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EXECUTIVE SUMMARY

This report describes 16 recent remarkable achievements in S&T China has reported in 2005, then
proposes 20 indicators that should be used to produce a more accurate future assessment of the rate of
progress of Chinese S&T. The report also provides summaries of 6 South Korean alarming assessments of
China’s dramatic progress in Chinese S&T, in 2005. These Korean assessments, even in summary, seem
more useful than the data and trends provided in 1999 by the NSF that were biased toward a slow and
backward China, said to be facing daunting challenges with little hope of S&T breakthroughs.

The report does not find fault or address why the various NSF indicators were selected. The actual data is
relegated to the appendices. It is more important to ask if the 8 South Korean studies are correct to predict
that China will soon be major global S&T competitor. Much appears to depend on which indicators will be
selected in a new assessment. That is why 20 new indicators are proposed.’

Finally, the report quotes from the 2004-2005 Congressional debate on competitiveness and the NSF and
other US science budgets, which have been flat or declining for years. There is little mention of any
challenge from China or any other nation. At least we cannot accuse the NSF of inflating the threat from
foreign S&T in order to save their own declining budget. Other reports on measures to improve US
competitiveness — in taxes, science education, basic research, defense technology — rarely raise any
concerns about a challenge from China’s S&T competitiveness, with some notable exceptions.

Instead, an old paradigm continues to dominate debate in a way that closes off any policy discussion of
what to do about a surprisingly competitive China S&T export economy. This old paradigm seems
omnipresent. The Economist magazine mistakenly used it in the current April 9, 2005 issue, claiming
falsely: “To assess China’s future, it is crucial to understand the countryside....where 800 million live on an
average income of less than a dollar a day, rural backwardness weighs heavily on the minds of China’s
leaders as they dream of joining the ranks of the worlds leading economies.” Is it really just a dream? The
WTO announced last week that China in 2004 surpassed Japan in exports, and that one third was
electronic products. Yet, as long as the press portrays China as just a rural poverty case, its leaders merely
dreaming of world economics, it will be necessary for reports like this one to over compensate, by showing
a bias of stressing China’s remarkable achievements and surprising breakthroughs, ignoring rural poverty
and other obstacles.

Predictions a decade ago of slow Chinese S&T progress have now proved to be false. A systematic
underestimation has occurred. Improved assessments with new analytical techniques will be needed to
avoid errors that the “old paradigm” generated. A 1999 National Science Foundation study scored China
very low in future S&T prospects, Yet the same indicators are still in use — patent applications, journal
articles cited, numbers of new doctorates, and estimates of per centage of GNP allocated to R&D. These
do not capture China’s progress, and have a bias toward underestimating Chinese competitive progress.

In the past few months, China has announced a new supercomputer that operates at 11 trillion calculation
per second, breakthroughs in nanotechnology, manufacture of immunochips to detect staph infection,
operation of a mini-space satellite, plans to launch another 100 satellites beyond the 70 already launched,
a state of the art new pebble-bed nuclear reactor technology, plans to build 40 nuclear reactors [the US
has built none since 1970], a Chinese-designed Pentium-style computer chip, a doubling of factory
production of robots, design of a new satellite launch vehicle capable of orbiting 25 tons, successful use of
cloning cell technology to produce a buffalo, opening of semiconductor design centers, progress by the

! This subject is explored thoroughly in a 550 page book with 24 expert authors. See Keeping Abreast of Science and Technology, W.
Bradford Ashton and Richard A. Klavans, editors, Battelle Press, Columbus, Ohio, 1997
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Institute of High Energy Physics on a electron positron collider, support of a super conducting collider in
Germany, partnering with the EU to enable the Galileo global positioning system, and a state of the art
planned astronomical observation program . Few if any of these developments would have been forecast a
decade ago under the influence of the old paradigm.

Last week, the WTO announced that China has overtaken Japan as the world's third largest exporter, after
a 35 per cent jump in the country's overseas sales. Surprisingly, electronic goods now account for a third of
Chinese exports. Yet Chinese leaders continue to downplay their achievements in S&T, and demand faster
progress.

Without a new assessment, US policy makers will likely be further surprised in the decade ahead as China
gradually surpasses the US in technology exports. A similar predictive failure occurred in the early 1950s
when Soviet S&T progress was underestimated. The Sputnik shock greatly increased US S&T spending.
Alarmed by the decline in US technological competitiveness, the American Electronics Association in
February 2005 called for “Sputnik Summit” in 2005 to put forth proposals to improve US competitiveness.

This report quotes many recent Congressional statements of concern from Senators such as Bill Frist, Kit
Bond, and Barbara Mikulski, and many Congressmen about the federal S&T budget. Consistent with the
influence of the old paradigm and the lack of an adequate assessment, the China challenge has not yet
been mentioned in these debates.

The policy deliberations about China by both Congress and the Executive branch have been
disadvantaged by mistaken predictions. The “old paradigm” of understanding Chinese S&T emphasized
China’s backwardness, its overwhelming obstacles, and predicted a slow pace of Chinese progress. This
old paradigm was even encouraged by some Chinese official statements, such as the claim it will take until
at least 2049 before China becomes a major power in S&T. The old paradigm promoted a generous,
optimistic attitude toward China, even patronizing China’s prospects for S&T growth. The old paradigm did
not see China ever becoming a worthy competitor with the American superpower, but as a poor, rural
nation of 700,000 villages where per capita income was low. A key part of the old paradigm was the
assumption — in spite of Chinese claims — that the Chinese Communist party was headed for a liberal
transformation, and that democracy and political liberalization could be expected in a few years. Some who
believed in the old paradigm added a twist that some kind of “collapse” in China was likely, but this
pathway would also lead to slow growth, and political liberalization. This “collapse” variant seems less likely
now.

A new assessment would have to be based on a new paradigm that many are now constructing based on
revelations the Chinese have made in the past year of astonishing progress in technological development,
combined with extremely firm resistance to any political liberalization.

An up to date assessment of China’s recent remarkable progress would aid Congressional deliberations in
three areas: whether to adopt a range of proposals to improve US competitiveness, whether to consider
measures to restrict China’s access to advance technology, and whether earlier predictive errors can be
corrected.

The NSF deserves praise for recognizing, as early as 2000, the need to fund studies to improve its
indicators and its analysis for measuring national progress in S&T. The NSF assessment in 1999 of
China’s rank in global competitiveness placed China’s prospects below nine other nations including
Malaysia, Taiwan, and South Korea using indicators that need to be supplemented in a new assessment.



SECTION 1
S&T IN CHINA’S GRAND STRATEGY

April 1, 2005, Chinese Premier Wen Jiabao in a formal speech in Beijing asserted that “science and technology
are the decisive factors in the competition of comprehensive national strength.” This policy dates back 27 years
to the policy of Deng Xiaoping on S&T as the “primary” force that helped start China’s reform era. Premier
Wen added something new: “independent innovations are crucial to the rapid rise of a country. We must
introduce and learn from the world's achievements in advanced science and technology, but what is more
important is to base ourselves on independent innovations because it is impossible to buy core technology
...Independent innovation is the national strategy.” Such a goal would surprise anyone who has been reading
the conventional assessments of China’s slow pace of S&T progress

China has for three decades published its own, more optimistic, assessments of its chances in the future
international S&T competition. Beijing claims to use a "scientific" method to predict future power relations
among the major nations. Nations are to be measured carefully, especially with respect to indicators of
progress in Science and Technology in order to forecast who will be ranked how high in twenty years or more.
These formulas have been published in China for the past decade. The Academy of Military Science of the
PLA claims to use the formula that Deng Xiaoping himself used in the 1980s. Interestingly enough, S&T is the
single most important factor in calculating future national power — after the overall size of the economy of the
nation.

Developing national science and technology has not always been China’s most important goal, but since the
1978 reforms, it has been. Science and technology has also been called the key link for China’s future military
power that will be needed in a hostile world.

Chinese ancient statecraft from the Warring States era focused on how a wise leader made strategy according
to the power of his state. Sun Zi warned that the outcome of war depends on the correct assessment of power
through calculations and estimates of enemy strengths and weaknesses. Consequently, more so than most
Western futurists, Chinese authors want to forecast the future international status hierarchy. The means by
which they make such strategic assessments is through the measurement and comparison of Comprehensive
National Power (CNP), especially the S&T factors. This will lead to wise policy choices, Chinese authors say.

CNP (zonghe guoli) refers to the combined overall conditions and strengths of a country in numerous areas
science and technology have become increasingly important in the competition for power and influence in the
world. Chinese analysts have developed their own extensive index systems and equations for assessing CNP.
It will be seen that their analytical methods are not traditional Marxist-Leninist dogma or Western social science
but something unique to China, particularly the stress on the role of S&T as the primary factor that can bring
national greatness to China .

Chinese Assessments of S&T Competitiveness in 1995 — Surpassing the US by 2020

Although the phrase "Comprehensive National Power" did not itself come into existence until the 1980s, the
concept has ancient cultural roots and "evolved from the concepts of 'power,’ 'actual strength’, and 'national
power." Western studies, as cited in Princeton Professor Aaron Friedberg’s classic book The Weary Titan,
have warned that errors in assessing power are easy to make, and may even explain why some wars occur. It
is extremely difficult to assess power “transitions” accurately, as one great power is surpassed by another.
Professor Friedberg cites an almost poetic account of the difficulty in assessing national power transitions, a
remark by the great English statesman, Lord Bolingbroke:

“A precise point at which the scales of power turn . . . is imperceptible to common observation . . . they who are
in the rising scale do not immediately feel their strength, nor assume that confidence in it which successful
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experience gives them afterwards. They who are the most concerned to watch the variations of this balance,
misjudge often in the same manner and from the same prejudices. They continue to dread a power no longer
able to hurt them, or they continue to have no apprehensions of a power that grows daily more formidable.

Professor Friedberg’s book details how difficult it was for the British to track their gradual loss of international
standing to the rising power of Germany and the USA. Officials in London had an impossible time tracking
various indicators, with different ministries and politicians using very different indicators. For some,
complacency and blissful ignorance ruled while the US rose to surpass Great Britain. Professor Friedberg
knowingly asserts, based on this historical case from 1885-1895, that measuring the rise of a challenger to the
US today — such as China — may be no easier a task than the effort the British botched a century ago.

The Chinese focus on national competitiveness calculations makes it crucial to them to have good estimates of
the future. The idea of measuring and comparing CNP developed during the early 1980s. Military force was no
longer the main index for judging a country's strength. Numerous other factors contributed to a country's power
and were playing a greater role in warfare, such as science and technology. In order to make more accurate
assessments about the future balance of power, country strength had to be evaluated in a variety of areas.

