiferromagnet 0.8%, metal 0.8%, electron 0.7%, transport 0.7%, electr.field 0.7%, paramagnet
0.6%, ion 0.6%, la0 0.6%
Focuses on the magnetic properties of materials along with feromagnets, as well as the doping of
various materials to make them magnetic.
Cluster 196: (91) optic 22.7%, soliton 11.0%, beam 3.0%, modul 2.1%, nonlinear 1.6%, america
1.5%, phase 1.4%, detector 1.3%, dark 1.1%, superresolut 1.0%, system 1.0%, photorefract
1.0%, intens 0.8%, light 0.7%, trap 0.7%, spatial.soliton 0.7%, filter 0.7%, theoret 0.7%,
phase.shift 0.6%, spatial 0.6%, shift 0.6%, incoher 0.6%, numer 0.5%, apertur 0.5%, vortex 0.5%
Focuses on optics, both biological: (human eye) and mechanical: (optical crystals etc, with some
emphasis on solitons).
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Cluster 197: (144) plant 18.1%, root 16.7%, rice 3.7%, shoot 3.2%, leaf 3.1%, leav 2.0%, water
1.6%, concentr 1.2%, uptak 1.1%, nutrient 0.9%, stomat 0.8%, toler 0.8%, medium 0.7%,
content 0.7%, cultivar 0.7%, growth 0.7%, treatment 0.6%, biomass 0.6%, irrig 0.6%, wheat
0.5%, increas 0.5%, photosynthet 0.5%, stem 0.5%, ecotyp 0.5%, stress 0.4%
Focuses on plants, and plant roots. Includes waste remediation using plants, various health
benefits of plants, and plant characterization and analysis.
Cluster 198: (326) algorithm 67.6%, comput 1.9%, new 0.6%, model 0.6%, time 0.6%, simul
0.5%, effici 0.5%, new.algorithm 0.4%, path 0.4%, data 0.4%, system 0.3%, optim 0.3%,
network 0.3%, algorithm.algorithm 0.3%, adapt 0.3%, rout 0.3%, parallel 0.3%, nois 0.2%,
match 0.2%, point 0.2%, gener 0.2%, complex 0.2%, multipl 0.2%, scheme 0.2%, two 0.2%
Focuses on various computer algorithems.
Cluster 199: (93) field 5.8%, spin 5.7%, dark 4.8%, theori 4.1%, dark.energi 4.0%, cosmolog
3.7%, univers 2.4%, energi 2.1%, field.theori 1.6%, inflat 1.6%, model 1.4%, matter 1.4%, gravit
1.3%, fermion 1.2%, scalar 1.2%, dark.matter 1.1%, constant 1.1%, cosmolog.constant 1.0%,
cosmic 0.9%, scalar.field 0.9%, brane 0.9%, formula 0.8%, perturb 0.7%, paramet 0.7%, particl
0.7%
Focuses on various topics in astrophysics and physics in general.
Cluster 200: (202) h2o 14.1%, ligand 8.7%, coordin 6.3%, bridg 4.1%, complex 3.2%,
coordin.polym 2.9%, chain 2.5%, polym 2.1%, ion 2.0%, clo4 1.7%, structur 1.6%, no3 1.3%,
center 1.3%, dimension 1.1%, magnet 1.1%, synthes 1.1%, compound 1.0%, bi 0.9%, two 0.9%,
bipi 0.7%, anion 0.6%, pyridyl 0.6%, interact 0.5%, crystal 0.5%, phen 0.5%
Focuses on chemistry with emphasis on chemical mechanics.
Cluster 201: (84) model 8.7%, inform 6.7%, forecast 6.2%, data 4.5%, land 4.2%, gi 3.0%,
climat 2.5%, spatial 2.0%, ionospher 1.5%, flood 1.5%, map 1.2%, area 1.2%, npp 0.9%, river
0.9%, system 0.8%, knowledg 0.8%, hydrolog 0.8%, rough.set 0.7%, set 0.7%, integr 0.7%,
climat.model 0.6%, rainfal 0.6%, time.seri 0.6%, inform.system 0.6%, gp 0.6%
Focuses on environmental forcasting and modeling.
Cluster 202: (128) state 25.8%, coupl 5.1%, synchron 3.5%, coher.state 3.1%, coher 2.4%, oscil
1.8%, wave 1.7%, vibrat 1.7%, squeez 1.5%, quantum 1.3%, phase 1.2%, ground 1.0%, transit
1.0%, mode 1.0%, energi 0.9%, system 0.9%, excit 0.7%, two 0.6%, spin 0.6%, trap 0.6%, band
0.6%, ground.state 0.5%, hamiltonian 0.5%, even.odd 0.5%, odd 0.5%
Focuses on the states of various systems, their synchronization and coupling.
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Cluster 203: (112) arteri 11.5%, stent 5.8%, lesion 4.7%, patient 4.1%, coronari 2.5%, year.old
1.8%, case 1.8%, year 1.6%, tumour 1.6%, aortic 1.6%, old 1.4%, pain 1.3%, left 1.3%, carotid
1.0%, stenosi 1.0%, blood 1.0%, right 0.9%, vessel 0.9%, diagnosi 0.8%, coronari.arteri 0.8%,
group 0.8%, angiographi 0.7%, month 0.7%, diseas 0.7%, aneurysm 0.7%
Focuses on the circulatory system; emphasizing arteries and stents and clinical problems
associated with various patients.
Cluster 204: (136) emiss 23.9%, luminesc 6.7%, photoluminesc 3.3%, excit 2.5%, dope 2.2%,
peak 1.6%, band 1.5%, zno 1.5%, zn 1.5%, intens 1.5%, nanocryst 1.4%, spectra 1.3%, blue
1.2%, temperatur 1.1%, emiss.peak 0.8%, nanoparticl 0.7%, fluoresc 0.7%, spectrum 0.6%, cdte
0.6%, pbwo4 0.6%, size 0.5%, dy3 0.5%, exciton 0.5%, room 0.5%, sio2 0.5%
Focuses on the emission properties of materials; especially photoluminescence.
Cluster 205: (266) complex 44.7%, ligand 5.8%, phen 1.9%, iii 1.5%, coordin 1.0%, metal
1.0%, ion 0.9%, eta 0.9%, synthes 0.9%, phenanthrolin 0.7%, structur 0.7%, dna 0.7%, bi 0.7%,
bpy 0.6%, spectra 0.6%, bind 0.5%, lanthanid 0.5%, copper 0.5%, two 0.5%, nmr 0.4%,
luminesc 0.4%, bridg 0.4%, atom 0.4%, reaction 0.4%, fluoresc 0.3%
Focuses on various metal complexes and chemical properties of materials, with emphasis on
ligands.
Cluster 206: (88) shell 10.2%, particl 8.4%, caco3 5.1%, core 5.0%, microspher 4.1%, sio2
2.8%, dust 2.1%, nano 1.9%, core.shell 1.8%, polymer 1.5%, composit 1.5%, surfac 1.3%, emuls
1.3%, graft 1.1%, size 0.9%, concentr 0.8%, monodispers 0.8%, dispers 0.6%, sphere 0.6%,
polystyren 0.6%, magnetit 0.6%, floc 0.6%, composit.particl 0.5%, calcium 0.5%, silica 0.5%
Focuses on shells and encapsulating various compounds within them.
Cluster 207: (130) compound 35.7%, activ 3.2%, synthes 2.6%, nmr 2.3%, methyl 2.0%,
substitut 1.7%, deriv.synthes 1.3%, new.compound 1.2%, structur 1.1%, spectra 1.0%,
nmr.spectra 1.0%, element 0.9%, deriv 0.9%, herbicid 0.8%, seri 0.8%, target.compound 0.8%,
compound.nmr 0.7%, new 0.7%, acid 0.6%, group 0.6%, structur.activ 0.6%, bioassai 0.5%,
spectra.element 0.5%, nmr.spectra.element 0.5%, biolog 0.4%
Focuses on various chemical compounds and their synthesis.
Cluster 208: (267) particl 50.6%, size 6.9%, particl.size 5.8%, size.distribut 1.0%, composit
0.9%, dispers 0.8%, distribut 0.8%, surfac 0.8%, nano 0.5%, nanoparticl 0.5%, silica 0.4%,
temperatur 0.4%, concentr 0.4%, particl.size.distribut 0.3%, spheric 0.3%, fine 0.3%, increas
0.3%, water 0.2%, content 0.2%, morpholog 0.2%, phase 0.2%, nano.particl 0.2%, polymer
0.2%, diamet 0.2%, precipit 0.2%
Focuses on particulate matter of varying types, and its size and size distribution.
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Cluster 209: (171) china 9.5%, climat 4.6%, monsoon 4.5%, summer 4.0%, sea 2.3%, east
1.7%, urban 1.6%, region 1.6%, warm 1.5%, land 1.4%, south 1.3%, winter 1.2%, glacial 1.2%,
asian 1.1%, north 1.1%, dust 1.0%, summer.monsoon 1.0%, ic 1.0%, area 0.9%, site 0.9%,
plateau 0.9%, loess 0.8%, season 0.8%, basin 0.8%, delta 0.7%
Focuses on climate analysis (especially monsoons) and indoor air pollutant studies, mainly in
china and the surrounding areas.
Cluster 210: (223) flow 43.5%, veloc 2.9%, fluid 2.5%, model 2.1%, jet 1.8%, ga 1.5%, pressur
1.2%, bubbl 0.9%, bed 0.9%, simul 0.8%, flow.rate 0.8%, channel 0.7%, particl 0.7%, liquid
0.6%, nozzl 0.6%, numer 0.6%, convect 0.5%, experiment 0.5%, flow.field 0.5%, field 0.5%,
flow.pattern 0.5%, rate 0.5%, wall 0.4%, paramet 0.4%, air 0.4%
Focuses on flow dynamics and fluid flow modeling.
Cluster 211: (100) suspens 5.5%, nano 5.3%, surfac.area 4.9%, dispers 4.6%, surface 3.7%,
slurri 3.3%, calcin 2.4%, zirconia 2.4%, area 2.3%, zro2 1.9%, al2o3 1.9%, powder 1.5%,
alumina 1.4%, aqueou 1.3%, solid 1.2%, aln 1.2%, stabil 1.1%, size 1.0%, particl 0.8%, viscos
0.8%, high.surfac.area 0.8%, oxid 0.7%, high.surfac 0.7%, solid.load 0.6%, bet 0.6%
Focuses on various suspensions, and the nanoparticles in them. Also talks about powders and
the particles‘ surface area.
Cluster 212: (122) design 50.6%, system 2.0%, gear 1.3%, model 1.0%, simul 0.9%, assembl
0.8%, architectur 0.7%, circuit 0.7%, optim 0.6%, manufactur 0.6%, product 0.4%, power 0.4%,
softwar 0.4%, manipul 0.4%, design.system 0.4%, chip 0.4%, construct 0.4%, gener 0.4%,
modul 0.4%, dynam 0.4%, applic 0.3%, regist 0.3%, pile 0.3%, new 0.3%, oper 0.3%
Focuses on the design of new components, system, and structures.
Cluster 213: (161) mol 17.7%, electrod 7.1%, detect.limit 2.5%, detect 2.3%, peak 2.0%, ion
1.9%, rang 1.8%, limit 1.7%, absorpt 1.5%, complex 1.4%, linear 1.2%, iii 1.2%, concentr 1.1%,
rang.mol 1.0%, detect.limit.mol 1.0%, limit.mol 1.0%, sensit 0.9%, solut 0.8%, buffer 0.8%,
reaction 0.8%, select 0.8%, buffer.solut 0.7%, acid 0.6%, voltammetri 0.6%, mol.detect.limit
0.6%
Focuses on molecular detection, as well as electrode fabrication and use.
Cluster 214: (204) layer 18.2%, film 8.5%, substrat 5.0%, thick 4.4%, deposit 2.8%, gan 2.8%,
anneal 2.6%, aln 1.9%, silicon 1.7%, multilay 1.3%, buffer.layer 1.0%, surfac 0.9%, layer.thick
0.9%, temperatur 0.8%, sputter 0.8%, buffer 0.8%, grown 0.7%, zno 0.7%, epitaxi 0.6%,
gan.film 0.6%, lcmo 0.5%, interfac 0.5%, growth 0.5%, nitrid 0.5%, tin 0.5%
Focuses on thin films, their substrates and film deposition.
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Cluster 215: (113) patient 6.7%, group 4.8%, renal 4.7%, transplant 3.3%, treatment 3.1%,
month 3.0%, postop 2.5%, liver 2.4%, case 1.9%, mmf 1.7%, graft 1.4%, donor 1.3%, implant
1.3%, outcom 1.3%, clinic 1.1%, surviv 1.0%, year 0.9%, surgic 0.8%, nerv 0.8%, complic
0.8%, liver.transplant 0.8%, surgeri 0.8%, rate 0.8%, blood 0.7%, laparoscop 0.7%
Focuses on the renal system, patients who have renal problems and some of their treatments.
Cluster 216: (141) group 40.5%, control.group 2.4%, control 2.1%, treatment 1.2%,
group.group 1.2%, diet 1.1%, rat 0.9%, serum 0.8%, pig 0.7%, dose 0.6%, dai 0.6%, subject
0.6%, week 0.6%, children 0.6%, placebo 0.5%, supplement 0.5%, level 0.5%, fed 0.5%, blood
0.5%, femal 0.5%, group.control 0.5%, male 0.5%, plasma 0.4%, egg 0.4%, administr 0.4%
Focuses on medical / biological experiments and talks about the different groups in the
experiment.
Cluster 217: (140) heat 35.7%, temperatur 4.4%, heat.transfer 4.1%, thermal 2.7%, transfer
2.6%, tube 1.9%, cool 1.8%, refriger 1.3%, water 0.9%, boil 0.8%, heat.capac 0.8%, conduct
0.7%, thermal.conduct 0.7%, capac 0.6%, heat.treatment 0.5%, moistur 0.5%, phase 0.5%,
experiment 0.5%, liquid 0.5%, surfac 0.4%, evapor 0.4%, condens 0.4%, degreesc 0.4%,
treatment 0.3%, ga 0.3%
Focuses on heat transfer mechanics and applications; as well as heat transfer experiments.
Cluster 218: (147) sea 6.3%, ocean 4.1%, model 2.8%, season 2.3%, climat 2.1%, tidal 1.9%,
permafrost 1.8%, enso 1.7%, data 1.3%, surfac 1.2%, circul 1.2%, pacif 1.2%, sediment 1.2%,
anomali 1.0%, cloud 1.0%, water 1.0%, warm 1.0%, east 1.0%, front 1.0%, summer 0.9%,
transport 0.9%, rainfal 0.9%, atmospher 0.8%, north 0.8%, ic 0.8%
Focuses on creating climate models;especially over water or near coasts, and various ways to
determine moisture concentrations and ways of measuring various quantities that affect climate,
such as moisture etc.
Cluster 219: (198) protein 13.6%, peptid 3.9%, bind 3.3%, activ 3.1%, fusion 3.1%, express
2.7%, purifi 2.7%, coli 2.5%, mutant 2.0%, domain 2.0%, recombin 2.0%, fusion.protein 1.9%,
enzym 1.7%, termin 1.1%, refold 1.0%, residu 0.9%, escherichia.coli 0.8%, human 0.8%,
escherichia 0.8%, cell 0.8%, pollen 0.8%, mutat 0.7%, gst 0.6%, site 0.6%, subunit 0.5%
Focuses on proteins, their characterization and use.
Cluster 220: (225) equat 52.0%, solut 5.0%, wave 1.1%, nonlinear 0.9%, deriv 0.9%, linear
0.6%, system 0.6%, paramet 0.6%, schroding 0.5%, matrix 0.4%, schroding.equat 0.4%,
matrix.equat 0.4%, theori 0.4%, potenti 0.4%, function 0.4%, space 0.4%, condit 0.4%, motion
0.4%, model 0.3%, boltzmann 0.3%, initi 0.3%, integr 0.3%, relat 0.3%, order 0.3%, term 0.3%
Focuses on mathematics; especially solution techniques for mathematical equations.
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Cluster 221: (359) cell 62.4%, cultur 1.3%, express 1.2%, human 0.7%, protein 0.6%, activ
0.6%, membran 0.5%, cell.line 0.4%, concentr 0.4%, inhibit 0.4%, growth 0.4%, endotheli 0.4%,
transfect 0.3%, line 0.3%, tissu 0.3%, assai 0.3%, infect 0.3%, prolifer 0.3%, gene 0.3%, embryo
0.3%, cytoplasm 0.2%, endotheli.cell 0.2%, control 0.2%, regul 0.2%, product 0.2%
Focuses on various kinds of cells, expression of those cells and gene expression.
Cluster 222: (137) layer 9.0%, gan 6.8%, etch 3.8%, quantum 3.7%, quantum.dot 2.8%, dot
2.7%, gaa 2.2%, ina 2.0%, qd 1.7%, grown 1.3%, epitaxi 1.3%, electron 1.2%, algan 1.1%,
implant 1.1%, photoluminesc 1.0%, silicon 1.0%, surfac 1.0%, sige 0.8%, fabric 0.8%, peak
0.6%, thick 0.6%, tunnel 0.6%, heterostructur 0.6%, molecular.beam.epitaxi 0.5%, beam.epitaxi
0.5%
Focuses on etched layers, usually of silicon, and includes quantum dots as well.
Cluster 223: (198) cluster 11.1%, molecul 3.9%, atom 3.9%, electron 3.4%, orbit 3.0%,
densiti.function 2.9%, structur 2.8%, densiti 2.7%, molecular 2.5%, densiti.function.theori 2.2%,
function.theori 2.2%, energi 2.0%, state 1.6%, calcul 1.2%, theori 1.2%, bond 1.2%, function
1.2%, dft 1.1%, charg 0.8%, electron.structur 0.7%, ground.state 0.7%, absorpt 0.6%,
molecular.orbit 0.6%, compound 0.6%, ground 0.6%
Focuses on the structure of various molecules and atoms or clusters of atoms. Also discusses the
orbit of electrons, and the density and structure based on density functional theory.
Cluster 224: (161) film 33.3%, surfac 3.3%, composit.film 3.1%, polym 2.1%, monolay 1.9%,
optic 1.3%, composit 1.1%, light 1.0%, langmuir 0.8%, polar 0.7%, shg 0.6%, water 0.6%, poli
0.6%, blodgett 0.6%, graft 0.5%, langmuir.blodgett 0.5%, grate 0.4%, fabric 0.4%, properti
0.4%, amphiphil 0.4%, subphas 0.4%, afm 0.3%, angl 0.3%, surfac.pressur 0.3%, pmma 0.3%
Focuses on films; specifically composite films and polymer films.
Cluster 225: (107) nmr 15.7%, acid 10.8%, synthes 2.6%, methyl 2.1%, spectra 1.8%,
compound 1.3%, calix 1.3%, carboxyl.acid 1.2%, deriv 1.2%, carboxyl 1.2%, structur 1.1%,
amino 1.1%, nmr.nmr 1.1%, spectroscopi 1.0%, aren 0.9%, ester 0.8%, recognit 0.8%, chemic
0.7%, nmr.spectra 0.7%, calix.aren 0.6%, macrocycl 0.6%, spirobenzopyran 0.6%, methyl.ester
0.6%, fluoresc 0.6%, element 0.6%
Focuses on the structure and characteristics of various molecules; mainly using NMR mass
spectrometry.
Cluster 226: (92) molecular 14.2%, molecular.weight 6.4%, weight 5.2%, degrad 2.7%, fraction
2.5%, group 1.4%, polysaccharid 1.2%, averag.molecular 1.2%, nmr 1.0%, acid 0.9%,
molecular.recognit 0.9%, chain 0.9%, solubl 0.7%, water 0.6%, lignin 0.6%, crosslink 0.6%,
recognit 0.6%, structur 0.5%, averag.molecular.weight 0.5%, oil 0.5%, averag 0.5%, residu
0.5%, biodegrad 0.4%, eta 0.4%, synthes 0.4%
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Focuses on the characteristics of various molecules, such as molecular weight, degradation of
the molecules, etc.
Cluster 227: (195) yield 23.9%, reaction 8.9%, afford 4.3%, mild 1.8%, acid 1.8%, alpha 1.7%,
high.yield 1.6%, react 1.6%, product 1.5%, substitut 1.4%, correspond 1.0%, catalyt 1.0%,
condit 0.9%, amin 0.9%, ester 0.8%, compound 0.8%, mild.condit 0.7%, catalyz 0.6%, reagent
0.6%, thf 0.6%, moder 0.6%, stereoselect 0.6%, high 0.6%, moder.yield 0.6%, alcohol 0.5%
Focuses on various chemical reactions and specifically on their yields.
Cluster 228: (260) rat 31.4%, brain 2.8%, dose 2.2%, inject 1.7%, induc 1.6%, express 1.6%,
administr 1.4%, receptor 1.2%, drug 1.1%, group 1.0%, ischemia 1.0%, liver 0.9%, reperfus
0.8%, level 0.8%, injuri 0.7%, mrna 0.7%, diabet 0.7%, activ 0.7%, heart 0.5%, blood 0.5%,
treatment 0.5%, protein 0.5%, oral 0.5%, cell 0.5%, myocardi 0.4%
Focuses on experiments performed on rats; especially impacts on their brain.
Cluster 229: (129) pressur 24.6%, high.pressur 4.1%, miner 3.5%, hydrat 3.5%, ga 3.1%, gpa
3.0%, oxygen 2.6%, temperatur 1.7%, ga.hydrat 1.1%, iron 1.0%, high 1.0%, water 0.7%, phase
0.6%, quartz 0.6%, content 0.5%, rock 0.5%, plagioclase 0.5%, fluid 0.5%, zone 0.5%, transit
0.4%, pressur.gpa 0.4%, nanocryst 0.4%, resist 0.4%, format 0.4%, silic 0.4%
Focuses on pressure and high pressure; Sometimes discusses chemical reactions or geologic
phenomina.
Cluster 230: (121) chitosan 12.5%, absorpt 4.9%, fluoresc 4.6%, photon 3.6%, radic 3.2%,
two.photon 2.7%, aggreg 1.7%, spectra 1.7%, excit 1.5%, porphyrin 1.5%, state 1.2%, phenyl
1.1%, scaveng 1.1%, molecular 1.0%, two 0.7%, bi 0.7%, antioxid 0.7%, solvent 0.6%, group
0.6%, complex 0.6%, phthalocyanin 0.6%, excit.state 0.6%, emiss 0.6%, dye 0.6%, triplet 0.5%
Focuses on chitosa, and the separation of various molecules specifically by means of absorption.
Cluster 231: (251) composit 36.1%, sic 3.8%, materi 2.3%, strength 2.1%, matrix 1.9%, fibr
1.5%, fractur 1.3%, properti 1.3%, reinforc 1.1%, mechan 0.9%, mechan.properti 0.8%, fabric
0.7%, particl 0.7%, carbon 0.7%, oxid 0.6%, powder 0.6%, al2o3 0.6%, fiber 0.6%,
properti.composit 0.5%, interfac 0.5%, tough 0.5%, microstructur 0.4%, bend 0.4%, metal 0.4%,
thermal 0.4%
Focuses on the composition, mechanical properties and synthesis of various materials.
Cluster 232: (168) women 11.9%, ag 5.6%, subject 4.5%, male 2.5%, pregnanc 1.6%, risk 1.5%,
serum 1.4%, blood 1.4%, femal 1.3%, level 1.3%, year 1.3%, infant 1.2%, chines 1.1%, men
1.0%, bmd 0.9%, bodi 0.9%, group 0.9%, intak 0.9%, obes 0.9%, birth 0.8%, bone 0.7%, sex
0.7%, injuri 0.7%, bmi 0.6%, cadmium 0.6%
Focuses on various clinical medical studies,;usually involving women.
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Cluster 233: (136) pore 7.9%, materi 7.0%, scaffold 6.7%, dentin 3.9%, porou 3.8%, adhes
2.7%, cement 1.8%, membran 1.8%, poros 1.7%, strength 1.6%, ldh 1.4%, surfac 1.4%, pore.size
1.0%, hap 1.0%, etch 1.0%, sem 0.9%, calcium 0.8%, composit 0.8%, water 0.8%, bone 0.7%,
foam 0.7%, chitosan 0.7%, structur 0.6%, size 0.6%, properti 0.5%
Focuses on the separation of materials, pore sizes in filter media and the structure of the filter
media itself.
Cluster 234: (113) mesopor 6.0%, silica 4.0%, electron 3.2%, surfac 3.1%, microscopi 2.6%,
morpholog 2.2%, templat 2.2%, electron.microscopi 1.7%, mesopor.silica 1.7%, membran 1.7%,
scan 1.6%, pore 1.4%, transmiss.electron 1.4%, transmiss 1.3%, surfact 1.0%, diamet 1.0%,
scan.electron 0.9%, aerogel 0.8%, spectroscopi 0.8%, synthes 0.8%, rai 0.7%, sem 0.7%, structur
0.7%, crystal 0.6%, transmiss.electron.microscopi 0.6%
Focuses on mesoporous silicas.
Cluster 235: (155) synthesi 12.3%, reaction 6.4%, alkyl 3.5%, synthes 3.4%, compound 2.8%,
step 2.5%, substitut 2.4%, methyl 1.2%, total.synthesi 1.1%, yield 1.1%, cycliz 1.1%, kei 1.0%,
wittig 0.9%, ether 0.9%, alpha 0.8%, on 0.8%, product 0.8%, synthet 0.8%, kei.step 0.7%, reduct
0.7%, deriv 0.7%, pot 0.6%, nmr 0.6%, on.pot 0.6%, regioselect 0.6%
Focuses on synthesis of chemicals and chemical reactions.
Cluster 236: (165) reaction 44.8%, product 4.0%, condit 0.9%, reaction.temperatur 0.8%,
solvent 0.8%, oxid 0.7%, temperatur 0.7%, reaction.rate 0.6%, catalyz 0.6%, mechan 0.5%, ga
0.5%, yield 0.5%, methanol 0.5%, reaction.mechan 0.5%, intermedi 0.5%, reaction.condit 0.4%,
rate 0.4%, polymer 0.4%, reactor 0.4%, reaction.time 0.3%, radic 0.3%, ratio 0.3%, synthesi
0.3%, supercrit 0.3%, chain 0.3%
Focuses on various chemical reactions, the product of those reactions and the conditions needed
for the reaction; more specifically reaction temperature.
Cluster 237: (173) load 12.8%, beam 3.3%, buckl 2.9%, lamin 2.6%, bend 2.5%, forc 2.3%,
deform 1.9%, plate 1.7%, dynam 1.6%, elast 1.6%, axial 1.4%, model 1.4%, displac 1.2%, wall
1.2%, vibrat 1.1%, section 1.0%, curv 1.0%, stiff 1.0%, column 0.9%, indent 0.8%, numer 0.8%,
cut 0.7%, test 0.7%, plastic 0.7%, stiffen 0.7%
Focuses on the loading of structural members along with their mechanical properties and the
failure modes of various beams, laminates and other materials.
Cluster 238: (130) function 11.7%, element 7.8%, inequ 6.7%, finit 4.2%, polynomi 3.3%,
interpol 3.0%, formula 2.7%, set 1.7%, finit.element 1.3%, order 1.2%, class 1.1%, math 1.1%,
bound 1.0%, ident 0.7%, sum 0.7%, asymptot 0.7%, proof 0.7%, converg 0.7%, oper 0.7%,
type.inequ 0.6%, integr 0.6%, prove 0.6%, minim 0.5%, theori 0.5%, gener 0.5%
Focuses on the various functions of finite element models and the mathmatics associated with
them.
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Cluster 239: (195) field 23.5%, magnet 17.5%, magnet.field 5.8%, current 1.8%, electr 1.6%,
model 1.1%, flux 1.1%, electromagnet 0.9%, ground 0.8%, reconnect 0.7%, electr.field 0.6%, ht
0.5%, geomagnet 0.5%, numer 0.5%, cme 0.4%, densiti 0.4%, forc 0.4%, power 0.4%, dipol
0.4%, plasma 0.3%, acceler 0.3%, two 0.3%, levit 0.3%, system 0.3%, magnet.flux 0.3%
Focuses on magnets and magnetic fields.
Cluster 240: (142) energi 18.0%, state 5.1%, calcul 3.2%, potenti 2.0%, ground.state 1.9%,
interact 1.8%, ground 1.7%, model 1.5%, theori 1.5%, orbit 1.4%, excit 1.0%, transit 1.0%,
function 0.8%, pair 0.7%, electron 0.7%, potenti.energi 0.6%, system 0.6%, two 0.6%, paramet
0.6%, correl 0.5%, correct 0.5%, charg 0.5%, level 0.5%, experiment 0.5%, basi.set 0.5%
Focuses on the energy states of various charged particles.
Cluster 241: (155) project 8.4%, build 6.1%, construct 4.5%, environment 4.3%, kong 2.6%,
hong 2.5%, china 2.4%, hong.kong 2.4%, plan 1.5%, articl 1.3%, sustain 1.3%, survei 1.2%,
partner 0.9%, social 0.8%, environ 0.8%, disput 0.7%, scienc 0.7%, practic 0.7%, air 0.6%,
system 0.6%, tunnel 0.6%, urban 0.6%, factor 0.6%, product 0.6%, commun 0.6%
Focuses on various construction projects; mainly in China.
Cluster 242: (174) frequenc 16.1%, mode 11.7%, reson 9.3%, nois 3.1%, reson.frequenc 1.6%,
oscil 1.6%, acoust 0.9%, caviti 0.9%, band 0.9%, vibrat 0.9%, measur 0.7%, signal 0.7%,
harmon 0.6%, nonlinear 0.6%, amplitud 0.5%, voltag 0.5%, defect 0.5%, metamateri 0.5%,
coupl 0.4%, devic 0.4%, two 0.4%, field 0.4%, time 0.4%, low.frequenc 0.4%, drive 0.4%
Focuses on the resonant frequencies of various excited particles.
Cluster 243: (265) model 54.4%, data 2.0%, system 1.0%, model.model 0.9%, simul 0.8%,
paramet 0.6%, dynam 0.5%, test 0.4%, new 0.4%, languag 0.4%, qsar 0.4%, new.model 0.4%,
uml 0.3%, gener 0.3%, inform 0.3%, fit 0.3%, construct 0.3%, set 0.3%, mathemat 0.3%,
experiment 0.3%, structur 0.3%, statist 0.3%, time 0.3%, comfa 0.2%, predict 0.2%
Focuses on data aquisition and system modeling.
Cluster 244: (150) china 11.1%, pollen 4.2%, speci 2.8%, new 2.0%, genu 1.7%, fossil 1.5%,
morpholog 1.3%, stamen 1.3%, provinc 1.2%, cirri 1.1%, pollin 1.1%, genera 1.0%, taxa 1.0%,
flower 0.9%, ventral 0.9%, type 0.9%, earli 0.8%, ornament 0.8%, var 0.8%, corolla 0.8%, kineti
0.7%, male 0.7%, femal 0.7%, scienc 0.7%, pollen.grain 0.6%
Focuses on plant species.
Cluster 245: (154) activ 10.5%, inhibit 9.1%, induc 3.9%, antioxid 3.1%, oocyt 2.6%, inhibitor
2.6%, stimul 1.2%, cell 1.1%, concentr 1.1%, no 1.0%, glucos 0.9%, oxid 0.8%, depend 0.7%,
ach 0.7%, platelet 0.6%, dose 0.6%, mumol 0.6%, scaveng 0.6%, inhibitori 0.6%, vitro 0.6%,
cultur 0.5%, manner 0.5%, melatonin 0.5%, depend.manner 0.5%, h2o2 0.5%
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Focuses on various chemicals or molecules/compounds that have an effect on the body
(activation or inhibition) or the body‘s reaction to various stimuli.
Cluster 246: (136) ion 6.6%, absorpt 6.6%, laser 6.4%, optic 4.2%, spectra 2.5%, raman 2.4%,
implant 2.2%, peak 1.8%, waveguid 1.8%, surfac 1.4%, irradi 1.3%, electron 1.3%, spectrum
1.2%, infrar 1.1%, refract 0.9%, sampl 0.8%, scatter 0.8%, anneal 0.7%, temperatur 0.7%,
refract.index 0.6%, plasma 0.6%, reson 0.6%, beam 0.6%, energi 0.6%, ion.implant 0.6%
Focuses on the spectra of various molecules and how the spectra was obtained; especially ion
absorption and laser optics
Cluster 247: (105) co2 7.4%, concentr 5.4%, fruit 5.1%, cultur 3.7%, sludg 3.5%, growth 1.7%,
product 1.2%, rate 1.1%, compost 1.0%, control 1.0%, water 0.8%, cultiv 0.7%, sucros 0.7%, dai
0.7%, inocul 0.6%, co2.concentr 0.6%, fresh 0.6%, aerat 0.6%, condit 0.6%, cordycep 0.6%,
batch 0.6%, higher 0.5%, dry 0.5%, level 0.5%, glucos 0.5%
Focuses on the preservation of fruits after harvest and its relation to the concentration of co2 in
the controlled environment.
Cluster 248: (138) water 16.0%, solut 5.4%, membran 4.2%, solvent 2.8%, concentr 2.4%,
aqueou 2.0%, enthalpi 1.7%, molar 1.5%, acid 1.4%, ionic 1.2%, solubl 1.1%, mixtur 1.1%,
aqueou.solut 1.0%, anion 0.9%, mol 0.9%, h2o 0.8%, interact 0.7%, molar.volum 0.7%, rang
0.6%, ion 0.6%, standard 0.5%, standard.molar 0.4%, temperatur 0.4%, releas 0.4%, dilut 0.4%
Focuses on water and various chemical reactions/solutions that involve/contain water. Also talks
about membranes, and the properties of solutions containing water.
Cluster 249: (201) phase 22.3%, liquid 4.0%, temperatur 2.9%, transit 2.7%, diffuse 2.2%,
phase.transit 2.1%, solid 1.9%, diagram 1.1%, phase.diagram 1.0%, simul 0.9%, system 0.9%,
structur 0.7%, phase.region 0.7%, atom 0.7%, interfac 0.7%, molecular.dynam 0.7%, crystal
0.7%, molecular.dynam.simul 0.7%, energi 0.7%, growth 0.6%, dynam.simul 0.6%, concentr
0.5%, densiti 0.5%, state 0.5%, property 0.5%
Focuses on the different phases of materials as well as the effect that phase change has on the
material.
Cluster 250: (161) acid 18.7%, concentr 7.4%, degrad 4.1%, rate 1.7%, remov 1.6%, metal
1.5%, solut 1.1%, kinet 1.1%, oxid 1.0%, product 1.0%, radic 1.0%, dye 0.9%, initi 0.9%,
wastewat 0.8%, h2o2 0.7%, humic 0.6%, reaction 0.6%, ion 0.6%, organ 0.6%, chlorin 0.5%,
amino 0.5%, increas 0.5%, rate.constant 0.5%, amino.acid 0.4%, decreas 0.4%
Focuses on acids and their uses, as well as the degradation of various compounds, either by
acids or using other means.
Cluster 251: (177) simul 7.3%, fluid 2.9%, scale 2.6%, critic 2.5%, dynam 2.3%, model 2.0%,
carlo 1.7%, mont 1.7%, motion 1.6%, mont.carlo 1.6%, theori 1.6%, forc 1.3%, distribut 1.1%,
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potenti 1.0%, densiti 0.9%, expon 0.9%, function 0.9%, direct 0.8%, eo 0.8%, state 0.7%,
fluctuat 0.6%, paramet 0.6%, probabl 0.6%, univers 0.6%, two 0.6%
Focuses on simulations; especially of fluid dynamical systems.
Cluster 252: (230) optim 16.0%, set 3.6%, comput 3.5%, function 2.4%, constraint 2.3%, point
2.2%, converg 1.8%, gener 1.6%, linear 1.5%, convex 1.4%, program 1.4%, inequ 1.2%, iter
1.1%, new 1.0%, design 0.9%, data 0.7%, minim 0.7%, variabl 0.7%, object 0.7%, class 0.6%,
mesh 0.6%, space 0.6%, random 0.6%, approxim 0.6%, scheme 0.6%
Focuses on computer optimization of data sets; along with optimization functions.
Cluster 253: (246) system 18.7%, oper 3.7%, softwar 2.9%, time 1.8%, reliabl 1.5%, test 1.5%,
model 1.4%, data 1.3%, simul 1.2%, machin 1.2%, monitor 1.1%, tool 1.0%, inform 0.9%,
environ 0.9%, integr 0.9%, fault 0.9%, applic 0.8%, real 0.8%, new 0.6%, power 0.6%, virtual
0.6%, comput 0.6%, control 0.6%, real.time 0.6%, visual 0.6%
Focuses on systems; with minor emphasis on operating systems and software.
Cluster 254: (308) temperatur 33.0%, thermal 1.8%, high.temperatur 1.5%, high 1.4%, degreesc
1.0%, surfac 0.9%, room 0.8%, room.temperatur 0.8%, increas 0.7%, decreas 0.7%, combust
0.7%, concentr 0.7%, low 0.7%, composit 0.6%, pressur 0.6%, rang 0.6%, conduct 0.6%,
temperatur.rang 0.6%, rate 0.5%, melt 0.5%, densiti 0.5%, temperatur.depend 0.5%, fuel 0.5%,
oxid 0.5%, coeffici 0.5%
Focuses on temperature and associated phenomena.
Cluster 255: (258) model 16.3%, paramet 2.9%, analyt 2.8%, numer 2.2%, coeffici 1.7%, veloc
1.6%, simul 1.0%, equat 0.9%, experiment 0.9%, diffus 0.9%, data 0.8%, measur 0.8%, system
0.7%, two 0.7%, energi 0.5%, linear 0.5%, solut 0.5%, correl 0.5%, experiment.data 0.5%, curv
0.5%, instabl 0.5%, three 0.4%, mean 0.4%, time 0.4%, function 0.4%
Focuses on models; especially their parametric analyses.
How to Read the Above Taxonomy
Cosidering this analysis was a pull of data in the recent past, the priority order of it is one way of
evaluating the results…the more emphatic the literature; the more the PRC is workin on those
items. In reverse, the literature least found could be interpreted to mean those items are the
current/projected targets for illicit technology transfer out of the United States. N.B. that many
of these items, as highlighted in yellow point to the knowledge innovation program itself as part
of the PRC DSTI apparatus. Much of the details above would be of keen interest to the Defense
Security Service (DSS), the FBI and the other elements of counter-intelligence.The following flat
taxonomy can be generated from the Level 4 categories. The bullets under each category
represent the 256 elemental cluster themes. The parentheses contain the number of records
associated with the bullet (cluster). The above section was ―needles in haystacks‖ and the
following section indicates how the haystack relate.
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1. Physical and Engineering Sciences
1.1. chemical reactions, chemistry
1.1.1. the structure of molecules, crystal structure (1813)
1.1.1.1. atomic bonds and the crystal structure of molecules (1297)
• Cluster 169: (243) bond 16.2%, hydrogen.bond 13.8%, hydrogen 12.9%, molecul 4.5%, anion
4.2%, cation 2.6%, interact 1.9%, compound 1.6%, water 1.6%, titl 1.5%, water.molecul 1.3%,
dimension 1.1%, structur 1.1%, titl.compound 1.1%, chain 1.0%, h2o 0.9%, form 0.8%,
bond.interact 0.7%, hydrogen.bond.interact 0.6%, three.dimension 0.6%, atom 0.6%, link 0.6%,
two 0.5%, center 0.5%, crystal 0.5%
Focuses on the bonds between atoms and molecules, specifically hydrogen bonding, and atom
interaction.
• Cluster 50: (144) titl.compound 15.3%, titl 13.2%, compound 9.5%, intermolecular 5.4%, bond
5.1%, molecul 5.0%, hydrogen 4.5%, hydrogen.bond 3.2%, intermolecular.hydrogen 2.8%,
crystal 1.8%, crystal.structur 1.5%, intermolecular.hydrogen.bond 1.3%, intramolecular 1.2%,
interact 1.1%, intramolecular.hydrogen 1.0%
Focuses on compounds containing intramolecular hydrogen bonds, with emphasis on their
structure.
• Cluster 32: (78) ring 31.3%, titl 5.9%, titl.compound 5.8%, dihedr.angl 4.0%, dihedr 4.0%,
compound 3.6%, benzen.ring 2.8%, conform 2.1%, molecul 1.9%, angl 1.8%, benzen 1.8%, boat
1.3%, bond 1.1%
Focuses on compounds and molecules containing rings, such as benzene rings, with emphasis on
their synthesis and characterization.
• Cluster 38: (255) atom 22.4%, ligand 5.4%, titl 5.0%, two.atom 3.8%, coordin 2.9%, atom.two
2.6%, two 2.4%, distort 2.3%, geometri 2.2%, titl.compound 2.1%, molecul 2.0%, octahedr
1.6%, h2o 1.2%, bond 1.2%, compound 1.1%, water.molecul 1.0%, distort.octahedr 1.0%,
complex 1.0%, carboxyl 1.0%
Focuses on the atomic structure of molecules and compounds.
• Cluster 134: (109) atom 43.7%, oxygen.atom 3.6%, nitrogen.atom 2.5%, oxygen 1.8%, ligand
1.5%, nitrogen 1.4%, complex 1.2%, coordin 1.2%, two 1.2%, distort 1.0%, structur 0.9%, ion
0.8%, bridg 0.7%, two.oxygen 0.7%, two.oxygen.atom 0.7%, atom.two 0.7%, tin 0.6%, tin.atom
0.6%, geometri 0.6%, crystal 0.5%, site 0.5%, on 0.5%, molecul 0.4%, atom.on 0.3%, bipyramid
0.3%
Focuses on atomic structure concentrating on O2 and N2 atoms, with emphasis on ligands and
synthesis of complexes.
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• Cluster 200: (202) h2o 14.1%, ligand 8.7%, coordin 6.3%, bridg 4.1%, complex 3.2%,
coordin.polym 2.9%, chain 2.5%, polym 2.1%, ion 2.0%, clo4 1.7%, structur 1.6%, no3 1.3%,
center 1.3%, dimension 1.1%, magnet 1.1%, synthes 1.1%, compound 1.0%, bi 0.9%, two 0.9%,
bipi 0.7%, anion 0.6%, pyridyl 0.6%, interact 0.5%, crystal 0.5%, phen 0.5%
Focuses on chemistry with emphasis on chemical mechanics.
• Cluster 205: (266) complex 44.7%, ligand 5.8%, phen 1.9%, iii 1.5%, coordin 1.0%, metal
1.0%, ion 0.9%, eta 0.9%, synthes 0.9%, phenanthrolin 0.7%, structur 0.7%, dna 0.7%, bi 0.7%,
bpy 0.6%, spectra 0.6%, bind 0.5%, lanthanid 0.5%, copper 0.5%, two 0.5%, nmr 0.4%,
luminesc 0.4%, bridg 0.4%, atom 0.4%, reaction 0.4%, fluoresc 0.3%
Focuses on various metal complexes and chemical properties of materials, with emphasis on
ligands.
1.1.1.2. the crystal orientation of molecules/atoms/ visualization (516)
• Cluster 136: (116) crystal 8.4%, singl.crystal 7.7%, rai 6.0%, singl.crystal.rai 6.0%, crystal.rai
5.8%, diffract 5.2%, crystal.rai.diffract 3.9%, singl 3.0%, structur 2.9%, compound 2.8%,
rai.diffract 2.5%, synthes 2.1%, hydrotherm 1.4%, crystal.structur 1.1%, h2o 1.0%, angstrom
0.9%, hpo3 0.8%, complex 0.8%, bpy 0.7%, element 0.7%, nmr 0.6%, structur.singl.crystal
0.6%, structur.singl 0.5%, new 0.5%, framework 0.5%
Focuses on single crystal x-ray diffraction method for analyzing compounds and their structure.
• Cluster 70: (171) crystal 9.8%, space.group 7.6%, space 3.7%, angstrom 3.4%, degre 3.0%,
group 2.9%, beta 2.5%, monoclin 2.4%, complex 2.3%, system.space.group 2.1%, system.space
2.1%, compound 1.8%, structur 1.7%, 000 1.6%, singl.crystal 1.5%, rai 1.4%, crystal.structur
1.4%, diffract.crystal 1.3%, diffract 1.0%
Focuses on the characterization of crystal structures, especially space groups.
• Cluster 17: (229) angstrom 62.1%, degre 3.5%, crystal 2.1%, beta 2.0%, angstrom.beta 1.9%,
monoclin 1.7%, space.group 1.6%, ref 1.5%
Focuses on crystallographic structures and space groups, especially determination of unit cell
dimensions: (designated as a, b, and c) in angstroms.
1.1.2. chemical reactions, liquid chromatography (4028)
1.1.2.1. catalytic reactions (2270)
• Cluster 94: (145) isol 10.6%, compound 9.5%, spectroscop 6.8%, elucid 5.6%, structur.elucid
5.3%, nmr 4.4%, new 4.0%, structur 2.2%, two.new 1.7%, elucid.basi 1.3%, basi 1.2%,
elucid.spectroscop 1.2%, new.compound 1.2%, diterpenoid 1.2%, hydroxi 1.1%, name 1.1%,
structur.elucid.spectroscop 1.1%, spectral 1.0%
Focuses on isolation of compounds and elucidation of their structures.
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• Cluster 18: (59) beta 22.9%, glucopyranosyl 8.1%, beta.glucopyranosyl 7.5%, glucopyranosid
7.4%, beta.glucopyranosid 5.1%, isol 3.6%, glycosid 1.9%, compound 1.5%, spectroscop 1.5%,
hydroxi 1.3%, new 1.3%, elucid 1.3%, alpha 1.3%, beta.glucopyranosyl.beta 1.2%,
glucopyranosyl.beta 1.2%, glucosid 1.2%, structur.elucid 1.1%
Focuses on glucopyranosyl, especially isolation of chemical compounds containing
glucopyranosyl.
• Cluster 113: (98) beta 43.3%, cyclodextrin 9.8%, alpha 2.8%, beta.cyclodextrin 2.8%, inclus
2.3%, complex 1.4%, inclus.complex 1.4%, benzoyl 1.0%, acid 1.0%, nmr 0.8%, glcp 0.8%,
beta.beta 0.7%, bind 0.7%, acetyl 0.6%, alpha.beta 0.5%, trichloroacetimid 0.5%,
cyclodextrin.beta 0.4%, guest 0.4%, residu 0.4%, beta.glcp 0.4%, beta.cyclodextrin.beta 0.4%,
benzoyl.beta 0.4%, caviti 0.3%, cd 0.3%, bi.beta 0.3%
Focuses on alpha and beta cyclodextrin.
• Cluster 226: (92) molecular 14.2%, molecular.weight 6.4%, weight 5.2%, degrad 2.7%,
fraction 2.5%, group 1.4%, polysaccharide 1.2%, averag.molecular 1.2%, nmr 1.0%, acid 0.9%,
molecular.recognit 0.9%, chain 0.9%, solubl 0.7%, water 0.6%, lignin 0.6%, crosslink 0.6%,
recognit 0.6%, structur 0.5%, averag.molecular.weight 0.5%, oil 0.5%, averag 0.5%, residu
0.5%, biodegrad 0.4%, eta 0.4%, synthes 0.4%
Focuses on the characteristics of various molecules, such as molecular weight, degradation of
the molecules, etc.
• Cluster 225: (107) nmr 15.7%, acid 10.8%, synthes 2.6%, methyl 2.1%, spectra 1.8%,
compound 1.3%, calix 1.3%, carboxyl.acid 1.2%, deriv 1.2%, carboxyl 1.2%, structur 1.1%,
amino 1.1%, nmr.nmr 1.1%, spectroscopi 1.0%, aren 0.9%, ester 0.8%, recognit 0.8%, chemic
0.7%, nmr.spectra 0.7%, calix.aren 0.6%, macrocycl 0.6%, spirobenzopyran 0.6%, methyl.ester
0.6%, fluoresc 0.6%, element 0.6%
Focuses on structure/characteristics of various molecules; using NMR mass spectrometry.
• Cluster 207: (130) compound 35.7%, activ 3.2%, synthes 2.6%, nmr 2.3%, methyl 2.0%,
substitut 1.7%, deriv.synthes 1.3%, new.compound 1.2%, structur 1.1%, spectra 1.0%,
nmr.spectra 1.0%, element 0.9%, deriv 0.9%, herbicid 0.8%, seri 0.8%, target.compound 0.8%,
compound.nmr 0.7%, new 0.7%, acid 0.6%, group 0.6%, structur.activ 0.6%, bioassai 0.5%,
spectra.element 0.5%, nmr.spectra.element 0.5%, biolog 0.4%
Focuses on various chemical compounds and their synthesis.
• Cluster 91: (70) kinet 18.5%, reaction 8.4%, decomposit 2.5%, hydrolysi 2.3%, activ 2.2%,
kinet.model 1.8%, rate 1.6%, kinet.paramet 1.6%, activ.energi 1.5%, enthalpi 1.2%, rate.constant
1.2%, mol 1.1%, paramet 1.1%, constant 1.0%
Focuses on kinetics of reactions.
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• Cluster 236: (165) reaction 44.8%, product 4.0%, condit 0.9%, reaction.temperatur 0.8%,
solvent 0.8%, oxid 0.7%, temperature 0.7%, reaction.rate 0.6%, catalyz 0.6%, mechan 0.5%, ga
0.5%, yield 0.5%, methanol 0.5%, reaction.mechan 0.5%, intermedi 0.5%, reaction.condit 0.4%,
rate 0.4%, polymer 0.4%, reactor 0.4%, reaction.time 0.3%, radic 0.3%, ratio 0.3%, synthesi
0.3%, supercrit 0.3%, chain 0.3%
Focuses on various chemical reactions, and the product of those reactions and the conditions
needed for the reaction, more specifically reaction temperature.
• Cluster 235: (155) synthesi 12.3%, reaction 6.4%, alkyl 3.5%, synthes 3.4%, compound 2.8%,
step 2.5%, substitut 2.4%, methyl 1.2%, total.synthesi 1.1%, yield 1.1%, cycliz 1.1%, kei 1.0%,
wittig 0.9%, ether 0.9%, alpha 0.8%, on 0.8%, product 0.8%, synthet 0.8%, kei.step 0.7%, reduct
0.7%, deriv 0.7%, pot 0.6%, nmr 0.6%, on.pot 0.6%, regioselect 0.6%
Focuses on synthesis of chemicals and chemical reactions.
• Cluster 227: (195) yield 23.9%, reaction 8.9%, afford 4.3%, mild 1.8%, acid 1.8%, alpha 1.7%,
high.yield 1.6%, react 1.6%, product 1.5%, substitut 1.4%, correspond 1.0%, catalyt 1.0%,
condit 0.9%, amin 0.9%, ester 0.8%, compound 0.8%, mild.condit 0.7%, catalyz 0.6%, reagent
0.6%, thf 0.6%, moder 0.6%, stereoselect 0.6%, high 0.6%, moder.yield 0.6%, alcohol 0.5%
Focuses on various chemical reactions and specifically on their yields.
• Cluster 105: (126) aryl 21.6%, catalyz 8.0%, reaction 5.5%, palladium 5.0%, alkyn 3.8%, coupl
3.6%, palladium.catalyz 3.6%, coupl.reaction 3.4%, yield 3.2%, cross.coupl 2.1%, stereoselect
2.0%, afford 1.3%, regioselect 1.1%, suzuki 1.1%, synthesi 0.9%, substitut 0.9%, aryl.halid
0.8%, termin.alkyn 0.7%, halid 0.7%, phosphin 0.7%, cross 0.7%, cross.coupl.reaction 0.7%,
sonogashira 0.5%, termin 0.4%, iodid 0.4%
Focuses on chemical reactions with an emphasis on catalyzing agents.
• Cluster 109: (120) chiral 21.4%, enantioselect 11.8%, asymmetr 9.5%, allyl 3.9%, ligand 3.5%,
keton 3.2%, reaction 2.4%, aldehyd 2.1%, yield 1.5%, synthesi 1.4%, alcohol 1.3%, catalyz
1.2%, catalyt 1.1%, addit 0.7%, catalyz.asymmetr 0.5%, asymmetr.addit 0.5%, aromat 0.5%,
deriv 0.5%, beta 0.4%, oxazolin 0.4%, catalyt.asymmetr 0.4%, new.chiral 0.3%, catalyst 0.3%,
absolut.configur 0.3%, unsatur 0.3%
Focuses on chiral compounds, chiral ligands and enantioselectivity.
• Cluster 71: (78) aldehyd 30.2%, aromat.aldehyd 7.0%, aromat 5.6%, keton 3.6%, yield 3.1%,
condens 2.2%, reaction 2.2%, solvent.free 1.5%, aldehyd.keton 1.4%, synthesi 1.2%
Focuses on aldehydes, especially aromatic aldehydes, with emphasis on reactions involving
them.
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• Cluster 9: (50) ionic.liquid 26.6%, ionic 17.9%, liquid 9.7%, bmim 5.8%, liquid.bmim 2.3%,
ionic.liquid.bmim 2.3%, reaction 1.9%, bf4 1.7%, methylimidazolium 1.3%, yield 1.1%,
butyl.methylimidazolium 1.0%, pf6 1.0%
Focuses on ionic liquids, especially BMIM: (butyl methylimidazolium), with emphasis on its use
as a reaction medium and promoter to increase reaction yields.
• Cluster 179: (177) catalyst 41.5%, reaction 3.3%, catalyt 2.6%, polymer 1.8%, activ 1.4%,
yield 1.2%, complex 1.0%, reus 0.8%, ionic.liquid 0.8%, ethylen 0.7%, epoxid 0.7%, copolymer
0.6%, liquid 0.6%, acid 0.6%, catalyz 0.6%, aldehyd 0.6%, carbon 0.5%, catalyst.system 0.5%,
ionic 0.5%, polyethylen 0.5%, alcohol 0.5%, oxid 0.5%, palladium 0.5%, condit 0.4%,
temperatur 0.4%
Focuses on catalysts and their use.
• Cluster 114: (338) catalyst 53.8%, catalyt 2.8%, activ 2.5%, oxid 2.2%, select 1.5%, al2o3
1.4%, hydrogen 1.3%, support 1.2%, reaction 1.1%, methan 1.0%, convers 1.0%, methanol
0.7%, sio2 0.6%, al2o3.catalyst 0.5%, gamma.al2o3 0.5%, reduct 0.5%, oxygen 0.5%, promot
0.5%, surfac 0.5%, impregn 0.4%, carbon 0.4%, catalyt.activ 0.4%, temperatur 0.4%, zro2 0.4%,
speci 0.4%
Focuses on chemical reactions, specifically those involving catalysts.
• Cluster 33: (56) mcm 38.9%, molecular.siev 6.2%, siev 5.5%, mesopor 4.4%, catalyst 4.1%,
sapo 3.5%, acid 1.6%, molecular 1.5%, select 1.3%, catalyt 1.2%
Focuses on molecular sieves, especially those comprised of MCMs: (mesoporous crystalline
materials), with emphasis on their synthesis and characterization.
• Cluster 194: (109) zeolit 24.7%, catalyt 10.4%, activ 4.4%, oxid 3.4%, zsm 1.9%, acid.site
1.7%, acid 1.7%, catalyt.activ 1.6%, catalyst 1.6%, site 1.3%, select 1.0%, reaction 0.9%, hzsm
0.8%, methanol 0.8%, cobalt 0.8%, tpd 0.7%, oxygen 0.7%, co2 0.7%, zeolit.beta 0.6%, adsorpt
0.5%, hydrogen 0.5%, reactor 0.5%, membran 0.4%, base 0.4%, complex 0.4%
Focuses on zeolites and their formation and chemical makeup, as well as various catalysts.
1.1.2.2. adsorption of chemicals, and analysis of chemicals by liquid
chromatography (1758)
• Cluster 122: (181) adsorpt 60.1%, adsorb 6.2%, adsorpt.capac 1.8%, surfac 1.5%, capac 1.2%,
resin 1.1%, isotherm 1.0%, acid 0.5%, remov 0.5%, ion 0.5%, adsorpt.isotherm 0.4%, water
0.4%, langmuir 0.4%, carbon 0.4%, exchang 0.4%, solut 0.3%, activ.carbon 0.3%, zeolit 0.3%,
metal 0.3%, soil 0.3%, concentr 0.3%, activ 0.2%, chitosan 0.2%, group 0.2%, mol 0.2%
Focuses on adsorption and removal of matter from various media using various adsorption
media.
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• Cluster 139: (112) surfact 30.5%, micel 7.1%, vesicl 3.2%, sd 2.9%, sodium 2.4%, ctab 2.0%,
concentr 2.0%, cmc 1.5%, anion 1.2%, water 1.0%, oil 0.9%, anion.surfact 0.9%, mix 0.9%,
interact 0.9%, triton 0.8%, triton.100 0.8%, aggreg 0.8%, cation 0.7%, tension 0.7%, biodegrad
0.7%, hydrophob 0.6%, micellar 0.6%, solubil 0.6%, microemuls 0.5%, solut 0.5%
Focuses on surfactants and micelles and their aggregates.
• Cluster 248: (138) water 16.0%, solut 5.4%, membran 4.2%, solvent 2.8%, concentr 2.4%,
aqueou 2.0%, enthalpi 1.7%, molar 1.5%, acid 1.4%, ionic 1.2%, solubl 1.1%, mixtur 1.1%,
aqueou.solut 1.0%, anion 0.9%, mol 0.9%, h2o 0.8%, interact 0.7%, molar.volum 0.7%, rang
0.6%, ion 0.6%, standard 0.5%, standard.molar 0.4%, temperatur 0.4%, releas 0.4%, dilut 0.4%
Focuses on water, and various chemical reactions/solutions that involve/contain water. Also
talks about membranes, and the properties of solutions containing water.
• Cluster 250: (161) acid 18.7%, concentr 7.4%, degrad 4.1%, rate 1.7%, remov 1.6%, metal
1.5%, solut 1.1%, kinet 1.1%, oxid 1.0%, product 1.0%, radic 1.0%, dye 0.9%, initi 0.9%,
wastewat 0.8%, h2o2 0.7%, humic 0.6%, reaction 0.6%, ion 0.6%, organ 0.6%, chlorin 0.5%,
amino 0.5%, increas 0.5%, rate.constant 0.5%, amino.acid 0.4%, decreas 0.4%
Focuses on acids and their uses, as well as the degradation of various compounds, either by
acids or using other means.
• Cluster 247: (105) co2 7.4%, concentr 5.4%, fruit 5.1%, cultur 3.7%, sludg 3.5%, growth 1.7%,
product 1.2%, rate 1.1%, compost 1.0%, control 1.0%, water 0.8%, cultiv 0.7%, sucros 0.7%, dai
0.7%, inocul 0.6%, co2.concentr 0.6%, fresh 0.6%, aerat 0.6%, condit 0.6%, cordycep 0.6%,
batch 0.6%, higher 0.5%, dry 0.5%, level 0.5%, glucos 0.5%
Focuses on the preservation of fruits after harvest and its relation to the concentration of co2 in
the controlled environment.
• Cluster 54: (76) gold 17.8%, sam 8.7%, electrod 5.7%, assembl 3.0%, self.assembl 2.8%,
monolay 2.7%, immunosensor 2.6%, surfac 2.2%, gold.nanoparticl 2.1%, electrochem 1.9%,
gold.electrod 1.7%, assembl.monolay 1.7%, self.assembl.monolay 1.7%, nanoparticl 1.6%, self
1.5%, immobil 1.3%, antibodi 1.1%
Focuses on devices containing or utilizing gold, with emphasis on electrodes, especially selfassembled monolayers: (SAMs) and biosensors.
• Cluster 144: (138) electrod 39.1%, electrochem 3.3%, carbon 2.9%, oxid 2.0%, current 1.3%,
biosensor 1.1%, glucos 1.0%, carbon.electrod 0.9%, potenti 0.9%, peak 0.8%, surfac 0.8%,
platinum 0.8%, mwnt 0.8%, detect 0.8%, voltammetri 0.6%, cnt 0.6%, gce 0.6%, cyclic 0.6%,
mol 0.6%, amperometr 0.6%, glassi.carbon 0.5%, peak.current 0.5%, electrocatalyt 0.5%,
glassi.carbon.electrod 0.5%, detect.limit 0.5%
Focuses on electrodes in electrochemical systems; especially carbon-based electrodes.
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• Cluster 213: (161) mol 17.7%, electrod 7.1%, detect.limit 2.5%, detect 2.3%, peak 2.0%, ion
1.9%, rang 1.8%, limit 1.7%, absorpt 1.5%, complex 1.4%, linear 1.2%, iii 1.2%, concentr 1.1%,
rang.mol 1.0%, detect.limit.mol 1.0%, limit.mol 1.0%, sensit 0.9%, solut 0.8%, buffer 0.8%,
reaction 0.8%, select 0.8%, buffer.solut 0.7%, acid 0.6%, voltammetri 0.6%, mol.detect.limit
0.6%
Focuses on molecular detection, as well as electrode fabrication and use.
• Cluster 157: (138) chemiluminesc 5.2%, detect.limit 4.7%, mug 3.7%, sampl 3.6%, detect
3.1%, rel.standard 3.0%, limit 2.9%, rel.standard.deviat 2.8%, standard 2.7%, standard.deviat
2.5%, deviat 2.0%, trace 1.9%, inject 1.7%, flow.inject 1.6%, rsd 1.6%, formaldehyd 1.5%, flow
1.4%, recoveri 1.3%, linear.rang 1.3%, preconcentr 1.3%, rel 1.2%, selenium 1.1%, rang 1.1%,
reaction 0.8%, digest 0.7%
Focuses on chemiluminescence, emphasizing issues of detection limit for detecting trace material
amounts, especially at the microgram level of concentration.
• Cluster 64: (82) capillari 11.6%, separ 8.3%, buffer 5.3%, electrophoresi 3.8%, detect 3.3%,
mmol 3.2%, capillari.electrophoresi 2.3%, analyt 2.1%, acid 1.5%, chiral 1.3%, run.buffer 1.3%,
voltag 1.2%, concentr 1.1%, electrokinet 1.0%, run 1.0%
Focuses on chemical separation methods, especially those based on capillary electrophoresis.
• Cluster 107: (131) column 9.1%, mobil.phase 7.0%, separ 5.8%, phase 4.5%, mobil 4.1%,
chromatograph 2.6%, acid 2.0%, hplc 1.9%, stationari.phase 1.9%, detect 1.9%, high.liquid
1.8%, liquid 1.7%, chromatographi 1.6%, methanol 1.5%, min 1.4%, chiral 1.4%, stationari
1.3%, csp 1.3%, revers.phase 1.1%, liquid.chromatographi 1.0%, acetonitril 0.9%,
high.liquid.chromatographi 0.8%, flow.rate 0.7%, mug 0.7%, recoveri 0.7%
Focuses on different means of either charge or mass separation, high pressure liquid
chromatography or liquid liquid extraction.
• Cluster 123: (102) mass 8.9%, spectrometri 7.8%, mass.spectrometri 7.3%, chromatographi
4.3%, ioniz 4.2%, ion 3.0%, esi 2.9%, electrosprai 2.5%, liquid.chromatographi 2.4%, liquid
2.3%, electrosprai.ioniz 1.5%, fragment 1.2%, tandem.mass 1.1%, tandem 1.0%, hplc 0.9%,
high.liquid 0.9%, extract 0.8%, high.liquid.chromatographi 0.8%, separ 0.8%,
chromatographi.mass 0.7%, chromatographi.mass.spectrometri 0.7%, ga.chromatographi 0.7%,
ga 0.7%, tandem.mass.spectrometri 0.6%, ioniz.mass 0.6%
Focuses on mass spectrometry and liquid chromatography.
• Cluster 97: (84) chromatographi 11.5%, enzym 3.5%, purifi 3.1%, hsccc 2.8%, ethyl.acet
2.6%, acet 2.5%, purif 2.3%, ethyl 1.7%, crude 1.3%, puriti 1.3%, extract 1.2%,
counter.current.chromatographi 1.2%, current.chromatographi 1.2%, counter.current 1.2%, gel
1.2%, prepar 1.1%, high.speed.counter 1.1%, speed.counter 1.1%, speed.counter.current 1.1%,
solvent.system 1.0%, separ 1.0%
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Focuses on compounds and enzymes, with emphasis on their synthesis, separation, and
purification, and especially the use of chromatography.
• Cluster 128: (149) extract 51.8%, spme 3.0%, acid 1.9%, solvent 1.9%, sampl 1.2%,
solid.phase 1.1%, liquid 1.1%, phase 1.0%, phase.microextract 0.9%, microextract 0.9%, solid
0.8%, chromatographi 0.7%, hplc 0.6%, extract.effici 0.5%, solid.phase.microextract 0.5%,
ga.chromatographi 0.4%, water 0.4%, detect 0.4%, extract.time 0.4%, organ 0.4%, headspac
0.3%, sfe 0.3%, compound 0.3%, ga 0.3%, volatil 0.3%
Focuses on the extraction and recovery of one physical component from another physical
component.
1.2. thin films and mechanical properties of materials
1.2.1. the structural and mechanical properties of materials (8056)
1.2.1.1. nanomaterial structure, structural visualization (2830)
• Cluster 188: (123) polym 33.7%, solvent 3.4%, monom 2.5%, soluble 2.2%, poli 1.7%, imprint
1.4%, membran 1.3%, polymer 1.1%, synthes 1.1%, chain 1.0%, nmr 1.0%, organ.solvent 0.9%,
polycondens 0.8%, acid 0.8%, imprint.polym 0.7%, ether 0.7%, polyimid 0.7%, molecular 0.6%,
hyperbranch 0.6%, organ 0.5%, chromophor 0.5%, templat 0.5%, weight 0.4%, thermal 0.4%,
properti 0.4%
Focuses on polymers, their formulation, their formation, and their uses.
• Cluster 117: (112) polymer 32.5%, graft 6.0%, monom 5.1%, initi 2.6%, polym 2.1%, acryl
1.6%, molecular.weight 1.3%, raft 1.2%, methacryl 1.2%, radic.polymer 1.1%, radic 1.1%, mma
1.0%, weight 1.0%, atrp 0.9%, copolymer 0.9%, methyl 0.8%, poli 0.8%, styren 0.7%, copolym
0.7%, molecular 0.6%, vinyl 0.6%, convers 0.6%, transfer 0.6%, atom.transfer 0.5%,
transfer.radic.polymer 0.5%
Focuses on various polymers, copolymers, monomers, and grafting.
• Cluster 73: (111) copolym 40.7%, poli 6.3%, block 3.9%, block.copolym 2.7%, polymer 1.8%
Focuses on polymers, especially block copolymers, with emphasis on their synthesis.
• Cluster 190: (132) crystal 17.3%, melt 4.9%, differenti.scan 3.2%, differenti.scan.calorimetri
2.9%, scan.calorimetri 2.9%, calorimetric 2.8%, dsc 2.6%, scan 1.8%, temperatur 1.7%,
crystallin 1.6%, differenti 1.5%, phase 1.5%, thermal 1.1%, scan.calorimetri.dsc 1.1%,
calorimetri.dsc 1.1%, polym 1.1%, copolym 0.8%, pcl 0.7%, isotherm 0.7%, crosslink 0.7%, poli
0.7%, ipp 0.6%, waxd 0.5%, cholester 0.5%, isotherm.crystal 0.5%
Focuses on the crystal structures of various compounds and their physical properties such as
melting properties with the analysis done by differential scanning calorimetry.
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• Cluster 137: (124) blend 39.9%, hdpe 4.2%, mechan.properti 1.6%, melt 1.6%, crystal 1.1%,
starch 1.1%, lldpe 1.1%, graft 1.1%, properti 1.0%, polyethylen 0.9%, mechan 0.8%, peo 0.7%,
phase 0.7%, tensil 0.7%, shear 0.7%, temperatur 0.6%, strength 0.6%, morpholog 0.6%,
densiti.polyethylen 0.6%, content 0.6%, epdm 0.6%, ldpe 0.6%, vibrat 0.5%, nylon 0.5%,
copolym 0.5%
Focuses on blends, especially of polymers, with emphasis on high density polyethylene as well as
mechanical and melt properties.
• Cluster 65: (59) cure 24.3%, resin 16.1%, epoxi 5.0%, flame.retard 4.7%, retard 3.6%, flame
3.5%, thermal 2.1%, epoxi.resin 1.5%, thermal.degrad 1.1%, degrad 1.1%
Focuses on curing and resins, with emphasis on curing of resins.
• Cluster 26: (69) nanocomposit 36.4%, clai 8.9%, mmt 7.1%, ommt 4.6%, montmorillonit 4.0%,
intercal 2.5%, exfoli 2.1%, clai.nanocomposit 1.2%
Focuses on synthesis of nanocomposites, particularly polymer/clay nanocomposites containing
montmorillonite: (MMT).
• Cluster 2: (50) cnt 66.1%, nanotub 4.3%, carbon.nanotub 3.6%, carbon 3.2%, nanotub.cnt
3.1%, carbon.nanotub.cnt 3.0%
Focuses on carbon nanontubes; especially their synthesis and structure.
• Cluster 21: (125) nanotub 59.2%, carbon.nanotub 14.8%, carbon 9.1%
Focuses on nanotubes;, especially synthesis of carbon nanotubes.
• Cluster 52: (91) mwnt 13.3%, swnt 12.9%, carbon 11.4%, nanotub 8.6%, carbon.nanotub 6.7%,
wall.carbon 5.2%, wall.carbon.nanotub 4.8%, wall 3.2%, singl.wall.carbon 2.0%, singl.wall
2.0%, mwcnt 1.3%, tube 1.3%
Focuses on single-wall and multi-wall carbon nanotubes; includes studies that focus on their
synthesis, characterization and use in reactions involving other materials.
• Cluster 31: (166) nanowir 68.2%, arrai 2.1%, nanowir.arrai 1.6%, diamet 1.6%
Focuses on nanowires; especially their synthesis and characterization.
• Cluster 11: (67) zno 62.2%, nanorod 5.1%, zno.nanorod 3.4%, zno.nanostructur 3.0%,
nanostructur 2.3%, zinc 1.1%
Focuses on ZnO, especially ZnO nanorods, with emphasis on their synthesis and structure.
• Cluster 111: (80) nanorod 37.0%, nanobelt 8.5%, nanostructur 3.0%, synthes 1.7%, growth
1.6%, length 1.6%, singl.crystallin 1.3%, hydrotherm 1.2%, singl 1.1%, crystallin 1.1%, diamet
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1.0%, crystal 0.9%, templat 0.7%, format 0.7%, mum 0.7%, surfact 0.5%, nanorod.synthes 0.5%,
step 0.5%, singl.crystal 0.5%, mechan 0.5%, growth.mechan 0.5%, morpholog 0.4%,
oxid.nanorod 0.4%, xrd 0.3%, structur 0.3%
Focuses on nanostructures; especially nanorods and nanobelts with their formation and
characteristics.
• Cluster 132: (231) electron.microscopi 7.9%, microscopi 6.9%, transmiss.electron 6.4%,
transmiss.electron.microscopi 6.3%, electron 6.2%, transmiss 5.0%, diffract 3.2%, rai 3.2%,
electron.microscopi.tem 2.8%, microscopi.tem 2.8%, tem 2.8%, diffract.xrd 1.6%, xrd 1.3%,
rai.diffract 1.3%, powder 1.1%, rai.diffract.xrd 1.0%, synthes 0.8%, xrd.transmiss.electron 0.8%,
diffract.xrd.transmiss 0.7%, xrd.transmiss 0.7%, nanorod 0.7%, rai.powder 0.7%,
rai.powder.diffract 0.6%, powder.diffract 0.6%, morpholog 0.6%
Focuses on electron microscopy;, especially transmission electron microscopy: (TEM).
• Cluster 80: (157) nanoparticl 64.5%, gold 2.4%, gold.nanoparticl 1.4%, size 1.4%
Focuses on nanoparticles;, especially those containing gold.
• Cluster 181: (79) colloid 8.4%, silver 7.9%, assembl 5.1%, hollow 4.9%, nanoparticl 4.2%,
self.assembl 2.4%, sphere 1.8%, templat 1.7%, shell 1.7%, silica 1.6%, particl 1.5%, self 1.4%,
nanospher 1.2%, surfac 1.2%, colloid.crystal 1.0%, silver.nanoparticl 0.9%, aggreg 0.8%, poli
0.8%, diamet 0.8%, hollow.sphere 0.8%, nanopl 0.8%, layer 0.7%, spheric 0.7%, crystal 0.7%,
ctab 0.6%
Focuses on colloidal silver spheres and their self assembly.
• Cluster 234: (113) mesopor 6.0%, silica 4.0%, electron 3.2%, surface 3.1%, microscopi 2.6%,
morpholog 2.2%, templat 2.2%, electron.microscopi 1.7%, mesopor.silica 1.7%, membran 1.7%,
scan 1.6%, pore 1.4%, transmiss.electron 1.4%, transmiss 1.3%, surfact 1.0%, diamet 1.0%,
scan.electron 0.9%, aerogel 0.8%, spectroscopi 0.8%, synthes 0.8%, rai 0.7%, sem 0.7%, structur
0.7%, crystal 0.6%, transmiss.electron.microscopi 0.6%
Focuses on mesoporous silicas.
• Cluster 233: (136) pore 7.9%, materi 7.0%, scaffold 6.7%, dentin 3.9%, porou 3.8%, adhes
2.7%, cement 1.8%, membran 1.8%, poros 1.7%, strength 1.6%, ldh 1.4%, surfac 1.4%, pore.size
1.0%, hap 1.0%, etch 1.0%, sem 0.9%, calcium 0.8%, composit 0.8%, water 0.8%, bone 0.7%,
foam 0.7%, chitosan 0.7%, structur 0.6%, size 0.6%, properti 0.5%
Focuses on the separation of materials, pore sizes in filter media and the structure of the filter
media itself.
• Cluster 211: (100) suspens 5.5%, nano 5.3%, surfac.area 4.9%, dispers 4.6%, surfac 3.7%,
slurri 3.3%, calcin 2.4%, zirconia 2.4%, area 2.3%, zro2 1.9%, al2o3 1.9%, powder 1.5%,
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alumina 1.4%, aqueou 1.3%, solid 1.2%, aln 1.2%, stabil 1.1%, size 1.0%, particl 0.8%, viscos
0.8%, high.surfac.area 0.8%, oxid 0.7%, high.surfac 0.7%, solid.load 0.6%, bet 0.6%
Focuses on various suspensions, and the nanoparticles in them. Also talks about powders and
the particles‘ surface area.
• Cluster 193: (176) powder 34.8%, size 3.3%, particl 2.9%, precursor 1.7%, particl.size 1.5%,
combust 1.5%, calcin 1.5%, temperature 1.4%, xrd 1.3%, phase 1.1%, synthes 1.0%, precipit
0.8%, nano 0.7%, gel 0.7%, synthesi 0.7%, tem 0.7%, powder.synthes 0.6%, mill 0.5%, product
0.5%, sem 0.5%, nanos 0.5%, la2o3 0.5%, rai 0.5%, oxid 0.4%, sol 0.4%
Focuses on powders and their fabrication and synthesis and mechanical properties.
• Cluster 208: (267) particl 50.6%, size 6.9%, particl.size 5.8%, size.distribut 1.0%, composit
0.9%, dispers 0.8%, distribut 0.8%, surfac 0.8%, nano 0.5%, nanoparticl 0.5%, silica 0.4%,
temperature 0.4%, concentr 0.4%, particl.size.distribut 0.3%, spheric 0.3%, fine 0.3%, increas
0.3%, water 0.2%, content 0.2%, morpholog 0.2%, phase 0.2%, nano.particl 0.2%, polymer
0.2%, diamet 0.2%, precipit 0.2%
Focuses on particulate matter of varying types, and its size and size distribution.
• Cluster 206: (88) shell 10.2%, particl 8.4%, caco3 5.1%, core 5.0%, microspher 4.1%, sio2
2.8%, dust 2.1%, nano 1.9%, core.shell 1.8%, polymer 1.5%, composit 1.5%, surfac 1.3%, emuls
1.3%, graft 1.1%, size 0.9%, concentr 0.8%, monodispers 0.8%, dispers 0.6%, sphere 0.6%,
polystyren 0.6%, magnetit 0.6%, floc 0.6%, composit.particl 0.5%, calcium 0.5%, silica 0.5%
Focuses on shells and encapsulating various compounds within them.
• Cluster 68: (174) tio2 54.3%, photocatalyt 6.3%, anatas 2.2%, photocatalyst 1.7%,
photocatalyt.activ 1.6%, sol 1.3%, dope 1.0%, gel 1.0%
Focuses on TiO2; especially its photocatalytic behavior.
1.2.1.2. alloys, alloy composition, composition/structure (5226)
• Cluster 229: (129) pressur 24.6%, high.pressur 4.1%, miner 3.5%, hydrat 3.5%, ga 3.1%, gpa
3.0%, oxygen 2.6%, temperatur 1.7%, ga.hydrat 1.1%, iron 1.0%, high 1.0%, water 0.7%, phase
0.6%, quartz 0.6%, content 0.5%, rock 0.5%, plagioclas 0.5%, fluid 0.5%, zone 0.5%, transit
0.4%, pressur.gpa 0.4%, nanocryst 0.4%, resist 0.4%, format 0.4%, silic 0.4%
Focuses on pressure and high pressure. Sometimes discusses chemical reactions or geologic
phenomina.
• Cluster 254: (308) temperatur 33.0%, thermal 1.8%, high.temperatur 1.5%, high 1.4%,
degreesc 1.0%, surfac 0.9%, room 0.8%, room.temperatur 0.8%, increas 0.7%, decreas 0.7%,
combust 0.7%, concentr 0.7%, low 0.7%, composit 0.6%, pressur 0.6%, rang 0.6%, conduct
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0.6%, temperatur.rang 0.6%, rate 0.5%, melt 0.5%, densiti 0.5%, temperatur.depend 0.5%, fuel
0.5%, oxid 0.5%, coeffici 0.5%
Focuses on temperature and associated phenomena.
• Cluster 249: (201) phase 22.3%, liquid 4.0%, temperatur 2.9%, transit 2.7%, diffus 2.2%,
phase.transit 2.1%, solid 1.9%, diagram 1.1%, phase.diagram 1.0%, simul 0.9%, system 0.9%,
structur 0.7%, phase.region 0.7%, atom 0.7%, interfac 0.7%, molecular.dynam 0.7%, crystal
0.7%, molecular.dynam.simul 0.7%, energi 0.7%, growth 0.6%, dynam.simul 0.6%, concentr
0.5%, densiti 0.5%, state 0.5%, properti 0.5%
Focuses on the different phases of materials as well as the effect that phase change has on the
material.
• Cluster 195: (153) temperatur 6.9%, spin 5.8%, magnet 5.7%, ferromagnet 5.1%, dope 4.8%,
field 3.4%, transit 2.9%, magnetoresist 2.4%, resist 1.9%, sampl 1.4%, insul 1.3%, phase
1.3%, electr 1.3%, superconduct 1.3%, temperatur.depend 1.0%, state 0.9%, depend 0.9%,
antiferromagnet 0.8%, metal 0.8%, electron 0.7%, transport 0.7%, electr.field 0.7%, paramagnet
0.6%, ion 0.6%, la0 0.6%
Focuses on the magnetic properties of materials along with feromagnets, as well as the doping of
various materials to make them magnetic.
• Cluster 131: (228) magnet 58.2%, magnet.field 5.8%, field 5.1%, magnet.properti 1.7%,
temperatur 1.5%, coerciv 0.7%, anisotropi 0.7%, phase 0.7%, properti 0.6%, grain 0.4%, sampl
0.3%, ribbon 0.3%, ferrit 0.3%, structur 0.3%, coupl 0.3%, magnet.measur 0.2%, particl 0.2%,
materi 0.2%, ferromagnet 0.2%, measur 0.2%, transit 0.2%, electr 0.2%, exchang.coupl 0.2%,
magnetostrict 0.2%, compound 0.2%
Focuses on magnetic properties of various materials, the effects of magnetization on various
materials.
• Cluster 239: (195) field 23.5%, magnet 17.5%, magnet.field 5.8%, current 1.8%, electr 1.6%,
model 1.1%, flux 1.1%, electromagnet 0.9%, ground 0.8%, reconnect 0.7%, electr.field 0.6%, ht
0.5%, geomagnet 0.5%, numer 0.5%, cme 0.4%, densiti 0.4%, forc 0.4%, power 0.4%, dipol
0.4%, plasma 0.3%, acceler 0.3%, two 0.3%, levit 0.3%, system 0.3%, magnet.flux 0.3%
Focuses on magnets and magnetic fields.
• Cluster 147: (102) turbul 29.6%, flow 7.0%, vortex 3.9%, vortic 3.2%, veloc 2.3%, reynold
1.8%, fire 1.6%, model 1.6%, pressur 1.5%, bubbl 1.3%, particl 1.2%, simul 1.1%, number
0.9%, reynold.number 0.7%, wall 0.7%, combust 0.7%, flame 0.6%, eddi 0.6%, turbul.flow
0.6%, scale 0.6%, vent 0.5%, street 0.5%, turbul.model 0.5%, numer 0.5%, fluctuat 0.4%
Focuses on turbulent flow; especially vortex dynamics and modeling.
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• Cluster 210: (223) flow 43.5%, veloc 2.9%, fluid 2.5%, model 2.1%, jet 1.8%, ga 1.5%, pressur
1.2%, bubbl 0.9%, bed 0.9%, simul 0.8%, flow.rate 0.8%, channel 0.7%, particl 0.7%, liquid
0.6%, nozzl 0.6%, numer 0.6%, convect 0.5%, experiment 0.5%, flow.field 0.5%, field 0.5%,
flow.pattern 0.5%, rate 0.5%, wall 0.4%, paramet 0.4%, air 0.4%
Focuses on flow dynamics and fluid flow modeling.
• Cluster 115: (106) heat 36.8%, heat.transfer 8.9%, transfer 6.0%, fin 1.9%, heat.flux 1.7%, flux
1.6%, cycl 1.4%, convect 1.2%, refriger 1.1%, temperatur 0.9%, model 0.9%, exergi 0.8%, cool
0.8%, flow 0.7%, mass.transfer 0.7%, heat.exchang 0.6%, compressor 0.5%, heat.pump 0.4%,
irrevers 0.4%, coeffici 0.4%, experiment 0.4%, transfer.coeffici 0.4%, tube 0.3%, mass 0.3%,
power 0.3%
Focuses on heat transfer.
• Cluster 217: (140) heat 35.7%, temperatur 4.4%, heat.transfer 4.1%, thermal 2.7%, transfer
2.6%, tube 1.9%, cool 1.8%, refriger 1.3%, water 0.9%, boil 0.8%, heat.capac 0.8%, conduct
0.7%, thermal.conduct 0.7%, capac 0.6%, heat.treatment 0.5%, moistur 0.5%, phase 0.5%,
experiment 0.5%, liquid 0.5%, surfac 0.4%, evapor 0.4%, condens 0.4%, degreesc 0.4%,
treatment 0.3%, ga 0.3%
Focuses on heat transfer mechanics and applications, as well as heat transfer experiments.
• Cluster 82: (60) cool 8.7%, air 8.3%, heat 6.8%, rvr 5.8%, build 4.1%, energi.consumpt 3.8%,
energi 3.6%, heat.cool 3.4%, ventil 3.3%, consumpt 2.6%, citi 2.0%, indoor 1.3%, energi.effici
1.2%
Focuses on air cooling and heating systems; especially their energy consumption and efficiency.
• Cluster 20: (116) crack 58.6%, stress 3.4%, intens.factor 2.2%, crack.tip 1.9%, tip 1.5%,
stress.intens 1.2%, stress.intens.factor 1.2%, fractur 1.0%, load 1.0%
Focuses on cracking, crack tip growth rates and stress intensity factors of materials.
• Cluster 160: (119) stress 50.0%, shear 5.4%, rock 2.4%, residu.stress 1.6%, residu 1.1%,
deform 0.9%, plastic 0.8%, strain 0.8%, fracture 0.7%, shear.stress 0.7%, model 0.7%, compress
0.5%, mine 0.4%, element 0.4%, strength 0.4%, stress.field 0.4%, stress.state 0.3%, simul 0.3%,
materi 0.3%, load 0.3%, specimen 0.3%, failur 0.3%, tension 0.3%, yield 0.3%, concret 0.3%
Focuses on the mechanical properties of materials, and stresses on them, along with what
happens to stressed materials. Also talks about residual stresses, and stress testing and stresses
in rocks.
• Cluster 163: (149) strain 22.0%, damag 8.1%, plastic 5.9%, stress 5.3%, deform 3.2%, model
2.9%, strain.rate 2.2%, fatigu 2.0%, stress.strain 1.8%, constitut 1.8%, materi 1.8%, load 1.3%,
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constitut.model 1.0%, solder 0.9%, rate 0.8%, test 0.7%, plastic.strain 0.7%, harden 0.7%, simul
0.7%, dynam 0.6%, compress 0.5%, concret 0.5%, shear 0.4%, failur 0.4%, finit.element 0.4%
Focuses on mechanical properties of materials with emphasis on damage to the material, plastic
deformation and fatigue life.
• Cluster 88: (100) deform 22.5%, strain 9.2%, strain.rate 5.4%, roll 5.0%, stress 2.1%,
microstructur 2.0%, compress 1.8%, superplast 1.8%, tensil 1.6%, cold.roll 1.5%, alloi 1.4%,
rate 1.3%, temperature 1.2%, textur 1.1%, hot 1.1%, grain 1.1%, cold 1.0%, recrystal 1.0%,
plastic 1.0%
Focuses on the deformation behavior of materials as determined through experimental
investigations.
• Cluster 237: (173) load 12.8%, beam 3.3%, buckl 2.9%, lamin 2.6%, bend 2.5%, forc 2.3%,
deform 1.9%, plate 1.7%, dynam 1.6%, elast 1.6%, axial 1.4%, model 1.4%, displac 1.2%, wall
1.2%, vibrat 1.1%, section 1.0%, curv 1.0%, stiff 1.0%, column 0.9%, indent 0.8%, numer 0.8%,
cut 0.7%, test 0.7%, plastic 0.7%, stiffen 0.7%
Focuses on the loading of structural members along with their mechanical properties and the
failure modes of various beams, laminates and other materials.
• Cluster 186: (128) finit.element 15.5%, element 12.7%, finit 10.5%, model 2.5%, roll 2.5%,
element.model 1.7%, finit.element.model 1.6%, simul 1.6%, rail 1.3%, fem 1.2%, dam 0.8%,
strip 0.8%, forc 0.8%, stress 0.8%, contact 0.7%, rotor 0.6%, calcul 0.6%, deform 0.6%, materi
0.6%, numer 0.6%, plate 0.6%, bridg 0.5%, elast 0.5%, field 0.5%, shape 0.5%
Focuses on finite element models.
• Cluster 12: (67) martensit 21.6%, transform 9.6%, martensit.transform 8.4%, alloi 8.2%,
shape.memori 5.7%, memori 4.1%, shape.memori.alloi 2.9%, memori.alloi 2.9%,
transform.temperatur 2.8%, temperatur 2.8%, shape 1.9%, sma 1.4%,
martensit.transform.temperatur 1.3%, phase 1.1%, phase.transform 1.1%, tini 1.0%
Focuses on martensitic transformation temperatures, particularly of shape memory alloys.
• Cluster 44: (62) glass 50.0%, bmg 3.4%, metal.glass 2.2%, glass.transit 1.7%, bulk.metal 1.4%,
bulk.metal.glass 1.4%, crystal 1.2%, nucleat 1.0%
Focus on glasses, especially metallic glasses, with emphasis on synthesis and characterization of
properties such as glass transition temperature.
• Cluster 43: (89) alloi 32.7%, amorph 15.3%, amorph.alloi 7.3%, magnet 5.3%, glass 3.2%,
glass.form 2.2%, crystal 1.3%
Focuses on characterization of alloys, especially amorphous alloys, with emphasis on high
temperature and magnetic properties.
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• Cluster 24: (87) alloi 35.0%, hydrogen 6.7%, hydrogen.storag 4.1%, capac 3.5%, discharg
3.3%, electrochem 2.6%, mill 2.5%, storage 2.3%, discharg.capac 1.8%, hydrid 1.7%, phase
1.7%, storag.alloi 1.1%, hydrogen.storag.alloi 1.1%, cycl 1.0%
Focuses on alloy synthesis and electrochemical characterization, with emphasis on
characterization of hydrogen storage and discharge capacity.
• Cluster 182: (353) alloi 56.8%, microstructur 2.4%, phase 1.5%, cast 1.4%, oxid 1.1%,
temperatur 0.9%, strength 0.7%, precipit 0.6%, layer 0.5%, grain 0.5%, properti 0.4%, gamma
0.4%, surfac 0.4%, content 0.4%, ag 0.4%, addit 0.4%, eutect 0.3%, magnesium.alloi 0.3%, melt
0.3%, mechan 0.3%, magnesium 0.3%, rate 0.3%, form 0.3%, titanium 0.3%, mechan.properti
0.3%
Focuses on the creation/formation/evaluation of alloys and their microstructure.
• Cluster 74: (325) coat 68.6%, sprai 1.6%, oxid 1.3%, composit.coat 1.2%, composit 1.0%
Focuses on coatings; especially composite coatings.
• Cluster 61: (147) wear 41.9%, friction 8.9%, wear.resist 3.0%, steel 2.7%, slide 2.2%, surfac
1.6%, lubric 1.6%, composit 1.6%, resist 1.6%, coat 1.1%, friction.coeffici 1.0%
Focuses on wear resistance of materials; especially experimental evaluation of wear resistance
properties.
• Cluster 231: (251) composit 36.1%, sic 3.8%, materi 2.3%, strength 2.1%, matrix 1.9%, fibr
1.5%, fractur 1.3%, properti 1.3%, reinforce 1.1%, mechan 0.9%, mechan.properti 0.8%, fabric
0.7%, particl 0.7%, carbon 0.7%, oxid 0.6%, powder 0.6%, al2o3 0.6%, fiber 0.6%,
properti.composit 0.5%, interfac 0.5%, tough 0.5%, microstructur 0.4%, bend 0.4%, metal 0.4%,
thermal 0.4%
Focuses on the composition, mechanical properties and synthesis of various materials.
• Cluster 149: (142) discharg 11.1%, capac 6.9%, cathod 6.7%, electrochem 6.4%, cycl 3.5%,
electrolyt 3.5%, lithium 3.2%, batteri 2.6%, materi 2.4%, charg.discharg 2.2%, mah 2.0%,
lifepo4 2.0%, charg 1.7%, composit 1.3%, oxid 1.2%, discharg.capac 1.1%, licoo2 1.1%,
cathod.materi 1.0%, electrod 1.0%, lithium.ion 0.9%, polym.electrolyt 0.8%, ion 0.7%, spinel
0.5%, conduct 0.5%, powder 0.5%
Focuses on the charge and discharge capacity of various materials, and mainly their use in
electrochemical/electrical charge transfers. Basically it focuses on batteries/battery cells.
• Cluster 6: (33) solder 40.1%, undercool 12.1%, imc 4.1%, alloi 2.1%, solidif 1.9%, eutect
1.9%, dendrit 1.7%, solder.alloi 1.5%, solder.joint 1.5%, reflow 1.3%, interfac 1.1%
Focuses on solder and solder joints, particularly lead free solder; with emphasis on
solidification, structure and properties.
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• Cluster 77: (56) weld 36.0%, crack 7.4%, fatigu 3.6%, carbid 2.5%, joint 1.8%, fractur 1.7%,
heat 1.4%, stress 1.3%
Focuses on the structure and properties of materials, with emphasis on characterization of welds
and fatigue and fracture behavior.
• Cluster 27: (55) corros 62.6%, steel 2.7%, corros.resist 1.7%, pit 1.5%, eros 1.3%, resist 1.3%,
implant 1.1%, stainless.steel 1.1%, stainless 1.0%
Focuses on corrosion and pitting resistance of metals and alloys; including steels and stainless
steels.
• Cluster 112: (135) steel 38.7%, ferrit 6.3%, austenit 5.1%, grain 2.0%, roll 1.8%, martensit
1.7%, microstructur 1.2%, transform 1.0%, strength 1.0%, deform 0.9%, carbon 0.9%, precipit
0.8%, bainit 0.8%, temperatur 0.7%, low.carbon 0.6%, stainless.steel 0.6%, stainless 0.6%, hard
0.6%, disloc 0.5%, carbon.steel 0.5%, cool 0.4%, boundari 0.4%, low 0.4%, tough 0.4%, size
0.4%
Focuses on various steels, especially ferritic and austenitic, with an emphasis on failure modes,
testing, and composition.
• Cluster 103: (127) grain 46.9%, grain.size 4.7%, boundari 4.1%, grain.boundari 3.5%, size
2.2%, microstructur 1.5%, alloi 1.5%, deform 1.3%, refin 1.1%, grain.refin 0.7%, twin 0.7%,
ribbon 0.7%, grain.growth 0.6%, recrystal 0.6%, phase 0.6%, temperature 0.5%, ecap 0.4%,
surfac 0.4%, anneal 0.4%, cast 0.3%, growth 0.3%, textur 0.3%, averag.grain 0.3%, plastic 0.3%,
dendrit 0.3%
Focuses on the grain structure of various alloys and the microstructure of such alloys.
• Cluster 126: (188) sinter 44.3%, powder 3.2%, sinter.temperatur 2.7%, grain 2.0%, ceram
2.0%, temperatur 1.7%, composit 1.4%, sp 1.3%, sampl 1.3%, plasma.sinter 1.1%, spark 1.0%,
spark.plasma 0.9%, spark.plasma.sinter 0.9%, microstructur 0.8%, press 0.8%, properti 0.7%,
phase 0.7%, sinter.sp 0.6%, density 0.6%, materi 0.6%, thermoelectr 0.5%, sic 0.4%,
plasma.sinter.sp 0.4%, fabric 0.4%, size 0.4%
Focuses on various sintering techniques such as spark plasma sintering, and the mechanical
properties of sintered materials as well as proper sintering techniques.
• Cluster 140: (180) ceram 50.0%, zro2 2.4%, sinter 2.3%, glass.ceram 1.6%, composit 1.3%,
strength 1.3%, glass 1.3%, fractur 1.2%, al2o3 1.0%, materi 0.8%, mechan.properti 0.8%, green
0.7%, microstructur 0.7%, gelcast 0.7%, properti 0.7%, green.bodi 0.7%, tough 0.6%, slurri
0.6%, temperatur 0.5%, fractur.tough 0.5%, mechan 0.5%, powder 0.5%, grind 0.4%, si3n4
0.4%, grain 0.4%
Focuses on ceramics including: fabrication, doping and mechanical properties.
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• Cluster 46: (155) dielectr 33.1%, ceram 12.8%, dielectr.constant 6.5%, dielectr.properti 4.0%,
sinter 3.3%, constant 3.0%, microwave 1.8%, temperatur 1.4%, microwav.dielectr 1.2%, properti
1.2%
Focuses on characterization of the dielectric properties of ceramics.
1.2.2. thin films and optics (5910)
1.2.2.1. thin films, thin film deposition (1274)
• Cluster 62: (120) film 19.9%, thin.film 8.5%, thin 7.3%, ferroelectr 6.4%, dielectr 4.2%, bst
3.4%, pzt 3.3%, anneal 2.4%, temperature 1.2%, deposit 1.1%
Focuses on films, especially thin films, with emphasis on their synthesis and evaluation.
• Cluster 104: (351) film 31.3%, thin.film 22.0%, thin 19.1%, substrat 1.8%, deposit 1.5%,
temperatur 0.7%, anneal 0.5%, sputter 0.5%, zno 0.4%, tio2 0.3%, optic 0.3%, electron 0.3%,
orient 0.3%, layer 0.2%, film.deposit 0.2%, grown 0.2%, silicon 0.2%, structur 0.2%, sol 0.2%,
surfac 0.2%, crystal 0.2%, resist 0.2%, magnetron 0.2%, magnetron.sputter 0.2%, dope 0.2%
Focuses on thin films and their deposition.
• Cluster 158: (445) film 64.8%, deposit 2.6%, substrat 1.4%, thick 1.0%, anneal 0.7%, surfac
0.5%, film.thick 0.5%, zno 0.5%, film.deposit 0.5%, temperatur 0.5%, properti 0.4%, sputter
0.4%, structur 0.3%, electron 0.3%, zno.film 0.3%, rai 0.3%, optic 0.3%, spectroscopi 0.2%,
magnet 0.2%, amorph 0.2%, dlc 0.2%, carbon 0.2%, microscopi 0.2%, orient 0.2%, measur 0.2%
Focuses on various films, discussing: formation, doping, deposition etc.
• Cluster 39: (69) diamond 27.1%, deposit 13.4%, diamond.film 10.9%, film 9.4%, substrat
3.0%, cvd 1.4%
Focuses on diamond films, including nano-structured diamond films, with emphasis on their
deposition by various methods.
• Cluster 152: (128) film 35.5%, electrod 5.3%, multilay.film 3.1%, multilay 2.8%, tio2 2.1%,
electrochem 1.5%, layer 1.3%, tio2.film 1.1%, biosensor 1.1%, assembl 0.9%, glucos 0.8%,
layer.layer 0.7%, cyclic 0.7%, voltammetri 0.7%, film.electrod 0.5%, carbon 0.5%, deposit
0.5%, self.assembl 0.5%, cyclic.voltammetri 0.5%, surfac 0.5%, redox 0.4%, solut 0.4%,
carbon.electrod 0.4%, mol 0.4%, oxid 0.4%
Focuses on films and doping agents that are embedded or placed on films, such as sensors.
• Cluster 224: (161) film 33.3%, surfac 3.3%, composit.film 3.1%, polym 2.1%, monolay 1.9%,
optic 1.3%, composit 1.1%, light 1.0%, langmuir 0.8%, polar 0.7%, shg 0.6%, water 0.6%, poli
0.6%, blodgett 0.6%, graft 0.5%, langmuir.blodgett 0.5%, grate 0.4%, fabric 0.4%, properti
0.4%, amphiphil 0.4%, subphas 0.4%, afm 0.3%, angl 0.3%, surfac.pressur 0.3%, pmma 0.3%
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Focuses on films, specifically composite films and polymer films.
1.2.2.2. structure and properties of thin films (thickness, density function,
etc) and optics and physics (4636)
• Cluster 214: (204) layer 18.2%, film 8.5%, substrat 5.0%, thick 4.4%, deposit 2.8%, gan 2.8%,
anneal 2.6%, aln 1.9%, silicon 1.7%, multilay 1.3%, buffer.layer 1.0%, surfac 0.9%, layer.thick
0.9%, temperatur 0.8%, sputter 0.8%, buffer 0.8%, grown 0.7%, zno 0.7%, epitaxi 0.6%,
gan.film 0.6%, lcmo 0.5%, interfac 0.5%, growth 0.5%, nitrid 0.5%, tin 0.5%
Focuses on thin films and their substrates and film deposition.
• Cluster 222: (137) layer 9.0%, gan 6.8%, etch 3.8%, quantum 3.7%, quantum.dot 2.8%, dot
2.7%, gaa 2.2%, ina 2.0%, qd 1.7%, grown 1.3%, epitaxi 1.3%, electron 1.2%, algan 1.1%,
implant 1.1%, photoluminesc 1.0%, silicon 1.0%, surfac 1.0%, sige 0.8%, fabric 0.8%, peak
0.6%, thick 0.6%, tunnel 0.6%, heterostructur 0.6%, molecular.beam.epitaxi 0.5%, beam.epitaxi
0.5%
Focuses on etched layers, usually of silicon, and includes quantum dots as well.
• Cluster 56: (76) devic 12.7%, emit 6.2%, layer 5.9%, light.emit 4.0%, alq 3.7%, ito 3.3%, ol
3.1%, hole 2.8%, organ 2.7%, npb 2.3%, light 2.3%, organ.light 2.2%, organ.light.emit 2.0%,
lumin 1.2%, emiss 1.2%, light.emit.devic 1.0%, emit.devic 1.0%, effici 1.0%
Focuses on devices, especially organic light emitting devices, including light emitting diodes:
(LEDs), with emphasis on their fabrication.
• Cluster 5: (57) black.hole 26.7%, black 21.2%, hole 16.2%, entropi 4.6%, horizon 3.1%, scalar
1.1%, quasinorm 1.0%, brick.wall 1.0%
Focuses on black holes and black hole event horizons, with emphasis on their associated
entropy.
• Cluster 124: (88) jet 10.6%, grb 5.6%, radio 4.5%, pulsar 4.3%, gamma.rai 3.6%, burst 2.9%,
sourc 2.4%, rai 2.4%, emiss 2.2%, disk 2.0%, gamma 2.0%, line 1.6%, accret 1.6%, flare 1.5%,
agn 1.5%, afterglow 1.3%, luminos 1.3%, compon 1.2%, gamma.rai.burst 1.1%, rai.burst 1.0%,
galact 0.9%, similar 0.9%, model 0.8%, accret.disk 0.7%, light.curv 0.6%
Focuses on many different aspects of astronomy including: pulsars, gamma ray emission and
luminosity.
• Cluster 90: (76) star 30.9%, galaxi 10.3%, mass 2.9%, cluster 2.8%, stellar 2.6%, ngc 1.6%,
outflow 1.5%, binari 1.3%, luminos 1.2%, circl.dot 1.1%
Focuses on stars and their relation to the composition and evolution of galaxies.
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• Cluster 204: (136) emiss 23.9%, luminesc 6.7%, photoluminesc 3.3%, excit 2.5%, dope 2.2%,
peak 1.6%, band 1.5%, zno 1.5%, zn 1.5%, intens 1.5%, nanocryst 1.4%, spectra 1.3%, blue
1.2%, temperatur 1.1%, emiss.peak 0.8%, nanoparticl 0.7%, fluoresce 0.7%, spectrum 0.6%, cdte
0.6%, pbwo4 0.6%, size 0.5%, dy3 0.5%, exciton 0.5%, room 0.5%, sio2 0.5%
Focuses on the emission properties of materials, especially photoluminescence.
• Cluster 28: (75) eu3 31.9%, phosphor 19.6%, emiss 3.5%, luminesc 3.3%, excit 2.4%, eu2
2.2%, dope 1.7%, eu3.ion 1.5%, ion 1.4%
Focuses on Europium ion: (Eu3+ and Eu2+) doped phosphors, especially their synthesis and
characterization, with emphasis on luminescent properties.
• Cluster 35: (114) er3 13.1%, upconvers 8.8%, emiss 6.9%, glass 6.4%, yb3 5.4%, dope 3.6%,
excit 2.2%, luminesc 1.7%, laser 1.5%, tm3 1.4%, absorpt 1.3%, crystal 1.2%, er3.dope 1.1%,
fluoresc 1.1%, tellurit 1.1%, intens 1.0%, lifetim 1.0%
Focuses on glasses containing Er3+, especially for upconversion laser applications.
• Cluster 150: (126) fluoresc 41.5%, bind 4.0%, quench 2.9%, fluoresc.intens 2.4%, bsa 1.6%,
hsa 1.5%, intens 1.3%, fluoresc.quench 0.9%, complex 0.9%, ion 0.8%, mol 0.7%, bind.constant
0.6%, emiss 0.6%, albumin 0.6%, dna 0.6%, spectra 0.6%, serum.albumin 0.5%, constant 0.5%,
serum 0.5% fluoresc.spectra 0.4%, concentr 0.4%, protein 0.4%, interact 0.4%, detect 0.4%,
sensit 0.4%
Focuses on the fluorescence of various materials/atoms/compounds and fluorescence quenching.
• Cluster 230: (121) chitosan 12.5%, absorpt 4.9%, fluoresc 4.6%, photon 3.6%, radic 3.2%,
two.photon 2.7%, aggreg 1.7%, spectra 1.7%, excit 1.5%, porphyrin 1.5%, state 1.2%, phenyl
1.1%, scaveng 1.1%, molecular 1.0%, two 0.7%, bi 0.7%, antioxid 0.7%, solvent 0.6%, group
0.6%, complex 0.6%, phthalocyanin 0.6%, excit.state 0.6%, emiss 0.6%, dye 0.6%, triplet 0.5%
Focuses on chitosan, and the separation of various molecules specifically by means of
absorption.
• Cluster 146: (82) photon 10.3%, atom 7.7%, field 6.6%, three.level 2.8%, coher 2.7%, level
2.6%, state 2.6%, caviti 2.4%, excit 2.1%, quantum 1.8%, level.atom 1.7%, two.photon 1.4%,
detun 1.2%, two 1.1%, reson 0.9%, probe 0.9%, popul 0.9%, three.level.atom 0.8%,
electromagnet.induc.transpar 0.8%, electromagnet.induc 0.8%, induc.transpar 0.7%, magnon
0.7%, mode 0.7%, absorpt 0.7%, caviti.field 0.6%
Focuses on photons: (emission/absorption/interaction) and multi-level atomic systems
emphasizing the role of fields on the photon and atomic system behaviors.
• Cluster 127: (152) puls 49.1%, laser 10.8%, laser.puls 3.7%, optic 1.4%, femtosecond 1.1%,
gener 0.7%, plasma 0.6%, pump 0.5%, chirp 0.5%, phase 0.4%, durat 0.4%, power 0.4%, modul
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0.3%, radiat 0.3%, frequenc 0.3%, nonlinear 0.3%, puls.durat 0.3%, intens 0.3%, ultrashort
0.3%, signal 0.3%, time 0.3%, harmon 0.3%, group.veloc 0.3%, field 0.3%, numer 0.3%
Focuses on pulses from optical lasers.
• Cluster 130: (173) laser 30.6%, pump 15.4%, power 5.1%, output 3.0%, optic 1.7%, diod 1.6%,
output.power 1.6%, caviti 1.3%, lock 1.1%, puls 1.0%, pump.power 0.8%, yag 0.8%, mode
0.8%, switch 0.8%, mode.lock 0.6%, laser.diod 0.6%, modul 0.4%, effici 0.4%, repetit 0.4%,
frequenc 0.4%, intens 0.4%, signal 0.4%, satur 0.3%, beam 0.3%, rate 0.3%
Focuses on lasers and pumped lasers.
• Cluster 121: (129) fiber 25.6%, wavelength 11.0%, optic 6.2%, gain 2.7%, pump 2.4%, laser
1.6%, puls 1.5%, power 1.5%, amplify 1.4%, birefring 1.4%, dispers 1.1%, fibr 1.0%, polar
0.9%, erbium 0.9%, tunabl 0.8%, output 0.8%, pcf 0.7%, signal 0.7%, erbium.dope 0.6%, modul
0.6%, mode 0.6%, raman 0.6%, optic.fiber 0.5%, dope 0.5%, dope.fiber 0.4%
Focuses on fiber optics and the component fibers.
• Cluster 45: (66) fiber 60.4%, concret 5.8%, strength 1.8%, reinforce 1.2%
Focuses on fibers, especially fibers for composites and concrete reinforcement, with emphasis on
their syntheis and characterization.
• Cluster 25: (66) grate 32.8%, fiber 8.6%, bragg 6.0%, bragg.grate 5.2%, fbg 5.1%, wavelength
4.0%, fiber.bragg.grate 3.3%, fiber.bragg 3.3%, sensor 1.4%
Focuses on gratings, especially fiber Bragg gratings: (FBGs), with emphasis on their
development as sensors and optical elements.
• Cluster 125: (71) switch 20.0%, power 19.4%, voltag 5.4%, convert 4.0%, output 2.0%, diod
1.4%, oper 1.3%, devic 1.3%, current 1.2%, circuit 1.0%, optic 0.9%, power.factor 0.9%,
optic.switch 0.9%, modul 0.8%, zv 0.7%, oper.principl 0.6%, mode 0.6%, rectifi 0.5%, control
0.4%, design 0.4%, power.consumpt 0.4%, input 0.3%, system 0.3%, oscil 0.3%, high 0.3%
Focuses on power, namely electrical power, as well as various switches and power converters.
• Cluster 242: (174) frequenc 16.1%, mode 11.7%, reson 9.3%, nois 3.1%, reson.frequenc 1.6%,
oscil 1.6%, acoust 0.9%, caviti 0.9%, band 0.9%, vibrat 0.9%, measur 0.7%, signal 0.7%,
harmon 0.6%, nonlinear 0.6%, amplitud 0.5%, voltag 0.5%, defect 0.5%, metamateri 0.5%,
coupl 0.4%, devic 0.4%, two 0.4%, field 0.4%, time 0.4%, low.frequenc 0.4%, drive 0.4%
Focuses on the resonant frequencies of various excited particles.
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• Cluster 22: (46) antenna 34.3%, microstrip 5.7%, bandwidth 5.6%, patch 3.0%, slot 2.5%,
patch.antenna 2.1%, ebg 1.9%, band 1.7%, ground.plane 1.7%, radiat 1.6%, imped 1.3%,
imped.bandwidth 1.2%, frequenc 1.1%, ground 1.0%, pbg 1.0%
Focuses on antennas, particularly patch antennas, with emphasis on their design and
characterization.
• Cluster 106: (77) waveguid 26.8%, fdtd 7.0%, differ.time.domain 2.3%, finit.differ 2.3%,
time.domain 2.3%, differ.time 2.3%, finit.differ.time 2.1%, index 1.6%, optic 1.5%, finit 1.3%,
domain 1.3%, differ 1.2%, domain.fdtd 1.0%, time.domain.fdtd 1.0%, coupl 1.0%, mode 0.9%,
mmi 0.8%, multimod 0.8%, photon 0.7%, simul 0.7%, band 0.6%, propag 0.6%, caviti 0.6%,
electromagnet 0.6%, numer 0.6%
Focuses on waveguides along with Finite Difference Time Domain analysis of the waveguides.
• Cluster 174: (177) wave 52.3%, propag 2.0%, frequenc 1.8%, refract 1.3%,
electromagnet.wave 1.0%, electromagnet 0.9%, neg.refract 0.8%, field 0.8%, numer 0.7%, spiral
0.6%, crystal 0.5%, mode 0.5%, dispers 0.5%, acoust 0.5%, photon.crystal 0.5%, harmon 0.4%,
spiral.wave 0.4%, photon 0.4%, wave.propag 0.4%, amplitude 0.4%, dimension 0.4%, neg 0.4%,
groov 0.3%, gap 0.3%, guid 0.3%
Focuses on electromagnetic, gravitational, and other waves, and their propagation.
• Cluster 101: (147) beam 60.2%, gaussian 3.0%, gaussian.beam 1.7%, propag 1.3%
Focuses on beams, especially Gaussian beams.
• Cluster 196: (91) optic 22.7%, soliton 11.0%, beam 3.0%, modul 2.1%, nonlinear 1.6%,
america 1.5%, phase 1.4%, detector 1.3%, dark 1.1%, superresolut 1.0%, system 1.0%,
photorefract 1.0%, intens 0.8%, light 0.7%, trap 0.7%, spatial.soliton 0.7%, filter 0.7%, theoret
0.7%, phase.shift 0.6%, spatial 0.6%, shift 0.6%, incoher 0.6%, numer 0.5%, apertur 0.5%,
vortex 0.5%
Focuses on optics, both biological: (human eye) and mechanical: (optical crystals etc, with some
emphasis on solitons).
• Cluster 246: (136) ion 6.6%, absorpt 6.6%, laser 6.4%, optic 4.2%, spectra 2.5%, raman 2.4%,
implant 2.2%, peak 1.8%, waveguide 1.8%, surfac 1.4%, irradi 1.3%, electron 1.3%, spectrum
1.2%, infrar 1.1%, refract 0.9%, sampl 0.8%, scatter 0.8%, anneal 0.7%, temperatur 0.7%,
refract.index 0.6%, plasma 0.6%, reson 0.6%, beam 0.6%, energi 0.6%, ion.implant 0.6%
Focuses on the spectra of various molecules and how the spectra was obtained, especially ion
absorption and laser optics.
• Cluster 192: (132) crystal 34.6%, grown 2.7%, optic 2.6%, linbo3 2.6%, defect 2.5%, pwo
1.8%, photon.crystal 1.8%, absorpt 1.7%, photon 1.6%, dope 1.6%, singl.crystal 1.2%, growth
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1.2%, crystal.grown 1.2%, band 0.9%, singl 0.9%, pwo.crystal 0.8%, structur 0.8%,
linbo3.crystal 0.7%, spectra 0.7%, caf2 0.5%, kdp 0.4%, face 0.4%, domain 0.3%, diffract 0.3%,
trap 0.3%
Focuses on various crystals and their light carrying/ other optical properties, as well as defects
in them.
• Cluster 191: (83) band 14.4%, dope 9.1%, electron 6.2%, gap 3.3%, energi 2.4%, state 2.2%,
electron.structur 1.8%, surfac 1.6%, band.gap 1.5%, densiti 1.3%, atom 1.3%, valenc 1.2%, orbit
1.2%, structur 1.1%, densiti.state 1.1%, valenc.band 1.0%, fermi 0.6%, photoemiss 0.6%,
phonon 0.6%, semiconductor 0.6%, do 0.6%, gaa 0.5%, conduct 0.5%, band.structur 0.5%,
calcul 0.5%
Focuses on doped materials, especially crystals and their various parameters that fall in
different bands. Also emphasizes optical band gaps.
• Cluster 223: (198) cluster 11.1%, molecul 3.9%, atom 3.9%, electron 3.4%, orbit 3.0%,
densiti.function 2.9%, structur 2.8%, density 2.7%, molecular 2.5%, densiti.function.theori 2.2%,
function.theori 2.2%, energi 2.0%, state 1.6%, calcul 1.2%, theori 1.2%, bond 1.2%, function
1.2%, dft 1.1%, charg 0.8%, electron.structur 0.7%, ground.state 0.7%, absorpt 0.6%,
molecular.orbit 0.6%, compound 0.6%, ground 0.6%
Focuses on the structure of various molecules and atoms or clusters of atoms. Also discusses the
orbit of electrons, and the density and structure based on density functional theory.
• Cluster 168: (179) bond 7.3%, b3lyp 6.7%, energi 6.1%, isom 6.1%, 31g 2.5%, vibrat 1.9%,
geometri 1.6%, densiti.function 1.5%, dft 1.3%, theori 1.2%, level 1.2%, b3lyp.31g 1.2%,
hydrogen 1.2%, structur 1.2%, dissoci 1.2%, molecul 1.1%, atom 1.0%, basi.set 1.0%, densiti
0.9%, complex 0.9%, mp2 0.9%, densiti.function.theori 0.9%, function.theori 0.9%, electron
0.9%, stabl 0.8%
Focuses on the bonds between atoms and molecules, with emphasis on their electron transfer.
• Cluster 85: (117) reaction 18.4%, transit.state 5.8%, energi 3.4%, b3lyp 2.7%, transit 2.0%,
state 1.9%, 311 1.6%, mp2 1.5%, theory 1.3%, barrier 1.3%, calcul 1.2%, pathwai 1.2%, radic
1.2%, ch3 1.2%, product 1.1%, level 1.1%, energi.surfac 1.1%, potenti.energi 1.0%,
potenti.energi.surfac 1.0%
Focuses on reactions, especially their energy and transition states.
• Cluster 240: (142) energi 18.0%, state 5.1%, calcul 3.2%, potenti 2.0%, ground.state 1.9%,
interact 1.8%, ground 1.7%, model 1.5%, theori 1.5%, orbit 1.4%, excit 1.0%, transit 1.0%,
function 0.8%, pair 0.7%, electron 0.7%, potenti.energi 0.6%, system 0.6%, two
0.6%, paramet 0.6%, correl 0.5%, correct 0.5%, charg 0.5%, level 0.5%, experiment 0.5%,
basi.set 0.5%
Focuses on the energy states of various charged particles.
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• Cluster 202: (128) state 25.8%, coupl 5.1%, synchron 3.5%, coher.state 3.1%, coher 2.4%,
oscil 1.8%, wave 1.7%, vibrat 1.7%, squeez 1.5%, quantum 1.3%, phase 1.2%, ground 1.0%,
transit 1.0%, mode 1.0%, energi 0.9%, system 0.9%, excit 0.7%, two 0.6%, spin 0.6%, trap
0.6%, band 0.6%, ground.state 0.5%, hamiltonian 0.5%, even.odd 0.5%, odd 0.5%
Focuses on the states of various systems, and their synchronization and coupling.
• Cluster 199: (93) field 5.8%, spin 5.7%, dark 4.8%, theori 4.1%, dark.energi 4.0%, cosmolog
3.7%, univers 2.4%, energi 2.1%, field.theori 1.6%, inflat 1.6%, model 1.4%, matter 1.4%, gravit
1.3%, fermion 1.2%, scalar 1.2%, dark.matter 1.1%, constant 1.1%, cosmolog.constant 1.0%,
cosmic 0.9%, scalar.field 0.9%, brane 0.9%, formula 0.8%, perturb 0.7%, paramet 0.7%, particl
0.7%
Focuses on various topics in astrophysics, and physics in general.
• Cluster 172: (174) quantum 37.0%, spin 9.7%, quantum.dot 2.9%, dot 2.3%, phonon 1.8%,
state 1.7%, coupl 1.7%, gate 1.4%, electron 1.1%, field 1.0%, qubit 1.0%, system 0.9%, current
0.9%, exciton 0.6%, gaa 0.5%, magnet 0.5%, classic 0.5%, energi 0.4%, decoher 0.4%,
mesoscop 0.4%, charg 0.4%, reson 0.4%, two 0.4%, interact 0.3%, magnet.field 0.3%
Focuses on quantum particules, and quantum dots, and the spin of electrons.
• Cluster 15: (111) entangl 58.8%, state 6.4%, entangl.state 4.3%, quantum 4.2%, scheme 1.3%,
teleport 1.2%
Focuses on quantum entanglement and entanglement states.
• Cluster 81: (168) decai 29.2%, bar 8.4%, psi 5.9%, branch 2.5%, branch.fraction 2.2%, gamma
2.2%, detector 2.0%, meson 1.4%, fraction 1.3%, measur 1.1%, violat 1.0%, x10 1.0%
Focuses on decays of subatomic particles, especially those involving branching fractions.
• Cluster 37: (81) quark 48.8%, meson 5.8%, nucleon 3.4%, mass 3.3%, gluon 1.6%, chiral
1.4%, qcd 1.0%
Focuses on quarks and quark models.
• Cluster 67: (67) gev 14.4%, collis 8.0%, pion 4.1%, hadron 3.5%, parton 3.1%, transvers
2.6%, momentum 2.3%, product 2.2%, collid 2.0%, transvers.momentum 1.9%, quark 1.6%,
gluon 1.4%, bar 1.3%, lhc 1.3%, pseudorapid 1.2%, jet 1.0%
Focuses on energy levels in the GeV range; especially energies related to the motion and
interaction of sub-atomic particles.
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• Cluster 84: (80) cross.section 14.1%, section 12.0%, cross 9.2%, scatter 3.8%, momentum
3.5%, isospin 2.7%, energi 2.7%, calcul 2.0%, differenti.cross 1.1%, differenti.cross.section
1.0%, neutron 1.0%
Focuses on cross sections, especially related to quantum reactions/interactions.
• Cluster 119: (86) neutron 13.1%, proton 8.9%, nuclei 8.7%, band 3.4%, nucleon 2.5%, energi
2.1%, gamma 1.8%, relativist 1.6%, mev 1.4%, state 1.3%, nuclear 1.1%, detector 1.1%, calcul
1.1%, mean.field 1.1%, nucleu 1.0%, triaxial 1.0%, relativist.mean.field 1.0%, relativist.mean
1.0%, rmf 0.9%, odd 0.8%, deform 0.8%, superdeform 0.6%, model 0.6%, nuclear.matter 0.6%,
moment.inertia 0.6%
Focuses on various experiments that probe the nucleus, emphasizing detection of protons and
neutrons.
2. life sciences and mathematics
2.1. mathematics, algorithm and program development, modeling
(mathematical & algorithmic)
2.1.1. mathematics and differential equations (2333)
2.1.1.1. differential equations, equations of systems (1287)
• Cluster 183: (116) boundari 12.5%, equat 7.5%, solut 3.9%, boundari.condit 3.8%, numer
3.8%, integr 2.6%, integr.equat 2.3%, crack 1.9%, function 1.8%, condit 1.6%, singular 1.3%,
stress 1.2%, displac 1.2%, domain 1.0%, wave 1.0%, accuraci 0.6%, quadratur 0.6%,
differenti.quadratur 0.6%, deriv 0.6%, green.function 0.6%, point 0.6%, singular.integr 0.5%,
singular.integr.equat 0.5%, piezoelectr 0.5%, orthotrop 0.5%
Focuses on mathematics: boundary conditions, equations, etc.
• Cluster 185: (122) numer 8.0%, equat 6.9%, solut 4.5%, finit 3.4%, converg 3.0%, stoke 2.9%,
scheme 2.8%, navier 2.6%, navier.stoke 2.5%, approxim 2.3%, finit.element 1.9%, stoke.equat
1.6%, element 1.6%, order 1.6%, navier.stoke.equat 1.6%, discret 1.5%, solv 0.8%, flow 0.7%,
second.order 0.7%, linear 0.7%, Interpol 0.7%, second 0.6%, accuraci 0.6%, error 0.6%,
numer.solut 0.6%
Focuses on numerical equations, especially solution of numerical equations for fluid flows, such
as the navier stokes equation.
• Cluster 108: (97) equat 21.0%, differenti.equat 15.5%, differenti 11.8%, partial.differenti 3.7%,
partial.differenti.equat 3.0%, stochast 2.5%, partial 2.0%, solut 1.3%, nonlinear 1.2%, numer
1.0%, viscoelast 0.9%, ordinari.differenti 0.9%, ordinari.differenti.equat 0.9%, ordinari 0.7%,
stochast.differenti 0.6%, linear 0.6%, dynam 0.5%, gener 0.4%, govern 0.4%,
stochast.differenti.equat 0.4%, system 0.4%, function 0.4%, deriv 0.3%, plate 0.3%, non 0.3%
Focuses on differential equations to describe various systems.
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• Cluster 220: (225) equat 52.0%, solut 5.0%, wave 1.1%, nonlinear 0.9%, deriv 0.9%, linear
0.6%, system 0.6%, paramet 0.6%, schroding 0.5%, matrix 0.4%, schroding.equat 0.4%,
matrix.equat 0.4%, theori 0.4%, potenti 0.4%, function 0.4%, space 0.4%, condit 0.4%, motion
0.4%, model 0.3%, boltzmann 0.3%, initi 0.3%, integr 0.3%, relat 0.3%, order 0.3%, term 0.3%
Focuses on mathematics, especially solution techniques for mathematical equations.
• Cluster 55: (135) solut 17.7%, wave 9.0%, equat 8.4%, wave.solut 7.6%, exact 3.1%, nonlinear
3.0%, solitari 2.8%, ellipt 2.8%, solitari.wave 2.7%, ellipt.function 2.6%, exact.solut 2.1%,
jacobi.ellipt 1.9%, jacobi 1.6%, solitari.wave.solut 1.6%, jacobi.ellipt.function 1.4%, function
1.3%, period 1.1%
Focuses on exact solutions, including solitary wave solutions, to various equations and
functions.
• Cluster 41: (101) soliton 37.1%, soliton.solut 7.9%, equat 5.4%, solut 5.3%, nonlinear 2.1%,
dimension 1.7%, variabl.separ 1.3%, variabl 1.2%, perturb 1.0%
Focuses on solitons: (waves), especially equations and solutions related to them.
• Cluster 99: (66) limit.cycl 11.6%, homoclin 7.8%, bifurc 5.4%, orbit 4.9%, cycl 4.1%, system
3.8%, limit 3.0%, oscil 2.4%, perturb 2.3%, period 2.2%, homoclin.orbit 1.9%, lyapunov.expon
1.5%, motion 1.4%, point 1.4%, chao 1.3%, lyapunov 1.2%, number.limit.cycl 1.2%,
number.limit 1.2%, expon 1.0%, heteroclin 1.0%
Focuses on evaluations of systems, especially those involving limit cycles, homoclinic loops or
orbits, and oscillation or oscillators.
• Cluster 8: (72) bifurc 56.8%, hopf 7.0%, hopf.bifurc 5.4%, delai 2.1%, period 2.1%,
period.solut 1.1%
Focuses on bifurcation, especially Hopf bifurcation.
• Cluster 49: (113) period 12.1%, period.solut 10.8%, posit.period 4.2%, exist 3.9%,
posit.period.solut 3.7%, delai 3.0%, solut 2.9%, predat 2.8%, prei 2.2%, equat 2.1%, impuls
1.8%, differenti.equat 1.7%, coincid.degre 1.5%, suffici.condit 1.5%, theorem 1.4%, suffici
1.4%, differenti 1.1%, posit 1.0%, exist.posit.period 1.0%, continu.theorem 1.0%, predat.prei
1.0%, stabil 1.0%
Focuses on positive periodic solutions to system equations.
• Cluster 75: (118) exist 13.5%, posit.solut 6.9%, solut 6.8%, boundari 5.3%, point 4.7%,
theorem 4.6%, fix.point 4.1%, equat 3.7%, point.theorem 2.7%, fix.point.theorem 2.6%, posit
2.4%, fix 2.1%, differenti.equat 1.7%, differenti 1.5%, exist.multipl 1.2%, singular 1.1%,
nonlinear 1.1%, exist.posit 1.0%, infin 1.0%
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Focuses on the existence of positive solutions to equations, especially those involving a fixed
point theorem.
• Cluster 162: (122) solut 9.0%, global 8.1%, exist 5.4%, infin 4.6%, asymptot 3.8%, equat
3.6%, nonlinear 2.1%, suffici.condit 1.9%, system 1.8%, suffici 1.8%, condit 1.8%, blow 1.5%,
posit 1.4%, prove 1.2%, uniqu 1.2%, attractor 1.2%, equal 1.0%, boundary 1.0%, global.exist
0.9%, cauchi 0.8%, differ.equat 0.8%, oscil 0.8%, exist.uniqu 0.8%, asymptot.behavior 0.7%,
element.infin 0.7%
Focuses on mathematical equations and mathematical models and systems.
2.1.1.2. algebraic equations and functions (1046)
• Cluster 98: (144) equal 30.2%, let 13.1%, equal.equal 5.0%, element 4.3%, integ 3.7%, infin
3.4%, sigma 2.7%, subset 1.6%, mod 1.4%, prove 1.3%, delta 1.2%, posit.integ 1.0%,
equal.equal.equal 1.0%
Focuses on mathematical investigations, with emphasis on solutions to equations and functions.
• Cluster 16: (83) graph 56.5%, vertic 7.7%, bar 3.2%, vertic.bar.vertic 2.0%, bar.vertic.bar
2.0%, bar.vertic 2.0%, edg 1.9%, vertex 1.4%, conjectur 1.2%, connect 1.0%
Focuses on graphs and curves, especially theories and proofs involving them.
• Cluster 72: (115) algebra 56.1%, lie 2.8%, lie.algebra 2.2%, modul 2.0%, loop.algebra 1.4%,
hierarchi 1.4%, let 1.3%
Focuses on algebras, especially Lie algebra and loop algebra.
• Cluster 19: (66) symmetri 14.5%, conserv 10.4%, invari 9.3%, lie 5.0%, lie.symmetri 4.1%,
noether 3.8%, form.invari 3.6%, equat 3.0%, system 2.7%, infinitesim 2.4%,
infinitesim.transform 2.3%, hojman 1.7%, noether.conserv 1.6%, non.noether 1.5%, conserv.law
1.5%, non.noether.conserv 1.2%, transform 1.1%, law 1.1%
Focuses on system symmetries, especially Lie symmetries and non-Noether conserved quantities.
• Cluster 148: (99) theorem 49.9%, semigroup 2.9%, prove 2.7%, regular 2.3%, subgroup 2.0%,
space 1.3%, finit 1.0%, finit.group 0.9%, convex 0.7%, congruenc 0.7%, condit 0.7%, group
0.6%, proof 0.6%, class 0.5%, set 0.5%, point 0.5%, oper 0.5%, order 0.5%, fan 0.4%, topolog
0.4%, prime 0.4%, theori 0.4%, limit.theorem 0.4%, maxim 0.4%, isomorph 0.4%
Focuses on mathematical theorems.
• Cluster 175: (101) space 27.0%, manifold 10.4%, metric 4.3%, oper 2.8%, map 2.3%,
riemannian 2.0%, banach 1.5%, compact 1.4%, invari 1.0%, bergman 1.0%, prove 1.0%,
riemannian.manifold 1.0%, banach.space 0.9%, curvatur 0.9%, sphere 0.9%, theorem 0.7%,
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function 0.6%, isometr 0.6%, norm 0.6%, let 0.6%, hardi 0.6%, bloch 0.6%, sitter 0.5%,
dimension 0.5%, local 0.5%
Focuses on mathematics, with emphases on spaces and manifolds.
• Cluster 120: (78) matric 26.1%, matrix 13.6%, rank 3.4%, invers 3.3%, eigenvalu 3.2%,
singular 3.1%, condit 1.4%, element 1.4%, condit.number 1.3%, nonsingular 1.2%, suffici.condit
1.1%, suffice 1.0%, bound 0.9%, multilinear 0.9%, oper 0.9%, commut 0.8%, represent 0.8%,
number 0.7%, vandermond 0.7%, kernel 0.6%, displac.structur 0.5%, drazin 0.5%, space 0.5%,
singular.integr 0.5%, integr 0.5%
Focuses on mathematics, with a strong emphasis on matrices.
• Cluster 238: (130) function 11.7%, element 7.8%, inequ 6.7%, finit 4.2%, polynomi 3.3%,
interpol 3.0%, formula 2.7%, set 1.7%, finit.element 1.3%, order 1.2%, class 1.1%, math 1.1%,
bound 1.0%, ident 0.7%, sum 0.7%, asymptot 0.7%, proof 0.7%, converg 0.7%, oper 0.7%,
type.inequ 0.6%, integr 0.6%, prove 0.6%, minim 0.5%, theori 0.5%, gener 0.5%
Focuses on the various functions of finite element models, and the mathematics associated with
them.
• Cluster 252: (230) optim 16.0%, set 3.6%, comput 3.5%, function 2.4%, constraint 2.3%, point
2.2%, converg 1.8%, gener 1.6%, linear 1.5%, convex 1.4%, program 1.4%, inequ 1.2%, iter
1.1%, new 1.0%, design 0.9%, data 0.7%, minim 0.7%, variabl 0.7%, object 0.7%, class 0.6%,
mesh 0.6%, space 0.6%, random 0.6%, approxim 0.6%, scheme 0.6%
Focuses on computer optimization of data sets, along with optimization functions.
2.1.2. mathematical modeling and algorithms (4829)
2.1.2.1. genetic algorithms, imaging (1277)
• Cluster 145: (142) algorithm 29.8%, converg 10.3%, iter 4.3%, optim 2.6%, program 2.3%,
solv 1.8%, global 1.6%, newton 1.5%, constraint 1.5%, linear 1.2%, numer 1.1%, trust.region
1.0%, linear.program 0.9%, function 0.9%, new 0.8%, algorithm.solv 0.8%, trust 0.7%, comput
0.7%, smooth 0.7%, global.converg 0.6%, point 0.6%, object.function 0.6%, solut 0.5%, quadrat
0.5%, genet.algorithm 0.5%
Focuses on algorithm development, especially modeling, convergence, and optimization.
• Cluster 198: (326) algorithm 67.6%, comput 1.9%, new 0.6%, model 0.6%, time 0.6%, simul
0.5%, effici 0.5%, new.algorithm 0.4%, path 0.4%, data 0.4%, system 0.3%, optim 0.3%,
network 0.3%, algorithm.algorithm 0.3%, adapt 0.3%, rout 0.3%, parallel 0.3%, nois 0.2%,
match 0.2%, point 0.2%, gener 0.2%, complex 0.2%, multipl 0.2%, scheme 0.2%, two 0.2%
Focuses on various computer algorithms.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 482