China’s “Contribution” to Communist Doctrine: The Primary Role of S&T in National Greatness

Zhu Liangyin and Meng Renzhong, two well known military authors, revealed in 1995 that, "Deng Xiaoping
used keen foresight and . . . established the theoretical basis for the emergence and formation of his
Comprehensive National Power theory." These two colonels stated that science and technology were
determined by Deng and the leadership to be "the guiding force in raising Comprehensive National Power."
This is established through Deng's emphasis on the need for scientific and technological research, something
new in the early 1980s Deng “developed” the sacred classics of Marxist-Leninism by adding his unique idea of
that the "primary" productive role in economic growth is science and technology. Deng’s comment was, "Marx
talked about science and technology being a productive force and this is very accurate, but perhaps today
saying it that way is not sufficient, | think that they are the primary productive force." This quotation from
Chairman Deng was to have a great impact.

Science and Technology Capability Rated Highly in the PRC Index

In their predictions of where China would stand in national ranking by 2020 with respect to the US and other
nations, the key indicators adopted were similar to those that both the OECD and the US NSF have used. 1]
Proportion of research and development in the GDP; 2] number of new scientists and engineers; 3] the ratio of
scientists and engineers to the whole population; 4] proportion of machinery and transportation equipment
exports in total exports; 5] proportion of high-technology intensive exports in total exports. In later years,
however, other indicators were adopted. The main book, On Comprehensive National Power, by Colonel
Huang Shuofeng, provided a detailed analysis of the major component factors of CNP and their numerous
indexes. It added measurement of rates of improvement to the so called “Science and Technology Power
Subsystem” such as increasing investment in science and technology (total, proportion of the GNP); “level” of
science and technology level, scientific and technological “progress” speed; and progress in contributions,
results and applications. The indicators focused on the need above all to improve S&T in China. If this could be
done, China would surpass the US by 2020. 2

2| provide these predictive calculations by various Chinese authors in Chapter Six of China Debates the Future Security Environment,
NDU Press, 2000.
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SECTION 2
KOREA'’S 6 NEW ASSESSMENTS OF CHINA’S S&T

Before turning to the causes of the mistaken assessments made about China’s slow progress in the S&T field,
it is useful to contrast how South Koreans see the problem today. They use an innovative approach. They do
not track the broad indicators, but attempt instead to examine how many months or years “behind” Korean
technology China may be. They do the same measurements for the relative progress of the US, Japan and the
European Union. The 6 results cited below suggest one aspect of how a new assessment of Chinese progress
could be done — by focusing on the content of the technological products the Chinese produce, and how far
“behind” the US these products may be.

KOREAN ASSESSMENT MUCH MORE BULLLISH ON CHINA

A Korean survey predicted that the technology gap between South Korea and China could disappear within
three or four years. * In a survey of 58 Korean business people in China, the Institute for Global Economics
(IGE) found that 36 percent of the respondents believe that the level of technology in China might be on equal
footing with Korea within three to four years.

This is one or two years faster than the Ministry of Commerce, Industry and Energy's projection. The ministry
estimated that by 2010, China could overtake Korea in core industries, including steel and digital electronics.
About 26 percent of those surveyed said it might take five to 10 years for China to catch up with Korea in
technology.

TECHNOLOGICAL GAP BETWEEN ROK-CHINA STANDS AT 2.1 YEARS*

A second research report shows that the technological gap between Korea and China in the 99 fields
designated by the Korean government as core technology, including telecommunication and future energy, has
been narrowed to average of 2.1 years. For 10 major growth engine industries, including the next-generation
semiconductor, the technological gap between the two countries was shortened to 2.5 years on average.

These new findings were included in a report titled "Comparison of Technological Standard of Core
Technologies and the Ten Major Growth Engine Industries," which was written by the Special Committee on
Future Strategy under the National Assembly with Chairman Ahn Sang-Soo, and published by the Ministry of
Science and Technology on September 29.

The report shows that Korea is technologically ahead of China in some fields that are included among the 99
core technology fields. Korea is still ahead of China by 4.1 years in a field known as "Telecommunication
Anytime, Anywhere," and by 4.9 years in "Environmental Innovation for a Comfortable and Healthy Life."
However, according to the report, Korea is only a year ahead of China in the field of "The Supply, Demand,
and the Industrialization of Efficient and Safe Environmentally-friendly Energy," and trails China by 3.8 years in
the field known as "Approaching the Age of Aerospace."

Compared to other countries, Korea is 5.8 years behind the United States on the whole, while trailing the
European Union and Japan by 4.0 years and 3.7 years, respectively.

*The Korea Times 6 Apr 05,Seo Jee-yeon : "Technology Gap With China Narrowing Faster"
* Seoul Tong-a llbo 30 Sep 04 Seung-Heon Lee "Technological Gap between ROK-China Stands at 2.1 Years."
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Regarding the 10 major growth engine industries, the technological gap between Korea and China stood at 3.4
years for the digital TV and broadcasting. However, Korea led China by a mere 0.7 year difference in the
next-generation power cells. Korea had a 1.6 years' advantage over China in the fields of BT medicines and
organs. On the whole, Korea is 4.2 years behind the U.S. and 2.8 years behind Japan, while lagging behind
the EU by 2.4 years.

China has embarked on acquisitions of foreign businesses as part of its national strategy for
condensed technology growth in the automotive, electronic, and chemical sectors. These industries
are all where Korean exports are concentrated. Although the technological power of the Korean
automotive industry is eight years ahead of its Chinese counterpart, the gap may be narrowed
overnight if Shanghai Automotive's strategy for technology growth succeeds. If China equips itself
with technological competitiveness as well as low-wages, major industries of Korea may be threatened

KOREA'S COMPETITIVENESS ON DOWNWARD SPIRAL AGAINST CHINA®

A third study shows the competitiveness of South Korea has lost much steam in the global market in the four
years since 1999, allowing China to catch up in information technology and light industry sectors over the
period. In its report on the international competitiveness of South Korea and China, state-run Korea
Development Bank said that South Korea led China in 14 manufacturing sectors out of the total 21, with the
gap fast narrowing. Between 1999 and 2003, South Korea dropped 4.4 percentage points in terms of
international competitiveness in the manufacturing sector, while China's drop amounted to only 1.9 percentage
points.

South Korea led China in semiconductor, automobile, shipbuilding, steelmaking and organic chemical, but it
trailed China in coal and crude oil, luxury gems and clothing by a wide margin, the Korean Development Bank
report showed. A closer look at the report also showed that South Korea's competitiveness weakened in 13
sectors, such as IT, textile, paper and light industry over the four-year period, while it strengthened in only eight
sectors. "To strengthen weakening competitiveness against China, South Korea should make more investment
in R&D and facilities in order to expand the base for future growth and expand exports to Brazil, Russia and
East European countries," a Korea Development Bank official said.

CHINA RISING AS THREAT TO KOREAN AUTO PARTS®

A fourth report on Korean automotive parts makers predicts they will face stiffer competition with Chinese
counterparts, as the Chinese contenders are quickly turning to export-oriented strategies, according to a report
by Korea's state-run think tank, the Korea Institute for Industrial Economics and Trade. Its recent report warned
that Chinese parts makers will soon compete head-on-head with Korean companies not just in developing
countries but also in advanced markets such as United States and Europe.

"The Chinese government is now encouraging auto parts makers to sell more products abroad. Though China
still lags behind Korea in car manufacture, its auto parts sector is quickly improving in price and quality to
challenge Korea's," the report said. Along with the burgeoning car sales, China's auto parts companies have
experienced fast growth. The report said General Motor Corp., the world's largest carmaker, will more than
triple its parts purchase from China to $10 billion by 2009 from last year's $3 billion.

"The technology gap between China and Korea should be around two years. But the Chinese companies are

® Seoul Yonhap 23 Aug 04

® The Korea Herald 01 Nov 04



investing huge money in their engineering resources under the government-led campaign. The gap is likely to
be narrowed," said Lee Soo-young, executive director of Korea Automotive Technology Institute.

The study also pointed to relentless efforts by the Chinese carmakers moving to export-driven strategies.
Despite their little experience in car designing, these companies in a long term will compete with Korean
carmakers mainly in developing market such as India or Middle East.

"The centerpiece of Beijing's auto policy is improving the global competitiveness of Chinese cars. Chinese
makers should first avoid advanced markets because of their relatively low quality. But they will surely try some
Asian market and the Middle East to gain experience in export," the report said.

China has more than 100 carmakers. But only a handful of them, mostly foreign joint ventures, are considered
competitive. Shanghai Automotive Industries Corp. is the country's largest carmaker and teams up with two
leading foreign carmakers - Volkswagen AG. and General Motors.

Shanghai Automotive drew attention from industry watchers when it signed the final contract to buy Korea's
No.4 carmaker Ssangyong Motor Co. The Chinese carmaker is understood to want Ssangyong's technologies
on sport utility vehicles to improve its product lineup.

Korea Thwarted China’s Industrial Spies Since '98"

A fifth report was a briefing by Korean intelligence that it foiled 96 cases of attempted industrial espionage
between 1998 and 2004, preventing losses of W58.2 trillion (US$58 billion), the service said. An official from
the National Intelligence Service (NIS)'s Industrial Secrets Protection Center made the claim during a seminar
at the Federation of Korean Industries' conference center on preventing leaks of industrial technology secrets.
He added the focus of the crackdown was leaks of technological secrets to China.

Aggressive Chinese Strategies Threaten Korean Firms®

In a sixth study by Samsung Economic Research Institute (SERI), Chinese companies were reported to be
threatening the position of certain Korean enterprises in the global market. China's largest home appliances
maker Haier set up a gigantic stand on 660 square meters right next to Samsung Electronics and LG
Electronics at the CeBit, the world's largest fair for the information and communication industry, in Hannover,
Germany, in mid-March 2005. In attempt to shake its image as a cut-price refrigerator manufacturer, Haier
surprised visitors with high-tech products such as third-generation mobile phones and digital TVs.

One Korean businessman said Chinese products, though a little behind in product design, were competitively
priced at 50 to 70 percent of Korean products. Chinese products will soon make inroads into the European
mobile phone markets, the businessman added. The primary concern for Chinese entrepreneurs is to go out
into the world. To narrow the gap between them and their advanced overseas rivals, Chinese companies are
aggressively merging with and acquiring foreign companies. The Chinese government also recommends
global merger and acquisition strategies to help the country's businesses acquire highly advanced
technologies and international distribution networks and brands.

China's largest computer manufacturer, the Lenovo Group, bought the PC division of the IBM last year, turning
itself into the third largest computer manufacturer in the world. With that momentum, the Lenovo Group is
pursuing ways to penetrate the Korean market this year. TCL, formerly a small Chinese mobile phone maker,
acquired both German TV maker Schneider and the television division of France's Thompson in a blow to

" Seoul Chosun llbo 24 Mar 05
8 Chosun Ilbo 24 Mar 05



European pride. Chinese firms are pushing for indiscriminate acquisition of Korean companies like Ssangyong
Motor Co. and liquid crystal display maker Hydis.