The Rooster & The Dragon January 23, 2012
• Cluster 116: (80) search 37.1%, algorithm 11.4%, tree 2.1%, search.algorithm 2.1%, heurist
2.0%, constraint 1.9%, queri 1.3%, tabu 1.0%, optim 1.0%, local.search 0.9%, distanc 0.8%,
mine 0.8%, set 0.7%, genet 0.7%, graph 0.7%, comput 0.7%, genet.algorithm 0.6%, tabu.search
0.6%, model 0.4%, local 0.4%, search.space 0.4%, benchmark 0.4%, line.search 0.4%, pattern
0.3%, train 0.3%
Focuses on algorithms, especially search algorithms, development for specific problems of
interest.
• Cluster 164: (100) algorithm 22.4%, cluster 11.9%, learn 5.0%, data 4.2%, mine 3.0%, set
2.2%, classif 1.6%, rule 1.2%, classifi 1.1%, data.set 1.0%, cluster.algorithm 0.8%, train 0.8%,
accuraci 0.8%, data.mine 0.7%, fuzzi 0.7%, pattern 0.6%, discrimin 0.6%, network 0.6%,
learn.algorithm 0.6%, kernel 0.6%, recognit 0.5%, model 0.5%, neural 0.5%, text 0.4%, object
0.4%
Focuses on algorithms, with an emphasis on clustering algorithms.
• Cluster 60: (43) wavelet 52.9%, signal 2.3%, denois 1.4%, wavelet.transform 1.4%,
multiresolut 1.4%, frame 1.3%, fault 1.2%, transform 1.0%
Focuses on wavelets.
• Cluster 170: (95) featur 19.9%, word 12.4%, svm 5.3%, classif 5.3%, classifi 2.3%, charact
2.1%, segment 1.8%, featur.select 1.8%, extract 1.8%, speech 1.4%, select 1.3%, chines 1.0%,
vector 0.9%, recognit 0.8%, retriev 0.8%, sentenc 0.7%, machin 0.7%, learn 0.7%,
support.vector 0.6%, train 0.5%, support.vector.machin 0.5%, vector.machin 0.5%, string 0.5%,
discrimin 0.5%, inform 0.5%
Focuses on speech, voice, and written or typed character characterization and classification,
with emphasis on feature/word extraction.
• Cluster 36: (91) face 30.5%, recognit 27.6%, face.recognit 5.0%, featur 2.7%, imag 1.9%,
discrimin 1.9%, face.imag 1.1%, gabor 1.1%
Focuses on face recognition algorithms.
• Cluster 189: (400) imag 59.4%, algorithm 1.8%, pixel 1.3%, segment 1.3%, color 1.1%,
reconstruct 1.0%, data 0.6%, object 0.6%, textur 0.6%, wavelet 0.5%, featur 0.5%, nois 0.5%,
process 0.5%, model 0.5%, fingerprint 0.5%, watermark 0.4%, detect 0.4%, transform 0.4%,
resolut 0.4%, system 0.4%, match 0.4%, spatial 0.3%, extract 0.3%, inform 0.3%, robust 0.3%
Focuses on imaging, both the instruments used and the mechanics behind taking images.
2.1.2.2. system and network modeling, large scale modeling, neural
networks (3552)
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• Cluster 7: (35) video 63.7%, text 2.4%, segment 1.7%, sport 1.6%, sport.video 1.6%,
watermark 1.4%, mpeg 1.2%
Focuses on video, especially sports video, with emphasis on watermarking.
• Cluster 3: (27) cach 51.8%, proxi 4.2%, video 3.2%, scheme 2.7%, proxi.cach 2.3%, server
2.2%, stream 2.0%, multicast 1.5%, vod 1.5%, client 1.2%, stream.media 1.0%, multimedia
1.0%
Focuses on caching schemes and caches, especially proxy caches, as they relate to media
streaming on networks and servers.
• Cluster 83: (114) code 24.0%, channel 6.9%, scheme 4.3%, error 2.6%, symbol 2.5%, estim
1.9%, ofdm 1.8%, bit 1.8%, fade 1.6%, antenna 1.3%, cdma 1.2%, decod 1.1%, ber 1.1%,
channel.esti 1.1%, multipl 1.0%
Focuses on coding over channels, with emphasis on errors and fading.
• Cluster 184: (142) estim 28.6%, error 17.8%, regress 1.9%, likelihood 1.8%, model 1.7%,
sampl 1.6%, data 1.3%, asymptot 1.3%, statist 0.9%, maximum.likelihood 0.9%, paramet 0.9%,
simul 0.9%, bootstrap 0.8%, distribut 0.7%, test 0.7%, varianc 0.6%, calibr 0.6%, linear 0.6%,
squar 0.5%, parametr 0.5%, outlier 0.5%, nonparametr 0.5%, empir 0.5%, accuraci 0.5%,
likelihood.estim 0.4%
Focuses on estimation, and the error associated with estimation.
• Cluster 89: (97) filter 47.0%, nois 18.4%, signal 2.6%
Focuses on filters, especially those designed to reduce noise.
• Cluster 30: (71) chaotic 32.9%, synchron 11.3%, chaotic.system 9.0%, system 5.8%, chao
4.0%, control 3.7%, feedback 1.7%, chua 1.3%
Focuses on chaotic systems, especially their control and synchronization.
• Cluster 187: (196) control 43.8%, system 7.0%, control.system 2.2%, model 1.4%, disturb
1.3%, pid 1.2%, nonlinear 1.1%, design 1.0%, simul 1.0%, robot 1.0%, dynam 1.0%, pid.control
0.9%, stabil 0.7%, loop 0.7%, optim 0.7%, robust 0.5%, time 0.5%, track 0.4%, paramet 0.4%,
control.scheme 0.4%, algorithm 0.4%, scheme 0.4%, oper 0.4%, output 0.3%, actuat 0.3%
Focuses on various control systems and the controllers themselves.
• Cluster 13: (104) fuzzi 72.8%, control 2.6%, fuzzi.control 2.3%, system 1.3%
Focuses on mathematically fuzzy concepts, including fuzzy control, fuzzy models, fuzzy logic, etc.
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• Cluster 42: (79) delai 4.9%, matrix.inequ 4.2%, robust 4.1%, system 4.0%, inequ 3.8%, stabil
3.1%, linear.matrix.inequ 3.1%, linear.matrix 3.0%, linear 2.6%, feedback 2.6%, control 2.4%,
design 2.3%, lmi 1.8%, matrix 1.8%, output 1.7%, suffici 1.5%, suffici.condit 1.5%,
feedback.control 1.5%, time.delai 1.5%, output.feedback 1.4%, close.loop 1.2%, uncertainti
1.1%, time 1.1%, loop 1.0%, condit 1.0%
Focuses on control of linear systems, especially related to time delay and feedback control.
• Cluster 1: (47) delai 10.2%, neural 9.5%, neural.network 8.8%, network 6.4%, exponenti 4.4%,
exponenti.stabil 3.9%, global 3.1%, stabil 3.1%, global.exponenti 2.9%, global.exponenti.stabil
2.1%, time.delai 1.8%, lyapunov 1.4%, inequ 1.4%, suffici.condit 1.3%, suffici 1.2%,
cellular.neural 1.1%, neural.network.time 1.0%, cellular.neural.network 1.0%, condit 1.0%,
network.time 1.0%
Focuses on the stability of delayed neural networks, particularly cellular neural networks, with
emphasis on global exponential stability.
• Cluster 63: : (138) neural.network 22.4%, neural 21.8%, network 16.7%, ann 5.7%,
artifici.neural.network 2.0%, artifici.neural 2.0%, model 2.0%, train 1.6%, artifici 1.4%,
network.ann 1.0%
Focuses on neural networks, especially artificial neural networks: (ANNs).
• Cluster 129: (151) network 60.6%, node 5.6%, connect 1.3%, topolog 0.9%, model 0.7%,
sensor 0.7%, scale.free 0.6%, sensor.network 0.5%, dynam 0.4%, simul 0.4%, scale 0.4%,
algorithm 0.4%, distribut 0.3%, system 0.3%, small.world 0.3%, world 0.3%, link 0.3%, rout
0.3%, architectur 0.3%, complex.network 0.3%, processor 0.2%, scale.free.network 0.2%,
free.network 0.2%, data 0.2%, commun 0.2%
Focuses on networks, specifically computer networks and the various nodes in a network.
• Cluster 102: (108) traffic 20.8%, network 8.2%, rout 7.1%, qo 4.3%, packet 3.9%, bandwidth
2.7%, scheme 2.4%, multicast 2.1%, delai 1.6%, internet 1.6%, congest 1.5%, protocol 1.5%,
node 1.4%, hoc 1.1%, wireless 1.0% Focuses on traffic, mainly on internet and electronic traffic.
• Cluster 4: (54) signatur 33.9%, scheme 25.3%, signatur.scheme 6.9%, proxi 2.6%, secur 2.6%,
signer 2.4%, messag 2.3%, proxi.signatur 2.0%, blind.signatur 1.1%
Focuses on signature and signature schemes, including proxy signature schemes, for data
encryption.
• Cluster 69: (96) secur 43.6%, protocol 9.3%, attack 4.5%, authent 4.0%, scheme 2.0%, kei
1.4%, encrypt 1.2%, commun 1.2%, messag 1.0%
Focuses on security, especially system and protocol security.
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• Cluster 66: (69) resourc 42.2%, agent 7.1%, digit 3.9%, mobil.agent 3.2%, librari 2.7%,
digit.librari 2.3%, system 2.2%, architectur 1.8%, mobil 1.7%, inform 1.1%
Focuses on resource management, especially as it relates to computer networks, with emphasis
on mobile agents and digital libraries.
• Cluster 14: (103) grid 56.6%, resourc 7.2%, comput 4.4%, grid.comput 2.7%, servic 2.0%,
schedul 1.5%, architectur 1.0%
Focuses on Grid Computing, a system for computer resource sharing.
• Cluster 51: (116) web 26.7%, semant 15.6%, servic 13.9%, ontolog 11.6%, web.servic 3.6%,
inform 2.1% –
Focuses on web services, especially focused on semantic Web aspects.
• Cluster 87: (70) peer 14.8%, queri 9.3%, xml 8.3%, storag 5.1%, server 3.6%, file 3.1%, data
3.0%, system 1.6%, document 1.6%, peer.peer 1.6%, stream 1.6%, disk 1.5%, web 1.4%, servic
1.2%, node 1.1%, distribut 1.0%
Focuses on systems for storing and sharing data, especially peer to peer (P2P) systems.
• Cluster 10: (40) peer 29.6%, p2p 10.4%, network 8.2%, topology 6.7%, peer.peer 6.0%, overlai
2.8%, p2p.network 2.1%, search 1.5%, node 1.5%, chord 1.3%, rout 1.3%, queri 1.2%,
peer.network 1.0%, peer.peer.network 1.0%
Focuses on peer to peer: (P2P) networks and file-sharing systems, with emphasis on their
topology and topological mismatches.
• Cluster 180: (161) market 26.1%, firm 10.4%, price 8.5%, econom 4.1%, economi 2.9%, trade
2.3%, innov 1.8%, bid 1.2%, institute 1.0%, stock 0.9%, model 0.9%, enterpris 0.8%, china
0.7%, social 0.6%, product 0.6%, reform 0.6%, privat 0.5%, moral 0.5%, equilibrium 0.5%,
system 0.5%, polit 0.5%, portfolio 0.5%, cost 0.4%, govern 0.4%, decis 0.4%
Focuses on economics, specifically different markets, firms and the price of goods in different
economies.
• Cluster 135: (84) decis 36.1%, suppli.chain 3.8%, custom 3.6%, inform 3.2%, suppli 2.3%,
linguist 1.7%, risk 1.3%, system 1.3%, product 1.3%, oper 1.2%, model 1.2%, decis.support
1.2%, decis.support.system 1.0%, support.system 1.0%, chain 0.9%, select 0.9%, decis.maker
0.8%, decis.model 0.7%, attribut 0.7%, support 0.7%, maker 0.7%, integr 0.6%, cost 0.6%, onlin
0.6%, new.product 0.6%
Focuses on business structure and business modeling and supply chains, including the role of
linguistics in the decision support systems.
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• Cluster 241: (155) project 8.4%, build 6.1%, construct 4.5%, environment 4.3%, kong 2.6%,
hong 2.5%, china 2.4%, hong.kong 2.4%, plan 1.5%, articl 1.3%, sustain 1.3%, survei 1.2%,
partner 0.9%, social 0.8%, environ 0.8%, disput 0.7%, scienc 0.7%, practice 0.7%, air 0.6%,
system 0.6%, tunnel 0.6%, urban 0.6%, factor 0.6%, product 0.6%, commun 0.6%
Focuses on various construction projects, mainly in China.
• Cluster 212: (122) design 50.6%, system 2.0%, gear 1.3%, model 1.0%, simul 0.9%, assembl
0.8%, architectur 0.7%, circuit 0.7%, optim 0.6%, manufactur 0.6%, product 0.4%, power 0.4%,
softwar 0.4%, manipul 0.4%, design.system 0.4%, chip 0.4%, construct 0.4%, gener 0.4%,
modul 0.4%, dynam 0.4%, applic 0.3%, regist 0.3%, pile 0.3%, new 0.3%, oper 0.3%
Focuses on the design of new components, systems and structures.
• Cluster 253: (246) system 18.7%, oper 3.7%, softwar 2.9%, time 1.8%, reliabl 1.5%, test 1.5%,
model 1.4%, data 1.3%, simul 1.2%, machin 1.2%, monitor 1.1%, tool 1.0%, inform 0.9%,
environ 0.9%, integr 0.9%, fault 0.9%, applic 0.8%, real 0.8%, new 0.6%, power 0.6%, virtual
0.6%, comput 0.6%, control 0.6%, real.time 0.6%, visual 0.6%
Focuses on systems, with minor emphasis on operating systems and software.
• Cluster 40: (66) schedul 30.5%, algorithm 8.1%, job 5.8%, time 4.7%, machin 3.2%,
process.time 2.5%, minim 2.5%, process 2.0%, makespan 1.4%, schedul.algorithm 1.0%, optim
1.0%
Focuses on machine scheduling and optimization, with emphasis on algorithms that deal with
these subjects.
• Cluster 118: (77) machin 36.7%, svm 4.8%, tool 2.8%, support.vector 2.7%, cut 2.5%,
support.vector.machin 2.2%, vector.machin 2.2%, grind 1.8%, vector 1.3%, error 1.1%, pl 1.0%,
kernel 0.9%, machin.tool 0.9%, support 0.8%, speed 0.8%, model 0.7%, classif 0.6%, optim
0.6%, case 0.5%, manufactur 0.5%, micro 0.4%, learn 0.4%, descriptor 0.4%, surfac 0.4%,
machin.svm 0.4%
Focuses on support vector machines.
• Cluster 201: (84) model 8.7%, inform 6.7%, forecast 6.2%, data 4.5%, land 4.2%, gi 3.0%,
climat 2.5%, spatial 2.0%, ionosphere 1.5%, flood 1.5%, map 1.2%, area 1.2%, npp 0.9%, river
0.9%, system 0.8%, knowledg 0.8%, hydrolog 0.8%, rough.set 0.7%, set 0.7%, integr 0.7%,
climat.model 0.6%, rainfal 0.6%, time.seri 0.6%, inform.system 0.6%, gp 0.6%
Focuses on environmental forcasting and modeling.
• Cluster 243: (265) model 54.4%, data 2.0%, system 1.0%, model.model 0.9%, simul 0.8%,
paramet 0.6%, dynam 0.5%, test 0.4%, new 0.4%, languag 0.4%, qsar 0.4%, new.model 0.4%,
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uml 0.3%, gener 0.3%, inform 0.3%, fit 0.3%, construct 0.3%, set 0.3%, mathemat 0.3%,
experiment 0.3%, structur 0.3%, statist 0.3%, time 0.3%, comfa 0.2%, predict 0.2%
Focuses on data aquisition and system modeling.
• Cluster 255: (258) model 16.3%, paramet 2.9%, analyt 2.8%, numer 2.2%, coeffici 1.7%, veloc
1.6%, simul 1.0%, equat 0.9%, experiment 0.9%, diffus 0.9%, data 0.8%, measur 0.8%, system
0.7%, two 0.7%, energi 0.5%, linear 0.5%, solut 0.5%, correl 0.5%, experiment.data 0.5%, curv
0.5%, instabl 0.5%, three 0.4%, mean 0.4%, time 0.4%, function 0.4%
Focuses on models, especially their parametric analyses.
• Cluster 251: (177) simul 7.3%, fluid 2.9%, scale 2.6%, critic 2.5%, dynam 2.3%, model 2.0%,
carlo 1.7%, mont 1.7%, motion 1.6%, mont.carlo 1.6%, theori 1.6%, forc 1.3%, distribut 1.1%,
potenti 1.0%, densiti 0.9%, expon 0.9%, function 0.9%, direct 0.8%, eo 0.8%, state 0.7%,
fluctuat 0.6%, paramet 0.6%, probabl 0.6%, univers 0.6%, two 0.6%
Focuses on simulations, especially of fluid dynamical systems.
2.2. gene expression and cellular biology
2.2.1. Chinese geophyics and Chinese citizens and their health problems
(3638)
2.2.2.1. gene expression, sequencing (1018)
• Cluster 95: (110) strain 20.6%, isol 6.5%, 16 5.9%, sequenc 4.2%, rrna 3.8%, phylogenet 3.1%,
16.rrna 3.0%, speci 2.7%, rrna.gene 2.5%, rdna 2.1%, 16.rrna.gene 2.1%, genu 2.0%,
gene.sequenc 1.6%, rrna.gene.sequenc 1.6%, gene 1.4%, dna 1.2%, type.strain 1.0%
Focuses on isolates and strains of microorganisms or genes, especially rRNA.
• Cluster 47: (52) dna 29.4%, immobil 17.4%, nucleic 5.2%, nucleic.acid 4.7%, enzym 2.0%,
acid 1.3%, immobil.enzym 1.0%, calf.thymu 1.0%
Focuses on DNA, particularly the immobilization of DNA, and enzymes.
• Cluster 154: (132) dna 33.9%, mutat 9.8%, pcr 4.5%, gene 3.7%, detect 3.2%, primer 1.7%,
sequenc 1.4%, methyl 1.2%, mutant 0.9%, genom 0.8%, probe 0.6%, microarrai 0.6%,
oligonucleotid 0.6%, polymeras 0.6%, hybrid 0.5%, hbv 0.5%, cell 0.4%, plasmid 0.4%, promot
0.4%, sampl 0.4%, assai 0.4%, tumor 0.4%, sensit 0.4%, point.mutat 0.4%, cancer 0.4%
Focuses on dna, specifically on detection, characterization, mutation, sequencing.
• Cluster 143: (114) sequenc 28.3%, genom 9.3%, dna 6.8%, chromosom 3.1%, dna.sequenc
2.7%, clone 2.6%, gene 2.1%, nucleotid 2.1%, isol 1.5%, viru 1.4%, rna 1.0%, strain 0.8%,
fragment 0.8%, region 0.6%, code 0.5%, amino.acid 0.5%, pcr 0.5%, rice 0.5%, ident 0.5%,
amino 0.5%, hybrid 0.4%, protein 0.4%, mrna 0.4%, replic 0.3%, segment 0.3%
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Focuses on dna and genomic sequencing.
• Cluster 92: (193) gene 13.0%, cdna 7.4%, express 7.2%, sequenc 4.4%, protein 4.1%,
amino.acid 3.6%, encod 3.2%, amino 3.1%, clone 2.6%, human 1.9%, acid 1.6%, testi 1.5%,
transcript 1.3%, pcr 1.0%
Focuses on genes, especially cDNA.
• Cluster 59: (90) transgen 25.3%, plant 11.8%, gene 11.4%, express 4.0%, transgen.plant 2.0%,
tobacco 1.9%, gu 1.8%, transform 1.5%
Focuses on transgenic experiments, especially those involving transgenic plants.
• Cluster 173: (327) gene 47.6%, express 10.0%, gene.express 2.1%, transcript 2.0%, protein
1.2%, cell 1.1%, regul 0.9%, promot 0.9%, sequenc 0.9%, mutant 0.6%, strain 0.6%, genom
0.6%, pcr 0.5%, rna 0.5%, mutat 0.5%, cancer 0.4%, activ 0.4%, recombine 0.4%, clone 0.4%,
function 0.4%, human 0.4%, microarrai 0.4%, coli 0.3%, mrna 0.3%, tumor 0.3%
Focuses on genes, and gene expression and genetic sequencing.
2.2.1.2. cellular expression (2721)
• Cluster 133: (166) cancer 20.2%, cell 12.6%, express 5.7%, cancer.cell 4.6%, breast 3.0%,
gastric 2.9%, p53 2.8%, tissu 2.4%, mmp 2.0%, breast.cancer 1.6%, carcinoma 1.5%, cell.line
1.5%, tumor 1.5%, apoptosi 1.1%, line 1.0%, protein 1.0%, gastric.cancer 0.8%, human 0.7%,
gene 0.7%, mrna 0.7%, invas 0.5%, active 0.5%, cancer.cell.line 0.5%, normal 0.4%, mcf 0.4%
Focuses on various forms of cancer and possible treatments, and cellular expression.
• Cluster 100: (170) tumor 37.3%, cell 13.1%, tumor.cell 2.8%, cell.line 2.1%, mice 1.9%,
express 1.7%, line 1.3%, carcinoma 1.2%, cancer 1.0%
Focuses on tumors, including tumor growth, metastases, treatment, and inhibition, with
emphasis on experiments involving cells in mice or cell lines.
• Cluster 178: (223) cell 40.1%, express 3.0%, mice 1.8%, prolifer 1.6%, stem.cell 1.4%,
lymphocyt 1.2%, stem 1.2%, differenti 1.2%, bone 1.1%, cd4 0.7%, human 0.7%, activ 0.7%,
marrow 0.6%, immun 0.6%, msc 0.6%, cd8 0.6%, induc 0.6%, transplant 0.6%, bone.marrow
0.6%, cultur 0.6%, cytokin 0.5%, progenitor 0.5%, stimul 0.5%, vitro 0.5%, regul 0.4%
Focuses on various kinds of cells and their attributes, along with cellular expression.
• Cluster 221: (359) cell 62.4%, cultur 1.3%, express 1.2%, human 0.7%, protein 0.6%, activ
0.6%, membran 0.5%, cell.line 0.4%, concentr 0.4%, inhibit 0.4%, growth 0.4%, endotheli 0.4%,
transfect 0.3%, line 0.3%, tissu 0.3%, assai 0.3%, infect 0.3%, prolifer 0.3%, gene 0.3%, embryo
0.3%, cytoplasm 0.2%, endotheli.cell 0.2%, control 0.2%, regul 0.2%, product 0.2%
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Focuses on various kinds of cells, expression of those cells, and gene expression.
• Cluster 110: (204) cell 32.9%, apoptosi 13.7%, induc 3.6%, bcl 2.0%, caspas 2.0%, inhibit
1.4%, apoptot 1.4%, express 1.3%, active 1.2%, prolifer 1.1%, induc.apoptosi 1.0%, cell.cycl
0.9%, death 0.8%, protein 0.7%, cell.death 0.7%, cell.apoptosi 0.6%, k562 0.6%, dna 0.5%,
arrest 0.5%, cell.line 0.5%, cycl 0.5%, bax 0.5%, inhibitor 0.4%, ro 0.4%, regul 0.4%
Focuses on multiple types of cells and what affects them, emphasizing apoptosis.
• Cluster 171: (144) kinas 9.6%, receptor 7.6%, activ 6.1%, phosphoryl 5.9%, induc 4.6%, signal
3.3%, protein 2.6%, inhibit 2.1%, cell 1.8%, protein.kinas 1.7%, kappab 1.7%, pathwai 1.5%,
regul 1.5%, mapk 1.4%, inhibitor 1.3%, mediat 1.2%, express 1.1%, pka 0.9%, pkc 0.9%, camp
0.9%, p38 0.8%, erk 0.6%, beta 0.6%, tyrosin 0.5%, stimul 0.5%
Focuses on kinase and receptor activation,and the signaling of the cells between the receptors.
• Cluster 245: (154) activ 10.5%, inhibit 9.1%, induc 3.9%, antioxid 3.1%, oocyt 2.6%, inhibitor
2.6%, stimul 1.2%, cell 1.1%, concentr 1.1%, no 1.0%, glucos 0.9%, oxid 0.8%, depend 0.7%,
ach 0.7%, platelet 0.6%, dose 0.6%, mumol 0.6%, scaveng 0.6%, inhibitori 0.6%, vitro 0.6%,
cultur 0.5%, manner 0.5%, melatonin 0.5%, depend.manner 0.5%, h2o2 0.5%
Focuses on various chemicals or molecules/compounds that have an effect on the body
(activation or inhibition) or the body‘s reaction to various stimuli.
• Cluster 34: (68) ca2 57.2%, channel 3.0%, intracellular 1.8%, calcium 1.3%, cell 1.2% Focuses
on the calcium ion, Ca+2, particulary as it relates to cells and cellular functions.
• Cluster 96: (107) neuron 49.9%, receptor 2.2%, neuroprotect 1.4%, induc 1.3%, gaba 1.3%,
activ 1.1%, rat 1.1%, glutam 1.0%
Focuses on neurons.
• Cluster 228: (260) rat 31.4%, brain 2.8%, dose 2.2%, inject 1.7%, induc 1.6%, express 1.6%,
administr 1.4%, receptor 1.2%, drug 1.1%, group 1.0%, ischemia 1.0%, liver 0.9%, reperfus
0.8%, level 0.8%, injuri 0.7%, mrna 0.7%, diabet 0.7%, activ 0.7%, heart 0.5%, blood 0.5%,
treatment 0.5%, protein 0.5%, oral 0.5%, cell 0.5%, myocardi 0.4%
Focuses on experiments performed on rats, especially impacts on their brain.
• Cluster 176: (137) express 8.1%, tgf 7.3%, tnf 4.0%, tnf.alpha 3.1%, tgf.beta 3.1%, mrna 3.1%,
alpha 2.9%, mmp 2.3%, vegf 1.6%, beta 1.5%, level 1.5%, cytokin 1.4%, beta1 1.2%, lung 1.2%,
cell 1.2%, activ 1.2%, tgf.beta1 1.1%, protein 1.0%, rat 1.0%, induc 1.0%, factor 1.0%, receptor
1.0%, growth.factor 0.9%, macrophag 0.9%, bone 0.9%
Focuses on cellular expresson and tumor necrosis factor alpha and transforming growth factor.
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• Cluster 155: (88) mice 49.8%, induc 1.7%, dose 1.6%, express 1.5%, level 1.2%, group 0.7%,
treat 0.7%, increas 0.6%, active 0.5%, protect 0.5%, inhibit 0.5%, administr 0.5%, liver 0.5%,
control 0.4%, receptor 0.4%, brain 0.4%, mrna 0.4%, tissu 0.3%, anim 0.3%, morphin 0.3%,
decreas 0.3%, histamin 0.3%, infect 0.3%, acid 0.3%, mous 0.2%
Focuses on the use of mice in medical experiments.
• Cluster 79: (82) vaccin 9.9%, antibodi 9.8%, immun 9.1%, antigen 5.7%, epitop 4.7%, viru
2.8%, assai 1.9%, mab 1.8%, mice 1.6%, elisa 1.5%, respons 1.5%, protein 1.4%, infect 1.3%,
peptid 1.3%, dna.vaccin 1.2%, dna 1.1%, influenza 1.0%
Focuses on antibodies, vaccines and immunity.
• Cluster 219: (198) protein 13.6%, peptid 3.9%, bind 3.3%, active 3.1%, fusion 3.1%, express
2.7%, purifi 2.7%, coli 2.5%, mutant 2.0%, domain 2.0%, recombin 2.0%, fusion.protein 1.9%,
enzyme 1.7%, termin 1.1%, refold 1.0%, residu 0.9%, escherichia.coli 0.8%, human 0.8%,
escherichia 0.8%, cell 0.8%, pollen 0.8%, mutat 0.7%, gst 0.6%, site 0.6%, subunit 0.5%
Focuses on proteins and their characterization and use.
• Cluster 177: (222) protein 58.4%, bind 1.5%, sequenc 0.7%, proteome 0.6%, express 0.6%,
interact 0.6%, human 0.6%, cell 0.5%, membran 0.5%, amino.acid 0.5%, amino 0.5%,
bind.protein 0.4%, function 0.4%, electrophoresi 0.4%, membran.protein 0.4%, gel 0.4%, mass
0.4%, spot 0.3%, serum 0.3%, regul 0.3%, domain 0.3%, protein.protein 0.3%, acid 0.3%, hsa
0.3%, detect 0.3%
Focuses on proteins, and protein separation, and protein analysis.
• Cluster 0: (59) sar 32.3%, cov 19.5%, sar.cov 16.0%, protein 3.2%, coronaviru 2.3%
Focuses on proteins, viruses, antibodies and vaccines related to SARS: (Severe Acute
Respiratory Syndrome).
• Cluster 23: (80) sar 37.1%, patient 6.0%, acut 3.5%, syndrome 3.0%, respiratori 2.7%,
acut.respiratori 2.5%, sever.acut.respiratori 2.3%, sever.acut 2.3%, acut.respiratori.syndrom
2.1%, respiratori.syndrom 2.1%, sar.patient 2.0%, sever 1.8%, cov 1.6%, outbreak 1.4%,
syndrom.sar 1.4%, respiratori.syndrom.sar 1.4%, infect 1.3%, coronaviru 1.1%, sar.cov 1.1%,
flap 1.0%
Focuses on SARS: (Severe Acute Respiratory Syndrome), particularly studies involving SARS
patients, cases and outbreaks.
2.2.2. genetic expression, and cells, mainly cancer cells (3739)
2.2.2.1. Chinese medical patients (1837)
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• Cluster 203: (112) arteri 11.5%, stent 5.8%, lesion 4.7%, patient 4.1%, coronari 2.5%, year.old
1.8%, case 1.8%, year 1.6%, tumour 1.6%, aortic 1.6%, old 1.4%, pain 1.3%, left 1.3%, carotid
1.0%, stenosi 1.0%, blood 1.0%, right 0.9%, vessel 0.9%, diagnosi 0.8%, coronari.arteri 0.8%,
group 0.8%, angiographi 0.7%, month 0.7%, diseas 0.7%, aneurysm 0.7%
Focuses on the circulatory system, emphasizing arteries and stents, and clinical problems
associated with various patients.
• Cluster 215: (113) patient 6.7%, group 4.8%, renal 4.7%, transplant 3.3%, treatment 3.1%,
month 3.0%, postop 2.5%, liver 2.4%, case 1.9%, mmf 1.7%, graft 1.4%, donor 1.3%, implant
1.3%, outcome 1.3%, clinic 1.1%, surviv 1.0%, year 0.9%, surgic 0.8%, nerv 0.8%, complic
0.8%, liver.transplant 0.8%, surgeri 0.8%, rate 0.8%, blood 0.7%, laparoscop 0.7%
Focuses on the renal system, and patients who have renal problems and some of their
treatments.
• Cluster 167: (466) patient 62.1%, diseas 1.2%, year 1.1%, treatment 1.0%, group 1.0%, clinic
1.0%, month 0.7%, surviv 0.6%, score 0.5%, therapi 0.5%, control 0.5%, ag 0.4%, tumor 0.4%,
hospit 0.4%, outcom 0.4%, cancer 0.4%, recurr 0.3%, symptom 0.3%, rate 0.3%, 001 0.3%, risk
0.3%, level 0.3%, mean 0.3%, chines 0.3%, serum 0.2%
Focuses on medical patients and their medical problems.
• Cluster 216: (141) group 40.5%, control.group 2.4%, control 2.1%, treatment 1.2%,
group.group 1.2%, diet 1.1%, rat 0.9%, serum 0.8%, pig 0.7%, dose 0.6%, dai 0.6%, subject
0.6%, week 0.6%, children 0.6%, placebo 0.5%, supplement 0.5%, level 0.5%, fed 0.5%, blood
0.5%, femal 0.5%, group.control 0.5%, male 0.5%, plasma 0.4%, egg 0.4%, administr 0.4%
Focuses on medical/ biological experiments, and talks about the different groups in the
experiment.
• Cluster 161: (78) egg 10.9%, diet 8.8%, larva 6.3%, feed 6.3%, fed 4.9%, fish 4.0%, dietari
3.0%, toxic 1.2%, femal 1.0%, reproduct 1.0%, growth 1.0%, fertil 1.0%, mmt 1.0%, dai 0.9%,
rate 0.9%, larval 0.9%, lipid 0.9%, level 0.7%, embryo 0.7%, exposur 0.7%, weight 0.7%, adult
0.6%, shrimp 0.6%, hatch 0.6%, bodi 0.6%
Focuses on the interaction of insects and their predators, and what influences the mortality of
insects/fish.
• Cluster 232: (168) women 11.9%, ag 5.6%, subject 4.5%, male 2.5%, pregnanc 1.6%, risk
1.5%, serum 1.4%, blood 1.4%, femal 1.3%, level 1.3%, year 1.3%, infant 1.2%, chines 1.1%,
men 1.0%, bmd 0.9%, bodi 0.9%, group 0.9%, intak 0.9%, obes 0.9%, birth 0.8%, bone 0.7%,
sex 0.7%, injuri 0.7%, bmi 0.6%, cadmium 0.6%
Focuses on various clinical medical studies, usually involving women.
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• Cluster 141: (100) preval 12.0%, hiv 9.2%, smoke 5.0%, sexual 4.3%, risk 3.1%, china 2.2%,
infect 1.8%, health 1.5%, smoker 1.4%, femal 1.4%, drug 1.3%, ag 1.3%, women 1.2%, rural
1.2%, chines 1.2%, male 1.2%, year 1.0%, survei 0.9%, sex 0.9%, hiv.aid 0.9%, aid 0.9%, diseas
0.9%, worker 0.9%, men 0.8%, popul 0.8%
Focuses on sexually transmitted diseases such as HIV. Also focuses on smoking and its health
problems, as well as other respiratory ailments.
• Cluster 138: (109) kong 13.4%, hong 13.3%, hong.kong 12.7%, health 5.4%, sar 4.4%, care
2.4%, chines 1.1%, women 1.0%, practice 1.0%, risk 0.7%, psycholog 0.5%, ag 0.5%, medic
0.5%, social 0.5%, perceiv 0.5%, health.care 0.5%, influenza 0.4%, nurs 0.4%, respond 0.4%,
popul 0.4%, singapor 0.4%, worker 0.4%, hospit 0.4%, diseas 0.4%, peopl 0.4%
Focuses on health problems among Chinese citizens, especially in Hong Kong.
• Cluster 153: (99) children 15.2%, chines 10.5%, social 8.0%, school 7.4%, cultur 4.0%, adolesc
2.6%, moral 1.7%, parent 1.2%, teacher 1.1%, kong 1.0%, hong 1.0%, hong.kong 1.0%, child
0.8%, self 0.7%, ag 0.7%, depress 0.7%, belief 0.7%, peer 0.7%, compet 0.6%, dental 0.6%,
score 0.6%, perceiv 0.5%, person 0.5%, year 0.5%, support 0.4%
Focuses on various social and health characteristics and behaviours of Chinese citizens and
children.
• Cluster 93: (53) chines 26.2%, famili 14.7%, mutat 8.8%, popul 4.2%, hear 2.4%, medicin
1.6%, genet 1.5%, diseas 1.3%, chines.medicin 1.2%, unrel 1.2%, gene 1.1%, chines.famili 1.0%
Focuses on Chinese families, with emphasis on genetics and medicine.
• Cluster 48: : (79) cancer 18.8%, risk 18.4%, genotyp 6.4%, polymorph 4.5%, escc 1.6%,
gastric 1.4%, lung.cancer 1.4%, lung 1.3%, control 1.1%, case 1.1%, cancer.risk 1.0%, allel
1.0%
Focuses on cancer risk and control.
• Cluster 53: (104) polymorph 10.9%, genotyp 10.4%, allel 10.3%, snp 4.3%, haplotyp 4.3%,
schizophrenia 4.0%, gene 3.8%, chines 3.0%, popul 2.1%, hypertens 1.8%, han 1.7%, subject
1.5%, bmd 1.1%, frequenc 1.1%, patient 1.0%
Focuses on specific types of genes, especially polymorphs, and their functions.
• Cluster 76: (108) popul 24.8%, genet 16.3%, divers 4.2%, polymorph 2.7%, genet.divers 2.6%,
allel 1.9%, primer 1.8%, haplotyp 1.8%, ssr 1.8%, microsatellit 1.6%, speci 1.3%, chin 1.2%,
marker 1.1%, sequenc 1.0%, loci 1.0%
Focuses on genetic diversity in populations.
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• Cluster 86: (107) qtl 13.4%, chromosom 11.4%, marker 5.2%, trait 5.1%, rice 3.8%, map 2.7%,
genet 2.7%, hybrid 2.3%, genom 1.9%, seed 1.8%, parent 1.5%, line 1.3%, loci 1.2%, gene
1.1%, resist 1.1%, popul 1.0%
Focuses on chromosomes and genes, especially genetic markers and traits.
2.2.2.2. Soils, plants and rare earth elements (1801)
• Cluster 57: (147) rock 9.9%, zircon 7.1%, ag 5.3%, mantl 4.5%, granit 3.8%, metamorph 3.5%,
isotop 2.6%, basalt 1.9%, similar 1.5%, north 1.4%, crust 1.4%, geochem 1.3%, magma 1.1%,
date 1.1%, subduct 1.1%, ree 1.1%, gneiss 1.0%, magmat 1.0%
Focuses on rock and mantle beneath North China, with emphasis on isotope dating.
• Cluster 78: (75) late 6.7%, basin 5.8%, permian 3.7%, rock 3.1%, triassic 3.0%, earli 2.9%,
jurass 2.8%, format 2.7%, cretac 2.3%, china 1.9%, middl 1.8%, sourc.rock 1.8%, south 1.6%,
belt 1.6%, volcan 1.5%, sourc 1.3%, zone 1.3%, oil 1.3%, southern 1.1%, mesozo 1.1%
Focuses on geological formations in China, with emphasis on determination of geologic age.
• Cluster 156: (113) seismic 14.3%, fault 5.4%, earthquak 5.0%, basin 4.5%, veloc 4.0%, crust
3.0%, mantl 2.3%, river 2.0%, wave 2.0%, reservoir 1.7%, crustal 1.6%, moho 1.5%, zone 1.4%,
area 1.3%, tecton 1.3%, geolog 1.1%, belt 0.9%, wave.veloc 0.8%, depth 0.7%, region 0.7%,
seismic.wave 0.6%, rock 0.6%, upper 0.6%, beneath 0.6%, uplift 0.5%
Focuses on seismic activity, including earthquakes.
• Cluster 166: (95) wind 30.0%, dust 10.4%, solar 3.1%, storm 2.2%, latitud 1.9%, region 1.0%,
aerosol 0.8%, radiat 0.8%, satellit 0.8%, model 0.8%, cloud 0.8%, dust.storm 0.8%, ionospher
0.6%, build 0.6%, data 0.6%, solar.activ 0.5%, sunspot 0.5%, transport 0.5%, atmospher 0.5%,
particl 0.5%, period 0.5%, lightn 0.5%, forc 0.4%, summer 0.4%, pollut 0.4%
Focuses on wind, both solar wind and lower atmospheric wind; includes wind modeling, and
wind damage, as well as particulates in the wind such as dust and aerosols.
• Cluster 218: (147) sea 6.3%, ocean 4.1%, model 2.8%, season 2.3%, climat 2.1%, tidal 1.9%,
permafrost 1.8%, enso 1.7%, data 1.3%, surfac 1.2%, circul 1.2%, pacif 1.2%, sediment 1.2%,
anomali 1.0%, cloud 1.0%, water 1.0%, warm 1.0%, east 1.0%, front 1.0%, summer 0.9%,
transport 0.9%, rainfal 0.9%, atmosphere 0.8%, north 0.8%, ic 0.8%
Focuses on creating climate models,especially over water or near coasts, and various ways to
determine moisture concentrations and ways of measuring various quantities that affect climate,
such as moisture etc.
• Cluster 209: (171) china 9.5%, climat 4.6%, monsoon 4.5%, summer 4.0%, sea 2.3%, east
1.7%, urban 1.6%, region 1.6%, warm 1.5%, land 1.4%, south 1.3%, winter 1.2%, glacial 1.2%,
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asian 1.1%, north 1.1%, dust 1.0%, summer.monsoon 1.0%, ic 1.0%, area 0.9%, site 0.9%,
plateau 0.9%, loess 0.8%, season 0.8%, basin 0.8%, delta 0.7%
Focuses on climate analysis (especially monsoons) and indoor air pollutant studies, mainly in
china and the surrounding areas.
• Cluster 142: (121) sediment 26.5%, lake 10.7%, river 6.6%, water 4.4%, estuari 3.2%, coastal
1.9%, concentr 1.2%, china 0.8%, sea 0.8%, bai 0.8%, season 0.7%, pcb 0.7%, pah 0.6%,
pearl.river 0.6%, pearl 0.6%, area 0.6%, river.estuari 0.6%, nutrient 0.6%, tidal 0.5%, level
0.5%, fish 0.4%, phosphoru 0.4%, tide 0.4%, pearl.river.estuari 0.4%, reef 0.4%
Focuses on sediments and sediment tracking and contamination in various water sources; lakes,
rivers, estuaries, seas, etc.
• Cluster 58: (235) soil 70.6%, fertil 1.4%
Focuses on soil, especially the effects of soil properties on plants, in China.
• Cluster 197: (144) plant 18.1%, root 16.7%, rice 3.7%, shoot 3.2%, leaf 3.1%, leav 2.0%, water
1.6%, concentr 1.2%, uptak 1.1%, nutrient 0.9%, stomat 0.8%, toler 0.8%, medium 0.7%,
content 0.7%, cultivar 0.7%, growth 0.7%, treatment 0.6%, biomass 0.6%, irrig 0.6%, wheat
0.5%, increas 0.5%, photosynthet 0.5%, stem 0.5%, ecotyp 0.5%, stress 0.4%
Focuses on plants, and plant roots. Includes waste remediation using plants, various health
benefits of plants, and plant characterization and analysis.
• Cluster 159: (90) seed 14.2%, germin 9.8%, forest 7.5%, seedl 3.8%, cotton 3.3%, season
3.1%, leaf 3.0%, biomass 2.8%, wheat 2.3%, canopi 2.2%, cultivar 1.7%, plant 1.5%, tree 1.1%,
seed.germin 0.9%, year 0.9%, veget 0.8%, tea 0.7%, grassland 0.7%, grow.season 0.6%, china
0.6%, growth 0.5%, npp 0.5%, rice 0.5%, area 0.5%, stand 0.4%
Focuses on all matter of plants, both food plants and non-food plants, including seeds and their
properties, such as germination rate.
• Cluster 165: (170) speci 60.3%, genu 1.1%, plant 1.1%, china 1.0%, phylogenet 0.9%, sequenc
0.8%, genera 0.7%, collect 0.7%, morpholog 0.6%, habitat 0.5%, region 0.4%, taxa 0.4%, tree
0.4%, group 0.3%, two 0.3%, asia 0.3%, two.speci 0.3%, plant.speci 0.3%, forest 0.3%, fungi
0.2%, domin 0.2%, taxonom 0.2%, clade 0.2%, charact 0.2%, divers 0.2%
Focuses on various species of organisms and plants, and their characteristics. Also talks about
DNA and comparing it between species.
• Cluster 29: (143) speci 35.2%, new.speci 19.2%, genu 8.4%, china 6.2%, new 6.1%, speci.genu
1.8%, new.scienc 1.0%
Focuses on the identification of mainly zoological and entomological species in China.
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• Cluster 244: (150) china 11.1%, pollen 4.2%, speci 2.8%, new 2.0%, genu 1.7%, fossil 1.5%,
morpholog 1.3%, stamen 1.3%, provinc 1.2%, cirri 1.1%, pollin 1.1%, genera 1.0%, taxa 1.0%,
flower 0.9%, ventral 0.9%, type 0.9%, earli 0.8%, ornament 0.8%, var 0.8%, corolla 0.8%, kineti
0.7%, male 0.7%, femal 0.7%, scienc 0.7%, pollen.grain 0.6%
Focuses on plant species.
Word Factor Themes
A factor analysis with forty factors was conducted on the retrieved Abstracts from the database.
A phrase frequency analysis of the retrieved Abstracts was performed, and the high frequency,
highly technical words were selected. A correlation matrix of these words was generated by the
3rd Party‘s software; followed by a factor matrix. Each factor from the factor matrix was
analyzed. Each factor is summarized in the following section. The format is: the factor number;
followed by the high factor-loading words in the factor matrix for the factor being analyzed;
followed by a brief descriptive summary of the factor‘s theme. The outline (below) contains a
summary of the factor descriptions:
Factor 1
(inhibited, cells, rat, inhibitor, manner, induced, inhibition, inhibitory, receptor, cell,
apoptosis, mediated)
Focuses on the biological sciences of cell physiology, primarily using cells from rats.
Factor 2
(plasma, velocity, source, flux, gas, flow, pressure, profile, distribution, mass, heat,
density)
Focuses on the physical properties of plasmas and gases related their flow and
distribution.
Factor 3
(bonds, hydrogen, atoms, coordination, interactions, ligand, atom, ligands, O, molecules,
complex, bonding, bond, crystal, network)
Focuses on atomic physics, specifically the interactions and bonding on atoms,
molecules, ligands, crystals, primarily those of hydrogen and oxygen.
Factor 4
(early, late, middle, upper, region, zone, stage)
Focuses on the temporal (early and late) and location (middle, upper) divisions of regions
and processes (eg. stages).
Factor 5
(detection, determination, limit, deviation, standard, ranged, linear, sensitive)
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Focuses on the metric properties of detection such as limits, ranges, mathematical
statistics and sensitivities.
Factor 6
(patients, risk, age, patient, P, disease, background, population, association, cases,
controls, cancer, interval, incidence, diagnosis)
Focuses on medical studies of humans for cancer research and potential causes and risk
factors.
Factor 7
(strength, composites, fracture, mechanical, tensile, crack, composite, modulus, matrix)
Focuses on the physical properties of composite materials.
Factor 8
(cDNA, protein, amino, expressed, gene, expression, sequence)
Focuses on genetic sequencing biology.
Factor 9
(Z, beta, V, monoclinic, space, gamma, alpha)
Focuses on physical properties to define crystal structures.
Factor 10
(polymerization, polymer, polymers, copolymer, solvent, reaction, aqueous, molecular,
radical)
Focuses on the synthesis and reactions of polymers, copolymers and solvents.
Factor 11
(film, films, substrates, thin, deposition, deposited, substrate, --- grown, thickness, Si)
Focuses on the growth, deposition, and thickness of thin films and substrates, primarily
with the material Si.
Factor 12
(catalyst, catalysts, catalytic, selectivity, activity, conversion, oxidation, co, reaction,
active, reduction)
Focuses on properties of physical chemistry such as catalysts, oxidation, reactions and
reduction of CO.
Factor 13
Tail [-.288 to -.224] – (binding, affinity, recombinant, purified, vitro, antibody, activity)
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Tail [.213 to .163] – (mRNA, blot, Northern)
Focuses on molecular biology properties associated with mRNA such as binding, affinity
and purity.
Factor 14
(particles, particle, powders, size, XRD, powder, TEM, --- sol-gel, nanoparticles, tiO2)
Focuses on the study of microstructures such as nanoparticles, powders using techniques
like X-ray diffraction, TEM and sol-gel.
Factor 15
(emission, spectra, absorption, fluorescence, excitation, blue, excited, red, intensity,
wavelength, band, spectrum, UV, light)
Focuses on physical properties of spectroscopy such as emissions, spectra, absorption,
fluorescence in the red, blue, and UV wavelength regions of the energy spectrum.
Factor 16
(equations, solutions, elements, earth, rare, element, solving, existence, nonlinear,
solution, numerical)
Focuses on applied numerical mathematics of the chemistry of rare earth elements.
Factor 17
(increasing, decreases, increase, increases, decrease, increased, content, decreased,
decreasing, temperature, size, higher, maximum, grain, ratio, rate)
Focuses on the change in physical properties of material composition of grains due to
changes in temperature.
Factor 18
(energies, energy, ground, states, theory, bond, state, excited, quantum, density, level)
Focuses on the physical properties of quantum physics theory associated with energy
such as energy states, energy levels, bonding energy, energy densities and excitation
energies.
Factor 19
(electrode, electrochemical, cyclic, impedance, solution, surface, potential, pH, modified)
Focuses on the physical chemistry properties used to characterize electrodes.
Factor 20
(plant, soil, plants, dry, root, --- concentrations, accumulation, matter, grown,
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environmental, culture, growth, production, total) Focuses on the environmental impacts on
plants & soils growth, concentrations and production.
Factor 21
Tail [.318 to .148] (earth, rare, elements, XPS, heavy, photoelectron, ion, ions, trace,
atomic, measured, Nd, compositions contents, metal)
Tail [-.267 to -.236] (equations, existence, solutions)
Focuses on the atomic interactions of heavy ions and photoelectrons of various elements
such rare earth elements and metals using X-Ray Photoelectron Spectroscopy (XPS).
Factor 22
(stress, finite, numerical deformation, element, strain, solved, crack, elastic, shear,
boundary)
Focuses on the physical properties of materials science used to characterize the effects of
deformation such as stress, strain, cracks, elasticity and boundaries.
Factor 23
(Fourier, transform, infrared, spectroscopy, FTIR, photoelectron, Raman, XPS, --- bonds,
spectra, X-ray, bands, temperatures)
Focuses on spectroscopy techniques such as FTIR (Fourier Transform – InfraRed), XPS,
and Raman spectroscopy .
Factor 24
(chromatography, column, separation, capillary, separated, buffer, liquid, pH,
extraction, determination, purified)
Focuses on properties and uses of chromatography to separate mixtures of elements.
Factor 25
(NMR, H-1, elemental, IR, --- complexes, synthesized, spectra)
Focuses synthesizing Nuclear Magnetic Resonance (NMR) and IR imaging techniques.
Factor 26
(design, algorithm, simulation, control, system, systems, optimization, neural)
Focuses on algorithm design for simulations of control systems engineering using neural
networks and optimization techniques.
Factor 27
(carcinoma, tumor, cell, cells, cancer, human, proliferation, staining, expression,
apoptosis)
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Focuses on cancer research for humans by studying the physiology of cancer cells and
tumors.
Factor 28
(laser, optical, wave, Nd, output, wavelength, frequency, power, pulse, crystals,
propagation, generation, crystal, width)
Focuses on physical properties used to characterize lasers using Nd crystals, such as
optical properties, wavelengths, frequency, power and pulse generation.
Factor 29
(regression, model, correlation, data, models, prediction, coefficient, coefficients,
quantitative, linear, relationship)
Focuses on linear modeling techniques for regression, correlation and prediction.
Factor 30
(polymerase, PCR, chain, gene, DNA, genetic, detected, reverse, genes, detect, reaction,
RT-PCR, assay, controls)
Focuses on Polymerase Chain Reactions (PCR) and Reverse Transcription PCR (RTPCR)
used to detect DNA.
Factor 31
(dielectric, ceramics, sintering, ferroelectric, ceramic, --- electric constant, properties)
Focuses on the sintering and ferroelectric properties of dielectrics and ceramic materials.
Factor 32
(kinetics, kinetic, rate, reaction, equilibrium, constants, diffusion, reactions)
Focuses on Mechanic properties of physics such as kinetics, reactions, equilibrium and
diffusion.
Factor 33
(pore, template, porous, diameter, aluminum, ordered, channels, adsorption, channel,
area)
Focuses on the material properties of aluminum microstructures.
Factor 34
(rats, liver, tissue, aim, blood, groups, serum, group, vivo, treated, mice)
Focuses on in vivo physiology studies of livers, tissues, and blood of mice and rats.
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Factor 35
(alloy, grain, alloys, microstructure, grains, deformation)
Focuses on microstructures of alloy materials to include their grains and deformation.
Factor 36
(microscopy, electron, transmission, scanning, diffraction, X-ray, TEM, microscope,
photoelectron, SEM, spectroscopy, morphology)
Focuses on spectroscopic techniques such as X-ray Diffraction (XRD), Transmission
Electron Microscopy (TEM) used in morphology studies.
Factor 37
(DSC, thermal, differential, crystallization, temperature, --- glass, scanning, melting,
heating, temperatures, crystalline, transition)
Focuses on characterizing properties of crystallization and glass using Differential
Scanning Calorimetry (DSC).
Factor 38
(image, algorithm, images, algorithms, accuracy, feature, recognition, technique,
extraction, resolution)
Focuses on characterizing image processing algorithms feature recognition and
extraction.
Factor 39
(field, magnetic, coupling, electric, spin, external, state, strong, dynamics, dependence,
interaction, exchange, ferroelectric)
Focuses on the properties of nuclear physics.
Factor 40
(role, plays, models, simulations, processes, simulated defects, physical, structural,
proteins, dynamics, molecular, genetic, model, cause, mechanism)
Focuses on modeling and simulations of the physical properties of proteins.
Phrase Factor Themes
The same format as above was used in this outline below. The main difference is that phrases
were used for the present analysis.
Factor 1
(Z, D-c, beta, C, crystal structure, M-r, monoclinic system, gamma, R-1)
Focuses on the physical properties to define crystal structures.
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Factor 2
(Bcl-2, Bax, apoptosis, caspase-3, cytosol, molecular mechanism, --- treatment, cleavage,
mitochondria, p53, activation, cell proliferation, induction)
Focuses on the gene onotolgy of Bcl-2 associated X-proteins (BAX) and caspase-3 genes.
Factor 3
(Gd, Sm, Pr, La, Nd, ER, Tb, --- HO, Eu, Curie Temperature, H-1 NMR spectra)
Focuses on the elemental materials (Gd, Sm, Pr, La, Nd, ER, Tb, HO, Eu) identified in
proton - Nuclear Magnetic Resonance (H-1 NMR) spectra.
Factor 4
(catalyst, catalysts, catalytic activity, selectivity, reaction conditions, catalytic properties,
high activity, --- reaction, propylene, H2O2, activity)
Focuses on physical chemistry properties such as catalysts, oxidation, reactions, and
activities of propylene and H2O2.
Factor 5
(Raman spectroscopy, Rutherford, laser deposition, films, spectroscopy, X-ray
photoelectron spectroscopy, carbon, Fourier, substrates)
Focuses on the spectroscopic techniques such as Raman spectroscopy, X-ray
photoelectron spectroscopy (XPS), and Fourier Transforms that exploit Rutherford
scattering to characterize laser deposition of films and substrates that contain carbon.
Factor 6
(PP, polypropylene PP, blends, differential, calorimetry DSC, crystallinity, fibers, DSC,
crystallization, morphology)
Focuses on changes in morphology and crystallization between different blends of
Polypropylene (PP) fibers.
Factor 7 (heart, liver, kidney, lung, brain, --- tissues, rats, blood, testis, mice)
Focuses on physiology studies of organs (heart, liver, kidney, lung, brain, testis), blood
and tissues of rats and mice.
Factor 8
(patients, methods, background, diagnosis, symptoms, specificity, disease, treatment, P)
Focuses on correlating backgrounds of patients and methods to identify specific
symptoms with the appropriate disease diagnosis of diseases and treatments for the
patients.
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Factor 9
(isomers, energies, reactants, electronic structures, MP2, potential energy surface, ab
initio calculations, CH3, vibrational frequencies, CL, calculation, dissociation,
frequencies, energy, electronic structure)
Focuses on characterizing the physical properties of isomers.
Factor 10
(mechanical properties, fracture toughness, flexural strength, composites, tensile
strength)
Focuses on the mechanical properties and strengths of composite materials.
Factor 11
Tail [-.583 to -.154] (R-gt(F, wR(ref)(F-2, beta, Z, gamma, C, alpha, crystal data, R-1)
Tail [.429 to .228] (photocatalytic activity, anatase, rutile, sol-gel method, TiO2, specific
surface area, particle size)
Focuses on the physical properties of TiO2 particles.
Factor 12
(detection limit, linear range, sensor, oxidation, Na, hydrogen peroxide, Li, detection
limits)
Focuses on the detection characteristics of sensors using Na, Li, hydrogen peroxide, such
as limits, linear range, and oxidation.
Factor 13
(IL-6, TNF-alpha, LPS, --- ELISA, rats, dose-dependent manner, cells, activation, RTPCR,
production)
Focuses on study of cells and proteins of rats (IL-6, Tumor Necrosis Factor-alpha (TNFalpha),
and LPS).
Factor 14
(IR, elemental analyses, elemental analysis, H-1 NMR, UV, H-1 NMR spectra)
Focuses elemental analysis by synthesizing Nuclear Magnetic Resonance (NMR) and IR
imaging techniques.
Factor 15
(wear resistance, wear, atomic force microscopy AFM, surface morphology, coatings,
films, coating)
Focuses on the characterization of wear resistance and surface morphology of coatings
and films using atomic force microscopy (AFM).
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Factor 16
(cytoplasm, protein, situ hybridization, nucleus, transgenic plants, genome, gene,
immunohistochemistry, RT-PCR, antibodies, cDNA, tobacco, molecular mass, virus,
Escherichia coli, genomic DNA, infection, PCR, western blot)
Focuses on the study of genetic defects in cells and proteins resulting from tobacco use
based on assessment techniques such as immunohistochemistry and RT-PCR.
Factor 17
(dielectric constant, dielectric properties, dielectric loss, temperature dependence,
temperature, ceramics, dielectric, temperature range, room temperature, sol-gel process,
ferroelectric properties, Curie temperature)
Focuses on the characterization of the material properties of dielectrics and ceramics.
Factor 18
(carbon dioxide, methane, alcohols, ethanol, acetic acid, methanol, flow rate, ammonia,
mobile phase)
Focuses on the study of fuels such as methane, alcohols, ethanol, acetic acid, methanol,
and ammonia which includes their release of carbon dioxide and flow rates.
Factor 19
(D-c, Z, beta, M-r, C, crystal structure, space group P 1, cell parameters, gamma)
Focuses on properties used to define crystal structures.
Factor 20
(Zn, Mn, Cu, Ni, Pb, CR, elements, Mg, Ti, CO, Cd)
Focuses on studies involving the following Transition Metal elements; Zn, Mn, Cu, Ni,
Pb, CR, Mg, Ti, CO, and Cd. (morphology, nanowires, diameter, transmission electron
microscopy TEM, ---aluminum, transmission electron microscopy, nanotubes, pores, X-ray
diffraction, silver)
Focuses on characterizing the morphology of aluminum and silver material nanowires
using transmission electron microscopy (TEM) and X-ray Diffraction (XRD) techniques.
Factor 22
(R-gt(F, wR(ref)F-2, photocatalytic activity, anatase, beta, --- Z, TiO2, sol-gel method,
specific surface area, rutile, C, gamma, particle size, alpha)
Focuses on the physical properties of TiO2 particles.
Factor 23
(N-2, O-2, oxides, H-2, CuO, TPR, atmosphere, CH4, Ar, NiO)
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Focuses on the elements used in Temperature Programmed Reduction/Reaction (TPR)
experiments, such as Nitrogen, Oxygen, oxides (eg. Copper & Nitrous Oxide), Hydrogen,
CH4, and Argon.
Factor 24
(HCC, hepatocellular carcinoma HCC, gene expression, tumors, metastasis, molecular
mechanism, cell proliferation, tumor)
Focuses on physiology of cells and genes and their effects on hepatocellular carcinoma
(HCC).
Factor 25
(plants, soil, concentrations, toxicity, root, germination, treatments, soils, plant, wheat)
Focuses on plant (eg. wheat) and soil toxicity studies and their effects on roots,
germination and related treatments.
Factor 26
(differential, Fourier, calorimetry, calorimetry DSC, thermogravimetric analysis,
infrared spectroscopy, thermal stability, optical microscopy, infrared FTIR spectroscopy,
C-13 NMR)
Focuses on spectroscopic techniques used to characterize thermal stability. These
include: Differential Scanning Calorimetry (DSC), Fourier Transfor Infra Red (FTIR),
Themogravimetric Analysis (TGA), and C-13 Nuclear Magnetic Resonnance (NMR).
Factor 27
(sensitivity, specificity, high sensitivity, detection, antibodies, mobile phase, separation,
urine, flow rate, antibody, antigen, accuracy, assay, serum samples, serum)
Focuses on the detection properties used in assaying antibodies, antigens, serums, and urine
which include sensitivity, specificity, mobile phase, flow rates, accuracy, and separation
capabilities.
Factor 28
(XRD, TEM, XPS, FR-IR, TPR, SEM, BET, FTIR)
Focuses on spectroscopy techniques such as X-ray Diffraction (XRD), Tomographic
Electron Microscopy (TEM), XPS, SEM, BET, FR-IR, and FTIR.
Factor 29
(females, males, sexes, age, weight, animals, gestation, death, sex, specimens)
Focuses on the lifespan of animals based sex and weight.
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Factor 30
(smoking, men, women, gender, risk factors, tobacco, increased risk, age, pregnancy)
Focuses on the risks to humans of smoking tobacco based on gender, age and pregnancy.
Factor 31
(Ba, Mo, SR, organisms, W, Eu, Na, HF, precursors, CR, Au)
Focuses primarily on transition metals (Mo, W, Na, HF, CR, Au) and organisms used as
precursors.
Factor 32
Tail [-.323 to -.214] (detection limit, electrochemical behavior, cyclic voltammetry,
linear range, gold electrode, modified electrode, concentration, electrode)
Tail [.203 to .161] (XRD results, ZnO, regeneration, sulfur)
Focuses on characterizing the electrochemical behavior of electrodes (gold and ZnO)
using XRD.
Factor 33
(zinc, iron, copper, calcium, nickel, absorbance)
Focuses on absorbance properties of metals such as: zinc/iron/copper/nickel/calcium.
Factor 34
(E. coli, bacteria, Escherichia coli, chitosan, supernatant, enzyme, PCR, molecular
weight, FTIR, NMR, pH values, protein, precipitation, purification, HPLC, copolymer,
MS, H2O2, western blot, solid)
Focuses on determining the presence of E. coli and bacteria in chitosan, supernatants,
enzymes, proteins, and copolymers using techniques such as PCR, FTIR, and NMR.
Factor 35
(alloy, microstructure, grains, microstructures, transmission electron microscopy TEM,
grain boundaries, electron microscopy SEM, annealing, grain boundary, grain size)
Focuses on characterizing the properties and microstructures of alloys, such as grains,
grain boundaries, and grain size using TEM and SEM techniques.
Factor 36
Tail [-.24 to -.16] (X-ray photoelectron spectroscopy XPS, hydrolysis, infrared FTIR
spectroscopy, transmission electron microscopy TEM, Fourier, TEM images, X-ray
powder diffraction XRD) Tail [.235 to .164] (H-2, methane, CH4)
Focuses on spectroscopic techniques such as XPS, FTIR, TEM, and XRD to characterize
the hydrolysis of elements such as hydrogen and methane.
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Factor 37
(resistivity, films, atomic force microscopy, surface roughness, hardness, roughness,
electrical properties, surface morphology)
Focuses on characterizing the material properties of films and surfaces using atomic force
microscopy (AFM).
Factor 38
(inhibition, inhibitory effect, cytotoxicity, compounds, cells, vitro, inhibitors, biological
activity, mice, activity, nitric oxide, inhibitory effects, inflammation, vivo,
immunohistochemical staining, cell proliferation, supernatant, assay)
Focuses on both in vivo and in vitro physiology studies of mice cells to characterize the
effects of inhibitors and cytotoxicity on cell proliferation using immunohistochemical
staining techniques.
Factor 39
(TGA, DSC, swelling, NMR, Chemical Industry, --- glass transition temperature, IR,
membranes, hydrogels)
Focuses on TGA, DSC, and NMR techniques to characterizes swelling of glass,
membranes, and hydrogels used in the Chemical Industry.
Factor 40
(holes, lattice, recombination, hole, CuO, electron, surface modification)
Focuses on material composition of solid state surfaces using CuO.
Greedy String Tiling (GST) Method
Greedy String Tiling clustering is a method of grouping text or text character documents (files)
by similarity. All documents to be grouped are placed in a database. Each pair of documents is
compared by GST, an algorithm originally used to detect plagiarism (Wise, 1993; Prechelt et al,
2002), and a similarity score is assigned to the pair. Then hierarchical aggregation clustering
(Rasmussen, 1992; Steinbach, 2000) is performed on all the documents, using the similarity
score for group assignment.
Greedy String Tiling computes the similarity of a pair of documents in two phases. First, all
documents to be compared are parsed, and converted into token strings (words or characters).
Second, these token strings are compared in pairs for determining the similarity of each pair.
During each comparison, the GST algorithm attempts to cover one token string (document) with
sub-strings (‗tiles‘) taken from the other string. These sub-strings are not allowed to overlap,
resulting in a one to one mapping of tokens. The attribute greedy stems from the fact that the
algorithm matches the longest sub-strings first.
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A number of similarity metrics can be defined once the tiling is completed. One similarity metric
is the percentage of both token strings that is covered. Another similarity metric is the absolute
number of shared tokens. A third similarity metric is the mutual information index. Depending
on the purpose of the matching, additional weightings can be used for the similarity matrix to
increase the ranking precision. For example, if plagiarism is one study objective, additional
weighting could be given to shared string length. All similarity metrics have positive and
negative features, and the choice of metric is somewhat influenced by the study objectives and
the structure of the database. Once the document similarity matrix has been generated, myriad
clustering techniques can be used to produce a classification scheme (taxonomy). In the present
study, multilink hierarchical aggregation was used.
Three clustering variants were actually generated, although the extension to other clustering
schemes is straight-forward. Singlelink, average-link, and complete-link variants are
implemented. The variants differ in how the decision of merging to clusters is made. Single-link
requires that the similarity of at least two documents is higher than a certain threshold, while
complete-link requires that the similarity between all documents in both clusters be higher than a
threshold.
Average-link requires that the average pair-wise similarity between the documents of both
clusters exceed the threshold. For the present study, complete-link appeared to give good results,
and was the clustering method used. A summary of the cluster analysis is shown below in more
detail. The format for each cluster is cluster number, followed by number of Abstracts in cluster
(in parentheses), followed by phrases and their frequencies. Clusters are ordered by number of
Abstracts in cluster, largest first.
Cluster 1 [234]
"v" (289) "c" (269) "b" (243) "science" (218) "n" (109) "k" (87) "method" (85) "paper"
(65) "e" (63) "growth" (62) "x" (59) "s" (58) "two" (55) "p", "g" (54) "system" (48)
"field", "crystals" (47) "time" (45) "h" (43) "based" (42) "crystal" (39) "fuzzy" (38)
"temperature", "state", "equal", "model" (37) "process", "number" (36) "systems",
"new" (35) "experimental" (33) "high" (32) "d", "single" (31) "phase", "size", "order"
(30) "properties", "structure" (29) "c science" (217) "science b" (209) "b v" (208)
"carbon nanotubes" (17) "n pentane" (11) "crystal growth", "c e" (10) "single
crystals", "k n", "n n", "experimental data", "lead tungstate" (8) "fuzzy systems",
"equivalent mod", "tungstate crystals", "e degree", "electric field", "k k", "k c", "v v",
"i v" (7) "science b v", "c science b" (208) "lead tungstate crystals" (7) "v equivalent
mod" (5) "method c science", "single crystals grown", "systems based genuine", "grey
tone mask", "fuzzy n cell", "ggg polycrystalline material", "based genuine valued", "i
v curve", "mechanism c science", "c e degree", "d e f", "c e degrees", "alpha moc1 x",
"c d e", "b c d", "wall carbon nanotubes" (4)
Focuses primarily on studies involving the growth of crystals and their associated material
properties characteristics. The key words ―(C) Elsevier Science B. V.‖ is a publisher often
referenced in the original reference data library.
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Cluster 2 [230]
"c" (353) "angstrom" (274) "n" (219) "two" (218) "o" (216) "b" (196) "crystal" (193)
"structure" (189) "r" (180) "x" (173) "degrees" (167) "complex" (165) "nm" (162) "v"
(143) "group" (134) "mu" (131) "compound", "ray" (130) "beta", "atoms" (128) "co",
"z" (122) "cu" (119) "h2o" (114) "space" (113) "ii" (111) "i" (105) "h" (102)
"complexes" (100) "d", "diffraction" (94) "m" (89) "three", "f" (85) "one", "title" (83)
"atom" (80) "synthesized" (79) "reaction" (77) "x ray" (130) "space group" (112) "ray
diffraction" (82) "crystal structure", "degrees v" (62) "title compound" (59) "f 000",
"single crystal" (52) "d c" (47) "angstrom z" (46) "group p2", "angstrom c", "c
science" (42) "g cm", "crystal x" (40) "hydrogen bonds", "angstrom b" (39)
"angstrom beta" (38) "nm b" (34) "nm c" (33) "b v", "science b", "z d" (32) "2h o" (31)
"system space" (29) "cell parameters" (28) "nm beta", "oxygen atoms", "three
dimensional", "z r" (26) "x ray diffraction" (82) "space group p2" (41) "crystal x ray"
(40) "single crystal x" (39) "science b v" (32) "c science b" (31) "system space group"
(29) "monoclinic space group" (25) "z d c" (23) "group p2 n", "cm f 000" (20) "g cm f"
(17) "monoclinic system space", "space group p", "nm z d", "angstrom z r" (16) "pi pi
stacking", "unit cell parameters" (15)
Focuses on the size metrics such as angstroms, nm, and degrees that are associated in
characterizing atom elements, crystal structures, compounds, cells, and groups.
Cluster 3 [190]
"films" (595) "film" (217) "c" (189) "thin" (184) "x" (163) "temperature" (154)
"deposition" (112) "ray" (111) "substrate" (100) "surface" (96) "substrates" (94) "v",
"deposited" (92) "si" (91) "structure" (90) "annealing" (87) "properties" (84) "high"
(77) "diffraction" (76) "n" (75) "pzt" (74) "electron" (70) "b" (67) "science" (66)
"spectroscopy" (65) "degreesc" (60) "microscopy", "nm" (57) "100" (56) "spectra"
(55) "phase", "sputtering" (51) "plasma", "optical" (50) "layer" (49) "method",
"carbon" (48) "increasing", "h" (47) "thin films" (141) "x ray" (110) "c science" (65)
"ray diffraction" (64) "b v", "science b" (53) "sol gel", "films deposited" (41) "thin
film" (39) "room temperature" (33) "ray photoelectron" (32) "atomic force",
"magnetron sputtering" (29) "electron microscopy" (28) "force microscopy" (26)
"diffraction xrd", "annealing temperature" (22) "photoelectron spectroscopy",
"substrate temperature" (21) "pulsed laser" (20) "si substrates", "lb films", "vapor
deposition", "chemical vapor", "films grown", "films x" (19) "laser deposition",
"dielectric constant", "scanning electron" (17) "x ray diffraction" (64) "science b v"
(53) "c science b" (52) "x ray photoelectron" (32) "ray diffraction xrd", "atomic force
microscopy" (22) "ray photoelectron spectroscopy" (21) "chemical vapor deposition"
(19) "pulsed laser deposition" (17) "photoelectron spectroscopy xps" (15) "scanning
electron microscopy", "sol gel method", "fourier transform infrared" (14) "composite
thin films", "transmission electron microscopy" (12) "force microscopy afm", "films
x ray" (11) "si 100 substrates", "air water interface" (9)
Focuses on the characterizing of thin films and substrates using various spectroscopic techniques
such as xrd, afm, xps, ftir, TEM, SEM, and sol-gel method.
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Cluster 4 [119]
"catalyst" (256) "reaction" (152) "catalysts" (134) "activity" (120) "catalytic" (96) "co"
(92) "c" (89) "selectivity" (74) "h" (69) "v", "n" (65) "b" (61) "temperature" (60)
"al2o3" (58) "high" (57) "science", "surface", "conversion", "fe" (52) "oxidation" (48)
"ni" (47) "acid", "reduction", "mo" (46) "higher" (45) "active", "ratio" (43)
"hydrogenation" (41) "o", "carbon", "pd" (39) "conditions", "cu" (37) "amount",
"gas", "sulfur" (34) "phase" (33) "sio2" (32) "oxygen", "xrd" (31) "c science" (50) "b
v", "science b" (42) "catalytic activity" (40) "gamma al2o3" (27) "al2o3 catalyst",
"reaction conditions" (17) "activity selectivity" (16) "molar ratio" (15) "sio2 catalyst"
(13) "x ray" (12) "temperature programmed", "acetic acid" (11) "reaction
temperature", "high activity" (10) "mo v", "fixed bed", "carbon dioxide", "lattice
oxygen", "bed reactor" (9) "activated carbon", "ni b", "surface area", "selective
oxidation", "partial oxidation", "amorphous catalyst", "c c" (8) "science b v" (42) "c
science b" (40) "fixed bed reactor" (9) "x ray diffraction" (7) "mo v sio2", "p mo v",
"gamma al2o3 catalyst", "na p mo" (6) "pd gamma al2o3", "ray diffraction xrd",
"n2h4 h2o v2o5", "selective oxidation propane", "supercritical carbon dioxide",
"maleic anhydride ma" (5)
Focuses on the physical chemistry properties of catalysts and reactions of various elements and
compounds.
Cluster 5 [117]
"electron" (155) "diffraction" (116) "microscopy" (108) "x" (107) "ray" (101)
"transmission" (78) "structure" (69) "high" (63) "c" (58) "nm" (52) "tem" (50) "phase"
(49) "nanowires" (42) "particles", "powder" (40) "method", "size" (39) "xrd" (38)
"tio2" (35) "temperature" (34) "growth", "crystal" (33) "scanning", "science" (32)
"diameter", "synthesized" (29) "v", "spectroscopy" (28) "b" (27) "resolution" (26)
"reaction", "nano" (25) "single" (24) "solution" (23) "energy", "mechanism" (22)
"nanoparticles" (21) "x ray" (101) "electron microscopy" (92) "transmission electron"
(76) "ray diffraction" (65) "c science" (31) "microscopy tem" (29) "electron
diffraction", "diffraction xrd" (27) "high resolution" (24) "b v", "science b",
"scanning electron" (22) "electron microscope" (19) "ray powder" (15) "area
electron", "energy dispersive", "powder diffraction" (14) "resolution transmission"
(13) "single crystal" (12) "diffraction transmission", "ray photoelectron", "dispersive
x", "nanowire arrays", "xrd transmission" (11) "aluminum oxide", "room
temperature", "anodic aluminum", "microscopy sem", "nano sized" (9) "transmission
electron microscopy" (67) "x ray diffraction" (65) "electron microscopy tem" (29)
"science b v", "c science b" (22) "ray diffraction xrd" (20) "scanning electron
microscopy", "x ray powder" (15) "ray powder diffraction", "area electron
diffraction" (14) "high resolution transmission", "resolution transmission electron"
(13) "x ray photoelectron", "energy dispersive x", "diffraction xrd transmission",
"diffraction transmission electron", "dispersive x ray", "xrd transmission electron"
(11) "ray diffraction transmission" (10) "anodic aluminum oxide" (9)
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Focuses on the characterization of microstructure materials such as nanoparticles, nanowires,
powders and crystals using various spectroscopic techniques that include: TEM, SEM and XRD - tio2; aluminum oxide
Cluster 6 [112]
"l" (189) "method" (173) "determination" (138) "detection" (134) "x" (130) "mol" (96)
"ml" (91) "v" (87) "range" (82) "limit" (68) "mug", "linear" (61) "c" (59)
"concentration", "ph" (57) "samples", "mg" (50) "sample" (48) "acid", "solution" (47)
"water" (45) "b" (44) "similar", "standard" (43) "electrode", "peak" (42) "based" (41)
"reaction" (39) "science", "relative" (38) "s" (37) "n" (36) "fluorescence" (34) "buffer"
(33) "system", "conditions", "deviation" (32) "injection" (31) "sensitive", "complex"
(28) "mol l" (83) "method determination" (55) "x mol" (54) "detection limit" (53) "mg
l" (40) "b v", "science b", "c science" (38) "relative standard" (35) "standard
deviation", "mug ml" (31) "mug l" (25) "ng ml" (24) "linear range", "detection limits"
(22) "g ml", "x g" (17) "range x" (16) "flow injection", "determination trace", "x x", "l
detection" (14) "limit x", "v v", "concentration range", "method based" (13) "water
samples", "l method" (12) "limit detection" (11) "x mol l" (52) "science b v", "c science
b" (38) "relative standard deviation" (28) "l detection limit" (14) "detection limit x"
(13) "x g ml", "mol l detection" (11) "x x mol", "method determination trace", "mg l
mg" (9) "range x x", "l method determination", "l mg l" (8) "relative standard
deviations", "limit x mol" (7) "x similar x", "ion exclusion chromatography", "0x10 g
ml", "glycerol propylene glycol" (6)
Focuses on different methods for determining and/or detecting concentrations of different
solutions along with their detection limitations.
Cluster 7 [111]
"cells" (400) "cell" (259) "expression" (185) "apoptosis" (145) "induced" (124)
"activity" (111) "gene" (108) "human" (97) "protein" (95) "c" (80) "growth" (70)
"tumor" (66) "treatment" (63) "dna", "proliferation" (62) "cancer" (55) "l" (54) "h"
(53) "p", "bcl" (50) "activation", "mrna" (49) "assay" (46) "dependent", "receptor"
(45) "increased", "binding", "activated" (44) "inhibited", "anti", "transfected" (42)
"factor", "level", "promoter" (41) "apoptotic" (39) "lines" (38) "mediated" (37)
"inhibition" (36) "g", "role" (35) "cell lines" (33) "cell line" (29) "nf kappab" (27) "cell
death", "dependent manner", "induced apoptosis" (25) "mkn 45" (24) "gastric
cancer", "cell proliferation" (23) "c science" (21) "cell cycle" (20) "cancer cells",
"western blot", "tumor cells" (19) "cytochrome c", "cell growth", "endothelial cells"
(18) "apoptosis induced", "gene expression", "p 01", "p 05" (17) "epithelial cells",
"cancer cell", "telomerase activity", "mg l" (16) "mol l", "sgc7901 vcr", "rt pcr", "dose
dependent", "45 cells" (14) "mkn 45 cells" (14) "dose dependent manner" (11)
"gastric cancer cells", "anterior polar cataracts" (9) "tpa vp 16", "green tea
polyphenols", "nasopharyngeal epithelial cells", "apoptotic cell death", "agarose gel
electrophoresis", "time dependent manner", "nf kappab activation", "hl 60 cells" (7)
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Focuses on the physiology of cells, genes and human proteins to detect and treat cancers with
emphasis on gastric cancer, anterior polar cataracts and epithelial cells.
Cluster 8 [94]
"system", "control" (159) "systems" (113) "power" (70) "time" (67) "paper" (63)
"method" (59) "controller" (57) "optimal" (49) "based" (48) "stability", "state" (45)
"design" (44) "linear" (40) "chaotic" (36) "model" (35) "feedback" (34) "two" (33)
"robust" (30) "new", "scheme" (28) "simulation", "discrete" (26) "neural" (25) "c",
"network" (24) "fuzzy" (23) "output" (22) "conditions", "solution", "adaptive" (21)
"numerical", "algorithm", "voltage", "learning" (19) "power system" (22) "neural
network" (16) "c science" (15) "optimal control", "h infinity" (13) "state feedback",
"control system", "time varying", "chaotic systems" (11) "power systems", "time
delay" (10) "control scheme", "dynamical systems", "closed loop", "impulsive control" (9)
"chaos control", "linear matrix", "control systems" (8) "control law",
"feedback control", "chaotic system", "discrete time" (7) "closed loop system",
"science b v", "c science b", "copyright c sons" (6) "neural network models", "mr
fluid damper", "linear matrix inequality" (5) "semi active control", "impulsive
control systems", "robust h infinity", "time varying delays", "h infinity control",
"matrix inequality lmi", "machine power system", "h infinity controller", "multi
machine power", "two block l" (4)
Focuses on control system theory and feedback methods for applied applications using neural
networks & fuzzy logic in the following systems such as: power, time, chaotic, closed loop and
control.
Cluster 9 [86]
"patients" (526) "p" (132) "treatment" (130) "group" (95) "methods" (72) "mean" (69)
"two" (58) "c" (55) "n" (54) "months" (53) "groups", "mg" (50) "one" (48) "patient"
(47) "disease" (46) "survival" (45) "acute" (41) "rate" (40) "surgery" (39) "l", "age"
(38) "chinese" (37) "objective", "years", "dose" (36) "type", "days" (35) "function",
"vs", "12" (34) "s", "duration" (33) "15", "13" (32) "levels" (31) "range", "cancer",
"follow" (30) "p 001" (27) "p 05" (24) "hong kong" (21) "p 01" (19) "mean age" (18)
"peritoneal dialysis", "acute cholangitis" (14) "patients received", "one patient" (12)
"chinese patients", "long term", "esmolol infusion" (11) "urea clearance", "ldl c" (10)
"six patients", "creatinine clearance", "laryngeal function", "ambulatory peritoneal",
"continuous ambulatory", "seizure duration", "four patients", "nasopharyngeal
carcinoma", "months range", "three patients", "two patients", "peg el" (9)
"ambulatory peritoneal dialysis", "continuous ambulatory peritoneal" (9) "recurrent
acute cholangitis" (8) "bone uptake rate", "sm 153 edtmp" (7) "beta blocker nitrate",
"peg el solution", "laryngeal function preserved", "acute testicular torsion" (6)
"weighted magnetic resonance", "dose maintenance phase", "peritoneal dialysis
capd", "diffusion weighted magnetic", "magnetic resonance imaging", "overall
response rate", "tonic clonic signs", "atorvastatin mg d", "bell s palsy" (5)

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 512

The Rooster & The Dragon January 23, 2012
Focuses on methods and treatments of Chinese patients with various diseases such as
nasopharyngeal carcinoma, acute cholangitis, acute testicular torsion, by comparing the different
doses and various other factors.
Cluster 10 [86]
"dielectric" (172) "temperature" (130) "ceramics" (122) "phase" (112) "properties"
(88) "constant" (63) "x" (57) "transition", "high", "field" (49) "o", "low" (48)
"piezoelectric" (46) "sintering" (45) "ferroelectric" (44) "structure" (40) "sintered"
(32) "doped", "t" (30) "content" (29) "electric" (28) "samples" (27) "pb", "induced",
"ceramic", "loss" (26) "frequency" (24) "material", "r", "glass" (23) "system", "c",
"epsilon", "batio3" (22) "based", "increasing", "tetragonal" (21) "phases", "room",
"materials" (20) "dielectric constant" (58) "dielectric properties" (50) "phase transition" (38)
"dielectric loss", "electric field" (20) "room temperature" (19) "3nb2
o", "x ray" (17) "ray diffraction" (16) "low dielectric" (15) "sintering temperature"
(14) "low temperature", "dc bias" (12) "mg1 3nb2", "bias field", "field induced" (11)
"glass ceramics" (10) "epsilon r", "electrical properties", "piezoelectric properties",
"hydrostatic pressure" (9) "microwave dielectric", "constant dielectric", "pb mg1",
"high temperature", "phase boundary", "ceramics sintered", "ferroelectric
ceramics", "temperature coefficient" (8) "x ray diffraction" (16) "mg1 3nb2 o" (11)
"pb mg1 3nb2", "dielectric constant dielectric" (8) "low dielectric constant",
"constant dielectric loss" (7) "equal toxless equal", "structure dielectric properties",
"dc bias field", "microwave dielectric properties", "low dielectric loss", "toxless equal
to0" (6) "ray diffraction xrd", "dielectric properties samples", "bias field induced",
"dielectric constant low", "pb zn1 3nb2" (5)
Focuses on low temperature effects on sintering & dielectric properties of ceramics
(ferroelectric,and glass) and piezoelectric materials using XRD to analyze these properties.
Cluster 11 [76]
"n" (92) "reaction" (91) "c" (88) "energy" (84) "b3lyp" (56) "mol", "clusters" (52)
"structures" (51) "level" (50) "basis" (46) "calculations" (45) "stable" (44) "structure"
(42) "potential", "theory" (40) "energies" (39) "density", "bond" (37) "transition",
"31g", "isomers" (35) "state" (34) "g" (33) "d" (32) "two" (31) "b", "v" (30) "method"
(29) "science", "o", "vibrational", "h", "mp2" (28) "s", "surface", "kj" (27) "states",
"functional" (26) "hydrogen" (25) "c science" (28) "b v", "science b", "kj mol" (27)
"density functional", "ab initio" (24) "potential energy" (23) "kcal mol", "basis set"
(22) "311 g" (21) "energy surface", "ground state" (19) "functional theory" (18) "basis
sets" (17) "transition states" (16) "vibrational frequencies", "n n" (15) "b3lyp 31g", "d
p" (13) "qcisd t", "global minimum" (11) "31g level", "b3lyp 311", "single point" (10)
"c s", "good agreement", "n clusters" (9) "science b v", "c science b" (27) "potential
energy surface" (19) "density functional theory" (18) "b3lyp 311 g" (10) "ab initio
calculations" (8) "311g d p", "d p level", "functional theory dft" (7) "o delta g" (6)
"b3lyp 31g level", "311 g 3df", "311 g level", "c2h3 o delta" (5)
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Focuses on the study of atomic and molecular properties of b3lyp (benzoylcyclohexanedione).
Cluster 12 [74]
"x" (183) "n" (182) "t" (164) "f" (110) "m" (83) "k" (77) "r" (76) "i" (69) "p" (67)
"equal" (60) "s", "c" (56) "u" (50) "z" (43) "d", "bar" (41) "h" (37) "element", "g" (36)
"l", "b", "paper" (33) "sigma", "let" (32) "infinity" (29) "solutions", "j" (26) "two", "e",
"tau" (24) "science" (23) "equation", "y" (22) "function", "space", "set", "lambda" (21)
"v", "q", "theta" (20) "c science" (23) "x t" (22) "r n" (20) "n n" (18) "x n" (17) "t x" (16) "t t",
"i n", "f x" (15) "n equal", "m bar", "x x" (14) "n bar" (13) "x y" (12) "p n",
"t k", "u u" (11) "n p", "sigma i", "m theta" (10) "u t", "equal n" (9) "k x", "n x", "theta
z", "x m", "f i" (8) "s m circle", "m circle minus", "t x t" (7) "m theta z", "c science
usa", "t equal t", "sigma i n" (6) "n n n", "n p n", "s r n", "n x n", "i n i" (5)
Focuses on mathematics symbol notations commonly associated with statistics.
Cluster 13 [68]
"solutions" (55) "equations", "existence" (48) "paper" (41) "c" (37) "science" (35)
"boundary" (32) "conditions" (31) "stability" (30) "solution", "global" (29) "t" (25)
"sufficient", "u" (24) "differential" (23) "nonlinear" (22) "system" (21) "n" (20)
"positive" (19) "method" (18) "value" (17) "order", "periodic", "exponential" (16)
"systems" (15) "asymptotic" (14) "equilibrium" (13) "theory", "class", "delays" (12)
"condition", "established", "model", "equation" (11) "c science" (35) "sufficient
conditions" (20) "differential equations" (17) "boundary value" (15) "exponential
stability" (12) "positive solutions", "science usa" (10) "existence uniqueness" (9)
"asymptotic stability", "neural networks" (8) "u t", "u u", "periodic solutions" (7)
"second order", "existence solutions", "activation functions", "global exponential", "t
t" (6) "closed loop", "necessary sufficient", "existence positive", "n equal", "conditions
existence", "difference systems", "upper lower", "global asymptotic", "equal n",
"global existence", "partial differential", "order differential" (5) "c science usa" (10)
"global exponential stability" (6) "sufficient conditions existence", "global asymptotic
stability" (5) "closed loop system", "order differential equations", "upper lower
solutions", "u t t", "partial differential equations" (4)
Focuses on the terminology associated with applied mathematic boundary value problems such
as those used in neural networks.
Cluster 14 [66]
"protein" (129) "gene" (80) "human" (74) "expression" (72) "sequence" (69) "amino"
(64) "cdna" (60) "expressed" (57) "acid" (50) "c" (42) "recombinant" (38) "n" (37)
"terminal" (34) "activity" (33) "proteins", "fusion" (31) "purified" (30) "domain" (28)
"isolated", "cells" (27) "coli" (26) "binding" (25) "two", "cloned", "brain", "plants"
(23) "molecular" (22) "pcr", "plasmid" (21) "e", "acids" (20) "genes", "gst" (19) "first",
"bp" (18) "amino acid" (39) "n terminal" (23) "acid sequence", "fusion protein" (20)
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 514

The Rooster & The Dragon January 23, 2012
"amino acids" (19) "e coli" (15) "full length", "c science" (14) "rt pcr" (12)
"escherichia coli", "cdna library" (11) "expression vector", "zinc finger" (10) "gmp
reductase", "northern blot" (9) "sds page", "pgex 4t" (8) "amino acid sequence" (20)
"amino acid residues", "camphor fe sod", "c science usa" (7) "expressed escherichia
coli", "human fetal brain", "n terminal amino", "open reading frame", "deduced
amino acid", "full length cdna" (6) "science b v", "c science b", "human gmp amino acid" (5)
Focuses on genetic sequencing and molecular biology of proteins, genes, amino acids, cells
including those of human fetal brains, plants and escherichia coli.
Cluster 15 [66]
"model" (270) "models" (71) "flow" (56) "data" (39) "c" (37) "paper" (33) "two" (32)
"traffic" (29) "based", "turbulence" (28) "s", "large", "numerical" (27) "scale",
"linear", "simulation" (25) "science" (24) "method" (23) "time" (22) "non" (21) "one",
"experimental" (20) "size", "structure", "noise" (19) "three", "velocity" (18) "new"
(17) "v", "distribution", "algorithm", "simulate", "combustion" (16) "complex",
"transport", "sediment" (15) "c science" (23) "traffic flow" (14) "b v", "science b" (11)
"food web", "large eddy", "model simulate" (9) "linear models", "experimental data"
(8) "soil respiration", "balance model" (7) "ecosystem models", "size distribution",
"tangent linear", "three dimensional", "eddy simulation", "non linear", "subgrid
scale", "numerical model" (6) "science b v" (11) "c science b" (10) "large eddy
simulation" (6) "eddy simulation les" (5) "necessary sufficient conditions",
"sensitivity soil respiration", "temperature sensitivity soil", "k epsilon model", "m s
model", "heavy metal vaporization", "three species food", "copyright c sons" (4)
Focuses on modeling algorithms used in fluid dynamics and ecosystems.
Cluster 16 [64]
"method" (122) "numerical" (56) "linear" (50) "equations" (47) "non" (42) "solution"
(39) "equation" (37) "solutions" (34) "two" (33) "boundary", "paper" (31) "system",
"c" (30) "science" (26) "element" (25) "model" (24) "domain" (23) "time" (22) "finite",
"algorithm", "elastic" (21) "based", "new" (20) "s", "order" (18) "methods", "solving",
"nonlinear" (17) "type" (16) "conditions", "response", "wave", "integral" (15) "one",
"energy", "dimensional", "fluid" (14) "non linear", "c science" (25) "finite element"
(13) "element method" (12) "least squares" (10) "degenerate scale", "numerical
examples" (9) "boundary conditions" (8) "method solving", "b v", "science b" (7)
"sneddon muki", "time domain", "numerical method", "one dimensional" (6)
"domain method", "method solve", "numerical experiments", "trust region", "two
dimensional", "boundary integral", "good agreement", "two phase", "optimal error",
"navier stokes", "artificial boundary", "linear evolution" (5) "science b v", "finite
element method", "c science b" (7) "time domain method" (5) "order non linear",
"navier stokes equations", "copyright c sons", "stochastic averaging method",
"stationary probability density" (4)
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Focuses on linear and non-linear numerical methods for applied mathematics such as finite
element analysis, least squares, navier stokes, time domain method and stochastic averaging
method.
Cluster 17 [62]
"d" (106) "beta" (94) "o" (82) "new" (66) "isolated" (59) "structures", "compounds"
(37) "c", "alpha", "elucidated" (34) "glucopyranosyl" (33) "spectroscopic" (31) "b"
(30) "l" (29) "two" (28) "spectral", "nmr" (23) "basis", "structure", "methods", "acid"
(20) "h", "chemical", "glucopyranoside" (19) "compound" (17) "2d" (15)
"xylopyranosyl" (14) "12", "rhamnopyranosyl" (13) "x", "ray", "ic50", "named" (12)
"beta d" (90) "o beta" (42) "d glucopyranosyl" (31) "two new" (21) "alpha l" (20) "d
glucopyranoside" (19) "structures elucidated" (18) "d xylopyranosyl", "2d nmr" (14)
"x ray", "xylopyranosyl beta", "l rhamnopyranosyl", "spectroscopic methods" (12)
"glucopyranosyl beta" (11) "o alpha", "mug ml" (10) "c science", "28 o",
"rhamnopyranosyl beta" (9) "nmr techniques", "elucidated basis", "alpha d" (8)
"basis spectroscopic", "d galactopyranosyl", "structure elucidated", "basis spectral",
"b isolated", "d galactopyranoside" (7) "o beta d" (41) "beta d glucopyranosyl" (30)
"beta d glucopyranoside" (17) "beta d xylopyranosyl" (14) "alpha l
rhamnopyranosyl", "xylopyranosyl beta d", "d xylopyranosyl beta" (12)
"glucopyranosyl beta d", "d glucopyranosyl beta" (11) "rhamnopyranosyl beta d" (9)
"l rhamnopyranosyl beta", "28 o beta", "o alpha l" (8) "2d nmr techniques", "beta d
galactopyranosyl" (7) "o benzoyl alpha", "26 o beta", "beta d galactopyranoside",
"benzoyl alpha d" (6)
Focuses on the characterization of glucopyranosyl-like compounds and structures using
spectroscopic techniques.
Cluster 18 [57]
"electrode" (116) "surface" (52) "x" (49) "c" (48) "modified" (45) "v" (40) "b" (38)
"science" (37) "gold" (33) "response" (32) "l", "m" (30) "method" (29)
"electrochemical" (28) "s", "solution" (26) "mol" (25) "adsorption", "concentration"
(23) "rate", "range", "detection", "ph" (22) "films" (21) "electron", "ion", "self",
"quartz" (20) "crystal", "k", "process", "sensor", "assembled" (19) "two", "potential",
"transfer", "acid", "binding", "reduction" (17) "c science" (37) "b v", "science b" (32)
"mol l" (20) "modified electrode" (19) "self assembled", "quartz crystal" (17)
"electron transfer" (15) "gold electrode" (14) "x mol" (13) "electrode surface" (12)
"detection limit", "fe cn" (11) "cyclic voltammetry", "modified gold", "x m" (10) "new
method" (8) "constant k", "assembled monolayers", "piezoelectric quartz", "aqueous
solution", "transfer rate", "sol gel", "x cm" (7) "science b v", "c science b" (32) "x mol
l" (10) "piezoelectric quartz crystal", "modified gold electrode", "electron transfer
rate" (7) "self assembled monolayers", "quartz crystal microbalance", "x cm s",
"glassy carbon electrode" (6) "detection limit x", "x x mol", "rate constant k" (5) "dhp pdda
films", "quartz crystal impedance", "fe cn fe", "cn fe cn", "self assembled
monolayer", "pair redox waves" (4)
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Focuses on techniques such as sol-gel and piezoelectric quartz crystals used to characterize
surface properties of electrodes.
Cluster 19 [49]
"laser" (94) "optical" (52) "power", "wavelength" (41) "nm" (36) "c" (34) "fiber" (28)
"nd", "output" (24) "pumped" (23) "frequency", "single", "pump" (20) "mode" (19)
"science", "conversion", "yag" (18) "absorption", "efficiency", "diode" (17) "pulse"
(16) "temperature", "crystal", "mw" (15) "two", "experimental", "emission", "mum"
(14) "n", "cm", "w", "signal", "cavity", "lasing" (13) "light", "v", "high", "measured",
"dye", "pulses" (12) "c science" (18) "nd yag", "yag laser" (12) "b v", "science b" (11)
"nd yvo4" (9) "optical america", "output power", "c optical", "laser diode" (8) "two
photon", "diode pumped", "frequency doubling", "conversion efficiency" (7) "optical
parametric", "532 nm", "q switched" (6) "wavelength conversion", "photon
absorption", "yvo4 laser", "experimental c", "pump power", "semiconductor optical",
"frequency doubled", "fabry perot", "periodically poled", "single pass", "laser
induced", "nm wavelength" (5) "science b v", "nd yag laser", "c science b" (11) "c
optical america" (8) "nd yvo4 laser" (5) "x 20 cm", "two photon absorption",
"experimental c science" (4)
Focuses on properties of lasers and optics; emphasizing nd yag lasers.
Cluster 20 [46]
"size", "tio2" (59) "particle" (44) "gel" (43) "phase", "temperature" (37) "surface" (36)
"sol" (32) "powders", "powder" (30) "xrd" (26) "photocatalytic" (25) "activity",
"process" (24) "method" (23) "films", "structure", "crystalline" (19) "degreesc", "nm",
"area", "anatase" (17) "reaction", "phosphor" (16) "x", "properties", "sio2", "ray",
"tem", "glass", "combustion" (15) "high", "synthesized" (14) "specific", "particles",
"precursor", "water" (13) "particle size", "sol gel" (28) "photocatalytic activity" (17)
"surface area" (16) "x ray" (15) "specific surface" (12) "c science", "gel process", "gel
method" (10) "pore size", "b v", "science b" (9) "thin films", "ray diffraction" (8)
"citric acid", "diffraction xrd", "tio2 thin" (7) "solid state", "state reaction", "ft ir",
"grain size" (6) "specific surface area" (12) "sol gel process" (10) "science b v", "c
science b", "sol gel method" (9) "x ray diffraction" (8) "solid state reaction", "ray
diffraction xrd" (6) "differential thermal dta", "synthesized sol gel" (5) "tio2 thin
films", "x ray photoelectron", "titanyl organic compound", "bi4 xlax ti3o12",
"powders sol gel" (4)
Focuses on characterizing the properties of Titanium dioxide (TiO2) microstructure materials
such as particles, powders, crystallines and thin films using sol-gel and XRD techniques.
Cluster 21 [45]
"algorithm" (129) "based" (41) "method" (40) "paper" (39) "algorithms" (36) "new",
"fuzzy" (24) "model" (22) "optimization" (21) "genetic" (19) "line", "data" (18) "c",
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"solution" (17) "science", "variables", "simulation" (16) "set", "network", "variable"
(15) "one", "efficient" (14) "function" (13) "process", "search" (12) "dynamic",
"methods", "objective", "local", "adaptive", "learning" (11) "v", "time", "linear",
"lines", "matching", "clustering" (10) "c science" (15) "genetic algorithm" (11) "b v",
"science b", "algorithm based" (9) "new algorithm" (7) "coalbed methane" (6)
"algorithms based", "genetic algorithms", "hidden variables", "methane reservoirs"
(5) "neural network", "clustering algorithms", "paper proposes", "feature point",
"switching regression", "fuzzy clustering", "fuzzy decision", "input variable",
"invisible lines", "least squares", "point matching", "optimization algorithm", "winc
algorithm", "sensitive input", "quasi dense" (4) "science b v", "c science b" (9)
"coalbed methane reservoirs" (5) "feature point matching" (4) "quasi dense
matching", "recursive least squares", "finite element method", "fuzzy decision
method", "algorithm c science", "sensitive input variable", "fuzzy clustering
algorithms" (3)
Focuses on algorithms such as adaptive genetic, neural network, fuzzy logic and winc .
Cluster 22 [43]
"magnetic" (94) "temperature" (93) "x" (88) "t" (60) "c" (51) "transition" (46) "field"
(40) "phase" (37) "k" (32) "compounds" (28) "increasing" (25) "ferromagnetic",
"magnetization" (24) "properties", "dependence" (22) "electron", "v", "low",
"temperatures" (19) "s", "spin", "content", "mn", "resistivity" (18) "samples",
"transitions" (17) "magnetoresistance" (16) "b", "induced", "decreases", "fe" (15)
"state", "volume", "n", "structural", "co", "mr", "curie" (14) "t c" (18) "magnetic
field" (15) "magnetic properties" (14) "temperature t", "c science" (13) "temperature
dependence", "curie temperature" (12) "t n" (11) "magnetic phase", "b v", "science b"
(10) "temperature range", "phase transitions" (9) "american physics", "c american",
"field induced", "compounds x" (8) "low temperatures", "spin reorientation", "phase
transition", "room temperature", "first order" (7) "t p", "magnetic entropy",
"magnetoresistance mr", "fe mn", "magnetic fields", "m s", "martensitic
transformation" (6) "science b v", "c science b" (10) "c american physics" (8)
"temperature t c", "magnetic phase transitions" (7) "curie temperature t" (5) "mn
based alloys" (4) "increasing v content", "fe mn based", "temperature dependence
resistivity", "lafe11 5si1 5h1", "gd si1 xgex", "unit cell volume", "t n decreases",
"increasing magnetic field", "fm clusters co", "transition temperature t" (3)
Focuses on the effects of temperature on various magnetic properties associated with
compounds.
Cluster 23 [41]
"polymerization" (113) "weight" (47) "molecular" (46) "reaction" (43) "monomer"
(39) "c" (37) "temperature" (31) "polymer" (30) "n" (29) "coupling", "catalyst" (28)
"concentration" (26) "g", "initiator" (24) "graft" (23) "ratio", "synthesized" (22)
"high", "st" (21) "p", "efficiency" (20) "copolymer", "conversion" (19) "activity", "h",
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"grafting" (18) "x", "ps", "nmr" (17) "rate", "m", "radical" (16) "higher", "pp" (15)
"process", "time", "co", "poly", "styrene", "copolymerization" (14) "molecular
weight" (37) "c science", "metallocene catalyst", "average molecular", "coupling
efficiency" (10) "monomer conversion" (9) "g ps", "h nmr", "reaction temperature",
"radical polymerization" (8) "polymerization temperature", "coupling reaction" (7)
"molecular weights", "methyl methacrylate", "reaction time", "graft
polymerization", "branching number", "glass transition", "emulsion
polymerization", "polymerization rate", "microemulsion polymerization" (6)
"average molecular weight" (7) "psf g ps", "atom transfer radical", "c 13 nmr" (5) "c
science b", "ultrasonically initiated emulsion", "weight average molecular", "glass
transition temperature", "initiated emulsion polymerization", "differential scanning
calorimetry", "molecular weight distribution", "science b v" (4)
Focuses on the properties and effects of polymerization and polymers.
Cluster 24 [38]
"expression" (131) "p", "hcc" (97) "cells" (77) "cancer" (75) "patients", "tumor" (74)
"vegf" (73) "cell" (51) "gastric" (49) "05" (37) "cases" (34) "positive", "carcinoma",
"mrna" (31) "normal" (30) "tissues" (29) "human" (28) "higher", "liver" (27) "factor"
(26) "stage" (25) "protein", "serum", "detected", "lines" (24) "levels", "survival" (23)
"methods", "tissue" (22) "growth", "metastasis", "staining", "beta" (20) "non", "assay"
(19) "grade", "tgf" (18) "p 05" (35) "cell lines" (24) "tgf beta" (17) "hepatocellular
carcinoma" (16) "hcc patients" (15) "breast cancer", "p 01", "colorectal cancer" (14)
"lymph node", "gastric cancer", "carcinoma hcc" (13) "vegf expression", "growth
factor", "non cancer" (12) "inos vegf", "cik cells", "hcc cell", "p28 gankyrin", "free
survival" (11) "cell line" (10) "p 001", "cancer cell", "cancer patients" (9) "erbeta
protein", "effector cells", "bone formation", "vascular endothelial", "expression
vegf", "gastric carcinoma", "western blot" (8) "hepatocellular carcinoma hcc" (13)
"lymph node metastasis", "cancer cell lines", "disease free survival", "hcc cell lines"
(7) "expression p28 gankyrin", "human breast cancer", "ifn alpha 2b", "endothelial
growth factor", "growth factor vegf", "vascular endothelial growth" (6) "class i
antigens", "expressions inos vegf", "hla class i", "peripheral blood mononuclear",
"non cancer patients", "blood mononuclear cells", "p28 gankyrin mrna" (5)
Focuses on the physiology of cells, proteins, and tissues and their relation to various forms of
cancer in humans such as gastric cancer, hepatocellular carcinoma, breast cancer and liver
cancer.
Cluster 25 [38]
"ion" (74) "implantation" (56) "x" (48) "ions" (47) "cm" (42) "c", "irradiation" (35)
"energy" (31) "implanted" (25) "science", "v", "dose" (23) "b", "surface" (22)
"samples", "high" (21) "annealing" (19) "temperature", "irradiated" (18) "nm",
"vacuum" (17) "silicon", "loss", "fluence" (16) "electron", "formation", "electronic",
"layer", "absorption", "mev" (15) "range", "sample", "si", "spectroscopy", "glass",
"kev", "pet" (13) "ion implantation" (35) "c science" (23) "b v", "science b" (22) "ions
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cm" (16) "energy loss", "electronic energy" (14) "refractive index" (11) "room
temperature" (10) "mua cm", "ion flux" (9) "ion dose", "x 17" (8) "17 cm", "x 16", "x
ray", "neutron irradiation" (7) "x 12", "uv vis", "kev nm", "ultraviolet visible" (6)
"science b v", "c science b" (22) "electronic energy loss" (14) "x 17 cm" (7) "12 ions
cm", "x 16 x", "fourier transform infrared", "x 12 ions", "transform infrared ftir" (5)
"x 15 ions", "x ray diffraction", "vapor vacuum arc", "metal vapor vacuum", "silicon
insulator soi", "range straggling lateral", "15 ions cm", "x x 12", "transmission
electron microscopy", "50 mua cm" (4)
Focuses on effects of ion implantation into silicon layers using metal vapor vacuums and
analyzing the effects via FTIR and UV visible spectroscopic techniques.
Cluster 26 [37]
"emission" (43) "two" (34) "c" (33) "pl" (32) "n" (29) "excitation" (28) "light" (27) "v"
(24) "b" (23) "alq" (22) "spectra", "nm", "layer", "efficiency", "red" (21) "science",
"state" (19) "quantum", "luminescence", "device" (18) "energy", "transfer", "blue"
(17) "temperature", "dcm" (16) "photoluminescence", "excited", "emitting" (15)
"doped", "fluorescence", "cd" (14) "properties" (13) "films" (12) "one", "states", "j",
"peak", "devices" (11) "c science" (19) "b v", "science b" (18) "photoluminescence pl",
"light emitting" (12) "cd m", "excited state", "energy transfer", "light emission" (9)
"american physics", "c american" (8) "red emission", "n n", "quantum efficiency", "pl
spectra" (7) "organic light", "emitting diodes", "sol gel" (6) "upconverted
luminescence", "blue light", "quantum wells", "nh ch2", "ph nh", "blue red", "ch2
group", "transfer process", "room temperature" (5) "science b v", "c science b" (18)
"c american physics" (8) "light emitting diodes", "organic light emitting" (6) "nh ch2
group", "ph nh ch2" (5) "tris hydroxyquinoline aluminum", "blue light emission", "n
n bis", "energy transfer process" (4) "two photons excitation", "intramolecular
charge transfer", "n n diphenyl", "device blue red", "blue red emission", "pl spectra
gainnas", "hydroxyquinoline aluminum alq", "polymer light emitting", "multiple
quantum wells" (3)
Focuses on characterizing emission properties that occur in the study of photoluminescence
devices.
Cluster 27 [34]
"phase" (99) "temperature" (40) "alpha" (35) "alloy" (32) "transformation" (19)
"structure" (17) "degreesc", "aging" (16) "electron", "martensite" (15) "ti", "high",
"thermal", "precipitation" (14) "beta" (13) "transition", "matrix", "shape",
"amorphous" (12) "s", "c", "h", "fe", "co", "xrd", "milling", "zn", "b2" (11) "m",
"fraction", "cu", "memory", "nb" (10) "increase", "microscopy", "science",
"temperatures", "grain", "solution" (9) "alpha phase", "shape memory" (10) "phase
transition", "c science", "electron microscopy" (8) "x ray" (7) "grain size", "room
temperature", "transmission electron", "memory alloy" (6) "b2 feal", "b v", "science
b", "feal co", "amorphous phase", "strength elongation", "co matrix", "solid solution"
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(5) "shape memory alloy" (6) "b2 feal co", "science b v", "c science b" (5)
"supersaturated solid solution", "diffusion solution zone", "feal co matrix", "solution
zone alpha", "transmission electron microscopy" (4) "phase boundary sliding", "solid
solution amorphous", "stress strain cycling", "n load indentation", "lost foam
casting", "alpha phase alpha", "tensile strength elongation", "x ray diffraction" (3)
Focuses on the material properties of various alloys (s, h, ti, fe, co, zn, b2, nb, cu ).
Cluster 28 [33]
"b" (56) "gamma" (47) "c" (44) "s" (42) "pi" (40) "phi", "decay" (34) "d" (32)
"measured", "data", "detector" (21) "two", "mass", "decays" (20) "x", "e", "eta",
"branching" (18) "model" (17) "gev", "quark" (16) "v", "sample", "j" (15) "state" (14)
"k", "new", "ratio" (13) "collected", "chi" (12) "science", "find", "r", "psi", "bar",
"mesons", "syst", "stat" (11) "mixing", "br" (10) "b v", "science b", "c science", "pi pi"
(11) "pi gamma" (10) "j psi", "d s", "br phi" (9) "branching ratio" (8) "data sample",
"decay widths", "b d", "b c", "e e" (7) "k pi", "d d", "e collider" (6) "standard model",
"phi eta", "s 1535", "branching fractions", "k s", "phi etagamma", "s pi", "eta
gamma", "chi c0", "final state" (5) "science b v", "c science b" (11) "e e collider" (6)
"phi eta gamma" (5) "br phi pi", "pi pi gamma", "belle detector kekb" (4)
Focuses on detecting and measuring the properties of nuclear particles such as decay schemes
and branching ratios.
Cluster 29 [33]
"model" (69) "data" (49) "experimental" (34) "method" (22) "kinetic" (19) "reaction"
(18) "good" (15) "pressure", "phase", "agreement" (14) "theoretical" (13) "parameters",
"speed" (12) "c" (11) "based", "system", "high", "comparison", "cos",
"boiling" (10) "s", "mechanism", "hydrate" (9) "temperature", "measured",
"distribution", "conversion", "source", "vessel", "concrete" (8) "experimental data"
(19) "good agreement" (10) "agreement experimental" (8) "c science" (7) "relaxor
ferroelectrics", "kinetic model", "theoretical model", "finite element" (6) "htr
pressure", "cos hydrolysis", "experiment data", "pressure vessel", "methane
hydrate", "neural network" (5) "reverberation data", "bistatic reverberation",
"thermal conversion", "o ring", "model fit" (4) "good agreement experimental", "htr
pressure vessel" (5) "nmr chemical shift", "coating optical fiber", "agreement
experimental data", "strength concrete triaxial", "triaxial monotonic cyclic",
"differential phase shift", "high strength concrete", "monotonic cyclic compressions",
"flow reaction processes", "concrete triaxial monotonic" (3)
Focuses on modeling methods for the kinetic behavior various physical properties.
Cluster 30 [33]
"al2o3" (55) "sic" (48) "sintering" (43) "composites" (35) "temperature" (24)
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"composite", "particles" (20) "phase", "grain" (19) "matrix" (18) "properties",
"density" (17) "strength", "powder" (15) "ceramics", "sintered", "tic" (14) "system",
"c", "high", "addition", "time", "microstructure" (13) "mechanical", "reinforced",
"wt" (12) "structure", "relative", "zro2", "aln" (11) "situ", "method", "dielectric",
"boundary", "sem", "toughness" (10) "sintering temperature" (10) "mechanical
properties" (9) "grain boundary", "relative density" (8) "al2o3 particles" (6) "situ
al2o3", "al2o3 sic", "plasma sintering", "beta sialon", "fracture toughness",
"functionally graded", "aln sic", "matrix composites", "spark plasma", "al2o3
matrix", "properties al2o3" (5) "spark plasma sintering" (5) "sic wt tic",
"functionally graded materials", "aln sic solid", "sic solid solution" (4) "grain
boundary phase", "adiabatic shear instability", "continuous casting bonding", "iron
base composite", "mechanical properties al2o3", "second phase particle", "metal
matrix composites", "casting bonding method", "situ al2o3 platelets", "r curve
behavior" (3)
Focuses on the microstructure properties of al203, composites, particles, powders and ceramics.
Cluster 31 [32]
"corrosion" (122) "solution" (31) "alloy" (30) "steel" (26) "resistance",
"electrochemical" (22) "ph" (18) "pitting" (17) "polarization", "film", "coating" (16)
"stress", "nacl", "passive" (14) "rate", "surface", "potential", "impedance" (13)
"inhibition", "value" (12) "loss", "anodic", "erosion", "ss", "scc" (11) "formed", "acid",
"weight", "fe", "inhibitor", "hcl" (10) "corrosion resistance" (16) "corrosion rate", "ph
value", "weight loss" (10) "passive film" (8) "carbon steel", "mild steel", "pitting corrosion",
"nacl solution", "corrosion potential" (7) "electrochemical impedance",
"corrosion behavior", "c science", "erosion corrosion", "sulphate solutions",
"impedance spectroscopy", "inhibition efficiency", "pani tr" (6) "corrosion induced",
"anodic polarization", "type 316l", "potentiodynamic polarization", "a3 steel",
"underfilm corrosion", "dislocation emission" (5) "electrochemical impedance
spectroscopy" (6) "pani tr composite", "stress corrosion cracking", "dislocation
emission motion", "fe 30mn 6si" (4) "corrosion cracking scc", "science b v", "c science
b", "ph value simulated", "corrosion induced stress", "simulated rain increasing",
"induced tensile stress", "corrosion resistance alloy", "hcl aq surfactant", "oxidation
hot corrosion", "corrosion potential e", "polarization electrochemical impedance",
"type 316l ss", "impedance spectroscopy eis", "316l uns s31603" (3)
Focuses on characterizing the corrosion resistance properties on surfaces, coatings and films of
various steel alloys.
Cluster 32 [31]
"c" (152) "60" (54) "temperature" (28) "n", "t" (22) "fullerenes" (15) "s", "high",
"coal" (14) "dielectric", "si" (13) "v", "gd" (12) "based", "method", "degreesc",
"potential" (11) "science", "experimental", "nano", "ni" (10) "properties",
"coefficient", "70", "powders", "loss" (9) "m", "frequency", "h", "process",
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"separation", "82", "equivalent" (8) "c 60" (54) "t c" (15) "c n", "c science", "si c" (10)
"c 82", "high temperature" (8) "n nano" (7) "60 c", "b v", "science b", "c 80",
"dielectric loss", "uv vis", "c 70", "tb3n c" (6) "temperature t", "gd c", "60 adducts",
"vis nir", "equivalent tosi" (5) "si c n" (10) "c n nano" (7) "science b v", "c 60 c", "c
science b", "60 c 70", "tb3n c 80" (6) "uv vis nir", "gd c 82", "c 60 adducts" (5) "c 60
films", "temperature t c", "alanine c 60", "n nano powder", "beta alanine c" (4)
Focuses on the dielectric properties of microstructures such as fullerenes, powders and
nanoparticles of the following materials, si, gd, ni, carbon/coal.
Cluster 33 [31]
"complexes" (56) "spectra" (36) "n" (29) "fluorescence", "uv" (25) "synthesized" (22)
"elemental" (21) "ir", "coordination" (20) "l", "h", "eu" (19) "ions" (17) "polymers"
(15) "x", "nmr" (14) "polymer", "o", "complex", "acid" (13) "c", "temperature",
"new", "co" (11) "copolymer", "fluorescent", "ligand" (10) "intensity", "m", "dna",
"ii", "solution", "reaction", "cu2" (9) "concentration", "ion", "pa", "ph", "ft", "epu" (8)
"h nmr" (11) "coordination polymer" (9) "eu pa", "n n" (7) "ir h", "coordination
polymers", "room temperature", "ir uv", "d f", "fluorescence spectra", "ft ir", "pa
complexes" (6) "mol l", "rare earth", "complexes elemental", "nmr spectra" (5) "eu
pa complexes", "ir h nmr" (6) "h nmr spectra" (5) "d f transition", "concentration eu
pa", "tc binary complex" (4) "p n ligands", "science b v", "c science b", "elemental ir uv",
"lncl nh o", "ir uv h", "pa complexes situ", "uv h nmr", "complexes situ
synthesized" (3)
Focuses on characterizing the properties of various polymer and copolymer complexes from their
fluorescence spectra.
Cluster 34 [30]
"pp" (81) "blends" (77) "g" (36) "composites" (32) "eva" (27) "gma", "content" (26)
"properties" (24) "sebs" (23) "mechanical", "phase" (22) "scanning", "c", "matrix"
(20) "morphology", "high", "structure", "strength", "ma" (19) "tensile" (18)
"periodicals", "poe" (17) "impact" (16) "sem", "hdpe" (15) "s", "microscopy",
"method" (14) "particles", "copolymer", "interfacial", "dsc", "styrene", "pmma" (13)
"c periodicals" (17) "eva blends" (16) "g gma" (15) "g ma" (13) "tensile strength",
"mechanical properties" (11) "electron microscopy" (10) "scanning calorimetry", "pp
g", "sebs g", "scanning electron", "polypropylene pp", "radiation crosslinking",
"differential scanning" (9) "sgf sebs", "ldpe eva" (8) "maleic anhydride", "hdpe eva",
"density polyethylene", "injection molding" (7) "pesi m", "gma co", "microscopy
sem", "viscosity pmma", "poe baso4", "interfacial interaction", "pp sf", "co st", "sf
composites", "hips g" (6) "scanning electron microscopy", "differential scanning
calorimetry" (9) "ldpe eva blends", "sebs g ma" (8) "pp g gma", "pp sf composites",
"gma co st", "g gma co", "hdpe eva blends" (6) "scanning calorimetry dsc", "electron
microscopy sem", "hips g gma", "packing injection molding" (5) "angle x ray", "size
dispersed phase", "low density polyethylene", "epr g gma", "high viscosity pmma",
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"sgf sebs g" (4)
Focuses on characterizing the mechanical properties of polypropylene (pp) polymer and
copolymer blends, composites and other structures using techniques such as DSC and SEM.
Cluster 35 [29]
"alloys" (81) "alloy" (70) "phase" (32) "temperature" (31) "ti", "microstructure" (26)
"alpha", "oxidation" (25) "ni" (22) "al4sr" (21) "properties", "sr", "coating" (20) "tial"
(19) "c", "high", "degreesc", "tensile", "gamma" (18) "x", "mg" (17) "process",
"addition", "melt" (15) "science", "spun", "wt", "nb", "ageing" (14) "mechanical",
"two", "cast" (13) "b", "v", "strength", "room", "resistance", "microstructures", "zn"
(12) "c science" (13) "mechanical properties" (11) "b v", "science b", "melt spun",
"room temperature" (10) "tial based", "based alloys" (9) "high temperature", "tensile
properties", "sr alloy" (8) "cast ageing", "two phase", "23 sr", "ageing process" (7)
"mah g", "tial alloys", "wt pct", "oxidation resistance", "nitrided alloys", "hall petch",
"spun 23", "yield strength", "5ti 1b" (6) "c science b", "science b v" (10) "tial based
alloys" (9) "23 sr alloy", "cast ageing process", "melt spun 23" (6) "2cr 2nb 25nd",
"5ti 1b master", "46 5al 2cr", "1b master alloy", "spun 23 sr", "ti 46 5al", "5al 2cr 2nb" (5)
"10cr 11al 8ti", "ni 10cr 11al", "ni 3cr 20al", "mah g x", "2nb 25nd alloy",
"high temperature oxidation" (4)
Focuses on the characterization of microstructure properties of alloy materials consisting of ti, ni,
sr, nb, mg and al.
Cluster 36 [29]
"strength" (70) "properties" (55) "mechanical" (53) "composites" (46) "temperature"
(38) "content" (28) "high" (27) "tensile" (26) "fibers" (21) "composite", "damping",
"modulus" (20) "c" (17) "increasing", "concrete" (15) "matrix" (14) "higher", "w",
"woodceramics" (13) "bending", "flexural" (12) "increased", "increase", "surface",
"size", "maa", "zk60a" (11) "magnesium", "fracture", "polyethylene", "gpa",
"polysilicon" (10) "mechanical properties" (41) "tensile strength" (19) "flexural
strength" (11) "bending strength" (10) "ssps k" (9) "c science", "wcms zk60a",
"magnesium hydroxide", "surface roughness" (7) "high temperature", "mg maa",
"elevated temperature", "jute fibers", "sbr vulcanizates", "polyethylene magnesium"
(6) "solid loading", "temperature strength", "zrc w", "zk60a composite",
"crosslinking agent", "mm length", "strength flexural", "strength concrete",
"decreased increasing", "mole ratio" (5) "polyethylene magnesium hydroxide" (6)
"wcms zk60a composite", "strength flexural strength" (5) "mg maa content", "high
strength concrete", "young s modulus", "content ssps k", "maa mole ratio",
"magnesium hydroxide composites", "mgo maa mole", "flexural strength toughness"
(4)
Focuses on the mechanical properties, such as strength, of polyethylene magnesium hydroxide
composites, fibers, concrete, woodceramics and polysilicon.
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Cluster 37 [29]
"group" (149) "p" (129) "rats" (65) "05" (61) "g" (56) "l" (51) "01" (48) "groups",
"control" (46) "hsc" (41) "apoptosis" (39) "proliferation" (38) "cells" (31) "hours" (30)
"higher" (29) "48", "cell", "maotai" (27) "h" (26) "24", "expression", "normal", "12"
(24) "flow" (23) "rate", "mg", "methods", "treatment" (22) "ml", "hepatic", "rhgh"
(21) "lower", "increased", "decreased", "lps" (20) "p 05" (59) "p 01" (44) "control
group" (28) "group p" (27) "p 001" (19) "g l" (17) "flow cytometry", "maotai liquor",
"rhgh gin" (13) "hsc proliferation" (11) "mumol l" (10) "mug ml", "normal group",
"99 99", "higher control" (9) "smmc 7721", "ng g", "yigan decoction", "mg kg",
"portal vein", "parts thousand", "blood flow" (8) "group p 05" (13) "control group p",
"group p 01" (10) "99 99 99" (8) "maotai liquor group" (7) "24 48 72", "higher control
group", "smmc 7721 cells" (6) "cell cycle distribution", "gin supplemented pn", "g l
maotai", "ordinary white wine", "direct version intracardiac", "18 g l" (5)
Focuses on the physiology of rat cells to determine the effects on blood flow from maotai liquor
and white wine.
Cluster 38[29]
"temperature" (95) "k" (52) "range" (32) "mol" (31) "pressure" (26) "c", "activation",
"kj" (21) "thermal", "oxidation", "h2o" (20) "energy", "ala" (18) "reaction" (17)
"high", "fe" (15) "degreesc", "conductivity" (14) "rate", "increases", "value" (13) "b",
"injection" (12) "two", "method", "science", "phase", "solid", "clo4" (11) "o",
"increasing", "measured", "j" (10) "properties", "e", "decomposition", "complex",
"time", "iii", "synthesized" (9) "temperature range" (28) "kj mol" (21) "activation
energy", "ala h2o" (16) "c science", "h2o clo4" (11) "b v", "science b" (7) "peak
temperature", "increasing temperature", "electrical conductivity", "fe iii", "high
temperature" (6) "temperature dependence", "ho2 ala", "j k", "ery ala", "k peak",
"h2o cl", "injection pressure", "heat capacities", "high pressure", "k mol" (5) "ala h2o
clo4" (11) "science b v", "c science b" (7) "ery ala h2o", "k peak temperature", "j k
mol", "ala h2o cl", "ho2 ala h2o" (5) "activation energy e", "o sialon zro2",
"calorimeter temperature range" (4)
Focuses on characterizing physical properties of various compounds for different temperature
ranges.
Cluster 39 [28]
"thermal" (33) "temperature" (31) "glass" (24) "t" (22) "structure" (21) "c" (20)
"stability", "transition" (19) "amorphous" (17) "x", "high" (16) "scanning", "dsc" (15)
"g", "differential" (14) "properties", "higher", "calorimetry", "poly" (13) "s", "phase",
"ray" (11) "science", "temperatures", "diffraction", "weight", "crystallization" (10)
"based", "samples", "molecular", "co", "alloy" (9) "glass transition" (18) "thermal
stability" (17) "differential scanning" (14) "transition temperature", "scanning
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calorimetry" (13) "x ray", "t g" (11) "c science", "ray diffraction" (9) "calorimetry
dsc" (7) "temperature t", "weight loss", "crystalline structure" (5) "thermal
properties", "t m", "second order", "ether ketone", "molecular weight", "gfa
thermal", "temperatures t", "c periodicals", "km min", "ketone s", "supercooled
liquid" (4) "differential scanning calorimetry", "glass transition temperature" (13) "x
ray diffraction" (9) "scanning calorimetry dsc" (7) "gfa thermal stability", "ether
ketone s" (4) "transition temperature t", "weight loss temperature", "fourier
transform infrared", "angle x ray", "wide angle x", "supercooled liquid region", "t g
t", "high glass transition", "temperature t g" (3)
Focuses on characterizing the thermal properties and crystalline structures of glass and polymers
using techniques such as xrd, dsc and ftir.
Cluster 40 [28]
"molecular" (52) "models" (34) "model" (32) "compounds" (30) "structure" (27)
"binding" (26) "activity", "linear" (22) "three" (20) "based", "r" (19) "regression",
"descriptors" (18) "indices", "comfa" (17) "properties", "qspr", "qsar" (16) "v",
"new", "relationship", "multiple", "interactions" (15) "quantitative", "structures" (14)
"correlation" (13) "c", "energies", "inhibitors", "comsia" (12) "s", "cross", "science",
"chemical", "structural", "group", "set", "atomic", "log", "comparative" (11)
"quantitative structure" (14) "linear regression" (12) "c science", "comparative
molecular" (11) "multiple linear" (10) "3d qsar", "free energies" (8) "molecular
descriptors", "log k", "binding free", "quantum chemical" (7) "physical properties",
"qspr models", "cross validation", "structure property", "structure activity", "qsar
models", "der waals", "van der", "field comfa", "molecular size", "molecular field" (6)
"multiple linear regression" (10) "binding free energies" (7) "molecular field comfa",
"comparative molecular field", "van der waals" (6) "linear regression mlr", "log k
oa", "quantitative structure property" (5) "quantitative structure retention", "science
b v", "root mean square", "three dimensional quantitative", "c science b",
"dimensional quantitative structure", "comparative molecular similarity" (4)
Focuses on modeling the properties and interactions of molecular compounds and structures.
Cluster 41 [28]
"quantum" (65) "state" (33) "electron" (28) "field" (22) "magnetic" (19) "two" (18)
"energy" (17) "phonon" (16) "dot" (14) "system" (13) "temperature" (12) "method",
"states" (10) "b", "spin", "modes", "current", "numerical", "electric" (9) "interaction",
"coupling", "time", "mass", "external", "calculation", "discrimination", "cds" (8)
"spectra", "single", "theory", "strength", "dependent", "optical", "noise", "circuit",
"dots", "io" (7) "quantum dot" (12) "magnetic field" (10) "electric field" (8) "cds hgs",
"electron hole", "numerical calculation", "quantum dots" (6) "c science", "ground
state", "f center", "phonon modes", "shot noise", "set discrimination", "electron
phonon" (5) "science b", "state quantum", "density matrix", "excitation energy",
"phonon interaction", "magnetic fields", "low lying", "valence bond", "current
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fluctuation", "optical phonon", "quantum chemistry", "io phonon", "b v" (4) "c
science b", "optical phonon modes", "science b v" (4) "density matrix negativity",
"two uncoupled oscillators", "quantum dot molecules", "dynamic current
fluctuation" (3)
Focuses on characterizing electron quantum physics properties of various elements.
Cluster 42 [27]
"state" (30) "energy", "spin" (29) "b" (28) "c" (27) "coupling", "exchange" (22)
"magnetic", "antiferromagnetic" (19) "field", "j" (17) "s", "states", "t", "model" (14)
"science", "v", "interaction", "n" (12) "experimental", "structure", "covalent" (11)
"system", "ground" (10) "method", "epsilon", "symmetry" (9) "theoretical", "mean",
"density", "bias", "excited" (8) "two", "range", "iii", "cu", "angle", "calculations",
"theta", "ferromagnetic" (7) "b v", "science b", "c science" (12) "ground state" (10)
"mean field" (7) "exchange coupling", "exchange interaction", "symmetry state",
"exchange bias" (6) "fe iii", "excited states", "cu ii", "broken symmetry" (5)
"reversion energy", "magnetic field", "energy broken", "antiferromagnetic
coupling", "epsilon epsilon", "magnetic exchange", "ii b", "iii cu" (4) "c science b",
"science b v" (12) "reversion energy broken", "energy broken symmetry", "broken
symmetry state", "iii cu ii", "fe iii cu", "cu ii b" (4) "cytochrome c oxidase", "coupling
parameter j", "monte carlo hamiltonian", "high t c", "exchange coupling parameter",
"rotation angle theta", "thermal radiation state", "t j model", "squeezed thermal
radiation", "ground state excited" (3)
Focuses on models of physical properties of nuclear particles such as energy states, spins,
antiferromagnetic coupling and magnetic fields.
Cluster 43 [27]
"fe" (47) "c", "magnetic" (39) "b" (30) "properties" (23) "phase" (22) "high", "alpha"
(21) "films", "h" (20) "grain", "size" (19) "s", "structure" (18) "x", "microstructure"
(17) "m" (16) "coercivity" (15) "nanocomposite" (14) "samples", "temperature" (13)
"phases", "n", "si" (12) "grains", "sample", "exchange", "alloy" (11) "v", "degreesc",
"annealing", "gamma", "wc", "melted" (10) "magnetic properties" (21) "alpha fe" (16)
"grain size" (13) "exchange coupling" (9) "c science" (8) "x ray", "b v", "science b",
"hard magnetic" (7) "plasma arc", "fe n" (6) "zr doping", "nd9fe85 xb6mnx", "h c",
"bh max", "m s" (5) "science b v", "c science b" (7) "exchange coupling interaction",
"electric resistance furnace", "nd9fe85 xb6mnx nanocomposite", "x ray diffraction",
"melted electric resistance", "fe n films" (4) "r m s", "plasma arc melting", "m r m",
"structure magnetic properties", "alpha fe grains", "sm co si", "soft magnetic
properties", "reduction grain size" (3)
Focuses on characterizing the magnetic properties of iron (fe) films and nanocomposite
microstructures.
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Cluster 44 [27]
"dna" (170) "binding" (28) "interaction" (25) "cleavage" (17) "fluorescence", "cu" (15)
"c", "complex" (14) "calf", "ssdna", "dsdna" (13) "base", "double", "iii", "electrode",
"intercalation", "thymus" (12) "method", "phen" (11) "system", "science", "potential",
"tau" (10) "i", "based", "b", "three", "complexes", "reaction", "sensor", "gold", "blm"
(9) "dna cleavage" (13) "calf thymus" (12) "thymus dna" (11) "c science" (10) "plant dna" (8)
"dna binding" (7) "gold electrode", "double helix" (6) "base pairs", "b v",
"science b", "cu edta", "interaction dna", "ct dna", "cu en" (5) "cu phen", "ssdna
dsdna", "helix dna", "dna sensor", "bind dna", "metal ions", "en cu", "ions dna",
"cyclic voltammetry", "stranded dna" (4) "calf thymus dna" (11) "science b v", "c
science b" (5) "cu en cu", "en cu edta", "metal ions dna" (4) "potential modulated
dna", "cl h2o ch3ch2oh", "high liquid chromatography", "dna cleavage cu", "cl l bis",
"noble metal ions", "modulated dna cleavage", "t t dimer", "double helix dna", "phen
cl h2o", "liquid chromatography hplc", "three noble metal" (3)
Focuses on using fluorescence methods to characterize dna binding abilities resulting from dna
interactions with other compounds.
Cluster 45 [26]
"method" (51) "temperature" (44) "field" (28) "numerical" (27) "heat" (22) "transfer"
(19) "model", "data" (18) "inverse" (17) "time" (15) "based", "function", "paper" (13)
"coupled", "fields", "radiative" (12) "surface", "boundary", "electric" (11)
"scattering", "distribution" (10) "pressure", "c", "three", "internal", "solution",
"seepage", "finite", "stresses", "averaged", "dam" (9) "heat transfer" (10) "time
averaged" (9) "c science" (8) "inherent strain", "thin film", "radiative transfer" (6)
"concrete dam", "temperature field", "good agreement", "finite element",
"temperature fields", "averaged temperature" (5) "boundary intensity", "tidal
currents", "electric field", "three dimensional", "field data", "internal tidal",
"residual stresses", "piezoelectric thin" (4) "time averaged temperature" (5) "internal
tidal currents", "piezoelectric thin film" (4) "surface heat transfer", "heat transfer
coefficient", "inherent strain field", "temperature fields concrete", "initial geometric
imperfections", "seepage temperature fields", "fields concrete dam" (3)
Focuses on various methods and modeling of the effects of physical properties related to
temperature.
Cluster 46 [26]
"surface" (86) "area" (42) "adsorption" (33) "k", "tio2" (25) "al2o3" (24)
"temperature", "sample", "pore" (23) "activity", "high", "g" (21) "specific" (19)
"degreesc", "tin" (17) "co", "zirconia" (16) "increased", "x", "o", "spectroscopy" (15)
"m", "electron", "samples", "content", "ray", "oxide", "catalyst" (14) "h" (13)
"nitrogen", "alumina" (12) "energy", "calcination", "mesostructured" (11) "surface
area" (42) "specific surface" (19) "x ray" (14) "m g" (12) "mesostructured tin" (10)
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"tio2 al2o3" (8) "pore size", "ray diffraction", "nitrogen adsorption", "rh 100", "tin
oxide", "high surface" (7) "smox rh", "c science" (6) "surface areas", "mmol g", "pd
al2o3", "adsorption desorption", "calcination temperature" (5) "specific surface
area" (17) "x ray diffraction", "mesostructured tin oxide" (7) "high surface area", "smox rh
100" (6) "activity pd al2o3", "rh 100 surface", "surface area alumina",
"mnox tio2 al2o3", "x ray photoelectron", "high specific surface" (4)
Focuses on studying the effects of surface area related to adsorption of such powder materials as
tio2 and al2o3; using xrd and xps techniques.
Cluster 47 [26]
"genes" (106) "expression" (83) "gene" (41) "expressed", "cdna", "regulated" (26)
"hcc" (21) "cell", "cells", "tumor" (20) "human", "clones" (19) "two" (18) "metastasis",
"pcr" (17) "protein", "tissue" (16) "blot" (15) "molecular", "sequence", "differential"
(14) "carcinoma", "trkc" (13) "specific", "positive", "down" (12) "northern", "liver",
"normal", "gastric", "rt", "array", "est" (11) "gene expression" (29) "rt pcr", "down
regulated" (11) "northern blot" (10) "expression genes", "positive clones" (9)
"hepatocellular carcinoma", "differentially expressed" (8) "expression profiles",
"expression patterns", "polymerase chain", "adipose tissue", "chain reaction" (7)
"cdna array", "differential expression", "reverse transcription", "visceral adipose",
"molecular mechanism", "genes down", "regulated genes" (6) "polymerase chain
reaction" (7) "visceral adipose tissue" (6) "genes down regulated", "reverse
transcription polymerase", "transcription polymerase chain", "differential
expression genes", "reaction rt pcr", "gene expression profiles", "chain reaction rt",
"gene expression patterns" (5) "genes high expression", "subtractive hybridization
ssh", "expression p77pmc rats", "suppression subtractive hybridization", "blot
positive clones", "dot blot positive", "rats low expression", "hepatocellular carcinoma
hcc" (4)
Focuses on studying changes in gene expression of cells, proteins and tissues due to
hepatocellular carcinoma (HCC).
Cluster 48 [26]
"solutions", "equation" (42) "wave" (32) "nonlinear" (23) "soliton" (20) "method" (19)
"equations", "dimensional" (18) "solitary" (15) "functions", "new" (13) "solution" (12)
"transformation" (11) "system", "special" (10) "b", "integrable" (9) "c", "model",
"extended", "structures", "localized", "waves" (8) "science", "arbitrary", "periodic",
"solitons", "gordon" (7) "wave solutions", "solitary wave" (11) "c science" (7) "soliton
solution", "soliton solutions", "coherent structures", "arbitrary functions", "b v",
"science b", "gordon equation", "backlund transformation" (6) "balance method",
"higher order", "homogeneous balance", "nonlinear schrodinger", "localized
coherent" (5) "broer kaup", "sine gordon", "nonlinear evolution", "nonlinear
dispersion", "variable separation", "solitary waves", "extended homogeneous",
"envelope solitary", "periodic solutions" (4) "solitary wave solutions" (7) "science b
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v", "c science b" (6) "localized coherent structures", "homogeneous balance method" (5)
"sine gordon equation", "extended homogeneous balance" (4) "dimensional broer
kaup", "nonlinear evolution equation" (3)
Focuses on the components of mathematics equations, solutions and techniques.
Cluster 49 [26]
"surface" (69) "c" (42) "111" (27) "energy", "stm" (22) "molecules" (19) "science", "b",
"v" (18) "cu" (16) "surfaces" (14) "tunneling" (13) "atoms" (12) "scanning", "co2" (11)
"method", "h", "20", "bond", "ni" (10) "microscopy", "film", "molecular", "low" (9)
"s", "interaction", "t", "atomic", "images", "ice", "pvoh" (8) "i", "based",
"temperature", "experimental", "order", "metal", "co", "cluster" (7) "c science" (17)
"b v", "science b" (15) "scanning tunneling" (11) "c 20" (10) "tunneling microscopy",
"cu 111" (9) "111 surface", "stm images" (7) "microscopy stm" (6) "metal surfaces"
(5) "ru 0001", "t c", "ni 111", "pvoh molecules" (4) "science b v", "c science b" (15)
"scanning tunneling microscopy" (9) "tunneling microscopy stm" (6) "cu 111
surface" (4) "111 ru 0001", "surface solid target", "s o c", "111 cu 111", "h o ti" (3)
Focuses on various studies using the technique of scanning tunneling microscopy (STM) to
image surfaces.
Cluster 50 [25]
"i" (133) "ca2" (85) "cells" (53) "l" (35) "current" (27) "concentration", "receptor",
"mum" (26) "c", "induced", "potential" (23) "cell" (22) "myocytes" (21) "membrane",
"increase", "k", "dependent" (20) "mumol", "na" (19) "rat", "neurons", "ht" (18)
"inhibited", "mv", "gaba" (17) "protein", "channels" (16) "rate", "decreased", "action"
(15) "increased", "dopamine" (14) "kinase", "intracellular", "clamp", "ks" (13) "ca2 i"
(36) "mumol l" (19) "i na" (14) "i ks", "protein kinase" (13) "current i" (12) "i to1",
"whole cell", "i kr" (11) "concentration dependent", "ventricular myocytes", "patch
clamp" (10) "i oscillations", "kinase c", "sa i", "i ach", "action potential" (9)
"membrane stretch", "c science", "dependent manner", "membrane potential",
"hyposmotic membrane" (8) "ht neurons", "receptor agonist", "cytochalasin d",
"hypertrophied cells", "cell patch" (7) "ca2 i oscillations", "protein kinase c" (9)
"hyposmotic membrane stretch" (8) "whole cell patch", "cell patch clamp" (7)
"concentration dependent manner" (6) "action potential duration" (5) "mumol l 95",
"k current i", "activating component i", "membrane potential 60", "l 95 confidence",
"concentration ca2 i", "patch clamp technique", "i i l", "frequency spontaneous
epscs", "i kr i", "potassium current i" (4)
Focuses on studying the concentration dependent physiology of cells and membranes from rats.
Cluster 51 [24]
"magnetic" (111) "field" (66) "current" (22) "flux" (16) "intensity", "electric" (13)
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"surface" (12) "transmission" (11) "two", "structure", "optical" (10) "model", "solar"
(9) "properties", "high", "paper", "fields", "radio" (8) "force", "region", "process",
"active", "sand", "double", "strength", "photosphere" (7) "one", "increase", "map",
"equations", "density", "axial", "separation", "negative", "wave", "barrier", "eolian"
(6) "magnetic field" (47) "magnetic fields" (8) "magnetic flux" (7) "eolian sand" (6)
"surface finish", "sand beds" (5) "electric field", "nickel electroforms", "x g", "radio
map", "magnetic electric", "2d arrays", "field strength", "hybrid magnetic", "fms
process", "bose einstein", "active regions", "transmission intensity", "delta function",
"axial magnetic", "einstein condensations", "flux tube" (4) "eolian sand beds" (5)
"axial magnetic field", "magnetic field strength", "hybrid magnetic electric", "bose
einstein condensations" (4) "fe tpp cl", "northern southern hemisphere", "optical
phase conjugated", "x g cm" (3)
Focuses on the study of magnetic fields and their effects.
Cluster 52 [24]
"c" (25) "science" (24) "reaction", "yields" (7) "synthesis" (6) "derived", "general",
"solar" (5) "s", "high", "conditions", "systems", "new", "case", "amino", "catalyzed",
"building" (4) "properties", "method", "china", "group", "series", "design", "good",
"formula", "velocity", "ethyl", "asymmetric", "ligands", "enantioselective", "aryl" (3)
"c science" (22) "good yields" (3) "null controllable", "hydroxy methyl", "solar
control", "ethyl cyano", "new azo", "china c", "cospar science", "group velocity",
"baylis hillman", "amino pyridone", "aryl halo", "halo dienes", "cyano hydroxy",
"room temperature", "conditions c", "controllable regions", "motion curve", "methyl
amino", "c cospar", "azo dyes", "dithianes dithiolanes" (2) "conditions c science",
"null controllable regions", "hydroxy methyl amino", "methyl amino pyridone",
"ethyl cyano hydroxy", "cyano hydroxy methyl", "new azo dyes", "aryl halo dienes",
"c cospar science" (2)
Focuses on the reactions and synthesis of organic compounds.
Cluster 53 [24]
"method" (45) "based" (26) "new" (20) "feature" (18) "algorithm", "image" (15)
"paper" (14) "domain", "noise" (13) "experimental", "information" (12) "features",
"fractal", "wavelet", "segmentation" (10) "traditional", "extraction" (9) "c", "time",
"methods", "transform", "images", "recognition", "fault" (8) "two", "encoding",
"background", "accuracy", "alignment", "tumors" (7) "system", "parameters",
"sequence", "contrast", "target", "vector", "spatial", "enhancement", "speech",
"palmprint" (6) "feature extraction" (8) "wavelet transform", "gear fault", "c science" (5)
"spatial domain", "new method", "encoding time", "sublingual veins",
"continuous wavelet", "fault diagnosis" (4) "acceleration signals", "neural network",
"word spotting", "computation complexity", "paper new", "speech recognition",
"gaze direction", "new algorithm", "pairwise alignment", "support vector",
"frequency domain", "low contrast", "signal noise", "shaft centre", "maxima lines"
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(3) "continuous wavelet transform" (4)
Focuses on signal processing algorithms for feature extraction in images and speech recognition
using such techniques as fractals, wavelets and neural networks.
Cluster 54 [24]
"heat" (91) "transfer" (50) "system" (26) "cooling" (23) "water" (20) "recovery" (19)
"temperature", "air" (18) "tube" (17) "mass" (16) "c", "science", "refrigeration" (15)
"coefficient" (14) "thermal" (13) "flow", "experimental" (12) "energy", "conditions",
"model", "heating" (11) "paper", "cycle", "working", "ruwct" (10) "rate", "two",
"specific", "phase", "characteristics" (9) "method", "process", "flux" (8) "heat
transfer" (38) "c science" (15) "transfer coefficient", "heat recovery" (12) "mass
transfer" (10) "specific heat" (8) "heat flux" (7) "evaporative cooling", "convective
heat", "roll worked", "boiling heat" (6) "narrow spaces", "water cooling", "worked
tube", "refrigeration cycle" (5) "heat constant", "transfer coefficients", "refrigeration
system", "cooling capacity", "cooling tower", "working conditions", "transfer
characteristics", "heat mass" (4) "heat transfer coefficient" (11) "boiling heat
transfer", "convective heat transfer" (6) "roll worked tube" (5) "water cooling
tower", "specific heat constant", "heat mass transfer" (4)
Focuses on heat transfer properties applied to refrigeration systems.
Cluster 55 [23]
"soil" (164) "soils" (36) "n" (30) "water" (27) "k" (26) "c" (25) "model" (22) "two",
"pb" (21) "rare", "plant", "log" (20) "p", "ha" (16) "g", "total", "organic" (15) "low",
"concentrations", "red", "earths" (14) "concentration", "content", "moisture",
"solute" (13) "increased", "decreased", "m", "species" (12) "s", "science", "china",
"root", "earth", "kg", "cu2", "forest", "tailings" (11) "rare earths" (13) "log k" (12) "c
science" (11) "k oc" (9) "mug g", "soil moisture" (8) "organic matter", "red soil",
"rare earth" (7) "soil water", "k soil", "soil ph", "soil drying" (6) "rar soil", "req soil",
"water characteristic", "soil column", "forest ecosystems", "griffith soil", "content
dehydrogenase", "c n", "atp content", "pb zn", "e g", "soil organic" (5) "atp content
dehydrogenase" (5) "dehydrogenase urease activities", "soil bulk density", "log k oc",
"m s b", "science b v", "c science b", "content dehydrogenase urease" (4)
Focuses on characterizing soil properties such as soil moisture and their effects.
Cluster 56 [23]
"deformation" (56) "strain" (50) "grain" (27) "degreesc", "alloy" (25) "stress", "tial"
(24) "rate" (23) "microstructure" (21) "s" (20) "temperature" (19) "dislocation" (18)
"region", "process", "ferrite" (16) "low", "stage" (15) "high", "hot", "cyclic" (14)
"loading" (13) "electron", "behavior", "ni" (12) "x", "intersection" (11) "rates", "slip",
"dislocations" (10) "strain rate" (18) "degreesc strain" (11) "x s" (10) "strain rates"
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(9) "beta phase", "phase region", "c science" (7) "grain boundaries", "b v", "science
b", "superplastic deformation", "hot deformation", "tial alloys", "transmission
electron", "grain boundary", "css curve", "grain growth", "activation energy" (6)
"nanocrystalline ferrite", "dislocation glide", "cyclic loading", "deformation
behavior", "tial based", "high strain", "grain size", "based alloy", "controlled cyclic",
"hot deformability" (5) "degreesc strain rate" (8) "beta phase region" (7) "science b
v" (6) "tial based alloy", "c science b", "controlled cyclic loading" (5) "alpha beta
phase", "grain boundary sliding" (4)
Focuses on material properties such as deformation and strain on the grains of alloy
microstructures.
Cluster 57 [21]
"adsorption" (114) "bsa" (23) "diffusion" (19) "x", "equilibrium" (17) "model" (15)
"protein" (14) "n" (13) "water", "ii" (12) "ph", "isotherms", "cb" (11) "c", "ion",
"acid", "ionic", "strength", "capacity" (10) "ethylene", "bovine", "g", "pore", "pcb",
"isotherm" (9) "two", "concentration", "science", "surface", "carbon", "gamma",
"langmuir", "241", "hap", "humic" (8) "ionic strength" (10) "adsorption capacity" (9)
"humic acid", "c science" (8) "bovine serum" (7) "b v", "science b", "serum albumin",
"adsorption kinetics", "adsorption equilibrium" (6) "n ar", "adsorption capacities",
"albumin bsa", "carbon dioxide", "pore diffusion", "gamma globulin", "phenolic
compounds", "spectral correction" (5) "science b v", "c science b", "bovine serum
albumin" (6) "serum albumin bsa" (5) "adsorption spectral correction", "phase ionic
strength" (4) "spectral correction mpasc", "pore diffusion model", "clay humic acid",
"four phenolic compounds", "liquid phase ionic", "correction mpasc technique",
"oxygen carbon dioxide", "cb coupling density", "ionic strength cb", "microphase
adsorption spectral", "poly ethylene oxide" (3)
Focuses on the adsorption properties of organic compounds such as bovine serum albumin
(BSA) proteins.
Cluster 58 [21]
"ferroelectric" (35) "polarization" (28) "temperature" (26) "coupling" (20) "range"
(19) "dielectric", "films", "pyroelectric" (18) "susceptibility" (17) "thin", "interaction",
"field" (15) "phase", "transition" (14) "long" (13) "coefficient", "stress",
"model" (12) "structure" (11) "properties", "doped", "spontaneous" (10) "theory",
"interfacial", "sbn" (9) "increase", "transverse", "magnetic", "interface" (8)
"materials", "magnetoelectric" (7) "size", "find", "mean", "increases", "electric",
"bilayer", "curie" (6) "long range", "thin films" (13) "pyroelectric coefficient" (12)
"phase transition" (11) "interfacial coupling" (9) "spontaneous polarization", "range
interaction" (8) "transition temperature" (7) "curie temperature", "dielectric
susceptibility" (6) "mean field" (5) "susceptibility ferroelectric", "ferroelectric
properties", "dielectric constant", "ising model", "transverse ising", "sandwich
structure", "coefficient susceptibility", "coefficient dielectric", "field theory",
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"transverse field", "polarization susceptibility" (4) "long range interaction" (8)
"phase transition temperature" (6) "pyroelectric coefficient susceptibility",
"transverse ising model", "pyroelectric coefficient dielectric", "coefficient dielectric
susceptibility", "mean field theory" (4) "ferroelectric interfacial coupling",
"interfacial coupling transverse", "susceptibility ferroelectric bilayer", "long range
coupling", "ferroelectric thin films", "average spontaneous polarization",
"polarization curie temperature" (3)
Focuses on ferroelectric, dielectric, and pyroelectric properties of thin films; to include their
effects on polarization and coupling.
Cluster 59 [21]
"second" (36) "optical" (27) "harmonic" (23) "generation" (20) "nonlinear" (19)
"phase" (18) "structure", "order" (16) "frequency" (15) "c" (14) "method", "nm",
"superlattice" (9) "parametric", "conversion", "quasi", "wave", "periodic", "shg" (8)
"crystal", "efficiency", "metal", "processes", "matching" (7) "polymer", "based",
"two", "three", "example", "third", "signal", "quasiperiodic" (6) "second harmonic"
(18) "harmonic generation" (16) "second order" (11) "nonlinear optical" (8) "quasi
phase", "phase matching" (7) "order nonlinear" (5) "optical parametric", "american
physics", "frequency generation", "second harmonics", "pek c", "c american", "metal
cluster", "phase matched", "sum frequency", "conversion efficiency" (4) "second
harmonic generation" (13) "quasi phase matching", "c american physics" (4) "second
order optical", "sum frequency generation", "c science b", "third harmonic
generation", "quasi phase matched", "second order nonlinear", "nonlinear second
order", "science b v", "harmonic generation shg" (3)
Focuses on sciences with second and third order processes such as harmonics, wave generation,
phases, and order primarily associated with the physics of non-linear optics and crystal
structures.
Cluster 60 [21]
"gene" (58) "patients" (42) "p" (33) "genotype" (28) "controls" (26) "mrna"
(25)"polymorphism" (24) "higher" (22) "pcr" (21) "allele" (20) "group" (19) "levels" (17)
"c", "frequencies", "reaction", "chain", "polymerase", "vegf" (16) "cells", "genotypes"
(15) "expression" (14) "i", "control", "igf" (13) "cases", "risk" (12) "s", "frequency",
"chinese", "ad", "blood", "pd", "95", "methylation", "hanf" (11) "factor", "disease",
"alcohol", "detected" (10) "polymerase chain", "chain reaction" (16) "p 05" (9) "ink4b
gene", "tgf beta1", "p15 ink4b" (8) "trabecular meshwork", "rt pcr" (7) "gene
polymorphism", "meshwork cells", "p 01", "patients controls" (6) "sle patients",
"mrna levels", "gene transfer", "95 ci", "vegf mrna", "c science", "alcohol dependent",
"c 509t", "growth factor", "odds ratio" (5) "polymerase chain reaction" (16) "p15
ink4b gene" (8) "trabecular meshwork cells" (6) "reaction rt pcr", "c 509t t869c",
"chain reaction rt", "reverse transcriptase polymerase", "transcriptase polymerase
chain", "tgf beta1 gene" (4)
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Focuses on the effects of the polymorphism of genes on different human diseases.
Cluster 61 [21]
"beam" (48) "gaussian" (27) "beams" (25) "propagation" (20) "optical" (15) "phase",
"derived" (13) "intensity", "shift" (12) "order", "formula", "laser", "paraxial" (10) "c",
"elliptical" (9) "spatial" (8) "system", "method", "science", "factor", "focal",
"flattened" (7) "m", "non", "new", "solution", "pulsed", "shifts" (6) "gaussian beam",
"gaussian beams" (12) "c science" (7) "beam propagation", "focal shift", "elliptical
gaussian" (6) "flattened gaussian" (5) "system derived", "relative focal", "m factor",
"b v", "science b", "optical systems", "laser beam", "axis intensity", "pulsed beam",
"nonlinear phase", "beam solution", "hermite gaussian", "paraxial optical" (4)
"elliptical gaussian beam" (5) "c science b", "science b v" (4) "propagation factor m",
"flattened gaussian beams", "gaussian beam misaligned", "annular focusing system",
"relative focal shift", "hermite gaussian beams", "beam propagation factor", "factor
m factor" (3)
Focuses on gaussian beam propagation properties in applications with lasers and optics.
Cluster 62 [20]
"ceramics" (38) "properties" (31) "materials" (25) "mechanical" (24) "toughness" (23)
"fracture" (22) "strength", "bn" (19) "ceramic" (18) "phase" (17) "composite",
"al2o3", "crack" (15) "sic" (14) "m" (13) "laminated" (12) "composites",
"microstructure", "sintering", "zirconia" (11) "interface", "hot" (10) "high", "glass",
"ha", "mpa" (9) "based", "samples", "containing", "si3n4", "bending", "toughening"
(8) "mechanical properties" (20) "fracture toughness" (13) "si3n4 bn", "bending
strength", "hot pressing" (6) "20 vol", "mpa m", "microwave sintering", "metallic
inclusions", "crack deflection" (5) "work fracture", "strength fracture", "glass
ceramics", "ti composite", "phase ceramics", "b o", "multi phase" (4) "strengt fracture
toughness", "multi phase ceramics" (4) "y alpha sialon", "laminated si3n4
bn", "20 vol ti", "ha 20 vol", "b o n", "si3n4 bn ceramics", "bn interface layers",
"samples microwave sintering", "vol ti composite", "si b o" (3)
Focuses on the material properties (such as mechanical, toughness, and strength) of ceramics,
glass and composites.
Cluster 63 [20]
"laser" (50) "electron" (23) "cm" (17) "intensity", "x" (15) "high", "energy", "plasma",
"w" (14) "electrons" (13) "density" (12) "beam" (11) "temperature", "ions", "plasmas"
(10) "pulse" (9) "system", "target", "simulation", "kev", "fel" (8) "c", "physics", "ray",
"generation", "hot", "atomic" (7) "two", "molecular", "measured", "length",
"interaction", "free", "channel", "vacuum", "krf", "pulses", "acceleration", "code" (6)
"w cm" (14) "x ray" (7) "laser pulse", "laser intensity", "plasma channel", "laser
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pulses" (5) "ultrashort laser", "perfect synchronism", "hard x", "femtosecond laser",
"laser plasma", "laser system", "17 w", "b v", "science b", "c science", "hot electron"
(4) "science b v", "17 w cm", "c science b" (4) "pulsed laser deposition", "14 w cm",
"molecular beam epitaxy", "hard x ray", "charged fragmental ions", "c american
physics", "singly charged fragmental" (3)
Focuses on lasers used to study plasma and nuclear physics properties.
Cluster 64 [20]
"black" (43) "entropy" (36) "hole" (31) "horizon" (25) "model" (20) "wall", "brick"
(18) "s" (17) "spin" (15) "field", "q" (13) "method", "holes" (12) "energy", "event",
"quantum", "scalar", "kerr", "newman" (11) "particles", "ext" (10) "temperature",
"term", "area", "hawking" (9) "new", "proportional", "fields" (8) "membrane",
"radiation", "thermal" (7) "time" (6) "black hole" (29) "brick wall" (18) "black holes"
(12) "wall model", "kerr newman", "event horizon" (11) "ext q" (10) "s ext" (9)
"membrane model", "wall method" (7) "q s" (6) "thermal radiation", "proportional
area" (5) "dirac particles", "temperature event", "newman ads", "entropy black",
"scalar field", "spin fields", "extensive energy", "spherically symmetric", "coordinate
transformation", "b v", "science b", "c science", "entropy scalar", "tortoise
coordinate", "method membrane", "newman ds" (4) "brick wall model" (11) "s ext q"
(9) "brick wall method" (7) "q s ext", "ext q s" (5) "tortoise coordinate
transformation", "temperature event horizon", "kerr newman ds", "method
membrane model", "science b v", "c science b", "kerr newman ads", "entropy scalar
field", "wall method membrane" (4)
Focuses on characterizing black hole properties using techniques such as the brick wall method.
Cluster 65 [20]
"cross" (29) "isospin" (25) "energy" (24) "n" (22) "nuclear" (20) "section" (18)
"potential", "model" (16) "dependence" (15) "parameters", "reaction" (14)
"experimental", "sections" (12) "two", "nucleon" (11) "body", "u", "mev" (10) "c",
"18", "momentum" (9) "x", "state", "medium", "heavy", "projectile" (8) "ion",
"quantum", "proton", "intermediate", "mean", "17", "dependent", "12", "nuclei",
"symmetry", "collisions", "ne" (7) "cross section" (18) "cross sections" (11) "isospin
dependence" (8) "symmetry potential" (7) "isospin dependent", "quantum
molecular", "mev u", "two body", "heavy ion", "momentum dependence", "molecular
dynamics" (6) "f 17", "intermediate energy", "ion collisions", "equation state", "17
ne", "differential cross", "mean field" (5) "nucleon nucleon", "nuclear reaction",
"dependence interaction", "nuclear stopping", "optical potential", "n n", "high
energy", "experimental data" (4) "quantum molecular dynamics" (6) "heavy ion
collisions", "f 17 ne" (5) "differential cross section", "momentum dependence
interaction" (4) "optical potential parameters", "intermediate energy heavy",
"nucleon cross section", "nucleon nucleon cross", "dependent quantum molecular",
"molecular dynamics iqmd", "17 ne 18", "nn cross section", "medium nucleon
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nucleon", "isospin dependent quantum", "molecular dynamics model", "isospin
dependent medium" (3)
Focuses on characterizing properties of nuclear and elementary particles such as crosssectional
energies, isospin fractination and energy states.
Cluster 66 [20]
"plasma" (46) "current" (35) "tokamak" (22) "density" (21) "field", "power" (18) "v"
(17) "ht" (16) "system" (15) "temperature", "magnetic", "higher" (12) "design", "hl",
"pf" (11) "superconducting" (10) "electron", "experiments", "beam", "ions", "ion",
"confinement", "wave", "7u" (9) "pressure", "b", "emission", "progress", "control",
"pellet", "g", "hybrid", "discharge", "pulse", "plasmas", "coils", "poloidal", "fueling",
"lhcd" (8) "ht 7u", "plasma density" (9) "v g" (8) "current drive", "poloidal field",
"optical emission", "hl 2a" (7) "lower hybrid", "plasma current", "heavy ions",
"magnetic field" (6) "steady state", "pf coils", "rf power", "control system" (5) "field
pf", "superconducting tokamak", "v v", "fwg antenna", "g equal", "toroidal field",
"50 v", "electron temperature", "current density", "hl 1m", "beam injection",
"implantation current", "current profile" (4) "implantation current density", "v v g",
"v g equal" (4) "steady state operation", "poloidal field pf", "current drive lhcd",
"radio frequency rf", "ht 7u superconducting", "optical emission strength" (3)
Focuses on the principles of Plasma Physics in various applications such as the tokamak (fusion)
reactor and superconducting.
Cluster 67 [20]
"conditions", "yields" (14) "good", "mild" (11) "corresponding", "oxidation" (8)
"alcohols", "aryl" (7) "ketones" (6) "c", "science", "high", "alpha", "compounds",
"secondary", "bromide", "aldehydes", "azo" (5) "first", "paper", "substituted",
"diaryl", "nano2" (4) "n", "simple", "water", "new", "time", "primary", "efficient",
"free", "eight", "beta", "agent", "solvent", "neutral", "unsaturated", "acyl", "amides",
"diallylated" (3) "good yields" (9) "mild conditions" (8) "c science", "azo compounds"
(5) "secondary alcohols", "yields mild" (4) "solvent free", "free conditions", "aryl
substituted", "unsaturated acyl", "alpha beta", "high yields", "aldehydes ketones",
"beta unsaturated", "compounds nano2", "conditions good", "first time", "neutral
conditions" (3) "good yields mild", "conditions good yields", "solvent free
conditions", "azo compounds nano2", "beta unsaturated acyl", "alpha beta
unsaturated" (3)
Focuses on reaction properties and conditions of alcohols such as ketones, bromides and
aldehydes for improving yields.
Cluster 68 [20]
"crack" (86) "stress" (31) "field" (30) "tip" (25) "material", "infinity" (21) "fracture"
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(20) "growth" (19) "fatigue" (17) "interface" (16) "intensity", "strain", "electric" (14)
"paper", "displacement" (11) "piezoelectric" (10) "mechanical", "dynamic", "model"
(9) "c", "energy", "conditions", "boundary", "y" (8) "rate", "two", "science", "factor",
"zone", "theory", "factors", "plane", "sigma", "integral", "toughness" (7) "crack tip"
(23) "crack growth" (14) "stress intensity" (13) "fatigue crack" (11) "y infinity" (8)
"intensity factors", "tip field", "intensity factor", "c science" (7) "electric field",
"electric displacement" (6) "strain energy", "fracture toughness", "interface crack"
(5) "energy density", "infinity epsilon", "dynamic stress", "boundary conditions",
"integral equation", "stress electric" (4) "stress intensity factor" (7) "crack tip field",
"stress intensity factors" (6) "fatigue crack growth" (5) "dynamic stress intensity" (4)
"stress electric displacement", "zone crack tip", "elastic piezoelectric dielectric",
"strain energy density" (3)
Focuses on the physical properties of materials (e.g. piezoelectric) that characterize
strength such as crack growth, stress, strain and fatigue.
Partitional Clustering Results
The format for each of the forty clusters is as follows. The cluster number is presented First;
followed by cluster size and cohesiveness metrics (in parentheses); followed by weighted
phrases. The Descriptive weightings represent the contribution of each phrase to the cluster‘s
theme, and the Discriminating weightings represent the contribution of each phrase to the
cluster‘s uniqueness from other clusters. At the end of each cluster is a brief summary of the
main theme. The dataflow below shows a summary of all the clusters analyzed:
Cluster 0 (Size: 154, ISim: 0.073, ESim: 0.005)
Descriptive: angstrom 23.9%, crystal 4.8%, degre 4.4%, space.group 3.1%, titl
2.8%, compound 2.8%, atom 2.7%, titl.compound 2.1%, group 1.8%, beta 1.8%,
space 1.7%, monoclin 1.4%, structur 1.2%, complex 1.1%, bond 0.9%,
crystal.structur 0.9%, h2o 0.9%, molecul 0.8%, rai 0.8%, coordin 0.7%,
angstrom.beta 0.7%, ring 0.7%, ligand 0.6%, diffract 0.6%, hydrogen.bond 0.6%, 000
0.6%, unit 0.6%, two 0.5%, rai.diffract 0.5%, system.space 0.5%
Discriminating: angstrom 15.8%, degre 2.3%, space.group 2.0%, titl 1.8%,
crystal 1.6%, titl.compound 1.4%, compound 1.0%, atom 1.0%, monoclin 0.9%, model
0.7%, film 0.7%, space 0.7%, temperatur 0.6%, method 0.5%, crystal.structur 0.5%,
increas 0.5%, beta 0.5%, angstrom.beta 0.5%, phase 0.4%, activ 0.4%, high 0.4%,
surfac 0.4%, h2o 0.4%, field 0.4%, time 0.4%, process 0.3%, measur 0.3%, paper
0.3%, group 0.3%, base 0.3%
Focuses on the physical characterization of crystal structures and compounds.
Cluster 1 (Size: 80, ISim: 0.056, ESim: 0.004)
Descriptive: rock 6.0%, metamorph 4.0%, ag 3.1%, zircon 2.1%, china 2.1%,
north 1.9%, zone 1.7%, earli 1.4%, basin 1.4%, late 1.4%, eclogit 1.4%, south 1.3%,
mantl 1.1%, granit 1.1%, volcan 1.0%, tecton 1.0%, fault 0.9%, belt 0.8%, dabi
0.8%, block 0.8%, miner 0.8%, deposit 0.7%, uhp 0.7%, orogen 0.7%, faci 0.6%,
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continent 0.6%, fauna 0.6%, upper 0.6%, dyke 0.6%, middl 0.6%
Discriminating: rock 3.7%, metamorph 2.5%, ag 1.4%, zircon 1.3%, north
1.2%, china 0.9%, eclogit 0.9%, zone 0.8%, basin 0.8%, late 0.8%, earli 0.7%, south
0.7%, mantl 0.7%, granit 0.7%, method 0.7%, volcan 0.7%, tecton 0.6%, film 0.6%,
model 0.6%, cell 0.6%, temperatur 0.5%, fault 0.5%, dabi 0.5%, belt 0.5%, system
0.4%, orogen 0.4%, phase 0.4%, uhp 0.4%, faci 0.4%, miner 0.4%
Focuses on geological changes to different regions of China.
Cluster 2 (Size: 104, ISim: 0.056, ESim: 0.007)
Descriptive: magnet 41.5%, field 3.9%, temperatur 2.4%, magnet.field 2.0%,
magnet.properti 1.7%, transit 1.7%, spin 1.5%, ferromagnet 1.4%, magnetoresist
0.9%, properti 0.8%, phase 0.7%, superconduct 0.7%, coupl 0.6%, antiferromagnet
0.6%, coerciv 0.5%, curi 0.5%, increas 0.5%, electr 0.5%, microspher 0.5%,
compound 0.5%, structur 0.4%, curi.temperatur 0.4%, electron 0.4%, electr.field
0.4%, sampl 0.4%, insul 0.3%, dope 0.3%, depend 0.3%, decreas 0.3%, state 0.2%
Discriminating: magnet 29.1%, field 1.3%, magnet.field 1.3%, magnet.properti
1.3%, ferromagnet 1.0%, spin 0.8%, magnetoresist 0.7%, film 0.6%, system 0.6%,
transit 0.6%, method 0.5%, cell 0.5%, activ 0.5%, model 0.5%, solut 0.4%, reaction
0.4%, superconduct 0.4%, antiferromagnet 0.4%, complex 0.4%, coerciv 0.4%, group
0.4%, control 0.4%, curi 0.3%, new 0.3%, base 0.3%, acid 0.3%, microspher 0.3%,
condit 0.3%, time 0.3%, two 0.3%
Focuses on the electromagnetic properties of superconductors.
Cluster 3 (Size: 181, ISim: 0.052, ESim: 0.006)
Descriptive: catalyst 43.7%, catalyt 4.7%, activ 4.2%, oxid 1.8%, reaction
1.8%, select 1.4%, catalyt.activ 1.3%, al2o3 1.1%, polymer 1.0%, hydrogen 0.9%,
support 0.8%, convers 0.8%, sio2 0.5%, temperatur 0.4%, carbon 0.4%, sulfur 0.4%,
ethylen 0.4%, acid 0.4%, gamma.al2o3 0.4%, complex 0.4%, surfac 0.4%, reduct
0.4%, yield 0.3%, high 0.3%, zeolit 0.3%, oxygen 0.3%, tpr 0.3%, promot 0.3%, speci
0.3%, ratio 0.2%
Discriminating: catalyst 30.9%, catalyt 3.1%, activ 1.3%, catalyt.activ 0.9%,
film 0.7%, model 0.7%, select 0.6%, cell 0.6%, oxid 0.6%, al2o3 0.6%, system 0.5%,
method 0.5%, polymer 0.4%, field 0.4%, two 0.4%, convers 0.4%, support 0.3%,
energi 0.3%, structur 0.3%, crystal 0.3%, control 0.3%, paper 0.3%, patient 0.3%,
function 0.3%, gamma.al2o3 0.3%, reaction 0.3%, measur 0.3%, group 0.3%,
hydrogen 0.3%, solut 0.3%
Focuses on the physical chemistry properties of catalyst and reactions of materials such as:
polymers, al2o3, hydrogen, sio2, ethylene, oxygen and zeolite.
Cluster 4 (Size: 76, ISim: 0.053, ESim: 0.006)
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Descriptive: implant 14.3%, ion 12.1%, ion.implant 4.8%, diamond 3.5%,
anneal 3.2%, irradi 1.7%, gan 1.7%, film 1.6%, dose 1.5%, layer 1.5%, waveguid
1.2%, deposit 1.0%, substrat 0.9%, surfac 0.9%, fluenc 0.8%, nucleat 0.7%, inp
0.5%, sampl 0.5%, laser 0.5%, profil 0.5%, temperatur 0.5%, electron 0.4%, energi
0.4%, diffus 0.4%, epitaxi 0.4%, electron.energi 0.4%, energi.loss 0.3%,
electron.energi.loss 0.3%, diamond.film 0.3%, ion.dose 0.3%
Discriminating: implant 10.5%, ion 7.0%, ion.implant 3.7%, diamond 2.5%,
anneal 1.8%, gan 1.2%, irradi 1.0%, dose 0.9%, system 0.8%, waveguid 0.8%,
method 0.6%, cell 0.6%, fluenc 0.6%, model 0.6%, two 0.5%, activ 0.5%, solut 0.4%,
layer 0.4%, inp 0.4%, nucleat 0.4%, field 0.4%, complex 0.4%, structur 0.3%, acid
0.3%, new 0.3%, reaction 0.3%, substrat 0.3%, phase 0.3%, express 0.3%, paper
0.3%
Focuses on the methods of ion implantation on substrates and films and characterizing
their physical properties.
Cluster 5 (Size: 210, ISim: 0.044, ESim: 0.004)
Descriptive: patient 49.3%, group 2.1%, arteri 1.5%, diseas 1.2%, month
1.0%, treatment 1.0%, case 0.7%, lesion 0.7%, tumor 0.7%, diagnosi 0.6%, surgeri
0.5%, score 0.4%, year 0.4%, symptom 0.4%, cancer 0.4%, surviv 0.4%, dai 0.3%,
mean 0.3%, acut 0.3%, ag 0.3%, breast 0.3%, therapi 0.3%, method 0.3%, ey 0.3%,
rate 0.3%, chines 0.3%, outcom 0.3%, recurr 0.3%, test 0.2%, on 0.2%
Discriminating: patient 32.0%, arteri 1.0%, temperatur 0.8%, model 0.7%, film
0.7%, diseas 0.7%, structur 0.7%, month 0.6%, system 0.5%, group 0.4%, crystal
0.4%, lesion 0.4%, surfac 0.4%, solut 0.4%, phase 0.4%, field 0.4%, surgeri 0.3%,
reaction 0.3%, properti 0.3%, cell 0.3%, paper 0.3%, process 0.3%, complex 0.3%,
energi 0.3%, state 0.3%, diagnosi 0.3%, electron 0.3%, high 0.3%, treatment 0.3%,
increas 0.3%
Focuses on the symptoms, diagnosis, and success of treatments in Chinese patients with
diseases and cancer; primarily associated with the breast, eyes and arteries.
Cluster 6 (Size: 198, ISim: 0.045, ESim: 0.006)
Descriptive: ceram 14.7%, dielectr 13.8%, ferroelectr 5.7%, sinter 4.3%, phase
3.0%, temperatur 2.8%, dielectr.constant 1.7%, piezoelectr 1.5%, dielectr.properti
1.3%, properti 1.2%, constant 1.0%, phase.transit 1.0%, domain 1.0%, electr 0.9%,
materi 0.8%, relaxor 0.8%, transit 0.8%, composit 0.7%, pmn 0.6%, polar 0.6%,
pbtio3 0.5%, dope 0.5%, structur 0.5%, pyrochlor 0.5%, field 0.5%, 3nb2 0.4%,
tetragon 0.4%, batio3 0.4%, increas 0.4%, sinter.temperatur 0.4%
Discriminating: ceram 10.6%, dielectr 10.1%, ferroelectr 4.0%, sinter 2.9%,
dielectr.constant 1.3%, dielectr.properti 1.0%, piezoelectr 0.9%, phase 0.7%, relaxor
0.6%, phase.transit 0.6%, film 0.6%, cell 0.6%, model 0.6%, method 0.5%, pmn
0.5%, system 0.4%, reaction 0.4%, temperatur 0.4%, group 0.4%, activ 0.4%,
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pyrochlor 0.4%, pbtio3 0.4%, solut 0.4%, domain 0.4%, two 0.3%, constant 0.3%,
3nb2 0.3%, surfac 0.3%, scienc 0.3%, acid 0.3%
Focuses on the physical properties of ceramic materials.
Cluster 7 (Size: 362, ISim: 0.045, ESim: 0.006)
Descriptive: film 47.5%, thin.film 4.8%, thin 4.6%, deposit 2.6%, substrat
2.1%, anneal 0.9%, pzt 0.8%, surfac 0.7%, thick 0.7%, layer 0.6%, sputter 0.6%,
temperatur 0.5%, structur 0.4%, properti 0.4%, rai 0.4%, composit 0.4%, ferroelectr
0.3%, increas 0.3%, grain 0.3%, orient 0.3%, film.deposit 0.3%, polar 0.3%, electron
0.2%, sol 0.2%, dope 0.2%, stress 0.2%, tio2 0.2%, coat 0.2%, spectroscopi 0.2%,
microscopi 0.2%
Discriminating: film 35.6%, thin.film 3.7%, thin 3.3%, deposit 1.5%, substrat
1.3%, system 0.7%, model 0.7%, pzt 0.6%, cell 0.5%, method 0.5%, activ 0.5%,
anneal 0.5%, two 0.5%, complex 0.4%, sputter 0.4%, reaction 0.4%, group 0.4%,
patient 0.3%, express 0.3%, acid 0.3%, thick 0.3%, function 0.3%, paper 0.3%, new
0.3%, base 0.3%, gene 0.3%, control 0.3%, time 0.3%, product 0.3%, equat 0.2%
Focuses on the physical properties of thin films and substrates.
Cluster 8 (Size: 155, ISim: 0.043, ESim: 0.006)
Descriptive: algorithm 47.5%, schedul 1.5%, method 1.0%, optim 0.9%,
comput 0.8%, model 0.8%, paper 0.8%, converg 0.7%, genet.algorithm 0.7%, simul
0.6%, base 0.6%, machin 0.6%, object 0.5%, genet 0.5%, job 0.5%, new 0.5%, line
0.4%, fuzzi 0.4%, minim 0.4%, iter 0.4%, code 0.4%, network 0.4%, search 0.3%,
system 0.3%, solv 0.3%, approxim 0.3%, complex 0.3%, program 0.3%, time 0.3%,
effici 0.3%
Discriminating: algorithm 35.6%, schedul 1.1%, temperatur 0.8%, film 0.8%,
cell 0.6%, crystal 0.5%, genet.algorithm 0.5%, increas 0.5%, activ 0.5%, structur
0.5%, phase 0.5%, reaction 0.4%, group 0.4%, job 0.4%, converg 0.4%, high 0.4%,
field 0.4%, electron 0.4%, acid 0.3%, surfac 0.3%, machin 0.3%, patient 0.3%,
energi 0.3%, comput 0.3%, composit 0.3%, ion 0.3%, mechan 0.3%, state 0.3%,
magnet 0.2%, genet 0.2%
Focuses on the efficiencies of genetic modeling, simulations and algorithms using
techniques such as fuzzy logic.
Cluster 9 (Size: 199, ISim: 0.042, ESim: 0.005)
Descriptive: gene 31.5%, dna 5.3%, express 5.2%, pcr 2.0%, genom 1.8%,
sequenc 1.7%, plant 1.4%, transgen 1.4%, chromosom 1.2%, mutat 1.1%, clone
1.1%, tumor 0.9%, gene.express 0.8%, transcript 0.8%, genet 0.7%, cell 0.7%, rice
0.7%, protein 0.6%, promot 0.5%, detect 0.5%, region 0.4%, allel 0.4%, regul 0.4%,
human 0.4%, tissu 0.4%, line 0.4%, cdna 0.4%, intron 0.4%, polymorph 0.3%, viru
0.3%
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Discriminating: gene 21.6%, dna 3.0%, express 2.4%, pcr 1.3%, genom 1.2%,
transgen 1.0%, chromosom 0.8%, film 0.7%, mutat 0.7%, temperatur 0.7%, sequenc
0.7%, model 0.7%, clone 0.7%, plant 0.6%, structur 0.6%, gene.express 0.6%, phase
0.5%, system 0.5%, crystal 0.5%, transcript 0.5%, surfac 0.5%, solut 0.5%, genet
0.4%, rice 0.4%, measur 0.4%, state 0.4%, field 0.4%, tumor 0.4%, method 0.4%,
paper 0.3%
Focuses on dna sequencing of plants such as rice (and possibily human cells & tissues) to
detect and assess the genetic effects of cloning.
Cluster 10 (Size: 131, ISim: 0.041, ESim: 0.005)
Descriptive: beta 27.8%, compound 6.6%, alpha 3.8%, cyclodextrin 2.9%, nmr
2.8%, beta.cyclodextrin 1.8%, isol 1.7%, elucid 1.5%, glucopyranosyl 1.3%,
beta.glucopyranosyl 1.2%, structur.elucid 1.2%, structur 1.2%, inclus 1.0%,
spectroscop 0.9%, new 0.9%, synthes 0.7%, acid 0.6%, glucopyranosid 0.6%,
inclus.complex 0.6%, new.compound 0.5%, alpha.beta 0.5%, glycosid 0.5%, methyl
0.5%, aryl 0.4%, deriv 0.4%, two.new 0.4%, 3beta 0.4%, alpha.beta.unsatur 0.4%,
unsatur 0.4%, beta.unsatur 0.4%
Discriminating: beta 17.0%, compound 3.2%, cyclodextrin 2.0%, alpha 1.7%,
nmr 1.6%, beta.cyclodextrin 1.2%, elucid 0.9%, glucopyranosyl 0.9%,
beta.glucopyranosyl 0.8%, structur.elucid 0.8%, isol 0.7%, model 0.7%, film 0.7%,
system 0.6%, temperatur 0.6%, inclus 0.5%, spectroscop 0.5%, increas 0.4%, cell
0.4%, glucopyranosid 0.4%, surfac 0.4%, inclus.complex 0.4%, field 0.4%,
new.compound 0.4%, glycosid 0.3%, time 0.3%, method 0.3%, alpha.beta 0.3%,
phase 0.3%, high 0.3%
Focuses on the effects of compounds and enzymes for immunology studies using nmr
and spectroscopic techniques.
Cluster 11 (Size: 145, ISim: 0.042, ESim: 0.006)
Descriptive: control 17.8%, system 11.6%, chaotic 7.0%, chao 2.7%, synchron
2.3%, feedback 1.7%, power 1.7%, dynam 1.3%, control.system 0.9%, attractor 0.9%,
oscil 0.8%, chaotic.system 0.8%, design 0.8%, adapt 0.7%, power.system 0.7%, fuzzi
0.7%, nonlinear 0.7%, paramet 0.6%, paper 0.6%, coupl 0.6%, lorenz 0.6%, time
0.5%, voltag 0.5%, simul 0.5%, optim 0.5%, bifurc 0.5%, linear 0.5%, numer 0.4%,
output 0.4%, delai 0.4%
Discriminating: control 11.0%, chaotic 5.5%, system 4.9%, chao 2.1%,
synchron 1.7%, feedback 1.2%, temperatur 0.9%, film 0.8%, power 0.8%,
control.system 0.7%, chaotic.system 0.7%, attractor 0.6%, power.system 0.5%, cell
0.5%, crystal 0.5%, increas 0.5%, structur 0.5%, dynam 0.5%, reaction 0.5%, adapt
0.5%, lorenz 0.5%, surfac 0.4%, group 0.4%, phase 0.4%, oscil 0.4%, fuzzi 0.4%,
field 0.4%, acid 0.3%, bifurc 0.3%, energi 0.3% Focuses on modeling and simulation of control
system theory for dynamic feedback to
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power systems using fuzzy logic, linear and non-linear techniques.
Cluster 12 (Size: 123, ISim: 0.041, ESim: 0.005)
Descriptive: state 14.3%, quantum 8.0%, entangl 4.9%, hole 3.9%, black.hole
3.4%, black 3.3%, field 2.8%, coher 2.0%, spin 1.9%, entropi 1.6%, coupl 1.3%,
squeez 1.0%, entangl.state 1.0%, horizon 0.9%, oscil 0.8%, atom 0.7%, coher.state
0.6%, mode 0.5%, teleport 0.5%, brick.wall 0.5%, two 0.5%, ground.state 0.5%, oper
0.4%, brick 0.4%, dot 0.4%, theori 0.4%, quantum.mechan 0.4%, photon 0.4%,
ground 0.4%, trap 0.4%
Discriminating: state 7.7%, quantum 5.1%, entangl 3.6%, hole 2.6%,
black.hole 2.6%, black 2.4%, coher 1.3%, spin 1.0%, entropi 1.0%, squeez 0.8%,
field 0.7%, entangl.state 0.7%, structur 0.7%, cell 0.7%, horizon 0.6%, film 0.6%,
activ 0.5%, reaction 0.5%, temperatur 0.4%, coher.state 0.4%, surfac 0.4%, high
0.4%, crystal 0.4%, coupl 0.4%, teleport 0.4%, complex 0.4%, method 0.4%, increas
0.4%, brick.wall 0.4%, oscil 0.4%
Focuses on the quantum states and properties of atomic particles and their interactions in
black holes.
Cluster 13 (Size: 165, ISim: 0.040, ESim: 0.005)
Descriptive: protein 22.6%, sequenc 4.7%, amino.acid 2.8%, amino 2.7%,
express 2.4%, acid 1.5%, human 1.4%, gene 1.4%, cdna 1.2%, fusion 1.2%, isol
1.2%, bind 1.0%, peptid 1.0%, recombin 1.0%, activ 0.8%, residu 0.8%, encod 0.8%,
strain 0.8%, termin 0.8%, purifi 0.8%, plasmid 0.8%, hcv 0.8%, antibodi 0.7%,
enzym 0.7%, clone 0.6%, fusion.protein 0.6%, coli 0.5%, domain 0.5%, viru 0.5%,
mutant 0.4%
Discriminating: protein 15.1%, sequenc 2.6%, amino.acid 1.9%, amino 1.7%,
cdna 0.9%, fusion 0.8%, temperatur 0.8%, express 0.8%, film 0.8%, model 0.8%,
system 0.7%, peptid 0.6%, human 0.6%, recombin 0.6%, hcv 0.5%, plasmid 0.5%,
phase 0.5%, isol 0.5%, encod 0.5%, purifi 0.5%, bind 0.5%, termin 0.5%,
fusion.protein 0.5%, antibodi 0.4%, surfac 0.4%, solut 0.4%, crystal 0.4%, field
0.4%, residu 0.4%, state 0.4%
Focuses on sequencing of proteins and amino acids.
Cluster 14 (Size: 157, ISim: 0.040, ESim: 0.006)
Descriptive: nanowir 9.2%, nanotub 5.0%, electron 4.5%, microscopi 3.5%,
electron.microscopi 3.4%, transmiss.electron 2.6%, transmiss.electron.microscopi
2.3%, diamet 2.3%, nanorod 2.2%, transmiss 2.1%, carbon.nanotub 2.0%, diffract 1.8%, carbon
1.7%, cnt 1.4%, growth 1.3%, rai 1.2%, nanoparticl 1.1%, tem 0.8%,
electron.diffract 0.8%, nanocryst 0.8%, crystal 0.6%, structur 0.6%, templat 0.6%,
nanostructur 0.5%, rai.diffract 0.5%, oxid 0.5%, arrai 0.5%, microscopi.tem 0.4%,
electron.microscopi.tem 0.4%, hrtem 0.4%
Discriminating: nanowir 7.2%, nanotub 3.8%, electron.microscopi 2.4%,
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microscopi 2.2%, electron 1.9%, transmiss.electron 1.8%, nanorod 1.8%,
transmiss.electron.microscopi 1.7%, carbon.nanotub 1.5%, diamet 1.5%, transmiss
1.2%, cnt 1.1%, diffract 0.8%, system 0.8%, film 0.7%, carbon 0.7%, cell 0.7%,
electron.diffract 0.6%, nanoparticl 0.6%, model 0.6%, activ 0.6%, nanocryst 0.6%,
tem 0.5%, two 0.4%, group 0.4%, growth 0.4%, method 0.4%, templat 0.4%, complex
0.4%, nanostructur 0.4%
Focuses on the study of nanotechnology such as nanowires and carbon nanotubes using
transmission electron microscopy.
Cluster 15 (Size: 127, ISim: 0.038, ESim: 0.005)
Descriptive: decai 8.7%, quark 6.6%, gamma 2.6%, model 2.0%, energi
1.7%, detector 1.7%, gev 1.5%, meson 1.4%, collis 1.4%, branch 1.3%, data 1.2%,
phi 1.2%, cross.section 1.1%, neutron 1.0%, hadron 1.0%, isospin 1.0%, measur
1.0%, state 1.0%, baryon 1.0%, branch.ratio 1.0%, section 0.9%, mass 0.9%, gluon
0.8%, mev 0.8%, pion 0.8%, cross 0.8%, relativist 0.7%, nucleon 0.7%, proton 0.7%,
qcd 0.6%
Discriminating: decai 6.0%, quark 4.8%, gamma 1.2%, detector 1.1%, gev
1.1%, meson 1.0%, collis 0.9%, branch 0.8%, hadron 0.8%, isospin 0.7%, phi 0.7%,
film 0.7%, neutron 0.7%, cross.section 0.7%, baryon 0.7%, temperatur 0.7%,
branch.ratio 0.7%, cell 0.7%, structur 0.7%, method 0.6%, gluon 0.6%, pion 0.6%,
mev 0.5%, nucleon 0.5%, relativist 0.5%, activ 0.5%, surfac 0.5%, qcd 0.5%, section
0.5%, asymmetri 0.4%
Focuses on particle physics modeling & characterizing of the energy states of such elementary
particles as protons, neutrons, gamma rays, quarks, mesons, darons, baryons and gluons.
Cluster 16 (Size: 130, ISim: 0.036, ESim: 0.004)
Descriptive: speci 26.9%, china 5.2%, new.speci 3.6%, genu 2.7%, popul
2.5%, nov 1.7%, new 1.5%, genet 0.9%, fungal 0.8%, yunnan 0.7%, sequenc 0.7%,
male 0.6%, two 0.6%, fungi 0.6%, fern 0.6%, specimen 0.6%, famili 0.6%, diploid
0.5%, genera 0.5%, provinc 0.5%, polymorph 0.5%, femal 0.4%, speci.genu 0.4%,
chines 0.4%, three 0.4%, commun 0.4%, group 0.3%, type 0.3%, marker 0.3%, divers
0.3%
Discriminating: speci 16.9%, china 2.9%, new.speci 2.5%, genu 1.8%, popul
1.4%, nov 1.2%, model 0.7%, film 0.7%, temperatur 0.6%, system 0.6%, method
0.6%, fungal 0.5%, phase 0.5%, structur 0.5%, cell 0.5%, yunnan 0.5%, crystal 0.4%,
genet 0.4%, surfac 0.4%, fungi 0.4%, solut 0.4%, fern 0.4%, activ 0.4%, increas
0.4%, reaction 0.4%, male 0.4%, diploid 0.4%, genera 0.3%, state 0.3%, energi 0.3%
Focuses on Chinese species of fungi.
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Cluster 17 (Size: 172, ISim: 0.036, ESim: 0.006)
Descriptive: complex 19.3%, ligand 6.8%, coordin 4.1%, h2o 2.7%, structur
1.9%, crystal 1.6%, atom 1.5%, bond 1.3%, bridg 1.3%, spectra 1.2%, synthes 1.1%,
copper 1.0%, ion 1.0%, hydrogen.bond 0.9%, iii 0.9%, clo4 0.9%, eta 0.8%, rai
0.8%, dimension 0.7%, two 0.7%, hydrogen 0.7%, interact 0.7%, element 0.6%, phen
0.6%, fluoresc 0.6%, bi 0.6%, group 0.6%, carboxyl 0.6%, crystal.structur 0.5%, nmr
0.5%
Discriminating: complex 12.0%, ligand 4.9%, coordin 2.8%, h2o 1.7%, bridg
0.8%, model 0.8%, film 0.8%, cell 0.7%, clo4 0.7%, method 0.7%, system 0.6%,
hydrogen.bond 0.6%, copper 0.5%, surfac 0.5%, eta 0.5%, temperatur 0.5%, increas
0.5%, phase 0.5%, bond 0.5%, iii 0.4%, atom 0.4%, spectra 0.4%, phen 0.4%, field
0.4%, activ 0.4%, pph3 0.4%, control 0.3%, paper 0.3%, carboxyl 0.3%, time 0.3%
Focuses on synthesizing and characterizing the bonding properties of complex microstructures
such as ligands, crystals of copper, hydrogen and carboxyl.
Cluster 18 (Size: 284, ISim: 0.036, ESim: 0.005)
Descriptive: cell 44.5%, express 2.7%, apoptosi 2.5%, tumor 2.1%, cultur
1.3%, activ 1.1%, cell.line 1.0%, human 0.9%, cancer 0.9%, protein 0.8%, line 0.7%,
inhibit 0.7%, prolifer 0.6%, induc 0.6%, tissu 0.6%, carcinoma 0.5%, stain 0.5%, hcc
0.5%, growth 0.5%, cytotox 0.3%, telomeras 0.3%, gene 0.3%, assai 0.3%, mrna
0.3%, tumor.cell 0.3%, detect 0.3%, regul 0.3%, dna 0.3%, product 0.3%, level 0.3%
Discriminating: cell 29.4%, apoptosi 1.8%, tumor 1.2%, express 1.0%, cultur
0.8%, temperatur 0.8%, film 0.8%, cell.line 0.7%, system 0.6%, model 0.6%, structur
0.5%, cancer 0.5%, crystal 0.5%, human 0.4%, prolifer 0.4%, solut 0.4%, surfac
0.4%, method 0.4%, reaction 0.4%, phase 0.4%, paper 0.3%, base 0.3%, state 0.3%,
properti 0.3%, stain 0.3%, carcinoma 0.3%, two 0.3%, field 0.3%, complex 0.3%,
measur 0.3%
Focuses on cell physiology of human tissues, proteins and genes for cancer/tumors.
Cluster 19 (Size: 216, ISim: 0.037, ESim: 0.006) Descriptive: alloi 31.1%, microstructur 2.8%,
grain 2.6%, corros 2.1%, steel
1.9%, deform 1.8%, disloc 1.4%, melt 1.2%, phase 1.1%, temperatur 1.1%, tial 1.0%,
precipit 1.0%, increas 0.9%, strain 0.7%, stress 0.6%, heat 0.6%, degreesc 0.6%,
boundari 0.6%, martensit 0.6%, gamma 0.6%, alpha 0.6%, eutect 0.6%, hydrogen
0.6%, cast 0.6%, ag 0.5%, mechan 0.5%, grain.boundari 0.5%, resist 0.5%, process
0.5%, rate 0.4%
Discriminating: alloi 24.8%, microstructur 1.8%, grain 1.5%, corros 1.5%,
steel 1.3%, deform 1.1%, disloc 1.0%, tial 0.9%, system 0.8%, method 0.7%, film
0.7%, melt 0.7%, model 0.7%, cell 0.6%, precipit 0.6%, martensit 0.5%, group 0.4%,
eutect 0.4%, reaction 0.4%, two 0.4%, complex 0.4%, function 0.4%, activ 0.4%, field
0.4%, cast 0.4%, acid 0.3%, grain.boundari 0.3%, patient 0.3%, weld 0.3%, crystal
0.3%
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 545