Samsung Economic Research Institute (SERI) warned that China's global investment is only in its infancy, and
that through its massive globalization efforts it will emerge as Korea's strongest rival in the near future.

The size of China's investment in foreign markets has been sharply increasing at the rate of 20 to 30 percent
every year since it joined the World Trade Organization in 2001. The number of mergers and acquisitions by
the Chinese companies increased by 33 percent compared to 2003, and money involved increased by 320
percent from 2003 to US$1.4 billion.

SERI researcher Chung Sang-eun said China was moving its chief investment from trade and the catering
industry to highly advanced fields such as home appliances, information technology and petrochemicals, with
the scale of each investment getting larger.

SECTION 3
16 REMARKABLE S&T ACHIEVEMENTS

1. ANEW PLANT DOUBLES PRODUCTION CAPACITY OF ROBOTICS FIRM

Siasun Robot and Automation Co Ltd, China's leading robot producing and engineering firm, will start building
a plant in Shenyang, capital of northeastern Liaoning Province, this month.®

The new facilities will double the company's annual production capacity to 2,000 units mainly of manufacturing
equipment, according to Qu Daokui, president of Siasun.

This marks a crucial step in the firm's efforts to retain its position as China's dominant robot producer, Qu said
in an interview with China Daily.

2. SEVEN ASTRONOMICAL PROJECTS TO EXPLORE SPACE MYSTERIES

News from the National Astronomical Observatories (NAOC) says that in order to promote the development of
China's astronomical high technologies the NAOC -- dubbed "astronomical carrier”, is going all out to push
ahead seven astronomical projects. Experts said the construction of them would give full play to the role of
astronomy in exploring scientific forefront and developing high technologies, and make important contribution
to the demand of national key strategy.

Ai Guoxiang, academician of the CAS (Chinese Academy of Sciences) and director of the NAOC, published an
article in the Scientific Development Report 2005, which introduces the seven projects.

1. LAMOST is called a "giant eye" that can simultaneously monitor 4,000 celestial bodies. It will become the
telescope that has the highest spectrum acquiring rate in the world.

® China Daily 05 Apr 05
10 Renmin Ribao 17 March 2005
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2. SST will be the first spatial telescope that China launches into the space.

All the spatial telescopes currently floating in the space come from the US, Japan and developed countries in
Europe. The successful development of SST will bring China into the leading position in international solar
space research.

3. FAST is vividly described by scientists as a "heavenly eye" in a valley. Scientists hope it can receive
signals sent out by an "extraterrestrial civilization". Radio telescope is different from optical telescopes in that it
obtains and analyzes various information through receiving electric wave signals from outer space. Currently,
the radio telescope with the largest diameter is a 305-meters telescope built by the Americans. The FAST the
Chinese scientists plant to build at Kasite depression in southern Guizhou will be the world's largest radio
telescope, so large that it can fill the whole valley with a reception area of one square kilometer.

4-7. According to Ai Guoxiang the other four projects will include an optical telescope installed at Lijiang
Gaomei of Yunnan to enhance the capability of observational astrophysics. Second, a 1-meter infrared vacuum
solar tower will be built on the northeast bank of Fuxian Lake in Yunnan as one of China's main observational
equipments for solar physics. Third, to support the lunar exploration the NAOC will, together with other
partners, assume the enacting of scientific objectives, development of payloads, deep space exploration
coordination as well as ground application and scientific research system. The fourth project will be to look for
a fine site on the Tibet Plateau for the new generation large ground optical, infrared and millimeter-wave
telescope.

3. NUCLEAR INDUSTRY "' - PEBBLE-BED REACTOR TECHNOLOGY"
Between 2005 and 2015, China will construct 30 nuclear reactors at the 1m kW level.™

The Financial Times reported that China is poised to develop the world's first commercially operated PBMR in
the eastern province of Shandong. The "meltdown-proof" PBMR concept, which incorporates uranium-centred
graphite spheres the size of billiard balls as a fuel source, was developed in Germany more than 20 years ago.
Interest in the technology was revived in the 1990s. Japan, France and the US are known to be working on
other fourth-generation nuclear power plant designs. The Financial Times reported the Institute of Nuclear and
New Energy Technology at Beijing's Tsinghua University, which operates the world's only test pebble bed
reactor in a military zone outside Beijing, was providing the technology for the planned PBMR power station.

An official representing the consortium, which is led by Huaneng, one of China's biggest power producers, was
quoted as saying the proposed 195MW gas-cooled power plant could start producing electricity within five
years.

4. SHANGHAI SUPERCOMPUTER - 10 TRILLION CALCULATIONS PER SECOND

Chen Liangyu, member of the Political Bureau of the CPC Central Committee and secretary of the Shanghai
Municipal CPC Committee, officially started the Dawning 4000A system at the Shanghai Supercomputer
Center in October 2004. This is a computer system with a speed of 10 trillion calculations per second. The
event marks the official beginning of the operation of a commercial supercomputer system jointly developed by
the Institute of Computer Technology of the Chinese Academy of Sciences, Dawning Corporation, and
Shanghai Supercomputer Center. The Dawning 4000A system signifies that China has made a breakthrough
in the development and application of supercomputers. As a result, China has become the third country that

" Beijing Qiushi (Internet Version-WWW) in Chinese 16 Jan 05 no 2.

12 Johannesburg Business Day (Internet Version-WWW) 9 Feb 05, Dave Marrs, "SA Nuclear Company Claims 'Four-Year Edge' on
Chinese Rivals"

s Beijing Xinhua in English 25 Mar 05.
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is able to manufacture commercial computers with a speed of 10 trillion calculations per second. Moreover,
the achievement has enabled Shanghai to go a step further in the information technology construction.

On behalf of the Chinese Academy of Sciences and President Lu Yongxiang of the Chinese Academy of
Sciences, Jiang Mianheng extended warm congratulations on the formal operation of the Dawning 4000A
system. He said: The Dawning 4000A system represents a major result of the "863" High-Tech Program
initiated by the Ministry of Science and Technology. It is a major result of the pilot knowledge innovation
project of the Chinese Academy of Sciences. It is also a major result of Shanghai's information technology
construction. This is a forward-looking project with strategic significance. He expressed his hope that the
Shanghai Supercomputer Center will achieve better scientific and technological results and play a greater role

in promoting scientific research and industrial development in Shanghai and eastern China. [CHINA TO SOON BECOME TOP
PLAYER IN SUPERCOMPUTING TECHNOLOGY, APPLICATIONS

China will soon be home to a second one of the world's fastest supercomputers, and the nation will hold all
intellectual property rights (IPRs) to the system and its relevant applications.™

That means China, previously a non-player in the advanced supercomputing that is the core technology to a
country's information grid, soon will be among the world's top players in both supercomputing technology and
applications, including the United States and Japan.

"We have already developed the world's fastest blade supercomputer," Steve Chen, founder and deputy
chairman of Galactic Computing Shenzhen Co Ltd, told China Business Weekly. Chen, a scientist who has
dedicated 30 years of his life to the supercomputing technology, is a member of the National Academy of
Engineering of the United States and a member of the American Academy of Arts and Sciences. Our third-
generation (blade supercomputer) is mature in technology and ready for deployment and development of
industrial applications," Chen said.

The company's third-generation supercomputer, launched earlier this year, was reportedly the fastest
computer in the world.

With an average calculation speed 1 teraflop (trillion floating-point operations per second), it can be scaled up
to more than 50 teraflops at peak speed. US computer giant IBM recently said it is building BlueGene, a 36.01-
teraflops supercomputer, in an attempt to recapture its leading position from Japan, which has been ranking
No 1 with Earth Simulator, a 35.86-teraflops supercomputer, for three years.

Yet IBM's Japan rival NEC in October 2004 announced a 65-teraflops supercomputer, to date the fastest in the
world, leaving Chen's ranking the second.

Dawning Information Industry Co Ltd, a leading Chinese supercomputer vendor, launched, in 2004, a 1-
teraflop supercomputer. To date, that is the fastest supercomputer China has made.

However, despite the notable progress, China does not have much IPRs to the computer's core system, which
is based on imported technology, Chen said.

Prior to establishing Galactic Computing, Chen had worked in the United States since early 1980s.

He created Supercomputer Systems Inc in 1987, with financial aid from IBM, after he left his post as a vice-
president of renowned US supercomputer company Cray Inc.

Users can easily increase the calculation speed of a blade supercomputer by adding "blades," or sets of CPUs
(central processing units).

' China Daily 28 Oct 04 "US Expert Drums up Support for Supercomputing"]
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5. CHINA CLAIMS PROPERTY RIGHTS TO PENTIUM-EQUIVALENT COMPUTER CHIP

China has developed its home-made central processing unit (CPU) chip -- Godson Il -- equivalent to Pentium lll,
announced the Institute of Computing Technology of Chinese Academy of Sciences (CAS) April 17, 2005.

Godson Il is China's first 64-bit high-performance processor which supports 64-bit Linux operating system and X-window
system. It has more advantages and functions than Godson | in terms of operating system supporting, Internet surfing and
DVD playing, said Wang Chengwei, academician of Chinese Academy of Engineering.

According to tests, the performance of Godson Il is 10 times as much as the performance of Godson . lts maximum
frequency is 500 MHz. Its performance is equivalent to Pentium IlI.

"The authentication committee concluded that Godson Il has reached the international level in 2000 and pioneers China's
home- made CPU development," said Wang at the press conference in the Great Hall of the People.

At the press conference, the institute also signed a contract with Jiangsu Menglan Group establishing a industrial base to
boost the process of developing, mass producing and marketing of Godson CPU chips.

Godson |, developed on September 28, 2002 by the institute, was the first CPU chip of which China has proprietary
intellectual property rights.

6. IMMUNOCHIPS FOR THE DETECTION OF STAPHYLOCOCCUS ENTEROTOXINS'®

An immunochip is a DNA microarray carrying a high density of antigens or antibodies on a solid carrier. lItis a
novel biochip developed after the emergence of gene chip. Macromolecular Staphylococcus enterotoxins
(SEs) are typically detected by the antibody sandwich technique. In this method, SEA, SEB and SEC were
added to the reaction pool, and residual free SEs were washed away.

In this experiment, Staphylococcus enterotoxins were detected based on the double antibody sandwich
principle. The limit of detection reached the nanogram per milliliter level (ng/ml). Its sensitivity can be further
improved if a multiple amplification technique is employed. For instance, Li Chengwen et al at the Academy of
Military Medical Sciences developed an amplified fluorescence technique and an amplified ELISA technique!™
to raise the limit of detection of conventional immunofluorescence assay and ELISA from the ng/ml level to the
pg/ml level.