The Rooster & The Dragon January 23, 2012
Focuses on the microstructure and material properties of steel alloys.
Cluster 20 (Size: 144, ISim: 0.032, ESim: 0.006)
Descriptive: cluster 5.8%, isom 5.4%, bond 3.5%, energi 3.4%, structur 3.0%,
orbit 2.0%, atom 1.9%, molecul 1.6%, aren 1.3%, ring 1.3%, b3lyp 1.2%, state
1.1%, porphyrin 1.0%, dissoci 1.0%, stabl 1.0%, molecular 0.9%, calcul 0.9%,
spectra 0.8%, calix 0.8%, 31g 0.8%, calix.aren 0.7%, kcal 0.7%, ci 0.6%, mol 0.6%,
geometri 0.6%, stabil 0.6%, kcal.mol 0.6%, stm 0.6%, reaction 0.6%, densiti.function
0.5%
Discriminating: isom 4.5%, cluster 3.9%, bond 1.9%, orbit 1.4%, energi
1.3%, aren 1.1%, b3lyp 1.0%, porphyrin 0.8%, model 0.8%, film 0.8%, molecul
0.8%, dissoci 0.7%, cell 0.7%, ring 0.7%, temperatur 0.7%, calix 0.7%, atom 0.7%,
31g 0.6%, calix.aren 0.6%, kcal 0.6%, kcal.mol 0.5%, structur 0.5%, stm 0.5%,
system 0.5%, ci 0.5%, stabl 0.5%, increas 0.4%, field 0.4%, control 0.4%,
densiti.function 0.4%
Focuses on the atomic and molecular properties of isomers.
Cluster 21 (Size: 161, ISim: 0.031, ESim: 0.006)
Descriptive: polymer 7.1%, copolym 4.4%, polym 4.3%, chitosan 3.9%, graft
3.4%, poli 2.9%, molecular.weight 2.7%, monom 2.4%, molecular 2.3%, weight 2.0%,
micel 1.5%, hydrogel 1.0%, radic 1.0%, methyl 1.0%, concentr 0.9%, aggreg 0.9%,
methacryl 0.9%, crosslink 0.8%, solvent 0.8%, water 0.8%, initi 0.7%, solut 0.7%,
acid 0.7%, increas 0.6%, group 0.5%, reaction 0.5%, chain 0.5%, temperatur 0.5%,
acryl 0.5%, copolymer 0.4%
Discriminating: polymer 5.4%, copolym 3.4%, chitosan 3.2%, polym 2.7%,
graft 2.6%, molecular.weight 2.1%, poli 2.1%, monom 1.9%, micel 1.2%, molecular
1.1%, weight 1.0%, hydrogel 0.8%, methacryl 0.7%, model 0.7%, crosslink 0.6%, cell 0.6%,
radic 0.6%, aggreg 0.6%, methyl 0.5%, film 0.5%, method 0.4%, system 0.4%,
solvent 0.4%, field 0.4%, two 0.4%, acryl 0.4%, copolymer 0.4%, lldpe 0.4%, patient
0.3%, express 0.3%
Focuses on characterizing the properties and reactions of polymers.
Cluster 22 (Size: 184, ISim: 0.031, ESim: 0.006)
Descriptive: wave 22.6%, field 8.5%, magnet 5.1%, magnet.field 1.7%, crack
1.5%, electr 1.0%, plate 1.0%, equat 0.9%, current 0.7%, soliton 0.7%, theori 0.7%,
propag 0.7%, electr.field 0.6%, numer 0.6%, dipol 0.6%, instabl 0.5%, reflect 0.5%,
plasma 0.5%, frequenc 0.5%, displac 0.5%, dimension 0.4%, stress 0.4%, method
0.4%, piezoelectr 0.4%, two 0.4%, dispers 0.4%, shell 0.4%, system 0.3%, surfac
0.3%, mode 0.3%
Discriminating: wave 18.9%, field 4.9%, magnet 3.0%, magnet.field 1.3%,
crack 0.9%, film 0.9%, temperatur 0.8%, plate 0.7%, activ 0.6%, cell 0.6%, soliton
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0.6%, reaction 0.6%, dipol 0.5%, increas 0.5%, electr 0.5%, acid 0.4%, group 0.4%,
process 0.4%, electr.field 0.4%, instabl 0.4%, propag 0.4%, structur 0.4%, phase
0.4%, complex 0.4%, crystal 0.4%, patient 0.3%, displac 0.3%, new 0.3%, gene
0.3%, compound 0.3%
Focuses on waves & magnetic field properties associated with plasmas and piezoelectric
surfaces.
Cluster 23 (Size: 245, ISim: 0.030, ESim: 0.005)
Descriptive: equat 14.4%, solut 8.9%, condit 2.3%, nonlinear 1.9%, boundari
1.8%, exist 1.7%, suffici.condit 1.7%, suffici 1.5%, system 1.5%, stabil 1.4%, linear
1.2%, paper 1.2%, differenti.equat 1.0%, method 1.0%, global 1.0%, function 0.9%,
infin 0.8%, delai 0.7%, differenti 0.7%, converg 0.7%, integr 0.7%, asymptot 0.6%,
boundari.valu 0.6%, order 0.6%, solv 0.6%, iter 0.5%, singular 0.5%, numer 0.5%,
bound 0.5%, equal 0.5%
Discriminating: equat 9.4%, solut 4.5%, suffici.condit 1.3%, suffici 1.1%,
nonlinear 1.0%, temperatur 0.9%, boundari 0.8%, film 0.8%, differenti.equat 0.8%,
exist 0.7%, condit 0.7%, cell 0.7%, structur 0.6%, global 0.6%, increas 0.6%, phase
0.6%, crystal 0.5%, stabil 0.5%, infin 0.5%, activ 0.5%, reaction 0.5%, boundari.valu
0.4%, delai 0.4%, linear 0.4%, high 0.4%, asymptot 0.4%, converg 0.4%, surfac
0.4%, group 0.4%, acid 0.4%
Focuses on the elements of numerical mathematics such equations, conditions and solutions
associated with boundary value problems of system stability.
Cluster 24 (Size: 177, ISim: 0.030, ESim: 0.006) Descriptive: flow 14.6%, veloc 4.6%, turbul
4.1%, heat 3.1%, model 2.5%,
fluid 2.2%, scale 1.4%, pressur 1.4%, ga 1.1%, simul 1.1%, convect 1.0%, equat
0.9%, particl 0.9%, numer 0.8%, experiment 0.8%, number 0.7%, transfer 0.6%,
heat.transfer 0.6%, combust 0.6%, flux 0.6%, water 0.5%, measur 0.5%, field 0.5%,
comput 0.5%, bed 0.5%, region 0.5%, layer 0.4%, coeffici 0.4%, air 0.4%, dimension
0.4%
Discriminating: flow 12.1%, turbul 3.8%, veloc 3.7%, heat 2.0%, fluid 1.6%,
convect 0.8%, film 0.8%, scale 0.7%, cell 0.7%, pressur 0.6%, ga 0.6%, reaction
0.5%, heat.transfer 0.5%, activ 0.5%, crystal 0.5%, group 0.4%, acid 0.4%, electron
0.4%, bed 0.4%, structur 0.4%, combust 0.4%, patient 0.4%, model 0.3%, complex
0.3%, properti 0.3%, composit 0.3%, flux 0.3%, reynold 0.3%, numer 0.3%, gene
0.3%
Focuses on modeling and simulation of the fluid dynamic and thermodynamic properties of
particles in water and air.
Cluster 25 (Size: 245, ISim: 0.028, ESim: 0.006)
Descriptive: electrod 11.5%, mol 4.9%, determin 4.3%, detect 2.6%,
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electrochem 1.7%, acid 1.6%, detect.limit 1.5%, dna 1.5%, ion 1.4%,
method.determin 1.2%, sampl 1.2%, rang 1.1%, modifi 1.0%, limit 1.0%, method
1.0%, solut 0.9%, sensor 0.9%, concentr 0.8%, oxid 0.8%, surfac 0.7%, linear 0.7%,
reaction 0.7%, potenti 0.6%, sensit 0.6%, voltammetri 0.6%, immobil 0.5%, peak
0.5%, fluoresc 0.5%, cyclic 0.4%, buffer 0.4%
Discriminating: electrod 9.1%, mol 3.4%, determin 3.3%, detect 1.3%,
electrochem 1.2%, detect.limit 1.2%, method.determin 1.0%, model 0.8%, temperatur
0.7%, structur 0.7%, dna 0.6%, cell 0.6%, sensor 0.6%, field 0.5%, system 0.5%,
voltammetri 0.5%, limit 0.5%, modifi 0.5%, film 0.4%, two 0.4%, increas 0.4%, ion
0.4%, acid 0.4%, energi 0.4%, immobil 0.3%, modifi.electrod 0.3%, express 0.3%,
patient 0.3%, ecl 0.3%, linear.rang 0.3%
Focuses on detection methods and limitations of using eclectrodes to exploit the ectrochemical
properties of dna.
Cluster 26 (Size: 210, ISim: 0.028, ESim: 0.006)
Descriptive: imag 8.2%, network 6.8%, neural 3.6%, error 3.3%,
neural.network 3.2%, model 2.9%, method 2.4%, estim 2.2%, recognit 1.6%, inform
1.6%, data 1.4%, wavelet 1.4%, base 1.3%, reconstruct 1.2%, accuraci 1.2%, fuzzi
1.0%, paper 0.8%, algorithm 0.7%, paramet 0.7%, comput 0.6%, featur 0.6%, new
0.6%, train 0.6%, nois 0.5%, techniqu 0.5%, simul 0.5%, optim 0.5%, scheme 0.4%,
extract 0.4%, object 0.4%
Discriminating: imag 6.2%, network 5.1%, neural 3.0%, neural.network 2.7%,
error 2.4%, estim 1.5%, recognit 1.3%, wavelet 1.2%, inform 1.0%, temperatur 1.0%,
reconstruct 0.9%, film 0.9%, accuraci 0.8%, cell 0.8%, fuzzi 0.7%, crystal 0.6%,
reaction 0.5%, increas 0.5%, phase 0.5%, model 0.5%, train 0.5%, activ 0.4%, field
0.4%, state 0.4%, solut 0.4%, structur 0.4%, electron 0.4%, data 0.4%, energi 0.4%,
group 0.3%
Focuses on image processing techniques and reconstruction algorithms using neural networks,
wavelets and fuzzy logic to extract features and objects.
Cluster 27 (Size: 219, ISim: 0.028, ESim: 0.006)
Descriptive: composit 9.7%, coat 5.2%, sic 4.7%, strength 4.0%, crack 2.3%,
al2o3 1.9%, fractur 1.7%, fiber 1.5%, materi 1.3%, interfac 1.3%, properti 1.2%,
tough 1.2%, mechan.properti 1.2%, matrix 1.1%, mechan 1.0%, reinforc 0.9%, layer
0.9%, sinter 0.9%, ceram 0.8%, microstructur 0.8%, tensil 0.7%, mpa 0.7%, tic 0.6%,
stress 0.6%, grain 0.6%, particl 0.6%, lamin 0.6%, surfac 0.5%, temperatur 0.5%,
fractur.tough 0.5%
Discriminating: composit 6.4%, sic 3.9%, coat 3.7%, strength 2.8%, crack
1.6%, fractur 1.3%, al2o3 1.3%, tough 1.0%, fiber 1.0%, mechan.properti 0.9%, film
0.8%, model 0.8%, cell 0.8%, interfac 0.7%, reinforc 0.7%, tensil 0.5%, matrix 0.5%,
activ 0.5%, system 0.5%, method 0.5%, tic 0.5%, mpa 0.5%, sinter 0.5%, field 0.5%,
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 548

The Rooster & The Dragon January 23, 2012
group 0.5%, fractur.tough 0.4%, state 0.4%, lamin 0.4%, complex 0.4%, sialon 0.4%
Focuses on the material properties of al2o3, coatings, fibers, ceramics, laminates and
microstructures.
Cluster 28 (Size: 217, ISim: 0.026, ESim: 0.004)
Descriptive: rat 8.4%, activ 4.5%, induc 3.6%, inhibit 3.0%, ca2 2.8%,
receptor 2.5%, express 2.0%, neuron 1.9%, cell 1.6%, protein 1.4%, mrna 1.4%,
stimul 1.2%, increas 0.9%, concentr 0.9%, mice 0.8%, level 0.7%, inject 0.7%, lp
0.6%, kinas 0.6%, regul 0.5%, mediat 0.5%, antagonist 0.5%, treatment 0.5%,
decreas 0.5%, depend 0.4%, inhibitor 0.4%, hsc 0.4%, dai 0.4%, cultur 0.4%,
membran 0.4%
Discriminating: rat 6.0%, ca2 2.0%, inhibit 1.8%, induc 1.8%, receptor 1.7%,
activ 1.5%, neuron 1.3%, mrna 0.9%, temperatur 0.8%, stimul 0.8%, film 0.8%,
structur 0.7%, model 0.6%, express 0.6%, system 0.6%, phase 0.5%, mice 0.5%,
crystal 0.5%, surfac 0.5%, lp 0.5%, method 0.4%, two 0.4%, kinas 0.4%, field 0.4%,
protein 0.4%, solut 0.4%, reaction 0.4%, base 0.4%, antagonist 0.4%, electron 0.4%
Focuses on the study of manipulating the structure and functions of biological macromolecules
such as neurons, cells, proteins and mRNA from rats and mice for genetic research.
Cluster 29 (Size: 196, ISim: 0.026, ESim: 0.005)
Descriptive: reaction 26.9%, yield 4.8%, product 1.5%, synthes 1.3%, synthesi
1.1%, aldehyd 1.0%, aryl 0.9%, coupl 0.9%, alcohol 0.8%, chiral 0.7%, acid 0.7%,
good.yield 0.7%, good 0.7%, catalyz 0.7%, solvent 0.6%, condit 0.6%, allyl 0.6%,
reaction.mechan 0.6%, radic 0.5%, mechan 0.5%, high 0.5%, carbon 0.5%,
temperatur 0.5%, rate 0.5%, energi 0.5%, reagent 0.4%, alkyl 0.4%, compound
0.4%, methyl 0.4%, rate.constant 0.4%
Discriminating: reaction 17.6%, yield 3.0%, film 0.8%, aldehyd 0.8%, cell
0.7%, aryl 0.7%, model 0.6%, structur 0.6%, system 0.6%, good.yield 0.6%, synthesi
0.5%, alcohol 0.5%, catalyz 0.4%, chiral 0.4%, field 0.4%, synthes 0.4%, allyl 0.4%,
reaction.mechan 0.4%, product 0.4%, two 0.4%, surfac 0.4%, crystal 0.4%, method
0.4%, measur 0.3%, coupl.reaction 0.3%, control 0.3%, patient 0.3%, phase 0.3%,
increas 0.3%, reagent 0.3%
Focuses on the reactions, synthesis and properties of organic compounds.
Cluster 30 (Size: 222, ISim: 0.024, ESim: 0.004)
Descriptive: algebra 4.7%, theorem 3.5%, paper 3.4%, let 3.1%, equal 3.0%,
prove 2.8%, graph 2.5%, function 2.3%, conjectur 2.1%, space 1.9%, number 1.6%,
gener 1.5%, set 1.4%, bound 1.3%, inequ 1.3%, class 1.2%, polynomi 1.0%, regular
1.0%, formula 1.0%, exist 0.8%, finit 0.8%, invari 0.8%, connect 0.7%, oper 0.7%,
vertic 0.6%, construct 0.5%, case 0.5%, sigma 0.5%, equival 0.5%, lambda 0.5%
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Discriminating: algebra 3.4%, theorem 2.5%, let 2.3%, prove 1.9%, graph
1.8%, equal 1.6%, conjectur 1.5%, paper 1.1%, inequ 0.9%, space 0.9%, temperatur
0.8%, film 0.8%, polynomi 0.7%, bound 0.7%, class 0.7%, cell 0.6%, model 0.6%,
regular 0.6%, function 0.6%, set 0.6%, number 0.6%, activ 0.6%, phase 0.5%,
formula 0.5%, increas 0.5%, invari 0.5%, crystal 0.5%, method 0.4%, gener 0.4%,
reaction 0.4%
Focuses on mathematical theories of algebra.
Cluster 31 (Size: 179, ISim: 0.024, ESim: 0.004)
Descriptive: risk 3.7%, women 3.3%, ag 3.0%, group 2.9%, chines 1.8%,
cancer 1.7%, genotyp 1.4%, week 1.3%, control 1.2%, year 1.1%, popul 1.0%, rat
0.8%, hpv 0.8%, diseas 0.7%, blood 0.7%, case 0.7%, health 0.7%, kong 0.7%, incid
0.7%, hong 0.7%, pregnanc 0.7%, hong.kong 0.7%, abort 0.6%, men 0.6%, preval
0.6%, smoke 0.6%, cervic 0.6%, infant 0.6%, polymorph 0.5%, allel 0.5%
Discriminating: risk 2.7%, women 2.5%, ag 1.7%, chines 1.1%, cancer 1.0%,
genotyp 0.9%, group 0.9%, week 0.8%, temperatur 0.8%, film 0.8%, structur 0.7%, hpv 0.6%,
system 0.6%, cell 0.6%, model 0.6%, year 0.6%, crystal 0.5%, abort 0.5%,
health 0.5%, phase 0.5%, pregnanc 0.5%, popul 0.5%, men 0.4%, solut 0.4%, surfac
0.4%, infant 0.4%, kong 0.4%, hong 0.4%, cervic 0.4%, incid 0.4%
Focuses on the health risks that smoking has on men and women, and in particular to pregnant
women in China & Hong Kong, and the incident rates related to infants, miscarriages/abortions,
diseases, and cancer such as cervical cancer.
Cluster 32 (Size: 264, ISim: 0.024, ESim: 0.006)
Descriptive: laser 8.6%, optic 6.5%, beam 6.1%, mode 3.6%, frequenc 2.9%,
puls 2.3%, pump 2.2%, wavelength 1.5%, power 1.5%, waveguid 0.9%, switch 0.8%,
harmon 0.8%, shift 0.7%, effici 0.7%, propag 0.7%, measur 0.6%, light 0.6%,
nonlinear 0.6%, theoret 0.6%, phase 0.5%, output 0.5%, field 0.5%, photon 0.5%,
signal 0.5%, period 0.5%, wave 0.5%, radiat 0.4%, intens 0.4%, diod 0.4%, system
0.4%
Discriminating: laser 6.7%, beam 4.9%, optic 4.8%, mode 2.4%, pump 1.8%,
puls 1.7%, frequenc 1.6%, wavelength 1.1%, film 0.9%, temperatur 0.8%, power
0.8%, waveguid 0.7%, harmon 0.6%, reaction 0.6%, cell 0.6%, activ 0.5%, switch
0.5%, increas 0.5%, model 0.4%, propag 0.4%, acid 0.4%, complex 0.4%, patient
0.4%, shift 0.4%, photon 0.4%, gaussian.beam 0.4%, output 0.3%, diod 0.3%,
second.harmon 0.3%, gene 0.3%
Focuses on the physics of lasers, optics and waveguides.
Cluster 33 (Size: 203, ISim: 0.024, ESim: 0.006)
Descriptive: system 7.5%, design 4.2%, servic 2.4%, paper 2.4%, scheme
2.2%, cost 1.7%, model 1.6%, base 1.4%, custom 1.3%, process 1.0%, product 1.0%,
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manag 1.0%, compon 0.9%, agent 0.9%, optim 0.8%, user 0.7%, construct 0.7%,
method 0.7%, time 0.7%, build 0.7%, simul 0.6%, environ 0.6%, polici 0.6%, oper
0.6%, protocol 0.6%, inform 0.5%, implement 0.5%, resourc 0.5%, issu 0.5%, nois
0.5%
Discriminating: system 3.0%, design 2.8%, servic 2.2%, scheme 1.4%, cost
1.4%, custom 1.2%, temperatur 0.9%, film 0.8%, paper 0.8%, manag 0.7%, cell
0.7%, reaction 0.6%, user 0.6%, crystal 0.5%, surfac 0.5%, agent 0.5%, phase 0.5%,
build 0.5%, polici 0.5%, activ 0.5%, protocol 0.5%, resourc 0.4%, electron 0.4%,
field 0.4%, compon 0.4%, issu 0.4%, properti 0.4%, demand 0.4%, acid 0.4%,
environ 0.3%
Focuses on system design, service, cost, modeling of process and management.
Cluster 34 (Size: 247, ISim: 0.023, ESim: 0.005) Descriptive: soil 14.3%, plant 4.5%, root
1.8%, concentr 1.7%, china 1.5%,
water 1.2%, climat 1.0%, sediment 1.0%, wheat 1.0%, dai 1.0%, increas 0.9%, year
0.7%, season 0.7%, veget 0.7%, summer 0.7%, growth 0.6%, crop 0.6%, seed 0.6%,
total 0.6%, forest 0.6%, winter 0.6%, rice 0.5%, seedl 0.5%, isol 0.5%, monsoon
0.5%, rate 0.5%, area 0.5%, land 0.5%, biomass 0.4%, organ 0.4%
Discriminating: soil 11.6%, plant 3.1%, root 1.3%, film 0.9%, china 0.8%,
climat 0.8%, cell 0.7%, wheat 0.7%, sediment 0.7%, structur 0.6%, system 0.6%,
method 0.6%, crystal 0.6%, season 0.6%, phase 0.5%, model 0.5%, summer 0.5%,
reaction 0.5%, veget 0.5%, crop 0.5%, concentr 0.5%, dai 0.5%, winter 0.5%, forest
0.5%, seedl 0.4%, temperatur 0.4%, monsoon 0.4%, state 0.4%, properti 0.4%, seed
0.4%
Focuses on how seasonal environmental changes of water affect the growth rates and production
of agricultural crops such as wheat and rice, plant vegetation and forests in different areas of
China.
Cluster 35 (Size: 247, ISim: 0.022, ESim: 0.006)
Descriptive: particl 6.3%, powder 6.1%, blend 3.9%, surfac 2.5%, size 2.4%,
tio2 2.1%, coal 2.0%, nano 1.7%, materi 1.3%, temperatur 1.1%, calcin 1.1%, phase
1.0%, particl.size 0.9%, zro2 0.9%, crystal 0.9%, xrd 0.8%, nanocomposit 0.7%,
morpholog 0.7%, nanoparticl 0.7%, crystallin 0.7%, structur 0.7%, thermal 0.7%,
coat 0.6%, nanomet 0.6%, composit 0.6%, content 0.6%, increas 0.6%, dispers 0.6%,
zn 0.6%, zno 0.6%
Discriminating: powder 5.1%, particl 4.4%, blend 3.7%, coal 1.8%, tio2
1.6%, nano 1.5%, size 1.2%, calcin 1.0%, film 0.9%, cell 0.8%, system 0.8%,
particl.size 0.8%, model 0.8%, zro2 0.7%, surfac 0.7%, nanocomposit 0.6%, nanomet
0.6%, zn 0.5%, two 0.5%, xrd 0.5%, complex 0.5%, crystallin 0.5%, nanoparticl
0.5%, zno 0.4%, materi 0.4%, patient 0.4%, morpholog 0.4%, group 0.4%, express
0.4%, surfac.area 0.4%
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 551