7. TAIWAN'S LARGEST SEMICONDUCTOR CO. - DESIGN SERVICE CENTER IN CHINA"
Taiwan Semiconductor Manufacturing Co. (TSMC), currently the world's largest supplier of built-to-order

chips, will open a design-service center at its mainland Chinese factory, the first of its kind set up abroad by the
chipmaker.'® The mainland factory was opened one and a half years ago

8. CELL CLONING TECHNOLOGY — WORLD’S FIRST BUFFALO CLONED

'® Xinhua 18 Apr 05 Chinese-Made CPU Chip Equivalent To Pentium IlI
16 Zhongguo Shengwu Gongcheng Zazhi Vol 24 No 8 in Chinese 01 Aug 04 pp 99-104 Article by Gao Zhixian, Yang Mingxing and
Wang Tao of the Institute of Hygeine and Environmental Medicine, the Academy of Military Medical Sciences, Tianjin 300050 and
Wang Shenggqi of the Institute of Radiology, the Academy of Military Medical Sciences, Beijing 100850: "Immunochip Technology for
Ehe Detection of Stapylococcus Enterotoxins
" Taiwan Economic News 23 Mar 05
'® Taipei, March 23, 2005 CENS
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A calf was cloned with ovary cells that were taken from an adult native buffalo and were transplanted into the
12-year-old female buffalo on April 10, 2004, Xinhua announced.

"The birth of the calf proves that our somatic cell clone technology is mature and this technology will greatly
promote cattle breeding in China," said the doctor.

9. PLAN TO LAUNCH 100 MORE SATELLITES BY 2020

China plans to launch more than 100 satellites before 2020 to form a global earth observation system with
satellites launched by other nations.

The network would monitor water reserves, forests, farmland, city construction and "various activities of
society," said Shao Liqin, an official with the Ministry of Science and Technology, at the 18th plenary session of
the Committee on Earth Observation Satellites.

The aim is that "we can obtain necessary data on any event through watching the Earth from space, which is
vitally helpful for the country's economic and social development," said Shao.

China regularly sends research satellites into orbit. In October 2003, it became the third nation to successfully
put a man in space.

Systematic observations of the earth include that of the atmosphere, water, land, mining resources, water
resources and ecosystem. No single country or international organization could offer complete observations
of all the areas, said experts.

Combining observation platforms of many nations enables all nations to share information. In April 2004, 44
nations and 26 international organizations formally approved the establishment of a global earth observation
system.

10. PACKETIZED OPTICAL SWITCHING - 10,000 TIMES MORE DATA
Japan: Fujitsu, PRC University Develop New Optical Communications Technology

TOKYO (Nikkei)--Fujitsu Ltd. and the Beijing University of Posts and Telecommunications have
jointly developed a next-generation optical communications technology for broadband networks.

The technology is a variation on packet switching that uses packets holding 1,000 to 10,000
times as much data as regular packets. The result is that large volumes of data can be sent
more accurately and reassembled from the packets more easily. In the new technology, the data
remains in optical form when it is packetized. Fujitsu aims to have a practical version of the
technology ready in 2008.

In addition, the company and its Beijing subsidiary together with the university in Beijing have
succeeded in getting development of the technology adopted as a national R&D project in

"9 Xinhua in English 0021 8 Nov 04 "China To Launch More Than 100 Satellites by 2020"
Nikkei Telecom 21 WWW-Text in English 2023 GMT 16 Nov 04
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China. This is reportedly the first time a foreign company has become involved in a
national R&D project in the field of optical communications in China. %

11. MAJOR BREAKTHROUGH IN CHINA'S MINI-SATELLITE

"Innovation 1", the first mini-satellite of less than 100 kilograms independently developed by Chinese Academy
of Science (CAS) has been normally operated for 385 days since launched into the orbit on 21 October 2003.
Currently, the satellite is still in good condition and works steadily. As practice proved that the satellite has met
the designed standard and the experimental application by the users told satisfactory.

According to experts from "Mini-Satellite Seminar" held in Shanghai Mini-Satellite Research and Development
Centre, the success of "Innovation 1" has not only made active contribution to China's low orbit communication
system, but also enhanced the development and application of China's mega-satellite technology.

Dr. Jiang Mianheng, vice president of CAS and chief scientist with "Innovation I" satellite project gave a report
on the working-condition of the satellite at the seminar, saying the space science, space technology and space
development were the three pillar technologies. He noted that CAS would step up the research in the fields of
space remote sensing, space environment exploration and forecast as well as mini-satellites. Meanwhile, CAS
was also expected to participate in the national space projects, closely uniting the users and cooperating with
departments of space industries and local government, and contribute to the development of China's space
science technology, added Jiang.

12. 3 EXAMPLES OF NANOTECH PROGRESS WITH JAPAN?'

"Nanotechnology--Iltochu Establishes Information Infrastructure for Commercialization"]

With its trans-corporate Leading Edge Technology Strategy Office at the center of its nanotechnology-related
endeavors, Itochu Corp. has built strategic partnerships with worldwide research organizations and others and
completed the creation of a system for advanced industry creation in areas such as nanomaterials,
nanoelectronics, and nanobiotechnology. Because of the collaboration with various functions that ltochu
possesses as a general trading company, this will accelerate the commercialization of new products and the
materialization of new themes. with China's Tsinghua University

JAPAN’S NICT, CHINA'S QINGHUA UNIVERSITY NANOTECH, WIRELESS COMMUNICATION?

The National Institute of Information Communications Technology (NICT) announced November 8th 2004 that
it has formed a comprehensive cooperative agreement for joint research in the telecommunications sector with
China's Qinghua University. The group will focus on research and development of areas such as next-
generation wireless phone technology and nanotechnology essential for semiconductor processing. This
move enables NICT to join forces with Qinghua University, one of China most prominent universities as a
telecommunications research base, and ensures a dominant position in efforts for international standardization
and such of communication standards.

NICT signed an agreement with Qinghua University of Beijing. The contract period is three years during which
time the group will be involved in joint research, the mutual exchange of researchers, and such. The use of
research results such as intellectual property rights will be discussed as separate contracts.

20 Renmin Ribao 12 Nov 04

21 Tokyo Kagaku Kogyo Nippo (Nikkei Telecom 21 Database Version) 22 Feb 05
2 Tokyo Nikkei Sangyo Shimbun (Nikkei Telecom 21 Database Version) 9 Nov 04
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The joint research themes will include areas such as next-generation wireless phone technology, ultra
wideband (UWB) communications, which are faster than optical fibers, and automatic voice translation
software for Japanese and Chinese.

Research is advancing to increase the data communication speed of next-generation wireless phones and to
enable the reception and transmission of high picture quality in line with that of optical fibers. Studies have
begun on a frequency band usable by 2007 with focus on standardization. NICT and Qinghua University will
embark on research of fundamental technology with focus on this standardization.

JAPAN: SIIZyANOTECH ESTABLISHES CHINA-BASED AFFILIATE, INTEGRATED NANOTECH
BUSINESS

On 1 November 2004, Sl Nanotechnology (Sl Nanotech), a subsidiary of Seiko Instruments (Sll), established
an overseas subsidiary in Shanghai, China, to carry out the development, manufacture, sales, and service of
analytical and measurement devices. Up to now they had been exporting finished products from Japan, but in
order to meet the growing demand for analytical/measurement devices and devices to support nanotechnology
research in China, they have established an end-to-end system which will cover everything from development
and manufacture to sales and service.

13. NEW HIGH THRUST ROCKET DESIGN TECHNOLOGY?*
Luan Enjie, chief commander of China's Lunar Exploration Project, at The Third China Scientists Forum.

China has successfully developed 12 different types of Long March carrier rocket series on its own, and has
the capability of launching all sorts of orbiting satellites. However, the transport capacity of the carrier rockets
of the United States, Japan, Russia and European Space Agency has all surpassed that of China, the biggest
thrust of their rockets has reached 26-27 tons.

China will choose a new vehicle design for two engines and three modules, which is expected to raise the
transport capability of the country's launch vehicles to 25 tons.

Luan indicates that the Space Exploration Project represents a breakthrough in China's deep space
explorations, implementation of which will further upgrade China's status as a space giant.

14. CHINA, EU SIGN AGREEMENT ON GALILEO SATELLITE NAVIGATION PROJECT?®

China and the European Union (EU) inked a technological agreement in October 2004 in Beijing to
substantially propel forward the Galileo Programme, a European global system of satellite navigation. The
agreement ensures China plays a part in the development of the Galileo Programme - from space and ground
technology development to application and fund allocation. China and the EU agreed in 2003 to allow China to
join the big programme.

"China is the most advanced country of non-EU members to participate in the Galileo Programme," said Loyola
de Palacio, vice-chairwoman of the European Commission, at the news conference on Saturday.

= Tokyo Kagaku Kogyo Nippo (Nikkei Telecom 21 Database Version) 4 Nov 04

24 Renmin Ribao 10 Oct 04 "Expert: Gap Between China & Developed Nations in Carrier Rocket Technology Widens
% China Daily 11 Oct 04 Cui Ning “Galileo Project Grows With Accord"

Xinhua in English 0549 GMT 05 Oct 04 "China Makes Strides in Space Technology"
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The technological agreement, reached by the Chinese National Remote Sensing Centre (NRSCC) and the
Galileo Joint Undertaking (GJU), will make China's industrial circles a partner of GJU, said Rainer Grohe,
executive director of GJU.

"Chinese universities, institutes and industries have much experience in space and communication
technologies, China's contribution will make the Galileo Programme more successful," he said.

Sources from the Ministry of Science and Technology said that China-EU co-operation on the Galileo
Programme is China's largest international scientific co-operative project.

It will help expand China and EU co-operation on satellite radio navigation industries.

15. XINHUA LISTS PRC'S SPACE TECHNOLOGY DEVELOPMENT

On Oct. 15, 2003, China surprised the world by sending its first astronaut Yang Liwei into space aboard a
Shenzhou V spacecraft atop a CZ-2 F launch vehicle. The event made China the third country to put a man in
space, following the former Soviet Union and the United States.

China has sent about 70 satellites, including those manufactured by foreign companies, into orbit.

Long Lehao, member of the Chinese Academy of Engineering and general commander of the Long March Il1A
Rocket Carrier Project, said the success rate of the Long March rocket series exceeded 90 percent, an
internationally accepted benchmark for carrier rockets.

The success rates of similar models of rocket, such as the Delta rocket of the United States and those of
Europe, stand at around 93 percent, he said.

In the field of satellite research and development, China has developed various types of satellites for
telecommunications, meteorology, science, resource exploration, navigation, broadcasting and other purpose.