The Rooster & The Dragon January 23, 2012
Focuses on characterizing material properties of nanoparticles, powders, coatings, and crystal
structures comprised of tio2, zro2, zn and zno using X-ray diffraction (xrd).
Cluster 36 (Size: 287, ISim: 0.021, ESim: 0.006)
Descriptive: temperatur 9.6%, crystal 8.1%, dope 2.5%, electron 1.9%, emiss
1.3%, pressur 1.3%, sampl 1.2%, phase 1.1%, measur 1.0%, laser 1.0%, glass 1.0%,
high 0.9%, transit 0.9%, state 0.9%, linbo3 0.9%, intens 0.9%, increas 0.8%, conduct
0.8%, spectra 0.8%, anneal 0.7%, excit 0.7%, energi 0.7%, thermal 0.7%, grown
0.6%, peak 0.6%, absorpt 0.5%, rang 0.5%, materi 0.5%, oxygen 0.4%, electr 0.4%
Discriminating: temperatur 5.7%, crystal 5.6%, dope 2.1%, film 1.0%, linbo3
0.9%, cell 0.9%, emiss 0.9%, model 0.8%, glass 0.7%, electron 0.7%, pressur 0.7%, group 0.6%,
grown 0.5%, method 0.5%, reaction 0.5%, complex 0.5%, patient 0.5%,
intens 0.5%, activ 0.4%, laser 0.4%, system 0.4%, excit 0.4%, control 0.4%, express
0.4%, gene 0.4%, acid 0.4%, conduct 0.4%, solut 0.4%, anneal 0.4%, luminesc 0.3%
Focuses on characterizing material properties of crystals.
Cluster 37 (Size: 272, ISim: 0.020, ESim: 0.006)
Descriptive: model 18.8%, simul 3.4%, data 1.4%, predict 1.3%, test 1.3%,
numer 1.1%, experiment 1.0%, crack 0.9%, stress 0.9%, dynam 0.9%, method 0.9%,
paramet 0.8%, load 0.8%, theoret 0.7%, element 0.7%, coeffici 0.6%, agreement
0.6%, indent 0.6%, finit 0.6%, field 0.5%, finit.element 0.5%, traffic 0.5%, base 0.5%,
paper 0.5%, distribut 0.4%, process 0.4%, measur 0.4%, comput 0.4%, structur
0.4%, linear 0.4%
Discriminating: model 14.8%, simul 2.3%, film 1.2%, cell 1.0%, predict 1.0%,
crystal 0.7%, test 0.7%, system 0.6%, numer 0.6%, crack 0.6%, traffic 0.6%, indent
0.5%, finit.element 0.5%, reaction 0.5%, temperatur 0.5%, load 0.5%, acid 0.5%,
data 0.5%, patient 0.5%, increas 0.5%, stress 0.4%, agreement 0.4%, control 0.4%,
dynam 0.4%, electron 0.4%, catalyst 0.3%, theoret 0.3%, finit 0.3%, oxid 0.3%, rotor
0.3%
Focuses on refining modeling and simulations of structural damage.
Cluster 38 (Size: 233, ISim: 0.020, ESim: 0.006)
Descriptive: energi 3.2%, calcul 2.4%, theori 1.8%, mass 1.7%, densiti 1.5%,
star 1.4%, model 1.4%, function 1.2%, interact 1.2%, potenti 1.1%, correl 1.1%,
galaxi 0.9%, paramet 0.8%, state 0.8%, line 0.8%, two 0.8%, perturb 0.8%, bodi
0.8%, rotat 0.7%, orbit 0.7%, system 0.7%, band 0.6%, time 0.6%, region 0.6%,
equat 0.6%, distribut 0.5%, observ 0.5%, method 0.5%, approxim 0.5%, particl 0.4%
Discriminating: calcul 1.7%, energi 1.6%, star 1.6%, mass 1.2%, film 1.1%,
galaxi 1.1%, cell 1.0%, theori 1.0%, densiti 0.8%, temperatur 0.7%, perturb 0.7%,
reaction 0.6%, rotat 0.6%, correl 0.6%, crystal 0.6%, orbit 0.6%, acid 0.5%, control
0.5%, bodi 0.5%, patient 0.5%, interact 0.5%, complex 0.4%, composit 0.4%, potenti
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0.4%, ira 0.4%, gene 0.4%, opac 0.4%, structur 0.4%, solut 0.4%, surfac 0.3%
Focuses on astropyhsics theory and calculations of stars and galaxies and their physical
properties and motions.
Cluster 39 (Size: 259, ISim: 0.019, ESim: 0.006)
Descriptive: acid 6.9%, adsorpt 6.5%, water 4.9%, extract 4.1%, membran
1.5%, phase 1.3%, surfact 1.3%, solvent 1.3%, solut 1.2%, concentr 1.1%, aqueou
1.0%, carbon 1.0%, separ 1.0%, liquid 0.8%, salt 0.8%, organ 0.8%, surfac 0.6% mixtur 0.6%,
adsorb 0.6%, capac 0.5%, pore 0.5%, resin 0.5%, oil 0.5%, equilibrium
0.5%, amino.acid 0.5%, amino 0.4%, temperatur 0.4%, ion 0.4%, column 0.4%,
isotherm 0.4%
Discriminating: adsorpt 6.0%, acid 4.6%, extract 3.3%, water 3.2%, surfact
1.1%, film 1.0%, membran 1.0%, solvent 0.9%, aqueou 0.7%, cell 0.7%, salt 0.6%,
field 0.5%, separ 0.5%, structur 0.4%, adsorb 0.4%, model 0.4%, patient 0.4%, paper
0.4%, resin 0.4%, liquid 0.4%, mixtur 0.4%, carbon 0.4%, gene 0.3%, oil 0.3%,
crystal 0.3%, base 0.3%, pore 0.3%, function 0.3%, microemuls 0.3%, express 0.3%
Focuses on physical chemistry properties and interactions of various elements on films,
membranes, resins and crystal surfaces to include: water, acids, oils, salts and carbon.
Low-Level Taxonomy
This section shows the hierarchical tree that defines the taxonomy. The numbers listed are the
cluster numbers. The elemental clusters above are at the rightmost boundary of the tree:
78 (Size: 7780, ISim: 6.20e-003, XSim: 0.00e+000, Gain: -8.24e+001)
system 1.1%, temperatur 1.1%, method 1.1%, model 1.1%, structur 1.0%, film
1.0%, cell 0.9%, two 0.8%, phase 0.7%, increas 0.7%, activ 0.7%, surfac 0.7%,
crystal 0.6%, high 0.6%, reaction 0.6%, solut 0.6%, time 0.6%, base 0.6%, field
0.6%, measur 0.5%, group 0.5%, process 0.5%, new 0.5%, state 0.5%, complex
0.5%, paper 0.5%, properti 0.5%, scienc 0.5%, energi 0.5%
75 (Size: 1711, ISim: 1.12e-002, XSim: 3.77e-003, Gain: -3.50e+001)
cell 6.8%, patient 4.2%, gene 3.5%, express 2.5%, protein 2.5%, activ 1.6%,
group 1.2%, sequenc 1.0%, speci 0.9%, dna 0.8%, plant 0.8%, china 0.8%, tumor
0.8%, human 0.7%, rat 0.7%, concentr 0.7%, induc 0.6%, level 0.6%, soil 0.6%,
treatment 0.6%, ag 0.6%, increas 0.6%, dai 0.6%, cancer 0.6%, inhibit 0.5%, control
0.5%, isol 0.5%, detect 0.5%, cultur 0.4%
67 (Size: 865, ISim: 1.92e-002, XSim: 6.26e-003, Gain: -2.05e+001)
cell 14.4%, gene 6.6%, express 5.5%, protein 5.3%, activ 2.2%, dna 1.4%,
sequenc 1.2%, induc 1.2%, human 1.1%, tumor 1.1%, inhibit 1.0%, rat 1.0%,
apoptosi 0.8%, mrna 0.6%, cultur 0.6%, pcr 0.6%, receptor 0.6%, detect 0.6%, tissu
0.6%, regul 0.5%, level 0.5%, isol 0.5%, acid 0.4%, clone 0.4%, plant 0.4%, mice
0.4%, concentr 0.4%, assai 0.4%, bind 0.4%
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53 (Size: 501, ISim: 2.36e-002, XSim: 1.21e-002, Gain: -1.20e+001) cell 27.4%, express 3.2%,
activ 2.9%, rat 2.0%, induc 2.0%, inhibit 1.9%,
apoptosi 1.7%, protein 1.4%, cultur 1.2%, tumor 1.1%, receptor 1.0%, mrna 0.9%,
neuron 0.7%, ca2 0.7%, human 0.6%, concentr 0.6%, level 0.6%, mice 0.6%, increas
0.6%, stimul 0.5%, tissu 0.5%, prolifer 0.5%, regul 0.5%, cell.line 0.5%, cancer
0.4%, growth 0.4%, assai 0.4%, stain 0.4%, line 0.4%
28 (Size: 217, ISim: 2.62e-002, XSim: 1.46e-002, Gain: +0.00e+000)
rat 8.4%, activ 4.5%, induc 3.6%, inhibit 3.0%, ca2 2.8%, receptor 2.5%,
express 2.0%, neuron 1.9%, cell 1.6%, protein 1.4%, mrna 1.4%, stimul 1.2%,
increas 0.9%, concentr 0.9%, mice 0.8%, level 0.7%, inject 0.7%, lp 0.6%, kinas
0.6%, regul 0.5%, mediat 0.5%, antagonist 0.5%, treatment 0.5%, decreas 0.5%,
depend 0.4%, inhibitor 0.4%, hsc 0.4%, dai 0.4%, cultur 0.4%
18 (Size: 284, ISim: 3.58e-002, XSim: 1.46e-002, Gain: +0.00e+000)
cell 44.5%, express 2.7%, apoptosi 2.5%, tumor 2.1%, cultur 1.3%, activ
1.1%, cell.line 1.0%, human 0.9%, cancer 0.9%, protein 0.8%, line 0.7%, inhibit
0.7%, prolifer 0.6%, induc 0.6%, tissu 0.6%, carcinoma 0.5%, stain 0.5%, hcc 0.5%,
growth 0.5%, cytotox 0.3%, telomeras 0.3%, gene 0.3%, assai 0.3%, mrna 0.3%,
tumor.cell 0.3%, detect 0.3%, regul 0.3%, dna 0.3%, product 0.3%
47 (Size: 364, ISim: 3.03e-002, XSim: 1.21e-002, Gain: -1.02e+001)
gene 17.7%, protein 8.7%, express 5.1%, sequenc 3.9%, dna 2.9%, pcr 1.4%,
genom 1.2%, clone 1.2%, amino.acid 1.0%, human 1.0%, amino 1.0%, cdna 0.9%,
plant 0.9%, mutat 0.8%, chromosom 0.8%, isol 0.7%, cell 0.7%, encod 0.6%,
transgen 0.6%, strain 0.6%, transcript 0.6%, acid 0.6%, bind 0.6%, activ 0.6%,
detect 0.5%, viru 0.5%, region 0.5%, fusion 0.5%, plasmid 0.5%
13 (Size: 165, ISim: 3.98e-002, XSim: 1.95e-002, Gain: +0.00e+000)
protein 22.6%, sequenc 4.7%, amino.acid 2.8%, amino 2.7%, express 2.4%,
acid 1.5%, human 1.4%, gene 1.4%, cdna 1.2%, fusion 1.2%, isol 1.2%, bind 1.0%,
peptid 1.0%, recombin 1.0%, activ 0.8%, residu 0.8%, encod 0.8%, strain 0.8%,
termin 0.8%, purifi 0.8%, plasmid 0.8%, hcv 0.8%, antibodi 0.7%, enzym 0.7%, clone
0.6%, fusion.protein 0.6%, coli 0.5%, domain 0.5%, viru 0.5%
9 (Size: 199, ISim: 4.17e-002, XSim: 1.95e-002, Gain: +0.00e+000)
gene 31.5%, dna 5.3%, express 5.2%, pcr 2.0%, genom 1.8%, sequenc 1.7%,
plant 1.4%, transgen 1.4%, chromosom 1.2%, mutat 1.1%, clone 1.1%, tumor 0.9%,
gene.express 0.8%, transcript 0.8%, genet 0.7%, cell 0.7%, rice 0.7%, protein 0.6%,
promot 0.5%, detect 0.5%, region 0.4%, allel 0.4%, regul 0.4%, human 0.4%, tissu
0.4%, line 0.4%, cdna 0.4%, intron 0.4%, polymorph 0.3%
70 (Size: 846, ISim: 1.29e-002, XSim: 6.26e-003, Gain: -2.34e+001)
patient 11.5%, speci 2.4%, china 2.4%, group 2.2%, soil 2.1%, ag 1.7%, year
1.0%, chines 0.9%, popul 0.9%, treatment 0.8%, plant 0.8%, dai 0.8%, control 0.7%,
diseas 0.6%, concentr 0.5%, month 0.5%, total 0.5%, rate 0.5%, case 0.5%, two
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0.5%, increas 0.5%, genotyp 0.5%, risk 0.4%, region 0.4%, cancer 0.4%, level 0.4%,
arteri 0.4%, higher 0.4%, root 0.4%
50 (Size: 389, ISim: 2.45e-002, XSim: 5.90e-003, Gain: -1.05e+001)
patient 28.5%, group 3.3%, ag 1.4%, diseas 1.4%, cancer 1.1%, risk 1.1%,
treatment 1.0%, month 1.0%, case 1.0%, chines 1.0%, arteri 0.9%, year 0.9%,
women 0.9%, control 0.7%, week 0.7%, score 0.6%, lesion 0.5%, dai 0.5%, genotyp
0.5%, blood 0.5%, diagnosi 0.4%, breast 0.4%, outcom 0.4%, bone 0.4%, serum
0.4%, mean 0.4%, test 0.4%, object 0.3%, surgeri 0.3%
5 (Size: 210, ISim: 4.37e-002, XSim: 1.37e-002, Gain: +0.00e+000)
patient 49.3%, group 2.1%, arteri 1.5%, diseas 1.2%, month 1.0%, treatment
1.0%, case 0.7%, lesion 0.7%, tumor 0.7%, diagnosi 0.6%, surgeri 0.5%, score 0.4%,
year 0.4%, symptom 0.4%, cancer 0.4%, surviv 0.4%, dai 0.3%, mean 0.3%, acut
0.3%, ag 0.3%, breast 0.3%, therapi 0.3%, method 0.3%, ey 0.3%, rate 0.3%, chines
0.3%, outcom 0.3%, recurr 0.3%, test 0.2%
31 (Size: 179, ISim: 2.37e-002, XSim: 1.37e-002, Gain: +0.00e+000)
risk 3.7%, women 3.3%, ag 3.0%, group 2.9%, chines 1.8%, cancer 1.7%,
genotyp 1.4%, week 1.3%, control 1.2%, year 1.1%, popul 1.0%, rat 0.8%, hpv
0.8%, diseas 0.7%, blood 0.7%, case 0.7%, health 0.7%, kong 0.7%, incid 0.7%,
hong 0.7%, pregnanc 0.7%, hong.kong 0.7%, abort 0.6%, men 0.6%, preval 0.6%,
smoke 0.6%, cervic 0.6%, infant 0.6%, polymorph 0.5%
57 (Size: 457, ISim: 1.65e-002, XSim: 5.90e-003, Gain: -1.27e+001)
speci 6.5%, soil 5.7%, china 4.9%, plant 2.2%, popul 0.9%, ag 0.8%, root
0.8%, concentr 0.8%, rock 0.8%, south 0.7%, sediment 0.7%, new.speci 0.6%, north
0.6%, climat 0.6%, water 0.6%, region 0.6%, genu 0.6%, new 0.6%, area 0.5%,
sequenc 0.5%, two 0.5%, metamorph 0.5%, dai 0.5%, wheat 0.5%, isol 0.5%, earli
0.4%, increas 0.4%, year 0.4%, season 0.4%
45 (Size: 210, ISim: 2.64e-002, XSim: 8.61e-003, Gain: -9.53e+000)
speci 14.4%, china 6.1%, new.speci 1.9%, rock 1.8%, genu 1.6%, popul 1.3%,
ag 1.2%, metamorph 1.2%, north 1.1%, south 1.0%, nov 1.0%, sequenc 0.9%, new
0.9%, earli 0.9%, provinc 0.7%, zircon 0.7%, zone 0.6%, late 0.6%, basin 0.5%, yunnan 0.5%,
genet 0.5%, region 0.5%, two 0.5%, type 0.4%, eclogit 0.4%, middl
0.4%, fungal 0.4%, block 0.4%, specimen 0.4%
16 (Size: 130, ISim: 3.62e-002, XSim: 9.36e-003, Gain: +0.00e+000)
speci 26.9%, china 5.2%, new.speci 3.6%, genu 2.7%, popul 2.5%, nov 1.7%,
new 1.5%, genet 0.9%, fungal 0.8%, yunnan 0.7%, sequenc 0.7%, male 0.6%, two
0.6%, fungi 0.6%, fern 0.6%, specimen 0.6%, famili 0.6%, diploid 0.5%, genera
0.5%, provinc 0.5%, polymorph 0.5%, femal 0.4%, speci.genu 0.4%, chines 0.4%,
three 0.4%, commun 0.4%, group 0.3%, type 0.3%, marker 0.3%
1 (Size: 80, ISim: 5.59e-002, XSim: 9.36e-003, Gain: +0.00e+000)
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rock 6.0%, metamorph 4.0%, ag 3.1%, zircon 2.1%, china 2.1%, north 1.9%,
zone 1.7%, earli 1.4%, basin 1.4%, late 1.4%, eclogit 1.4%, south 1.3%, mantl 1.1%,
granit 1.1%, volcan 1.0%, tecton 1.0%, fault 0.9%, belt 0.8%, dabi 0.8%, block
0.8%, miner 0.8%, deposit 0.7%, uhp 0.7%, orogen 0.7%, faci 0.6%, continent 0.6%,
fauna 0.6%, upper 0.6%, dyke 0.6%
34 (Size: 247, ISim: 2.27e-002, XSim: 8.61e-003, Gain: +0.00e+000)
soil 14.3%, plant 4.5%, root 1.8%, concentr 1.7%, china 1.5%, water 1.2%,
climat 1.0%, sediment 1.0%, wheat 1.0%, dai 1.0%, increas 0.9%, year 0.7%, season
0.7%, veget 0.7%, summer 0.7%, growth 0.6%, crop 0.6%, seed 0.6%, total 0.6%,
forest 0.6%, winter 0.6%, rice 0.5%, seedl 0.5%, isol 0.5%, monsoon 0.5%, rate
0.5%, area 0.5%, land 0.5%, biomass 0.4%
77 (Size: 6069, ISim: 7.18e-003, XSim: 3.77e-003, Gain: -6.96e+001)
temperatur 1.4%, film 1.4%, model 1.3%, system 1.3%, structur 1.2%, method
1.1%, phase 1.0%, crystal 0.9%, surfac 0.8%, solut 0.8%, reaction 0.8%, two 0.7%,
field 0.7%, state 0.7%, properti 0.7%, paper 0.6%, process 0.6%, high 0.6%, electron
0.6%, energi 0.6%, base 0.6%, measur 0.6%, complex 0.6%, time 0.6%, increas
0.6%, scienc 0.5%, equat 0.5%, new 0.5%, condit 0.5%
74 (Size: 2544, ISim: 9.67e-003, XSim: 5.05e-003, Gain: -3.35e+001)
model 3.9%, system 2.7%, paper 1.6%, method 1.5%, equat 1.5%, algorithm
1.4%, field 1.4%, state 1.2%, magnet 1.1%, function 1.1%, simul 1.0%, base 0.8%,
two 0.8%, energi 0.8%, solut 0.8%, wave 0.7%, time 0.7%, paramet 0.7%, theori
0.7%, control 0.7%, numer 0.6%, data 0.6%, new 0.6%, gener 0.6%, order 0.6%,
dynam 0.5%, structur 0.5%, comput 0.5%, flow 0.5%
69 (Size: 1180, ISim: 1.35e-002, XSim: 6.93e-003, Gain: -2.23e+001) system 4.7%, algorithm
4.2%, paper 3.1%, control 1.8%, method 1.8%, equat
1.7%, model 1.5%, solut 1.4%, network 1.2%, function 1.1%, base 1.0%, design
1.0%, optim 0.9%, gener 0.9%, new 0.8%, imag 0.8%, condit 0.8%, error 0.8%,
scheme 0.7%, exist 0.7%, linear 0.7%, time 0.6%, equal 0.6%, construct 0.6%, set
0.6%, integr 0.6%, fuzzi 0.6%, oper 0.6%, comput 0.6%
60 (Size: 713, ISim: 1.76e-002, XSim: 8.49e-003, Gain: -1.42e+001)
algorithm 8.0%, system 5.7%, control 3.0%, model 2.4%, network 2.3%, paper
1.9%, method 1.9%, design 1.6%, base 1.6%, imag 1.5%, optim 1.2%, scheme 1.1%,
error 1.0%, simul 1.0%, fuzzi 0.9%, neural 0.8%, new 0.8%, time 0.8%, comput
0.8%, chaotic 0.8%, neural.network 0.7%, process 0.7%, data 0.6%, inform 0.6%,
paramet 0.6%, dynam 0.6%, power 0.5%, estim 0.5%, machin 0.5%
44 (Size: 348, ISim: 2.19e-002, XSim: 1.19e-002, Gain: -9.36e+000)
system 13.1%, control 8.0%, design 3.1%, chaotic 2.3%, paper 1.9%, scheme
1.6%, power 1.3%, model 1.3%, base 1.1%, dynam 0.9%, chao 0.9%, optim 0.9%,
servic 0.9%, synchron 0.9%, time 0.8%, simul 0.8%, process 0.8%, method 0.7%,
feedback 0.7%, cost 0.7%, new 0.5%, oper 0.5%, custom 0.5%, paramet 0.4%, fuzzi
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0.4%, compon 0.4%, product 0.4%, construct 0.4%, control.system 0.4%
33 (Size: 203, ISim: 2.35e-002, XSim: 1.36e-002, Gain: +0.00e+000)
system 7.5%, design 4.2%, servic 2.4%, paper 2.4%, scheme 2.2%, cost 1.7%,
model 1.6%, base 1.4%, custom 1.3%, process 1.0%, product 1.0%, manag 1.0%,
compon 0.9%, agent 0.9%, optim 0.8%, user 0.7%, construct 0.7%, method 0.7%,
time 0.7%, build 0.7%, simul 0.6%, environ 0.6%, polici 0.6%, oper 0.6%, protocol
0.6%, inform 0.5%, implement 0.5%, resourc 0.5%, issu 0.5%
11 (Size: 145, ISim: 4.19e-002, XSim: 1.36e-002, Gain: +0.00e+000)
control 17.8%, system 11.6%, chaotic 7.0%, chao 2.7%, synchron 2.3%,
feedback 1.7%, power 1.7%, dynam 1.3%, control.system 0.9%, attractor 0.9%, oscil
0.8%, chaotic.system 0.8%, design 0.8%, adapt 0.7%, power.system 0.7%, fuzzi 0.7%,
nonlinear 0.7%, paramet 0.6%, paper 0.6%, coupl 0.6%, lorenz 0.6%, time 0.5%,
voltag 0.5%, simul 0.5%, optim 0.5%, bifurc 0.5%, linear 0.5%, numer 0.4%, output
0.4%
46 (Size: 365, ISim: 2.47e-002, XSim: 1.19e-002, Gain: -9.97e+000)
algorithm 19.2%, imag 4.0%, network 3.7%, model 2.4%, method 2.2%, error
2.0%, neural 1.7%, neural.network 1.4%, base 1.3%, paper 1.1%, data 1.0%, comput
1.0%, estim 1.0%, fuzzi 0.9%, optim 0.9%, reconstruct 0.8%, new 0.8%, simul 0.7%,
inform 0.7%, recognit 0.7%, machin 0.7%, object 0.6%, accuraci 0.6%, wavelet
0.6%, paramet 0.5%, system 0.5%, schedul 0.5%, time 0.4%, set 0.4%
26 (Size: 210, ISim: 2.79e-002, XSim: 1.57e-002, Gain: +0.00e+000)
imag 8.2%, network 6.8%, neural 3.6%, error 3.3%, neural.network 3.2%,
model 2.9%, method 2.4%, estim 2.2%, recognit 1.6%, inform 1.6%, data 1.4%,
wavelet 1.4%, base 1.3%, reconstruct 1.2%, accuraci 1.2%, fuzzi 1.0%, paper 0.8%,
algorithm 0.7%, paramet 0.7%, comput 0.6%, featur 0.6%, new 0.6%, train 0.6%,
nois 0.5%, techniqu 0.5%, simul 0.5%, optim 0.5%, scheme 0.4%, extract 0.4%
8 (Size: 155, ISim: 4.34e-002, XSim: 1.57e-002, Gain: +0.00e+000)
algorithm 47.5%, schedul 1.5%, method 1.0%, optim 0.9%, comput 0.8%,
model 0.8%, paper 0.8%, converg 0.7%, genet.algorithm 0.7%, simul 0.6%, base
0.6%, machin 0.6%, object 0.5%, genet 0.5%, job 0.5%, new 0.5%, line 0.4%, fuzzi
0.4%, minim 0.4%, iter 0.4%, code 0.4%, network 0.4%, search 0.3%, system 0.3%,
solv 0.3%, approxim 0.3%, complex 0.3%, program 0.3%, time 0.3%
54 (Size: 467, ISim: 1.92e-002, XSim: 8.49e-003, Gain: -1.20e+001)
equat 6.4%, solut 4.2%, paper 2.8%, function 2.0%, equal 1.9%, algebra
1.8%, exist 1.8%, condit 1.7%, theorem 1.5%, prove 1.5%, system 1.2%, gener 1.1%,
bound 1.1%, class 1.0%, space 1.0%, let 1.0%, nonlinear 0.9%, boundari 0.9%,
linear 0.9%, set 0.9%, suffici 0.8%, integr 0.7%, inequ 0.7%, suffici.condit 0.7%,
number 0.7%, order 0.7%, graph 0.7%, finit 0.7%, stabil 0.7%
30 (Size: 222, ISim: 2.39e-002, XSim: 1.12e-002, Gain: +0.00e+000)
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algebra 4.7%, theorem 3.5%, paper 3.4%, let 3.1%, equal 3.0%, prove 2.8%,
graph 2.5%, function 2.3%, conjectur 2.1%, space 1.9%, number 1.6%, gener 1.5%,
set 1.4%, bound 1.3%, inequ 1.3%, class 1.2%, polynomi 1.0%, regular 1.0%,
formula 1.0%, exist 0.8%, finit 0.8%, invari 0.8%, connect 0.7%, oper 0.7%, vertic
0.6%, construct 0.5%, case 0.5%, sigma 0.5%, equival 0.5%
23 (Size: 245, ISim: 2.99e-002, XSim: 1.12e-002, Gain: +0.00e+000)
equat 14.4%, solut 8.9%, condit 2.3%, nonlinear 1.9%, boundari 1.8%, exist
1.7%, suffici.condit 1.7%, suffici 1.5%, system 1.5%, stabil 1.4%, linear 1.2%, paper
1.2%, differenti.equat 1.0%, method 1.0%, global 1.0%, function 0.9%, infin 0.8%,
delai 0.7%, differenti 0.7%, converg 0.7%, integr 0.7%, asymptot 0.6%, boundari.valu
0.6%, order 0.6%, solv 0.6%, iter 0.5%, singular 0.5%, numer 0.5%, bound 0.5%
66 (Size: 1364, ISim: 1.15e-002, XSim: 6.93e-003, Gain: -1.98e+001)
model 4.8%, magnet 3.1%, field 3.1%, state 2.3%, energi 1.9%, wave 1.6%,
calcul 1.0%, simul 0.9%, theori 0.9%, flow 0.9%, two 0.8%, experiment 0.8%,
method 0.7%, structur 0.7%, equat 0.7%, paramet 0.7%, measur 0.7%, data 0.6%, quantum
0.6%, function 0.6%, numer 0.6%, system 0.6%, coupl 0.6%, interact 0.6%,
veloc 0.6%, densiti 0.5%, mass 0.5%, potenti 0.5%, time 0.5%
63 (Size: 737, ISim: 1.52e-002, XSim: 8.13e-003, Gain: -1.66e+001)
magnet 6.9%, model 6.7%, field 4.5%, wave 3.6%, flow 2.2%, simul 1.8%,
numer 1.1%, veloc 0.9%, experiment 0.8%, equat 0.8%, method 0.8%, magnet.field
0.7%, temperatur 0.7%, crack 0.7%, stress 0.6%, data 0.6%, heat 0.6%, dynam 0.6%,
measur 0.5%, turbul 0.5%, fluid 0.5%, structur 0.5%, paramet 0.5%, electr 0.5%,
scale 0.5%, pressur 0.5%, surfac 0.5%, distribut 0.5%, two 0.4%
43 (Size: 449, ISim: 1.75e-002, XSim: 9.38e-003, Gain: -9.27e+000)
model 12.9%, flow 4.7%, simul 2.9%, veloc 1.5%, numer 1.3%, turbul 1.2%,
experiment 1.2%, data 1.2%, heat 1.0%, scale 0.9%, predict 0.8%, method 0.8%,
dynam 0.8%, pressur 0.7%, coeffici 0.7%, field 0.7%, equat 0.7%, measur 0.6%, fluid
0.6%, comput 0.6%, test 0.6%, paramet 0.6%, stress 0.6%, ga 0.5%, distribut 0.5%,
agreement 0.5%, theoret 0.5%, load 0.5%, time 0.4%
24 (Size: 177, ISim: 2.98e-002, XSim: 1.19e-002, Gain: +0.00e+000)
flow 14.6%, veloc 4.6%, turbul 4.1%, heat 3.1%, model 2.5%, fluid 2.2%,
scale 1.4%, pressur 1.4%, ga 1.1%, simul 1.1%, convect 1.0%, equat 0.9%, particl
0.9%, numer 0.8%, experiment 0.8%, number 0.7%, transfer 0.6%, heat.transfer
0.6%, combust 0.6%, flux 0.6%, water 0.5%, measur 0.5%, field 0.5%, comput 0.5%,
bed 0.5%, region 0.5%, layer 0.4%, coeffici 0.4%, air 0.4%
37 (Size: 272, ISim: 1.97e-002, XSim: 1.19e-002, Gain: +0.00e+000)
model 18.8%, simul 3.4%, data 1.4%, predict 1.3%, test 1.3%, numer 1.1%,
experiment 1.0%, crack 0.9%, stress 0.9%, dynam 0.9%, method 0.9%, paramet
0.8%, load 0.8%, theoret 0.7%, element 0.7%, coeffici 0.6%, agreement 0.6%, indent
0.6%, finit 0.6%, field 0.5%, finit.element 0.5%, traffic 0.5%, base 0.5%, paper 0.5%,
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distribut 0.4%, process 0.4%, measur 0.4%, comput 0.4%, structur 0.4%
41 (Size: 288, ISim: 2.79e-002, XSim: 9.38e-003, Gain: -9.04e+000)
magnet 23.3%, wave 10.7%, field 8.9%, magnet.field 2.5%, electr 1.1%,
temperatur 0.8%, electr.field 0.7%, crack 0.7%, ferromagnet 0.6%, current 0.6%,
superconduct 0.6%, spin 0.6%, plate 0.5%, transit 0.5%, coupl 0.5%, magnet.properti
0.5%, theori 0.4%, equat 0.4%, properti 0.4%, phase 0.4%, electron 0.4%, structur
0.3%, propag 0.3%, soliton 0.3%, plasma 0.3%, numer 0.3%, two 0.3%, reflect 0.3%,
extern 0.3%]
22 (Size: 184, ISim: 3.12e-002, XSim: 1.70e-002, Gain: +0.00e+000) wave 22.6%, field 8.5%,
magnet 5.1%, magnet.field 1.7%, crack 1.5%, electr
1.0%, plate 1.0%, equat 0.9%, current 0.7%, soliton 0.7%, theori 0.7%, propag 0.7%,
electr.field 0.6%, numer 0.6%, dipol 0.6%, instabl 0.5%, reflect 0.5%, plasma 0.5%,
frequenc 0.5%, displac 0.5%, dimension 0.4%, stress 0.4%, method 0.4%, piezoelectr
0.4%, two 0.4%, dispers 0.4%, shell 0.4%, system 0.3%, surfac 0.3%
2 (Size: 104, ISim: 5.63e-002, XSim: 1.70e-002, Gain: +0.00e+000)
magnet 41.5%, field 3.9%, temperatur 2.4%, magnet.field 2.0%,
magnet.properti 1.7%, transit 1.7%, spin 1.5%, ferromagnet 1.4%, magnetoresist
0.9%, properti 0.8%, phase 0.7%, superconduct 0.7%, coupl 0.6%, antiferromagnet
0.6%, coerciv 0.5%, curi 0.5%, increas 0.5%, electr 0.5%, microspher 0.5%,
compound 0.5%, structur 0.4%, curi.temperatur 0.4%, electron 0.4%, electr.field
0.4%, sampl 0.4%, insul 0.3%, dope 0.3%, depend 0.3%, decreas 0.3%
58 (Size: 627, ISim: 1.44e-002, XSim: 8.13e-003, Gain: -1.30e+001)
state 5.4%, energi 4.1%, calcul 1.6%, quantum 1.4%, model 1.3%, theori
1.3%, cluster 1.3%, decai 1.2%, mass 1.1%, two 0.9%, orbit 0.9%, interact 0.8%,
potenti 0.8%, densiti 0.8%, atom 0.8%, function 0.8%, quark 0.8%, field 0.8%, isom
0.7%, structur 0.7%, spin 0.7%, bond 0.7%, paramet 0.6%, entangl 0.6%, gamma
0.6%, system 0.6%, level 0.5%, coupl 0.5%, measur 0.5%
51 (Size: 250, ISim: 2.41e-002, XSim: 9.11e-003, Gain: -1.09e+001)
state 9.3%, decai 3.9%, quantum 3.8%, quark 2.7%, entangl 2.0%, hole 1.6%,
field 1.6%, energi 1.4%, black.hole 1.4%, black 1.4%, model 1.3%, gamma 1.2%,
spin 1.1%, coher 0.9%, measur 0.8%, coupl 0.7%, mass 0.7%, detector 0.7%, entropi
0.6%, gev 0.6%, branch 0.6%, two 0.6%, theori 0.6%, meson 0.6%, collis 0.6%,
paramet 0.5%, data 0.5%, neutron 0.5%, phi 0.5%
12 (Size: 123, ISim: 4.07e-002, XSim: 8.72e-003, Gain: +0.00e+000)
state 14.3%, quantum 8.0%, entangl 4.9%, hole 3.9%, black.hole 3.4%, black
3.3%, field 2.8%, coher 2.0%, spin 1.9%, entropi 1.6%, coupl 1.3%, squeez 1.0%,
entangl.state 1.0%, horizon 0.9%, oscil 0.8%, atom 0.7%, coher.state 0.6%, mode
0.5%, teleport 0.5%, brick.wall 0.5%, two 0.5%, ground.state 0.5%, oper 0.4%, brick
0.4%, dot 0.4%, theori 0.4%, quantum.mechan 0.4%, photon 0.4%, ground 0.4%
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15 (Size: 127, ISim: 3.84e-002, XSim: 8.72e-003, Gain: +0.00e+000)
decai 8.7%, quark 6.6%, gamma 2.6%, model 2.0%, energi 1.7%, detector
1.7%, gev 1.5%, meson 1.4%, collis 1.4%, branch 1.3%, data 1.2%, phi 1.2%,
cross.section 1.1%, neutron 1.0%, hadron 1.0%, isospin 1.0%, measur 1.0%, state
1.0%, baryon 1.0%, branch.ratio 1.0%, section 0.9%, mass 0.9%, gluon 0.8%, mev
0.8%, pion 0.8%, cross 0.8%, relativist 0.7%, nucleon 0.7%, proton 0.7% , ]
42 (Size: 377, ISim: 1.72e-002, XSim: 9.11e-003, Gain: -9.05e+000)
energi 4.6%, cluster 2.7%, calcul 2.3%, orbit 1.7%, isom 1.6%, bond 1.5%,
structur 1.5%, state 1.3%, theori 1.3%, densiti 1.2%, interact 1.0%, function 0.9%,
mass 0.9%, potenti 0.9%, atom 0.9%, two 0.7%, spectra 0.7%, b3lyp 0.7%, model
0.7%, molecular 0.7%, molecul 0.7%, correl 0.6%, star 0.6%, electron 0.6%, band
0.6%, charg 0.5%, densiti.function 0.5%, level 0.5%, order 0.5%
38 (Size: 233, ISim: 1.96e-002, XSim: 1.06e-002, Gain: +0.00e+000)
energi 3.2%, calcul 2.4%, theori 1.8%, mass 1.7%, densiti 1.5%, star 1.4%,
model 1.4%, function 1.2%, interact 1.2%, potenti 1.1%, correl 1.1%, galaxi 0.9%,
paramet 0.8%, state 0.8%, line 0.8%, two 0.8%, perturb 0.8%, bodi 0.8%, rotat
0.7%, orbit 0.7%, system 0.7%, band 0.6%, time 0.6%, region 0.6%, equat 0.6%,
distribut 0.5%, observ 0.5%, method 0.5%, approxim 0.5%
20 (Size: 144, ISim: 3.22e-002, XSim: 1.06e-002, Gain: +0.00e+000)
cluster 5.8%, isom 5.4%, bond 3.5%, energi 3.4%, structur 3.0%, orbit 2.0%,
atom 1.9%, molecul 1.6%, aren 1.3%, ring 1.3%, b3lyp 1.2%, state 1.1%, porphyrin
1.0%, dissoci 1.0%, stabl 1.0%, molecular 0.9%, calcul 0.9%, spectra 0.8%, calix
0.8%, 31g 0.8%, calix.aren 0.7%, kcal 0.7%, ci 0.6%, mol 0.6%, geometri 0.6%,
stabil 0.6%, kcal.mol 0.6%, stm 0.6%, reaction 0.6%
76 (Size: 3525, ISim: 8.96e-003, XSim: 5.05e-003, Gain: -5.25e+001)
film 3.1%, temperatur 2.3%, crystal 1.8%, reaction 1.5%, phase 1.4%, structur
1.4%, surfac 1.1%, catalyst 0.9%, electron 0.9%, composit 0.9%, increas 0.8%, acid
0.8%, complex 0.8%, high 0.8%, oxid 0.8%, properti 0.8%, alloi 0.7%, ion 0.7%,
beta 0.6%, rai 0.6%, materi 0.6%, compound 0.6%, process 0.5%, sampl 0.5%, solut
0.5%, atom 0.5%, synthes 0.5%, mechan 0.5%, layer 0.5%
73 (Size: 2026, ISim: 1.21e-002, XSim: 5.76e-003, Gain: -3.16e+001)
film 6.5%, temperatur 3.1%, phase 1.8%, crystal 1.5%, composit 1.5%, alloi
1.4%, electron 1.3%, surfac 1.1%, ceram 1.0%, properti 1.0%, increas 1.0%, materi
0.9%, structur 0.9%, laser 0.9%, high 0.8%, dielectr 0.8%, layer 0.7%, particl 0.7%,
powder 0.7%, optic 0.7%, grain 0.7%, thin 0.7%, size 0.6%, coat 0.6%, deposit
0.6%, thin.film 0.6%, process 0.6%, measur 0.6%, anneal 0.6%
71 (Size: 1664, ISim: 1.14e-002, XSim: 1.01e-002, Gain: -2.58e+001)
temperatur 3.7%, phase 2.2%, alloi 2.0%, crystal 1.9%, composit 1.6%, ceram
1.5%, electron 1.5%, laser 1.2%, materi 1.2%, high 1.0%, increas 1.0%, properti
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1.0%, powder 1.0%, surfac 0.9%, dielectr 0.9%, particl 0.9%, structur 0.9%, optic 0.7%, sampl
0.7%, size 0.7%, process 0.7%, mechan 0.7%, sinter 0.7%, coat 0.7%,
grain 0.6%, measur 0.6%, beam 0.6%, microstructur 0.6%, layer 0.6%
65 (Size: 825, ISim: 1.45e-002, XSim: 7.86e-003, Gain: -1.93e+001)
temperatur 4.7%, ceram 3.1%, laser 3.1%, crystal 2.8%, dielectr 2.8%, phase
2.3%, optic 2.0%, beam 1.6%, frequenc 1.1%, ferroelectr 1.1%, electron 1.1%, dope
1.1%, mode 1.0%, measur 0.9%, ion 0.9%, sinter 0.9%, sampl 0.9%, high 0.9%,
transit 0.8%, properti 0.6%, materi 0.6%, electr 0.6%, glass 0.6%, puls 0.6%, increas
0.6%, field 0.6%, wavelength 0.6%, structur 0.6%, polar 0.5%
59 (Size: 627, ISim: 1.50e-002, XSim: 8.93e-003, Gain: -1.39e+001)
laser 5.1%, temperatur 3.5%, crystal 3.4%, optic 3.2%, beam 2.5%, mode
1.5%, ion 1.3%, electron 1.3%, measur 1.1%, frequenc 1.1%, phase 1.0%, puls 1.0%,
wavelength 0.9%, dope 0.9%, pump 0.9%, high 0.9%, intens 0.9%, implant 0.8%,
sampl 0.8%, emiss 0.8%, anneal 0.7%, light 0.7%, energi 0.7%, power 0.6%,
waveguid 0.6%, pressur 0.5%, state 0.5%, effici 0.5%, irradi 0.5%
32 (Size: 264, ISim: 2.39e-002, XSim: 9.13e-003, Gain: +0.00e+000)
laser 8.6%, optic 6.5%, beam 6.1%, mode 3.6%, frequenc 2.9%, puls 2.3%,
pump 2.2%, wavelength 1.5%, power 1.5%, waveguid 0.9%, switch 0.8%, harmon
0.8%, shift 0.7%, effici 0.7%, propag 0.7%, measur 0.6%, light 0.6%, nonlinear
0.6%, theoret 0.6%, phase 0.5%, output 0.5%, field 0.5%, photon 0.5%, signal 0.5%,
period 0.5%, wave 0.5%, radiat 0.4%, intens 0.4%, diod 0.4%
40 (Size: 363, ISim: 1.90e-002, XSim: 9.13e-003, Gain: -8.62e+000)
temperatur 7.8%, crystal 6.0%, ion 2.7%, dope 1.9%, electron 1.9%, implant
1.7%, anneal 1.7%, sampl 1.3%, laser 1.2%, emiss 1.1%, irradi 1.0%, pressur 1.0%,
measur 0.9%, phase 0.9%, high 0.9%, glass 0.8%, increas 0.8%, layer 0.8%, intens
0.8%, energi 0.8%, transit 0.7%, state 0.7%, grown 0.7%, linbo3 0.6%, spectra 0.6%,
ion.implant 0.6%, conduct 0.6%, peak 0.5%, rang 0.5%
4 (Size: 76, ISim: 5.25e-002, XSim: 1.14e-002, Gain: +0.00e+000)
implant 14.3%, ion 12.1%, ion.implant 4.8%, diamond 3.5%, anneal 3.2%,
irradi 1.7%, gan 1.7%, film 1.6%, dose 1.5%, layer 1.5%, waveguid 1.2%, deposit
1.0%, substrat 0.9%, surfac 0.9%, fluenc 0.8%, nucleat 0.7%, inp 0.5%, sampl 0.5%,
laser 0.5%, profil 0.5%, temperatur 0.5%, electron 0.4%, energi 0.4%, diffus 0.4%,
epitaxi 0.4%, electron.energi 0.4%, energi.loss 0.3%, electron.energi.loss 0.3%,
diamond.film 0.3%
36 (Size: 287, ISim: 2.06e-002, XSim: 1.14e-002, Gain: +0.00e+000) temperatur 9.6%, crystal
8.1%, dope 2.5%, electron 1.9%, emiss 1.3%,
pressur 1.3%, sampl 1.2%, phase 1.1%, measur 1.0%, laser 1.0%, glass 1.0%, high
0.9%, transit 0.9%, state 0.9%, linbo3 0.9%, intens 0.9%, increas 0.8%, conduct
0.8%, spectra 0.8%, anneal 0.7%, excit 0.7%, energi 0.7%, thermal 0.7%, grown
0.6%, peak 0.6%, absorpt 0.5%, rang 0.5%, materi 0.5%, oxygen 0.4%
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6 (Size: 198, ISim: 4.46e-002, XSim: 8.93e-003, Gain: +0.00e+000)
ceram 14.7%, dielectr 13.8%, ferroelectr 5.7%, sinter 4.3%, phase 3.0%,
temperatur 2.8%, dielectr.constant 1.7%, piezoelectr 1.5%, dielectr.properti 1.3%,
properti 1.2%, constant 1.0%, phase.transit 1.0%, domain 1.0%, electr 0.9%, materi
0.8%, relaxor 0.8%, transit 0.8%, composit 0.7%, pmn 0.6%, polar 0.6%, pbtio3
0.5%, dope 0.5%, structur 0.5%, pyrochlor 0.5%, field 0.5%, 3nb2 0.4%, tetragon
0.4%, batio3 0.4%, increas 0.4%
64 (Size: 839, ISim: 1.54e-002, XSim: 7.86e-003, Gain: -1.82e+001)
alloi 5.4%, composit 2.6%, particl 2.0%, powder 1.8%, coat 1.6%, temperatur
1.4%, surfac 1.4%, phase 1.2%, materi 1.2%, size 1.2%, electron 1.2%, microstructur
1.2%, strength 1.0%, grain 1.0%, mechan 1.0%, increas 0.9%, properti 0.8%,
nanowir 0.8%, oxid 0.8%, microscopi 0.8%, process 0.8%, structur 0.8%,
electron.microscopi 0.7%, high 0.7%, corros 0.7%, sic 0.7%, blend 0.6%, crystal
0.6%, carbon 0.6%
56 (Size: 435, ISim: 2.25e-002, XSim: 9.47e-003, Gain: -1.25e+001)
alloi 13.2%, composit 3.9%, microstructur 2.4%, coat 2.3%, strength 2.3%,
grain 2.1%, corros 1.7%, sic 1.5%, crack 1.2%, steel 1.2%, temperatur 1.1%, phase
1.1%, mechan 1.0%, increas 1.0%, properti 0.9%, stress 0.9%, materi 0.9%, melt
0.8%, deform 0.8%, mechan.properti 0.8%, fractur 0.8%, matrix 0.8%, disloc 0.7%,
process 0.7%, tensil 0.7%, al2o3 0.6%, degreesc 0.6%, surfac 0.6%, resist 0.6%
27 (Size: 219, ISim: 2.77e-002, XSim: 1.29e-002, Gain: +0.00e+000)
composit 9.7%, coat 5.2%, sic 4.7%, strength 4.0%, crack 2.3%, al2o3 1.9%,
fractur 1.7%, fiber 1.5%, materi 1.3%, interfac 1.3%, properti 1.2%, tough 1.2%,
mechan.properti 1.2%, matrix 1.1%, mechan 1.0%, reinforc 0.9%, layer 0.9%, sinter
0.9%, ceram 0.8%, microstructur 0.8%, tensil 0.7%, mpa 0.7%, tic 0.6%, stress 0.6%,
grain 0.6%, particl 0.6%, lamin 0.6%, surfac 0.5%, temperatur 0.5%
19 (Size: 216, ISim: 3.65e-002, XSim: 1.29e-002, Gain: +0.00e+000)
alloi 31.1%, microstructur 2.8%, grain 2.6%, corros 2.1%, steel 1.9%, deform
1.8%, disloc 1.4%, melt 1.2%, phase 1.1%, temperatur 1.1%, tial 1.0%, precipit
1.0%, increas 0.9%, strain 0.7%, stress 0.6%, heat 0.6%, degreesc 0.6%, boundari 0.6%,
martensit 0.6%, gamma 0.6%, alpha 0.6%, eutect 0.6%, hydrogen 0.6%, cast
0.6%, ag 0.5%, mechan 0.5%, grain.boundari 0.5%, resist 0.5%, process 0.5%
52 (Size: 404, ISim: 2.00e-002, XSim: 9.47e-003, Gain: -1.11e+001)
powder 3.6%, particl 3.5%, nanowir 2.8%, electron 2.3%, size 1.7%, nanotub
1.7%, blend 1.7%, microscopi 1.6%, surfac 1.6%, electron.microscopi 1.5%,
nanoparticl 1.3%, diffract 1.1%, diamet 1.1%, crystal 1.1%, transmiss.electron 1.1%,
tio2 1.0%, coal 1.0%, structur 0.9%, temperatur 0.9%, rai 0.9%, carbon 0.9%, nano
0.9%, materi 0.9%, transmiss 0.9%, transmiss.electron.microscopi 0.8%, tem 0.8%,
phase 0.7%, oxid 0.7%, growth 0.7%
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35 (Size: 247, ISim: 2.22e-002, XSim: 1.18e-002, Gain: +0.00e+000)
particl 6.3%, powder 6.1%, blend 3.9%, surfac 2.5%, size 2.4%, tio2 2.1%,
coal 2.0%, nano 1.7%, materi 1.3%, temperatur 1.1%, calcin 1.1%, phase 1.0%,
particl.size 0.9%, zro2 0.9%, crystal 0.9%, xrd 0.8%, nanocomposit 0.7%, morpholog
0.7%, nanoparticl 0.7%, crystallin 0.7%, structur 0.7%, thermal 0.7%, coat 0.6%,
nanomet 0.6%, composit 0.6%, content 0.6%, increas 0.6%, dispers 0.6%, zn 0.6%
14 (Size: 157, ISim: 4.00e-002, XSim: 1.18e-002, Gain: +0.00e+000)
nanowir 9.2%, nanotub 5.0%, electron 4.5%, microscopi 3.5%,
electron.microscopi 3.4%, transmiss.electron 2.6%, transmiss.electron.microscopi
2.3%, diamet 2.3%, nanorod 2.2%, transmiss 2.1%, carbon.nanotub 2.0%, diffract
1.8%, carbon 1.7%, cnt 1.4%, growth 1.3%, rai 1.2%, nanoparticl 1.1%, tem 0.8%,
electron.diffract 0.8%, nanocryst 0.8%, crystal 0.6%, structur 0.6%, templat 0.6%,
nanostructur 0.5%, rai.diffract 0.5%, oxid 0.5%, arrai 0.5%, microscopi.tem 0.4%,
electron.microscopi.tem 0.4%
7 (Size: 362, ISim: 4.47e-002, XSim: 1.01e-002, Gain: +0.00e+000)
film 47.5%, thin.film 4.8%, thin 4.6%, deposit 2.6%, substrat 2.1%, anneal
0.9%, pzt 0.8%, surfac 0.7%, thick 0.7%, layer 0.6%, sputter 0.6%, temperatur 0.5%,
structur 0.4%, properti 0.4%, rai 0.4%, composit 0.4%, ferroelectr 0.3%, increas
0.3%, grain 0.3%, orient 0.3%, film.deposit 0.3%, polar 0.3%, electron 0.2%, sol
0.2%, dope 0.2%, stress 0.2%, tio2 0.2%, coat 0.2%, spectroscopi 0.2%
72 (Size: 1499, ISim: 1.19e-002, XSim: 5.76e-003, Gain: -3.03e+001)
reaction 4.4%, catalyst 3.4%, complex 2.8%, acid 2.7%, beta 2.0%, compound
1.8%, angstrom 1.7%, water 1.2%, structur 1.1%, crystal 1.1%, activ 1.0%, synthes
1.0%, mol 0.9%, oxid 0.8%, group 0.8%, electrod 0.8%, adsorpt 0.8%, atom 0.7%,
solut 0.7%, ligand 0.7%, polymer 0.7%, hydrogen 0.7%, ion 0.7%, h2o 0.7%, polym
0.6%, catalyt 0.6%, yield 0.6%, solvent 0.6%, concentr 0.6%
68 (Size: 1173, ISim: 1.22e-002, XSim: 7.55e-003, Gain: -2.17e+001)
reaction 5.4%, catalyst 5.3%, acid 3.5%, beta 1.7%, activ 1.5%, water 1.3%,
electrod 1.3%, adsorpt 1.2%, mol 1.2%, oxid 1.2%, polymer 1.0%, compound 1.0%,
catalyt 0.9%, solut 0.9%, yield 0.9%, concentr 0.8%, solvent 0.8%, carbon 0.7%,
synthes 0.7%, surfac 0.7%, select 0.6%, method 0.6%, temperatur 0.6%, polym 0.6%,
extract 0.6%, determin 0.6%, methyl 0.5%, phase 0.5%, product 0.5%
61 (Size: 665, ISim: 1.45e-002, XSim: 7.88e-003, Gain: -1.48e+001)
acid 4.5%, electrod 3.1%, water 2.6%, adsorpt 2.3%, mol 1.9%, solut 1.6%,
concentr 1.6%, determin 1.4%, extract 1.3%, polymer 1.1%, ion 0.9%, surfac 0.9%,
polym 0.9%, detect 0.9%, solvent 0.8%, reaction 0.8%, method 0.8%, membran 0.7%,
modifi 0.7%, rang 0.7%, phase 0.7%, copolym 0.6%, sampl 0.6%, chitosan 0.6%, poli
0.6%, separ 0.6%, aqueou 0.6%, molecular 0.5%, electrochem 0.5%
25 (Size: 245, ISim: 2.83e-002, XSim: 8.92e-003, Gain: +0.00e+000)
electrod 11.5%, mol 4.9%, determin 4.3%, detect 2.6%, electrochem 1.7%, acid
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1.6%, detect.limit 1.5%, dna 1.5%, ion 1.4%, method.determin 1.2%, sampl 1.2%,
rang 1.1%, modifi 1.0%, limit 1.0%, method 1.0%, solut 0.9%, sensor 0.9%, concentr
0.8%, oxid 0.8%, surfac 0.7%, linear 0.7%, reaction 0.7%, potenti 0.6%, sensit 0.6%,
voltammetri 0.6%, immobil 0.5%, peak 0.5%, fluoresc 0.5%, cyclic 0.4%
49 (Size: 420, ISim: 1.63e-002, XSim: 8.92e-003, Gain: -1.05e+001)
acid 4.8%, water 3.7%, adsorpt 3.4%, polymer 2.2%, extract 1.9%, solvent
1.5%, polym 1.5%, concentr 1.4%, solut 1.3%, copolym 1.3%, chitosan 1.1%,
membran 1.1%, molecular 1.0%, graft 1.0%, poli 0.9%, molecular.weight 0.9%,
phase 0.9%, surfact 0.9%, weight 0.9%, aqueou 0.7%, monom 0.7%, micel 0.7%,
increas 0.6%, temperatur 0.6%, surfac 0.6%, separ 0.6%, organ 0.5%, aggreg 0.5%,
methyl 0.5%
39 (Size: 259, ISim: 1.88e-002, XSim: 9.55e-003, Gain: +0.00e+000)
acid 6.9%, adsorpt 6.5%, water 4.9%, extract 4.1%, membran 1.5%, phase
1.3%, surfact 1.3%, solvent 1.3%, solut 1.2%, concentr 1.1%, aqueou 1.0%, carbon
1.0%, separ 1.0%, liquid 0.8%, salt 0.8%, organ 0.8%, surfac 0.6%, mixtur 0.6%,
adsorb 0.6%, capac 0.5%, pore 0.5%, resin 0.5%, oil 0.5%, equilibrium 0.5%,
amino.acid 0.5%, amino 0.4%, temperatur 0.4%, ion 0.4%, column 0.4%
21 (Size: 161, ISim: 3.15e-002, XSim: 9.55e-003, Gain: +0.00e+000)
polymer 7.1%, copolym 4.4%, polym 4.3%, chitosan 3.9%, graft 3.4%, poli
2.9%, molecular.weight 2.7%, monom 2.4%, molecular 2.3%, weight 2.0%, micel
1.5%, hydrogel 1.0%, radic 1.0%, methyl 1.0%, concentr 0.9%, aggreg 0.9% methacryl 0.9%,
crosslink 0.8%, solvent 0.8%, water 0.8%, initi 0.7%, solut 0.7%,
acid 0.7%, increas 0.6%, group 0.5%, reaction 0.5%, chain 0.5%, temperatur 0.5%,
acryl 0.5%
62 (Size: 508, ISim: 1.97e-002, XSim: 7.88e-003, Gain: -1.60e+001)
catalyst 16.7%, reaction 10.4%, beta 4.7%, activ 2.6%, catalyt 2.3%, yield
2.0%, compound 1.8%, oxid 1.4%, acid 1.1%, alpha 1.0%, synthes 0.9%, select 0.9%,
product 0.8%, synthesi 0.8%, hydrogen 0.7%, carbon 0.6%, nmr 0.6%, temperatur
0.5%, aryl 0.5%, methyl 0.5%, support 0.5%, high 0.5%, structur 0.5%, catalyt.activ
0.5%, al2o3 0.4%, complex 0.4%, polymer 0.4%, convers 0.4%, cyclodextrin 0.4%
3 (Size: 181, ISim: 5.20e-002, XSim: 1.07e-002, Gain: +0.00e+000)
catalyst 43.7%, catalyt 4.7%, activ 4.2%, oxid 1.8%, reaction 1.8%, select
1.4%, catalyt.activ 1.3%, al2o3 1.1%, polymer 1.0%, hydrogen 0.9%, support 0.8%,
convers 0.8%, sio2 0.5%, temperatur 0.4%, carbon 0.4%, sulfur 0.4%, ethylen 0.4%,
acid 0.4%, gamma.al2o3 0.4%, complex 0.4%, surfac 0.4%, reduct 0.4%, yield 0.3%,
high 0.3%, zeolit 0.3%, oxygen 0.3%, tpr 0.3%, promot 0.3%, speci 0.3%
55 (Size: 327, ISim: 1.99e-002, XSim: 1.07e-002, Gain: -1.22e+001)
reaction 14.4%, beta 10.4%, compound 3.7%, yield 2.8%, alpha 2.0%, synthes
1.6%, aryl 1.1%, nmr 1.1%, acid 1.1%, cyclodextrin 1.0%, product 1.0%, synthesi
0.9%, methyl 0.7%, deriv 0.6%, beta.cyclodextrin 0.6%, isol 0.6%, new 0.6%, elucid
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0.5%, structur 0.5%, aldehyd 0.5%, alcohol 0.5%, chiral 0.5%, coupl 0.5%, activ
0.5%, good 0.5%, substitut 0.4%, glucopyranosyl 0.4%, good.yield 0.4%,
beta.glucopyranosyl 0.4%
29 (Size: 196, ISim: 2.62e-002, XSim: 8.09e-003, Gain: +0.00e+000)
reaction 26.9%, yield 4.8%, product 1.5%, synthes 1.3%, synthesi 1.1%,
aldehyd 1.0%, aryl 0.9%, coupl 0.9%, alcohol 0.8%, chiral 0.7%, acid 0.7%,
good.yield 0.7%, good 0.7%, catalyz 0.7%, solvent 0.6%, condit 0.6%, allyl 0.6%,
reaction.mechan 0.6%, radic 0.5%, mechan 0.5%, high 0.5%, carbon 0.5%,
temperatur 0.5%, rate 0.5%, energi 0.5%, reagent 0.4%, alkyl 0.4%, compound
0.4%, methyl 0.4%
10 (Size: 131, ISim: 4.11e-002, XSim: 8.09e-003, Gain: +0.00e+000)
beta 27.8%, compound 6.6%, alpha 3.8%, cyclodextrin 2.9%, nmr 2.8%,
beta.cyclodextrin 1.8%, isol 1.7%, elucid 1.5%, glucopyranosyl 1.3%,
beta.glucopyranosyl 1.2%, structur.elucid 1.2%, structur 1.2%, inclus 1.0%,
spectroscop 0.9%, new 0.9%, synthes 0.7%, acid 0.6%, glucopyranosid 0.6%,
inclus.complex 0.6%, new.compound 0.5%, alpha.beta 0.5%, glycosid 0.5%, methyl 0.5%, aryl
0.4%, deriv 0.4%, two.new 0.4%, 3beta 0.4%, alpha.beta.unsatur 0.4%,
unsatur 0.4%
48 (Size: 326, ISim: 3.86e-002, XSim: 7.55e-003, Gain: -1.03e+001) angstrom 10.8%, complex
8.6%, crystal 4.3%, ligand 3.4%, atom 2.9%, coordin 2.6%, h2o 2.1%, structur 2.1%, degre
2.0%, compound 1.9%, group 1.6%, titl 1.5%, space.group 1.5%, bond 1.5%, rai 1.0%,
titl.compound 1.0%, crystal.structur 1.0%, hydrogen.bond 0.9%, beta 0.9%, molecul 0.9%,
space 0.9%, two 0.8%, synthes 0.8%, monoclin 0.7%, hydrogen 0.7%, bridg 0.7%, dimension
0.6%, diffract 0.6%, phen 0.5%
0 (Size: 154, ISim: 7.26e-002, XSim: 2.45e-002, Gain: +0.00e+000)
angstrom 23.9%, crystal 4.8%, degre 4.4%, space.group 3.1%, titl 2.8%,
compound 2.8%, atom 2.7%, titl.compound 2.1%, group 1.8%, beta 1.8%, space
1.7%, monoclin 1.4%, structur 1.2%, complex 1.1%, bond 0.9%, crystal.structur
0.9%, h2o 0.9%, molecul 0.8%, rai 0.8%, coordin 0.7%, angstrom.beta 0.7%, ring
0.7%, ligand 0.6%, diffract 0.6%, hydrogen.bond 0.6%, 000 0.6%, unit 0.6%, two
0.5%, rai.diffract 0.5%
17 (Size: 172, ISim: 3.65e-002, XSim: 2.45e-002, Gain: +0.00e+000)
complex 19.3%, ligand 6.8%, coordin 4.1%, h2o 2.7%, structur 1.9%, crystal
1.6%, atom 1.5%, bond 1.3%, bridg 1.3%, spectra 1.2%, synthes 1.1%, copper 1.0%,
ion 1.0%, hydrogen.bond 0.9%, iii 0.9%, clo4 0.9%, eta 0.8%, rai 0.8%, dimension
0.7%, two 0.7%, hydrogen 0.7%, interact 0.7%, element 0.6%, phen 0.6%, fluoresc
0.6%, bi 0.6%, group 0.6%, carboxyl 0.6%, crystal.structur 0.5%
This section shows the hierarchical tree that defines the taxonomy. The numbers listed are the
cluster numbers. The elemental clusters above are at the rightmost boundary of the tree.
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Partitional Clusters -Engineering Compendex
This section presents the results for the Engineering Compendex database. There were 256
clusters selected. The format is the same as for the forty cluster results reported in the SCI
Partitional Clusters Analysis section. The outline below contains a summary of the base 256
clusters (the lowest level).
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Cluster 0,
Size: 27, ISim: 0.297, ESim: 0.005
Descriptive: watermark 68.7%, imag 3.2%, digit 3.0%, embed 1.7%, robust 1.6%,
digit.watermark 1.6%, imag.watermark 1.1%, watermark.imag 0.9%, wavelet 0.8%,
emb 0.5%, watermark.system 0.5%, robust.watermark 0.4%, digit.imag 0.4%,
wavelet.transform 0.3%, invis 0.3%
Discriminating: watermark 39.0%, sub 2.3%, system 1.3%, digit 1.1%, model 1.1%,
digit.watermark 0.9%, embed 0.8%, measur 0.8%, control 0.7%, robust 0.7%,
imag.watermark 0.6%, time 0.5%, watermark.imag 0.5%, sup 0.5%, structur 0.5%
Focuses on imaging watermarks (embedding & detecting).
Cluster 1,
Size: 11, ISim: 0.276, ESim: 0.003
Descriptive: flashov 16.4%, trap 13.5%, trap.distribut 8.3%, alumina 8.0%, alumina.ceram 2.6%,
insul 2.6%, starch 2.6%, vacuum 1.8%, surfac.flashov 1.7%, ceram 1.6%, sinter 1.5%,
alumina.insul 1.5%, tapioca 1.4%, tapioca.starch 1.4%, distribut.alumina 1.4%
Discriminating: flashov 8.9%, trap 7.0%, trap.distribut 4.5%, alumina 4.2%, sub 2.2%, system
1.6%, alumina.ceram 1.4%, starch 1.3%, insul 1.3%, model 1.0%, surfac.flashov 0.9%, vacuum
0.8%, alumina.insul 0.8%, tapioca 0.8%, tapioca.starch 0.8%
Focuses on surface flashover phenomena & trap distribution associated with alumina
ceramics for insulators.
Cluster 2,
Size: 23, ISim: 0.216, ESim: 0.005
Descriptive: fluidiz 20.5%, bed 18.7%, fluidiz.bed 12.2%, separ 10.3%, coal 3.3%,
medium 1.5%, jig 1.5%, dens.medium 0.9%, magnet 0.8%, dens 0.8%, densiti 0.7%,
coal.separ 0.6%, air 0.6%, air.dens 0.6%, air.dens.medium 0.6%1.6%, coal 0.9%, jig 0.9%,
measur 0.8%, algorithm 0.8%, model 0.8%, imag
0.7%, control 0.7%, medium 0.7%, paper 0.6%
Focuses on characteristics associated with fluidization studies of beds, separation,
coal, mediums, jig, densities.
Cluster 3,
Size: 15, ISim: 0.213, ESim: 0.006
Descriptive: gi 35.1%, geograph 6.0%, inform 5.2%, inform.system 5.2%,
geograph.inform 3.7%, geograph.inform.system 3.1%, spatial 3.0%, data 2.0%,
spatial.data 1.8%, geotherm 1.5%, map 1.1%, system 1.1%, inform.system.gi 0.9%,
system.gi 0.9%, gi.geograph 0.8%
Discriminating: gi 20.7%, geograph 3.6%, inform.system 2.9%, sub 2.4%,
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geograph.inform 2.2%, geograph.inform.system 1.9%, inform 1.7%, spatial 1.4%,
spatial.data 1.0%, measur 0.9%, geotherm 0.9%, control 0.8%, algorithm 0.8%, imag
0.6%, inform.system.gi 0.5%
Focuses on GIS (Geographic Information Systems) example uses for mapping of
geothermal resources.
Cluster 4,
Size: 16, ISim: 0.210, ESim: 0.004
Descriptive: nanowir 58.7%, nanowhisk 1.1%, cd 1.1%, diamet 1.1%, sic.nanowir
0.9%, nanofib 0.9%, crystallin 0.8%, synthes 0.8%, sic 0.7%, length 0.6%,
nanostructur 0.6%, growth 0.6%, cd.nanowir 0.6%, tic 0.5%, reaction 0.5%
Discriminating: nanowir 33.1%, sub 2.0%, system 1.6%, model 1.1%, algorithm
0.8%, measur 0.8%, control 0.7%, paper 0.7%, nanowhisk 0.6%, imag 0.6%, cd
0.5%, sic.nanowir 0.5%, new 0.5%, nanofib 0.5%, data 0.5%
Focuses on nanowires.
Cluster 5,
Size: 17, ISim: 0.201, ESim: 0.005
Descriptive: outburst 22.8%, coal 15.8%, em 6.1%, methan 4.9%, emr 4.1%, rock
3.2%, burst 2.9%, rock.burst 2.4%, coal.ga 2.3%, fractur 2.2%, ga.outburst 2.1%,
coal.ga.outburst 2.1%, ga 1.7%, methan.outburst 1.1%, coal.methan 1.1%
Discriminating: outburst 13.3%, coal 6.9%, em 3.5%, methan 2.6%, emr 2.4%, sub
2.2%, burst 1.6%, system 1.6%, rock.burst 1.4%, coal.ga 1.3%, rock 1.3%,
coal.ga.outburst 1.2%, ga.outburst 1.2%, fractur 1.0%, model 0.8%
Focuses on studies predicting outbursts of rocks (coal) & gases (methane) by
monitoring Electromagnetic Emissions/Radiation (EME/EMR).
Cluster 6,
Size: 15, ISim: 0.199, ESim: 0.005
Descriptive: bolt 50.9%, rock 2.7%, surround 1.7%, roadwai 1.7%, abut 1.7%,
deform 1.3%, arch 1.3%, anchor 1.3%, arch.dam 1.1%, truss 1.1%, dam 1.1%,
rock.bolt 0.9%, mantl 0.8%, strength 0.8%, rock.surround 0.7%
Discriminating: bolt 29.2%, sub 2.3%, system 1.6%, rock 1.0%, abut 0.9%, roadwai
0.9%, model 0.9%, surround 0.9%, algorithm 0.8%, imag 0.7%, anchor 0.7%, arch
0.7%, measur 0.7%, arch.dam 0.7%, truss 0.6%
Focuses on deformation of bolts and anchoring them to rocks & trusses
(applications - mines & bridges).

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 568

The Rooster & The Dragon January 23, 2012
Cluster 7,
Size: 132, ISim: 0.185, ESim: 0.009
Descriptive: sub 36.6%, sub.sub 31.4%, sub.sub.sub 21.9%, temperatur 0.3%, dope
0.2%, magnet 0.2%, superconduct 0.2%, sup 0.2%, crystal 0.2%, delta 0.2%, sub.delta
0.1%, sub.sub.delta 0.1%, transit 0.1%, glass 0.1%, structur 0.1%
Discriminating: sub.sub 17.9%, sub.sub.sub 14.3%, sub 13.5%, system 1.8%, model
1.3%, algorithm 0.9%, imag 0.9%, control 0.9%, measur 0.7%, paper 0.7%, time
0.6%, new 0.5%, data 0.5%, simul 0.5%, network 0.5%
Focuses on properties of compounds such as crystals and glass, such as temperature,
magnetic, superconductivity and structures.
Cluster 8,
Size: 16, ISim: 0.176, ESim: 0.005
Descriptive: suppli.chain 24.4%, suppli 12.1%, chain 11.9%, scm 6.9%, enterpris
4.8%, manufactur 2.0%, decis 1.3%, cooper 0.6%, hierarchi 0.6%, share 0.6%,
chain.scm 0.5%, suppli.chain.scm 0.5%, agil 0.5%, inform 0.5%, sustain 0.5%
Discriminating: suppli.chain 14.3%, suppli 6.5%, chain 6.2%, scm 4.0%, enterpris
2.3%, sub 2.2%, system 1.1%, measur 0.9%, manufactur 0.9%, algorithm 0.8%, imag
0.7%, control 0.6%, time 0.5%, decis 0.5%, sup 0.5%
Focuses on supply chain manufacturing (scm) and enterprising.
Cluster 9,
Size: 13, ISim: 0.174, ESim: 0.005
Descriptive: crystal 11.0%, nucleat 8.1%, isotact 5.4%, ipp 4.8%, pom 3.1%,
crystallin 2.7%, polypropylen 1.8%, nucleat.agent 1.6%, crystal.rate 1.4%, attapulgit1.3%,
differenti.scan 1.2%, crystal.kinet 1.2%, calcium 1.0%,
differenti.scan.calorimetri 1.0%, scan.calorimetri 1.0%
Discriminating: crystal 5.0%, nucleat 4.6%, isotact 3.2%, ipp 2.8%, pom 1.8%, sub
1.7%, system 1.7%, crystallin 1.4%, model 1.1%, polypropylen 1.0%, nucleat.agent
0.9%, measur 0.8%, crystal.rate 0.8%, control 0.8%, algorithm 0.8%
Focuses on characterizing the effects of nucleation on the crystalization behavior of
polymer materials such as polypropylene (PP) and polyoxymethylene (POM).
Cluster 10,
Size: 23, ISim: 0.172, ESim: 0.006
Descriptive: roof 22.4%, coal 9.1%, cave 7.4%, top.coal 7.1%, support 6.2%, top
4.2%, mine 3.3%, coal.cave 2.4%, top.coal.cave 2.2%, rock 1.7%, face 1.5%,
support.resist 1.3%, deform 1.1%, strata 0.8%, broken 0.8%
Discriminating: roof 13.6%, cave 4.4%, top.coal 4.3%, coal 3.8%, support 3.0%, top
2.4%, sub 2.3%, system 1.6%, coal.cave 1.5%, top.coal.cave 1.3%, mine 1.2%,
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algorithm 0.8%, support.resist 0.8%, face 0.7%, imag 0.7%
Focuses on support of roofs in mines (coal) and caves.
Cluster 11,
Size: 31, ISim: 0.167, ESim: 0.005
Descriptive: posit.solut 24.4%, posit 10.0%, solut 9.2%, exist 5.7%, boundari
3.3%, suffici 2.4%, suffici.condit 2.0%, condit 1.8%, multipl.posit.solut 1.5%,
multipl.posit 1.5%, theorem 1.4%, exist.posit.solut 1.4%, nonlinear 1.2%, exist.posit
1.1%, fix.point 1.0%
Discriminating: posit.solut 14.3%, posit 4.5%, solut 2.9%, exist 2.6%, sub 2.1%,
system 1.4%, boundari 1.3%, model 1.1%, suffici 1.1%, suffici.condit 0.9%,
multipl.posit.solut 0.9%, multipl.posit 0.9%, measur 0.9%, exist.posit.solut 0.8%,
control 0.8%
Focuses on solutions related to position, such as existence, boundaries and
nonlinear solutions.
Cluster 12,
Size: 23, ISim: 0.167, ESim: 0.005
Descriptive: nanotub 29.4%, carbon 20.5%, carbon.nanotub 13.4%, cnt 1.3%, mwnt
1.1%, wall.carbon.nanotub 1.0%, wall.carbon 1.0%, electron 0.9%, wall 0.6%,
singl.wall 0.5%, singl.wall.carbon 0.5%, nanotub.cnt 0.5%, carbon.nanotub.cnt 0.5%,
methan 0.5%, nanotub.electron 0.5%
Discriminating: nanotub 17.2%, carbon 11.0%, carbon.nanotub 7.9%, system 1.7%,
sub 1.6%, model 1.2%, algorithm 0.8%, cnt 0.8%, measur 0.7%, imag 0.6%, paper
0.6%, mwnt 0.6%, wall.carbon.nanotub 0.6%, wall.carbon 0.6%, control 0.5%
Focuses on carbon nanotubes.
Cluster 13,
Size: 26, ISim: 0.165, ESim: 0.006
Descriptive: ann 20.3%, artifici.neural.network 10.7%, artifici.neural 10.5%, artifici
8.3%, neural 5.9%, neural.network 5.8%, network 4.5%, network.ann 3.8%,
neural.network.ann 3.8%, model 1.0%, weight 0.6%, ann.model 0.5%, dfa 0.4%,
applic.artifici.neural 0.4%, synaps 0.3%
Discriminating: ann 12.4%, artifici.neural.network 6.5%, artifici.neural 6.4%, artifici
4.8%, neural.network 2.7%, neural 2.6%, sub 2.5%, network.ann 2.3%,
neural.network.ann 2.3%, network 1.1%, system 1.0%, imag 0.8%, measur 0.6%, sup
0.5%, solut 0.5%
Focuses on artificial neural networks (ANN).
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Cluster 14,
Size: 15, ISim: 0.163, ESim: 0.004
Descriptive: gear 35.4%, tooth 10.1%, contact 6.1%, worm 3.1%, involut 2.9%,
toroid 2.0%, reliabl.design 1.0%, load 0.9%, basi.set 0.8%, forc 0.7%, proton 0.7%,
spheric 0.6%, gear.tooth 0.5%, wheel 0.5%, contact.forc 0.5%
Discriminating: gear 19.9%, tooth 5.8%, contact 3.2%, sub 2.3%, worm 1.8%,
system 1.7%, involut 1.6%, toroid 1.1%, model 0.8%, control 0.8%, algorithm 0.8%,
imag 0.7%, measur 0.7%, reliabl.design 0.6%, time 0.5%
Focuses on loading on gears and gear teeth.
Cluster 15,
Size: 22, ISim: 0.162, ESim: 0.005
Descriptive: flame 13.4%, retard 12.7%, flame.retard 10.6%, thermal.degrad 2.0%,
thermal 1.9%, degrad 1.8%, loi 1.8%, oxygen 1.8%, phosphoru 1.7%, blend 1.6%,
char 1.4%, oxygen.index 1.1%, polyethylen 1.0%, hffr 0.9%, coal 0.9%
Discriminating: flame 7.7%, retard 7.4%, flame.retard 6.3%, sub 2.1%, system
1.7%, thermal.degrad 1.2%, model 1.1%, loi 1.0%, phosphoru 1.0%, degrad 0.9%,
char 0.8%, control 0.8%, algorithm 0.8%, imag 0.7%, oxygen 0.7%
Focuses on characterizing flame retardants and thermal degradation.
Cluster 16,
Size: 20, ISim: 0.164, ESim: 0.007Descriptive: sub 12.7%, magnet 9.5%, mno.sub 4.2%, sub.sub
4.1%, mno 4.1%,
sub.sub.mno 3.9%, sub.mno 3.9%, sub.mno.sub 3.9%, stiffen 2.5%, charg.order 2.3%,
temperatur 1.8%, sound.veloc 1.4%, magnet.field 1.2%, phase 1.0%, teller 0.8%
Discriminating: magnet 4.8%, mno.sub 2.7%, mno 2.6%, sub.sub.mno 2.5%,
sub.mno.sub 2.5%, sub.mno 2.5%, sub 1.7%, system 1.7%, stiffen 1.6%, charg.order
1.5%, model 1.3%, sub.sub 1.0%, sound.veloc 0.9%, control 0.9%, algorithm 0.9%
Focuses on phenomena (non-mechanical) such as magnetic fields that cause changes
in properties of materials (e.g. MnO).
Cluster 17,
Size: 20, ISim: 0.160, ESim: 0.004
Descriptive: dye 44.7%, adsorpt 12.4%, adsorb 3.2%, tea 2.5%, desorpt 1.4%,
dye.dye 0.9%, sup 0.9%, polyest 0.9%, cyanin 0.7%, cyanin.dye 0.7%, laser 0.6%,
rate 0.5%, properti 0.5%, adsorpt.rate 0.5%, rhenium 0.4%
Discriminating: dye 25.7%, adsorpt 6.7%, adsorb 1.8%, system 1.7%, sub 1.6%, tea
1.4%, model 1.1%, control 0.8%, algorithm 0.8%, desorpt 0.7%, imag 0.7%, measur
0.7%, paper 0.6%, dye.dye 0.5%, polyest 0.5%
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Focuses on the adsorption, adsorbtion and desorption properties of dyes and tea.
Cluster 18,
Size: 29, ISim: 0.161, ESim: 0.005
Descriptive: molecular.weight 10.7%, polymer 9.0%, molecular 6.6%, weight
6.2%, copolym 2.4%, molecular.weight.distribut 2.1%, weight.distribut 2.1%, initi
1.9%, pthf 1.9%, poli 1.5%, nmr 1.4%, acryl 1.2%, ring.open 1.1%, methyl 1.0%,
narrow 1.0%
Discriminating: molecular.weight 6.2%, polymer 4.6%, molecular 3.4%, weight
3.0%, system 1.7%, molecular.weight.distribut 1.3%, sub 1.2%, weight.distribut 1.2%,
model 1.2%, copolym 1.1%, pthf 1.1%, measur 0.8%, algorithm 0.8%, imag 0.7%,
initi 0.7%
Focuses on the primary properties used to characterize copolymers such as
molecular weight distribution.
Cluster 19,
Size: 23, ISim: 0.160, ESim: 0.007
Descriptive: rbf 20.9%, network 11.1%, neural 5.5%, basi.function 4.9%,
radial.basi 4.5%, rbf.network 4.3%, radial.basi.function 3.6%, radial 2.6%,
neural.network 2.5%, train 1.8%, basi.function.neural 1.8%, basi 1.6%, function.neural
1.5%, function 1.2%, learn 1.1%
Discriminating: rbf 13.3%, network 4.1%, basi.function 3.1%, radial.basi 2.9%,
rbf.network 2.7%, sub 2.5%, neural 2.5%, radial.basi.function 2.3%, radial 1.5%,system 1.3%,
basi.function.neural 1.1%, neural.network 1.0%, measur 1.0%,
function.neural 0.9%, train 0.8%
Focuses on radial basis function (rbf) and neural networks.
Cluster 20,
Size: 21, ISim: 0.158, ESim: 0.006
Descriptive: wavelet.packet 20.1%, packet 18.0%, wavelet 12.9%, signal 2.6%, fault
2.3%, wavelet.packet.transform 2.1%, packet.transform 2.0%, vibrat.signal 1.3%,
denois 1.0%, decomposit 0.8%, transform 0.8%, wpt 0.8%, featur.vector 0.8%, rotor
0.8%, extract 0.7%
Discriminating: wavelet.packet 12.4%, packet 10.8%, wavelet 5.8%, sub 2.4%,
system 1.4%, wavelet.packet.transform 1.3%, packet.transform 1.3%, model 1.1%,
measur 0.9%, fault 0.8%, control 0.8%, vibrat.signal 0.8%, imag 0.6%, denois 0.5%,
signal 0.5%
Focuses on wavelet packet transform.
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Cluster 21,
Size: 34, ISim: 0.147, ESim: 0.004
Descriptive: nanocomposit 24.5%, intercal 11.2%, clai 4.7%, mmt 3.5%, graphit
2.5%, montmorillonit 2.2%, rai 1.3%, graphit.oxid 1.1%, rai.diffract 1.1%,
clai.nanocomposit 1.1%, diffract 0.9%, mmt.nanocomposit 0.9%, thermal 0.8%,
intercal.graphit 0.7%, exfoli 0.6%
Discriminating: nanocomposit 13.8%, intercal 6.4%, clai 2.6%, sub 2.2%, mmt
2.0%, system 1.7%, graphit 1.3%, montmorillonit 1.2%, model 1.1%, measur 0.8%,
control 0.8%, algorithm 0.8%, paper 0.7%, graphit.oxid 0.6%, clai.nanocomposit
0.6%
Focuses on studies of types of nanocomposites such as clay, Montmorillonite
[MMT] and graphite oxides.
Cluster 22,
Size: 30, ISim: 0.146, ESim: 0.006
Descriptive: sar 26.5%, imag 11.4%, sar.imag 11.0%, speckl 6.4%, wavelet 2.7%,
filter 2.7%, apertur.radar 1.8%, radar 1.4%, apertur 1.3%, edg 0.9%, polarimetr 0.7%,
azimuth 0.7%, radar.imag 0.6%, transform 0.5%, radar.sar.imag 0.5%
Discriminating: sar 16.6%, sar.imag 7.0%, speckl 3.9%, imag 3.3%, sub 2.5%,
system 1.9%, model 1.1%, apertur.radar 1.1%, measur 1.0%, filter 0.9%, control
0.9%, wavelet 0.8%, apertur 0.7%, radar 0.7%, sup 0.5%
Focuses on synthetic aperature radar (SAR) imaging.
Cluster 23,
Size: 15, ISim: 0.143, ESim: 0.004
Descriptive: signatur 24.5%, scheme 16.1%, signatur.scheme 7.4%, blind.signatur
3.8%, blind.signatur.scheme 3.1%, blind 2.1%, fan.lei 1.2%, lei 1.2%, proxi 1.1%,
distanc 1.0%, phylogeni 1.0%, scheme.effici 1.0%, target 1.0%, attack 0.8%, new
0.7%
Discriminating: signatur 13.9%, scheme 7.1%, signatur.scheme 4.2%, sub 2.3%,
blind.signatur 2.2%, blind.signatur.scheme 1.8%, system 1.5%, model 1.1%, blind
1.1%, measur 0.8%, control 0.8%, imag 0.7%, fan.lei 0.7%, lei 0.7%, proxi 0.6%
Focuses on blind signature schemes in cryptographic communications.
Cluster 24,
Size: 19, ISim: 0.141, ESim: 0.005
Descriptive: transform 14.1%, detect 3.9%, transform.edg.detect 3.4%, edg 3.3%,
wavelet.transform.edg 3.3%, transform.edg 3.2%, current 3.1%, fault 2.5%, edg.detect
2.0%, wavelet 1.9%, current.transform 1.7%, wavelet.transform 1.7%,
new.wavelet.transform 1.1%, satur 1.1%, satur.current 1.0%
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Discriminating: transform 6.2%, sub 2.4%, transform.edg.detect 2.1%,
wavelet.transform.edg 2.0%, transform.edg 1.9%, system 1.6%, edg 1.5%, detect
1.2%, model 1.2%, edg.detect 1.2%, current 1.1%, current.transform 1.0%, fault 0.9%,
control 0.8%, measur 0.7%
Focuses on wavelet transforms applied tp edge detection.
Cluster 25,
Size: 23, ISim: 0.139, ESim: 0.003
Descriptive: deink 42.1%, pulp 4.1%, deink.pulp 2.8%, onp 1.9%, ink 1.8%,
treatment 1.5%, bright 1.3%, pac 1.3%, wastewat 1.1%, sludg 1.0%, decolor 0.8%,
bleach 0.8%, deink.agent 0.7%, uptak 0.7%, deink.condit 0.6%
Discriminating: deink 23.3%, sub 1.9%, pulp 1.8%, system 1.5%, deink.pulp 1.5%,
model 1.1%, onp 1.0%, ink 1.0%, measur 0.8%, algorithm 0.8%, imag 0.7%, pac
0.7%, bright 0.7%, control 0.6%, wastewat 0.6%
Focuses on deinking of pulp and newsprint applied to papermaking process (the
process of deconvolving discrete states).
Cluster 26,
Size: 29, ISim: 0.139, ESim: 0.005
Descriptive: differenti.equat 11.6%, differenti 11.2%, equat 8.9%, impuls 7.4%,
oscil 4.9%, oscillatori 2.7%, second.order 2.2%, function.differenti 2.2%, order 1.9%,
criteria 1.8%, solut 1.5%, second 1.5%, argument 1.3%, impuls.differenti 1.1%, class
1.1%2.4%, oscil 2.3%, oscillatori 1.5%, system 1.3%, function.differenti 1.2%,
second.order 1.1%, model 1.1%, criteria 0.9%, measur 0.9%, algorithm 0.8%, imag
0.7%
Focuses on differential equations such as impulse, oscillatory and 2nd-order equations.
Cluster 27,
Size: 33, ISim: 0.139, ESim: 0.007
Descriptive: imag 25.7%, retriev 15.2%, imag.retriev 10.6%, color 7.3%, textur
3.9%, color.imag 1.8%, featur 1.3%, algorithm 1.3%, textur.imag 0.9%, similar 0.8%,
feedback 0.7%, object 0.6%, coars 0.6%, region 0.6%, databas 0.5%
Discriminating: imag 10.6%, retriev 9.6%, imag.retriev 6.9%, color 4.3%, textur
2.3%, sub 2.0%, system 1.4%, color.imag 1.1%, model 1.0%, control 0.8%, time
0.6%, textur.imag 0.6%, sup 0.6%, measur 0.5%, solut 0.5%
Focuses on content & object-based image retrieval techniques.
Cluster 28,
Size: 25, ISim: 0.139, ESim: 0.008
Descriptive: edg 37.8%, imag 11.8%, edg.detect 4.3%, detect 4.2%, extract 2.2%,
edg.extract 1.5%, filter 1.2%, nois 1.1%, edg.imag 0.8%, caption 0.7%, transform
0.7%, algorithm 0.6%, pixel 0.6%, histogram 0.5%, imag.edg 0.5%
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Discriminating: edg 23.9%, imag 3.8%, edg.detect 2.8%, sub 2.5%, detect 1.5%,
system 1.4%, model 1.0%, edg.extract 1.0%, extract 0.9%, control 0.9%, measur
0.6%, sup 0.6%, solut 0.5%, edg.imag 0.5%, design 0.5%
Focuses on edge detection imaging techniques.
Cluster 29,
Size: 19, ISim: 0.136, ESim: 0.006
Descriptive: imag 11.8%, compress 8.1%, code 7.9%, fractal 7.1%, fractal.imag
5.4%, imag.compress 3.3%, block 3.2%, imag.code 3.1%, fractal.imag.code 3.0%,
error 2.6%, jpeg 2.3%, lossless 1.5%, quantiz 1.2%, distort 0.8%, mean.squar.error
0.8%
Discriminating: compress 4.2%, fractal 3.8%, code 3.8%, imag 3.5%, fractal.imag
3.4%, sub 2.1%, imag.compress 2.0%, imag.code 2.0%, fractal.imag.code 1.9%, block
1.5%, jpeg 1.4%, system 1.4%, model 1.1%, lossless 0.9%, control 0.8%
Focuses on types of image encoding and decoding techniques such as compression
and fractals.
Cluster 30,
Size: 20, ISim: 0.133, ESim: 0.005
Descriptive: blast 21.1%, strata 15.7%, mine 8.0%, movement 5.1%, subsid 3.6%,
strata.movement 2.4%, pillar 1.6%, coal 1.5%, seam 0.9%, cap 0.8%, surfac.subsid
0.7%, ground 0.7%, precaut 0.7%, surfac 0.6%, cast 0.6%
Discriminating: blast 12.5%, strata 9.5%, mine 3.6%, movement 2.9%, sub 2.2%,
subsid 2.1%, system 1.9%, strata.movement 1.5%, pillar 1.0%, algorithm 0.8%, imag
0.8%, measur 0.7%, control 0.7%, sup 0.5%, cap 0.5%
Focuses on blasting and its effects on the strata movement of structures in mines.
Cluster 31,
Size: 30, ISim: 0.127, ESim: 0.005
Descriptive: ship 40.3%, hull 6.2%, moment 3.6%, bend.moment 3.0%, girder
2.5%, bend 2.3%, wave 1.5%, ship.hull 1.4%, hull.girder 1.2%, strength 1.1%, load
0.8%, slam 0.7%, model 0.7%, bow 0.6%, longitudin 0.5%
Discriminating: ship 24.5%, hull 3.8%, sub 2.4%, moment 2.0%, bend.moment
1.8%, system 1.7%, girder 1.5%, bend 1.3%, ship.hull 0.9%, measur 0.8%, hull.girder
0.7%, algorithm 0.7%, control 0.7%, imag 0.6%, new 0.5%
Focuses on bending moments to ship hulls and girders.
Cluster 32,
Size: 22, ISim: 0.124, ESim: 0.004
Descriptive: inequ 36.2%, map 8.2%, variat.inequ 2.8%, variat 2.4%, relax 1.9%,
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banach 1.7%, class 1.5%, multivalu 1.4%, space 0.9%, vector.variat 0.9%, gener.form
0.9%, refin.holder 0.9%, holder.inequ 0.9%, refin.holder.inequ 0.9%, vector 0.8%
Discriminating: inequ 20.4%, map 4.1%, sub 2.3%, system 1.7%, variat.inequ 1.6%,
variat 1.3%, banach 1.0%, relax 1.0%, model 0.9%, measur 0.9%, multivalu 0.8%,
algorithm 0.8%, imag 0.7%, control 0.7%, class 0.5%
Focuses on mapping of inequality spaces such as multivalue, multivariant and
Banach Spaces.
Cluster 33,
Size: 18, ISim: 0.124, ESim: 0.004
Descriptive: algebra 33.2%, lie 4.7%, algebra.surfac 2.5%, subspac.lattic 2.2%,
lattic 2.1%, linear 2.1%, subspac 1.9%, functor 1.8%, space 1.7%, script 1.4%, lowen
1.2%, lowen.functor 1.2%, script.sign 1.1%, preserv 0.9%, lattic.algebra 0.9%
Discriminating: algebra 18.6%, lie 2.6%, sub 2.1%, algebra.surfac 1.4%, system
1.3%, subspac.lattic 1.3%, model 1.1%, subspac 1.0%, lattic 1.0%, functor 1.0%,
measur 0.9%, script 0.8%, imag 0.7%, algorithm 0.7%, lowen 0.7%
Focuses on elements of algebra such as Lowen functors and Lie-algebra that are
used in mapping and joining of subspace lattices.
Cluster 34,
Size: 50, ISim: 0.124, ESim: 0.004
Descriptive: entangl 32.1%, state 13.6%, entangl.state 6.8%, quantum 3.6%, atom
2.3%, scheme 1.9%, bell 1.6%, caviti 1.6%, photon 1.3%, teleport 1.2%, qubit 1.1%,
horn 1.0%, two 0.8%, greenberg.horn.zeiling 0.8%, zeiling 0.8%
Discriminating: entangl 18.6%, state 6.0%, entangl.state 4.0%, sub 2.3%, quantum
1.6%, system 1.5%, model 1.1%, atom 1.0%, bell 0.9%, algorithm 0.8%, caviti 0.8%,
imag 0.7%, teleport 0.7%, control 0.7%, qubit 0.6%
Focuses on entangled (or mixed) states of elements that can be decomposed from
systems such as quantum states of atoms and photons.
Cluster 35,
Size: 35, ISim: 0.123, ESim: 0.005
Descriptive: web 44.8%, xml 6.1%, document 3.8%, inform 2.8%, page 2.1%,
internet 1.8%, wrapper 1.5%, web.applic 1.5%, data 1.2%, semant 1.0%, queri 0.9%,
schema 0.9%, web.page 0.9%, applic 0.8%, commerc 0.7%
Discriminating: web 26.7%, xml 3.7%, sub 2.4%, document 2.2%, page 1.2%,
internet 0.9%, web.applic 0.9%, wrapper 0.9%, measur 0.9%, imag 0.8%, inform
0.7%, control 0.7%, algorithm 0.6%, system 0.6%, semant 0.6%
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Focuses on elements of the web/internet.
Cluster 36,
Size: 25, ISim: 0.124, ESim: 0.006
Descriptive: reconstruct 44.5%, imag 7.5%, slice 2.1%, reconstruct.imag 2.0%,
imag.reconstruct 1.6%, project 1.3%, vessel 1.1%, tomographi 0.9%, resolut 0.9%,
algorithm 0.7%, medic 0.7%, model 0.6%, imag.model 0.6%, hologram 0.5%,
reconstruct.algorithm 0.4%
Discriminating: reconstruct 27.5%, sub 2.5%, imag 1.8%, system 1.4%, slice 1.3%,
reconstruct.imag 1.3%, imag.reconstruct 1.0%, measur 1.0%, control 0.8%, vessel
0.6%, sup 0.5%, project 0.5%, tomographi 0.5%, paper 0.5%, solut 0.5%
Focuses on image reconstruction used in fields like tomography and holography.
Cluster 37,
Size: 40, ISim: 0.122, ESim: 0.005
Descriptive: enterpris 63.1%, coal.enterpris 1.8%, market 1.3%, partner 1.2%,
virtual.enterpris 1.1%, competit 1.0%, coal 0.9%, virtual 0.7%, cooper 0.7%,competit.power
0.7%, benefit 0.7%, knowledg 0.5%, innov 0.5%, economi 0.5%,
organ 0.4%
Discriminating: enterpris 37.3%, sub 2.4%, coal.enterpris 1.1%, system 0.9%,
measur 0.9%, algorithm 0.8%, partner 0.7%, imag 0.7%, virtual.enterpris 0.7%,
control 0.6%, market 0.6%, competit 0.5%, sup 0.5%, time 0.5%, temperatur 0.4%
Enterprises & its elements - such as virtual, coal - marketing, partners, competition,
cooperation, benefits, knowledge, innovation, economics
Focuses on the elements of enterprises, such as: virtual, coal, marketing, partners,
competition, cooperation, benefits, knowledge, innovation and economics.
Cluster 38,
Size: 26, ISim: 0.122, ESim: 0.005
Descriptive: train 28.5%, railwai 11.1%, passeng 7.0%, yard 3.2%, speed 2.6%,
passeng.train 2.0%, logist 1.5%, freight 1.5%, path 1.3%, optim 1.1%, tree 0.9%,
china 0.9%, decis 0.8%, departur 0.8%, carri.capac 0.7%
Discriminating: train 16.2%, railwai 6.5%, passeng 4.2%, sub 2.3%, yard 1.9%,
system 1.5%, passeng.train 1.3%, freight 0.9%, speed 0.9%, logist 0.9%, measur
0.9%, control 0.8%, imag 0.8%, path 0.6%, algorithm 0.5%
Focuses on aspects related to trains, such as railways, cargo (freight, passenger),
optimization and speed.
Cluster 39,
Size: 39, ISim: 0.121, ESim: 0.005
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Descriptive: oscil 17.7%, equat 10.2%, differ.equat 9.1%, differ 7.8%, delai 4.9%,
delai.differ 3.5%, delai.differ.equat 2.1%, oscil.criteria 2.0%, condit.oscil 1.7%,
oscil.solut 1.6%, criteria 1.6%, suffici 1.4%, suffici.condit 1.3%, solut 1.3%,
suffici.condit.oscil 1.1%
Discriminating: oscil 9.5%, differ.equat 5.4%, differ 3.8%, equat 3.6%, sub 2.4%,
delai 2.3%, delai.differ 2.1%, system 1.2%, delai.differ.equat 1.2%, oscil.criteria
1.2%, model 1.1%, condit.oscil 1.0%, oscil.solut 1.0%, measur 0.9%, control 0.8%
Focuses on aspects related to oscillation such as delay difference equations, criteria and
conditions.
Cluster 40,
Size: 23, ISim: 0.120, ESim: 0.005
Descriptive: transport 24.7%, traffic 11.5%, forecast 11.5%, urban 6.9%,
urban.transport 2.2%, traffic.safeti 1.7%, china 1.6%, countri 1.6%, contain 1.6%,
road 1.6%, traffic.demand 0.8%, plan 0.8%, demand 0.8%, railwai 0.7%, citi 0.7%
Discriminating: transport 13.9%, forecast 6.4%, traffic 6.3%, urban 4.0%, sub 2.2%,
urban.transport 1.3%, system 1.2%, traffic.safeti 1.0%, road 0.9%, countri 0.9%,
contain 0.9%, control 0.8%, imag 0.8%, algorithm 0.7%, measur 0.6%
Focuses on elements of transportation (urban, country) in China, such as traffic,
safety studies, roads, plan and demand.
Cluster 41,
Size: 53, ISim: 0.120, ESim: 0.005
Descriptive: period 20.1%, period.solut 15.4%, exist 7.8%, solut 7.4%, theorem
2.2%, equat 2.1%, exist.period 1.5%, coincid.degre 1.4%, posit.period 1.3%,
posit.period.solut 1.3%, exist.period.solut 1.3%, coincid 0.9%, nonlinear 0.8%,
differenti 0.8%, posit 0.8%
Discriminating: period 10.8%, period.solut 9.5%, exist 4.0%, sub 2.4%, solut 2.3%,
measur 0.9%, theorem 0.9%, exist.period 0.9%, coincid.degre 0.9%, algorithm 0.8%,
posit.period 0.8%, posit.period.solut 0.8%, control 0.8%, exist.period.solut 0.8%, imag
0.8%
Focuses on periodic solutions, such as existence, theorem, coincident and nonlinear
periodic solutions.
Cluster 42,
Size: 21, ISim: 0.120, ESim: 0.005
Descriptive: bound 26.3%, invers 3.3%, upper.bound 3.3%, drazin.invers 2.9%,
drazin 2.9%, error.bound 2.5%, perturb 2.5%, error 2.3%, linear 2.2%, upper 2.1%,
vertic.bar 2.1%, linear.system 1.5%, bar 1.3%, condit.number 1.1%, perman 0.8%

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 578

The Rooster & The Dragon January 23, 2012
Discriminating: bound 15.0%, sub 2.2%, upper.bound 1.9%, drazin.invers 1.8%,
drazin 1.8%, invers 1.7%, error.bound 1.5%, perturb 1.3%, vertic.bar 1.2%, model
1.2%, upper 1.0%, linear.system 0.8%, measur 0.8%, algorithm 0.8%, imag 0.8%
Focuses on methods for establishing bounds (such as Drazin inverse, upper and
lower) of linear systems.
Cluster 43,
Size: 25, ISim: 0.119, ESim: 0.005
Descriptive: soil 49.8%, settlement 3.2%, ground 3.0%, pile 2.8%, foundat 1.0%,
soil.water 1.0%, sea 0.8%, frost.heav 0.7%, water 0.6%, frost 0.6%, layer 0.6%,
soft.soil 0.6%, heav 0.6%, veget 0.5%, salt 0.5%
Discriminating: soil 29.3%, sub 2.4%, settlement 1.9%, pile 1.6%, system 1.5%,
ground 1.5%, algorithm 0.8%, imag 0.8%, control 0.7%, model 0.6%, soil.water
0.6%, paper 0.6%, measur 0.5%, new 0.5%, foundat 0.5%
Focuses on settlements of soils (ground, piles, foundations, water, sea, frost/frozen
soil).
Cluster 44,
Size: 26, ISim: 0.121, ESim: 0.006
Descriptive: segment 50.9%, imag 2.5%, palmprint 1.9%, algorithm 1.8%,
handwrit 1.5%, featur 1.4%, segment.algorithm 1.3%, imag.segment 1.2%, line 1.2%,
video 1.1%, line.segment 1.0%, color 0.7%, extract 0.6%, word 0.5%, scene 0.5%
Discriminating: segment 31.3%, sub 2.6%, system 1.5%, palmprint 1.2%, handwrit
1.0%, measur 0.9%, model 0.8%, segment.algorithm 0.8%, imag.segment 0.7%,
control 0.7%, line.segment 0.6%, video 0.5%, solut 0.5%, sub.sub 0.5%, sup 0.4%
Focuses on segmentation imaging primarily associated with lines such as
palmprints & handwritting identification.
Cluster 45,
Size: 26, ISim: 0.120, ESim: 0.005
Descriptive: crack 30.2%, damag 25.6%, fatigu 1.3%, stress.intens.factor 1.1%,
intens.factor 1.1%, stress.intens 1.1%, stress 1.1%, tip 1.0%, crack.tip 0.9%, repair
0.7%, materi 0.7%, creep 0.6%, blast 0.5%, fatigu.damag 0.5%, crack.size 0.5%
Discriminating: crack 17.8%, damag 15.1%, sub 2.5%, system 1.7%, control 0.8%,
imag 0.8%, model 0.7%, fatigu 0.7%, stress.intens.factor 0.7%, algorithm 0.7%,
intens.factor 0.7%, stress.intens 0.6%, crack.tip 0.6%, new 0.6%, measur 0.6%
Focuses on damage from cracks and fatigue.
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Cluster 46,
Size: 31, ISim: 0.119, ESim: 0.005
Descriptive: blend 30.5%, cure 17.6%, epoxi 3.9%, resin 2.3%, polyurethan 1.4%,
epoxi.resin 1.1%, epdm 1.0%, crosslink 0.9%, compatibil 0.9%, polyest 0.8%, org
0.7%, cyanat 0.6%, properti 0.6%, org.mmt 0.5%, acryl 0.5%
Discriminating: blend 17.8%, cure 10.4%, epoxi 2.2%, sub 1.4%, system 1.3%, resin
1.2%, model 1.1%, algorithm 0.8%, polyurethan 0.8%, measur 0.8%, control 0.7%,
imag 0.7%, paper 0.7%, epoxi.resin 0.7%, epdm 0.6%
Focuses on mechanics, kinetics, and properties of preparing blends like epoxys &
resins of poly-based materials (e.g. curing, crosslinking).
Cluster 47,
Size: 19, ISim: 0.119, ESim: 0.006
Descriptive: heat 7.7%, phase 4.3%, melt 4.2%, paraffin 4.1%, solid 3.4%,
phase.transit 3.0%, shape.stabil 2.0%, pcm 1.8%, phase.materi 1.7%, heat.transfer1.6%,
temperatur 1.6%, materi 1.5%, npg 1.5%, solid.solid 1.4%, solid.solid.phase
1.4%
Discriminating: heat 3.4%, paraffin 2.6%, melt 2.3%, sub 2.1%, phase.transit 1.8%,
solid 1.6%, system 1.4%, phase 1.3%, shape.stabil 1.3%, pcm 1.1%, phase.materi
1.1%, model 1.0%, npg 0.9%, solid.solid 0.9%, solid.solid.phase 0.9%
Focuses on characterizing the thermal conductivity of shape stabilized Phase
Change Materials (PCM's) such as paraffin.
Cluster 48,
Size: 25, ISim: 0.120, ESim: 0.007
Descriptive: intellig 20.5%, control 18.3%, intellig.control 7.5%, control.system
5.6%, intellig.control.system 2.2%, control.intellig 1.7%, system 1.4%, agent 0.9%,
hierarch 0.7%, multi 0.7%, activ.vibrat 0.6%, temperatur.control 0.6%, fusion 0.6%,
inform.fusion 0.6%, vibrat.control 0.5%
Discriminating: intellig 12.4%, control 6.6%, intellig.control 4.9%, control.system
3.0%, sub 2.5%, intellig.control.system 1.5%, control.intellig 1.1%, model 1.0%, imag
0.8%, measur 0.7%, sup 0.6%, algorithm 0.6%, solut 0.5%, time 0.5%, sub.sub 0.5%
Focuses on intelligent control systems.
Cluster 49,
Size: 25, ISim: 0.116, ESim: 0.004
Descriptive: coat 34.4%, sprai 6.6%, grain 4.7%, bone 4.1%, arc.sprai 2.9%, arc
2.7%, binder 2.2%, grain.size 2.0%, size 1.0%, alloi 1.0%, implant 0.9%, hva 0.9%,
hard 0.8%, coat.substrat 0.7%, metal 0.6%
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Discriminating: coat 19.6%, sprai 3.9%, grain 2.6%, bone 2.4%, sub 2.2%, system
1.8%, arc.sprai 1.7%, arc 1.4%, binder 1.2%, grain.size 1.2%, model 1.1%, control
0.8%, algorithm 0.8%, imag 0.8%, measur 0.7%
Focuses on Methods of applying coatings to larger items such as grains, bones and
alloys (e.g. arc-spraying & implantation).
Cluster 50,
Size: 29, ISim: 0.117, ESim: 0.006
Descriptive: face 29.2%, recognit 9.3%, facial 6.6%, featur 2.9%, face.recognit
2.9%, face.imag 1.6%, imag 1.5%, view 1.1%, eigenfac 1.0%, svm 0.9%, face.detect
0.8%, local 0.8%, tast 0.8%, pattern.recognit 0.7%, match 0.7%
Discriminating: face 18.0%, recognit 5.2%, facial 4.2%, sub 2.6%, face.recognit
1.8%, system 1.5%, face.imag 1.0%, featur 1.0%, measur 0.8%, control 0.8%,
eigenfac 0.6%, sup 0.5%, face.detect 0.5%, svm 0.5%, view 0.5%
Focuses on image pattern recognition primarily associated with facial recognition
(biometrics).
Cluster 51,
Size: 34, ISim: 0.116, ESim: 0.005
Descriptive: mode 12.0%, dielectr 6.8%, antenna 4.0%, guid 3.5%, mode.match
2.7%, wave 2.0%, multimod 2.0%, period.structur 1.7%, nrd 1.7%, multimod.network
1.7%, period 1.5%, match 1.5%, multimod.network.theori 1.4%, combin.multimod
1.4%, combin.multimod.network 1.4%
Discriminating: mode 6.0%, dielectr 3.9%, antenna 2.2%, sub 2.1%, guid 1.9%,
mode.match 1.7%, system 1.6%, multimod 1.2%, model 1.2%, period.structur 1.1%,
multimod.network 1.0%, nrd 1.0%, measur 0.9%, multimod.network.theori 0.9%,
combin.multimod 0.9%
Focuses on Multimode Network Theory applied to dielectric & millimeter antenna
wave guides.
Cluster 52,
Size: 26, ISim: 0.116, ESim: 0.007
Descriptive: grate 45.6%, measur 7.2%, angl 3.1%, error 1.4%, diffract 1.3%, moir
0.9%, accuraci 0.7%, diffract.grate 0.7%, angl.measur 0.5%, scanner 0.5%, system
0.5%, topographi 0.5%, temperatur.strain 0.5%, fe 0.5%, encod 0.4%
Discriminating: grate 29.4%, sub 2.7%, angl 1.5%, measur 1.5%, model 1.3%,
algorithm 0.9%, control 0.8%, system 0.7%, moir 0.6%, sup 0.6%, time 0.6%, imag
0.5%, solut 0.5%, diffract 0.5%, network 0.5%
Focuses on types of error measurements (caused by interference) such as angle,
error, diffraction, Moire.
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Cluster 53,
Size: 31, ISim: 0.114, ESim: 0.005
Descriptive: code 39.6%, decod 10.4%, turbo 2.3%, turbo.code 1.7%, encod 1.3%,
error 0.8%, channel 0.7%, solomon 0.7%, reed.solomon 0.7%, algorithm 0.7%, cdma
0.6%, code.rate 0.6%, reed 0.6%, uep 0.5%, punctur 0.5%
Discriminating: code 22.3%, decod 6.2%, sub 2.3%, turbo 1.4%, turbo.code 1.0%,
model 1.0%, system 1.0%, measur 0.9%, imag 0.7%, control 0.7%, encod 0.7%,
temperatur 0.4%, two 0.4%, sup 0.4%, solut 0.4%
Focuses on encoding and decoding (turbo-code, Reed-Solomon codes, CDMA).
Cluster 54,
Size: 50, ISim: 0.112, ESim: 0.003Descriptive: pulp 51.4%, bleach 10.0%, kappa.number 1.7%,
kappa 1.6%, effluent
1.2%, treatment 1.0%, kraft 0.9%, bright 0.8%, kraft.pulp 0.8%, mill 0.8%, straw
0.7%, cook 0.6%, retent 0.5%, papermak 0.5%, wheat.straw 0.4%
Discriminating: pulp 29.0%, bleach 5.6%, sub 1.9%, system 1.5%, model 1.0%,
kappa.number 0.9%, kappa 0.9%, algorithm 0.8%, imag 0.7%, effluent 0.7%, measur
0.6%, control 0.6%, kraft 0.5%, data 0.5%, kraft.pulp 0.4%
Focuses on pulp and bleach as applied to the papermaking process. Representative
of specific elements used in decomposing.
Cluster 55,
Size: 22, ISim: 0.114, ESim: 0.006
Descriptive: tissu 10.1%, tomographi 7.4%, imag 6.7%, ultrasound 2.0%,
photoacoust 1.6%, cerebr 1.6%, resolut 1.4%, depth 1.3%, optic 1.2%, signal 1.1%,
sonoluminesc 1.0%, dura 0.9%, dura.mater 0.9%, confoc 0.9%, biolog 0.8%
Discriminating: tissu 6.1%, tomographi 4.6%, sub 2.5%, imag 1.4%, system 1.4%,
model 1.2%, ultrasound 1.1%, photoacoust 1.0%, cerebr 1.0%, measur 0.9%,
sonoluminesc 0.7%, depth 0.7%, control 0.6%, dura 0.5%, dura.mater 0.5%
Focuses on imaging tissue using tomographic imaging, ultrasound and photoacoustic
techniques.
Cluster 56,
Size: 30, ISim: 0.112, ESim: 0.005
Descriptive: land 14.6%, veget 10.1%, oasi 8.5%, desertif 5.2%, land.cover 2.9%,
desert 2.9%, arid 2.9%, cover 2.8%, area 2.4%, region 1.8%, ecolog 1.1%, landscap
1.0%, sandi 0.8%, china 0.8%, ndvi 0.8%
Discriminating: land 8.6%, veget 5.9%, oasi 5.2%, desertif 3.1%, sub 2.3%,
land.cover 1.7%, desert 1.7%, arid 1.7%, cover 1.5%, system 1.4%, area 0.9%,
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measur 0.8%, algorithm 0.8%, control 0.6%, ecolog 0.6%
Focuses on elements affecting land cover, such as vegetation, oasis (Kenya), desertification,
arid and ecology.
Cluster 57,
Size: 38, ISim: 0.112, ESim: 0.005
Descriptive: soliton 17.8%, equat 12.3%, solut 11.1%, wave 3.7%, exact 3.2%,
wave.solut 3.2%, nonlinear 1.8%, tanh 1.7%, soliton.solut 1.6%, solitari.wave 1.4%,
solitari 1.4%, exact.solut 1.2%, kdv 1.1%, evolut 1.1%, travel 0.9%
Discriminating: soliton 10.7%, equat 4.6%, solut 3.9%, sub 2.4%, wave.solut 1.9%,
exact 1.8%, system 1.5%, wave 1.3%, model 1.1%, tanh 1.0%, soliton.solut 1.0%,
measur 0.9%, solitari.wave 0.9%, control 0.8%, algorithm 0.8%
Focuses on equations and soliton solutions (e.g. waves, exact, and nonlinear solutions).
Cluster 58,
Size: 30, ISim: 0.113, ESim: 0.006
Descriptive: calibr 58.7%, error 2.7%, log 1.2%, linear.error 0.8%, measur 0.8%,
sensor 0.7%, new.calibr 0.6%, instrument 0.5%, precis 0.5%, mutual.coupl 0.5%, ccd
0.5%, radiomet 0.4%, autocollim 0.4%, adc 0.4%, distort 0.3%
Discriminating: calibr 36.9%, sub 2.5%, system 1.2%, model 1.0%, error 0.8%,
control 0.8%, algorithm 0.7%, log 0.7%, sup 0.5%, linear.error 0.5%, network 0.5%,
imag 0.5%, sub.sub 0.5%, solut 0.5%, paper 0.4%
Focuses on error measurement calibration.
Cluster 59,
Size: 26, ISim: 0.112, ESim: 0.006
Descriptive: drive 18.0%, motor 7.6%, control 7.5%, control.rod 4.7%, rod 4.6%,
drive.system 2.0%, motor.drive 1.5%, system 1.4%, reluct 1.3%, speed 1.3%, suspens
1.2%, reluct.motor 1.1%, induct 1.1%, induct.motor 1.0%, switch.reluct 1.0%
Discriminating: drive 11.0%, motor 4.6%, control.rod 3.1%, rod 2.7%, sub 2.6%,
control 1.7%, drive.system 1.3%, motor.drive 0.9%, imag 0.8%, reluct 0.8%, measur
0.8%, algorithm 0.8%, model 0.8%, suspens 0.7%, reluct.motor 0.7%
Focuses on types of drive, such as systems, motors (reluctance & induction) and controls.
Cluster 60,
Size: 35, ISim: 0.112, ESim: 0.007
Descriptive: sub 14.9%, sio.sub 14.6%, sio 14.3%, tio.sub 7.2%, tio 7.1%, coat
1.7%, rutil 1.0%, sub.coat 0.7%, gel 0.7%, cao 0.7%, composit 0.6%, surfac 0.6%,
sub.sio 0.6%, sub.sio.sub 0.6%, sub.composit 0.6%
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Discriminating: sio.sub 9.8%, sio 9.6%, tio.sub 4.8%, tio 4.8%, sub 2.5%, system
2.0%, model 1.2%, algorithm 0.9%, control 0.9%, coat 0.8%, imag 0.8%, paper 0.7%,
rutil 0.7%, measur 0.6%, data 0.5%
Focuses on property studies of SiO & TiO (rutile) substance coatings.
Cluster 61,
Size: 32, ISim: 0.112, ESim: 0.007
Descriptive: wavelet 21.1%, imag 20.6%, wavelet.transform 5.9%, transform 4.7%,
compress 3.2%, imag.compress 1.7%, coder 1.4%, wavelet.coeffici 0.8%, match0.7%, coeffici
0.7%, subband 0.6%, nois 0.6%, filter 0.5%, wavelet.imag 0.5%,
high.frequenc 0.5%
Discriminating: wavelet 11.4%, imag 8.2%, wavelet.transform 3.3%, sub 2.4%,
transform 1.8%, system 1.7%, compress 1.6%, model 1.2%, imag.compress 1.1%,
measur 1.0%, coder 0.9%, control 0.9%, sup 0.6%, time 0.5%, wavelet.coeffici 0.5%
Focuses on image compression techniques, primarily wavelets, and coder, coefficient
matching.
Cluster 62,
Size: 41, ISim: 0.111, ESim: 0.006
Descriptive: sup 21.9%, time.sup 18.1%, sup.time.sup 3.9%, time 3.6%, sup.time
3.6%, mol 3.1%, sup.mol 3.1%, mol.sup 2.7%, time.sup.time 2.7%, time.sup.mol
2.4%, sup.mol.sup 1.9%, sup.sup 1.1%, time.sup.sup 0.9%, detect.limit 0.6%, oxygen
0.5%
Discriminating: time.sup 11.6%, sup 9.8%, sup.time.sup 2.6%, sup.time 2.4%,
sup.mol 2.0%, mol 1.9%, system 1.8%, sub 1.8%, mol.sup 1.8%, time.sup.time 1.8%,
time.sup.mol 1.6%, model 1.3%, sup.mol.sup 1.3%, algorithm 0.9%, imag 0.8%
Focuses on grammatical constructs annotated with the words “times” (meaning
multiplication) & “sup” (textual description to denote that a number as a
superscript), that are primarily associated with MOLs in chemical concentration
formulas.
Cluster 63,
Size: 38, ISim: 0.111, ESim: 0.006
Descriptive: fault 33.2%, diagnosi 13.5%, fault.diagnosi 8.4%, fuzzi 2.7%, wind
1.9%, network 1.3%, stator 1.1%, stator.wind 0.9%, system 0.8%, neural.network
0.6%, neural 0.6%, expert.system 0.6%, gener 0.5%, line 0.5%, expert 0.5%
Discriminating: fault 19.6%, diagnosi 8.1%, fault.diagnosi 5.3%, sub 2.6%, wind
1.0%, fuzzi 0.9%, measur 0.9%, imag 0.8%, control 0.8%, stator 0.7%, stator.wind
0.6%, algorithm 0.6%, sup 0.6%, model 0.5%, design 0.5%
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Focuses on neural network methods used in expert systems fault diagnositics.
Cluster 64,
Size: 18, ISim: 0.108, ESim: 0.004
Descriptive: birefring 4.0%, omega 3.6%, pah 3.0%, laser 2.5%, dope 2.2%,
pmma 1.8%, contamin 1.8%, fiber 1.6%, erbium 1.4%, azobenzen 1.3%, polym.optic
1.3%, induc 1.3%, green.laser 1.2%, pump 1.2%, 532 1.2%
Discriminating: sub 2.4%, birefring 2.3%, omega 2.0%, pah 1.8%, system 1.7%,
model 1.2%, dope 1.0%, contamin 1.0%, pmma 1.0%, erbium 0.8%, control 0.8%,
algorithm 0.8%, azobenzen 0.8%, polym.optic 0.8%, imag 0.7%
Focuses on properties of lasers & fiber optic materials, such as birefringence (light
refraction in an anisotropic material) and polycyclic aromatic hydrocarbons (PAHs).
Cluster 65,
Size: 20, ISim: 0.109, ESim: 0.005
Descriptive: schedul 10.2%, coal.plant 7.6%, product 5.3%, machin 4.8%, plant
3.8%, coal 3.0%, plan 2.6%, product.schedul 1.6%, model 1.5%, changeov 1.4%, line
1.2%, credit 1.2%, cost 1.1%, anti 1.0%, bank 1.0%
Discriminating: schedul 6.0%, coal.plant 4.7%, sub 2.5%, machin 2.2%, plant
1.9%, product 1.7%, plan 1.3%, system 1.2%, product.schedul 1.0%, measur 1.0%,
coal 0.9%, changeov 0.9%, imag 0.8%, control 0.8%, credit 0.7%
Focuses on scheduling of coal plants, production and machines. Operating characteristics
to enable the use of these systems.
Cluster 66,
Size: 34, ISim: 0.108, ESim: 0.005
Descriptive: fiber 21.3%, dispers 6.7%, pump 3.2%, gain 2.6%, amplifi 2.3%,
raman 2.0%, dope.fiber 1.9%, order.dispers 1.9%, power 1.9%, erbium.dope 1.5%,
erbium 1.5%, edfa 1.4%, dope 1.2%, fiber.raman 1.1%, puls 1.1%
Discriminating: fiber 11.0%, dispers 3.5%, sub 2.4%, pump 1.6%, system 1.4%,
gain 1.3%, amplifi 1.2%, dope.fiber 1.2%, order.dispers 1.2%, model 1.1%, raman
1.1%, erbium.dope 0.9%, erbium 0.9%, edfa 0.9%, control 0.9%
Focuses on methods to improve the gain of fiber optics (i.e. pumping, raman amplifiers,
doping,and reducing dispersion).
Cluster 67,
Size: 24, ISim: 0.108, ESim: 0.005
Descriptive: antenna 25.4%, patch 5.4%, microstrip 4.8%, micromachin 3.3%,
patch.antenna 3.1%, radiat 2.3%, frequenc 2.2%, radiat.pattern 1.3%, arrai 1.3%, dd
1.3%, filter 1.2%, microstrip.antenna 1.0%, direct 0.9%, coupl.microstrip 0.9%,
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circular 0.8%
Discriminating: antenna 15.2%, patch 3.3%, microstrip 3.0%, sub 2.5%, micromachin 2.0%,
patch.antenna 1.9%, system 1.7%, model 1.2%, radiat 1.1%, radiat.pattern 0.8%, imag 0.8%, dd
0.8%, algorithm 0.8%, control 0.6%, microstrip.antenna 0.6%
Focuses on types of micro antennas (Patch & Microstrip) and micromachining
techniques.
Cluster 68,
Size: 20, ISim: 0.107, ESim: 0.004
Descriptive: bezier 11.6%, bezier.curv 9.3%, curv 6.1%, weakest.bound 2.8%,
weakest 2.5%, bound.electron 2.4%, weakest.bound.electron 2.4%, approxim 2.2%,
bound 1.8%, tournament 1.6%, interv.bezier.curv 1.5%, interv.bezier 1.5%, sto 1.4%,
electron.potenti 1.4%, excit 1.0%
Discriminating: bezier 6.9%, bezier.curv 5.5%, curv 2.8%, sub 2.2%,
weakest.bound 1.6%, weakest 1.5%, bound.electron 1.4%, weakest.bound.electron
1.4%, system 1.4%, tournament 0.9%, approxim 0.9%, interv.bezier 0.9%,
interv.bezier.curv 0.9%, measur 0.9%, sto 0.8%
Focuses on methods for establishing bounds of non-linear relationships, e.g. Bezier
curve, and weakest bound electron potentials.
Cluster 69,
Size: 25, ISim: 0.108, ESim: 0.005
Descriptive: ceram 22.9%, sinter 9.0%, lubric 4.2%, compact 3.7%, powder 3.1%,
mechan 1.8%, warm.compact 1.3%, materi 1.2%, mechan.properti 1.2%, composit
1.1%, piezoelectr 1.1%, warm 1.0%, alumina 0.8%, properti 0.8%, osteoblast 0.7%
Discriminating: ceram 13.4%, sinter 5.2%, lubric 2.4%, sub 2.0%, compact 2.0%,
system 1.9%, powder 1.4%, measur 0.9%, model 0.9%, algorithm 0.8%,
warm.compact 0.8%, imag 0.8%, control 0.7%, paper 0.6%, warm 0.6%
Focuses on mechanical properties of ceramics such as sintering, and powder
lubrication.
Cluster 70,
Size: 22, ISim: 0.109, ESim: 0.006
Descriptive: coal 31.9%, mine 8.7%, china 2.1%, flotat 1.7%, coal.mine 1.6%,
resourc 1.6%, coal.resourc 1.3%, boiler 1.1%, econom 1.1%, chines 0.9%, advanc
0.9%, crush 0.9%, column 0.8%, system 0.7%, surfac.mine 0.7%
Discriminating: coal 17.6%, mine 4.4%, sub 2.6%, flotat 1.0%, coal.mine 0.9%,
algorithm 0.9%, coal.resourc 0.8%, imag 0.8%, model 0.8%, china 0.8%, control
0.7%, resourc 0.7%, measur 0.7%, boiler 0.6%, sup 0.6%
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Focuses on studies for advancing China's coal mining capacity (New 5yr Plan), such
as identifying coal resources, systems (flotation, crushing, machines), and
economics.
Cluster 71,
Size: 42, ISim: 0.108, ESim: 0.006Descriptive: film 29.3%, thin.film 17.6%, thin 17.3%, substrat
1.5%, deposit 0.8%,
ferroelectr 0.8%, thick 0.5%, silicon 0.5%, temperatur 0.5%, film.thick 0.5%, lubric
0.4%, resist 0.4%, layer 0.4%, electr 0.4%, ferroelectr.thin 0.3%
Discriminating: film 15.8%, thin.film 11.0%, thin 10.3%, system 1.9%, sub 1.6%,
model 1.0%, algorithm 0.9%, imag 0.8%, control 0.7%, measur 0.7%, substrat 0.7%,
paper 0.7%, new 0.5%, design 0.5%, network 0.5%
Focuses on characterization of thin films.
Cluster 72,
Size: 28, ISim: 0.106, ESim: 0.005
Descriptive: fire 32.0%, ignit 3.9%, catastroph 3.7%, backdraft 2.8%, fire.spread
1.8%, flame 1.4%, combust 1.3%, spread 1.3%, compart 1.0%, airflow 0.9%, ventil
0.8%, smoke 0.8%, rate 0.7%, fuel 0.7%, geometri 0.5%
Discriminating: fire 19.1%, sub 2.5%, ignit 2.4%, catastroph 2.3%, backdraft 1.8%,
system 1.3%, fire.spread 1.2%, algorithm 0.9%, imag 0.7%, flame 0.7%, measur
0.7%, control 0.7%, spread 0.7%, combust 0.6%, compart 0.6%
Focuses on characterizing the ignition & spread of fire.
Cluster 73,
Size: 46, ISim: 0.105, ESim: 0.006
Descriptive: sup 35.3%, sup.sup 27.3%, sup.sup.sup 9.9%, beta 0.4%, ion 0.4%,
yag 0.4%, dope 0.4%, pump 0.3%, laser 0.3%, chlorophyl 0.3%, pigment 0.3%,
sampl 0.2%, zinc 0.2%, garnet 0.2%, extrus 0.2%
Discriminating: sup 17.4%, sup.sup 17.2%, sup.sup.sup 6.4%, sub 1.9%, system
1.7%, model 1.1%, algorithm 0.9%, imag 0.8%, control 0.7%, paper 0.6%, new 0.6%,
design 0.5%, network 0.5%, measur 0.5%, simul 0.5%
Focuses on grammatical constructs annotated with the words BETA & SUP (textual
description to denote that a number as a superscript); primarily associated with
characterization studies of ion-doped materials using laser pumps (i.e. quantities
that cause action).
Cluster 74,
Size: 24, ISim: 0.105, ESim: 0.006
Descriptive: wave 5.0%, groov 4.8%, helic.groov 2.8%, helic 2.5%, coupl.imped
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2.0%, fdtd 1.9%, pstd 1.8%, imped 1.5%, time.domain 1.4%, lattic 1.4%,
differ.time.domain 1.4%, finit.differ.time 1.4%, bandgap 1.3%, differ.time 1.3%,
rectangular 1.3%
Discriminating: groov 3.0%, sub 2.6%, wave 2.0%, helic.groov 1.8%, system 1.6%,
helic 1.5%, coupl.imped 1.3%, fdtd 1.2%, pstd 1.2%, model 1.1%, differ.time.domain
0.9%, finit.differ.time 0.9%, bandgap 0.8%, time.domain 0.8%, measur 0.8%
Focuses on types of millimeter wave guides (e.g. Helical-grooved).
Cluster 75,
Size: 31, ISim: 0.103, ESim: 0.005
Descriptive: combust 22.9%, releas 6.3%, heat 5.7%, heat.releas 3.9%, rate 2.6%,
burn 2.6%, char 2.6%, releas.rate 2.1%, heat.releas.rate 2.0%, fire 2.0%, ignit 1.8%,
flux 1.6%, radiat 1.0%, wood 1.0%, materi 0.8%
Discriminating: combust 13.7%, releas 3.7%, heat 2.4%, heat.releas 2.4%, sub
2.1%, system 1.7%, char 1.6%, burn 1.6%, releas.rate 1.3%, heat.releas.rate 1.3%,
ignit 1.1%, fire 0.9%, algorithm 0.8%, flux 0.8%, control 0.8%
Focuses on characterizing combustion properties, such as heat release and burn rates.
Cluster 76,
Size: 26, ISim: 0.103, ESim: 0.005
Descriptive: membran 45.6%, blood 3.3%, cell 1.8%, lactat 1.3%, electrod 1.2%,
sup 1.0%, plasma 0.8%, protein 0.8%, photosensit 0.6%, activ 0.6%, separ 0.6%,
biosensor 0.5%, protein.kinas 0.5%, lipid 0.5%, kinas 0.5%
Discriminating: membran 27.7%, sub 2.0%, blood 1.9%, system 1.6%, model 1.1%,
algorithm 0.9%, lactat 0.8%, imag 0.7%, cell 0.7%, control 0.6%, paper 0.6%,
electrod 0.5%, structur 0.5%, measur 0.5%, design 0.5%
Focuses on analyses and effects on membranes associated with blood/cell studies
and biosensors.
Cluster 77,
Size: 32, ISim: 0.102, ESim: 0.005
Descriptive: wear 31.8%, friction 6.8%, surfac 3.9%, composit 2.4%, fret 1.8%,
cuticl 1.2%, brake 1.2%, resist 1.2%, friction.wear 1.1%, wire 1.1%, wear.resist
1.0%, friction.coeffici 0.9%, abras 0.8%, steel 0.8%, layer 0.7%
Discriminating: wear 19.0%, friction 3.9%, sub 2.0%, system 1.9%, model 1.2%,
fret 1.1%, surfac 1.0%, algorithm 0.8%, control 0.8%, imag 0.8%, composit 0.8%,
cuticl 0.8%, brake 0.7%, measur 0.7%, friction.wear 0.7%
Focuses on the wear of surfaces of composites and steel, primarily from friction.
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 588