China is now focusing on more ambitious space programs, including lunar probes and the establishment of
space stations.

Sun Laiyan, director of the China National Space Administration, said earlier this year that China is scheduled
to launch its second manned spacecraft in 2005, and Chinese astronauts will conduct space experiments
during the mission.

Sun announced in February 2004 that China planned to launch a satellite to orbit the moon by 2007 as part of
the country's three-stage lunar project. It will be followed by the landing of an unmanned vehicle on the Moon
by 2010.

16. PARTICLE ACCELERATOR JOINT RESEARCH?*

Some of the world's top physicists made a hard yet crucial decision over the technological route of the
construction of the largest-ever particle accelerator in history - a step that may help us solve many more
secrets of the universe.

% China Daily 25 Aug 04 "Chinese Physicists Help Unravel Life's Mystery"
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Chinese Contribution to Particle Research

Chinese scientists, represented by the Institute of High Energy Physics (IHEP) under the Chinese Academy of
Sciences, also participated in the international particle research, according to Chen Hesheng, director of the
institute. The institute also hosts an electron positron collider that has been running for 15 years.

The International Committee for Future Accelerators (ICFA), meeting during an international physics
conference in Beijing last week, endorsed the recommendation of a panel of physicists on the technology
choice for a proposed future international particle accelerator. The 12-member International Technology
Recommendation Panel (ITRP), chaired by Barry Barish of the California Institute of Technology of the United
States, recommended the superconducting technology be adopted for the proposed International Linear
Collider.

Accelerators are used in industry as well. Engineers have turned to accelerators to improve the quality of
manufactured goods, to sterilize medical equipment and food, to make semiconductors for the computer
industry, to refine aircraft engines and artificial hips, to investigate how car engines wear out, to look for
contraband in harbours and airports, and to help survey for underground tunnelling.

However, scientists need to go further in their studies of the compelling questions about dark matter, the
existence of extra dimensions and the fundamental nature of matter, energy, space and time, and eventually
about ourselves.

17. CHINA DEVELOPS WORLD'S FIRST IPV6 ROUTER FOR NEXT GENERATION INTERNET?

China has developed the world's first IPV6 router for the next generation of the Internet, Chinese scientists
said in August 2004.

A panel of 11 Chinese scientists commissioned by the Ministry of Education said the router, which was
developed by Professor Zhang Hongke with Beijing Communications University and his team, is the core part
of wireless/mobile IP network technology for the next generation of the Internet.

The scientists, including Chen Junliang, member of the prestigious Chinese Academy , reached the conclusion
after their appraisal of the latest product.

The experts said Internet Protocol IPV6, based on 128-bit Internet address space, will help create almost
unlimited usable IP address space resources to meet increasing demand. Current Internet Protocol is based
on 32 bit Internet address space.

According to forecasts by the Ministry of Information Industry, Internet subscribers will skyrocket to 300
million by 2007 in China.

The ballooning Internet users and growing application of intelligent electronic devices, such as home
appliances and mobile phones, require huge amounts of IP address space, according to the scientists.

The breakthrough could enable China to manufacture and commercialize the IPV6 wireless/mobile router and
gain an edge in the next round of international competition for network equipment, thus producing far-reaching
impact on the country's competitiveness in the field and national information security.

%" Xinhua 13 Aug 04 China Develops World's First IPV6 Router for Next Generation Internet"
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SECTION 3
20 NEW INDICATORS OF CHINA’S S&T PROGRESS

OVERVIEW- Challenges and Promises of Using New Indicators

The 20 indicators proposed here will pose enormous difficulties for both collection and analysis, but
the payoff promises to be greater than the easier to collect, but ultimately much less informative
indicators used in traditional assessments of national S&T rates of progress. %

1. Indicators of Progress in Organizational Innovation — The Case of the China Electronics Technology
Group Corporation

China Electronics Technology Group Corporation (CETC) was founded on March 1, 2002. It is a large state
approved national enterprise group. It is also one of the 20 investment agencies authorized by government.
Its operations and achievements suggest a whole set of “indicators” would have to be designed to follow its
S&T rate of progress. Further background from its brochures and websites is relegated to the appendix.

What is CETC and how does it use S&T? It is built on a base from 46 electronics research institutions and 26
fully owned or controlling stock high technology enterprises directly under the Ministry of Information Industry.
The subsidiaries of the company are distributed in 18 provinces and cities such as Beijing, Shanghai, Tianjin,
Guangdong, Sichuan, Shanxi. Its registered capital is 6.35 billion Yuan with total assets of 15.8 billion Yuan
and currently has 54 thousand employees and 33 thousand technical professionals, which include 10 China
Academy of Engineering academicians, 63 State bestowed outstanding achievement young technical and
managerial specialists, 1357 government funded experts, and 6326 senior professional technical staff.

The technology research institutes affiliated with CETC serves as the national team for the information
industry. Their research areas cover all special categories of electronic information technology and have
multiple areas of technology development and system integration potential from electronic components and
entire assembles to total system engineering. Currently the company possesses 14 State level key
laboratories, 12 State level and 9 Departmental level quality monitoring agencies, holds several of the nation's
first class testing, production, and assembly lines and possesses machining centers and is a complete system
able to conduct research, design, testing, production, and experimentation. It has significant advantages in
special areas such as integrated circuit technology, software technology, new types of electronic components
and electronic information material technology, optoelectronic technology, computer information processing
technology, communication and networking technology, audio-visual frequency and multimedia technology,
electronic product manufacture technology, information security technology, and Internet application
technology.

Long-term services of CETC affiliated divisions in those national economic businesses such as
communication, aerospace, finance, energy, transportation have helped to successfully develop
integrated information distribution system, navigation system, air traffic control system, railway
information integrated processing system, financial networking system, social labor security system,
municipal lighting automatic monitoring management system, public security warning Internet
integrated system, intelligent architecture administration system, public service information system,
intelligent transportation system, automobile electronic system, energy electronic control system and
also brought to the market various supplies such as radars, computers, communication network

%8 This subject is explored thoroughly in a 550 page book with 24 expert authors. See Keeping Abreast of Science and Technology, W.
Bradford Ashton and Richard A. Klavans, editors, Battelle Press, Columbus, Ohio, 1997.
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products, digital video products, new type of components, special facility instruments, and
fundamental materials. They all have established very good business records

2. INDICATORS OF PROGRESS IN TECH TRANSFER STRATEGY

In 1998, a Chinese S&T policy journal described the difficulty the PRC is having obtaining state-of-the-art
technology from "monopolistic" transnational firms. China's best options reportedly are to pool domestic
patents for leverage into cross-licensing agreements with foreign companies and trade access to its markets
for advanced foreign technologies. An "independent R&D base" is still a long-term goal.

In the March 1998 issue of Wuhan Keji Jinbu Yu Duice (Science and Technology Progress and Policy), a
bimonthly journal of the State Science and Technology Commission (SSTC) covering S&T policy, two
researchers affiliated with the Hangzhou Business Institute described the market for intellectual property
transfers and suggested specific strategies for securing foreign technology in a difficult environment. Although
the article focuses primarily on computers and telecommunications, its authors claim their analysis applies to
high-tech industries in general.

The article justifies borrowing technology from advanced nations and "learning lessons" from their experience
as the standard practice of technologically developing countries. Transnational companies, however, keep their
best proprietary technology "internalized" and transfer it only to fully controlled subsidiaries, relying on their
monopoly to maintain a competitive advantage. Even when the technology is ill-suited to a company's line of
business, transnational firms will use it as a bargaining chip to obtain useful technology rather than give it
away, the article said.

Moreover, since the 1980s foreign companies with monopolies of key technologies have been reluctant to
include them in cross-licensing agreements, the article noted. Instead they use the technology to "enter high-
level strategic alliances, joint capital cooperative ventures, or make transnational investments of their own."
Fees are set high deliberately to "discourage those who would license the technology." Two other recent
changes that have made China's situation more difficult, the article noted, are replacement of open-ended
cross-licensing agreements with fixed-term agreements and a tendency to treat technologies individually
instead of comprehensively by sector as before.

The article conceded that China missed an opportunity to narrow the technology gap earlier when transfers
were more easily arranged. Although China's task of building an R&D system "under the leadership of large
companies" can be facilitated by participating in cross-licensing agreements, individual Chinese firms are still
in no position to negotiate directly with foreign firms on cross-licensing, the article cautioned. Instead China
should designate one domestic firm to act as its patents custodian "so the whole nation's strength can be
focused on breaking into the oligarchic and monopolistic market for technology."

The article acknowledged that in the present climate general technology is the only sort that can be bought;
state-of-the-art technologies needed by China are not for sale. China therefore has no hope of "duplicating
Japan's feat of the 1960s and 1970s" of protecting its domestic market while persuading transnational
companies to cede key technology. "Using market access in exchange for technology is the only path China
can go on at present to develop new high technology industries. But it is not a long-term strategy" and not a
substitute for independent, creative R&D, the article concluded.

3. INDICATORS OF NATIONAL S&T PRIORITIES?®

? Xinhua Domestic Service in Chinese 1353 GMT 01 Apr 05
“National S&T Work Conference, Chen Zhili Stresses That Stepping Up Independent Innovation is Primary Task of China's S&T Work
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The 2005 National Science and Technology Work Conference set priorities that can be measured. One priority
is “independent innovation.” Progress has been claimed in a number of special projects and in the application
of science and technology achievements to industrialized production that have a crucial bearing on economic
and social development. It is “ the urgent requirement for improving China's competitive power, and is the
primary task of China's science and technology work.”

“It is necessary to take the establishment of a technological innovation system, in which enterprises play a
dominant role, as a breakthrough point in stepping up independent innovation,” as was outlined by Xu
Guanhua, minister of science and technology.

Can these issues be measured?

Facing a growing ban on core technology transfer to China, State Councilor Chen Zhili urged Chinese
scientists and enterprises to become more innovative in building up the nation's research strength.*® She said
the country will “invest more capital to make breakthroughs in key technologies” and offer preferential taxation
and financial solutions to help enterprises become involved in the endeavor. "Many lessons have taught us
that some countries don't lift barriers when we need technologies to improve people's lives and build up
national defense," Chen warned nationwide science officials via a video-conference system.

Chen said the priority of the government's work in science and technology this year is to create an environment
that is conducive to innovation, encouraging the nation to “develop more home-grown patents.” Currently,
nearly half of all the technologies applied in China originate overseas, a situation that has led to legal disputes
between Chinese enterprises and overseas patent-holders. Such disputes are likely to become increasingly
common if the country remains heavily dependent on foreign technology. "It's not easy to obtain patent
transfers in high-tech fields from developed countries because restrictions are still being enforced," said Chen.

Problems have occurred as a result of China's lack of original inventions and findings, which are critical in the
country's modernization drive. The central government's efforts to set up a national mechanism for
technological innovation began in 1999.

5. INDICATORS OF PROGRESS TOWARD “MANUFACTURING POWER” GOALS

China plans to sharpen its manufacturing technology to become a world's manufacturing power in 15 years,
academician Liu Baicheng said at a forum on China's machine building industry. The senior researcher from
the Academy of Engineering of China is one of the writers of "China's Middle and Long Term Program on
Science and Technology Development." He specialized in the topical research on "science and technologies
for manufacturing industry." According to Liu, the term "manufacturing power" is defined in his report as
meaning "having a world-leading manufacturing scale, a cluster of heavyweight conglomerates with innovating
and competitive capabilities and a number of world famous and diversified production centers."

Unlike other industrialized powers, Lin said, China's manufacturing industry has been growing at the cost of
huge energy consumption and environments pollution. Its products have little added-value while its exports are
characterized as labor-intensive and having little "technology content."’

% China Daily 2 Apr 05

1 Xinhua 01 Apr 05
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6. RATE OF IMPROVEMENT IN PAPERS CITED, PATENT APPLICATIONS

In 2004, China was fifth in the world in research papers published by journals cited by the Science
Citation Index. Patent applications reached 66,000, and 18,000 patents were granted. This
represents a startling rate of improvement, which, when projected forward, has dramatic implications.
Much depends on the type of papers cited and the nature of the patents, however, not merely the
quantity.®?

7. INDICATORS OF OVERCOMING OBSTACLES TO S&T INDUSTRY

According to Shi Qingqi of the State Development Planning Commission, compared with developed countries,
development of China's high-technology industry faces six problems, which suggest types of indicators.*®

1. The commercialization, industrialization, and economic efficiency of high technology industries are low.
Scientific research funds are low, and produce few results. The State Science and Technology Commission
conducted a survey of 100 high-technology projects that had received government awards, and the results
revealed that the commercialization rate was 10 percent and the industrialization rate was 5 percent.

2. The size of the high-technology industry is small, and the structure is irrational. At present, the gross income
of China's high-technology enterprises is less than 5 percent of GDP, but in developed countries it is 40 to 60
percent.

3. The technology is backward, and innovation ability is low. China's high-tech products cannot compete with
foreign products in terms of variety, quality and performance. Enterprises rarely develop new technology or
new products, and well-known brands are few.

4. There is little investment in research and development. In developed countries, funds are obtained through
various channels, such as the stock market, risk investment organizations, etc.

5. There are no mechanisms to develop the high-tech industry.
6. Scientific talent is insufficient, and the loss of scientific talent is serious

Based on the above, Shi Qinggi believes that China must adopt the following overall strategy to develop its
high-tech industry: China must strengthen its ability to absorb and improve upon imported technology.

8. INDICATORS OF PROGRESS IN “SHARPENING” COMPETITIVENESS**

Researchers say the country's high-tech exports now account for about 30 per cent of the country's total goods
sold overseas, up from 10 per cent five years ago. However, closer reading of a report by the Ministry of
Commerce will inform you that the bulk of these high-tech exports were generated by foreign companies
operating in China. So what is the real picture of China's competitiveness and its ability to provide goods and
services with added value?

32 Xinhua Domestic Service in Chinese 28 Mar 05
% Zhongguo Shichang Jingji Bao (in Chinese) 03 Jun 98 p 1

% China Daily 27 Sep 04, "Sharpening Nation's Strategic Competitiveness."
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"China is very strong in public use sectors but generally it is still weak in civil technology," said Xie Yibing, chief
analyst of IDC (China), an international research agency for technology companies and of markets. China can
send an astronaut into space but Chinese companies do not own key technologies in many lucrative industries
such as automobiles and personal computers.

However, in some sectors such as life science, Chinese are quietly catching up, he said.
Ma Songde, vice science and technology minister, said that China sees information technology, new

material, life science, advanced manufacturing and energy as the most important sectors for
competitiveness.

In information technology, Chinese companies are at an apparent disadvantage. China already has big-name
IT companies such as Lenovo and Founder. However, apart from a few exceptions such as Huawei, most
Chinese IT companies do not possess intellectual property rights for the core technology of their products, Xie
said.

Chinese companies are not able to produce the most advanced chips that is the main problem, he said.
"Almost all the major Chinese IT producers rely on their management particularly market skills to survive, not
technology," Xie said.

In life science, a few Chinese scientists are world leaders in their specialized fields and their scientific
achievements have potential for considerable commercial benefits. "It is already very difficult (for China) to
catch up in IT, but in life science we have a chance and we cannot afford let the chance slip," said Yang
Huanming, director of the Beijing Genomics Institute, which participated in the global endeavor of decoding
human gene sequence, the Human Genome Project.

Yang is also head of the Huada Gene Research Centre, which is poised to take the lead in China in
commercializing scientific achievements.

Zhao Xinli, a member of the think tank of the Ministry of Science and Technology, said although Chinese
companies did not have cutting-edge technologies in chip making, they still have big opportunities in the
information service industry, which relies heavily on developers' understanding of cultures.

"If a company wants to design a system for selling mooncakes, you need knowledge more than technology,"
said Zhao, vice director of the Institute of Scientific and Technical Information of China.

"This sounds simple, but things like this constitute a huge market."

In life science, China will benefit from its diversified biological resources, its huge population and its well-
preserved biological record of families the charting of "family trees," Zhao said.

In new areas of exploration, Chinese can compete with foreign rivals in nano technology, the most advanced in
this sector, Zhao said.

In 1995, funds used for R&D were equivalent to 0.6 per cent of China's gross domestic product. In 2000, it

was 1 per cent and last year it stood at 1.3 per cent. The world average has been between 2 to 3 per cent in
recent years.

9. INDICATORS OF NEW DOMESTIC PRIVATE COMPANIES IN S&T INDUSTRY*

% Beijing, Oct. 26 (Xinhua) Domestic Private Companies To Become China's Backbone of Science And Technology Industry
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These companies have become the backbone of the country's science and technology industry as their
numbers and assets increase.

Duan Yongji, president of the association of Chinese private entrepreneurs from the science and technology
industry, made the remarks here Tuesday at the second award conference for excellent Chinese
entrepreneurs.

Duan said most private scientific and technological companies in China are focusing on the new and high-tech
industry. Statistics show that the number of private scientific and technological companies account for more
than 80 percent of the total companies in China's 53 state-level high-tech development zones.

In 2003, China's total private scientific and technological companies spent approximately 1.5 billion yuan
(about 181 million US dollars) of operation funds on scientific and technological activities, about 40 times the
amount spent in 1992, said Duan.

While the technological income of all these private companies reached 171.9 billion yuan (about 22 billion
dollars) in 2003, a year-on-year surge of 26 percent, Duan added.

By the end of 2003, there are a total of 120,000 private scientific and technological companies in China, two-
thirds of which are scattered in south China's Guangdong province and east China's Zhejiang province.

China's private scientific and technological companies are also expanding in scale. The industry's total assets
exceeded 440 million yuan (53 million US dollars) in 2003. Currently, there are 5,175 private companies with
their total income of more than 100 million yuan (about 12 million US dollars) each, 545 private companies
more than one billion yuan (some 120 million dollars) and more than 100 companies exceeding ten billion yuan
(1.2 billion US dollars). \

10. INDICATORS OF EXCELLENCE IN CHINESE PRIVATE S&T CORPORATIONS
THE CASE OF HUAWEI TECHNOLOGIES?®

Huawei Technologies, China's largest telecommunications equipment maker, is not your average mainland
firm. From its slick campus headquarters on the outskirts of Shenzhen and its bevy of pricey Western
management consultants to its marching drills, Maoist slogans and collectivist ownership, this is one Chinese
company that stands out from the pack.

It has also become a serious international player in a high technology business -- a feat accomplished by very
few of its mainland peers. Along the way, though, the company has drawn considerable criticism -- from former
employees who decry its "dictatorial" management style to foreign competitors who accuse it of engaging in
industrial espionage. None of this has stopped the 100 per cent employee-owned firm from becoming a
financial success, according to the limited data the company makes public. Last year it earned US$384 million
(HK$3 billion) on sales of US$2.69 billion. With an estimated 60 per cent share of the domestic market and
substantial exports, revenues are projected to reach US$5 billion in 2004.

Huawei, which means "China achievement" in Putonghua, is touted by Beijing as a model home-grown
multinational. Founded in 1988 by Ren Zhengfei, a laid-off army telecommunications officer, Huawei grew
quickly from a Shenzhen start-up into an international powerhouse making switches, routers and mobile phone
network equipment. Among its customers are major mainland government agencies, banks, public security
bureaus and universities. It exports to more than 40 countries and boasts a blue-chip client list including AT&T,

% Hong Kong The Standard 24 Sep 04 Rose Tang: "Hungry Like The Wolf"
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British Telecom, France Telecom and Hong Kong's Hutchison Whampoa.
"We have always been profitable," said Huawei spokesman Fu Jun.

Resolutely self-confident, Huawei sees major international telecom firms such as Nokia and Ericsson as its real
rivals, not its domestic competitors, which include ZTE and Datang.

Even Chairman Mao doesn't offer sufficient inspiration. Ren encourages employees to learn from the
Japanese, the Germans and the Israelis. In a letter to new Huawei recruits in 1994, Ren wrote: "l hope you
abandon the mentality of achieving quick results, learn from the Japanese down-to-earth attitude and the
Germans' spirit of being scrupulous down to every detail."

The Israelis are also lauded for building their nation "against all odds". Even employees' leisure time falls under
the Huawei way. "Don't carry on any inappropriate entertainment,” Ren said in one speech. "Mahjong playing
undermines one's strength and should be strictly forbidden." Even Huawei's music has a martial tone. It
transformed an army marching song dedicated to Chinese soldiers in the Korean War into an anthem for
Huawei footsoldiers in the battle for market share:

Cross the Pacific ocean in high spirits and giant stride, to fight in America, Europe and Africa, say the lyrics.

The good sons and daughters of Huawei struggle hard. The Huawei spirit of equality and sincerity inspires the
whole globe!

The battlefield imagery is a key to Huawei's success, according to Cheng Dongsheng, a Shenzhen-based
journalist who wrote a book entitled The Truth of Huawei. "It's very different from multinationals. Huawei
eliminates individualism and promotes collectivism," Cheng said. "It works in a unique Chinese environment."

Cheng has followed the firm for five years and interviewed hundreds of former Huawei employees. "Some
other Chinese companies adopt military style in management but they are not as extreme as Huawei," he said.