The Rooster & The Dragon January 23, 2012
Cluster 78, Size: 24, ISim: 0.104, ESim: 0.006
Descriptive: signal 11.2%, digit 10.4%, digit.signal 4.8%, dsp 4.8%, process 4.3%,
signal.process 4.2%, voic 3.0%, digit.signal.process 2.1%, sampl 1.3%, fpga 1.3%,
high.speed 1.3%, circuit 1.0%, speed 1.0%, processor 1.0%, digit.signal.processor 0.8%
Discriminating: digit 5.5%, signal 4.8%, digit.signal 3.1%, dsp 3.0%, sub 2.6%,
signal.process 2.6%, voic 1.9%, process 1.8%, digit.signal.process 1.4%, model 1.3%,
system 0.8%, fpga 0.8%, imag 0.7%, algorithm 0.7%, high.speed 0.7%
Focuses on digital signal processing for applications with voice, fpga and high-speed
processes.
Cluster 79,
Size: 22, ISim: 0.102, ESim: 0.005
Descriptive: chain 17.8%, polym 4.2%, adsorpt 3.5%, solvent 3.4%, coil 2.7%,
molecular 2.1%, conform 1.9%, associ 1.6%, polysaccharid 1.3%, phase 1.2%,
side.chain 1.0%, pblg 0.9%, copolym 0.8%, helix 0.7%, sticker 0.7%
Discriminating: chain 10.3%, sub 2.4%, polym 2.0%, adsorpt 1.9%, solvent 1.8%,
coil 1.6%, system 1.5%, conform 1.1%, molecular 1.0%, associ 0.9%, algorithm
0.9%, model 0.8%, polysaccharid 0.8%, imag 0.8%, measur 0.7%
Focuses on chains, (primarily polymer and molecular chains) and phenomena
associated with them such as adsorption, solvents and coils (their shapes).
Cluster 80,
Size: 25, ISim: 0.103, ESim: 0.006
Descriptive: corba 20.1%, server 12.0%, client 6.6%, architectur 4.6%, client.server
3.7%, internet 3.5%, system 1.8%, librari 1.5%, paper.corba 1.2%, web 1.1%,
digit.librari 0.9%, remot 0.9%, end 0.8%, embed 0.7%, api 0.6%
Discriminating: corba 12.8%, server 7.4%, client 4.1%, sub 2.5%, client.server
2.3%, architectur 2.3%, internet 2.0%, librari 0.9%, algorithm 0.8%, paper.corba
0.7%, imag 0.7%, measur 0.6%, digit.librari 0.6%, sup 0.5%, web 0.5%
Focuses on corba servers, clients, architectures (applications) related to the internet.
Cluster 81,
Size: 37, ISim: 0.101, ESim: 0.004
Descriptive: ellipt 15.6%, solut 9.1%, exist 6.8%, ellipt.equat 6.2%, semilinear
5.1%, equat 3.8%, semilinear.ellipt 2.1%, nonlinear 1.8%, boundari 1.7%, uniqu 1.7%,
exist.uniqu 1.6%, dirichlet 1.2%, semilinear.ellipt.equat 1.2%, multipl.solut 1.1%,
theorem 0.9%
Discriminating: ellipt 9.3%, ellipt.equat 3.7%, exist 3.3%, semilinear 3.1%, solut
2.9%, sub 2.3%, system 1.4%, semilinear.ellipt 1.3%, model 1.1%, exist.uniqu 0.9%,
measur 0.9%, uniqu 0.9%, equat 0.8%, dirichlet 0.7%, semilinear.ellipt.equat 0.7%
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Focuses on aspects associated with elliptical solutions such as semilinear equations,
Existence and uniqueness.
Cluster 82,
Size: 34, ISim: 0.101, ESim: 0.005
Descriptive: deposit 20.2%, diamond 9.0%, film 4.8%, diamond.film 4.0%,
vapor.deposit 2.5%, chemic.vapor.deposit 2.3%, chemic.vapor 2.3%, chemic 2.2%,
filament 2.1%, vapor 2.0%, substrat 1.7%, coat 1.7%, hot.filament 1.5%, hot 0.9%,
cvd 0.9%
Discriminating: deposit 11.9%, diamond 5.6%, diamond.film 2.5%, film 1.8%,
system 1.7%, vapor.deposit 1.5%, sub 1.5%, chemic.vapor 1.4%, chemic.vapor.deposit
1.4%, filament 1.3%, vapor 1.2%, model 1.1%, hot.filament 1.0%, control 0.9%,
algorithm 0.9%
Focuses on methods of deposition on smaller structures such as diamond films,
Filaments and substrates (e.g. chemical vapor depostion).
Cluster 83,
Size: 30, ISim: 0.100, ESim: 0.004
Descriptive: secur 26.2%, protocol 23.6%, attack 3.2%, kei 2.1%, public.kei 2.0%,
authent 1.8%, public 1.7%, system 1.4%, signatur 1.2%, formal 0.8%, audit 0.8%,
monitor 0.7%, electron.commerc 0.7%, inform 0.6%, ban 0.6%
Discriminating: secur 15.2%, protocol 13.7%, sub 2.4%, attack 1.8%, public.kei
1.2%, authent 1.1%, public 1.0%, measur 0.9%, kei 0.8%, imag 0.8%, algorithm
0.7%, signatur 0.6%, sup 0.5%, control 0.5%, audit 0.5%
Focuses on security such as protocols against attack(er) and public keying for
authentication.
Cluster 84,
Size: 56, ISim: 0.101, ESim: 0.005
Descriptive: rock 59.4%, stress 2.9%, rock.mass 1.9%, damag 1.9%, fractur 0.9%,
mass 0.8%, deform 0.8%, fractal 0.7%, strain 0.7%, failur 0.6%, burst 0.6%, kaiser
0.5%, strength 0.4%, blast 0.4%, discontinu 0.4%
Discriminating: rock 36.3%, sub 2.4%, system 1.7%, rock.mass 1.2%, stress 1.1%,
damag 0.9%, algorithm 0.9%, control 0.8%, imag 0.7%, model 0.7%, sup 0.5%,
measur 0.5%, solut 0.5%, new 0.5%, sub.sub 0.5%
Focuses on strength and fracture characteristics of rock masses (for use in mining
applications).
Cluster 85,
Size: 40, ISim: 0.102, ESim: 0.007
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Descriptive: sub 20.1%, dot.sub 3.5%, center.dot.sub 3.5%, sub.center.dot 3.1%,
center.dot 3.1%, sub.center 3.1%, dot 2.9%, reaction 2.1%, center 1.9%, crystal 1.5%,
sub.sub 1.5%, format 1.2%, morpholog 1.0%, hydrotherm 1.0%, degre 1.0%
Discriminating: sub 4.6%, center.dot.sub 2.4%, dot.sub 2.4%, sub.center.dot 2.1%,
sub.center 2.1%, center.dot 1.9%, system 1.9%, dot 1.7%, model 1.4%, measur 1.1%,
algorithm 0.9%, center 0.9%, control 0.8%, paper 0.8%, reaction 0.7%
Focuses on crystal formation and morphology.
Cluster 86,
Size: 25, ISim: 0.100, ESim: 0.005
Descriptive: tube 20.2%, fin 14.0%, deton 6.0%, fin.tube 2.6%, pin.fin 2.2%,
draft.tube 2.2%, draft 1.7%, pin 1.3%, transfer 1.3%, heat.transfer 1.2%, pin.fin.tube
0.9%, plough 0.7%, heat 0.7%, reactor 0.7%, splice 0.7%
Discriminating: tube 11.8%, fin 8.5%, deton 3.6%, sub 2.4%, fin.tube 1.6%, pin.fin
1.3%, draft.tube 1.3%, system 1.3%, draft 1.0%, control 0.8%, algorithm 0.8%, imag
0.8%, pin 0.8%, measur 0.8%, model 0.7%
Focuses on structural heat transfer mechanisms such as tubes and fins.
Cluster 87,
Size: 23, ISim: 0.100, ESim: 0.005
Descriptive: ga 13.8%, basin 9.0%, oil 6.3%, reservoir 5.7%, ga.field 4.0%, reserv
1.9%, accumul 1.3%, jurass 1.2%, coal 1.1%, field 1.0%, upper.corner 1.0%, geochem
0.9%, rock 0.7%, upper 0.7%, hillock 0.7%
Discriminating: ga 7.2%, basin 5.4%, reservoir 3.5%, oil 3.4%, ga.field 2.5%, sub
2.4%, system 1.7%, reserv 1.1%, model 1.0%, algorithm 0.9%, imag 0.8%, jurass
0.8%, accumul 0.7%, measur 0.7%, upper.corner 0.7%
Focuses on associations with gas and accumulating it, such as fields (reservoirs,
basins), Jurassic periods, coal and geochemistry.
Cluster 88,
Size: 53, ISim: 0.100, ESim: 0.006
Descriptive: agent 46.7%, multi.agent 4.7%, agent.system 3.9%, multi 2.1%,
system 2.1%, model 1.9%, ma 1.7%, multi.agent.system 1.5%, mobil.agent 1.5%,
architectur 1.2%, intent 0.8%, intellig 0.8%, distribut 0.8%, mobil 0.7%, object 0.7%
Discriminating: agent 28.6%, multi.agent 3.0%, agent.system 2.5%, sub 2.5%, ma
1.1%, measur 1.0%, multi.agent.system 1.0%, mobil.agent 0.9%, imag 0.8%, multi
0.7%, algorithm 0.6%, control 0.6%, intent 0.5%, sup 0.5%, temperatur 0.5%
Focuses on multi-agent systems.
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Cluster 89,
Size: 28, ISim: 0.099, ESim: 0.005
Descriptive: nuclear 8.8%, nuclear.power 6.1%, core 3.4%, fuel 3.3%, advanc
2.8%, power 2.5%, nuclear.power.plant 2.3%, reactor 2.2%, month 2.1%, record
1.9%, design 1.7%, pwr 1.6%, fuel.cycl 1.6%, month.fuel.cycl 1.6%, month.fuel 1.6%
Discriminating: nuclear 5.1%, nuclear.power 3.8%, sub 2.4%, fuel 1.8%, core
1.7%, nuclear.power.plant 1.5%, advanc 1.4%, month 1.3%, reactor 1.0%, month.fuel
1.0%, month.fuel.cycl 1.0%, fuel.cycl 1.0%, pwr 1.0%, power.plant 0.9%, measure 0.9%
Focuses on items associated with nuclear power plants and reactors, such as fuel
cycles, accidents and design.
Cluster 90,
Size: 26, ISim: 0.098, ESim: 0.005
Descriptive: market 31.6%, electr.market 5.7%, electr 5.5%, contract 2.2%, risk
2.0%, stock 1.6%, gener 1.6%, stock.market 1.6%, custom 1.1%, transact 0.9%,
transmiss 0.8%, schedul 0.8%, gener.market 0.8%, truck 0.8%, power 0.7%
Discriminating: market 18.8%, electr.market 3.5%, electr 2.5%, sub 2.5%, system
1.4%, contract 1.3%, risk 1.2%, stock.market 1.0%, stock 0.9%, measur 0.9%, model
0.8%, imag 0.8%, control 0.7%, custom 0.6%, sup 0.5%
Focuses on elements of a market, such as contracts, risk, stocks, generation,
customs, schedules, transactions and transmission. Note, taxonomy similiar in
electric & stock markets, but emphasis is on power generation.
Cluster 91,
Size: 81, ISim: 0.101, ESim: 0.008
Descriptive: sub 27.1%, sub.sub 6.5%, rai 3.7%, nanorod 3.0%, powder 2.4%,
transmiss.electron 2.3%, diffract 2.2%, electron 2.1%, electron.microscopi 1.5%,
microscopi 1.5%, transmiss 1.5%, transmiss.electron.microscopi 1.2%, product 1.2%,
rai.powder.diffract 0.9%, rai.powder 0.9%
Discriminating: sub 8.2%, sub.sub 2.3%, system 2.1%, nanorod 2.1%, rai 1.8%,
transmiss.electron 1.4%, model 1.4%, powder 1.2%, diffract 1.1%, algorithm 1.0%,
measur 1.0%, control 0.9%, electron.microscopi 0.9%, paper 0.8%,
transmiss.electron.microscopi 0.8%
Focuses on nanorods.
Cluster 92,
Size: 45, ISim: 0.101, ESim: 0.008
Descriptive: film 29.6%, sub 17.1%, deposit 3.5%, thin.film 3.5%, thin 2.7%,
substrat 2.4%, sub.film 1.4%, sub.sub 1.3%, temperatur 0.6%, anneal 0.6%, sputter
0.5%, conduct 0.5%, film.deposit 0.4%, substrat.temperatur 0.4%, phase 0.4%
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Discriminating: film 18.1%, sub 3.6%, thin.film 2.2%, system 2.1%, deposit 2.0%,
thin 1.5%, substrat 1.4%, model 1.4%, sub.film 1.0%, algorithm 1.0%, imag 0.9%,
paper 0.8%, control 0.8%, measur 0.7%, new 0.6%
Focuses on methods of growing films and depositing them on substrates.
Cluster 93,
Size: 39, ISim: 0.099, ESim: 0.006
Descriptive: stabil 15.4%, delai 12.9%, system 3.0%, time.delai 2.4%, lyapunov
2.4%, asymptot.stabil 2.2%, asymptot 2.0%, delai.depend 1.6%, linear 1.5%,
system.time.delai 1.5%, time 1.4%, criteria 1.4%, lmi 1.3%, system.time 1.2%,
criterion 1.0%
Discriminating: stabil 7.9%, delai 7.2%, sub 2.1%, lyapunov 1.5%, time.delai 1.5%,
asymptot.stabil 1.4%, asymptot 1.1%, delai.depend 1.1%, model 1.0%,
system.time.delai 0.9%, measur 0.9%, algorithm 0.8%, lmi 0.8%, imag 0.8%,
system.time 0.8%
Focuses on stabilization analysis (e.g. system stability, asymptotic stability, time
delays).
Cluster 94,
Size: 31, ISim: 0.097, ESim: 0.005
Descriptive: quantum 45.8%, state 4.5%, hyperspher 1.4%, quantum.state 1.1%,
quantum.kei 0.9%, bound 0.8%, positronium 0.8%, orbit 0.7%, quantum.system 0.7%,
clone 0.7%, qkd 0.6%, eavesdrop 0.6%, kei.distribut 0.6%, quantum.kei.distribut
0.6%, momentum 0.6%
Discriminating: quantum 26.8%, sub 2.3%, state 1.5%, system 1.2%, hyperspher
0.9%, measur 0.8%, imag 0.8%, control 0.8%, algorithm 0.7%, quantum.state 0.6%,
paper 0.6%, model 0.6%, quantum.kei 0.6%, data 0.5%, sup 0.5%
Focuses on quantum states of hyperspheres, systems, orbits, and quantum key
distribution (qkd). Note, these are representative of concepts that can be
decomposed into discrete states.
Cluster 95, Size: 77, ISim: 0.100, ESim: 0.008
Descriptive: sup 31.6%, sub 24.9%, sup.sub 9.1%, sub.sup 7.8%, sup.sup 1.3%,
sub.sub 0.8%, sub.sup.sub 0.6%, sup.sub.sup 0.5%, state 0.4%, ion 0.4%, transit
0.4%, sub.sub.sup 0.3%, sub.sup.sup 0.3%, sup.ion 0.3%, band 0.2%
Discriminating: sup 17.5%, sub 7.3%, sup.sub 6.5%, sub.sup 5.5%, system 1.8%,
model 1.1%, control 0.9%, algorithm 0.9%, imag 0.8%, measur 0.8%, paper 0.7%,
sup.sup 0.7%, network 0.5%, new 0.5%, data 0.5%
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Focuses on grammatical constructs annotated with the words SUP & SUB (textual
descriptions to denote that numbers as subscripts & superscripts); primarily
associated with the characterization of states/transition states of elements (e.g.
ions/ionization).
Cluster 96,
Size: 30, ISim: 0.097, ESim: 0.005
Descriptive: bifurc 36.9%, hopf.bifurc 3.6%, hopf 3.5%, stochast 2.4%, numer
1.7%, period 1.6%, nonlinear 1.3%, system 1.0%, chao 1.0%, bifurc.period 0.9%,
steadi 0.9%, limit.cycl 0.8%, discret.model 0.8%, oscil 0.7%, stabil 0.7%
Discriminating: bifurc 23.3%, sub 2.5%, hopf.bifurc 2.3%, hopf 2.2%, stochast
1.3%, measur 1.0%, imag 0.8%, algorithm 0.7%, control 0.7%, bifurc.period 0.6%,
sup 0.5%, limit.cycl 0.5%, structur 0.5%, chao 0.5%, data 0.5%
Focuses on chaos theory used in bifurcation, stocastic and non-linear problems.
Cluster 97,
Size: 64, ISim: 0.097, ESim: 0.006
Descriptive: genet 28.4%, genet.algorithm 20.7%, algorithm 14.9%, optim 3.1%,
converg 1.6%, popul 1.4%, search 1.1%, crossov 0.6%, divers 0.5%, prematur 0.5%,
mutat 0.5%, function 0.4%, prematur.converg 0.4%, solut 0.4%, individu 0.3%
Discriminating: genet 18.3%, genet.algorithm 13.4%, algorithm 5.2%, sub 2.6%,
system 1.5%, measur 0.9%, optim 0.9%, popul 0.8%, control 0.7%, converg 0.7%,
imag 0.6%, sup 0.5%, search 0.5%, structur 0.5%, temperatur 0.5%
Focuses on genetic algorithms.
Cluster 98,
Size: 21, ISim: 0.097, ESim: 0.005
Descriptive: explos 10.7%, electrolyt 4.7%, conduct 4.5%, black 4.4%,
carbon.black 3.3%, carbon 2.7%, thermal 2.7%, composit 2.6%, temperatur 2.2%,
fuel.cell 1.8%, thermal.conduct 1.4%, composit.electrolyt 1.3%, rubber 1.3%, fuel
1.0%, sbr 1.0%
Discriminating: explos 6.3%, electrolyt 2.8%, black 2.6%, conduct 2.2%,
carbon.black 2.0%, sub 1.9%, system 1.7%, carbon 1.3%, fuel.cell 1.2%, thermal1.0%, model
1.0%, composit 0.9%, thermal.conduct 0.9%, control 0.9%, algorithm
0.9%
Focuses on characterizing the thermal conductivity of electrolyte composite
materials during explosions.
Cluster 99,
Size: 23, ISim: 0.096, ESim: 0.004
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Descriptive: project 18.6%, safeti 15.9%, accid 5.5%, hydropow 2.7%, construct
2.2%, china 2.2%, capit 1.4%, fire 1.3%, gorg.project 1.0%, three.gorg.project 1.0%,
wash 0.9%, econom 0.9%, scienc 0.9%, record 0.9%, gorg 0.9%
Discriminating: project 10.2%, safeti 9.0%, accid 3.2%, sub 2.4%, hydropow 1.6%,
system 1.3%, model 1.0%, algorithm 0.8%, capit 0.8%, imag 0.8%, china 0.7%,
measur 0.7%, construct 0.7%, gorg.project 0.6%, three.gorg.project 0.6%
Focuses on major project elements associated with safety from accidents, fire,
hydropower construction (eg. Three Gorges Project), economics and capital.
Cluster 100,
Size: 22, ISim: 0.095, ESim: 0.004
Descriptive: oil 22.3%, content 2.8%, coal 2.5%, organ 2.3%, lubric.oil 2.1%,
crude 1.8%, extract 1.6%, desalt 1.5%, acid 1.4%, lubric 1.1%, tea 1.1%, crude.oil
1.0%, chemic 1.0%, macer 0.9%, petroleum 0.9%
Discriminating: oil 12.6%, sub 2.1%, system 1.6%, lubric.oil 1.3%, model 1.2%,
content 1.2%, crude 1.1%, organ 1.1%, desalt 0.9%, measur 0.9%, algorithm 0.8%,
imag 0.8%, control 0.8%, paper 0.7%, tea 0.6%
Focuses on oil uses (lubrication, desalting, petrochemical industry - organic),
contents, extraction and types (crude, tea).
Cluster 101,
Size: 22, ISim: 0.095, ESim: 0.004
Descriptive: landslid 21.6%, earthquak 9.8%, slope 5.0%, unload 3.3%,
landslid.stabil 2.4%, tecton 1.6%, reliabl 1.3%, drill 1.3%, taiwan 1.2%, stabil 1.2%,
strait 1.1%, high.slope 1.1%, factor 1.0%, upwel 1.0%, initi.unload.slope 0.9%
Discriminating: landslid 12.9%, earthquak 5.8%, slope 2.8%, sub 2.3%, unload
1.9%, system 1.6%, landslid.stabil 1.5%, tecton 0.9%, model 0.9%, imag 0.7%,
algorithm 0.7%, control 0.7%, taiwan 0.7%, drill 0.7%, strait 0.7%
Focuses 0n phenomena that cause landslides, such as earthquakes, tectonic shifts,
slope and drilling.
Cluster 102,
Size: 37, ISim: 0.096, ESim: 0.006
Descriptive: knowledg 33.2%, reason 6.2%, rule 3.5%, cbr 3.0%, system 2.7%,
base 2.6%, expert 2.2%, text 1.8%, decis 1.8%, languag 1.3%, knowledg.base 1.3%,
expert.system 1.2%, knowledg.system 1.0%, decis.support 0.9%, intellig 0.9%
Discriminating: knowledg 20.3%, reason 3.7%, sub 2.6%, cbr 1.9%, rule 1.8%,
expert 1.3%, base 1.2%, text 1.1%, measur 0.9%, decis 0.9%, imag 0.8%,
knowledg.base 0.8%, control 0.8%, languag 0.7%, expert.system 0.7%
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Focuses on mechanisms of knowledge based systems (Cased-Based Reasoning, Rule- Based
Reasoning).
Cluster 103,
Size: 38, ISim: 0.097, ESim: 0.006
Descriptive: control 17.8%, feedback 13.5%, feedback.control 7.6%, stabil 4.3%,
system 2.7%, chao 2.1%, nonlinear 1.6%, close.loop 1.0%, control.law 1.0%,
output.feedback 1.0%, robust 0.9%, state.feedback 0.9%, close 0.8%, output 0.8%,
chaotic 0.8%
Discriminating: feedback 8.5%, control 6.6%, feedback.control 5.1%, sub 2.6%,
stabil 1.7%, chao 1.3%, imag 0.9%, algorithm 0.8%, measur 0.8%, model 0.8%,
output.feedback 0.7%, control.law 0.7%, close.loop 0.7%, sup 0.6%, state.feedback
0.6%
Focuses on Feedback Control Systems (chaotic, non-linear, closed loop).
Cluster 104,
Size: 30, ISim: 0.095, ESim: 0.005
Descriptive: suffici 14.1%, suffici.condit 13.0%, condit 5.7%, stabil 2.9%, global
2.7%, suffici.condit.global 1.4%, condit.global 1.3%, exponenti.stabil 1.3%, attract
1.3%, system.suffici.condit 1.2%, singular 1.2%, system.suffici 1.1%, system 1.0%,
delai 0.9%, global.asymptot 0.8%
Discriminating: suffici 8.0%, suffici.condit 7.4%, sub 2.4%, condit 1.8%, global
1.3%, stabil 0.9%, suffici.condit.global 0.9%, measur 0.8%, condit.global 0.8%,
exponenti.stabil 0.8%, imag 0.8%, algorithm 0.8%, system.suffici.condit 0.7%, model
0.7%, attract 0.7%
Focuses on systems that rely on sufficient conditions, such as systems stability & control
systems.
Cluster 105,
Size: 46, ISim: 0.095, ESim: 0.006Descriptive: coal 51.9%, ga 3.0%, gasif 3.0%, seam 1.6%,
coal.seam 1.5%, mine 1.3%, combust 1.2%, underground.coal 0.7%, coal.mine 0.7%, coal.gasif
0.6%, ash 0.6%, underground.coal.gasif 0.5%, ucg 0.5%, seepag 0.5%, underground 0.5%
Discriminating: coal 30.7%, sub 2.5%, gasif 1.9%, system 1.5%, ga 1.3%, coal.seam 1.0%, seam
1.0%, algorithm 0.9%, imag 0.8%, model 0.7%, combust 0.6%, control 0.6%, structur 0.5%,
network 0.5%, time 0.5%
Focuses on the study of coal gasification in mines, underground and seams.
Cluster 106,
Size: 25, ISim: 0.094, ESim: 0.005
Descriptive: reactor 14.7%, chlorin 6.7%, reaction 4.9%, cellulos 3.3%, liquid
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3.1%, pvc 3.1%, hydrolysi 2.7%, pyrolysi 2.0%, product 1.9%, liquid.product 1.7%,
ozon 1.5%, biomass 1.2%, ga 1.1%, liquefact 1.1%, dechlorin 0.9%
Discriminating: reactor 8.6%, chlorin 4.2%, sub 2.4%, cellulos 2.0%, system 2.0%,
reaction 1.9%, pvc 1.9%, hydrolysi 1.6%, liquid 1.5%, pyrolysi 1.2%, liquid.product
1.1%, ozon 0.9%, control 0.9%, algorithm 0.9%, imag 0.8%
Focuses on properties of reactors primarily associated with chloration and dechlorination
processes used to remove pollutants from water/liquids. Representative of liquid reactions.
Cluster 107,
Size: 32, ISim: 0.093, ESim: 0.006
Descriptive: bid 27.4%, price 8.4%, power 4.1%, cost 3.7%, unit 3.2%, market
2.2%, gener 1.6%, reserv 1.3%, plant 1.2%, exergi 1.2%, gener.bid 1.1%,
power.market 1.1%, constraint 0.8%, margin 0.8%, ancillari 0.7%
Discriminating: bid 17.9%, price 5.3%, sub 2.2%, cost 1.8%, unit 1.6%, power
1.2%, market 1.1%, measur 0.9%, imag 0.8%, reserv 0.8%, exergi 0.8%, algorithm
0.7%, gener.bid 0.7%, power.market 0.7%, control 0.6%
Focuses on elements of bids/bidding (eg. power generation), such as price/cost, unit,
market, reserve, constraints and margins.
Cluster 108,
Size: 31, ISim: 0.092, ESim: 0.005
Descriptive: glass 46.9%, dissolut 3.8%, phosphat.glass 1.2%, phosphat 1.1%, cpe
0.9%, fulleren 0.9%, glass.bead 0.8%, temperatur 0.8%, melt 0.7%, dissolut.rate 0.6%,
heat 0.6%, bloom 0.6%, surfac 0.6%, bead 0.5%, fragil 0.5%
Discriminating: glass 28.0%, dissolut 2.3%, sub 2.1%, system 1.8%, model 1.2%,
algorithm 0.9%, imag 0.8%, phosphat.glass 0.7%, phosphat 0.7%, paper 0.6%, cpe
0.6%, control 0.6%, fulleren 0.5%, glass.bead 0.5%, measur 0.5%
Focuses on characterization of glass, such as phosphate glass and glass beads.
Cluster 109,
Size: 21, ISim: 0.092, ESim: 0.005
Descriptive: compress 16.7%, bit 12.0%, video 4.3%, code 3.4%, queri 2.1%,
codec 1.5%, scheme 1.5%, scalabl 1.5%, error 1.2%, bit.rate 1.2%, wet.compress
1.1%, multigrid 1.0%, bitstream 1.0%, data 0.8%, audio 0.8%
Discriminating: compress 9.2%, bit 7.1%, sub 2.4%, video 2.3%, system 1.8%,
code 1.4%, queri 1.3%, codec 1.0%, measur 1.0%, model 0.9%, scalabl 0.9%, control
0.9%, bit.rate 0.7%, wet.compress 0.7%, multigrid 0.6%
Focuses on elements of encoding/decoding to be compressed (e.g. bits, video, code).
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Cluster 110,
Size: 23, ISim: 0.093, ESim: 0.006
Descriptive: circuit 25.2%, arc 4.8%, arc.discharg 2.4%, filter 2.3%, power 1.6%,
discharg 1.6%, circuit.model 1.2%, simul 1.1%, current 1.1%, hspice 0.9%, lowpass
0.8%, pinch 0.8%, wash 0.7%, dac 0.7%, cmo 0.7%
Discriminating: circuit 14.3%, arc 2.9%, sub 2.6%, arc.discharg 1.6%, system 1.4%,
measur 1.0%, control 0.9%, algorithm 0.9%, discharg 0.9%, imag 0.8%, filter 0.8%,
circuit.model 0.8%, hspice 0.6%, lowpass 0.6%, pinch 0.5%
Focuses on types of circuits (e.g. arc-discharging, models).
Cluster 111,
Size: 23, ISim: 0.092, ESim: 0.005
Descriptive: transact 11.7%, workflow 10.1%, cooper 8.5%, support 3.5%, languag
2.9%, mainten 2.6%, cscw 2.2%, system 2.0%, mainten.support 1.8%, environ 1.7%,
agent 1.6%, concurr 1.6%, cooper.work 1.3%, mainten.time 1.1%, transact.model
1.0%
Discriminating: transact 7.1%, workflow 6.3%, cooper 5.0%, sub 2.5%, languag
1.6%, support 1.5%, mainten 1.5%, cscw 1.4%, mainten.support 1.1%, measur 0.9%,
concurr 0.9%, cooper.work 0.8%, imag 0.8%, algorithm 0.8%, mainten.time 0.7%
Focuses on enablers of the use of systems, such as transactions, workflow and cooperation.
Cluster 112,
Size: 66, ISim: 0.092, ESim: 0.006
Descriptive: fuzzi 65.5%, fuzzi.neural 1.1%, set 0.9%, neural 0.8%, cluster 0.8%,
model 0.8%, fuzzi.set 0.7%, fuzzi.number 0.6%, network 0.5%, logic 0.5%neural.network 0.4%,
paper.fuzzi 0.4%, fuzzi.neural.network 0.4%, optim 0.4%,
topolog 0.4%
Discriminating: fuzzi 40.1%, sub 2.5%, system 1.0%, imag 0.8%, measur 0.8%,
fuzzi.neural 0.7%, control 0.6%, solut 0.5%, sub.sub 0.5%, sup 0.5%, fuzzi.set 0.5%,
equat 0.4%, temperatur 0.4%, high 0.4%, fuzzi.number 0.4%
Focuses on fuzzy neural network theory.
Cluster 113,
Size: 43, ISim: 0.090, ESim: 0.004
Descriptive: catalyst 47.4%, catalyt 7.0%, adduct 1.7%, boran 1.3%, reaction
1.3%, activ 1.3%, acid 0.9%, oxid 0.6%, coke 0.5%, oxim 0.5%, olefin 0.4%,
catalyt.crack 0.4%, palladium 0.4%, synthesi 0.4%, catalyt.system 0.4%
Discriminating: catalyst 27.6%, catalyt 4.0%, sub 2.2%, system 1.5%, model 1.1%,
adduct 1.0%, measur 0.8%, algorithm 0.8%, boran 0.8%, control 0.8%, imag 0.8%,
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paper 0.7%, time 0.5%, design 0.4%, network 0.4%
Focuses on principles of catalysts and catalytic processes/materials.
Cluster 114,
Size: 51, ISim: 0.093, ESim: 0.007
Descriptive: control 30.0%, fuzzi 14.8%, fuzzi.control 8.8%, pid 5.2%, pid.control
2.1%, self 1.3%, algorithm 0.9%, system 0.8%, tune 0.7%, neuron 0.7%, simul 0.7%,
self.tune 0.6%, model 0.6%, control.algorithm 0.6%, plant 0.5%
Discriminating: control 13.7%, fuzzi 8.3%, fuzzi.control 6.1%, pid 3.6%, sub 2.3%,
pid.control 1.4%, measur 1.0%, imag 0.9%, sup 0.6%, self 0.6%, system 0.5%,
sub.sub 0.5%, data 0.5%, tune 0.4%, equat 0.4%
Focuses on control system algorithms (Fuzzy Control, Proportional Integral
Derivative [PID] Control).
Cluster 115,
Size: 49, ISim: 0.090, ESim: 0.005
Descriptive: alloi 52.8%, cast 3.5%, microstructur 3.1%, sme 1.1%, temperatur
0.9%, properti 0.9%, bond 0.8%, martensit 0.7%, strength 0.6%, resist 0.6%, mechan
0.6%, tensil 0.5%, composit 0.5%, shape.memori 0.5%, shape 0.4%
Discriminating: alloi 31.9%, cast 2.0%, sub 2.0%, system 1.7%, microstructur 1.7%,
model 1.1%, algorithm 0.9%, imag 0.8%, control 0.7%, sme 0.7%, paper 0.7%,
measur 0.6%, new 0.6%, simul 0.5%, network 0.5%
Focuses on characterizing the microstructure properties of alloys, such as shape
memory effect (SME), bonding, and strength.
Cluster 116,
Size: 23, ISim: 0.090, ESim: 0.005
Descriptive: ecolog 11.2%, sustain 8.9%, forest 4.1%, environment 3.8%, mine
3.4%, area 3.4%, environ 2.3%, region 2.3%, econom 2.2%, restor 1.5%, mine.area
1.3%, soil 1.3%, land 1.3%, ecolog.environ 1.2%, china 1.0%
Discriminating: ecolog 6.7%, sustain 5.4%, forest 2.5%, sub 2.5%, environment
2.1%, system 1.5%, area 1.3%, mine 1.3%, econom 1.1%, model 0.9%, environ 0.9%,
restor 0.8%, control 0.8%, mine.area 0.8%, region 0.8%
Focuses on sustaining the ecology/environment of forests and soils due to mining.
Cluster 117,
Size: 22, ISim: 0.090, ESim: 0.004
Descriptive: corros 14.0%, crack 9.2%, hot 6.5%, steel 3.5%, tritium 3.3%,
crack.growth 2.8%, roll 2.7%, stainless 2.3%, stainless.steel 1.7%, 316l 1.4%, fatigu
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1.2%, bar 1.1%, hot.crack 1.0%, desulphur 1.0%, join 0.9%
Discriminating: corros 8.2%, crack 4.9%, hot 3.6%, sub 2.3%, tritium 2.0%, system
1.7%, steel 1.7%, crack.growth 1.7%, roll 1.4%, stainless 1.4%, stainless.steel 1.0%,
model 1.0%, 316l 0.9%, control 0.8%, algorithm 0.8%
Focuses on fatigue damage (corrosion & cracks), primarily to stainless steel from
tritium. Applications to nuclear power reactors.
Cluster 118,
Size: 30, ISim: 0.090, ESim: 0.005
Descriptive: waveguid 32.2%, plasma 3.9%, field 2.9%, mode 1.9%, clad 1.8%,
microwav 1.7%, awg 1.7%, slot 1.5%, coupl 1.4%, field.distribut 1.3%, dielectr 1.2%,
guid 0.9%, dielectr.waveguid 0.9%, cross 0.7%, wave 0.7%
Discriminating: waveguid 20.5%, sub 2.6%, plasma 2.0%, system 1.8%, model
1.3%, clad 1.1%, awg 1.1%, microwav 1.0%, slot 0.9%, control 0.9%, algorithm
0.9%, imag 0.8%, measur 0.8%, field.distribut 0.8%, field 0.7%
Focuses on elements and properties of dielectric waveguides.
Cluster 119,
Size: 32, ISim: 0.089, ESim: 0.004
Descriptive: theorem 43.3%, exist 1.8%, theorem.prove 1.5%, convex 1.3%, inclus
1.2%, space 1.2%, prove 1.1%, noncompact 1.0%, number 1.0%, decomposit.theorem
0.8%, fuzzi 0.8%, exist.theorem 0.8%, point.theorem 0.8%, fix.point.theorem 0.8%,
fix.point 0.8%
Discriminating: theorem 24.8%, sub 2.3%, system 1.4%, model 1.0%, theorem.prove
0.9%, imag 0.8%, algorithm 0.8%, convex 0.7%, exist 0.7%, inclus 0.6%, noncompact
0.6%, measur 0.6%, time 0.6%, control 0.5%, prove 0.5%
Focuses on theorems used in mapping spaces (existance, fix-point).
Cluster 120,
Size: 25, ISim: 0.090, ESim: 0.005
Descriptive: video 17.3%, color 11.7%, object 10.9%, contour 2.5%, detect 2.3%,
motion 1.7%, frame 1.5%, inform 1.0%, charact 1.0%, imag 0.8%, optic.inform 0.8%,
metamorphosi 0.8%, text 0.8%, decompos 0.8%, shot 0.8%
Discriminating: video 10.5%, color 6.9%, object 5.6%, sub 2.5%, contour 1.5%,
system 1.1%, measur 1.0%, control 0.9%, model 0.8%, motion 0.8%, frame 0.7%,
algorithm 0.6%, detect 0.6%, sup 0.5%, optic.inform 0.5%
Focuses on detecting objects, contours, & motion in video and color images.
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Cluster 121,
Size: 22, ISim: 0.090, ESim: 0.006
Descriptive: neutron 12.2%, sup 8.2%, center 2.1%, time.sup 1.8%, neutron.flux
1.8%, densiti 1.7%, center.dot 1.6%, dot 1.5%, grassland 1.4%, sup.center.dot 1.2%,
sup.center 1.1%, center.dot.sup 1.0%, dot.sup 1.0%, heavi.metal 1.0%, graviti.center
0.8%
Discriminating: neutron 7.8%, sup 2.6%, sub 1.9%, system 1.8%, model 1.2%,
neutron.flux 1.2%, time.sup 1.0%, center 0.9%, grassland 0.9%, algorithm 0.9%,
center.dot 0.9%, control 0.8%, imag 0.8%, dot 0.8%, sup.center.dot 0.8%
Focuses on studies of neutron flux density behaviors in different mediums.
Cluster 122,
Size: 43, ISim: 0.089, ESim: 0.005
Descriptive: mobil 16.1%, qo 10.8%, network 10.1%, wireless 7.8%, packet 2.9%,
servic 2.7%, protocol 2.1%, tcp 1.7%, mobil.agent 1.5%, handov 1.1%, agent 0.9%,
scheme 0.9%, access 0.9%, node 0.8%, handoff 0.8%
Discriminating: mobil 9.6%, qo 6.9%, wireless 4.7%, network 3.6%, sub 2.5%,
packet 1.7%, servic 1.6%, system 1.3%, protocol 1.1%, tcp 1.0%, mobil.agent 0.9%,
measur 0.9%, imag 0.8%, model 0.7%, handov 0.7%
Focuses on mobile networks (wireless), protocols and quality of service.
Cluster 123,
Size: 75, ISim: 0.090, ESim: 0.007Descriptive: wavelet 31.2%, wavelet.transform 18.9%,
transform 13.9%, signal
2.6%, frequenc 2.3%, detect 1.5%, time.frequenc 0.5%, code 0.4%, fault 0.4%, time
0.4%, scheme 0.4%, nois 0.4%, lift 0.3%, detect.wavelet 0.3%, scale 0.3%
Discriminating: wavelet 18.5%, wavelet.transform 12.4%, transform 7.3%, sub 2.7%,
system 1.7%, model 1.2%, control 0.8%, measur 0.8%, imag 0.7%, frequenc 0.7%,
signal 0.6%, sup 0.5%, sub.sub 0.5%, solut 0.5%, temperatur 0.5%
Focuses on wavelet transform used in signal detection and frequency & time
applications (primarily non-imagery).
Cluster 124,
Size: 29, ISim: 0.089, ESim: 0.006
Descriptive: strain 17.9%, strain.rate 10.5%, stress 6.5%, shear 3.7%, rate 3.2%,
steel 2.0%, harden 1.2%, fractur 1.2%, beryllium 0.9%, materi 0.9%, hard 0.9%,
hydrogen 0.8%, soften 0.7%, wall.stress 0.7%, test 0.7%
Discriminating: strain 10.7%, strain.rate 6.8%, stress 3.1%, sub 2.2%, shear 2.0%,
system 2.0%, rate 1.0%, steel 1.0%, algorithm 0.9%, control 0.8%, model 0.8%, imag
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0.8%, harden 0.7%, measur 0.6%, new 0.6%
Focuses on strain and strain rate of materials, steel and walls (also shear stress).
Cluster 125,
Size: 34, ISim: 0.089, ESim: 0.006
Descriptive: turbul 13.5%, flow 5.3%, propel 4.9%, wake 4.1%, free.surfac 3.0%,
free 1.7%, turbul.model 1.6%, veloc 1.4%, numer 1.3%, surfac 1.1%, reynold 1.0%,
rotat 0.9%, dimension 0.9%, flow.field 0.9%, number 0.8%
Discriminating: turbul 8.7%, propel 3.1%, wake 2.7%, sub 2.6%, flow 2.2%,
free.surfac 2.0%, system 1.7%, turbul.model 1.1%, free 0.8%, control 0.8%, imag
0.8%, reynold 0.6%, algorithm 0.6%, veloc 0.6%, paper 0.6%
Focuses on characterization of turbulence; primarily wake flow turbulence.
Cluster 126,
Size: 29, ISim: 0.090, ESim: 0.006
Descriptive: power 13.4%, switch 13.0%, convert 5.5%, phase 3.6%, voltag 1.9%,
power.convert 1.9%, igbt 1.9%, circuit 1.3%, drive 1.2%, soft.switch 1.1%, harmon
1.1%, motor 1.0%, switch.reluct 0.9%, reluct 0.9%, current 0.8%
Discriminating: switch 7.9%, power 6.2%, convert 3.2%, sub 2.5%, power.convert
1.3%, igbt 1.3%, phase 1.1%, algorithm 0.9%, model 0.9%, imag 0.9%, system 0.8%,
voltag 0.8%, soft.switch 0.7%, measur 0.6%, switch.reluct 0.6%
Focuses on elements of power switches and power converters.
Cluster 127,
Size: 107, ISim: 0.090, ESim: 0.007
Descriptive: neural 25.3%, neural.network 23.5%, network 21.6%, learn 2.2%,
algorithm 1.0%, train 0.9%, recurr 0.7%, model 0.7%, recurr.neural 0.6%,
recurr.neural.network 0.5%, network.model 0.4%, global 0.4%, neural.network.model
0.3%, function 0.3%, layer 0.3%
Discriminating: neural 16.3%, neural.network 15.3%, network 11.0%, sub 2.7%, learn
1.2%, system 1.1%, imag 0.9%, measur 0.8%, sup 0.6%, sub.sub 0.5%, recurr 0.5%,
equat 0.5%, temperatur 0.4%, solut 0.4%, recurr.neural 0.4%
Focuses on aspects of neural networks, such as learning, recurring, training and
algorithms.
Cluster 128,
Size: 38, ISim: 0.088, ESim: 0.005
Descriptive: polymer 35.6%, monom 6.2%, mma 3.0%, radic 2.9%, monolay
2.6%, initi 1.4%, cation 1.4%, synthes 0.9%, pda 0.9%, methyl 0.7%, radic.polymer
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0.6%, surfac.pressur 0.6%, emuls 0.6%, methacryl 0.6%, methyl.methacryl 0.5%
Discriminating: polymer 21.2%, monom 3.8%, mma 1.9%, radic 1.6%, sub 1.6%,
monolay 1.6%, system 1.5%, model 1.0%, algorithm 0.9%, imag 0.8%, cation 0.8%,
control 0.7%, paper 0.7%, measur 0.7%, initi 0.5%
Focuses on polymers and polymerization (e.g. Methyl Methacrylate [MMA]),
primarily methods used to create copolymers.
Cluster 129,
Size: 23, ISim: 0.088, ESim: 0.005
Descriptive: phenol 18.2%, extract 7.4%, wastewat 2.7%, water 2.6%, organ
1.8%, improv 1.5%, pollut 1.4%, resin 1.4%, alpha.solid 1.3%, solvent 1.2%, amin
1.2%, formaldehyd 1.1%, treatment 1.0%, alpha.solid.solut 1.0%, effluent 0.9%
Discriminating: phenol 11.3%, extract 3.5%, sub 1.7%, wastewat 1.5%, system
1.3%, model 1.2%, improv 0.9%, measur 0.9%, control 0.9%, algorithm 0.9%,
alpha.solid 0.8%, organ 0.8%, imag 0.8%, pollut 0.8%, paper 0.7%
Focuses on extraction and degradation of phenol solutions from wastewater, resins,
and pollution.
Cluster 130,
Size: 56, ISim: 0.089, ESim: 0.007
Descriptive: mine 50.1%, data 3.6%, data.mine 3.1%, system 2.4%, coal 1.4%,
databas 1.3%, decis 1.2%, coal.mine 1.2%, geolog 0.7%, system.mine 0.6%, model
0.6%, inform 0.5%, mine.system 0.4%, applic 0.4%, fuzzi 0.4%Discriminating: mine 32.5%, sub
2.5%, data.mine 2.2%, imag 0.8%, data 0.8%, coal.mine 0.7%, databas 0.6%, measur 0.6%,
decis 0.6%, sup 0.5%, temperatur 0.5%, sub.sub 0.5%, solut 0.5%, equat 0.5%, algorithm 0.5%
Focuses on types of mining, such as coal, data and information mining.
Cluster 131,
Size: 25, ISim: 0.087, ESim: 0.005
Descriptive: deform 35.3%, shear.deform 2.1%, frozen.wall 1.7%, shear 1.7%,
frozen 1.4%, plastic 1.3%, leakag 1.1%, excav 1.0%, displac 0.9%, deform.theori
0.9%, back 0.8%, plastic.deform 0.7%, extrus 0.7%, flang 0.7%, profil.extrus 0.7%
Discriminating: deform 20.5%, sub 2.5%, system 1.7%, shear.deform 1.3%,
frozen.wall 1.1%, measur 0.9%, frozen 0.9%, control 0.8%, algorithm 0.8%, shear
0.8%, imag 0.8%, plastic 0.6%, leakag 0.6%, excav 0.6%, deform.theori 0.5%
Focuses on modeling and characterization of shear and plastic deformation;
primarily with frozen walls.
Cluster 132,
Size: 48, ISim: 0.089, ESim: 0.006
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Descriptive: remot.sens 12.1%, remot 10.9%, imag 10.2%, sens 10.1%, land 3.5%,
sens.imag 2.7%, remot.sens.imag 2.7%, classif 2.3%, spectral 1.8%, band 1.6%, data
1.5%, hyperspectr 1.5%, inform 0.8%, pixel 0.8%, cover 0.8%
Discriminating: remot.sens 8.0%, remot 6.9%, sens 6.3%, imag 3.1%, sub 2.5%,
land 2.2%, sens.imag 1.8%, remot.sens.imag 1.8%, system 1.8%, classif 1.2%,
spectral 1.0%, hyperspectr 1.0%, control 0.9%, model 0.7%, band 0.7%
Focuses on remote sensing imaging (classification, spectral bands, hyperspectral,
information and pixels) of land.
Cluster 133,
Size: 22, ISim: 0.089, ESim: 0.007
Descriptive: learn 5.8%, classif 3.2%, perceptron 2.4%, neural 2.1%,
multilay.perceptron 2.1%, power 1.9%, neural.network 1.9%, weld 1.6%,
transient.stabil 1.4%, multilay 1.4%, adapt 1.3%, network 1.1%, learn.rule 1.1%,
load.forecast 1.1%, load 1.0%
Discriminating: learn 3.4%, sub 2.6%, classif 1.8%, perceptron 1.6%,
multilay.perceptron 1.4%, system 1.0%, transient.stabil 1.0%, measur 0.9%, weld
0.9%, model 0.9%, imag 0.9%, multilay 0.9%, neural 0.8%, neural.network 0.7%,
learn.rule 0.7%
Focuses on learning, perceptron, classification and neural networks.
Cluster 134,
Size: 35, ISim: 0.087, ESim: 0.005
Descriptive: receiv 15.7%, channel 11.6%, cdma 3.4%, estim 2.2%, rake 2.0%,
blind 1.7%, code 1.5%, ber 1.3%, channel.estim 1.3%, divers 1.2%, blind.adapt 1.2%,
rake.receiv 1.2%, adapt 1.1%, antenna 1.1%, cdma.system 1.0%
Discriminating: receiv 9.6%, channel 6.2%, sub 2.5%, cdma 2.0%, rake 1.2%,
estim 1.0%, blind 1.0%, measur 0.9%, model 0.9%, ber 0.8%, channel.estim 0.8%,
imag 0.8%, control 0.8%, blind.adapt 0.7%, rake.receiv 0.7%
Focuses on channels and receivers (CDMA, Estimation, Rake Receiver, Blind Adaptation).
Cluster 135,
Size: 33, ISim: 0.086, ESim: 0.004
Descriptive: matric 36.0%, sequenc 8.2%, matrix 5.9%, nonsingular 2.3%, linear
1.4%, clutter 1.2%, condit 1.0%, rank 0.9%, nonsingular.matric 0.7%, polynomi 0.7%,
quaternion 0.6%, expon 0.6%, dioid 0.6%, comput.sensit.matric 0.5%, comput.sensit
0.5%
Discriminating: matric 21.5%, sequenc 4.2%, matrix 2.7%, sub 2.4%, system 1.4%,
nonsingular 1.4%, model 1.0%, measur 0.9%, control 0.8%, imag 0.8%, clutter 0.7%,
algorithm 0.7%, paper 0.5%, sup 0.5%, rank 0.5%
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Focuses on terms associated with matrices (e.g. sequencing, non-singular, linear, rank).
Cluster 136,
Size: 49, ISim: 0.088, ESim: 0.006
Descriptive: differenti.equat 18.6%, differenti 16.9%, equat 16.5%,
ordinari.differenti 3.4%, ordinari.differenti.equat 3.0%, ordinari 2.7%, partial.differenti
1.6%, partial.differenti.equat 1.4%, solut 1.0%, partial 1.0%, nonlinear 0.9%, boundari
0.7%, order.ordinari.differenti 0.4%, order.ordinari 0.4%, gild 0.4%
Discriminating: differenti.equat 11.8%, differenti 9.8%, equat 7.4%, sub 2.6%,
ordinari.differenti 2.2%, ordinari.differenti.equat 2.0%, ordinari 1.7%, system 1.4%,
partial.differenti 1.1%, measur 0.9%, partial.differenti.equat 0.9%, imag 0.8%, model
0.7%, algorithm 0.7%, control 0.5%
Focuses on differential equations (ordinary, partial).
Cluster 137,
Size: 55, ISim: 0.087, ESim: 0.006Descriptive: nois 47.9%, signal 12.8%, signal.nois 1.8%,
wavelet 1.0%, threshold
0.8%, signal.nois.ratio 0.7%, nois.ratio 0.7%, detect 0.7%, weak 0.6%, nois.signal
0.6%, snr 0.6%, lna 0.5%, ratio 0.4%, filter 0.4%, interfer 0.4%
Discriminating: nois 29.6%, signal 5.9%, sub 2.4%, signal.nois 1.2%, system 1.1%,
imag 0.7%, control 0.7%, sup 0.5%, model 0.5%, solut 0.5%, measur 0.5%, sub.sub
0.5%, nois.ratio 0.5%, signal.nois.ratio 0.5%, algorithm 0.4%
Focuses on signal to noise ratios (SNR).
Cluster 138,
Size: 49, ISim: 0.085, ESim: 0.006
Descriptive: electron 7.1%, microscopi 6.8%, electron.microscopi 6.6%, rai 5.6%,
diffract 3.5%, transmiss.electron 3.4%, transmiss.electron.microscopi 3.2%, transmiss
2.1%, powder 1.6%, rai.diffract 1.5%, product 1.3%, scan.electron 1.0%, nanostructur
0.9%, tem 0.9%, spectroscopi 0.9%
Discriminating: electron.microscopi 4.0%, microscopi 3.9%, electron 3.2%, rai
2.7%, transmiss.electron 2.0%, transmiss.electron.microscopi 2.0%, system 1.8%, sub
1.8%, diffract 1.7%, model 1.3%, algorithm 0.9%, transmiss 0.8%, paper 0.8%,
rai.diffract 0.8%, control 0.7%
Focuses on the use of transmission electron microscopy (TEM) primarily used to
characterize grain diffraction, powders, and nanostructures.
Cluster 139,
Size: 58, ISim: 0.085, ESim: 0.006
Descriptive: fiber 42.8%, optic.fiber 11.5%, optic 10.2%, fiber.optic 1.2%, grate
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1.1%, sensor 0.9%, laser 0.7%, light 0.4%, fiber.grate 0.4%, detect 0.4%, coupl 0.4%,
distribut 0.4%, probe 0.4%, mode 0.3%, filter 0.3%
Discriminating: fiber 26.6%, optic.fiber 7.7%, optic 4.9%, sub 2.6%, system 1.1%,
model 1.0%, algorithm 0.9%, fiber.optic 0.8%, imag 0.8%, control 0.8%, grate 0.5%,
solut 0.5%, data 0.5%, sub.sub 0.5%, measur 0.5%
Focuses on uses of fiber optics and lasers such as fiber optic sensors, fiber lasers
and lasers.
Cluster 140,
Size: 38, ISim: 0.086, ESim: 0.007
Descriptive: control 17.5%, adapt 10.4%, adapt.control 5.5%, system 2.8%, robust
2.3%, predict 2.1%, predict.control 2.0%, delai 1.9%, time.delai 1.6%, track 1.6%,
chaotic 1.4%, nonlinear 1.2%, algorithm 1.0%, control.system 0.9%, decentr 0.9%
Discriminating: control 6.9%, adapt 6.2%, adapt.control 4.0%, sub 2.7%,
predict.control 1.4%, predict 1.4%, robust 1.3%, time.delai 1.1%, measur 1.1%, imag
0.9%, delai 0.8%, chaotic 0.8%, track 0.8%, decentr 0.6%, sup 0.6%
Focuses on adaptive control system, primarily predictive, robust and non-linear systems.
Cluster 141,
Size: 41, ISim: 0.085, ESim: 0.006
Descriptive: robot 45.4%, control 4.9%, teleoper 2.1%, trajectori 1.8%, motion
1.4%, track 1.4%, path 1.3%, weld 1.1%, system 0.8%, control.robot 0.7%,
space.robot 0.6%, robot.system 0.6%, mobil 0.6%, avoid 0.5%, joint 0.5%
Discriminating: robot 29.2%, sub 2.7%, teleoper 1.4%, trajectori 1.1%, control
0.8%, imag 0.8%, measur 0.7%, path 0.7%, algorithm 0.7%, motion 0.6%, track
0.6%, weld 0.6%, sup 0.6%, temperatur 0.5%, sub.sub 0.5%
Focuses on robotic control.
Cluster 142,
Size: 22, ISim: 0.084, ESim: 0.005
Descriptive: surfac 12.7%, fractal 6.7%, sphere 5.6%, rough 4.5%, mass 1.7%, cut
1.5%, rough.surfac 1.5%, dimens 1.4%, fractal.dimens 1.3%, legendr 1.3%,
fractal.dimens.scale 1.2%, dimens.scale 1.2%, surfac.rough 1.1%, spheric.surfac 1.1%,
hausdorff 1.0%
Discriminating: surfac 5.4%, fractal 3.6%, sphere 3.4%, rough 2.6%, sub 2.4%,
system 1.8%, rough.surfac 1.0%, algorithm 0.9%, legendr 0.8%, mass 0.8%, cut
0.8%, fractal.dimens 0.8%, dimens.scale 0.8%, fractal.dimens.scale 0.8%, control
0.7%
Focuses on characterizing surface roughness; primarily spherical surfaces.
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Cluster 143,
Size: 28, ISim: 0.083, ESim: 0.005
Descriptive: size 9.1%, nano 7.5%, powder 7.2%, pore 4.7%, size.distribut 2.9%,
particl 2.7%, liposom 2.1%, membran 2.0%, dispers 1.8%, pore.size 1.4%, mesopor
1.2%, metal 1.2%, ultrafin.metal 1.1%, particl.size 1.1%, nano.powder 1.1%
Discriminating: nano 4.5%, size 4.3%, powder 3.8%, pore 2.7%, sub 1.9%, system
1.9%, size.distribut 1.8%, liposom 1.3%, model 1.2%, particl 1.0%, membran 1.0%,
measur 0.9%, pore.size 0.9%, algorithm 0.9%, imag 0.8%
Focuses on characteristics associated with size and size distribution, primarily
related to small particles (e.g. nanoparticles, powders, pores, liposomes &
membranes).
Cluster 144, Size: 50, ISim: 0.083, ESim: 0.005
Descriptive: abstract.record 11.3%, abstract 11.2%, edit 10.9%, edit.abstract 10.3%,
edit.abstract.record 9.5%, record 7.9%, alcatel 2.3%, firm 1.0%, market 0.8%, pcc
0.7%, asia.pacif 0.7%, knowledg 0.6%, pacif 0.6%, compani 0.6%, china 0.6%
Discriminating: abstract.record 6.9%, edit 6.6%, abstract 6.5%, edit.abstract 6.3%,
edit.abstract.record 5.9%, record 3.7%, sub 2.4%, alcatel 1.5%, system 1.1%,
algorithm 0.9%, imag 0.7%, firm 0.6%, measur 0.6%, control 0.6%, model 0.6%
Focuses on companies doing marketing research for knowledge development, such
as Alcatel and Asia-Pacific. Some relation to PCC (Passive Containment Cooling).
Cluster 145,
Size: 98, ISim: 0.086, ESim: 0.008
Descriptive: sub 57.5%, sub.sub 18.9%, crystal 1.0%, sub.sub.sub 0.8%, temperatur
0.5%, degre 0.2%, reaction 0.2%, compound 0.2%, room 0.2%, alpha 0.2%, sup
0.2%, composit 0.1%, phase 0.1%, optic 0.1%, beta 0.1%
Discriminating: sub 27.1%, sub.sub 10.6%, system 1.9%, model 1.3%, algorithm
1.1%, imag 1.0%, control 0.9%, paper 0.9%, measur 0.9%, network 0.6%, time 0.5%,
design 0.5%, new 0.5%, data 0.5%, simul 0.5%
Focuses on environmental parameters that affect the reactions of compounds and
crystals such as temperature.
Cluster 146,
Size: 27, ISim: 0.082, ESim: 0.005
Descriptive: element 23.8%, plate 4.4%, thick.plate 1.4%, thick 1.3%, shear 1.2%,
bem 0.9%, thin.plate 0.8%, quadrilater 0.7%, mesh 0.7%, tall.build 0.7%, satw 0.7%,
9000 0.7%, elast 0.7%, thin 0.6%, plate.bend 0.6%
Discriminating: element 12.9%, sub 2.6%, plate 2.3%, system 1.9%, thick.plate
0.9%, measur 0.9%, imag 0.8%, control 0.8%, algorithm 0.7%, model 0.6%, bem
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0.6%, thick 0.5%, thin.plate 0.5%, shear 0.5%, quadrilater 0.5%
Focuses on mechanical behavior of thick and thin plate elements.
Cluster 147,
Size: 29, ISim: 0.082, ESim: 0.006
Descriptive: fluid 22.3%, flow 9.0%, car 4.9%, traffic 4.5%, pedestrian 2.8%,
traffic.flow 2.2%, model 2.2%, pressur 1.4%, veloc 1.3%, fluid.flow 1.1%,
porou.media 0.8%, jam 0.7%, asphalt 0.7%, mantl 0.6%, densiti 0.5%
Discriminating: fluid 13.9%, flow 4.2%, car 3.1%, traffic 2.6%, sub 2.3%,
pedestrian 1.9%, system 1.5%, traffic.flow 1.5%, algorithm 0.8%, control 0.7%,
measur 0.7%, imag 0.7%, fluid.flow 0.7%, new 0.6%, sup 0.6%
Focuses on flow quantities, such as fluid, cars, traffic,and pedestrians.
Cluster 148,
Size: 47, ISim: 0.081, ESim: 0.004
Descriptive: copolym 39.7%, graft 4.9%, swell 1.7%, copolymer 1.3%, methacryl
1.1%, poli 1.1%, styren 1.0%, water 0.9%, block 0.9%, nonwoven 0.8%, micel 0.8%,
block.copolym 0.8%, ethylen 0.7%, dvb 0.7%, crosslink 0.7%
Discriminating: copolym 23.6%, graft 2.9%, sub 2.3%, system 1.8%, model 1.1%,
swell 1.0%, algorithm 0.8%, copolymer 0.8%, imag 0.8%, control 0.8%, paper 0.7%,
measur 0.7%, methacryl 0.6%, styren 0.6%, time 0.5%
Focuses on studies of types of copolymers such as the grafting processes used to
create them.
Cluster 149,
Size: 46, ISim: 0.081, ESim: 0.005
Descriptive: fiber 22.5%, composit 7.8%, reinforc 5.0%, strength 3.9%, interfaci
2.7%, matrix 2.4%, properti 2.2%, polypropylen 2.1%, fiber.reinforc 1.5%,
mechan.properti 1.5%, concret 1.4%, tensil 1.2%, glass 1.0%, mechan 0.9%,
matrix.composit 0.8%
Discriminating: fiber 12.1%, composit 3.7%, reinforc 3.0%, sub 2.4%, strength
1.8%, interfaci 1.7%, system 1.7%, polypropylen 1.3%, model 1.2%, matrix 1.0%,
fiber.reinforc 1.0%, algorithm 0.9%, measur 0.8%, imag 0.8%, mechan.properti 0.8%
Focuses on the physics of reinforcement for fibers, composites, polypropylene, concrete and
glass.
Cluster 150,
Size: 39, ISim: 0.081, ESim: 0.005
Descriptive: boundari 35.5%, solut 4.3%, boundari.condit 3.5%, condit 3.0%, exist
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1.4%, monoton 1.2%, iter 1.2%, numer 1.1%, function 0.9%, order 0.9%,
piezoelectr.materi 0.8%, order.boundari 0.7%, period.boundari 0.7%, artifici.boundari
0.7%, piezoelectr 0.6%
Discriminating: boundari 21.2%, sub 2.5%, boundari.condit 2.1%, system 1.7%,
model 1.2%, solut 1.0%, measur 0.9%, control 0.9%, imag 0.8%, monoton 0.7%,
condit 0.7%, algorithm 0.7%, time 0.6%, sup 0.6%, iter 0.5%
Focuses on aspects of boundaries, such as solutions, existence and boundary conditions.
Cluster 151,
Size: 25, ISim: 0.081, ESim: 0.005Descriptive: hydrogen 11.1%, dmc 3.8%, catalyst 3.3%,
benzen 3.3%, methanol
3.2%, carbon 2.4%, carbonyl 1.9%, oxid 1.8%, reaction 1.6%, hydrocrack 1.4%,
methan 1.4%, liquid 1.3%, pressur 1.3%, dimethyl.carbon 1.2%, reactor 1.0%
Discriminating: hydrogen 6.4%, dmc 2.4%, benzen 2.0%, sub 2.0%, methanol
2.0%, catalyst 1.6%, system 1.3%, carbonyl 1.2%, carbon 1.1%, hydrocrack 0.9%,
control 0.9%, algorithm 0.9%, imag 0.8%, dimethyl.carbon 0.8%, methan 0.7%
Focuses on characterizing reactions and catalyst involving hydrogen and dimethyl
carbonate (DMC), i.e gas reactions.
Cluster 152,
Size: 50, ISim: 0.081, ESim: 0.005
Descriptive: vibrat 56.7%, wind 1.8%, engin 1.0%, theori 0.7%, vibrat.characterist
0.7%, build 0.6%, isol 0.6%, wind.pressur 0.5%, damp 0.5%, ultrason 0.5%, calcul
0.4%, frequenc 0.4%, characterist 0.4%, induc.vibrat 0.4%, model 0.4%
Discriminating: vibrat 35.2%, sub 2.5%, system 1.1%, wind 0.9%, algorithm 0.9%,
imag 0.8%, sup 0.6%, engin 0.5%, time 0.5%, control 0.5%, measur 0.5%, network
0.5%, data 0.5%, sub.sub 0.5%, solut 0.5%
Focuses on vibrational analysis primarily due to wind and engines. Applications
could include naval ships & missile launchers.
Cluster 153,
Size: 20, ISim: 0.080, ESim: 0.004
Descriptive: space 5.2%, class 3.9%, poisson 3.2%, multi.symplect 2.7%, motion
2.4%, parabol 2.4%, symplect 2.1%, singular 2.0%, par 1.6%, conjug 1.5%, discret
1.3%, number 1.2%, passiv.redund 1.1%, sheet 1.1%, robot 1.0%
Discriminating: sub 2.4%, space 2.1%, poisson 1.9%, class 1.8%, system 1.7%,
multi.symplect 1.7%, parabol 1.4%, symplect 1.3%, motion 1.1%, singular 1.0%, par
1.0%, model 0.9%, measur 0.9%, control 0.8%, algorithm 0.8%
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Focuses on using various mathematical methods to join items such as geometric
spaces (e.g. lass, poisson, parabolic and symplectic).
Cluster 154,
Size: 43, ISim: 0.082, ESim: 0.007
Descriptive: test 39.6%, test.system 10.5%, system 3.4%, automat.test.system 2.0%,
automat.test 1.7%, automat 1.4%, design 1.0%, calibr 0.9%, remot.test 0.6%, precis
0.6%, high.precis 0.6%, vxibu 0.6%, paper.test 0.5%, paper 0.5%, high 0.4%
Discriminating: test 22.2%, test.system 7.1%, sub 2.8%, automat.test.system 1.4%,
automat.test 1.2%, model 0.9%, imag 0.9%, algorithm 0.7%, control 0.7%, automat
0.6%, sup 0.6%, measur 0.6%, sub.sub 0.5%, equat 0.5%, solut 0.5%
Focuses on systems tests (primarily automated) for design, calibration and precision.
Cluster 155,
Size: 36, ISim: 0.080, ESim: 0.005
Descriptive: polym 34.3%, poli 2.9%, viscos 1.7%, polycondens 1.1%, humid
1.0%, emit 0.9%, blend 0.9%, polym.polym 0.9%, acid 0.9%, interact 0.8%, melt
0.7%, styren 0.6%, dilut 0.6%, microspher 0.6%, spectra 0.6%
Discriminating: polym 20.3%, sub 2.0%, system 1.8%, poli 1.5%, viscos 0.9%,
model 0.9%, control 0.8%, algorithm 0.8%, imag 0.7%, polycondens 0.7%, paper
0.7%, humid 0.6%, polym.polym 0.6%, emit 0.6%, time 0.5%
Focuses on characterizing polymers.
Cluster 156,
Size: 58, ISim: 0.080, ESim: 0.006
Descriptive: puls 46.9%, laser 6.1%, laser.puls 1.8%, reactor 1.6%, width 1.5%,
puls.width 1.2%, puls.reactor 0.8%, femtosecond 0.8%, ultrashort 0.7%, durat 0.7%,
experiment 0.6%, laser.system 0.6%, switch 0.6%, oper 0.5%, calcul 0.5%
Discriminating: puls 29.6%, sub 2.6%, laser 2.5%, laser.puls 1.2%, system 1.0%,
model 1.0%, algorithm 0.9%, imag 0.9%, control 0.8%, puls.width 0.8%, width 0.8%,
reactor 0.7%, paper 0.7%, puls.reactor 0.6%, measur 0.5%
Focuses on types of pulses (laser, reactor, width).
Cluster 157,
Size: 31, ISim: 0.078, ESim: 0.005
Descriptive: iter 18.1%, equat 8.3%, converg 5.9%, analyt 3.0%, solut 2.9%,
analyt.solut 2.0%, invers 1.8%, homotopi 1.3%, variat 1.3%, nonlinear 1.2%, numer
1.0%, deriv 0.8%, aor 0.8%, approxim 0.7%, calcul 0.7%
Discriminating: iter 11.0%, converg 3.1%, equat 2.9%, sub 2.6%, analyt 1.5%,
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system 1.4%, analyt.solut 1.3%, model 1.0%, invers 1.0%, homotopi 0.9%, imag
0.8%, variat 0.7%, measur 0.7%, control 0.6%, sup 0.6%
Focuses on aspects of iterative equations and solutions, such as convergence, homotopy and
analytical & inverse solutions.
Cluster 158,
Size: 54, ISim: 0.079, ESim: 0.006
Descriptive: wavelet 46.2%, signal 3.6%, nois 3.0%, scale 1.7%, function 1.5%,
scale.function 1.1%, coeffici 1.1%, wavelet.coeffici 1.0%, algorithm 1.0%,multiresolut 0.8%,
multiwavelet 0.7%, threshold 0.7%, mother 0.6%, mother.wavelet
0.6%, orthogon 0.5%
Discriminating: wavelet 28.3%, sub 2.6%, system 2.0%, nois 1.2%, signal 1.1%,
control 0.9%, measur 0.9%, model 0.8%, scale.function 0.8%, wavelet.coeffici 0.7%,
scale 0.7%, solut 0.5%, temperatur 0.5%, multiresolut 0.5%, sub.sub 0.5%
Focuses on aspects of wavelets used in signal processing.
Cluster 159,
Size: 33, ISim: 0.077, ESim: 0.005
Descriptive: liquid 7.3%, flow 5.1%, shear 4.8%, pressur 4.6%, melt 3.6%, viscos
2.4%, shear.viscos 2.1%, temperatur 2.0%, extrus 1.7%, critic 1.2%, condens 1.0%,
kpa 1.0%, vapour 1.0%, capillari 0.9%, die 0.7%
Discriminating: liquid 4.0%, shear 2.7%, melt 2.1%, flow 2.0%, pressur 1.9%, sub
1.8%, system 1.7%, shear.viscos 1.4%, viscos 1.4%, extrus 1.0%, algorithm 0.9%,
model 0.9%, imag 0.8%, control 0.8%, paper 0.7%
Focuses on properties of liquied and flow that can be measured and analyzed (e.g.
shear, pressure, melt and viscosity).
Cluster 160,
Size: 29, ISim: 0.077, ESim: 0.006
Descriptive: power 10.6%, control 4.0%, reactiv.power 2.6%, chd 2.0%,
power.control 2.0%, scheme 1.9%, video 1.8%, reactiv 1.8%, polymorph 1.7%,
patient 1.4%, optim 1.0%, power.optim 1.0%, genotyp 1.0%, gene 0.9%, voltag 0.9%
Discriminating: power 4.5%, sub 2.5%, reactiv.power 1.7%, chd 1.4%,
power.control 1.3%, model 1.1%, polymorph 1.1%, measur 1.0%, reactiv 1.0%, video
0.9%, system 0.9%, patient 0.9%, imag 0.8%, power.optim 0.7%, genotyp 0.7%
Focuses on power controller (eg. reactive power) for circuits primarily associated
with communications.
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Cluster 161,
Size: 34, ISim: 0.075, ESim: 0.004
Descriptive: compound 24.8%, sulfur 6.3%, rare.earth 3.7%, rare 3.3%, earth
2.8%, isol 1.7%, sulfur.compound 1.3%, synthes 1.3%, phosphon 1.0%, acid 1.0%,
structur.spectroscop 0.8%, spectroscop 0.8%, solvent 0.6%, nmr 0.6%, complex 0.5%
Discriminating: compound 13.9%, sulfur 3.7%, sub 2.3%, rare.earth 2.2%, rare
2.0%, system 1.7%, earth 1.5%, model 1.2%, isol 0.9%, measur 0.8%, algorithm
0.8%, sulfur.compound 0.8%, imag 0.8%, paper 0.7%, control 0.7%
Focuses on characterizing sulfer and rare earth compounds using spectroscopic techniques.
Cluster 162,
Size: 45, ISim: 0.077, ESim: 0.006
Descriptive: filter 47.4%, speech 2.9%, kalman 1.7%, detect 1.6%, kalman.filter
1.5%, covari 0.8%, digit 0.8%, outlier 0.7%, nois 0.7%, filter.bank 0.6%, digit.filter
0.6%, input 0.6%, new 0.5%, signal 0.5%, bank 0.4%
Discriminating: filter 29.5%, sub 2.0%, speech 1.8%, kalman 1.2%, system 1.0%,
kalman.filter 1.0%, model 0.9%, control 0.8%, measur 0.7%, algorithm 0.7%, imag
0.6%, covari 0.5%, sup 0.5%, solut 0.5%, outlier 0.5%
Focuses on digital noise filters, primarily for filtering noise out of digital speech
applications (e.g. Kalman filter).
Cluster 163,
Size: 28, ISim: 0.076, ESim: 0.006
Descriptive: current 7.5%, squeez 4.3%, ground 3.3%, harmon 3.3%, grid 2.9%,
oscil 2.5%, corona 2.0%, frequenc 1.8%, ground.grid 1.5%, line 1.3%, puls 1.3%,
insul.corona 1.2%, insul 1.2%, insul.corona.puls 1.0%, corona.puls 1.0%
Discriminating: current 3.6%, squeez 2.8%, sub 2.7%, harmon 1.9%, ground 1.8%,
grid 1.8%, corona 1.4%, oscil 1.1%, ground.grid 1.0%, system 1.0%, imag 0.8%,
insul.corona 0.8%, algorithm 0.7%, control 0.7%, insul 0.7%
Focuses on effects of squeezing current.
Cluster 164,
Size: 42, ISim: 0.076, ESim: 0.006
Descriptive: featur 30.7%, extract 10.7%, featur.extract 4.2%, recognit 3.6%, textur
2.6%, imag 2.1%, fingerprint 2.1%, froth 1.4%, flotat 1.1%, audio 0.8%, gestur 0.7%,
stereo 0.6%, new.featur 0.6%, detect 0.6%, paramet 0.6%
Discriminating: featur 18.2%, extract 6.1%, featur.extract 2.9%, sub 2.8%, recognit
2.0%, textur 1.5%, fingerprint 1.3%, system 1.3%, froth 1.0%, measur 0.9%, control
0.9%, model 0.8%, flotat 0.7%, sup 0.6%, temperatur 0.5%
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Focuses on feature extraction from images and audio, such as texture, fingerprints
and froth found in coal mixtures.
Cluster 165,
Size: 30, ISim: 0.072, ESim: 0.003
Descriptive: beta 7.4%, synthesi 6.5%, catalyz 4.5%, alcohol 3.8%, yield 3.7%,
addit 2.5%, alpha 2.4%, sulfat 2.0%, reaction 2.0%, total.synthesi 1.5%, step 1.4%,
cycliz 1.4%, propyl 1.3%, palladium.catalyz 1.3%, trifluoromethyl 1.1%Discriminating: beta
3.9%, synthesi 3.2%, catalyz 2.5%, sub 2.3%, alcohol 2.1%,
yield 1.7%, system 1.7%, model 1.1%, sulfat 1.1%, alpha 1.1%, addit 0.9%,
total.synthesi 0.9%, measur 0.8%, control 0.8%, algorithm 0.8%
Focuses on characteristics of reactions and synthesis involving alcohols and esters
(primary denoted with the term „Beta‟).
Cluster 166,
Size: 40, ISim: 0.074, ESim: 0.006
Descriptive: inform 41.2%, inform.system 9.6%, system 4.2%, share 1.0%, gp
0.8%, specif 0.8%, data 0.7%, inform.share 0.6%, share.inform 0.6%, articl 0.5%,
standard 0.5%, design 0.5%, capp 0.5%, basi 0.4%, inform.model 0.4%
Discriminating: inform 24.2%, inform.system 6.4%, sub 2.8%, algorithm 0.9%, imag
0.8%, measur 0.8%, control 0.8%, sup 0.6%, share 0.6%, model 0.5%, gp 0.5%,
simul 0.5%, temperatur 0.5%, sub.sub 0.5%, solut 0.5%
Focuses on elements of information systems such as sharing, specifications, data,
standards and design (CAPP System).
Cluster 167,
Size: 38, ISim: 0.072, ESim: 0.004
Descriptive: fluoresc 20.5%, dna 2.0%, naphthalimid 1.9%, donor 1.6%, bte 1.5%,
electron.transfer 1.4%, molecular 1.4%, spectra 1.3%, bi 1.3%, thrombin 1.3%,
beacon 1.3%, molecular.beacon 1.3%, aptam 1.3%, moieti 1.2%, compound 1.1%
Discriminating: fluoresc 12.2%, sub 2.1%, system 1.7%, naphthalimid 1.2%, dna
1.1%, model 1.0%, donor 1.0%, bte 0.9%, electron.transfer 0.9%, algorithm 0.8%,
thrombin 0.8%, molecular.beacon 0.8%, beacon 0.8%, bi 0.8%, aptam 0.8%
Focuses on characterizing fluorescence spectra resulting from electron transfer
primarily from naphthalimid (acid) donor compounds.
Cluster 168,
Size: 32, ISim: 0.073, ESim: 0.006
Descriptive: shell 15.5%, structur 7.7%, buckl 5.2%, pressur 2.6%, cylindr.shell
2.3%, doubl 2.0%, knit 1.8%, cylindr 1.7%, axial 1.5%, ring.plate 1.0%,
axial.compress 1.0%, fill.cylindr 0.7%, fill.cylindr.shell 0.7%, cylindr.shell.axial 0.7%,
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 613