The company demands total loyalty from its staff, he said, and employees must attend motivational meetings
that resemble those held during the Cultural Revolution. Some senior managers have quit in protest against "a
lack of respect for individuals despite the high salaries offered to them", he said. Huawei's success rests with
its commitment to research and development (R&D), he said. Huawei's glossy company profile states that
nearly half of its 22,000 employees are engaged in R&D, on which the company spends 10 per cent of its sales
each year.

Huawei, of course, has benefitted immensely from the rapid wiring of China. In 1988, the mainland's phone
coverage was less than 1 per cent of the population; now it's 40 per cent.

Fu said Huawei has submitted more than 5,000 patent applications, of which about 1,000 were
approved. Recently though Huawei has been accused of industrial espionage. Last month Fujitsu
Network Communications's top lawyer wrote to Ren saying a Huawei engineer was caught at a
Chicago trade show removing the cover from a US$1 million piece of networking equipment and taking
photos of circuitry inside.

11. INDICATORS OF 3 STRATEGIES TO BECOME SCIENTIFIC-TECHNOLOGICAL “GIANT*’

¥ CPP20041126000072 Beijing Renmin Ribao WWW-Text in English 26 Nov 04
By People's Daily Online: "China aims to be giant in science & technology around 2049";
26 November 2004
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Three strategies are needed to ensure the fulfillment of the three-step objective for China's science and
technology, said Bai Chunli, vice president of the Chinese Academy of Sciences and China Association of
Science and Technology, at the 2004 academic annual meeting held by the association.

The three strategies are:

First, make full use of the global innovation resources, participate widely in bilateral, multilateral and
global competition and cooperation and greatly enhance China's capability in innovation and
industrialization level in science and technology.

Second, strive to boost the foundation and stamina of science and technology.

Third, exert special efforts to solve some important problems affecting the development of science and
technology.

12. INDICATORS OF PROGRESS ON THE 31 KEY STATE RESEARCH PROJECTS?

Beijing, Oct. 15 (Xinhua) -- An official with China's Ministry of Science and Technology (MOST) said Friday that
the state will support 31 research projects in the next five years.

The projects funded by MOST include genetic research related to crops, genome research on cotton fiber, coal
gasification and liquefaction technologies, pollution control and ecological restoration in the Northeast industrial
belt, cancer prevention and treatment, membrane protein structure and function, said Zhang Xian'en, director
of MOST Department for Basic Research.

Zhang did not specify the total budget of the projects. But, according to statistics released by the Chinese
government, the research and development (R&D) expenditure accounted for 1.32 percent of the gross
domestic product last year. MOST selected 31 projects out of 263 online applications.

China launched a state project to promote research and development in March 1997. The 973 Program
focuses on agriculture, energy, information, natural resources, life sciences and materials research. After five
years, the first batch of 15 research projects funded under 973 Program was examined by state expert panels
last year. Eleven out of the total will be still financed in the coming five years.

The state mid and long-term research and development strategy will allocate 15 percent of total R&D
expenditure from 2010 to 2020 to the state's basic research, or 973 projects.” Considering shortage of R&D
funds," Vice Minister of Science and Technology Cheng Jinpei said, "we need to gather those funds into key
research projects and make wise strategy for development. "

13. INDICATORS OF PROGRESS IN THE MANUFACTURING INDUSTRY

China is “facing serious challenges" because of high energy consumption, low output and production
efficiency, low value-added products, heavy pollution and shortage of high technologies, said Vice Chairman of
the National Committee of the Chinese People's Political Consultative Conference Xu Kuangdi. *°

In the government work report delivered by Premier Wen Jiabao during the annual session of the National
People's Congress on March 5, Wen said the expenditure on scientific research and experiment would account
for 1.5 percent of the nation's GDP this year.

% Xinhua 15 Oct 04 China Channels Funds Into 31 Key State Projects in Basic Research"
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This is a good signal, experts said.

Feng Fei, director of the economic research department of the State Council Development and Research
Center, suggested the government should focus attention on developing industries with growth potential to
realize the goal of transforming China from a big manufacturing country to a strong one.

He urged the industry to develop and manufacture home brand and high value-added products instead of
processing and assembling products for foreign companies.

14. INDICATORS OF PROGRESS IN RATE OF GLOBAL PATENT APPLICATIONS*

April 8 2005 A research capability analyses report released here said China lags far behind developed
countries, such as the United States and Japan in overseas patent applications.

The Chinese Academy of Sciences (CAS) recently sponsored the appraisal on world science development
trends and China's influence in scientific research and technological development. Tian Xiaoyang, a senior
research librarian, said in an interview with Xinhua that Japan and the United States led others in overseas
patent applications and are still keeping good momentum. While China has increased its applications for
overseas patents, the rate of increase was only ten percent of that of Japan and 25 percent that of the US,
Tian said.

In a list of patent applications made by World Intellectual Property Organization (WIPO) Patent Cooperation
Treaty (PCT) members, China applied for 3,935 PCT patents from 1998 to 2002 and was ranked the 16th. The
United States ranked first with 180,602 applications over the same period. From 1992 to 2001, China applied
for 855 patents from the US Patent and Trademark Office. From 1991 to 2000, China applied for 946 patents
from the European Patent Organization, ranked the 24th.

Patent information indicates the research and development capability of a nation, Tian said.

From 1993 to 2002, according to the report, the hot areas of patent application included electronics,
information technology, computing technology, bio-technology, organic chemistry, medical technology,
transportation technology and new materials. Most of the world's top 15 research powers were those holding
the most technological patents, Tian said. China's share in world patents is much smaller than its research
papers.

Chinese scientists lag behind their counterparts in developed countries with regard to the innovativeness of
their research papers, which leads to a low frequency of citation.*’

The Chinese Academy of Sciences (CAS) sponsored the appraisal of world science development trends and
China's influence in science. Xiao Xiantao, a senior researcher who oversees the project, said in an interview
with Xinhua that Chinese scientists performed well in mathematics, material science, chemistry and
engineering, while having little influence in agricultural science and life science.

According to the Essential Sciences Indicators (ESI) released by the US Institute for Scientific Information,
253,566 research papers were published by Chinese scientists from 1993 to 2003, ninth most in the world and

“0 Beijing Xinhua in English 8 Apr 05
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2.63 percent of the world total. The Chinese papers were cited 735,288 times by world publications, 18th most
in the world. China also produced 944 of world's top one percent of research papers, ranking 17th.

Among all the global research powers, the United States, which produced 2,799,593 research papers in the
ten-year period, was first and followed by the United Kingdom, Japan, Germany and France.

The Chinese papers on material science rose by the largest proportion compared with papers in other fields.
Papers on clinical medicine, molecular biology, genetics, neurology and behavioral science, immunology,
psychology and agricultural science were much less frequent.

According to the report, most of the world's top 15 research powers were those holding the most technological
patents. China's share in world patents is much smaller than its share in research papers. Cao Xiaoye, CAS
chief policy designer, said Chinese scientists need to keep cool head in sharpening their edges in scientific
innovation.

15. INDICATORS OF PROGRESS IN TARGETING SIGNIFICANT S&T SECTORS

Certain sectors of S&T have an importance all of their own — those capabilities that have the potential to
significantly enhance or degrade overall capabilities in the future. They include new and enabling technologies
as well as those that can be retrofitted and integrated because of technological advances. DOD’s Defense
Threat Reduction Agency monitors these areas for defense technology by assigning values and parameters to
the relevant technologies. It would have to be done by NSF or OSTP for the civil sector as well. It would cover
the worldwide technology spectrum. It would be oriented towards advanced research and development
including 1] basic research, 2] applied research and 3] advanced technology development, that would have a
cascading effect on other new and enabling technologies.

Case study of Tracking New Indicators: Progress in MANUFACTURING/FABRICATION TECHNOLOGY-
Six Areas of Enabling Technologies With Cascading Effects

1 Advanced Fabrication and Processing

2 Bearings

3 Metrology

4 Non-Destructive Inspection and Evaluation
5 Production Equipment

6 Robotics

Highlights

e The continued development of rapid prototyping and near net-shape manufacturing will result in
reduced costs, faster prototyping, and the ability to form a product closer to design (final product
tailored to need).

e Higher speed machining capability means less time for the machining operation and, thus, reduced
costs.

e The development and implementation of nanotechnology should result in improved military hardware.

e Quieter, longer lasting bearing assemblies will be used in submarines and helicopters.

e As manufactured dimensions become smaller, improved metrology equipment is necessary to maintain
quality control and keep costs down.

e As manufactured dimensions become smaller and hardware becomes more expensive, more effective
methods of in-process evaluation and non-destructive evaluation (NDE) are necessary to determine the
quality of final product.

e Advanced land, sea, and air robots will extend capabilities in several areas.
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16. INDICATORS OF NOBEL-WINNER NORTH’S INSTITUTIONAL CRITERIA FOR S& T PROGRESS

How rapidly will China create laws and institutions assuring property right first, and other aspects of North’s
model for rapid growth? Chinese, Korean and Japanese scholars have written about the significance to S&T
strategy of the recent findings of Douglas North, a Nobel Economic Prize winner, has identified a set of
indicators of economic growth. Although many economic historians have cited technological innovation as a
source of economic growth, Professor North asserts that technological innovation was not a causal reason for
growth, but that the more fundamental reason was creation of efficient institutions. He discovered that the
nature of government and other institutions was highly significant, since efficient institutions can be found only
in societies where property rights were properly defined and exerted, and that such a system can be made
possible only by effective government. Additionally, a Korea professor has written that North “regarded creation
of ideologies that compelled people to obey social rules in an honest and sincere way as a critical factor,” since
even the government could not prevent people's tendency to deceive each other, take advantage of others,
and act in an opportunistic manner

17. INDICATORS OF PROGRESS IN INTERNATIONAL S&T ASSISTANCE PROGRAMS

China is expanding bilateral and multilateral scientific programmes over the next two years, sources from the
Ministry of Science and Technology said. *? Its main targets include joining international basic research
programmes, high-tech projects, space technology and high-energy physics studies.

The country will also nurture some powerful domestic companies, universities and research institutions as
backbone international co-operation centres, according to the ministry.

In its latest Five-Year Scientific Plan (2001-05), the ministry for the first time included international scientific co-
operation as an important part. Sources from the ministry's Department of International Co-operation said
earlier this year that China will kick off several international scientific programmes, including:

Galilei Project, the largest scientific program between China and the European Union (EU) since EU and China
established official relations in 1975. The two sides will collaborate in satellite navigation and industrial
manufacturing technology.

Chinese scientists have participated in the global efforts to decode human gene sequence, the Human
Genome Project.

An air-to-ground observation program, initiated by Chinese and American scientists. It should provide a
scientific basis for urban planning and disaster forecasts.

The new scientific co-operative plans are built upon China's successful co-operation with other countries over
the past two decades, according to the ministry.