The Rooster & The Dragon January 23, 2012
shell.axial 0.7%
Discriminating: shell 9.9%, buckl 3.4%, sub 2.7%, structur 2.4%, system 1.6%,
cylindr.shell 1.5%, knit 1.2%, cylindr 1.0%, doubl 1.0%, pressur 0.9%, algorithm
0.9%, imag 0.8%, axial 0.8%, control 0.8%, ring.plate 0.7%
Focuses on types of structural damage such as buckling and axial compression
caused by pressures; primarily of cylinder shell structures. Possible applications
include artillery shells.
Cluster 169,
Size: 34, ISim: 0.073, ESim: 0.006
Descriptive: network 20.3%, optim 5.7%, path 3.2%, rout 3.1%, algorithm 2.3%,
capac 2.2%, constraint 1.4%, network.plan 1.2%, model 1.2%, path.bandwidth 1.1%,
node 1.0%, restor 0.9%, hen 0.8%, railwai.network 0.8%, link 0.7%
Discriminating: network 9.7%, sub 2.3%, optim 2.2%, path 1.9%, rout 1.8%,
system 1.6%, capac 1.2%, measur 1.1%, imag 0.9%, control 0.9%, network.plan
0.9%, path.bandwidth 0.8%, constraint 0.7%, hen 0.6%, railwai.network 0.6%
Focuses on network paths and optimization algorithms.
Cluster 170,
Size: 27, ISim: 0.072, ESim: 0.005
Descriptive: sub 10.8%, graph 6.7%, sub.graph 4.2%, coagul 2.0%, lambda 1.7%,
remov 1.7%, sub.graph.match 1.6%, graph.match 1.6%, pile 1.6%, formula 1.6%,
cod.sub 1.4%, wastewat 1.2%, cod 1.1%, lambda.sub 1.1%, dye.wastewat 1.1%
Discriminating: graph 3.9%, sub.graph 2.7%, system 1.4%, coagul 1.3%, sub 1.2%,
graph.match 1.1%, sub.graph.match 1.1%, lambda 1.0%, model 1.0%, pile 1.0%,
measur 1.0%, cod.sub 0.9%, imag 0.8%, remov 0.8%, algorithm 0.8%
Focuses on software sub-graph matching techniques; primarily used in wastewater
removal applications and analysis.
Cluster 171,
Size: 32, ISim: 0.072, ESim: 0.006
Descriptive: load 25.9%, model 2.1%, pipe 1.9%, forecast 1.7%, load.model 1.1%,
elast 1.0%, element 1.0%, tensil.creep 1.0%, intern 0.9%, intern.forc 0.9%, lagrangian
0.8%, plastic 0.8%, track.structur 0.8%, mechan 0.7%, tensil 0.7%
Discriminating: load 15.4%, sub 2.7%, system 1.5%, pipe 1.2%, control 0.9%,
algorithm 0.9%, forecast 0.9%, imag 0.9%, load.model 0.8%, measur 0.7%,
tensil.creep 0.7%, sup 0.6%, intern.forc 0.6%, lagrangian 0.5%, track.structur 0.5%
Focuses on modeling and forecasting of loading; primarily on pipes.
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Cluster 172,
Size: 28, ISim: 0.072, ESim: 0.005Descriptive: equat 11.5%, perturb 3.2%, fluid 2.2%, wave
2.1%, equat.state 2.0%,
beam 1.3%, nonlinear 1.2%, deby 1.1%, model 1.0%, term 0.9%, kadomtsev 0.9%,
solut 0.9%, layer.fluid 0.9%, deriv 0.9%, case 0.7%
Discriminating: equat 4.6%, sub 2.7%, perturb 1.9%, system 1.4%, equat.state
1.3%, fluid 1.1%, measur 1.0%, algorithm 0.9%, imag 0.8%, control 0.7%, deby
0.7%, paper 0.7%, wave 0.6%, kadomtsev 0.6%, layer.fluid 0.6%
Focuses on equations primarily associated with perturbations, fluid, wave, beam,
nonlinear and equations of state.
Cluster 173,
Size: 31, ISim: 0.070, ESim: 0.003
Descriptive: reaction 14.2%, keton 6.4%, alkyl 6.4%, yield 3.7%, aromat 3.6%,
olefin 2.5%, substitut 2.0%, vinylphosphon 1.6%, synthes 1.4%, cyclopropan 1.3%,
synthesi 1.3%, cycloaddit 1.2%, regioselect 1.2%, mild 1.1%, amin 1.0%
Discriminating: reaction 6.4%, keton 3.7%, alkyl 3.7%, sub 2.1%, aromat 2.0%,
system 1.7%, yield 1.7%, olefin 1.5%, substitut 1.0%, model 0.9%, vinylphosphon
0.9%, algorithm 0.8%, cyclopropan 0.8%, imag 0.7%, cycloaddit 0.7%
Focuses on characteristics of reactions involving ketones, alkyls, aromatics and
olefins.
Cluster 174,
Size: 38, ISim: 0.072, ESim: 0.006
Descriptive: instrument 22.8%, virtual 8.5%, virtual.instrument 7.4%, system
3.4%, diagnosi 2.5%, softwar 1.9%, usb 1.4%, data 1.3%, dual 1.1%, function 0.9%,
measur 0.9%, build 0.9%, driver 0.8%, monitor 0.7%, function.modul 0.6%
Discriminating: instrument 14.6%, virtual.instrument 5.1%, virtual 5.1%, sub 2.7%,
diagnosi 1.4%, model 1.2%, usb 0.9%, imag 0.9%, algorithm 0.8%, softwar 0.8%,
dual 0.6%, sup 0.6%, sub.sub 0.5%, driver 0.5%, solut 0.5%
Focuses on virtual instruments for measuring and diagnosis of systems and software.
Cluster 175,
Size: 28, ISim: 0.071, ESim: 0.005
Descriptive: rai 19.1%, electron 5.1%, hard.rai 3.5%, plasma 3.3%, diffract 2.1%,
spin 1.6%, hard 1.5%, hot.electron 1.5%, polar 1.2%, crystallin 1.0%, crystal 0.9%,
micro.electron 0.9%, rai.diffract 0.9%, scatter 0.7%, phase 0.7%
Discriminating: rai 10.6%, sub 2.4%, hard.rai 2.3%, electron 2.0%, system 2.0%,
plasma 1.7%, model 1.2%, hot.electron 1.0%, diffract 0.9%, control 0.9%, algorithm
0.9%, spin 0.9%, hard 0.8%, imag 0.6%, paper 0.6%
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Focuses on elements and properties of radiation (hard X-Rays & electrons) used to
characterize items like plasmas and crystals.
Cluster 176,
Size: 72, ISim: 0.072, ESim: 0.006
Descriptive: film 55.5%, deposit 2.6%, substrat 1.2%, sputter 0.5%, temperatur
0.5%, sic 0.5%, peak 0.5%, rai 0.4%, surfac 0.4%, film.deposit 0.4%, crystal 0.4%,
thick 0.3%, atom.forc 0.3%, atom 0.3%, diffract 0.3%
Discriminating: film 34.4%, system 1.9%, sub 1.8%, deposit 1.4%, model 1.1%,
algorithm 0.9%, paper 0.7%, imag 0.6%, control 0.6%, substrat 0.6%, data 0.5%, new
0.5%, network 0.5%, simul 0.5%, sub.sub 0.5%
Focuses on characterization of different films.
Cluster 177,
Size: 31, ISim: 0.072, ESim: 0.006
Descriptive: data 20.4%, databas 10.4%, object 3.8%, model 3.0%, object.orient
2.8%, warehous 1.6%, orient 1.5%, data.warehous 1.4%, ado 1.2%, visual 0.8%,
data.distribut 0.8%, schema 0.8%, landscap 0.8%, access 0.7%, clinic 0.7%
Discriminating: data 9.4%, databas 6.5%, sub 2.8%, object.orient 1.8%, object
1.7%, warehous 1.1%, measur 1.1%, data.warehous 0.9%, imag 0.9%, control 0.9%,
algorithm 0.9%, ado 0.8%, orient 0.7%, system 0.7%, data.distribut 0.5%
Focuses on elements of databases (data warehouses & object oriented databases),
such as models and data distribution.
Cluster 178,
Size: 26, ISim: 0.071, ESim: 0.005
Descriptive: commun 11.8%, mobil 5.5%, system 3.2%, mobil.commun 2.9%,
autom 2.7%, intellig 2.1%, commun.system 2.0%, fieldbu 1.9%, default 1.8%, applic
1.7%, cdma 1.7%, wireless 1.6%, distribut.autom 1.4%, mobil.commun.system 1.3%,
autom.system 1.3%
Discriminating: commun 6.8%, mobil 3.1%, sub 2.5%, mobil.commun 1.9%, autom
1.7%, commun.system 1.3%, fieldbu 1.3%, default 1.2%, cdma 1.0%, intellig 1.0%,
measur 0.9%, distribut.autom 0.9%, algorithm 0.9%, wireless 0.9%, imag 0.8%
Focuses on mobile communication systems (automatic, wireless, cdma and distribution).
Cluster 179,
Size: 65, ISim: 0.071, ESim: 0.006Descriptive: beam 51.9%, propag 2.5%, gaussian 1.4%,
beam.propag 1.4%, puls 1.3%, puls.beam 0.9%, gaussian.beam 0.8%, focal 0.7%, optic 0.6%,
polar 0.5%, focus 0.5%, deriv 0.5%, laser 0.4%, intens 0.4%, paraxi 0.4%
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Discriminating: beam 33.0%, sub 2.6%, propag 1.4%, system 1.2%, model 1.0%,
beam.propag 1.0%, control 0.9%, gaussian 0.9%, measur 0.8%, algorithm 0.8%, imag
0.7%, puls.beam 0.6%, gaussian.beam 0.6%, data 0.5%, network 0.5%
Focuses on types of beams (e.g. Gaussian, pulse and laser) and their propagation
characteristics.
Cluster 180,
Size: 51, ISim: 0.070, ESim: 0.005
Descriptive: particl 38.6%, nanoparticl 3.6%, size 3.3%, magnet 2.8%, particl.size
1.7%, spheric 1.6%, microspher 1.5%, diamet 1.2%, electron 0.7%, composit.particl
0.6%, metal 0.5%, morpholog 0.5%, reaction 0.5%, transmiss.electron 0.5%, tem
0.4%
Discriminating: particl 23.5%, nanoparticl 2.2%, sub 2.0%, system 1.8%, size 1.3%,
model 1.2%, magnet 1.1%, particl.size 1.1%, microspher 1.0%, algorithm 0.9%,
spheric 0.9%, control 0.8%, paper 0.7%, imag 0.7%, new 0.6%
Focuses on types of particles (e.g. nano, magnetic, composite and microspheres).
Cluster 181,
Size: 35, ISim: 0.070, ESim: 0.006
Descriptive: reaction 26.9%, enzym 2.3%, electrod 2.1%, activ 1.7%, hydrolysi
1.4%, solvent 1.3%, kinet 1.1%, acid 1.1%, chemic 1.1%, pgme 1.0%, temperatur
0.9%, rate 0.9%, concentr 0.9%, degre 0.8%, reaction.temperatur 0.8%
Discriminating: reaction 15.5%, system 1.5%, enzym 1.5%, sub 1.3%, electrod
1.2%, measur 1.0%, algorithm 0.9%, hydrolysi 0.9%, imag 0.9%, model 0.8%, paper
0.7%, pgme 0.7%, solvent 0.6%, activ 0.6%, kinet 0.6%
Focuses on properties and characteristics associated with electro and chemical
reactions (e.g. hydrolysis) of catalysts like enzymes.
Cluster 182,
Size: 30, ISim: 0.071, ESim: 0.006
Descriptive: sub 15.1%, oxid 8.6%, catalyst 7.6%, sub.sub 5.5%, tape 1.7%,
sub.catalyst 1.6%, sub.sub.catalyst 1.3%, activ 1.1%, temperatur 1.0%, adsorpt 0.8%,
green 0.6%, cpd 0.6%, lamin 0.5%, tile.bodi 0.5%, shape.memori 0.5%
Discriminating: oxid 4.8%, catalyst 4.5%, sub 2.6%, system 2.0%, sub.sub 1.7%,
model 1.3%, tape 1.2%, sub.catalyst 1.1%, measur 1.1%, algorithm 1.0%,
sub.sub.catalyst 0.9%, imag 0.9%, control 0.8%, paper 0.7%, time 0.6%
Focuses on catalysts; especially associated with oxidation/oxides.
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Cluster 183,
Size: 39, ISim: 0.070, ESim: 0.006
Descriptive: shock 19.7%, vortex 7.2%, numer 6.5%, wave 5.5%, shock.wave
4.4%, flow 2.5%, explos 1.7%, model 1.3%, numer.simul 1.3%, numer.model 1.0%,
dskaw 1.0%, cyclon 0.8%, swirl 0.8%, pressur 0.7%, flow.field 0.7%
Discriminating: shock 13.3%, vortex 4.8%, shock.wave 3.0%, numer 3.0%, sub
2.8%, wave 2.5%, system 2.1%, explos 0.9%, algorithm 0.9%, imag 0.9%, flow
0.8%, numer.simul 0.7%, dskaw 0.7%, control 0.7%, paper 0.6%
Focuses on characteristics of shock and vortexes (primarily from explosions and
over pressures).
Cluster 184,
Size: 47, ISim: 0.069, ESim: 0.005
Descriptive: stress 45.4%, fractur 6.2%, shaft 1.2%, inclus 1.1%, stress.field 0.9%,
calcul.stress 0.9%, field 0.7%, bridg 0.5%, strain 0.5%, situ.stress 0.4%, shaft.line
0.4%, elast 0.4%, failur 0.4%, stress.relax 0.4%, relax 0.3%
Discriminating: stress 27.7%, fractur 3.7%, sub 2.7%, system 1.8%, algorithm 0.9%,
shaft 0.7%, imag 0.7%, inclus 0.6%, stress.field 0.6%, calcul.stress 0.6%, measur
0.6%, control 0.6%, sup 0.6%, time 0.5%, network 0.5%
Focuses on calculations of stress for fracture analysis and prediction (applied to
mine shafts, bridges, etc.).
Cluster 185,
Size: 39, ISim: 0.071, ESim: 0.007
Descriptive: sub 14.7%, sup 5.5%, center.dot 4.0%, pbwo 3.9%, pbwo.sub 3.9%,
dot 3.9%, center 3.9%, omega 2.0%, omega.sub 1.5%, yvo.sub 1.4%, yvo 1.4%,
center.dot.sup 1.1%, dot.sup 1.1%, sub.omega 1.0%, laser 1.0%
Discriminating: pbwo 2.9%, pbwo.sub 2.9%, sub 2.6%, center.dot 2.6%, dot 2.5%,
center 2.2%, system 2.0%, sup 1.6%, omega 1.3%, omega.sub 1.1%, model 1.1%,
control 1.0%, yvo 1.0%, yvo.sub 1.0%, algorithm 0.9%
Focuses on grammatical constructs primarily annotated with the words “omega”,
“center dot,” and “sub” (textual description to denote that a number as a subscript),
primarily associated with characterization studies of crystals such as PbWO & YVO.
Cluster 186,
Size: 34, ISim: 0.070, ESim: 0.006Descriptive: virtual 21.8%, assembl 7.6%, track 4.5%, system
2.2%, environ
2.1%, train 1.5%, walk 1.4%, human 1.3%, realiti 1.2%, platform 0.9%, virtual.realiti
0.9%, parallel 0.8%, mechan 0.7%, screw 0.7%, human.comput 0.6%
Discriminating: virtual 14.2%, assembl 4.8%, sub 2.7%, track 2.6%, environ 0.9%,
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walk 0.9%, measur 0.9%, realiti 0.8%, imag 0.8%, train 0.7%, human 0.7%,
algorithm 0.6%, virtual.realiti 0.6%, sup 0.5%, temperatur 0.5%
Focuses on applications of virtual reality systems, such as assembly, tracking and
training.
Cluster 187,
Size: 70, ISim: 0.069, ESim: 0.006
Descriptive: finit.element 21.9%, finit 21.3%, element 15.8%, fem 1.5%, model
1.1%, field 0.9%, finit.element.model 0.9%, element.model 0.8%, variat 0.7%, mesh
0.6%, structur 0.6%, numer 0.5%, finit.element.fem 0.5%, element.fem 0.5%, design
0.4%
Discriminating: finit.element 15.1%, finit 13.8%, element 9.2%, sub 2.8%, system
1.5%, fem 0.9%, control 0.8%, measur 0.7%, imag 0.7%, algorithm 0.7%,
finit.element.model 0.6%, sup 0.6%, element.model 0.6%, sub.sub 0.5%, time 0.5%
Focuses on applications of finite element modeling; primarily applied to structure analysis.
Cluster 188,
Size: 44, ISim: 0.070, ESim: 0.007
Descriptive: imag 29.9%, segment 9.1%, contour 1.8%, background 1.8%,
imag.segment 1.4%, contrast 1.3%, region 1.0%, automat 1.0%, threshold 0.9%,
histogram 0.9%, detect 0.8%, extract 0.8%, grai 0.7%, inform 0.7%, blood 0.7%
Discriminating: imag 14.4%, segment 5.8%, sub 2.9%, contour 1.2%, system 1.2%,
background 1.1%, imag.segment 1.0%, control 0.9%, model 0.8%, measur 0.8%,
contrast 0.8%, histogram 0.6%, solut 0.6%, sup 0.5%, temperatur 0.5%
Focuses on image segmentation; primarily for areas/regions.
Cluster 189,
Size: 48, ISim: 0.069, ESim: 0.005
Descriptive: irradi 11.8%, pb 6.5%, nanocryst 3.8%, room.temperatur 2.1%, room
2.1%, agi 2.1%, temperatur 1.7%, gamma.irradi 1.5%, tem 1.5%, size 1.4%, gamma
1.3%, morpholog 1.3%, product 1.3%, format 1.3%, nanoparticl 1.3%
Discriminating: irradi 7.2%, pb 4.3%, nanocryst 2.5%, system 1.7%, sub 1.6%, agi
1.4%, room.temperatur 1.2%, model 1.2%, room 1.2%, gamma.irradi 1.0%, algorithm
0.9%, tem 0.8%, measur 0.8%, sulfid 0.8%, gamma 0.7%
Focuses on the use of irradiation to fabricate nanocrystals.
Cluster 190,
Size: 104, ISim: 0.070, ESim: 0.007
Descriptive: imag 67.5%, process 1.1%, algorithm 0.9%, imag.process 0.8%, digit
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0.7%, imag.imag 0.5%, digit.imag 0.5%, comput 0.4%, featur 0.4%, system 0.4%,
detect 0.3%, inform 0.3%, imag.system 0.3%, infrar.imag 0.3%, restor 0.2%
Discriminating: imag 41.3%, sub 2.6%, system 0.9%, model 0.8%, measur 0.7%,
control 0.7%, sup 0.6%, sub.sub 0.6%, solut 0.5%, structur 0.5%, imag.process 0.5%,
temperatur 0.5%, network 0.4%, equat 0.4%, imag.imag 0.4%
Focuses on image processing.
Cluster 191,
Size: 39, ISim: 0.069, ESim: 0.006
Descriptive: magnet 17.7%, field 14.5%, magnet.field 6.8%, electr 2.8%, spin
2.7%, current 2.5%, kicker 1.6%, electr.field 1.4%, transistor 0.9%, beam 0.8%, turn
0.7%, polar 0.6%, emitt 0.6%, direct.field 0.5%, hl 0.5%
Discriminating: magnet 10.7%, field 7.2%, magnet.field 4.6%, sub 2.8%, spin 1.7%,
electr 1.3%, system 1.2%, kicker 1.1%, model 1.1%, current 1.0%, electr.field 0.9%,
imag 0.9%, algorithm 0.9%, transistor 0.6%, sup 0.5%
Focuses on characterizing magnetic and electric fields; primarily associated with
small electronic devices.
Cluster 192,
Size: 30, ISim: 0.069, ESim: 0.006
Descriptive: control 13.6%, real.time 4.5%, time 4.5%, real 3.7%, traffic 3.1%,
spc 1.9%, congest.control 1.4%, regul 1.4%, network 1.1%, congest 0.9%, ethernet
0.7%, cycl 0.7%, control.network 0.6%, system 0.6%, time.control 0.6%
Discriminating: control 4.8%, sub 2.9%, real.time 2.6%, traffic 1.9%, real 1.8%,
spc 1.3%, congest.control 1.0%, time 1.0%, imag 0.9%, regul 0.8%, system 0.7%,
algorithm 0.6%, congest 0.6%, solut 0.6%, sup 0.5%
Focuses on real-time control applications (traffic, networks, ethernet). Possible
military applications include UAV control and tracking multiple small high speed
objects.
Cluster 193,
Size: 44, ISim: 0.068, ESim: 0.006Descriptive: voltag 38.8%, current 3.4%, modul 1.9%, charg
0.9%, charg.pump
0.9%, insul 0.8%, phase 0.7%, devic 0.6%, current.voltag 0.5%, ligbt 0.5%,
suppli.voltag 0.5%, oper 0.5%, low.voltag 0.5%, power 0.5%, suppli 0.4%
Discriminating: voltag 24.6%, sub 2.7%, system 1.5%, current 1.4%, model 1.1%,
algorithm 0.9%, imag 0.8%, modul 0.7%, charg.pump 0.6%, data 0.6%, solut 0.5%,
measur 0.5%, network 0.5%, sub.sub 0.5%, control 0.5%
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Focuses on elements of electronic devices/equipment, primarily voltage and others
such as: current, phase, modulation and charge.
Cluster 194,
Size: 27, ISim: 0.067, ESim: 0.005
Descriptive: dna 7.0%, ion 4.6%, charg 3.6%, endotoxin 3.6%, trap 3.6%, anion
3.2%, assai 3.1%, detect 2.1%, inject 1.3%, sampl 1.1%, charg.state 1.0%, linac
0.9%, concentr 0.9%, state 0.9%, rl 0.9%
Discriminating: dna 4.4%, sub 2.4%, endotoxin 2.4%, ion 2.3%, trap 2.2%, anion
2.0%, assai 2.0%, charg 2.0%, system 1.6%, model 1.3%, algorithm 0.9%, imag
0.8%, control 0.8%, inject 0.7%, charg.state 0.7%
Focuses on methods of detecting and assaying DNA, charges and endotoxins.
Cluster 195,
Size: 34, ISim: 0.066, ESim: 0.005
Descriptive: properti 8.5%, rubber 7.2%, chemic 7.0%, mechan.properti 6.3%,
mechan 3.9%, phr 1.9%, polyurethan 1.7%, surfac 1.3%, vulcaniz 1.1%, physic 1.0%,
strength 1.0%, lignin 0.9%, carbon.black 0.9%, crosslink 0.8%, cell 0.7%
Discriminating: rubber 4.5%, mechan.properti 3.8%, chemic 3.5%, properti 3.4%,
sub 2.4%, system 1.5%, phr 1.3%, model 1.2%, mechan 1.2%, polyurethan 1.1%,
measur 0.9%, control 0.9%, algorithm 0.9%, imag 0.8%, vulcaniz 0.7%
Focuses on characterizing chemical and mechanical properties of rubber and
polyurethane materials.
Cluster 196,
Size: 38, ISim: 0.066, ESim: 0.005
Descriptive: test 14.3%, strain 13.0%, stress 5.3%, life 3.4%, shpb 2.2%, concret
2.2%, fatigu 2.1%, stress.strain 1.6%, strain.rate 1.6%, specimen 1.5%, prestress
1.2%, weld 0.9%, bar 0.9%, strength 0.8%, load 0.8%
Discriminating: strain 7.7%, test 6.2%, sub 2.7%, stress 2.4%, life 2.1%, system
1.7%, shpb 1.5%, fatigu 1.3%, concret 1.2%, stress.strain 1.0%, strain.rate 1.0%,
algorithm 0.9%, imag 0.8%, specimen 0.8%, prestress 0.8%
Focuses on testing of strain and stress fatigue and their rates on e.g. concrete & welds.
Cluster 197,
Size: 38, ISim: 0.065, ESim: 0.005
Descriptive: foam 8.6%, resin 3.2%, group 2.2%, polym 2.0%, hyperbranch 2.0%,
alkyd 1.4%, cure 1.4%, nmr 1.3%, bond 1.2%, photoiniti 1.2%, molecular 1.1%,
end.group 1.1%, ester 1.0%, poli 0.9%, synthes 0.8%
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Discriminating: foam 5.5%, sub 2.2%, system 1.9%, resin 1.9%, hyperbranch 1.3%,
model 1.1%, group 0.9%, alkyd 0.9%, algorithm 0.9%, control 0.9%, polym 0.8%,
imag 0.8%, photoiniti 0.8%, cure 0.7%, paper 0.7%
Focuses on tings used in nanocomposites such as: foams, resin, poly-based materials
and hyperbranched structures.
Cluster 198,
Size: 61, ISim: 0.067, ESim: 0.006
Descriptive: network 56.6%, optic 0.8%, pipe.network 0.7%, reliabl 0.7%, secur
0.7%, network.secur 0.7%, protocol 0.6%, system 0.6%, model 0.6%, traffic 0.5%,
paper 0.5%, switch 0.5%, atm 0.5%, intrus 0.5%, pipe 0.4%
Discriminating: network 33.6%, sub 2.8%, measur 1.0%, imag 0.8%, system 0.6%,
algorithm 0.6%, control 0.6%, sup 0.5%, pipe.network 0.5%, temperatur 0.5%,
sub.sub 0.5%, equat 0.5%, network.secur 0.5%, time 0.4%, new 0.4%
Focuses on network security, protocols and reliability of e.g. optic switches.
Cluster 199,
Size: 42, ISim: 0.066, ESim: 0.006
Descriptive: softwar 37.9%, system 2.9%, softwar.system 1.7%, design 1.6%, tool
1.1%, object 0.9%, modul 0.9%, data 0.9%, draw 0.8%, autocad 0.7%, simul.softwar
0.7%, comput 0.6%, vba 0.6%, graphic 0.6%, visual 0.6%
Discriminating: softwar 24.6%, sub 2.8%, softwar.system 1.1%, algorithm 0.9%,
model 0.9%, imag 0.8%, measur 0.6%, solut 0.5%, control 0.5%, sup 0.5%, sub.sub
0.5%, tool 0.5%, draw 0.5%, equat 0.5%, autocad 0.5%
Focuses on software systems; such as their design and tools.
Cluster 200,
Size: 38, ISim: 0.066, ESim: 0.006
Descriptive: algorithm 12.4%, graph 9.8%, layout 5.0%, placement 4.3%, tree
4.2%, rout 4.1%, parallel 1.5%, time 1.0%, span.tree 1.0%, mesh 1.0%, run 0.9%,
constraint 0.7%, span 0.7%, polynomi 0.7%, connect 0.7%
Discriminating: graph 6.3%, algorithm 4.1%, layout 3.4%, placement 3.0%, tree
2.6%, rout 2.5%, sub 2.4%, system 1.9%, measur 0.9%, imag 0.9%, control 0.9%,
model 0.8%, span.tree 0.7%, parallel 0.6%, mesh 0.6%
Focuses on algorithm, graphs, layout and placement.
Cluster 201,
Size: 71, ISim: 0.068, ESim: 0.008
Descriptive: control 29.2%, control.system 24.3%, system 8.1%, simul 1.0%, model
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0.6%, automat 0.6%, measur.control 0.5%, dynam 0.5%, bu 0.4%, oper 0.4%,
measur.control.system 0.4%, coal 0.3%, loop 0.3%, test 0.3%, dc 0.3%
Discriminating: control.system 18.6%, control 15.4%, sub 3.1%, system 1.1%, imag
1.0%, sup 0.7%, algorithm 0.7%, sub.sub 0.6%, solut 0.5%, structur 0.5%, measur
0.5%, equat 0.4%, surfac 0.4%, two 0.4%, function 0.4%
Focuses on control systems (e.g. simulated, measurement and dynamic).
Cluster 202,
Size: 50, ISim: 0.066, ESim: 0.007
Descriptive: hardwar 13.7%, softwar 13.2%, system 6.3%, design 3.9%, embed 3.3%,
hardwar.softwar 2.6%, softwar.design 1.9%, platform 1.9%, data 1.7%, hardwar.structur 1.2%,
control 1.0%, softwar.hardwar 0.9%, bluetooth 0.9%, system.hardwar 0.8%, record 0.7%
Discriminating: hardwar 9.5%, softwar 8.2%, sub 2.3%, embed 2.1%, hardwar.softwar 1.9%,
softwar.design 1.4%, model 1.1%, platform 1.1%, design 1.0%, algorithm 1.0%, imag 0.9%,
hardwar.structur 0.9%, sup 0.6%, softwar.hardwar 0.6%, measur 0.6%
Focuses on hardware and software systems design.
Cluster 203,
Size: 41, ISim: 0.066, ESim: 0.006
Descriptive: measur 18.0%, uncertainti 16.9%, interferomet 6.7%, optic 2.3%, fiber 2.2%,
uncertainti.measur 2.0%, optic.fiber 1.5%, measur.uncertainti 1.0%, principl 0.7%, point 0.5%,
formula 0.4%, thermal.diffus 0.4%, index 0.4%, formula.deduc 0.4%, profil 0.4%
Discriminating: uncertainti 11.4%, measur 6.7%, interferomet 4.5%, sub 2.8%,
uncertainti.measur 1.4%, model 1.1%, system 1.1%, optic.fiber 0.9%, algorithm 0.8%, control
0.8%, imag 0.8%, fiber 0.7%, measur.uncertainti 0.7%, optic 0.6%, solute 0.5%
Focuses on measuring uncertainties with interferometrics and fiber optics
Cluster 204,
Size: 49, ISim: 0.064, ESim: 0.005
Descriptive: water 27.5%, resourc 7.2%, water.resourc 4.3%, river 3.6%, climat 2.2%, china
1.7%, area 1.4%, wetland 1.3%, yellow 0.9%, lake 0.8%, data 0.8%, ecolog 0.8%, pollut 0.7%,
fertil 0.7%, soil 0.7%
Discriminating: water 14.9%, resourc 4.1%, water.resourc 2.8%, sub 2.5%, river 2.2%, climat
1.4%, system 0.9%, wetland 0.8%, measur 0.8%, imag 0.7%, model 0.7%, algorithm 0.7%,
yellow 0.6%, china 0.5%, lake 0.5%
Focuses on ecology effects on china water resources (rivers [Yellow River],
wetlands, and lakes) from climate, pollution and fertilizers.
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Cluster 205,
Size: 47, ISim: 0.066, ESim: 0.006
Descriptive: signal 38.1%, frequenc 2.9%, domain 2.2%, channel 1.4%, time
1.0%, frequenc.domain 0.9%, demodul 0.9%, fault 0.9%, time.domain 0.8%, extract
0.8%, signal.gener 0.7%, coher 0.7%, denois 0.7%, photoacoust 0.7%, wavelet 0.6%
Discriminating: signal 22.5%, sub 2.9%, system 1.7%, domain 1.1%, frequenc
1.0%, control 0.9%, model 0.9%, imag 0.7%, sup 0.6%, frequenc.domain 0.6%,
demodul 0.6%, channel 0.6%, solut 0.6%, sub.sub 0.5%, time.domain 0.5%
Focuses on signals; primarily their frequency & time domains.
Cluster 206,
Size: 53, ISim: 0.065, ESim: 0.006
Descriptive: heat 29.8%, heat.transfer 7.0%, transfer 5.9%, air 2.0%, water 1.9%,
model 1.7%, solar 1.6%, honeycomb 1.6%, heat.pump 0.9%, temperatur 0.7%, steam
0.7%, geotherm 0.6%, thermal 0.6%, pressur 0.5%, flow 0.5%
Discriminating: heat 18.7%, heat.transfer 4.8%, transfer 3.3%, sub 2.5%, honeycomb
1.1%, solar 1.0%, system 1.0%, air 1.0%, imag 0.9%, algorithm 0.9%, measur 0.8%,
control 0.7%, heat.pump 0.6%, sup 0.5%, water 0.5%
Focuses on heat transfer methods and modeling.
Cluster 207,
Size: 38, ISim: 0.065, ESim: 0.006
Descriptive: instrument 24.4%, measur 13.4%, measur.instrument 4.6%, photoelectr
2.0%, signal 0.9%, belt 0.8%, instrument.measur 0.7%, carrier 0.6%, monitor 0.6%,
steel.cord 0.5%, cord.belt 0.5%, steel.cord.belt 0.5%, standard 0.5%, accuraci 0.5%,
cord 0.5%
Discriminating: instrument 16.1%, measur 4.4%, measur.instrument 3.3%, sub 2.8%,
photoelectr 1.4%, model 1.4%, system 1.3%, imag 0.9%, algorithm 0.8%, control
0.8%, network 0.5%, temperatur 0.5%, sub.sub 0.5%, solut 0.5%, belt 0.5%
Focuses on instruments for measuring/monitoring accuracies.
Cluster 208,
Size: 63, ISim: 0.062, ESim: 0.005
Descriptive: product 51.7%, market 1.8%, manufactur 1.3%, record 1.2%, cost
1.1%, capac 0.8%, demand 0.8%, product.line 0.7%, concurr 0.7%, econom 0.6%,
benefit 0.6%, introduc 0.5%, product.model 0.5%, design 0.5%, cotton 0.5%
Discriminating: product 29.9%, sub 2.7%, system 1.1%, market 0.9%, measur 0.9%,
algorithm 0.8%, control 0.8%, imag 0.8%, manufactur 0.6%, sup 0.6%, model 0.5%,
time 0.5%, sub.sub 0.5%, network 0.5%, product.line 0.4%
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Focuses on elements associated with production such as: marketing, manufacturing,
cost, demand, capacity, design, economics, benefits, product lines, concurrance and
models.
Cluster 209,
Size: 26, ISim: 0.063, ESim: 0.006
Descriptive: system 10.7%, inspect 4.3%, test 4.0%, infrar 3.8%, whitewat 2.3%,
pipelin 2.2%, data.system 2.0%, vehicl 1.1%, data 0.9%, optic 0.8%, detect 0.8%,
apprais 0.7%, test.system 0.7%, mine 0.6%, pictur 0.6%
Discriminating: sub 2.9%, inspect 2.8%, infrar 2.3%, system 1.8%, whitewat 1.7%,
pipelin 1.4%, data.system 1.4%, model 1.3%, test 1.1%, algorithm 1.0%, imag 0.7%,
vehicl 0.6%, sup 0.6%, measur 0.6%, network 0.5%
Focuses on systems (e.g pipelines, data and vehicles); methods of inspecting and testing
them.
Cluster 210,
Size: 38, ISim: 0.061, ESim: 0.005
Descriptive: strength 22.8%, starch 4.7%, properti 2.8%, silk 2.3%, creep 2.2%,
materi 1.9%, cement 1.7%, slurri 1.3%, mechan 1.2%, tail 1.1%, pozzolan 1.0%, steel
0.9%, phi 0.9%, surfac 0.8%, concret 0.7%
Discriminating: strength 13.3%, starch 3.0%, sub 2.1%, system 1.8%, silk 1.5%,
creep 1.3%, model 1.1%, cement 1.0%, algorithm 0.9%, imag 0.8%, slurri 0.8%,
control 0.8%, measur 0.8%, tail 0.7%, pozzolan 0.7%
Focuses on characterizing properties (primarily strength, creep, mechanical, and
pozzolanic) of composites such as starch, silk, cement, slurries and steel.
Cluster 211,
Size: 72, ISim: 0.063, ESim: 0.007
Descriptive: measur 27.8%, measur.system 18.6%, system 6.5%, laser 1.3%, precis
1.2%, system.measur 1.0%, measur.system.measur 0.8%, contact 0.8%, accuraci 0.7%,
non.contact 0.6%, beam 0.6%, micro 0.5%, principl 0.5%, ccd 0.5%, posit 0.4%
Discriminating: measur.system 14.4%, measur 13.9%, sub 3.1%, algorithm 0.8%,
model 0.8%, system.measur 0.7%, control 0.7%, sup 0.7%, imag 0.7%,
measur.system.measur 0.6%, system 0.6%, sub.sub 0.6%, solut 0.6%, network 0.6%,
time 0.5%
Focuses on measuring systems such as lasers and precision measurements.
Cluster 212,
Size: 31, ISim: 0.059, ESim: 0.005
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Descriptive: core 4.1%, fuel 3.9%, pressur 3.4%, seal 2.4%, tunnel 2.1%, explos
1.9%, data 1.6%, ga 1.4%, experiment 1.2%, superson 1.0%, burn 1.0%, accid 1.0%,
index 0.9%, depth 0.8%, vessel 0.8%
Discriminating: sub 2.6%, core 2.2%, fuel 2.2%, system 1.8%, seal 1.5%, pressur
1.3%, tunnel 1.1%, explos 1.0%, model 0.9%, control 0.9%, algorithm 0.9%, imag
0.8%, measur 0.7%, superson 0.7%, burn 0.6%
Focuses on key elements looked at for experimentation of nuclear power plants
accidents such as core, fuels, pressure, seals and explosions.
Cluster 213,
Size: 34, ISim: 0.060, ESim: 0.005
Descriptive: crystal 26.0%, zno 4.9%, format 4.2%, liquid.crystal 1.9%, liquid
1.8%, whisker 1.7%, zinc 1.5%, bicarbon 0.9%, glass 0.9%, morpholog 0.8%, hplc
0.8%, magnet 0.7%, hydrat 0.7%, powder 0.7%, peak 0.5%
Discriminating: crystal 14.9%, zno 3.1%, sub 2.4%, format 2.1%, system 1.8%,
liquid.crystal 1.2%, whisker 1.1%, model 1.1%, zinc 0.9%, algorithm 0.9%, control
0.8%, liquid 0.8%, measur 0.7%, imag 0.7%, paper 0.7%
Focuses on characterizing the formation of zinc oxide and liquid crystals.
Cluster 214,
Size: 32, ISim: 0.060, ESim: 0.005
Descriptive: function 18.1%, graph 6.0%, set 4.0%, boolean.function 2.0%,
scale.function 1.9%, polynomi 1.8%, interpol 1.7%, boolean 1.7%, nonlinear 1.4%,
orthogon 1.0%, interpol.function 0.9%, posit.real 0.9%, case 0.8%, construct 0.8%,
colour 0.8%
Discriminating: function 8.3%, graph 3.6%, sub 2.1%, system 1.9%, set 1.6%,
boolean.function 1.4%, model 1.3%, scale.function 1.2%, boolean 1.1%, polynomi
1.0%, interpol 0.9%, control 0.9%, imag 0.7%, algorithm 0.7%, interpol.function 0.6%
Focuses on various mathematical functions and their elements used in combinatorial
math (boolean, scaling and interpolation functions).
Cluster 215,
Size: 75, ISim: 0.061, ESim: 0.006
Descriptive: laser 52.3%, pump 3.1%, diod 1.3%, caviti 0.9%, output 0.9%, beam
0.8%, power 0.8%, optic 0.8%, laser.beam 0.7%, amplifi 0.7%, wave 0.6%, laser.diod
0.5%, yag 0.5%, ghost 0.5%, yag.laser 0.4%
Discriminating: laser 33.6%, sub 2.8%, pump 1.8%, system 1.0%, algorithm 0.9%,
diod 0.9%, control 0.8%, model 0.7%, imag 0.7%, measur 0.7%, paper 0.6%, network
0.5%, solut 0.5%, sub.sub 0.5%, laser.beam 0.5%
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Focuses on types of lasers (pump, diode, beam and optic).
Cluster 216,
Size: 35, ISim: 0.060, ESim: 0.005
Descriptive: materi 25.2%, composit 13.2%, surfac 1.9%, properti 1.2%, metal
1.0%, composit.materi 1.0%, cathod.materi 0.9%, cathod 0.9%, ferrit 0.9%, damp
0.6%, limit 0.6%, nano 0.6%, particl 0.5%, fine 0.5%, magnet 0.5%
Discriminating: materi 14.4%, composit 7.3%, sub 2.1%, system 2.1%, model 1.2%,
measur 1.0%, control 1.0%, algorithm 1.0%, imag 0.9%, paper 0.7%, composit.materi
0.7%, cathod.materi 0.6%, cathod 0.6%, ferrit 0.6%, data 0.6%
Focuses on characterization of composite material properties.
Cluster 217,
Size: 37, ISim: 0.059, ESim: 0.006
Descriptive: photon 5.9%, optic 5.9%, aerosol 3.7%, wavelength 3.7%, correl
2.8%, ultrasound 2.1%, optic.element 1.8%, two.photon 1.6%, bar.code 1.5%, grate
1.4%, modul 1.3%, diffract 1.0%, scatter 1.0%, auto.correl 0.9%, doe 0.9%
Discriminating: photon 3.7%, sub 2.8%, aerosol 2.5%, optic 2.4%, wavelength
2.1%, correl 1.4%, model 1.4%, ultrasound 1.4%, optic.element 1.3%, system 1.2%,
two.photon 1.1%, bar.code 1.0%, algorithm 0.9%, measur 0.8%, control 0.8%
Focuses on properties of elements that go thru optics such as photons (wavelength,
diffraction, scatter) and aerosols.
Cluster 218,
Size: 45, ISim: 0.060, ESim: 0.006
Descriptive: cmo 10.4%, circuit 8.4%, power 3.9%, chip 3.5%, design 3.0%, clock
2.6%, architectur 1.7%, input 1.7%, microprocessor 1.2%, low.power 1.1%, cach
1.1%, bit 1.0%, logic 0.9%, unit 0.9%, low 0.8%
Discriminating: cmo 7.3%, circuit 4.7%, sub 2.9%, chip 2.2%, clock 1.8%, model
1.4%, power 1.2%, measur 1.0%, system 1.0%, imag 0.9%, input 0.9%, architectur
0.8%, microprocessor 0.8%, cach 0.8%, low.power 0.8%
Focuses on elements of CMOS, circuits and microprocessors architectures.
Cluster 219,
Size: 49, ISim: 0.058, ESim: 0.005
Descriptive: solut 36.9%, asymptot 3.7%, exist 2.6%, blow 1.4%, approxim 1.1%,
approxim.solut 0.9%, asymptot.behavior 0.8%, gener.solut 0.8%, equat 0.7%,
nonlinear 0.7%, initi 0.6%, program 0.5%, construct 0.5%, circular.plate 0.5%,
behavior 0.5%

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 627

The Rooster & The Dragon January 23, 2012
Discriminating: solut 19.0%, sub 2.7%, asymptot 2.2%, exist 1.2%, system 1.1%,
measur 1.0%, blow 0.9%, control 0.9%, imag 0.9%, algorithm 0.8%, approxim.solut
0.6%, model 0.6%, structur 0.6%, asymptot.behavior 0.5%, gener.solut 0.5%
Focuses on solutions (primarily asymptotic) such as existence, approximate, general and
nonlinear.
Cluster 220,
Size: 34, ISim: 0.059, ESim: 0.006
Descriptive: phase 7.3%, fring 5.5%, surfac 4.3%, measur 4.3%, pattern 2.3%,
accuraci 1.4%, signal 1.4%, two 1.1%, fring.pattern 1.0%, caviti 1.0%,
fourier.transform 0.9%, shift 0.9%, interferomet 0.9%, phase.shift 0.8%, fourier 0.8%
Discriminating: fring 3.9%, phase 3.2%, sub 3.0%, system 1.5%, surfac 1.4%,
pattern 1.0%, control 0.9%, model 0.8%, fring.pattern 0.8%, imag 0.7%, sup 0.6%,
paper 0.6%, phase.shift 0.6%, caviti 0.6%, measur 0.6%
Focuses on quantities such as phase, fringe patterns and surfaces that can be
measured for their interference errors.
Cluster 221,
Size: 46, ISim: 0.059, ESim: 0.006
Descriptive: optic 31.4%, light 3.4%, field.optic 1.5%, len 1.4%, storag 1.3%,
polar 1.2%, field 1.1%, sil 0.8%, Cluster 0.7%, spectrum 0.6%, birefring 0.6%,
magneto.optic 0.6%, solid.immers 0.6%, solid.immers.len 0.6%, immers.len 0.6%
Discriminating: optic 19.2%, sub 3.0%, light 1.7%, field.optic 1.1%, len 0.9%,
algorithm 0.9%, system 0.9%, model 0.8%, storag 0.7%, imag 0.7%, polar 0.6%, sil
0.6%, solut 0.6%, sup 0.6%, measur 0.5%
Focuses on optic and optical properties solids.
Cluster 222,
Size: 29, ISim: 0.058, ESim: 0.005
Descriptive: formula 9.3%, forc 4.6%, movement 2.8%, calcul 2.6%, turn.mill
2.3%, calcul.formula 2.3%, garment 1.9%, mill 1.9%, rotat 1.9%, bodi 1.4%, hairpin
1.3%, liposom 1.2%, ag 1.2%, motion 1.2%, women 1.1%
Discriminating: formula 5.4%, sub 2.7%, forc 2.4%, system 1.8%, movement 1.7%,
turn.mill 1.6%, calcul.formula 1.5%, garment 1.3%, mill 1.1%, rotat 1.0%, hairpin
0.9%, imag 0.9%, algorithm 0.8%, calcul 0.8%, liposom 0.8%
Focuses on formulas to calculate changes in body shapes due to force and movement.
Cluster 223,
Size: 41, ISim: 0.058, ESim: 0.005
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Descriptive: oxid 13.2%, silicon 10.6%, substrat 3.7%, wafer 2.3%, oxygen 2.0%,
layer 1.8%, surfac 1.3%, porou 1.1%, afm 0.8%, anneal 0.8%, crystal 0.8%,
temperatur 0.8%, voltag 0.8%, sige 0.7%, fabric 0.7%
Discriminating: oxid 7.7%, silicon 6.8%, sub 2.5%, substrat 2.1%, system 2.1%,
wafer 1.6%, model 1.1%, oxygen 1.0%, algorithm 0.9%, control 0.7%, paper 0.7%,
porou 0.6%, data 0.6%, layer 0.5%, imag 0.5%
Focuses on properties of silicon and oxide materials used in substrates and wafers.
Cluster 224,
Size: 61, ISim: 0.058, ESim: 0.006
Descriptive: control 54.6%, control.control 1.8%, model 0.8%, system 0.8%,
loop.control 0.7%, paper 0.6%, applic 0.6%, roll 0.5%, model.control 0.5%, tcsc
0.5%, control.model 0.4%, machin 0.4%, loop 0.3%, automat 0.3%, design 0.3%
Discriminating: control 30.1%, sub 3.0%, control.control 1.2%, imag 0.9%, measur
0.8%, algorithm 0.7%, sup 0.6%, system 0.6%, data 0.5%, sub.sub 0.5%, equat 0.5%,
loop.control 0.5%, solut 0.5%, network 0.4%, new 0.4%
Focuses on non-real-time control applications (e.g. assessing control models & systems).
Cluster 225, Size: 44, ISim: 0.056, ESim: 0.004
Descriptive: acid 15.4%, protein 10.1%, cell 7.4%, lignin 2.6%, concentr 2.2%,
straw 1.7%, extract 1.2%, alkaloid 1.2%, iron 1.2%, cell.wall 1.1%, gallston 0.9%,
fatti 0.9%, yield 0.8%, compon 0.7%, gfp 0.7%
Discriminating: acid 8.9%, protein 6.3%, cell 3.9%, sub 2.2%, system 1.7%, lignin
1.6%, model 1.1%, straw 1.1%, algorithm 0.9%, measur 0.9%, concentr 0.9%, control
0.8%, alkaloid 0.8%, imag 0.7%, paper 0.7%
Focuses on analyses of effects of acids, proteins and lignans on cell walls,to include:
concentrations and extraction methods.
Cluster 226,
Size: 76, ISim: 0.056, ESim: 0.006
Descriptive: flow 50.8%, veloc 1.5%, vortex 1.4%, flow.field 1.3%, pump 1.0%,
ga 0.9%, flow.rate 0.6%, phase.flow 0.6%, numer 0.6%, field 0.5%, model 0.5%,
flowmet 0.5%, two.phase.flow 0.4%, pressur 0.4%, turbul 0.4%
Discriminating: flow 33.5%, sub 2.8%, system 1.4%, algorithm 1.0%, flow.field 0.9%, vortex
0.9%, control 0.8%, imag 0.8%, veloc 0.7%, sup 0.6%, new 0.6%, network 0.5%, sub.sub 0.5%,
pump 0.5%, paper 0.5%
Focuses on methods of flow (rates & phase) analysis.
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Cluster 227,
Size: 83, ISim: 0.057, ESim: 0.006
Descriptive: sensor 52.6%, measur 3.5%, circuit 0.8%, sensor.measur 0.7%, principl 0.7%,
detect 0.6%, signal 0.5%, wavefront 0.5%, output 0.4%, displac 0.4%, accuraci 0.4%, test 0.4%,
fiber 0.4%, dynam 0.4%, strain 0.3%
Discriminating: sensor 36.6%, sub 2.9%, system 1.2%, algorithm 1.0%, imag 1.0%, model 0.9%,
sup 0.6%, sub.sub 0.6%, sensor.measur 0.5%, control 0.5%, network 0.5%, data 0.5%, solut
0.5%, equat 0.5%, function 0.4%
Focuses on sensor measurements.
Cluster 228,
Size: 36, ISim: 0.055, ESim: 0.005
Descriptive: net 7.9%, design 6.0%, petri 5.3%, fuze 3.3%, system 2.8%, petri.net 2.8%, model
2.5%, reliabl 2.1%, concurr 2.0%, integr.system 1.4%, net.model 1.0%, fuze.system 0.9%,
asynchron 0.9%, asic 0.9%, convert 0.7%
Discriminating: net 5.1%, petri 3.7%, sub 2.6%, fuze 2.2%, petri.net 1.9%, design 1.8%, concurr
1.3%, integr.system 1.0%, reliabl 0.9%, algorithm 0.9%, imag 0.9%, measur 0.8%, net.model
0.7%, control 0.7%, fuze.system 0.7%
Focuses on net design; for example the Petri-Net Model (P-Net) used for system
analysis & design.
Cluster 229,
Size: 60, ISim: 0.055, ESim: 0.006
Descriptive: sup 49.0%, ion 3.0%, sup.ion 1.9%, atom 0.9%, energi 0.6%, sup.sup 0.6%, activ
0.5%, beam 0.5%, state 0.5%, excit 0.4%, radioact 0.4%, gene 0.4%, zeolit 0.4%, chemic 0.4%,
surfac 0.4%
Discriminating: sup 28.3%, sub 2.0%, system 2.0%, ion 1.6%, sup.ion 1.3%, algorithm 0.9%,
imag 0.9%, measur 0.8%, paper 0.8%, model 0.8%, control 0.7%, network 0.5%, sub.sub 0.5%,
design 0.5%, function 0.4%
Focuses on grammatical constructs annotated with the word “sup” (textual description to
denote that a number as a superscript), but primarily measurable phenomena such as
ionization & activation energies of atoms (i.e phenomena that are affected by actions).
Cluster 230,
Size: 43, ISim: 0.054, ESim: 0.006
Descriptive: fusion 10.2%, inform 9.5%, decis 5.3%, data 4.1%, robot 4.0%, locat
3.0%, sensor 2.2%, multi 1.8%, monitor 1.3%, data.fusion 1.3%, inform.fusion 1.3%,
speech 0.9%, model 0.8%, system 0.8%, multisensor 0.7%
Discriminating: fusion 6.8%, inform 4.6%, decis 3.3%, sub 2.7%, robot 2.2%, locat
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1.6%, data 1.0%, inform.fusion 0.9%, data.fusion 0.9%, imag 0.8%, sensor 0.7%,
measur 0.6%, algorithm 0.6%, control 0.6%, multi 0.6%
Focuses on data fusion, its elements (information, decisions, data), systems (sensors),
models and applications (monitoring, locating, robotics, speech recognition).
Cluster 231,
Size: 38, ISim: 0.054, ESim: 0.005
Descriptive: chaotic 5.8%, invari 4.9%, chao 3.7%, system 3.6%, dynam 3.3%,
poincar 1.8%, attractor 1.7%, birkhoffian 1.6%, perturb 1.6%, numer 1.6%, dimension
1.2%, map 1.2%, period 1.1%, topolog 1.1%, form.invari 1.1%
Discriminating: chaotic 3.8%, invari 3.2%, sub 2.5%, chao 2.4%, poincar 1.2%,
birkhoffian 1.2%, attractor 1.1%, dynam 1.1%, measur 1.0%, perturb 0.9%, imag
0.9%, algorithm 0.9%, form.invari 0.8%, expon 0.7%, birkhoffian.system 0.6%
Focuses on chaotic theory (e.g. Poincare Map & Birkhoffian models).
Cluster 232,
Size: 50, ISim: 0.054, ESim: 0.006Descriptive: algorithm 15.1%, fingerprint 5.3%, comput
4.1%, search 3.6%, optim
3.2%, match 2.6%, match.algorithm 1.7%, recognit 1.6%, fusion 1.6%, reduc.comput
1.4%, atr 1.1%, reduc 1.0%, parallel 0.9%, local 0.8%, comput.complex 0.8%
Discriminating: algorithm 5.8%, fingerprint 3.9%, sub 2.7%, search 2.3%, system
1.6%, comput 1.5%, match 1.4%, match.algorithm 1.3%, optim 1.1%, reduc.comput
1.1%, measur 1.0%, fusion 0.9%, control 0.9%, atr 0.8%, recognit 0.8%
Focuses on algorithms such as optimized matching algorithms used in searching
fingerprint databases.
Cluster 233,
Size: 53, ISim: 0.054, ESim: 0.006
Descriptive: equat 15.6%, solut 4.3%, dimension 4.1%, numer 3.1%, stoke 1.8%,
stoke.equat 1.6%, scheme 1.6%, navier.stoke 1.3%, navier 1.3%, navier.stoke.equat
1.2%, three.dimension 1.0%, finit 0.9%, numer.solut 0.9%, flow 0.8%, cylind 0.8%
Discriminating: equat 7.6%, sub 3.0%, dimension 2.2%, system 1.5%, stoke 1.3%,
stoke.equat 1.2%, numer 1.2%, measur 1.1%, solut 1.1%, navier.stoke 0.9%, navier
0.9%, navier.stoke.equat 0.9%, imag 0.8%, paper 0.7%, numer.solut 0.6%
Focuses on navier stokes equations and solutions used in turbulence flow analysis.
Cluster 234,
Size: 47, ISim: 0.053, ESim: 0.006
Descriptive: simul 23.4%, model 4.8%, simul.system 3.2%, system 3.1%,
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mathemat 2.2%, mathemat.model 1.3%, simul.model 1.3%, applic 1.1%, power.system
1.0%, basic.concept 0.9%, mpi 0.9%, fuze 0.9%, parallel 0.9%, power 0.8%, construct
0.8%
Discriminating: simul 12.8%, sub 2.9%, simul.system 2.4%, mathemat 1.1%, measur
1.0%, simul.model 0.9%, imag 0.8%, algorithm 0.8%, mpi 0.7%, control 0.7%,
mathemat.model 0.7%, basic.concept 0.7%, fuze 0.6%, sup 0.6%, temperatur 0.6%
Focuses on modeling & simulation.
Cluster 235,
Size: 39, ISim: 0.051, ESim: 0.006
Descriptive: sub 15.6%, laser 7.9%, absorpt 2.3%, sub.laser 1.9%, jpe 1.7%,
plasma 1.4%, ligand 1.2%, max 1.0%, sub.max 0.9%, fluoresc 0.8%, sub.theta 0.7%,
theta 0.6%, lsb 0.6%, lsb.sub 0.6%, electrod 0.6%
Discriminating: laser 3.9%, sub 3.1%, system 2.2%, sub.laser 1.5%, jpe 1.3%,
absorpt 1.3%, model 1.3%, algorithm 1.0%, control 0.8%, ligand 0.8%, imag 0.8%,
measur 0.8%, plasma 0.8%, max 0.7%, paper 0.7%
Focuses on uses of lasers and plasmas to help extract or absorb elements.
Cluster 236,
Size: 60, ISim: 0.051, ESim: 0.007
Descriptive: imag 21.7%, camera 4.1%, match 4.0%, ccd 2.7%, scene 1.9%, object
1.8%, vision 1.7%, correct 1.6%, process 1.3%, imag.match 1.3%, system 1.0%,
virtual 1.0%, measur 1.0%, real 0.9%, grid 0.8%
Discriminating: imag 10.7%, camera 3.1%, sub 3.1%, match 2.5%, ccd 1.9%, scene
1.4%, vision 1.2%, imag.match 1.0%, control 0.9%, correct 0.8%, object 0.8%, sup
0.7%, model 0.6%, sub.sub 0.6%, grid 0.5%
Focuses on image cameras and image matching for change detection analysis applications.
Cluster 237,
Size: 80, ISim: 0.050, ESim: 0.006
Descriptive: design 50.0%, system 2.1%, architectur 1.3%, robot 0.8%, product
0.8%, model 0.7%, compon 0.7%, system.design 0.6%, paper 0.6%, parallel 0.6%,
platform 0.6%, framework 0.5%, object 0.4%, collabor.design 0.4%, design.design 0.4%
Discriminating: design 30.9%, sub 2.6%, measur 1.0%, imag 0.9%, control 0.7%,
sup 0.6%, architectur 0.6%, algorithm 0.6%, temperatur 0.6%, sub.sub 0.5%, equat
0.5%, solut 0.4%, system.design 0.4%, surfac 0.4%, network 0.4%
Focuses on design; primarily that of systems and architectures.
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Cluster 238,
Size: 119, ISim: 0.050, ESim: 0.006
Descriptive: algorithm 62.2%, vector 0.7%, comput 0.7%, algorithm.algorithm
0.6%, learn 0.6%, fast 0.6%, new 0.4%, aft 0.4%, paper 0.4%, signal 0.3%, imag
0.3%, process 0.3%, speed 0.3%, algorithm.comput 0.3%, rule 0.2%
Discriminating: algorithm 38.4%, sub 3.1%, system 1.3%, measur 1.0%, model
0.9%, control 0.8%, sub.sub 0.6%, solut 0.6%, temperatur 0.5%, structur 0.5%,
algorithm.algorithm 0.5%, equat 0.5%, sup 0.4%, surfac 0.4%, design 0.4%
Focuses on algorithms such as: vector, computation and learning.
Cluster 239,
Size: 66, ISim: 0.050, ESim: 0.006
Descriptive: algorithm 36.0%, new.algorithm 5.9%, converg 3.0%, new 2.9%,
estim 1.7%, iter 1.7%, sort 1.3%, error 1.1%, paper.new 0.5%, model 0.5%, bin
0.4%, linear 0.4%, simul 0.4%, paramet 0.4%, paper 0.4%
Discriminating: algorithm 19.1%, new.algorithm 4.4%, sub 2.7%, converg 1.7%,
system 1.7%, measur 1.0%, iter 1.0%, sort 1.0%, estim 1.0%, imag 0.7%, control
0.7%, solut 0.6%, sub.sub 0.6%, sup 0.5%, equat 0.5%
Focuses on algorithms (new & convergence) primarily used for estimation.
Cluster 240,
Size: 48, ISim: 0.049, ESim: 0.006
Descriptive: frequenc 12.3%, reson 8.9%, wave 4.5%, caviti 3.2%, reson.frequenc
2.9%, scatter 1.7%, coupl 1.4%, nois 1.1%, imped 1.0%, modul 0.9%, mode 0.7%,
vibrat 0.7%, sourc 0.7%, stand 0.7%, elast 0.7%
Discriminating: frequenc 6.6%, reson 5.8%, sub 2.8%, reson.frequenc 2.1%, wave
2.1%, caviti 2.1%, system 1.3%, algorithm 1.0%, control 0.9%, scatter 0.9%, imag
0.7%, sup 0.6%, measur 0.6%, coupl 0.6%, model 0.6%
Focuses on applications and characterization of resonance frequency and wave analysis.
Cluster 241,
Size: 61, ISim: 0.047, ESim: 0.004
Descriptive: china 39.8%, year 2.7%, technolog 1.9%, countri 1.2%, advanc 1.2%,
scienc 1.0%, paper 0.9%, applic 0.8%, bauxit 0.7%, product 0.7%, introduc 0.7%,
summar 0.6%, batteri 0.5%, logist 0.5%, develop 0.5%
Discriminating: china 24.0%, sub 2.5%, system 1.5%, year 1.5%, technolog 1.0%,
algorithm 0.9%, measur 0.9%, model 0.8%, imag 0.8%, control 0.8%, countri 0.8%,
advanc 0.6%, sup 0.5%, data 0.5%, time 0.5%
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Focuses on elements of transportation (urban, country) in China such as traffic,
safety studies, roads, plans and demand.
Cluster 242,
Size: 39, ISim: 0.048, ESim: 0.005
Descriptive: rocket 8.6%, bear 5.7%, wave 5.6%, motor 4.5%, projectil 2.5%,
thrust 1.8%, structur 1.2%, layer 1.1%, veloc 1.0%, acceler 0.9%, materi 0.8%,
rocket.motor 0.8%, ultrason 0.7%, helix 0.6%, section 0.6%
Discriminating: rocket 6.2%, bear 3.8%, motor 3.0%, sub 2.9%, wave 2.6%,
projectil 1.7%, system 1.3%, thrust 1.3%, algorithm 1.0%, measur 0.9%, imag 0.8%,
control 0.6%, sup 0.6%, rocket.motor 0.6%, time 0.6%
Focuses on items (e.g. rocket motors, thrust, acceleration, ultrasonics) that produce
waves causing damage and/or requiring compensation to structures and materials.
Cluster 243,
Size: 37, ISim: 0.048, ESim: 0.006
Descriptive: machin 14.0%, oper 6.1%, system 4.6%, paper 3.8%, part 2.6%,
machin.system 1.4%, postal 1.3%, gener 1.0%, precis 1.0%, straighten 1.0%, evacu
1.0%, seek 0.9%, machin.tool 0.8%, burr 0.8%, biomateri 0.8%
Discriminating: machin 9.0%, sub 3.0%, oper 2.7%, part 1.3%, machin.system
1.0%, postal 1.0%, imag 0.8%, algorithm 0.8%, straighten 0.7%, evacu 0.7%, sup
0.6%, control 0.6%, seek 0.6%, machin.tool 0.6%, burr 0.6%
Focuses on applications of machine system operations.
Cluster 244,
Size: 47, ISim: 0.048, ESim: 0.006
Descriptive: acceleromet 12.1%, compens 6.1%, voltag 2.9%, capacit 2.8%,
measur 2.6%, test 2.2%, circuit 2.1%, micro 1.2%, rocket 1.1%, sensit 1.0%, frequenc
0.9%, high 0.9%, linear 0.8%, precis 0.8%, vibrat 0.8%
Discriminating: acceleromet 9.5%, compens 4.2%, sub 3.2%, capacit 2.0%, system
1.5%, voltag 1.5%, algorithm 1.1%, imag 1.0%, circuit 0.8%, rocket 0.8%, control
0.7%, model 0.7%, micro 0.7%, sub.sub 0.6%, solut 0.6%
Focuses on precision measurements and testing (using accelerometers) for
compensation. Possible applications with rockets and microcircuits.
Cluster 245,
Size: 78, ISim: 0.046, ESim: 0.007
Descriptive: error 26.6%, measur 10.3%, precis 4.6%, accuraci 2.7%, posit 2.5%,
probe 1.3%, system 0.9%, error.measur 0.8%, motion 0.7%, estim 0.7%, posit.error
0.6%, micromet 0.6%, round.error 0.6%, principl 0.5%, test 0.5%
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Discriminating: error 18.7%, measur 3.5%, sub 3.1%, precis 2.8%, accuraci 1.4%,
posit 1.1%, algorithm 1.1%, model 0.9%, probe 0.8%, sup 0.7%, control 0.7%,
error.measur 0.6%, sub.sub 0.6%, network 0.6%, equat 0.6%
Focuses on precision measurements to reduce measuring errors.
Cluster 246,
Size: 67, ISim: 0.045, ESim: 0.006
Descriptive: temperatur 35.1%, heat 3.8%, degre 2.7%, dry 2.3%, low.temperatur
1.6%, high.temperatur 1.6%, cool 1.1%, transit 0.9%, low 0.8%, thermal 0.8%, materi
0.7%, breakdown 0.6%, ga 0.6%, rate 0.5%, high 0.5%
Discriminating: temperatur 20.8%, sub 2.3%, system 2.0%, heat 1.8%, dry 1.5%,
low.temperatur 1.1%, high.temperatur 1.1%, algorithm 1.0%, degre 1.0%, imag 0.9%,
model 0.9%, control 0.9%, paper 0.8%, cool 0.7%, data 0.5%
Focuses on elements of temperature such as heat, degree, rates and high/low thresholds.
Cluster 247,
Size: 51, ISim: 0.045, ESim: 0.006
Descriptive: equat 26.6%, matrix 1.6%, boundari 1.5%, solv 1.3%, integr.equat
1.2%, implicit 1.2%, nonlinear 1.2%, deriv 0.8%, solut 0.8%, linear 0.7%, potenti
0.7%, constrict 0.6%, dynam.equat 0.6%, non 0.6%, boundari.integr.equat 0.6%
Discriminating: equat 15.2%, sub 3.1%, system 1.2%, measur 1.0%, imag 1.0%,
control 0.9%, implicit 0.9%, integr.equat 0.8%, solv 0.8%, matrix 0.7%, sup 0.7%,
boundari 0.6%, model 0.6%, sub.sub 0.6%, time 0.5%
Focuses on equations; primarily associated with matrices, boundaries and nonlinear.
Cluster 248,
Size: 44, ISim: 0.044, ESim: 0.006
Descriptive: carlo 4.7%, mont 4.6%, mont.carlo 4.0%, distribut 3.0%, model
2.4%, mean.field 1.9%, simul 1.6%, surfac 1.4%, carlo.simul 1.3%, mont.carlo.simul
1.3%, densiti 1.3%, transport 1.2%, paramet 1.2%, mean 1.2%, mean.field.theori 1.0%
Discriminating: carlo 3.6%, mont 3.5%, sub 3.0%, mont.carlo 3.0%, system 1.6%,
mean.field 1.5%, control 1.0%, imag 1.0%, carlo.simul 1.0%, mont.carlo.simul 1.0%,
distribut 1.0%, algorithm 0.9%, measur 0.9%, mean.field.theori 0.8%, transport 0.7%
Focuses on elements of monte carlo simulations such as random samples for
probablistic/statistical calculations.
Cluster 249,
Size: 51, ISim: 0.044, ESim: 0.007
Descriptive: sub 25.5%, delta 3.3%, crack 2.1%, delta.sub 1.5%, pressur 0.9%,
coal 0.8%, piezoelectr.materi 0.8%, element 0.5%, sampl 0.5%, photosynthesi 0.5%,
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fractal 0.5%, creep 0.5%, sub.infin 0.5%, area 0.4%, loss 0.4%
Discriminating: sub 8.3%, delta 2.4%, system 2.3%, crack 1.3%, delta.sub 1.2%,
algorithm 1.2%, imag 1.1%, model 0.9%, control 0.7%, paper 0.6%,
piezoelectr.materi 0.6%, design 0.6%, sup 0.5%, new 0.5%, structur 0.5%
Focuses on characterization of delta's (changes) of phenomena such as cracks,
pressure and creep in materials (e.g. piezoelectric materials).
Cluster 250,
Size: 59, ISim: 0.043, ESim: 0.007Descriptive: system 9.7%, bu 3.6%, modul 3.2%, devic 2.6%,
speed 2.3%, channel 2.2%, high 1.9%, circuit 1.8%, pci 1.6%, data 1.6%, signal 1.5%, design
1.5%, high.speed 1.2%, fpga 1.1%, mpeg 1.1%
Discriminating: sub 3.4%, bu 2.8%, modul 1.8%, system 1.7%, model 1.5%, devic 1.4%, pci
1.4%, channel 1.2%, speed 1.1%, imag 0.9%, mpeg 0.9%, fpga 0.9%, cdma 0.8%, high.speed
0.8%, algorithm 0.8%
Focuses on elements of a system controlled by power (e.g. buses, modules, devices).
Cluster 251,
Size: 92, ISim: 0.042, ESim: 0.007
Descriptive: sub 53.6%, reaction 0.6%, maa.sub 0.5%, sub.sub 0.5%, temperature 0.5%, beta
0.5%, phase 0.5%, water 0.5%, maa 0.5%, molecular 0.4%, polymer 0.3%, surfac 0.3%,
compound 0.3%, structur 0.3%, alloi 0.3%
Discriminating: sub 27.9%, system 2.1%, model 1.1%, imag 1.1%, algorithm 0.9%, paper 0.8%,
control 0.7%, measur 0.7%, network 0.6%, design 0.6%, data 0.6%, equat 0.5%, maa.sub 0.5%,
function 0.5%, signal 0.5%
Focuses on reaction properties of compounds.
Cluster 252,
Size: 49, ISim: 0.041, ESim: 0.006
Descriptive: model 21.0%, system 8.3%, brush 1.1%, amsaa 1.0%, amsaa.bise 0.7%, bise 0.7%,
concept 0.7%, inositol 0.7%, optim 0.6%, queue.model 0.6%, characterist 0.6%, railwai 0.6%,
nutrient 0.6%, structur 0.6%, cosmo 0.6%
Discriminating: model 8.6%, sub 3.0%, measur 1.2%, system 1.1%, imag 1.0%, brush 0.9%,
control 0.8%, amsaa 0.8%, algorithm 0.8%, sup 0.6%, amsaa.bise 0.6%, bise 0.6%, sub.sub
0.6%, equat 0.5%, two 0.5%
Focuses on modeling systems such as AMSAA-BISE growth model for multiple systems.
Cluster 253,
Size: 90, ISim: 0.038, ESim: 0.006
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Descriptive: measur 46.8%, test 0.8%, system 0.8%, machin 0.7%, circuit 0.7%, principl 0.7%,
displac 0.6%, new 0.5%, veloc 0.4%, accuraci 0.4%, high 0.4%, paramet 0.4%, explos 0.3%, piv
0.3%, time 0.3%
Discriminating: measur 28.4%, sub 3.4%, algorithm 1.1%, imag 1.0%, control 0.9%, model
0.9%, sup 0.7%, sub.sub 0.6%, system 0.6%, solut 0.5%, structur 0.5%, network 0.5%, design
0.4%, equat 0.4%, distribut 0.3%
Focuses on measurements.
Cluster 254,
Size: 61, ISim: 0.037, ESim: 0.006
Descriptive: model 17.7%, simul 8.4%, mathemat.model 2.9%, mathemat 2.5%, experiment
1.1%, fractal 1.0%, test 1.0%, numer 1.0%, thermal 0.9%, model.simul 0.8%, experi 0.7%,
droplet 0.7%, car 0.7%, set 0.6%, data 0.6%
Discriminating: model 6.9%, simul 3.6%, sub 3.3%, mathemat.model 1.9%, mathemat 1.4%,
system 1.4%, imag 1.1%, algorithm 1.0%, control 1.0%, measure 0.6%, network 0.6%, sub.sub
0.6%, solut 0.6%, model.simul 0.6%, design 0.6%
Focuses on math modeling & flow simulation.
Cluster 255,
Size: 54, ISim: 0.036, ESim: 0.006
Descriptive: calcul 11.4%, energi 3.1%, test 2.7%, theori 2.3%, basi 2.0%, dynam 1.8%, paramet
1.7%, consumpt 1.4%, pss 1.3%, model 1.3%, point 1.3%, engin 1.2%, curv 1.0%,
energi.consumpt 1.0%, theoret 0.8%
Discriminating: calcul 6.8%, sub 3.2%, energi 1.3%, system 1.1%, pss 1.1%, imag 1.0%, basi
0.9%, consumpt 0.9%, measur 0.9%, control 0.9%, energi.consumpt 0.8%, engin 0.8%,
algorithm 0.7%, theori 0.7%, piston 0.6%
Focuses on calculations, applied to energy, theory, dynamics and models.

For Synthesis from above Multi-Link Analysis, see the following Table:

Please Turn Page
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Multi-Word Flat Taxonomy for the PRC DSTI Apparatus

For Synthesis from above EC Analysis, see the following Table:

Please Turn Page
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Partitional Document Clustering Taxonomy Levels 0-4 (Engineering Compendex)
The taxonomy of this EC data set was derived and shows the inferred PRC DSTI top-level
taxonomy of levels 0-4. In the table below, the numbers in parentheses represent the number of
records (abstracts) associated with that particular cell. The number in brackets represents the
percentage of the number of records of the particular cell to the overall number of records 9,949
possible).

Summary
While unable in this work to review technological convergence (e.g. nano and sensors), this
volume does infer a PRC DSTI taxonomy from Scientometrics and Bibliometric analysis.
Scientometrics is the discipline of measuring and analyzing scientific progress. When science is
viewed through its components (e.g. chemistry; physics) and the migration paths through
numerous technologies (optics, electronics) it is clear we‘re talking about complex systems
which are neither individually nor collectively in equilibrium. However chaos theory
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demonstrated that there are patterns to be discerned at the meta-level worth noting. In practice,
scientometrics is often done using bibliometrics which is a measurement of the impact of
(scientific) publications. However, don‘t confuse this study approach or the PRC DSTI
knowledge innovation program as ―machine-determined‖ or ―model-dependent‖. This would be
a major mistake. There is a very special role of subject matter experts (SMEs) in the ―system‖.
Smart humans are used to interpret and interpolate the knowledge base. Typically we insert a
governance structure with terms of reference, concepts of operations and the like to ensure all
equities are represented fairly in context to decision-making. But, governance alone does not
help manage organizational territorialism or individual parochialism and rivalry. Governance
can‘t always overcome ignorance or obstinacy either. Netherlands researcher Loet Leydesdorff
(2001) described this succinctly and accurately:
“Decisions about professional boundaries and methods are legitimate at the level of a
project, or even at the level of an institutional program. However, intellectual
exchanges at the level of the interdisciplinary make a ‘deconstruction of the implied
assumptions inevitable; what in one context appears as the practical [a priori]
assumptions of / presumptions about [a posteriori] research & development may show
a lack of sophistication and neglect of available knowledge when viewed from the
perspective of another discipline. Without a common frame of reference, such
discussions may easily disintegrate into priority disputes among participants from
different programs and disciplines.”

The PRC DSTI paradigm, in terms of governance, places industrial policy at the helm with S&T
being subordinate and taking destination inputs from both the PLA and their industry writ large.
The knowledge innovation program served as the common frame of reference addressed by
Leydesdorff above. The shopping list that is synthesized using BOTH man and machine logic
has been largely aimed at the zone of technology security not well monitored or covered in the
United States; namely, the commercial dual-use technologies where there is more innovation.
This of course is done in addition to the professional spy-craft employed by the PRC intelligence
agents toward U.S. military technology information and the massive industrial espionage
campaigns for private gains. It does appear to this author that the military-specific attacks
represent a feint, if you will, or diversionary attack to keep our counter-intelligence and
industrial security specialists pinned down in their fox holes while the main objective is in
another un-defended location. The implication is that the U.S. DoD should carefully consider the
guidance given to the FBI and the National Counter-Intelligence Executive (NCIX) as what
might constitute a defense critical national asset (DCNA)…we may inadvertently be creating
opportunities for the PRC to ―flood‖ our ―zone defense‖.
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Findings: What to Watch for in PRC DSTI
Delete Old Control Regimes & Start Over on Only Dual-Use WMD Contributors
Today, we live in a world in which goods and technology that can be diverted for WMD
programs are much more widespread than ever before. They constitute a significant component
of international trade, and the lines between the peaceful and military applications of the same
products and technologies are less clearly defined—we are surrounded by products that rely on
the same technologies and materials as weapons of mass
destruction (WMD). The international community faces a
serious challenge. Trade is globalized, technology is
Finding 1:
spreading rapidly and demands for economic
development and uninhibited exchange of goods are
A new strategic
greater than ever. How can states better ensure that trade
trade control
in dual-use goods and technologies does not contribute to
system is needed to
WMD proliferation?

narrow the dual-use
technologies space
in which malicious
actors can interact
and increases
the chances
that attempts
at improvised WMD
proliferation
through trade
channels will be
detected.

One solution is the establishment of a NEW transnational strategic trade control system, which refers to a
set of government policies and practices designed to
regulate trade in proliferation-sensitive dual-use
technologies/products for the purposes of preventing the
spread of WMD and simultaneously facilitating trade in
strategic goods. This relative concept emerges from the
decades-old practice of export controls. A few decades
ago, when proliferation-sensitive trade was confined to a
few key producers, traditional export controls had
political underpinnings and suppliers would choose their
customers based on strategic alliances – essentially the
foreign military sales/security assistance pacts being
enlarged by the present U.S. Administrations Export Control Reform initiatives. Because China
has placed heavy bets on dual-use technologies, has invested decades‘ worth of time pushing
DSTI knowledge management state-of-the-art and collectivized the governance over knowledgeto-commercial innovation/military capability…it would appear we‘re headed in the wrong
direction to the benefit of the People‘s Republic and to our own detriment.
Many dual-use technologies are the poor (or thrifty) man‘s WMD fodder. Though modifying or
extending the existing export control and non-proliferation regimes may seem to be the ideal
solution for Western and other developed countries, developing countries often question their
efficacy and worry about the regimes‘ effects on their international competitiveness. They fear
that introducing comprehensive controls on strategic trade will put unnecessary burdens on
government agencies and industry, inhibit trade, and divert valuable resources from addressing
more pressing development needs. Any U.S. ―reform‖ will be met with significant push-back
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from much of the World. Additionally, if the European debt crisis (as well as our own) is an
indicator, what significant overarching economic good will come of taking military items on the
Munitions List and moving them to the Commerce Control List?
The reality, however, is far more nuanced. The WMD threat is not just a concern of Western
countries—in a globalized world, even countries without WMD programs or high-tech industries
are at risk. What‘s more, investing resources into proliferation controls does not have to come at
the expense of meeting other national objectives and can, in fact, have positive effects in areas
such as trade and competitiveness. WMD-relevant technology and materials are all around us.
Semiconductors, for instance, are indispensable in the advanced electronics we use every day,
but they can also be utilized in a variety of military equipment, such as: allergens, crop-killers,
sicknesses, satellites, infrared imaging products and energy device disruptors. Freeze-drying
technology used to make instant coffee or instant noodles can also be used in biological-warfare
research. Encryption technology has many civilian applications—for instance, in train-signaling
systems—but malicious actors can also use it to communicate without being detected by law
enforcement agencies. Similarly, satellite technology may have civilian applications, weather
monitoring for example, or military ones such as missile guidance.
The broad applications for dual-use goods and technology in everyday life result in constant
flows of proliferation-sensitive items across borders. And this poses a real danger. Gradual
acquisition of components and technology from various sources that can enable a non-state,
criminal element or state actor to build a WMD program is a more likely proliferation threat than
an actor acquiring an already-built weapon from an external source. The best illustration of how
real this threat is in the nuclear realm is the story of the A. Q. Khan network. Pakistani scientist
A. Q. Khan and his associates successfully exploited gaps in controls of nuclear exports in
Pakistan beyond during the 1980s and 1990s. The network assisted Iran, North Korea, and Libya
in acquiring a whole range of nuclear weapons–relevant items. India, surprisingly, was the fourth
customer of the Khan network, procuring uranium enrichment technology. Unfortunately for the
proliferation outlook, progress in high-tech industries, especially in the fields of electronics and
biotechnology, as well as the expansion of nuclear power and the globalization of trade, further
exacerbate the challenge of firewalling international trade from WMD proliferation.
To minimize the threat of WMD proliferation in this particular context, the implementation of a
robust strategic trade control system is necessary. This constitutes a set of measures designed to
regulate trade in proliferation-sensitive dual-use goods and technology, as well as munitions. The
key objective of strategic trade controls is to allow and facilitate trade of strategic items for
legitimate purposes while preventing their diversion to WMD programs. Governments can
achieve this goal by promoting greater oversight of strategic goods and technology.
Governments should compile restricted items into a NEW, comprehensive, consolidated transnational control list AND new regime governance that includes all strategic (economic as well as
national security-specific) items on the dual-use control lists of the four multilateral export
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control regimes currently in existence—the Australia Group, the Nuclear Suppliers Group, the
Missile Technology Control Regime and the Wassenaar Arrangement; supplanting them all as
stove-pipes. This would be a ‗tall order‘; as many of the regimes hold force of treaty powers.
Each current regime maintains a list of items that its members believe should be controlled for
nonproliferation purposes. The Australia Group‘s list covers biological and chemical items that
can contribute to the development of biological and chemical weapons. The Nuclear Suppliers
Group includes items that can be used in the development of nuclear weapons programs. The
Missile Technology Control Regime covers items that can be used in developing delivery
systems for weapons of mass destruction and the Wassenaar Arrangement‘s list contains
conventional arms and conventional dual-use goods and technology. Countries that currently
implement export controls are compelled to strengthen proliferation controls by international
law. All U.N. member states have an obligation to establish and maintain effective domestic
controls to prevent WMD proliferation under U.N. Security Council Resolution 1540, adopted in
2004. While the resolution itself does not provide a blueprint for what constitutes ―effective‖
controls, its text and the matrix that countries are encouraged to use in reporting their
implementation progress includes criteria extremely relevant for strategic trade controls.
For example, the resolution specifically calls for ―appropriate effective national export and
transshipment controls over such items…that would contribute to proliferation, as well as
establishing end-user controls; and establishing and enforcing appropriate criminal or civil
penalties for violations of such export control laws and regulations‖. It also urges countries to
put in place ―appropriate effective border controls and law enforcement efforts to detect, deter,
prevent and combat…the illicit trafficking and brokering in such items‖.
Proliferation challenges are not limited to cases in which nations act as suppliers of sensitive
goods. Malicious actors can exploit any country as a transit/trans-shipment hub, regardless of
whether it does or does not produce dual-use goods. Here the A. Q. Khan case is again
instructive for its use of Dubai as a trans-shipment hub for WMD commodities. In 1994–1995,
for instance, a Sri Lankan businessman working for Khan and based in Dubai used a freighter to
ship centrifuge components to Iran by routing them from Pakistan to Dubai, via the Arabian Sea
and the Persian Gulf. Between 2002 and 2003, A. Q. Khan‘s associates shipped centrifuge
components from a factory in Shah Alam, Malaysia, near Kuala Lumpur, to Dubai and then on to
Libya. But Khan is not the only example. In 1996, a South African company attempted to ship
100 tons of zirconium powder to Iran. The cargo had transited Germany, Poland, Belarus and
Russia before it was detained in the Russian Caspian Sea port of Astrakhan.
Another way to look at this problem is from the perspective of individual industries. Former U.S.
customs and border protection commissioner Robert Bonner made a compelling case in 2002
that if terrorists used sea containers to smuggle a low-grade, ―dirty‖ CBRNE device that was
later detonated, it would have an irreversible impact on the global shipping industry and global
trade: ―Simply put, the shipping of sea containers would stop. The American people, for one,
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would not likely permit one more sea container to enter the United States until there was a
significantly greater assurance—such as 100 percent inspections—that no additional terrorist
weapons would be smuggled into the country. Governments in other major industrial countries
would no doubt adopt a similar policy, thus bringing the global economy to its knees‖. All
countries would suffer as a result, but it would especially hurt states that rely on the
containerized shipping industry. As Bonner noted, ―even a two-week shutdown of global sea
container traffic would be devastating, costing billions‖. So then, even though this book was
about China‘s game plan to dominate the world economically and militarily by making better use
of knowledge about globally available dual-use technologies, it is a significant finding, by way
of implication, that there is more to be gained by the United States in rapidly mastering its own
knowledge base about the sources and uses of dual-use technologies than the China problem.
In a strange paradox, the United States needs MORE information rather than less or disregarding
collecting information about dual-use technologies. If for no other reason – the PRC DSTI
apparatus has been working on a knowledge-based enabler in this arena as long as this author has
been in the workforce. If one needs more reasons to adopt such a knowledge base engineering
endeavor (including re-invention/re-purposing of DTIC)
under AT&L/industrial policy jurisdiction, here are some:
The impact from an attack on any means of global
transportation or any global transport hub would not be
confined to national borders. Even a nonmilitary incident
such as the Icelandic volcano Eyjafjallajökull caused
disruption far beyond Iceland. The crisis that emerged
following the 2010 Eyjafjallajökull eruption resulted in the
largest air-traffic shutdown since World War II. The
International Air Transport Association stated that the total
loss for the airline industry was around $1.7 billion with 1.2
million passengers a day affected. It is estimated that 107,000
flights were cancelled during an eight-day period, accounting
for 48 percent of total air traffic.

Finding 2:
China operates in
civilian space that
our technology
security reach
neither monitors
nor covers well;
the commercial
area - where the
hot innovation is
really taking place.

In yet another example, an outbreak of Severe Acute
Respiratory Syndrome (SARS) disrupted air travel in Asia for two months. The authors of a
recent study Preparing for High-impact, Low-probability Events: Lessons from Eyjafjallajökull
note that SARS had an even greater impact on the economies of Asia than Eyjafjallajökull on
Europe. They noted that regional GDP for East Asia went down by about 0.6–0.7 percent in
2003 and SARS affected economies even in those Asian countries that did not have actual cases
of the disease. This again proves that countries are now more connected than ever, and leaves one
to ponder what a tactical, localized, man-made biological or chemical attack could inflict.
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In the age of interconnected economies, disruption at one major seaport or in one supplier
country would affect global supply chains. Production of goods that might be critical for other
countries‘ economies would be disrupted, cargo flows would be interrupted which would create
deadlocks at ports and the ripple effect of an event in one country would spread into many
nations around the world. All countries should recognize that a ‗WMD-light‘ event anywhere is
an attack on everyone and it is bound to have repercussions on all world economies.
In the context of strengthening nonproliferation norms, any country that does not make an effort
to the best of its ability to prevent ‗improvised‘ WMD proliferation will increasingly be
perceived as an outlier of the global security regime. That will lead to a gradual erosion of trust
in that country, which, among other repercussions, will have a negative effect on the country‘s
trade and economy. International partners will be reluctant to provide high-tech technology and
sensitive materials to a country that cannot guarantee those goods will stay out of WMD-like
programs. The chance to contribute to global governance should also serve as a motivation for
countries to work toward stronger proliferation controls, including those on sensitive trade.
Many developing (and growing developed) countries fear that imposing licensing controls on
exports would stifle their trade and development; sometimes equating strategic trade controls
with ―prohibition.‖ Government officials and industry representatives worry that certain types of
goods and technology will be banned from export and import if strategic trade controls are
adopted. They are concerned that the licensing application and review process will be lengthy
and that there will be delays at shipping points due to enhanced customs and border procedures
for controlled items. It is falsely believed that businesses will be forced to invest resources in
internal compliance programs with governments doing likewise with regulatory and enforcement
mechanisms.
But these fears are misplaced. Strategic trade controls would in place to regulate trade (not
prohibit it) and to prevent improvised WMD proliferation and attacks that certainly would inhibit
trade if they were carried out. Further, the elimination of many disparate regimes into one supraregime, supported with a good knowledge base for decision support, would make regulation
involve fewer items from which surveillance and enforcement would better focus upon (within
their existing resource means). The main purpose of a strategic trade control system is to give
governments an opportunity to be informed about where sensitive goods and technology are
flowing and stop high-risk transactions without preventing trade in such items for legitimate
purposes (e.g. Japan‘s control system is variable IAW the control laws at the receiving country).
Progress in high-tech industries, especially in the fields of electronics and biotechnology, as well
as the expansion of nuclear power and the globalization of trade, further exacerbate the challenge
of firewalling international trade from WMD-like proliferation. Aligning an S&T+ knowledge
base under AT&L/industrial policy is a critical point of departure. By adopting strategic trade
controls and thus strengthening domestic proliferation prevention, countries create better
conditions for trade in high-tech goods and technology. Industry can be an indispensable ally of
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 646

The Rooster & The Dragon January 23, 2012
governments in terms of preventing illicit, dual-use technologies-based improvised WMD
proliferation because it is in the best position to detect suspicious
purchase orders and logistics.
China‟s S&T Organizational Structure
The State Council of the central government is the highest
administrative body of China. There are 6 major ministry-level
administrative organizations directly under the State Council that
handle the nation‘s S&T development activities. The ‗Leading
Group‘ on Science and Technology, chaired by the Prime
Minister, is located organizationally between the State Council
and these administrative organizations. However, most observers
agree that it is relatively ineffective in setting R&D priorities.
These organizations include the Ministry of Science and
Technology (MOST), the Ministry of Education (MOE), the
Commission of Science, Technology and Industry for National
Defense (COSTIND; now SASTIND), the Chinese Academy of
Sciences (CAS), the Chinese Academy of Engineering (CAE),
and the National Natural Science Foundation of China (NSFC)
(Hsiung, 2002). Among those organizations, MOST, SASTIND,
and MOE have some policymaking authority; in addition to
varying degrees of funding authority. CAS (which receives
substantial funds from the government as a budget line item to
support its research activities) and CAE have advisory power;
while NSFC provides research funds. (See Appendix for more)
Structure of Chinese Science in Technical Categories
The real power for PRC S&T is under industrial policy and its
engine room is CASTED. The first major division (first level) in
the 2005 taxonomy was physical and engineering sciences
(19,807 records); then life sciences and mathematics (14,539).
While mathematics is applicable to physical, engineering and life
sciences, it typically is categorized with the physical sciences. It
appears that the life-sciences-based terminology of some
branches of mathematics (genetic programming, genetic
algorithms, neural networks, etc) resulted in mathematics being
assigned by the clustering algorithm to the life sciences category.
For purposes of this discussion, mathematics will be treated as
part of the physical and engineering sciences category. The
physical and engineering sciences category (with mathematics
included) had 3.66 times as many records as life sciences, which

Finding 3:
The PRC DSTI apparatus
has myriad facets, but
operate with a hive
mentality. Regent of this
“collective” is their
industrial policy
organization. The many
S&T organizations are
merely drones; as are
their intelligence
community. Offspring of
the „queen‟ being
nourished on dual-use
nectar are the PLA and
China‟s commercial
sector.

Finding 4:
China has an orchestrated
DSTI knowledge-based
management „engine‟
which is meant to
dynamically link both
military-commercial
requirements with dual-use
capabilities from around
the world. Such is a formal
program that has been
ongoing for decades, but
placed from coach to
business class by R&D in
process improvement,
technology advances and
policy changes. (see next

page)
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shows China‘s strong emphasis in physical and engineering sciences relative to life sciences The
physical and engineering sciences branch further splits into chemistry, physics/materials and
mathematics [―chemical reactions; chemistry‖ (5,841), ―physics, thin films, alloys and nanomaterials; the mechanical properties of materials‖ (13,966), ―mathematics, algorithm and
program development; modeling (mathematical & algorithmic); system modeling‖ (7,162)].
Such begins their DSTI agenda.
China‘s defense industrial base in the early 1990s was ill-equipped to meet the demands of the
PLA‘s revised military imperatives. Many significant changes have taken place in the PRC
defense innovation system to address these problems. In the 2000s, prioritizing the attainment of
operational capability as quickly as possible, the PLA Navy and Air Force advocated for largescale purchases of weapons systems from
Russia, while COSTIND (the Commission of
Science, Technology and Industry for National
Finding 5:
Defense), the defense industry‘s supervisory
China has deployed and
agency, called for investments in China‘s own
military-industrial base; with help from Russian
employed its innovation
scientists and technicians in particular gap areas.
knowledge base primarily
COSTIND‘s views won over the State Council,
through the synergy of four
which decided to undertake a far-reaching
interdependent
overhaul of the defense industrial complex;
organizations: MIIT, CMIPD,
supplemented by the procurement of key
CASTED and GAD
Russian air defense and fighter jet systems.
Emerging from a long period of low investment
in the defense industrial base, an effort to
revitalize and reform the sector was underway. Even with increased resourcing and closer
leadership attention, reform of the defense industrial base had been an arduous task. The Chinese
defense industrial base traces its roots to the military-industrial factories inherited from the
Nationalist regime in 1949 and the subsequent (former) Soviet technical assistance program.
Since the reform era, the defense sector has evolved but remains almost exclusively state-owned;
with defense conglomerates and enterprise groups subordinate to the State Council. By the early
1990s the defense industrial sector encompassed 1,000 enterprises and more than two hundred
major defense research institutes and engineering academies. Over the past 20 years, China‘s
leadership has taken dramatic steps to both rationalize and reform the bureaucracy overseeing the
defense sector through a series of major reorganizations.
The results of the 2008 restructuring resulted in the creation of the Ministry of Industry and
Information Technology (MIIT), one of five new ―Super Ministries‖ approved by the National
People‘s Congress. MIIT subsumed various other existing bureaucratic bodies or acquired parts
of their portfolios; including COSTIND‘s. Formerly a ministry-level body, COSTIND became a
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subsidiary agency of MIIT and was renamed SASTIND (State Administration for Science,
Technology and Industry for National Defense). While SASTIND continues to be the civilian
regulatory authority for the defense industry, it no longer enjoys bureaucratic parity with the
General Armaments Department (GAD). Now the primary customer of China‘s defense
manufacturers, GAD plays several roles—as purchaser, regulator and R&D partner.
This means that military planners have gained greater clout in shaping the defense industry‘s
evolution. Concurrently with the 2008 bureaucratic reforms, the State Council established the
Civil-Military Integration Promotion Department (CMIPD). While the department is directly
subordinate to MIIT, it works in coordination with SASTIND to fulfill some of the dual-use
tasks once assigned to COSTIND. These include: proposing policies and regulations to promote
dual-use technology development, overseeing the operations of the defense economy to promote
civilian-military integration, promoting the sharing of resources between military and industrial
partners, coordinating defense grant programs with promotion of intellectual property rights and
coordinating with other national agencies for foreign cooperation in space and nuclear activities.
One of the first major projects of CMIPD has been the formulation of common information
exchange standards in industry and the military for shared products and technologies. Without
such standards for processes, equipment, management and supervision, technology transfer is
much more difficult. Additionally, a combination of corporate housecleaning and state support
began to achieve the goals of streamlining the defense industry sector and cutting costs; allowing
research spending to grow based on dedicated re-investment as much as by increased top-lines.
SASTIND has also led initiatives to establish joint R&D laboratories with leading universities
focused on strategic, dual-use high-technology projects and systems integration technologies
throughout the country. On the military side, GAD maintains linkages with local universities
through the military representative office (MRO) system. Being able to harness the benefits of
dual-use technologies has meant that the PLA‘s defense innovation system also benefits from
links between Chinese and Western firms. Dual-use technologies desired by China include:
electronics-semiconductor components, telecommunications products, high-grade numericallycontrolled machine tools and aircraft-spaceflight systems. In many of these areas, U.S. and other
Western multinational firms work to develop new technologies and products with Chinese
companies that may appear removed from the defense sector, but, in fact, maintain deep ties with
the PLA. The PLA serves, for many of these firms, as a funding source, research partner, technopimp or customer. The establishment of Chinese Academy of Science and Technology for
Economic Development (CASTED) was an important decision made by Ministry of Science and
Technology (MOST) in its efforts to further transform the government functions and to improve
the capability of macro-management and decision making. Mr. Deng Xiaoping personally
inscribed the name for CASTED‘s predecessor, the National Research Center for Science and
Technology for Development (NRCSTD), when it was set up in 1982. This fully demonstrated
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that the older generation of leaders attached great importance to the innovation knowledge base
research on China‘s science and technology (S&T) strategies for development.
The previous leaders of the State Science and Technology Commission (SSTC) and MOST then
included: Fang Yi, Song Jian, Zhu Lilan, Xu Guanhua, and superiors of NRCSTD such as Deng
Nan and Li Xueyong. They have jointly been consistently supporting NRCSTD throughout its
development. Former CASTED leaders including: Wu Mingyu, Hu Ping, Kong Deyong, Liu Ji
and Ye Dan left behind a solid foundation & excellent team to launch the 05-10 ‗push‘ forward.
Their specific contributions made NRCSTD one of the most important institutes in China on
S&T development strategy and policy studies. Their long-lasting dedication has also laid an
excellent starting point for the future development of CASTED. With an unprecedented
atmosphere for S&T development in China, CASTED has gained a new opportunity to better
provide strategic thinking and decision-making consultation. First, CASTED will follow the
‗guidelines‘ of serving the PRC, S&T development and the mainstream work of MOST.
―Serving their Country‖ means that all research conducted by CASTED must stand in the
national interest. ―Serving S&T Research and Development‖ means that CASTED will pay
attention to the development strategies and policies of S&T with issues that concern the PLA.
―Serving the mainstream work of MOST‖, means that CASTED must focus on the data-todecision support concerns of the Ministry; making timely and rapid suggestions in a scientific
manner with the aid of the innovation knowledge base program and the DSTI eco-system nodes.
Secondly, when proposing projects, CASTED has to meet national commercial demands in
addition to government-mandated targets. This is not only the most important principle guiding
the research of CASTED, but also the requirement set by MOST on CASTED. At present,
China‘s S&T status is in a critical transition period; facing various new situations and problems.
Therefore, the PRC government must rely on a professional institution with integrated
information for setting strategies and making decisions. With the strategic research in advance,
they can provide better suggestions for the national process of strategic decision-making.
Thirdly, CASTED has set up a new mechanism benefiting not only discipline development but
also mission accomplishment. By reforming the employment system, CASTED attracted strategy
research talent home and abroad; recruiting them openly, competitively and flexibly with
contracts. Effectively mobilizing the research resources to S&T strategies, CASTED established
an open, cooperative research mechanism featuring ―micro-cores and macro-networks‖.
Fourthly, CASTED will continue to integrate theoretical research with in-depth empirical
studies. Being a researcher of CASTED requires not only solid theoretical knowledge but also
fieldwork DSTI research experience. These researchers are hired and advanced by following the
global reality, rather than books or their superiors. They are imbued to work with both passion
and rationality to make CASTED a national dual-use S&T development ―think-tank‖. Finally,
CASTED reportedly maintains a sound atmosphere which is free in initiative thinking yet
disciplined in focus. CASTED kept its inherited traditions also; fully respecting and tolerating
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different academic opinions so as to make itself both a magnet and platform for alternative paths
and vectors regarding dual-use S&T development.
Here is a synopsis for the remaining PRC high-level DSTI knowledge management agenda:
In second-tier hierarchy, the ―physics, thin films, alloys and nano-materials; the mechanical
properties of materials‖ category had almost three times as many records as the ―chemical
reactions; chemistry‖ category and twice the records of the mathematics category. The other
‗main‘ branch of the tree, life sciences and mathematics, consisted only of life sciences (―cellular
and genetic biology; health; and geophysics/geology‖ (7,377 records)) for the present discussion.
One of the prominent observations in the above concerns the nano-materials document contents;
of particular significance as a dual-use, largely unregulated/controlled technology amalgam. The
commercial potential here is staggering: Recently, UK-based firm Cientifica forecast the total
Nano-Drug Delivery (NDD) market size in 2021 to be worth $136 billion USD; with a 60/40
split between nano-crystals and nano-carriers respectively, although developing new targeted
delivery mechanisms may allow more value to be created for companies and entrepreneurs. Of
10 nano-carrier technologies observed as part of the bibliometrics for this PRC DSTI report,
liposomes and gold nano-carriers could account for 45% of total addressable market. Aside from
China, Mexico is a hot-spot for dual-use bio-pharm and genomic R&D.
Drugs are loaded into nano-carriers (also called nano-shells or nano-particles, between 1 and
100 nm), then transported through the body to the target site. This kind of targeted drug delivery
for the treatment of cancers is one of the most anticipated and discussed benefits of
nanotechnology-enabled medicine as it offers a level of accuracy in delivering drugs that far
surpasses present methods. Typically over 90% of a drug is wasted in the body, which leads to
unwanted side effects. Modern chemotherapy bombards patients with drugs in the hope that
tumorous cells will be destroyed. The lack of specificity of current drug delivery techniques
mean patients' healthy cells are destroyed indiscriminately along with cancer cells. It‘s the
equivalent of using a nuclear bomb to eliminate just a handful of enemies. In theory, as long as
the nano-carrier is designed specifically enough it should be possible to deliver the total dose of a
drug to the target site while leaving healthy cells unaffected. This greatly reduces treatment time,
costs and unwanted side effects. Using nanotechnology to combat cancer is not new. Abraxane,
the first nano-particulate drug delivery product for the treatment of breast cancer, was launched
six years ago. There are now hundreds of new nanotech-based treatments under development;
ranging from reformulation of existing drugs to enhance their efficacy to radical new ―magic
bullet‖ therapies. The healthcare market is changing. There is a commercial paradigm shift away
from ‗blockbusters‘ and a ‗one-size fits all‘ approach to a more personalized medicine based
upon an individual‘s unique genome and immune response. The more scientists learn about the
molecular causes for disease the more targeted and effective nanotechnology-enabled drug
delivery therapies will become – which conjures up many dangerous military uses for the same
R&D investigation line.
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The third level of the hierarchy offers further differentiation. The chemistry category divides into
a more fundamental structural sub-category (―molecular and crystal structure‖ (1,813 records))
and a more applied dynamic sub-category (―chemical reactions and behaviors, chemical analysis,
liquid chromatography‖ (4,028)), with twice the output in the applied dynamic sub-category.
The physics/materials category divides into a physics sub-category (―physics, thin films and
optics‖ (5,910 records) and a materials subcategory (―structural and mechanical properties of
materials; materials analysis‖ (8,056)). The physics sub-category focuses on surface phenomena
(e.g., films) and much of the thin film work could be considered as overlapping with the
materials category. The materials sub-category focuses on bulk material phenomena, with the
exception of the nano-materials component. Thus, the physics/ materials category has a heavy
weighting toward the materials component; with attention paid to both bulk and surface
phenomena. The mathematics category divides into a more fundamental mathematical analysis
category (―mathematics: differential equations, algebraic equations‖ (2,333 records)) and a more
applied mathematical modeling sub-category (―mathematical modeling and genetic algorithms‖
(4,829)), with twice the output in the more applied modeling category. The life sciences category
divides into a fundamental biology category (―genetic and cellular expression‖ (3,739)) and a
combination of applied clinical medicine and environmental geo-bio-physics (―Chinese
geophysics; health research‖ (3,638)).
Structure of Chinese Technology in Scientific Categories
These conclusions are based on analysis of the Engineering Compendium (EC). The first level
of the technology taxonomy has two categories: Computer Sciences (4,721 records) and Physical
Sciences (5,228 records). Percentage-wise, this is a split of 47/53%. The second taxonomy level
is generated by sub-dividing each first level category by two. Computer Sciences divides into
Cybernetics & Systems Engineering (3,902) and Signal Processing (819) with Physical Sciences
divided into Materials Science (3,477) and Chemistry & Nanotechnology (1,751). The lower
taxonomy levels are generated in the same manner as above. In the fourth taxonomy level,
several categories stand out as receiving significantly more focus than the others. These
categories are Systems Theory (23.4%) and Structural Mechanics & Materials (20.1%) with the
most focus; followed by Applied Measurements (9.3%), Power/Energy Market Enterprises
(8.6%) and Organic Chemistry (7.2%) . These rise above to notoriety in comparison with the
other eleven categories; which ranged from only 1.3% to 4.9%. Additionally, the Abstracts also
covered a broad range of fields ranging from industrial to high-tech electronics that are indicative
of a large society growing to sustain itself and become technologically competitive on a global
scale. Examples of some key areas receiving emphasis are as follows; Energy/Power Generation,
Mining, Materials & Structural Mechanics, Signal Processing, Systems Engineering,
Transportation & Traffic flow, Robotics, Sensors & Diagnostics, Advanced Communications,
Nanotechnology, Assessment Methods, Mathematics, Environmental & Ecological, Modeling &
Simulation and Control Theory. All of these areas have applications that can be of military
significance.
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Efforts in energy and power generation include: hydroelectric, nuclear and fossil fuels (such as
coal) - emphasis on the latter. Improvements are being sought for more efficient yields of energy
from resources. Power generation spans from the Power Plants to vehicles to small electronic
devices. The efforts in fossil fuels are closely tied with mining and structural developments. The
efforts in mining include identifying areas of opportunity for different resources, and improving
mine structures to prevent collapse.
These efforts can be closely associated with other work in remote sensing to help locate
resources and conduct environmental impact studies. The same efforts to improve structural
developments in mines might also be applied to underground facilities. Materials and structural
mechanics fields range from the macro level (geologic formations and superstructures) to the
micro and nano level (e.g. particles, ligands, compounds, films and nano-wires). There are
specific references of structural analyses being done for a New-Concept Submarine and low
noise torpedo, as well as for solid rocket motors.
Systems engineering, control theory, modeling and simulation are closely associated with all
other areas. They range from the macroscopic such as: improving traffic-ability movements of
large vehicles, resources, people and robotics to the microscopic such as gene manipulation.
These are being done for topics both small and large in number such as tracking and/or
controlling Unmanned Aerial Vehicles (UAVs) in a dense air traffic environment. Vibrational
analysis is being performed with specific applications to missile launches on naval ships. Signal
processing techniques are also closely related to these fields as well; incorporating wavelets,
digital signal processing and neural networks.
Applications of these studies include remote detection and biometrics. Assessments, testing, and
diagnostic methods include studies of text mining, Transmission Electron Microscopy (TEM),
X-ray Diffraction (XRD), Magnetic Resonance Imaging (MRIs) and other high-precision
diagnostic instrumentation that can be used in high-yield weapons development. Long range
plans are made that include research such as the specific reference to a new 5-year coal mining
plan. Communications-related research topics included: fiber optics, optical communications in
seawater, digital, wireless networks, mobile networks, millimeter waveguides, ―blind‖
cryptography signature schemes & security protocols.
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China as a Rising Power in Science and Technology

(THE Dragon, the Rooster & the Rat)
Prologue
Honestly, I did not start out to write a large book on this subject. Rather, there were many
targeted lines of inquiry which were meant to serve as focused monographs to individual U.S.
DoD technology security stakeholder needs. However, being a systems analyst/engineer by
academic education, practical experience, chosen profession and natural inclination…a pattern
emerged on a holistic ‗game-plan‘ that the PRC has been progressing as a DSTI strategy. It was a
story that had to be told in the entirety in order to appreciate the mosaic nature of the big picture.
Moreover, this book was not written with the U.S. intelligence community (IC) in mind. This is
neither a book about, nor one critical of, the U.S./DoD IC. My results are most likely consistent
with their understanding about China. Anything our IC is working toward on DSTI as a process,
or as an information technology, for decision support would be with the purpose of improving
their function itself. So, this work‘s audience is OUSD/AT&L and the other practitioners in the
technology security apparatus of the United States; as they shouldn‘t depend upon the IC to forge
a better cycle and relationship among our war-fighters, CTO, industrial policy advocates and writ
large providers. U.S. DoD technology security governance and decision support approaches have
to significantly change to challenge the PRC DSTI strategic methodology and momentum.
2012 is the year of the black water dragon. According to Oriental astrology, the Dragon is
omnipotent, flamboyant, attractive, full of vitality and strong. In China, the Dragon is the
traditional sign of the former Emperors of China (today, their government), the philosophical
element Yang (i.e. creative energy, by contrast, that is fast, hard, solid, focused, or aggressive
and is associated with masculinity and life-giving sunlight ) and their nation. The Dragon is the
symbol of power and wealth. It would be right to say that people born in the year of the dragon
have a natural charisma and are certainly gifted with power and luck. It is unlikely for them to
escape unnoticed from a party or to take second place in a competition. The dragon persona has
an active mind and shows an unfeigned interest in the world around him/her. This person is also
self-confident enough to know how to create a necessary impression. Because they are larger
than life themselves, dragon personages like to do everything on a grand scale. They are
egotistical self-aggrandizing and ambitious, almost to the point of megalomania. They will stop
at nothing to get what they want. A person or initiative born in this year, it is said, wears the
crown of destiny and is capable of great achievements if he or she knows how to harness his or
her tremendous energy, intelligence and talent. The color Black is symbolic of camouflage.
While these dragon-people enjoy being the center of attention, they also have a bravado side to
their personality. If a dragon's friend faces a problem or dilemma, he or she will be there to offer
help, and when others leave the field of battle the dragon takes a step forward to solve the
problem with authority. Dragons set a high standard of actions for other people as well as for
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themselves; chagrined when others cannot cope with a task. They are so carried away by the
process that they fail to see other people's weaknesses.
In Chinese Taoist thought, water is representative of intelligence, wisdom, flexibility, softness
and pliancy. However, an ―over-abundance‖ of this element is said to cause difficulty in
choosing something and sticking to it. In the same way, water can be fluid and weak but can
also wield great power when it floods and overwhelms the land. In the birth and nurturing cycle,
water spawns wood (growth) and is spawned by metal (determination). The qualities associated
with metal are: unyielding rigidity, persistence, strength and determination. In the conquest
cycle, water overcomes fire (imprudent passion) and, in turn, is overcome by earth (the source of
or lack of resources). All of these are fascinating analogies to the results, findings and
conclusions about the PRC DSTI apparatus in terms of both its history and forecast future.
The past of the PRC DSTI apparatus had a major progression in 2005, as was brought out in the
research results. Chinese astrology for 2005 symbolized itself as the Year of the Rooster. More
precisely, the element which was prominent that year was Wood (new growth), and as such it is
also sometimes referred to as the Year of the Green Rooster. According to the Chinese zodiac,
Roosters are meticulous and organized while also outspoken and sometimes blunt. They have a
keen eye for detail making them great lawyers and scientists. Weaknesses attributed to the
Wood Rooster are: vanity, boisterousness, highly-selective (in making choices) and materialism.
The next milestone for PRC DSTI is set for 2020; the Year of the Metal Rat
Being the first sign of the Chinese zodiac, rats are leaders, pioneers and conquerors. They are
passionate, practical and hardworking. Rat personages are supposedly endowed with great
leadership skills and are perhaps the most organized and systematic of the twelve Chinese
astrology signs. Intelligent and cunning at the same time, rats are highly ambitious and strongwilled personas who are keen and unapologetic promoters of their own agendas, which often
include money and power. They are energetic, versatile, can usually find their way around
obstacles, and adapt to various environments easily. But, rats are highly-exclusive; which
manifests itself in profound lack of trust in anyone/anything outside a small, tightly-knit circle.
Behind fake sincerity, smiles and charm, rats can be terribly obstinate and controlling; insisting
on having things their way no matter what the cost. These personages tend to have an immense
control of their emotions; which they use as a tool to manipulate or exploit another persona both
emotionally and mentally. Rats are masters of mind-games. They can be very dangerous,
calculating and downright cruel if the need arises. Quick-tempered and aggressive, they will not
think twice about exacting revenge on those that hurt them in any way. Rats can be quite
obsessed with detail, intolerant and strict; demanding order, obedience and perfection.
Rats sometimes they set their targets too high, but as the years pass, they become more idealistic
and tolerant. If they can develop their sense of self and realize it leaves room for others in their
life as well, Rats can find true happiness – maybe a note of international policy hint for the
© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 656

The Rooster & The Dragon January 23, 2012
United States. According to tradition, Rats often carry heavy karma (sense of destiny) and at
some point in life may face an identity crisis. Rats are said to often have to work very long and
hard for everything they may earn or have in life. Rats, in general, are warned (astrologically
speaking) to guard themselves against hedonism; as it may lead to self-destruction. Evidently,
addictive overconsumption tends to be a great temptation to rat personages. Capitalism=greed?
The metal persona is controlling, ambitious, forceful and set in their ways (as metal is very
strong); being are self-reliant, they prefer to handle their problems alone. The metal person is
also materialistic, business oriented and good at stable organization. However the metal person
can also appreciate luxury and enjoy the good things in life too much. Just as metal can conduct
electricity, the Metal persona has strong impulses; its generative powers can bring about changes
and transformations. The main positive emotion associated with metal is courage.
In Chinese astrology the planet Venus is associated with metal, because it is white in color (the
Chinese color of death) and rises in the west as the evening star.
However, some Western astrologers have stated that the associations of metal are closer to the
Western conception of the planet Saturn, and have suggested on that basis recognizing metal in
Western astrology as a 'Combined Element' or 'Material' derived from Air and Earth; just as the
planet Saturn rules the Air sign (i.e. intelligence) Aquarius (i.e. networked harmony) and the
Earth sign (i.e. resources) Capricorn (i.e. ambition). All this would be analogously indicative of
the PRC using its derived resources/knowledge in a synergistic manner for innovation to become
the global dominant entity.
In the control cycle metal is controlled by fire, as only fire can melt it; and in turn metal controls
wood, as only the metal ax can cut down trees. In the oriental astrological conductive cycle,
metal produces water (liquid equivalent to power), either by trapping or holding it in a container,
or by itself being melted into a liquid. In turn metal is produced by the earth (resources); as it has
to be dug out of the ground (i.e. has to be MINED, like data). 2020 connects to 2012 and 2005.

Conclusions
America‘s share of global research is declining as defense represents a diminishing percentage of
U.S. research output. This should be a source of concern by itself, as several distinguished panels
recently have noted, but that is not the point here. The point is: that a variety of scientific and
technological revolutions, and to some extent the way they‘re distributed geographically (e.g.
geo-technology), are changing the global security environment more quickly than many realize.
This influence will only grow; the opportunities and risks it provides needing to be addressed as
strategic issues. Yet, linear projections based on current trends can‘t work in today‘s world.
U.S. Defense Secretary Leon Panetta issued new strategic guidance for the Pentagon. This
guidance reaches beyond the near-term focus of today‘s wars out to 2020; describing the
changing geopolitical security environment, the primary missions of our armed forces and
principles to shape the development of future defense programs. Such guidance, which highlights
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strategic risks and sets clear priorities, is needed to advance our security in the years ahead. The
new strategy provides details about developments in geopolitics and military missions. It also
cites the need for an adequate industrial base and for investing in defense science and technology
(S&T). The guidance notes that the Defense Department must be prepared to adapt to ―shocks or
evolutions in the strategic, operational, economic and technological spheres.‖
Yet, the paper does not provide the same level of detail or priorities to guide development of
forces or the S&T community to address how technological change will affect the global security
(including economic) environment. This relationship is a productive area for examination. China
does not have this problem. Evidence indicates that China intends to help build its economy by
intellectual-property theft rather than by innovation and investment in research and development
(U.S. strong suits). The nature of the Chinese economy offers a powerful motive to do so.

Figure 9 - Overall Chinese R&D Spending and R&D Conducted by Performer [SOURCE: USCC]

Furthermore, the PRC has the skills/resources to assimilate what they steal and a
governance/knowledge management model that not only drives the shopping list for dual-use
technologies abroad, but disseminates what is captured very efficiently among military and
commercial end-users.

1 – China‟s posture for S&T inherent innovation by 2020 is part of a long-term plan
China‘s attempt to build scientific and technological capabilities is a national project that has
endured from imperial times, through the Republican era and Mao years, into the present. While
the project has endured, it has been interrupted by periods of war and political strife; lacking a
stable formulation for linking scientific and technological advances to overall societal
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modernization. The past 30 years of relative political stability, however, have constituted a
unique period in China's modern history, providing opportunities for scientific and technological
development unprecedented in the past 150 years. Kaplan captures this in his book ―Monsoon‖.
Complex dynamics now surround China‘s scientific and technological development. By many
measures, China is on its way to becoming a major power in science and technology. The rapid
increase in its spending, the rise in international publications and surge in patent grants all point
to growing capabilities. China‘s S&T workforce is among the largest in the world and it is
building modern facilities at a remarkable rate. China has demonstrated the ability to take on
complex science and engineering projects in a variety of areas and seeks to develop scientific
and technological capabilities across-the-board; an aspiration characteristic of global science and
technology powers. Its scientific and technological development plans enjoy robust elite support
in ways that few other countries do. Just add the DSTI process and knowledge base engineering.
At the same time, Chinese and foreign observers have raised many questions about the current
performance of the Chinese systems for research and innovation and the prospects for their
furthering scientific and technological development. While China is spending an increasing
amount of money on innovation, it may not be getting an adequate return in the quality of
research outputs; or the pace and originality of its innovations. These problems of performance
can be traced back to the older institutional arrangements for supporting science and technology;
misconduct and corruption that stem from these; difficulties of recruiting and training worldclass scientists and engineers; and past weaknesses in their educational system. Many of these
problems were not easily corrected, but the fixes for such were related to larger governance
arrangements accorded research and innovation ‗data-to-decisions‘ initiatives in China.
Bureaucratic rivalries often compromise national-program effectiveness. The role of the Ministry
of Science and Technology (MOST) had become a subject of considerable controversy, and
serious disconnects between policy, programs and budgets were apparent. The persistence and
deep-rootedness of these problems had tended to produce ―half-full-half-empty‖ assessments of
the prospects for China‘s rise as a science and technology power. This report has attempted to
push the analysis in several new directions in order to go beyond the old ―half-full-half-empty‖
conclusion, starting with a discussion of China‘s increasingly well-funded national government
R&D programs. While central government funding still accounts for the bulk of the spending for
these programs, it is increasingly being augmented by the spending of local governments,
Chinese companies, bank loans and tax incentives.
The MOST-sponsored national R&D programs, while disappointing to many in the PRC, have
contributed to China‘s technological development in a variety of fields and helped promote
China‘s emergence as an important contributor to the world‘s scientific literature. But, as noted
before, these programs account only for about 20 percent of the government‘s R&D effort. The
rapid rise in the budgets of the NSFC and the Chinese Academy of Sciences under the
―Knowledge Innovation Program‖ must also be considered in assessing government R&D
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programs. In addition, with the initiation of the megaprojects under their Multi-Year Plan (MLP),
a number of other ministries have also become major supporters of national R&D; including the
National Development and Reform Commission (NDRC) with its key role in supporting hightechnology industrialization. While it is difficult to assess the cost-effectiveness of China‘s many
national R&D programs, they have certainly aided the progress of Chinese scientific research.
That progress would be inconceivable, however, without international cooperation. Such
cooperation includes the enabling linkages to foreign universities, which have trained hundreds
of thousands of Chinese students in science and engineering since the 1980s; foreign
governments with whom China has a host of science and technology agreements; and foreign
companies who have transferred vast amounts of technology to China and are increasingly
developing technology in China through the establishment of R&D centers. China‘s scientific
and technological development also enjoys broad support from the Diaspora of talented Chinese
scientists and engineers in the United States and elsewhere. The PRC does not hurt for talent.
The existence of China‘s government-sponsored DSTI knowledge innovation national programs
supports the image of a state-centric scientific research and high-technology effort. While this
image is correct, it needs careful qualification. For one, China is by no means unique in
embracing an active role for the state in promoting science and technology. Many other countries
do this, including the United States, where the government plays a critical role in pushing the
nation‘s science and technology base forward in support of economic competitiveness and
national security. China has studied the U.S. experience seriously, as well as the scientific and
technological development strategies of Europe, Japan and South Korea; attempting to
incorporate ―COTS or GOTS best practices‖ into strategies that fit Chinese conditions. A critical
question is whether China is being consistent with its international commitments in doing so.
Focusing solely on the activities of the central government will produce a distorted picture of
what has become a far more complex and differentiated national innovation system. First, over
the past decade, the role of provincial and sub-provincial governments has become far more
important, with local authorities now supporting almost as much spending on science as the
central government. Many local governments enjoy substantial financial resources and local
officials are incentivized by the national government to support research and innovation. As a
result, local governments have crafted their own industrial policies to support the development of
high-technology industries and have become important partners with national level institutions in
establishing new platforms for R&D, technology diffusion, standards development, and high
technology industrialization.
Since most Chinese provinces are larger than most countries, the successful establishment of
provincial-level innovation systems means that in additive terms, the Chinese national system
begins to take on a sui generis quality, the likes of which the world has never seen. Second,
while there is no doubt that the legacy of central research planning and national mobilization to
support technological development in the ―two bombs, one satellite‖ (liangdan yixing) tradition
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continues to have a hold on many members of the national technical and political communities,
the China of today is quite different in terms of the power of market forces and in terms of the
diversity of the industrial economy. Chinese enterprises face domestic and international market
competition that incentivizes technological upgrading. Many of them have been the beneficiaries
of significant central and local government policy support for innovation. It is therefore not
surprising that the enterprise sector of the R&D system has become the largest in terms of
financial commitments and the performance of R&D.
Third, the simple fact that the business enterprise sector now accounts for roughly 70 percent of
the national R&D effort should not obscure the fact that there is considerable diversity among
Chinese companies in their approaches to innovation. These range from shanzhai (―mountain
village‖) firms in the Shenzhen area that modify existing international products in creative ways
to meet Chinese market preferences, to dynamic high-technology firms in places like Jiangsu
province and Beijing‘s Zhongguancun district where Chinese scientists and engineers, returning
with knowledge acquired abroad, take advantage of local policy incentives to establish
innovative firms. Large state owned enterprises (SOEs) with well-established R&D laboratories,
are also part of the mix; as are spin-off companies from research institutes and universities.
Many of these enterprises are parts of global production chains involving complex international
technology flows. This considerable economic diversity makes generalizations about the Chinese
enterprise sector quite difficult, and also induces caution in generalizing about the State‘s role.
Nevertheless, this report has explored the Chinese government‘s efforts to marry its national
R&D programs with major industrial development programs, with particular reference to the
mega-projects themselves and the information-collection science modernization. It is by no
means clear that these projects are a sensible use of money; as they have been plagued by
management problems. Whether these stratagems will lead to the desired technological
leapfrogging (into a competitive position) for China‘s high-technology products remains to be
seen. It is clear that China still relies heavily on foreign dual-use technology for its innovation
projects, and that inducing foreign companies to cooperate in them or share technology is an
important part of these efforts. The significance of this foreign technology, though, would be
much diminished without the important reforms and restructuring that have occurred in both
civilian and military industry and China‘s ongoing technology development programs.
Whereas the critical task of assimilating and absorbing foreign technology was often neglected in
the past, this is no longer the case; with the result that China is in a position to capture
technological capabilities from technology-intensive foreign investment in ways it formerly
could not. While it is highly unlikely that China‘s national science programs by themselves could
sustain the kinds of leapfrogging in capabilities under way in both military technology and in the
kinds of industries targeted in the megaprojects, those programs have created increasingly
capable human and institutional resources for assimilating, reengineering and deploying the best
technology that China can acquire from the international system. When combined with the price
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arbitrage, huge domestic market and an aggressive export promotion strategy, China has the
makings of a formidable innovation system
While the Chinese model of science has proven to be remarkably effective for technological
―catch-up,‖ it remains to be seen how effective it will be in the future. The case study of the
nanotechnology field offers some insights into problems and prospects of Chinese efforts in
cutting-edge areas of science. There is recognition in Chinese science policy circles that China
will remain in the position of a follower in some of today‘s established high-technology
industries. On the other hand, observers expect China will be poised to take an increasingly
prominent leadership position in new areas of S&T outlined in China‘s technology foresight
documents over the course of the coming decade. China‘s strong showing in areas of
nanotechnology and clean energy technologies may be early indications of this trend.
On the other hand, there are good reasons to think that the Chinese model for science in its
current form is unlikely to deliver on the aspirations held for it. First, should the Chinese model
drift further in a techno-nationalist direction, which some Chinese and foreign observers now
perceive, it risks compromising the enabling international linkages that have been so important in
the past and are likely to become even more important as cutting-edge research and innovation
become more globalized. Second, in spite of the robust efforts being made to stimulate
innovation in Chinese enterprises, it is clear that an effective ecosystem for industrial innovation
has yet to go into ―high-gear‖ and would be unlikely to in the face of a weak culture of
intellectual property protection (which they are fixing; as declared by their equivalent to Chief
Supreme Court Justice at the World Bank in 2011), financial institutions that bias investments
towards politically privileged corporations along with ill-advised, bureaucratically-developed
industrial policies that seek to pick winning industries or winning products; modeled after their
penchant for recreational gambling. Third, the operation of the research system under the
current Chinese model is unlikely to generate the truly creative research on which future hightechnology leadership will depend – but will be effective in getting everyone on the same
shopping list strategically. I forecast focused theft rather than indigenous innovation in the
medium-term. The level of basic research remains low in comparison to the applied goals they
are intended to foster but, more importantly, too much of the nation‘s research effort is being
driven by bureaucratically-set objectives and bureaucratically-determined success criteria.
The tipping point is going to be the adoption of the knowledge innovation system from the
commercial industry frame of reference. One of the consequences of China‘s five-year planning
cycles is that it forces consideration of how R&D activities fit in with larger economic and
national development objectives. The planning process also creates incentives for the major
science agencies to strategize about programs they would like to promote in order to expand their
access to budgetary resources – which the knowledge innovation system and governance changes
have to put to rest. As it has operated in recent budget cycles, the planning process introduces
regular churn into Chinese public policy, and this seems to be true of the latest Five Year Plan, as
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its outlines became clear. While we can certainly expect continuities from the current Five Year
Plan, some of the new directions that can be anticipated from the next cycle are likely to be quite
important; having perhaps the most significant implications ever for Chinese inherent research
and innovation capabilities. This is particularly true for their growing importance of energy;
environmental problems; health & welfare issues due to an aging populace; urbanization and
overall societal development (in context of capitalism).
While the Chinese economy is likely to remain strongly export driven, the contemporary Five
Year Plans will focus far more attention on domestic consumption and meeting the social
development needs of the country. There is a strong link in the PRC between innovation and
small businesses for broader, localized job creation. At the mega-corporation level, the seven
areas of industrial development identified as ―strategic emerging industries‖ in the October 10,
2010 State Council Decision, had the quality of ―grand challenges‖ that are intended to address
pressing national problems, advance the nation‘s knowledge base and stimulate the creation of
internationally competitive firms in emerging industries.
Unlike the more techno-nationalist themes associated with the indigenous innovation policies of
their 11th Plan period, the language of the 12th Plan was far more techno-globalist in tone; with
an acknowledgment of the importance of international S&T cooperation and with new
opportunities for foreign companies to participate in national R&D programs with Chinese
partners. Aggressive industrial policy measures to revert back to an indigenous innovation
agenda persist, but they are more likely to conform to the norms of the international
market/export control systems.
In short, China will be embarking on its next-generation plan with a mixture of anxiety over the
domestic problems it faces, concern over how its rise is being perceived internationally,
confidence that it has an increasingly capable system of research and innovation and a toolkit for
industrial policy that has been tested and adjusted through trial and error.
In spite of the many problems that continue to trouble China‘s innovation system, there is little
doubt that important advances in Chinese science and technology will attract increasing
international attention and make China an increasingly attractive partner in research and
innovation. In trying to find the balance between market forces and state-directed innovation or
between domestic technological development and employment of foreign technology, China has
not always gotten it right. Nevertheless, there is a clear sense of vision about the importance of
science and technology KNOWLEDGE for China‘s future, a clear commitment by the political
elite to that vision and a willingness to make resources available for the facilities or people
needed to realize it. It is this vision and commitment that capture the imagination of the foreign
observer as China enters the second decade of the 21st century. The China that emerges from
pursuit of this vision, in spite of the manifest obstacles to its realization, will be a formidable
presence in the realms of economy and security.
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2- Their „plan‟ is all about linking dual-use science & technology to industrial policy
Among the factors propelling China‘s emergence as a techno-industrial power is its low-cost
manufacturing capabilities, a huge market that allows for scalability, an export promotion
strategy and the shrewd appropriation of the best technology from the international system. The
government—which offers support through national science programs and industrial policies
aimed at high-tech industries—is also a significant contributor to the successes increasingly
enjoyed by other national firms. The creation of the 2006 MLP portended a marriage of China‘s
science and technology programs with a comprehensive industrial program supporting domestic
enterprises, and recent industrial policies have carried these links forward. In fact, given the
range of measures devoted to high-tech industrial policy in 2009 and 2010, it is arguably the case
that the expansion of high-tech industry has now become one of China‘s highest policy priorities.

Figure 10 - PRC S&T Money Flows Snapshot from 2007 [SOURCE: KEI]

But as Chinese officials and the crafters of the MLP recognize, S&T policy and industrial policy
pursued independently has more often than not failed to meet some critical national innovation
goals. When S&T policy was isolated from industrial needs and market cues, it was rarely able
to convert scientific achievements into commercialized products. Stove-piped funding for R&D
through MOST‘s national programs often produced dead-ends and frustration; as described in the
previous sections. China‘s industrial policies, for their part, have succeeded in aiding the growth
and expansion of China‘s corporations, but often fail to incentivize risk-taking to develop and
deploy advanced technologies. Central bureaucracies and local governments have long spent
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heavily to encourage the development of high-tech industries, but lacking scientific support and
protected from competition, they often ended up inundating the market with companies that
competed at the low ends of the technological value chain. Other policies have protected hightechnology industries from competition; reducing their incentives to innovate.
This implication is huge to the U.S. DoD! Protective policies for the DIB
(espoused ad nauseam at the Industrial College of the Armed Forces
ICAF) kill innovation which Secretary Panetta indicated he needed from
the DIB.

Much of the dynamism of the Chinese economy comes either from domestic Chinese companies
outside of the state sector or from foreign invested enterprises (FIEs). FIEs still account for well
over 80 percent of China's high-technology exports. Agile ―private‖ firms are able to capitalize
on technology acquisition and development better than lumbering state-owned enterprises
(SOE‘s). One could argue, therefore, that China‘s most successful industrial innovation policy to
date has been its divestment from roughly 80 percent of the formerly state-owned enterprises. It
is also becoming clear, however, that the Chinese government consistently offers support for a
wide array of firms, not just SOEs. Even China‘s privately-managed corporations benefit
from—and actively cultivate—the patronage of the PRC government. Subsidy is not protection.
In recent years, and especially after the MLP was released, PRC government policy has
undergone a shift. Industrial policy and technology policy have become more integrated in order
to enhance the innovation capacities of Chinese companies. A slogan put forth in the MLP, the
11th Five Year Plan and official speeches explained the changes that took place: China is to
―speed up the construction of an innovation system that takes enterprises as the main part (zhuti),
the market as guide, with commercialization and research interwoven‖. Not only are commercial
companies to be the center of China‘s national innovation system under this plan, but research is
to be supported with a clear focus on economic applications; research entities are to link up with
firms that can commercialize advances while the market is to ‗drive‘ R&D projects rather than
top-down directives from government agencies.
During the last five years, efforts have been made to devise significant interdisciplinary R&D
programs to serve PRC national needs and to establish new facilities in cooperation with local
governments. The interdisciplinary initiatives have employed what has been known as the
―10+1‖ formula, in which major projects were pursued at one of 10 research ―bases‖; each led by
one of the CAS vice presidents with the ―1‖ being a program of interdisciplinary basic research
intended to support the work of the bases. Projects done at the bases involved drawing together
human and material resources from various CAS institutes. The 10 bases are for:
• Information Technology;
• Optical Electronics and Space Science Technology;
• Advanced Energy Technologies Material Science;
• Nanotechnology;
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• Advanced Manufacturing;
• Population Health and Medical Innovation
o

(including brain research in cognitive science, public health and
pharmaceuticals);

• Advanced Industrial Biotechnology; Sustainable Agriculture Ecology
• Natural Resources in Ocean Technologies and Environmental Protection
• Research Involving Large Research Facilities

More recently, there have been efforts to reach out to local governments to help meet the
innovation needs of local economies, and take advantage of increasingly generous funding
offered by some of the more wealthy localities. Among these efforts is the establishment of
seven new institutes with support from local governments, including the:
• Institute of Biomedicine and Health (Guangzhou)
• Institute of Urban Environment (Xiamen)
• Institute of Coastal Zone Research (Yantai)
• Institute of Nano-tech and Nano-bionics (Suzhou)
• Institute of Bio-energy and Bio-process Technology (Qingdao)
• Institute of Material Technology and Engineering (Ningbo)
• Institute of Advanced Technology (Shenzhen)

The MLP called for an unprecedented mobilization of resources for R&D projects in 11 ―priority
fields‖, eight areas of ―frontier technology‖ and another eight areas of ―cutting-edge science‖
challenges (further broken down into 68 priority themes this study could not acquire). This
unwieldy list was the result of a protracted committee-led drafting process in terms of equities
represented in governance, but the innovation knowledge base output that supported it serves as
a useful guide to the thinking of China‘s policymakers and scientists about the areas deserving
significant investment and support for achieving its economic social and strategic goals. China‘s
desire to develop scientific and technological capabilities in this many areas is perhaps an
ambitious task, but is characteristic of a nation that aspires to be a global science and technology
power. The MLP also highlighted four major areas of research in PRC basic science:
• developmental and reproductive biology
• nanotechnology
• protein science, and
• quantum research

The following graphic outlines the results of the innovation (DSTI) knowledge base-supported
PRC MLP deliberations:
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SOURCE: Japan Ministry of Economy, Technology and Industry (METI)

A central objective of the MLP is to build and strengthen the national innovation system and a
capacity for ―indigenous innovation‖ (zizhu chuangxin). In the view of China‘s scientific
planners, this requires that Chinese industrial enterprises replace government research institutes
and universities as the center of the national innovation system. As a result, while the MLP
builds on and enhances MOST‘s national funding programs, Chinese companies are the
beneficiaries of policy preferences and funding to an extent not seen before.
A signature feature of the MLP, which has been a source of considerable controversy (even in
China), is the introduction of 16 National Mega-projects. These are China‘s vanguard programs
for utilizing technological development to launch itself into a competitive position in knowledgebased, high value-added fields of industry. The program aims to harness science and technology
to achieve ―leapfrog development‖ in key areas of high technology including: electronics,
semiconductors, telecommunications, aerospace, manufacturing, pharmaceuticals, clean energy
and oil/gas exploration. The mega-project programs aim to integrate enterprises, institutes and
universities in collaborative research efforts while promoting human resources, patenting and
standard-creation strategies within companies – a novel open-source/open-development crowdsourcing approach. The mega-projects are divided into civilian and military attributes and,
clearly, some of the products of such work are beginning to show up in Chinese commercial and
national security technologies. The 16 megaprojects proposed in the MLP were the following:
1) Advanced numerically-controlled machine tools and basic manufacturing technology
2) Control and treatment of AIDS, hepatitis and other major diseases
3) Core electronic components; including high-end chip design and software
4) Extra large-scale integrated circuit manufacturing
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5) Drug innovation and development
6) Genetically modified organisms
7) High-definition earth observation systems
8) Advanced pressurized water nuclear reactors & high-temperature/gas cooled reactors
9) Large aircraft
10) Large-scale oil and gas exploration
11) Manned space; including lunar exploration
12) Next-generation broadband wireless telecommunications
13) Water pollution control and treatment
14-16) Three unannounced projects thought to be classified.

The mega-projects aim to be the driving force of a new science policy and to unite China‘s
technology and industrial policymaking. An inter-agency process overseen by a Mega-projects‘
Leading Small Group selects program goals in the various megaproject areas, while the programs
are supposedly coordinated by a special mega-projects office in MOST. However, unlike
established national programs controlled exclusively by MOST multiple agencies are involved
including: NDRC, the Ministry of Finance (MOF), the Ministry of Industry and Information
Technology (MIIT) and the Ministries of Agriculture and Public Health.
For the information technology mega-project, for instance, MIIT has been assigned
responsibility for implementing the programs while MOST is serving as a ―leading‖ office.
Partially aimed at providing better oversight over program funds, this type of interagency process
represents the transfer of some influence over S&T initiatives and funding to agencies that
oversee industries; as well to NDRC and MOF which have an eye towards the national macroeconomic and budgetary picture.
The PRC‘s industrial bureaucracies, meanwhile, increasingly provide decisive support for
commercial expansion and innovation in high-tech sectors. China reported that it allocated nearly
39 billion RMB to enterprises for ―technology innovation‖ purposes in 2006. Chinese statistics
claim that this represented 6.7 percent of enterprises‘ funding for innovation activities. That
money was provided through ―government allocations‖ (3.4 percent), ―tax incentives‖ (2.3
percent), ―policy-related loans‖ (0.9 percent) and ―risk investment‖ (0.1 percent). An additional
49 billion RMB was provided for innovation activities through loans from financial institutions;
including some state-owned banks (a public-private consortium approach).
Additional sources of government funding for high-tech enterprises—procurement measures,
land grants, patenting support, certain subsidies, investments and loans—are potentially not
included in these statistics but have become more common in recent years. This is captured
somewhat in the Figure on the following page:

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 668

The Rooster & The Dragon January 23, 2012

Figure 11 - Central Government Appropriations for Major S&T Programs [SOURCE: METI]

The Decision to Accelerate the Development of Strategic Emerging Industries exemplifies
China‘s ambitions to utilize high-tech industry to restructure its economy and scale new
international economic heights. The seven sectors include some in which foreign companies do
not hold insuperable advantages in technology, cost or scale—the electric vehicle, new materials
and clean energy technologies for example. Other technologies have potential national security
value; such as Internet technologies and large-scale machine industries. A crucial feature of the
―strategic emerging industries‖ initiative is that government policymakers believe significant
government funding is necessary to launch these infant industries. According to Chinese
calculations, value-added in these seven sectors currently accounts for less than four percent of
GDP, but China will strive to achieve value-added in these sectors of eight percent by 2015 and
15 percent by 2020. Rough calculation shows that to realize these targets, the value-added from
these industries must grow at an average of over 24 percent annually in 2011-2015; and over 21
percent annually in 2016-2020. According to allies of the U.S. who are technical experts with
knowledge of the Strategic Emerging Industries Decision, the PRC government will pursue
nuanced policies to achieve these goals, not simply isolated government injections of capital.
Their Strategic Emerging Industries Decision also calls specifically for:
• Expanding basic research on the critical technologies in “strategic emerging” industries;
• Increasing R&D expenditures in enterprises, industrial pilot/demonstration projects, and
research alliances involving labs and universities led by backbone industries
• Creating financial incentives for intellectual property development
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• Improving research environments to unleash the creative talents of individuals
• Implementing & supporting major engineering projects to push tech development
• Building improved financial and consulting support for industry

China‘s efforts to link industrial policy with science and technology policy to enhance domestic
industries can be seen as an attempt to popularize and broaden the methods used in earlier
successes. China has identified standardization capabilities as an important measure of
innovation, and has devoted administrative resources and research funding to support standards
projects. The MLP also closely links China‘s innovation goals with the creation of technical
standards incorporating Chinese-developed intellectual property. As the number of Chinese
innovators grows, PRC officials have recognized that China‘s aspirations for indigenous
innovation are unlikely to be met without a far more credible intellectual property (IP) protection
regime that protects the creators of new technologies. The MLP contains targets for the
development of products with Chinese IP as well as technical standards based on Chinese IP.
The implementation of these proposals has resulted in an incentive structure for Chinese
companies, universities, and research institutes to file patents as a measure of success. It is not
surprising, therefore, that there has been a steady growth in PRC patenting over the past five
years, although the quality of many of these patents has been questioned.
There are also concerns that the implementation of China‘s industrial policy sometimes puts the
intellectual property rights of foreigners at risk. In a 2010 survey of U.S. businesses operating in
China by the American Chamber of Commerce in China, 11 percent rated IP enforcement as
totally ineffective; 63 percent as ineffective and only 26 percent as effective to very effective.
Enforcement of IPR by foreign companies is increasingly possible in large cities and against
large companies but still rare and difficult in most parts of the country. IP criteria have been built
into government procurement and technical standards policies in ways that do not conform to
international norms. Chinese ―junk patents‖ have also been used by Chinese technology
corporations to win IP settlements against foreign businesses operating in China. Even if
Chinese firms have stolen foreign technology and used it to reverse engineer technologies,
technology transfer is more often than not a business decision. S&T cooperation through
commercial channels began in the early 1980s with foreign firms transferring technology to
China through equipment sales and licensing agreements. As China‘s foreign investment regime
liberalized during the course of the 1980s, technology transfer increasingly became linked to
foreign investment projects in which multinational corporations seeking to expand into China
entered into joint ventures. By the 1990s, China had developed increasingly sophisticated
foreign investment regulations intended to extract as much technology as possible from foreign
investors under its so-called ―market for technology‖ strategy. Although U.S. firms were not
alone in transferring technology to China, in terms of scale and value of investments, levels of
technology and styles of technological management, U.S. companies have been a leading source
of foreign technology for China since the early 1980s.
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China‘s entry into the WTO was ―supposed to‖ preclude it from demanding technology from
foreign companies in exchange for access to its domestic market. The Beijing-Tianjin high
speed railway opened to great fanfare before the 2008 Olympics, and by March 2009, Siemens
had announced a follow-on project to supply 100 trains for a Beijing-Shanghai high speed
railway. To its surprise, however, the Ministry of Railways denied the existence of the deal,
saying China would use it own ―indigenous technology‖. Instead, MOR awarded CNR a $5.7
billion contract for the trains; with Siemens contracted to supply certain vital components for $1
billion. The result of Siemens‘ decision to transfer technology to CNR was the loss of its
technological advantage to what could soon become a global competitor. Indeed, CNR reports
that it will boost the share of revenue from exports from 10 percent today to 50 percent by 2015.
Foreign interest in Chinese rail technology is growing, even in the United States, where
California has encouraged Chinese bids on a planned high-speed rail project.
Technology transferred from foreign firms through purchase and assimilation may not be the
desired or most feasible way for China to launch new industries. China‘s 2001 accession to the
WTO required that China no longer demand technology from foreign companies for market
access. Many Chinese scientists and planners feel, in any case, that foreign companies cannot be
counted on to transfer the technologies sought by China‘s sophisticated manufacturers or
companies competing with foreign firms in the design of new processes and devices. Acquiring
foreign technology may be useful in targeted areas in which Chinese industries need to catch up,
but not for creating the next round of lucrative discoveries and ―leapfrogging‖ foreign firms.
Considering also the steep IP licensing royalties demanded and the dependency on foreign
technology that it cultivates, the appeals of ―indigenous innovation‖ are inescapable. It is in the
context of the limits of technology transfer for its innovation goals that China has sought to
encourage new forms of knowledge transfer; most notably through foreign-run R&D centers.
In fact, as China began to adjust its own industrial and technology policies in anticipation of
WTO membership, foreign companies began to show increasing interest in performing R&D in
China. The implication is apparent: China is shopping for dual-use know-how, not just
technologies. Many of these foreign R&D centers primarily adapt foreign technology to China‘s
market, or focus on tailored product development. Yet evidence suggests a trend towards highend research. This shift is visible in the fact that these R&D centers increasingly function as
Asian and even global innovation centers. R&D centers also serve as political currency for
multinational firms, which often believe they need them to be effective in conducting business in
China. According to U.S. Naval War College Professor Kathleen Walsh, some companies have
established an R&D presence in China ―to appease PRC officials who demand it‖ and to
―[further] other, long-term interests in the China market‖.
Another channel for the PRC to acquire technology is through the purchase of foreign
companies; allowing Chinese firms to harness their intellectual property and networks of talent.
So far, the targets of most outbound Chinese investment are companies with oil, gas and mineral
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resources whose control Beijing has deemed critical to its economic growth. But, high
technology, manufacturing and service industries are now receiving more attention in China‘s
acquisition strategy, says PricewaterhouseCooper‘s David Brown. One of the U.S.‘s largest
contributions to Chinese science has undoubtedly been the training and development of Chinese
talent in its universities and research institutes. These students have competed with the most
accomplished students in America‘s top universities. They are also part of a growing
interdependence in U.S. and Chinese science; as many of the students are highly demanded by
American companies and welcomed by American universities where they perform research and
fund their education largely without university financial support. See the Figure below:

Figure 12 - China’s growing ranks of scientists and engineers [SOURCE: USCC]

At the core of China‘s international scientific contacts are the thousands of activities occurring at
the scientist-to-scientist level. This is consistent with the traditional culture of academic science;
as researchers seek out colleagues with common interests with whom they can share findings,
collaborate or, perhaps, compete. These relationships between and among scientists have been
powerfully influenced by the ties that have developed as a result of Chinese students doing
graduate work abroad. Mentor-student relations involve research collaboration that over time
evolves into senior colleague-junior colleague collaboration.
The PRC believes in the importance of government-supported science and technology linkages
and has committed generous resources to enhance them. China‘s various science agencies
maintain well staffed international offices with dedicated budgets for international cooperation.
Although international cooperation was not explicitly highlighted in the MLP, MOST
nevertheless increased funding for international activities substantially since the MLP period
began; where provincial and local governments have increasingly focused on internationalizing
their S&T activities. See the Figure below:
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Figure 13 – PRC Techno-dependency in Decline [SOURCE: USCC]

Over the years, the international cooperation offices of China‘s science agencies have facilitated
the development of international ties spanning the academic, commercial and government
realms. In the latter, China has developed and maintained active government-to-government
programs with a number of other countries including: Japan, the EU and those with the United
States. European nations have been willing to spend fairly generously on the relationship and
have given it more political attention than the United States has in recent years. Still, the
government-to-government S&T relationship with the United States remains an important one
for China and of growing importance for the United States. The relationship is based on the 1979
Agreement on Cooperation in Science and Technology, which committed the two sides to
encourage and facilitate both contacts and cooperation (See Appendix).
After thirty years, the Agreement now has some 26 subordinate agency to agency protocols and
various other institutional strands. The asymmetry in capabilities that characterized it at the
outset has given way to growing interdependence; brought about by the globalization of
scientific innovation and China‘s remarkable scientific progress over this time. Quite opposed to
these instances of collaboration are instances of Chinese technology theft and espionage. Due to
U.S. export restrictions and licensing requirements on dual civilian and military use technologies
and the reluctance of many firms to share certain technologies with China, PRC R&D entities—
public and private—often find it necessary to fill capability gaps through illicit means. Chinese
intelligence agencies, military research institutions and civilian corporations all target American
technology for acquisition. When China illegally acquires technology from the United States, it
free rides on the United States‘ scientific investments; threatening its capability advantages in
valuable commercial and military technology. The PRC DSTI knowledge innovation program
will make this easier and more coordinated in nature.
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It is not clear the extent to which outright theft, versus legal technology acquisition or the crossbreeding of ideas/technology inherent in the globalization of science education and research, is
driving China‘s technological rise. Nevertheless, the fact that the targets of Chinese acquisition
are often those controlled technologies deemed crucial to American business and military
dominance means the threat must be taken seriously. U.S. counterintelligence officials believe
that China is the largest and most aggressive espionage threat in the world. In terms of military
technology, in just the last few years Chinese entities have been implicated in attempts to acquire
protected space shuttle technology, missile technology, radar and electronic warfare technology,
naval warship data, unmanned aerial vehicle technology, thermal imaging systems and military
night vision systems according to the Department of Justice.
Such technologies, as well as others desired by the Chinese military, are crucial elements in
military systems that could challenge the military predominance of the United States. Illicit
acquisition of technology is also a threat to the technological engine of the American economy.
Federal officials say that Chinese entities are among the most active in corporate espionage and
that these efforts were often directed against companies in Silicon Valley. Technology
companies Google, Cisco Systems, Motorola, Siemens and General Electric have voiced
concerns or filed lawsuits over China‘s aggressive activities in trying to acquire their advanced
technology, which undercut these companies‘ ability to secure ownership of their intellectual
property. Estimates of the cost of such activities to U.S. businesses are difficult to obtain;
particularly because American firms do not always come forward when their technology has
been stolen, and the loss of intellectual property cannot be easily enumerated.
Theft of American technology is often conducted through the PRC‘s science and technology
institutes and industrial enterprises. As described in the Department of Defense‘s 2010 report to
congress on PRC military developments; and confirmed in a joint FBI/CIA report on China‘s
intelligence activities, ―the PRC utilizes a large, well-organized network of enterprises, defense
factories and affiliated research institutes and computer network operations to facilitate the
collection of sensitive information and export-controlled technology‖. Ken Shiffer, who spent
29 years as a counterintelligence agent in the FBI, said that ―the Chinese operations that I
confronted or am familiar with all targeted specific technologies which were needed by specific
institutes or organizations in China‖.
As these cases show, the Chinese military clearly benefits from stolen American technology, but
in the Chinese S&T ecosystem, the line between government and private initiatives is blurred.
Other numerous U.S. officials allude to an ―underground bazaar‖ of people trying to sell
information to China but no one knows the scope of these efforts or whether the government is
soliciting the information. Chinese entities have also used cyber attacks to collect information
from the U.S. Government, defense industries and corporations, often with the aim of collecting
sensitive technological information. As described in a Northrop Grumman report to the USCC,
China has carried out ―a long term, persistent campaign to collect sensitive but unclassified
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information from U.S. Government and U.S. defense industry networks using computer network
exploitation techniques‖. These attacks have yielded at least 10 to 20 terabytes of data from U.S.
government networks according to the report.
U.S. Government officials believe, said Northrop Grumman, that cyber-espionage ―has the
potential to erode the United States‘ long term position as a world leader in S&T innovation and
competitiveness‖, and that ―the collection of US defense engineering data has possibly saved the
recipient of the information years of R&D and significant amounts of funding‖. A massive
computer attack against Google in 2010, traced to Chinese hackers, reportedly involved theft of
its proprietary computer code. Such wide-spread cyber-campaigns against U.S. critical dual-use
technologies created a large-data set problem for the PRC DSTI eco-system and prompted calls
there to accelerate the implementation of knowledge engineering and management tools.
China‘s knowledge innovation system has achieved startling progress over the last decade;
producing high-tech systems and weapons faster than many foreign observers anticipated. This
progress has been facilitated by reforms in the defense industry innovation system (itself now
more closely linked by governance modifications to DSTI institutions and industry policy
makers) as well as efforts to tap into the benefits of the civilian high-tech economy and its
integration of knowledge from global R&D networks and production chains. New techniques
and tools were introduced to the PLA through foreign participation in the development of dualuse technologies. U.S. International Traffic in Arms Regulations (ITAR) are supposed to prevent
the export of defense technologies on the U.S. Munitions List from being shared with foreign
entities without approval.
U.S. export controls on dual-use technology also is supposed to restrict the export, by U.S. firms,
of commercial-use technologies that could enhance China‘s military capability if incorporated
into weapons systems. Companies of European and other advanced industrial economies are
subject to their own government controls. Multi-laterally there are several WMD nonproliferation regimes and the Wassenaar Arrangement among forty nations which are supposed
to govern much of the dual-use domain. Yet, shaping export control policies to both preserve
U.S. competitiveness—and the billions of dollars of business conducted with Chinese firms—
while preventing the transfer of sensitive technologies remains a difficult balancing act.
Links between Western and Chinese firms in dual-use areas include collaborative R&D
activities, joint ventures and other strategic partnerships. Multinational IT and electronics firms,
moreover, have transferred core technologies as a means to obtain market share. Western firms,
as described earlier, also provide intangible knowledge flows and training in advanced methods
of research and management. China sill benefits from Western collaboration in other dual-use
areas of ICT. Technology and knowledge flows have come from R&D collaborations that are
typical of the globalized technology environment has led to Western companies to form links
with Chinese research entities that have both civilian and military functions.
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The Chinese government restructures have been a major impetus in the PRC‘s rapid scientific
rise. China‘s leading officials are deeply committed to technological modernization and have
provided sustained attention and funding to realize their goals. They view technological
development as the key to meeting the economic demands of its 1.3 billion citizens as the world
faces a crisis of sustainability. Additionally, they see science and technology modernization as a
critical factor in reaching a leading position on the world. China‘s top-down national science
programs do provide benefits in terms of stimulating advances in research, but these benefits
must be tempered by an understanding of their limits in supporting innovative discoveries and
commercializing results. From a different perspective—that of selected scientists in China and a
number of ethnic Chinese scientists working abroad—Chinese national plans tended to produce
derivative research and do not significantly advance the objective of making China a center for
original technologies.
On October 10th, 2010 China announced an initiative that may herald a new phase in China‘s
industrial policy—one that broadens the government‘s focus on promoting the development of
technologically-heavy enterprises more than ever before. The initiative envisions mechanisms
for spurring innovation on a grand scale. No longer content to see Chinese companies succeed in
a few specialized areas of technology—such as green energy and transportation—the State
Council‘s Decision to Accelerate the Development of Strategic Emerging Industries calls for
extending support for industries in seven emerging sectors where ―revolutionary breakthroughs‖
are possible. The sectors singled out for aid in the resolution are:
1) Energy conservation and environmental conservation, including: energy-saving
equipment and products, pollution control, clean coal and utilization of seawater.
2) Information technology, including: Next-Generation Internet equipment, broadbandbased information network infrastructures, the Internet of Things, cloud computing,
integrated circuits and new display devices, software and servers.
3) Biotechnology, including: pharmaceuticals and agriculture.
4) Large-scale machines, including: civilian aircraft, satellite and aerospace technology,
intra- and inter-city rail transport, offshore exploration rigs and intelligent manufacturing
facilities.
5) Clean energy, including: nuclear, solar, wind and smart grid technologies.
6) New materials, including: the development of rare earth materials, membrane
materials, special glass, functional ceramics, semiconductor materials, LED materials,
metal alloys and alloy steels, engineering plastics, carbon fiber, Kevlar fabrics, ultrahigh
molecular weight poly-ethylene (UHMWPE); research on nano-materials, superconducting
materials and intelligent materials.
7) Electric vehicles, including: hybrids cars, pure electric cars and batteries.
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RECOMMENDATIONS
Epilogue
There have been several studies conducted in the last three years within ASD(R&E), including
significant work at the Institute of Defense Analysis (IDA) attempting to make a case for
knowledge engineering (semantics; data modeling), data stream fusion, linking informational
relationships across the war-fighter/comptroller/R&D/Acquisition/Industry domains, and forging
a knowledge-based alliance between S&T investments and industrial policy. All were given
deafening silence. That was before we knew the PRC had a DSTI game-plan. Perhaps now is an
appropriate happenstance to re-introduce former recommendations. There is U.S.-based
commercial thought-leadership backing up such notions as taking on a knowledge innovation
program with accompanying organizational, procedural, policy and resource changes.
For instance, in one glimmer of potential support for, at least, a pilot effort at re-inventing the
S&T knowledge management within AT&L one senior leader attempted to rally interest at the
executive level when it was mentioned in correspondence: ― …makes an interesting point in his
attachment regarding the opportunity to pursue "data-intensive scientific discovery" as a means
to prevent technological surprise. However, I see this as a supplement to rather than a
replacement for the traditional hypotheses driven scientific method. [This office‘s]particular
application of preventing technological surprise in Export Control via data-intensive methods
might require new advances in Large Data Sets and High Performance Computing, but there
could be a significant payoff for DOD. I will discuss this with [others in the field] to see if there
is anything we could pursue that would make sense. I have always been skeptical of dataintensive approaches but it may be that herein is a reasonable path forward‖.
By means of short-cut, here is a synopsis (Sweeney, 2010) of the publication causing such a stir:
The Fourth Paradigm (Data-Intensive Scientific Discovery); edited by Hey, Hansley, Tolle; Microsoft
Corp., 2009
1. Overall implications: The book makes the case that the future of science is in data-intensive
scientific discovery, that science is changing from hypothesis-based to add pattern and rule
discovery from scientific data from hypothesis-neutral real-world and simulation-based
experiments. [To support this new science discovery model, experimental data needs to be
captured in knowledge templates. DoD could leverage the data modeling and prototyping effort
across equities in support of optimizing S&T investments to avoid/prevent technological surprise
and to improve the quality and timeliness of products from DOD S&T investments.]
2. Detailed implications:
a. Much of future science will come from “data-intensive scientific discovery” from
hypothesis-neutral experimental data.1
i. Within a scientific discipline (e.g., floating point data; bio-informatics/genetics;
astronomy; health science).2
1

Beyond the Tsunami: Developing the Infrastructure to Deal with Life Sciences Data, Southan and Cameron, European
Bioinformatics Institute, 2009
2
The Impact of Workflow Tools on Data-centric Research, Goble an De Roure, University of Southampton, 2009
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ii. Across scientific disciplines (e.g., combining floating point and text data
formats, to support governmental decisions for problems such as climatescience-related problem that cannot wait for the science to be completed and
fully accepted).3
b. “The current scholarly communication system is nothing but a scanned copy of a paperbased system.”4
c. Science is changing from hypothesis-based to “adding pattern and rule discovery to the
scientific method.”5
i. Scientists discover hypotheses from experimental data.6
ii. Scientists filter data for hypotheses to test hypotheses.7
iii. Note: data (scientific record) must have sufficient context to support the above
(e.g., provenance; curation; reproducibility).8
d. Tools are needed to pre-filter the data as it is being collected, to support realistic data
analysis time and cost issues; data sampling techniques are needed (such as those
provided in MapReduce open source tools) to enable efficient analysis.9
e. Scientific experiment data (from simulation and real world) should be stored in widelyaccessible knowledge bases; with formal ontologies that support semantic queries to
enable hypothesis discovery and hypothesis testing.10
f.

There are “existence proof” examples of this (astronomy, biological systems).11,12

g. While the current set of generic tools are inadequate to the task, the next generation
will enable significant improvement, from the technical perspective.13
h. Proprietary issues will delay implementation within the commercial sector.14

3

Instrumenting the Earth: Next-Generation Sensor Networks and Environmental Science; Lehning, Dawes, Bavay, WSL Institute
for Snow and avalanche research SLF; Parlange, Ecole Polytechnique Federale de Lausanne; Nath, Zhao, Microsoft Research,
2009
4
All Aboard: Toward a Machine-Friendly Scholarly Communication System; De Sompel, Los Alamos National Laboratory;
Lagoze, Cornell University, 2009
5
A New Path for Science, Abbott, Oregon State University, 2009
6
Parallelism and the Cloud, Gannon and Reed, Microsoft Research, 2009
7
Beyond the Tsumani: Developing the Infrastructure to Deal with Life Sciences Data, Southan and Cameron, European
Bioinformatics Institute, 2009
8
A New Path for Science, Abbot, Oregon State University, 2009
9
Parallelism and the Cloud, Gannon and Reed, Microsoft Research, 2009
10
Parallelism and the Cloud, Gannon and Reed, Microsoft Research, 2009
11
Bringing the Night Sky Closer: Discoveries in the Data Deluge; Goodman, Harvard University; Wong, Microsoft Research;
2009
12
Visualization in Process Algebra Models of Biological Systems; Cardelli, Microsoft Research; Priami, Microsoft ResearchUniversity of Trento Centre for Computational and Systems Biology and University of Trento, 2009
13
Multicore Computing and Scientific Discovery, Larus and Gannon, Microsoft Research, 2009
14
I have seen the Paradigm Shift, and It Is Us, Wilbanks, Creative Commons, 2009
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i.

Open source software will enable significant improvements; need to get away from
requiring a financial incentive—accept that open source tools can be developed without
an apparent financial incentive.15

j.

“To avoid excessive one-off customization, the interactions between documents and
data and the fusion of different data sources will require a generic, interoperable
semantic layer over the databases.”16

DoD yet has an opportunity to establish a defense-capability knowledge template (a generic,
interoperable semantic layer) for the emerging new area of science—data-intensive scientific
discovery. The implementation of this template for defense technology reporting throughout
DOD will relate new and emerging science and technologies to projected Blue and Red
capabilities which would:
 Inform the U.S. National Security Strategy
 Enable S&T resource decisions that balance economic and defense-related
aspects

The implementation of this generic, interoperable semantic layer for defense science and
technology data would put DoD in a position of science leadership for the emerging new science
paradigm—data-intensive science discovery. The IDA program is developing a generic,
interoperable layer for defense-related science and technology. Continuing the IDA development
of the generic, interoperable semantic layer for defense-related science and technology can
provide significant value-added across DoD. The pilot approach could:
Implement the knowledge template for DoD science and technology reports
Enable meeting the National Security Strategy science and technology needs
Implement the knowledge template for DoD science and technology data
Improve the quality and responsiveness of DoD science and technology investments

Formerly absent from the concerns of most politicians, indicators of scientific activity are now at
the heart of the debate over the linkages between advances in science and technology and
economic and social progress. There is a growing awareness of the advantages of basing
opinions, and subsequent choices, on criteria that lend themselves more to quantitative
evaluation. Science policy reviews would seem inconceivable today without recourse to existing
indicators. Long focused on measures of input, such as expenditure and R&D staff, interest is
turning increasingly to output – especially to technology-related output (e.g. patents, technology
balance of payments, trade in high-tech, etc.). Where science is concerned, bibliometric
indicators are a must.
15
16

I have seen the Paradigm Shift, and It Is Us, Wilbanks, Creative Commons, 2009
Text in an Data-centric World, Ginsparg, Cornell University, 2009
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In this study, I began with a brief history of bibliometrics; tracing its origins and defining its role
in the evaluation of science. I presented the results from a variety of bibliometric indicators;
noting their uses and their limitations. The aim of this study was not to purport to be a
comprehensive survey of the field. This study did demonstrate, however, that bibliometrics is a
tool by which the state of science and technology can be observed through the overall production
of scientific literature, at a given level of specialization.
It is a means for situating a country in relation to the world, an institution in relation to a country
and even individual scientists in relation to their own communities. These scientific indicators
are equally suitable – providing the customary precautions are taken – for ―macro‖ analysis (e.g.
a given country‘s share in global output of scientific literature over a specified period) and
―micro‖ studies (e.g. a given institute‘s role in producing papers in a highly circumscribed field
of science). They constitute a way to assess the current state of science which can help shed light
on its structure. From such, a PRC DSTI strategic taxonomy was inferred.
By providing new information, bibliometrics can be an aid to decision-making and research
management. It alone cannot, of course, justify a decision or replace subject matter experts.
Bibliometric indicators are practical tools which can be used in combination with other analytics
and tradecraft. The products of science are not objects but ideas, a means of communication and
reactions to the ideas of others. While it is possible simultaneously to track scientists and money
invested, it is far more difficult to measure science as a body of ideas or to grasp its interface
with the economic and social system. For now, indicators remain essentially a unit of measure
based on observations of science and technology as a system of activities rather than as a body of
specific knowledge (National Science Foundation, 1989).
Each indicator has its advantages and its limitations, and care must be taken not to consider them
as ―absolute‖ indices. The ―convergence‖ of indicators has to be tested in order to put the
information they convey into perspective (Martin and Irvine, 1985). It is a fact that there is a
growing demand for bibliometric data from the scientific community itself. Most industrial
countries publish sets of indicators similar to those of the National Science Foundation; attesting
to a perceived need. The author provides this report to the Technology Security Office and for
the AT&L communities of interest on the scientific modernization program in the People‟s
Republic of China (PRC) and its implications to the competitiveness of the United States‟
Defense comparative militarily critical technology/capability advantages. In summary the
author set out to:
 Examine and assess PRC DSTI national-level programs from the 1980s to the present
o (years 2005 through 2012 found to be key);
 Assess linkages between China’s science policy and its industrial policy;
 Assess the methods commonly employed by the PRC to support its scientific modernization
through interactions with the United States or other Western entities; and
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 Analyze identifiable policy linkages between the Chinese government’s broader science and
technology efforts as to the capacities of China’s defense-industrial complex.

Manned space ventures, electric cars and the world‘s fastest supercomputer all make clear: the
People‘s Republic of China (PRC) is ascendant in science and technology. According to
Secretary of Energy Steven Chu, speaking in late 2010, China‘s recent technological successes
constitute a new ―Sputnik moment‖ for the United States. With China poised to be a leader in
clean energy and transportation technologies, Secretary Chu was suggesting a technological
challenge on a level that ought to shock the American psyche. China‘s low-emission coal energy
plants, third and fourth generation nuclear reactors, high-voltage transmission lines, alternativeenergy vehicles, solar and wind energy devices and high-speed trains are all either more
advanced than those in the United States or provide serious competition to American
technologies.
The transformation in Chinese technological capabilities is not only apparent in the clean energy
and transportation fields. China‘s high-tech industries have made steady progress in
telecommunications and information technology (IT). Significant budgetary commitments for
research in nanotechnology, new materials, and other cutting-edge scientific fields have allowed
China to play a leading role in the next generation of important discoveries. And advanced
military weapons systems (including recently-deployed anti-ship ballistic missiles and a new
fighter jet prototype with stealth characteristics), have benefited from advances in the PRC‘s
defense industries and in China‘s civilian technology base.
The Chinese government has been a major impetus in the PRC‘s rapid scientific rise. China‘s
leading officials are deeply committed to technological modernization and have provided
sustained attention and funding to realize their goals. They view technological development as
the key to meeting the economic demands of its 1.3 billion citizens as the world faces a crisis of
sustainability. In addition, they see science and technology modernization as a critical factor in
reaching a leading position on the world stage and bringing about ―the great rejuvenation of the
Chinese nation‖. With the developed world mired in financial difficulties, China‘s leaders
believe the time is especially favorable for closing remaining technological gaps. For China to
secure its ambitions, however, it will have to overcome significant obstacles. Having started
from a low base, China‘s scientific capabilities are still far from world-class in most areas while
its capacity for technological innovation is far less robust than those of advanced industrial
economies, as indices attest.
To catch up, let alone overtake the West, China must address some serious problems in its
innovation system. Government funding programs for science face many difficulties and China‘s
high-tech industrial policies are often wasteful and harmful to innovation. Chinese scientists and
scientific managers admit serious problems of research creativity, fraud or dishonesty and weak
accountability for research expenditures. In addition, inadequate protections for intellectual
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property rights, underdeveloped methods for allocating capital, weak incentives for innovation in
some key industrial sectors and an educational system more geared to test-taking than cultivating
creative thinking affect the performance of the innovation system.
Still, these problems have not stopped China‘s technological advance or prevented it from laying
the groundwork for continued improvement in its innovation capacity. China‘s corps of research
scientists and engineers is expanding, its research facilities have experienced a building boom, its
share of publications in global science and engineering journals is quickly increasing, and its
patenting activity is growing notably. China‘s research and development (R&D) spending
reached $141 billion in 2010—according to purchasing power parity (PPP) estimates—more
than twelve percent of the global total. China is on pace to surpass Japan in 2011 and become the
largest source of R&D spending in the world after the United States.
China‘s emergence as a major force in science and technology has profound implications for the
United States. On the one hand, China‘s technological rise could provide opportunities to
advance common global challenges and spur healthy competition—a race to the top in new
scientific frontiers. Far from containing China‘s ambitions, the United States and other Western
nations have supported China‘s technological development. Foreign corporations, universities
and scientists, in pursuing mutually beneficial partnerships with Chinese entities, have embedded
themselves in China‘s innovation system.
On the other hand, China‘s continued advance in science and technology may significantly alter
the distribution of global economic, political and military power to the disadvantage of the
United States. Successful technological development allows nations to capture new markets and
attract resources—such as capital and talent—that might otherwise flow elsewhere. Gains in
China‘s technical capabilities also support military programs that threaten the interests of the
United States and its allies. U.S. national power has been built on leadership in science and
engineering and an innovation system that has fostered sustained economic prosperity and
military superiority. While China remains a long way off from challenging the U.S. for
leadership, the trajectories of the two countries warrant serious attention.
Already, the world has seen China‘s scientific efforts become a ‗bone of contention‘ and
suspicion; as its advances are directed into areas of competition with other nations. After all,
noted PRC President Hu Jintao in a 2010 speech, ―a nation‘s technological competitiveness
determines its place and future in international competition‖. Techno-nationalist practices have
at times undermined the mutually beneficial basis for the exchange of knowledge and goods
across borders. Instances in which China has created an unfair playing field for foreign
companies in the high-tech sphere, or stolen foreign technologies in order to ―free ride‖ on the
advances of others, have stimulated fears that foreign nations are not only failing to obtain an
adequate return on their significant investments in Chinese science but that their efforts will
come back to harm them in the future—if they have not already.
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This study report addressed the implications for U.S. competitiveness by speculating on the
potential for PRC science policies and programs to promote the development of an
internationally-competitive national innovation system. Today's legislative framework severely
restricts us from fully addressing domestic economic espionage. The intelligence community
must gain a stronger role in collecting and analyzing this economic data and making it available
to appropriate government and commercial entities.
Congress and the administration must also create the means to actively force more informationsharing. While our organizations (both in government and in the private sector) claim to share
information, the opposite is usually the case, and this must be actively fixed. Moreover, China
made S&T and intelligence entities a collective whom are subordinate to industrial policy while
reinventing their information activities under a C2 paradigm; using the latest knowledge
engineering methods, tools and techniques to deploy and employ an innovation engine.
Seeking to intentionally avoid speaking to specific U.S. national-level ramifications spawned
from the concerted DSTI knowledge innovation programmatic progress by the People‘s Republic
of China, it is worth mentioning again how doggedly the European Union is courting China
markets with potentially ignoring dual-use technology security controls. In a perversely absurd
irony, as the U.S. National and Military strategies become Asia focused and look askance at
Europe, it may be our former allies that are our competitors with the only market being our
common historical adversary. My specific recommendations for the Department of Defense are:
 DoD should appoint a Chief Knowledge Officer (CKO) as a direct reporting official to
DEPSECDEF (independent from the CIO and CTO).
 AT&L should recommend to OUSD(P) that DTSA be directed to pursue an export control
multilateral regime strategy that (a) concentrates on ID and control of dual-use technologies
capable of supporting improvised WMD and aggressively make this their non-proliferation
agenda and (b) cease any ―silver bullets‖ with the USG delegation about changing USML to CCL
type controls but place emphasis upon other competitors and adversaries that are ahead of the
U.S. in dual-use technology areas; aggressively attempting to undermine, inhibit or destabilize
their lead, vector or momentum. (i.e. weaponize export policy; a ‗sword‘, not ‗shield‘ or ‗valve‘)
 AT&L should consider expanding the charter for the Defense Technical Information Center in
order to operationalize, spirally, a complete/comprehensive knowledge base built upon critical
linkages across disparate information streams and media to include: Needs, Mandates,
Constraints, Resources, Global Technical Artifacts, Logistical Demographics, Threats, etc.

o To this end I recommend the following:


Benchmark the U.S. Army‘s Foreign Military Studies Office (FMSO); which was an
open-source research/analysis center of excellence in the Cold War when we required
information about the USSR with their own language artifacts. The model is applicable to
the PRC. Currently FMSO provides reach-back support to the Human Terrain Team
(HTT) program and reports to the U.S. Army‘s TRADOC/G-2.
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Benchmark the for DIA-DWO project worldtech/protech; which used to provided
actionable counter-intelligence information about global technology capability/maturity.



Benchmark the Bibliometric R&D being conducted at NSWC Dahlgren Department Q
(i.e. Mathematics).



Dissolve and Disband the Technical Intelligence Office under ASD (R&E)



Transition the Systems Analysis Office under ASD (R&E)/SE (i.e. Critical Program
Information – CPIs) to be a subordinate activity under the re-engineered DTIC
Operations Officer (see below).

 Should DTIC evolve as a re-purposed, re-invented DKC (i.e. Defense Knowledge Center), all
holders of captive relational data necessary to link relationships (across combat capability; to
enabling technologies; to programs/platforms; to vendors/suppliers; to economic
issues/opportunities and to governance/policies) would have to be directed to expose their data
for DKC utilization. (i.e., entire AT&L knowledge scope; not just T)
 In order to re-invent DTIC, is will (a) need a function to captain the changes required to operate
semantically from any end-user context; (b) establish dynamic ontologies through a robust
taxonomy/classification schema; and, (c) establish an innovation-economy targeted data model
for decision support to policy-making stakeholders.

o To this end I recommend:


Appoint the Militarily Critical Technologies Program (MCTP) as operations
officer for DTIC; moving the office/mission (DAMO also) out of ASD
(R&E)/RD with Institute of Defense Analysis (IDA) support & placing the
Acquisition Visibiility Servies-Oriented Architecture (AV SOA) project under
MCTP (DKC Ops.) program management.

 In order to re-purpose DTIC as DKC, its output needs to be (a) war-fighter relevant and (b)
commercially useful to industry…that is to say, at a strategic not just an ad hoc level.

o To this end I recommend:


Appoint the Joint Support Office as Senior Executive Director of DTIC; moving the
office/mission out of ASD (R&E) to provide a combat capability focus in oversight of the
DTIC (DKC) operations.



Merge the JSO DKC Directorship and the MCTP-led DKC Operations under
ASD/Industrial Policy; directly reporting and accountable to the Deputy, AT&L for
successful conversion.



By implementing Directive for the above recommendations, ensure ASD (R&E), the
Services‘ Labs, The Departmental Labs and all recipients of basic research
projects/grants/SBIRS/STTRs federate their data and support ASD/Industrial Policy in
creating an environment for innovation incubation and economic market harvesting;
thereby aiding the Administration‘s goals for job creation.

© 2012 Comm IT Enterprises, Inc. All Rights Reserved
This book includes data that shall not be disclosed outside the Government.

P a g e | 684

The Rooster & The Dragon January 23, 2012
Why an AT&L knowledge base for innovation/economics under industrial policy
leadership and federated with the DoDs Chief Technology Officer’s apparatus would work:


In short, read the previous 15 volumes of this book. If the PRC can do it we can do it. Moreover, it
won’t take 50 years because AT&L (within its own authorities) owns the required appended
organizations and its own data.

How a new knowledge management system would address dual-use technologies that are
potentially disruptive to U.S. combat capability of economic interests (as presented and
accepted by the National Academies standing Committee on Technology Insight Gauge
Evaluate & Review; TIGER):


The calculus is a step-wise process beginning with semantic analysis of criteria, parameters,
attributes and operating conditions constituting criticality (e.g. the MCTL, Developing Sciences &
Technologies List, Space-Sensitive Technologies List or the DSS Targeted Technologies List). Then a
commercial data repository such as the U.S. Patent & Trade Office is queried. From the first run a
second semantic analysis is accomplished by which it becomes a ‘fingerprint’ – then the USPTO is
queried again to produce all artifacts that look like the ‘fingerprint’.



Since all technologies follow a statistical pattern, the evolutionary path for a technology can be
depicted as a nautilus shell. As a mathematical function, the S-curve location would demonstrate
technical maturity/saturation vectors while an outlier to this formulary often indicates potential
technological disruption. Thus, you can find a needle in a haystack. This analysis is very useful, but in
the macro sense, it is even more important to discern any relationships among haystacks. The
following Figures depict the concept with examples:

Figure 14 - Technology Feedback from USPTO from MCTL & TTL Query (with raw clustering and relationships)
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Figure 15 - This time with Nautilus Evolutionary Pattern for each Techno-Haystack

Figure 16 - This Overlay Depicts the Critical Migration Paths from One Haystack's Frame of Reference
(Thus, you can see how other Haystacks Relate to It)
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Figure 17 - This is the actual Knowledge Map for Comms/Radars Techno-Haystack (with Relationships Shown)
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Figure 18 - Same Knowledge from another Techno-Haystack Frame of Reference (Munitions/Armaments)
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The above series of AT&L-centric affinity matrices can then be micro-analyzed to ascertain
specific patent or scientific paper contents; the author(s)/who they work with; locations
where they work/contact info/others in the industry or domain space; etc. – thereby
enhancing proactive protection and risk mitigation measures. If CPIs were brought into the
calculus, such could be traced to platforms, programs and owners. This calculus works on
the World Intellectual Property Organization (WIPO) repository also. If repositories such as
U.S. Trade, The World Bank, UNESCO or OECD were brought to bear into the calculus, we
would be able to determine macro-economic market “pull” as well as technology “push”.
How an AT&L knowledge base would capture/depict technology relationships:
 A Concept and candidate data model initiative was performed by IDA that should be
used to pilot a path forward in re-inventing and re-purposing DTIC as DKC under
AT&L/industrial policy. The Figure Below outlines the architecture:

Figure 19 - Concept for AT&L Innovation Knowledge Base [SOURCE: IDA; Rolfe, Leheny & Breaux]

End-Notes:
1) Whenever this book used the term “Chinese”, it was not meant to ascribe ethnicity but is synonymous to
the terms” China” and “PRC”. “Improvised WMD” addresses mass DISRUPTION as well as Destruction.
2) Whenever the book has incorporated PRC documentation, it has been indicated by quotation marks using
blue italics primarily and sometimes gray italics.
3) The use of the term “reportedly” signifies verbal information source on a non-attribution basis.
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APPENDIX A:
THE STRUCTURE AND INFRASTRUCTURE OF CHINESE SCIENCE AND TECHNOLOGY
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APPENDIX C: CAS Institutes
The 100 Institutes of the Chinese Academy of Science
Basic Research
Academy of Mathematics and Systems Science
Fujian Institute of Research on the Structure of Matter
Hefei Institutes of Physical Sciences
Institute of Chemistry
Institute of High Energy Physics
Institute of Mechanics
Institute of Modern Physics
Institute of Physics
Institute of Theoretical Physics
Nanjing Institute of Astronomical Optics & Technology
National Astronomical Observatories
National Center for Nano Science and Technology of China
National Time Service Center
Purple Mountain Observatory
Shanghai Astronomical Observatory
Shanghai Institute of Applied Physics
Technical Institute of Physics and Chemistry
Wuhan Institute of Physics and Mathematics
Life Sciences and Biotechnology
Beijing Institute of Genomics
Beijing Institutes of Life Science (preparatory)
Chengdu Institute of Biology
Guangzhou Institute of Biomedicine and Health
Institute Pasteur of Shanghai
Institute of Biophysics
Institute of Botany
Institute of Genetics and Developmental Biology
Institute of Hydrobiology
Institute of Microbiology
Institute of Psychology
Institute of Zoology
Kunming Institute of Botany
Kunming Institute of Zoology
Qingdao Institute of Biological Energy and Bioprocess Technology
Shanghai Institute of Mataria Medica
Shanghai Institutes for Biological Sciences
South China Botanical Garden
Tianjin Institute of Industrial Biotechnology (preparatory)
Wuhan Botanical Garden
Wuhan Institute of Virology
Xishuangbanna Tropical Botanical Garden
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Resources and the Environment
Chengdu Institute of Mountain Hazards and Environment
Cold & Arid Regions Environmental and Engineering Research
Guangzhou Institute of Geochemistry
Institute of Atmospheric Physics
Institute of Earth Environment
Institute of Geochemistry
Institute of Geodesy and Geophysics
Institute of Geographic Sciences and Natural Resources Research
Institute of Geology and Geophysics
Institute of Oceanology
Institute of Remote Sensing Applications
Institute of Subtropical Agriculture
Institute of Tibetan Plateau Research
Institute of Urban Environment
Institute of Vertebrate Paleontology and Paleoanthropology
Nanjing Institute of Geography and Limnology
Nanjing Institute of Geology and Paleontology
Nanjing Institute of Soil Science
Northeast Institute of Geography and Agricultural Ecology
Northwest Institute of Plateau Biology
Qinghai Institute of Salt Lakes
Research Center for Eco-Environmental Sciences
Shenyang Institute of Applied Ecology
South China Sea Institute of Oceanology
Wuhan Institute of Rock and Soil Mechanics
Xinjiang Institute of Ecology and Geography
Yantai Institute of Coastal Zone Research
High Technology
Academy of Opto-Electronics
Center for Earth Observation and Digital Earth
Center for Space Science and Applied Research
Changchun Institute of Applied Chemistry
Changchun Institute of Optics, Fine Mechanics and Physics
Dalian Institute of Chemical Physics
Guangzhou Institute of Energy Conversion
Institute of Acoustics
Institute of Automation
Institute of Computing Technology
Institute of Electrical Engineering
Institute of Electronics
Institute of Engineering Thermophysics
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Institute of Metals Research
Institute of Microelectronics
Institute of Optics and Electronics
Institute of Process Engineering
Institute of Semiconductors
Institute of Software
Lanzhou Institute of Chemical Physics
Ningbo Institute of Material Technology and Engineering
Shanghai Institute of Ceramics
Shanghai Institute of Micro-system and Information Technology
Shanghai Institute of Optics and Fine Mechanics
Shanghai Institute of Organic Chemistry
Shanghai Institute of Technical Physics
Shan'xi Institute of Coal Chemistry
Shenyang Institute of Automation
Shenzhen Institutes of Advanced Technology
Suzhou Institute of Biomedical Engineering and Technology
Suzhou Institute of Nano-tech and Nano-bionics
Xi'an Institute of Optics and Precision Mechanics
Xinjiang Institute of Physical and Chemical Technology
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APPENDIX D: China‟s National Laboratories
China‟s 20 National Laboratories having a status higher than “Key” Laboratories. Four of
these were started in the 1980s and 1990s, another batch begun in 2003 & 10 more in 2006.
The first four include:

The National Synchrotron Radiation Lab at the CAS University of Science and Technology in
Hefei, Anhui province (1984).
The Beijing Electron Positron Collider at the CAS Institute of High Energy Physics in Beijing
(1988).
The National Heavy Ion Accelerator Lab at the Institute of Modern Physics in Lanzhou, Gansu
province (1991).
The National Lab for Materials Science at the CAS Institute of Metals Research in Shenyang,
Liaoning province (2000).

The six established in 2003 include:
The National Lab for Physical Sciences at the Microscale at the University of Science and
Technology, Hefei.
The National Laboratory for Information Science and Technology at Tsinghua University,
Beijing
The Beijing National Lab for Molecular Science, jointly operated by Peking University and the
CAS Institute of Chemistry in Beijing.
The Wuhan National Lab for Optoelectronics, jointly operated by Huazhong University, the
Wuhan Research Institute of Posts and Telecommunications/Fiberhome Group;
CAS Wuhan Institute of Physics and Mathematics, and the 717 Research Institute of the China
Shipbuilding Industry Corporation;
The National Lab on Condensed Matter Physics at the CAS Institute of Physics, Beijing.

The final group, approved in 2006 in conjunction with the launching of the MLP,
and now in various stages of development, includes:
The Qingdao National Lab for Marine Science and Technology at the Ocean University of China,
Qingdao, Shandong province.
The National Lab for Aeronautics and Astronautics at the Beijing University of Aeronautics and
Astronautics.
The National Lab for Major Disease Research at the Chinese Academy of Medical Sciences,
Beijing
The National Lab for Magnetic Confinement, jointly operated by the CAS Hefei Physical
Sciences Research Institute and the Southwest Nuclear Physics Research Institute Center for
Fusion Science of the Southwest Institute of Physics.
The National Lab for Clean Energy at the CAS Dalian Institute of Chemical Physics, Dalian,
Liaoning province.
The National Lab for Naval Architecture and Ocean Engineering at Shanghai Jiaotong
University.
The National Lab for Microstructures as Nanjing University
The National Lab for Bio-macro-molecules at the CAS Institute of Biophysics in Beijing.
The National Lab for Modern Rail Transportation at Southwest Jiaotong University, Chengdu,
Sichuan province.
The National Lab for Modern Agriculture at the China University of Agriculture, Beijing.
The National Lab on Equipment Manufacturing Science and Technology at the Xi‟an Jiaotong
University in Xi‟an, Shaanxi province.
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APPENDIX E: U.S.-China Scientific Cooperation
The indicator used to evaluate the relative rate of scientific exchanges between one country (A)
and another (B), over a given period of time (and, if desired, in a specific area of science), and in
relation to all international co-operation between these same two countries over the same period,
is called the ―affinity index‖. This indicator provides a ―dual vision‖ of these links, which can be
measured, for example, in terms of co-authored articles; clearly it can be applied to entities other
than countries (e.g. businesses, geographical aggregates, etc.). The formula for computing the
affinity index, which was developed by the Laboratoire d‘évaluation et de prospective
internationales (LEPI) of France‘s CNRS, is as follows:

where COP (A-B) represents the number of scientific links (co-operation) between A and B and
COP (A-WD) is the number of co-operative links between A and the world. This indicator
measures not only the links between countries, but also their equilibrium level, i.e. the ―balance
of power‖ underlying the flows; it shows the strongest areas as well as the weakest. An
examination of how affinity indices vary over time yields an indication of changes in bilateral
scientific relations. Additional areas of government-sponsored scientific cooperation between
China and the United States not discussed in the main body of this report are listed below. These
cases provide a flavor to what has become a fairly extensive government to government S&T
relationship.
Environmental Protection. There have been formal U.S.-PRC agreements in the area of
environment protection since 1980:

• In 2003, the U.S. EPA and the State Environmental Protection Administration (SEPA) of China
(now, the Ministry of Environmental Protection, or MEP) signed a new MOU which provides for
the establishment of a Joint Committee on Environmental Cooperation, and which contained
annexes on air pollution, water pollution, and pollution from persistent organic pollutants (POPs)
and other toxins. Subsequently, two other annexes have been signed; one on hazardous wastes
and subsequently one on environmental law and enforcement.
• In 2006, EPA also signed in MOU with the Ministry of Science and Technology which has led
to cooperation in the areas of drinking water security, new environmental technologies and green
communities and sustainability, and in 2007, an MOU was signed with the Ministry of Water
Resources for cooperation in source water protection and watershed management.
• An MOU between EPA and the Administration on Quality, Standards, Inspection and
Quarantine (AQSIQ) was also signed in 2007 dealing with environmental standards; including
those pertaining to international trade. In addition, EPA conducts activities outside of the formal
MOU and has conducted projects with a variety of central and local government agencies in
China.
A number of discrete projects have been carried out under these agreements (there were some 24
projects under the air pollution annex alone during 2006 and 2007), often involving academic or
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commercial partners, or participants from other government agencies. These activities have
involved joint research, workshops and training. There has been a strong technical assistance
thrust to many of these activities to help China build capacity in the science and policy needed to
enhance environmental governance in the face of its severe environmental problems. A number
of new approaches to environmental management in China, including a recently announced
sulfur dioxide emissions trading program and a national water discharge permit program, have
grown out of a background of bilateral cooperation going back a decade or more.
Agriculture. Agreements between the USDA and the Ministries of Agriculture and Science
and Technology (MOST) have led to a wide range of research and technical assistance
activities in the area of agricultural science and technology.
A U.S.-China High-Level Bio-technology Working Group (BWG) provides a forum for
the two sides to exchange views on regulatory and bio-safety issues associated with
agricultural biotechnology, and involves not only the Chinese Ministry of
Agriculture on the Chinese side but also the Administration of Quality Supervision
and Inspection and Quarantine (AQSIQ), the Ministry of Commerce, and the
Ministry of Public Health. The BWG also includes a Technical Working Group on
the environmental and food safety implications of agricultural biotechnology which,
in addition to the agencies above, also include representation from the Shanghai
Academy of Agricultural Sciences, The Chinese Academy of Agricultural Sciences,
The China Center for Disease Prevention and Control, The Chinese Academy of
Sciences, Fudan University and various provincial departments of agriculture. A
variety of other activities in the area of food safety have occurred, including
discussions of food safety regulatory systems with the National Development and
Reform Commission (NDRC) and the establishment of two joint food safety research
centers.

Other agriculture related activities include: cooperation on ethanol and bio-fuels
development, forestry management, soil and water conservation (including cooperation
with The Chinese Ministry of Water Resources and the Chinese Academy of Sciences),
plant and animal health, control of invasive species, agricultural economics and statistics,
nutrition issues and cooperation on research and management of individual plant and
animal species.
USDA also cooperates with The Chinese Academy of Agricultural Sciences in the
establishment and operation of a Sino-U.S. Biological Control Lab in Beijing. Under its
Scientific Cooperation and Exchange Program, USDA has supported the exchange of
some 1,500 U.S. and Chinese scientists since the program was initiated in 1978.
Cooperation on bio-fuels has been advanced by the signing of a new annex to the
protocol between USDA and MOST in 2008. It calls for the establishment of a joint
research center between the Agricultural Research Service and the Institute of New
Energy Technology of Tsinghua University, the exchange of graduate students and the
convening of research seminars. Cooperation will focus on genomics and the genetic
engineering of crops and the development of biological catalysts used in fermentation.
Cooperation in the areas of water resources and resource conservation has also increased,
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again involving joint research projects, the establishment of joint research centers (e.g.,
for efficient irrigation, intensive agriculture and nonpoint source pollution control,
grazing land ecosystem restoration and soil and water conservation) and student and
scholar exchanges.
A review of the bilateral activities in the field of agriculture shows a wide range of research and
technical exchange involving a broad spectrum of institutions in the two countries. U.S.
investigators have had access to data from distinctive ecosystems in many parts of China and
have interacted with elite Chinese scientists in cutting edge areas of agricultural science and
technology as well as with local experts from a broad variety of regional institutions. The
Chinese side, in turn, has been exposed to the technology of modern agricultural research which
has contributed to the building of human resource and institutional capabilities. The relationship
has also involved bilateral engagement on important policy issues dealing with food safety,
regulatory arrangements for biotechnology and the relationships between agriculture and energy.
The relationship has produced many mutually beneficial results and is now poised for deeper and
more sustained joint research efforts.
Basic Science. A Basic Sciences protocol formalizes U.S. National Science Foundation
(NSF) relations with the Chinese Academy of Sciences, the Chinese Academy of Social
Sciences, The Ministry of Education, and the National Natural Science Foundation of
China (NSFC). A second protocol involving the U.S. Geological Service as well as the NSF
on the US side, and the NSFC, the China Earthquake Administration (formerly the State
Seismological Bureau) and the Ministry of Construction on the Chinese side. Under these
protocols, NSF has supported a broad range of collaborative research in basic science,
engineering and the social sciences which amounted to more than $16 million of spending
during 2006-07.

NSF has cooperated with China on projects dealing with disaster prediction and
mitigation, and structural engineering and the mitigation of hazards. Beyond the work
under the protocols, however, there are a variety of other activities. In recent years, NSF
has emphasized the importance of educational programs in its relations with China and
has supported summer research opportunities for American graduate students in China.
China also figures prominently in the NSF PIRE (Partnership for International Research
and Education) program which provides for multi-year institutional support for
international collaboration involving students and faculty; often on multilateral projects.
(note that the UCSB‘s participation in the cooperation agreement with the Dalian Institute
of Chemical Physics, noted above, is supported by PIRE).
Following the completion of an NSF delegation to China in the physical sciences in 2007,
the two sides have initiated a major joint research project in chemical sciences; an area of
Chinese strength.
China participates as an associate member in the NSF Integrated Ocean Drilling Program,
and this past year NSF and NSFC laid the foundations for a multidisciplinary project on
climate change. The relationship between NSF and NSFC is especially cordial; as noted
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above, NSF inspired the establishment of NSFC and has provided ongoing counsel in the
management and operation of a basic research-oriented funding agency.
In 2004, the two agencies cooperated in convening a forum on basic science for the next
15 years in conjunction with the preparation of China‘s MLP, discussed in the previous
chapter. NSF also sponsors a variety of high-level workshops and symposia in cuttingedge work areas of interest to the two countries, such as recent workshops on nano-scale
standards and computer science. As a measure of China‘s growing importance to NSF,
NSF established a representative office in Beijing in 2005.
A
complete
list
of
workshops
includes:
bio-complexity,
nanotechnology, biomechanics, mechanics, green chemistry,
chemical engineering, history of life, computer and information
sciences, nano-structural materials, climate change and micro-geobiological sciences.
In addition to NSF, other agencies now maintain representatives in
Beijing, including: DOE, FAA and units of HHS. These are in addition
to seven officers in the Embassy’s science counselor’s office.

The U.S. Department of Energy (and its predecessor agencies) has also long been involved with
China in areas of basic research, most notably through agreements for cooperation in highenergy physics and nuclear fusion. The high-energy physics agreement was first signed in
January, 1979 and has provided for close cooperation between high-energy physics communities
in the two countries, especially in support of the establishment and recent upgrading of the
Beijing Electron Positron Collider; an important facility which allows for world-class research in
China.
The largest current collaboration under this agreement is the construction of unique
facilities, completed in 2011, for studying neutrino oscillations at the site of the Daya Bay
nuclear power plant complex. The U.S. is contributing half of the cost of the detectors,
while the Chinese side is paying for the construction and civil engineering. DOE has also
assisted in the design and construction of other major facilities including the new
Shanghai Synchrotron Radiation Facility and the Chinese Spallation Neutron Source
noted above.
The Protocol on Cooperation in the Fields of Nuclear Physics and Controlled Magnetic
Fusion Research was originally signed in 1983. Activities under the protocol have
focused mainly on fusion and have involved training, cooperative research and design
assistance to China in the construction of its new EAST tokamak facility at the Institute
of Plasma Physics of the Chinese Academy of Sciences in Hefei. This unique facility,
which was tested and achieved its first plasma in September, 2006, has led to the increase
of cooperative, mutually beneficial bilateral activities.
With China joining ITER (International Thermonuclear Experimental Reactor),
opportunities for bilateral cooperation on multilateral issues have also increased. China‘s
increasing ability and willingness to pay for large, complex and expensive facilities is one
of the reasons why it has become an increasingly attractive partner for international
cooperation.
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Although not discussed here, this is true in other fields as well; as seen, for
instance, in astronomy with the construction of the LAMOST (Large Sky Area
Multi-Object Fibre Spectroscopic Telescope) facility.

Medicine and Public Health. Cooperation in the areas of medicine and public health also goes
back to 1979 with the signing of the Protocol for Cooperation in Science and Technology of
Medicine and Public Health which provided for cooperation in public health, biomedical
research, health care, and health policy. Today, the U.S. Department of Health and Human
Services (HHS) maintains agreements with both the Ministry of Public Health and MOST. In
addition, the health area has expanded and become quite active in recent years in light of the
AIDS epidemic and in the wake of the SARS outbreak.
In 2002, HHS and the Ministry of Health signed a memorandum of understanding for
cooperation in fighting AIDS through prevention activities, treatment, and research. As
part of the US Emergency Plan for AIDS Relief, activities include research on vaccines,
the development of testing kits for rapid diagnosis, surveillance and innovative
treatments.
A second MOU, for collaboration on emerging and reemerging infectious diseases, was
signed by the two parties in 2005. It provides for a higher profile HHS presence in China
with staffing from the Centers for Disease Prevention and Control (CDC), and supports
Chinese capacity building through laboratory development, surveillance, enhanced
epidemiology, and the establishment of China‘s own CDC. In addition, HHS and MPH
maintain an agreement on integrative and traditional Chinese medicine.
The National Institutes of Health are also actively involved with China, with 18 institutes
and centers having ongoing research with China. Chinese researchers have been
consistently the most numerous visiting scientists at NIH laboratories (in 2007, there
were 630) and have also been recipients of NIH extramural research awards.
Extramural research grants have also supported a wide range of cooperative projects
involving investigators from U.S. and Chinese institutions. NIH employs one scientist in
Beijing who coordinates with the Chinese CDC, the Chinese Academy of Medical
Sciences and the Chinese Academy of Sciences in facilitating research on a variety of
diseases; playing an important role in the implementation of the agreement on emerging
and reemerging infectious diseases; some $4 million has been spent by NIH on influenza
research in China.
In addition, NIH has also had its own long-standing MOU with the Chinese Academy of
Sciences for cooperation in basic biomedical research. The MOU was first signed in 1983
and was amended in 2005. Among other things, it calls for jointly funded research
training in the U.S., and continuing support for researchers once they return to China. It is
also intended to encourage CAS scientists to collaborate more actively with Ministry of
Health entities to raise the level of research capacity in the fields of medicine and public
health.
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Atmospheric and Marine Science. The U.S. National Oceanic and Atmospheric Administration
conducts activities with China under two protocols, one on atmospheric science and technology
with the Chinese Meteorological Administration (CMA), and one on marine and fisheries
science and technology with the State Oceanic Administration of China. A number of working
groups have been established under each protocol.
In the atmospheric science area, NOAA has played an important role in helping to
modernize CMA through training, instrumentation, and software. Meanwhile China itself
has significantly increased its capabilities with the acquisition of more advanced radars,
satellites, high-performance computers and increasingly sophisticated basic science.
Areas of cooperation include numerical weather prediction, atmospheric chemistry and
the relationship between monsoons and climate. Under the Marine sciences protocol,
there is also work on the role of oceans in climate change, and working groups on
oceanographic data and information, living marine resources, integrated coastal
management and polar sciences.
Given its size, location, and topography, China figures prominently in earth observation
activities of interest to NOAA, and NOAA‘s leadership in the science and technologies of
earth observations makes it of considerable interest to China. China and the U.S. are both
important members of the World Meteorological Organization (WMO); and extend their
bilateral cooperation into multilateral settings.
China and the U.S. also work together in the GEOSS (Global Earth Observation System
of Systems).
Other Programs. With regard to metrology, the National Institute of Standards and Technology
(NIST) maintains agreements with the Chinese Academy of Sciences for cooperation in the
fields of chemistry, physics, materials and engineering measurement sciences. The Department
of Commerce, of which NIST is a part, has an agreement with the Chinese Administration for
Quality Supervision, Inspection and Quarantine (AQSIQ) in the areas of metrology,
documentary standards, accreditation and information technology. A variety of workshops and
exchanges have taken place under these agreements.
In addition, NIST has hosted Chinese guest researchers in its laboratories under its
Foreign Guest Researcher Program. During FY 2006 and 2007, there were 191 Chinese
working with NIST counterparts on projects of mutual interest.
As noted above, USGS participates with NSF and the China Earthquake Administration
and the Natural National Science Foundation of China in the implementation of a
protocol on earthquakes. In addition, USGS also has protocols on earth sciences, water
resources and mapping.
The Department of Transportation has agreements with Chinese counterparts in the areas
of railroads, traffic safety, highways and cooperation on innovative technologies. A
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notable exception in the range of government science activities where cooperation has
failed to materialize is that of space science and technology.

DOD photo by Erin A. Kirk-Cuomo
U.S. Defense Secretary (SECDEF), the Hon. Leon E. Panetta, stands next to Chinese Vice
President Xi Jinping during a full honors ceremony welcoming him to the Pentagon, Feb. 14,
2012. Pentagon Press Secretary George Little said Panetta and Xi agreed on the need for
enhanced communication to foster greater understanding and expand mutual trust between
the two countries. DEPSECDEF, the Hon. Ashton Carter, is pictured in the center of the
photograph.
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Appendix F: Word-Dendogram Basis for the Inferred PRC DSTI Taxonomy
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Appendix G: Phrase-Dendogram Basis for the Inferred PRC DSTI Taxonomy
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Once an Eagle, stricken with a dart, said when he saw the fashion of
the shaft; “With our own feathers, not by others’ hands, are we now
smitten”.
- Anton Olmstead Myrer; quoting Aeschylus

“Intelligence is the world's second-oldest profession. It differs from
the oldest profession in that it is more immoral and more commonly
practiced by amateurs.” – Philip Knightley
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UNLOCKING THE MIND TO NEW KNOWLEDGE
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