China began large-scale bilateral and multilateral co-operation with other countries in 1978 when the country
implemented its opening-up policies.

Today, the country has scientific links with 152 countries or regions, and has signed official science and
technology agreements with 96 countries.

“2 China Daily 5 Oct 04
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Most programmes in the past offered chances for Chinese scientists to go abroad and to see how their
counterparts worked, or to attend science conferences.

Now, channels for co-operation have been widened to include the joint development of new technology, the
design of new products and the establishment of institutes or laboratories, sources from the ministry's
Department of International Co-operation said.

China and the EU, for example, have carried out 300 joint projects in biology, energy, information technology
and environmental science since the two set up science links in 1981, the ministry's incomplete statistics
indicate.

The year 1998 marked a milestone in higher-level science co-operation between China and the EU, when they
signed an agreement to push collaboration in basic research and high-tech programs. In accordance with the
agreement, the EU has opened the Fifth Framework Programme - a high-level scientific plan - to Chinese
scientists. To date, several research projects proposed by Chinese scientists have been included in the EU's
Fifth Framework Program. China has also begun large-scale scientific collaboration projects with France,
covering such areas as water conservation, water disaster prevention, disease control, treatments for hepatitis
and leukemia. These new programmes differ from the previous single institute-to-institute collaborations
between China and France in that they will be conducted between several top laboratories from the two
countries, according to the ministry.

Another big part of China's international scientific co-operation is collaboration between China and the United
States.

Sino-US collaboration started in January 1979 under the Science and Technology Co-operation Agreement,
signed by the late Chinese leader Deng Xiaoping and former US President Jimmy Carter. The two sides have
successfully collaborated in basic science research over the past 20 years, covering the atmosphere, oceans,
health, medicine and agriculture.

A typical example is seismology studies. The two countries set up a China Digital Seismology Network in
1983.

Since the network went into operation in 1987, it has supplemented studies into earthquakes in Chinese
mainland.

Now China and the United States have started a project to improve Beijing's air quality and environment for the
2008 Olympic Games.

Supported by the US Department of Energy, eight clean energy programmes will be implemented to promote
environmentally friendly energy development efforts for the 2008 Games and develop future sustainable
energy sources in the capital.

POSSIBLE CASE: ISRAEL SIGNS RESEARCH AND DEVELOPMENT AGREEMENT WITH CHINA

“3Azi Hamer, Director of International Relations at the Chief Scientists' Office, and Mr. Liu, Deputy Mayor of
Shenzhen, have signed the first memo declaring their intention to establish an official research and

development cooperative relationship between Shenzhen and Israel.

"China is a major destination for research and development cooperation; my estimation is that we will see

*3 Hamodi'a 25 Oct 04 p 6 "Israel, China Sign Memo To Cooperate in Research and Development"
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additional agreements in the near future with China and cooperation agreements with Chinese companies,"
Hamer said.

The recent visit of Ehud Olmert, Minister of Industry and Commerce, to the area, was the signal for the
beginning of the negotiation. Sources at Olmert's office said yesterday that the cue for the launching of a
flourishing relationship has been given, and that the memo is a first, significant step in the right direction.
Hamer also said that this is a precedent, since this is the first time that Israel has signed an agreement with a
municipality.

Shenzhen, one of the fastest-growing cities in China, is a "town" of over 10 million people. It is also the first to
be announced as a unique economic-growth zone. The electronics and communications sectors make up a
major component of the city's economy and investors. The headquarters of the two largest communications
conglomerates in China, Huawei and ZTE, are located in Shenzhen.

The signing ceremony was held when the Israeli delegation arrived for the sixth hi-tech exhibition in China and
Shenzhen. The deputy mayor, Mr. Liu, said in the ceremony that Israel and his city have a lot in common.
Among other things, he mentioned the fact that they are of a similar size and that both have managed to
achieve economic development in a short time.

18. INDICATORS OF QUALITATIVE ACHIEVEMENTS FROM S&T JOURNALS

80 Chinese S&T Journals to Monitor

Chinese media covering missile and space issues can be divided into two basic categories: 1) specialized
news magazines, papers, and websites and 2) science and technology journals, both in hardcopy and online.
Many media of both categories are sponsored by one of two major state-owned enterprises: China Aerospace
Science and Technology Corporation (CASC) and China Aerospace Science and Industry Corporation
(CASIC). Other sponsors include industry associations under the China Association for Science and
Technology. The specialized news media sometimes carry general reports on developments in China's military
but more often dwell on civilian programs, such as the manned space program. All media are controlled by
the government and do not stray outside certain political and security bounds..

The following list of publications is limited to those with information on Chinese missiles and space systems.
The list is not necessarily exhaustive but represents the majority of openly available media on this topic. A list
of 80 journals a survey of their contents is relegated to the appendix.

19. INDICATORS OF SCIENCE PARKS S&T PROGRESS AND FUNDS FROM OVERSEAS MARKET*

Zhongguancun Science Park, one of China's pioneering high-tech zones, is striving to help small and medium-
sized companies raise funds from the overseas market. Dai Wei, deputy director of the administrative
committee of Zhongguancun Science Park, said the government would join with overseas investment and
intermediate institutions to provide consulting, designing and agent services for small and medium-sized high-
tech enterprises in the park.

"On the one hand, we are targeting attracting more overseas venture capital for high-tech start-ups and
returned overseas students' enterprises in our incubators," said Dai.

On the other hand, the government encourages powerful and qualified enterprises to become listed on the

4 CPP20040802000014 Beijing China Daily (Internet Version-WWW) in English 02 Aug 04
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overseas market.

"Overseas investment and intermediary institutions are expected to play active roles, as they have rich
experience in overseas fund-raising," said Dai.

Fan Boyuan, Beijing's vice-mayor, said that, to guarantee the smooth implementation of the scheme, the
government should make efforts to improve exit of venture capital, information exposure and guarantee
systems.

China-Zhongguancun Technology & Equity Exchange was opened in March 2003.

Over 700 high-tech projects were listed at the exchange last year and transaction volume exceeded 3 billion
yuan (US$361 million).

This year the exchange and the Beijing Equity & Assets Exchange were restructured into the China Beijing
Equity Exchange.

20. INDICATORS OF PROGRESS IN THE BIOTECHNOLOGY S&T SECTOR

China is reshuffling its biotechnology management system and working on a long-term plan to fuel
development of the sector, but industry experts say more private involvement is needed if China wants to
become a true biotech giant.*

The key question for the industry's development is not whether the government has increased public
investment, but whether the biotech industry has developed independent and efficient research and
development capabilities, said Fang Xingwang, a senior scientist of Austin-based Ambion Inc.

Xu Guanghua, minister of science and technology, announced that the State Council, China's cabinet, has
decided to form a top-level leadership committee for national biotech development, which will be headed by a
major State Council leader. Xu spoke to the 10th International Symposium of the Society of Chinese
Bioscientists in America (SCBA), which was held between last Monday and Friday in Beijing.

Xu said other major measures to boost the biotech sector in China include forming a national industrial
association, working out a national development plan outlining the focus and direction of China's biotech sector
in the next two decades, as well as working out a biosafety law.

The minister did not give a timetable on when to form the leadership committee or to release the biotech
development plan. "The move shows that the top leadership looks at the biotech sector as a kernel area of the
national scientific and economic development," Xu said.

Insiders said the committee will be chaired by Chen Zhili, who was promoted to State Councillor from the
minister of education in 2003.

In China, leadership committees are very powerful and created only in very crucial sectors. The established
ones include Central Leadership Committee of Economic Work, Central Leadership Committee of Laws and
Central Leadership Committee of Taiwan Affairs.

"We will continue to increase our investments into basic research, developing research bases and teams, and
enhancing national data-sharing mechanism in biotech and life science sectors," Xu said. Since 2001, China

5 China Daily 29 Jul 04 Jia Hepeng, “Gov't Determined To Develop Biotech"
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has tremendously increased the amount of public funds allocated to biotechnology.

The national biotechnology budget in its 10th five-year period (2001-2005) increased 400 per cent from the
previous five-year period to reach 10 billion yuan (US$1.2 billion), said Li Yong, vice-minister of science and
technology, in a previous speech. Despite the growth in public investment in biotech research, China's
biotechnological development is still challenged by the lack of collaboration between different departments,
poor corporate support for new biodrug research, as well as lack of intellectual property rights, said Zhang
Hongxiang, editor-in-chief of the Journal of Chinese Biotechnology.

The public budget for the biotech sector is distributed by the Ministry of Science and Technology (MOST), the
Ministry of Health, as well as universities headed by the Ministry of Education, which may cause red tape and
waste resources, Zhang told China Business Weekly.

Sun Qihong, a scientist with the Chinese Academy of Military Medical Sciences, said the lack of co-ordination
between different government departments has delayed their work to launch the International Human Liver
Proteome Project (HLPP).

HLPP is the first basic international biotech program chaired by Chinese scientists. Sun is the assistant to the
HLPP chair. "Our plan and budget of about 200 million yuan (US$24.15 million) have long been endorsed by
MOST, but when the budget went to the National Development and Reform Commission (NDRC) for approval,
it was stranded for nearly one year because NDRC has to balance the interest of different ministries involved in
the programme," Sun told China Business Weekly.

Zhou Yongchun, a senior policy researcher with the Chinese Centre for Science and Technology Promotion, a
MOST think-tank, said that the emerging competition from countries like India is another element pushing the
Chinese leadership to pay more importance to biotechnology.

Last year, a group of leading overseas Chinese bioscientists wrote a letter to Premier Wen Jiabao
calling for China to establish an organ like the US National Institute of Health to steer public
investment in the biopharmaceutical field.

"We should not be left laggard behind India this time as we were in information technology last century," Zhou
said.

Despite China's ambitious plan to fuel the biotech sector, there are still many institutional barriers in the field,
experts say.
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SECTION 5
US Congressional Concerns About S&T Issues, 2003-2005

Growing Congressional Concern with S&T Competition in 2004 and 2005*
“China ... will begin to eat our scientific lunch.”

Last year, both Republicans and Democrats expressed growing concern about US S&T budget trends, China
was rarely mentioned. John Porter, former chairman of the House Labor, Health and Human Service,
Education Appropriations Subcommittee (R-IL) did state:

Science can, in my judgement, be sold to this Administration and this Congress. | suggest that the best way to
do that is to recount to them over and over again. . . that the economic destiny of America lies in science and
technology, in science and research. And if we don't invest in research, and we don't inspire our children, and if
we don't educate them in Congress, the competition out there, and China is a good example, but Europe
also, will begin to eat our scientific lunch."

Representative Congressional Comments

"l am very disappointed in the proposed [FY 2005] science budget, and | will be working with the
Administration and my congressional colleagues to improve the numbers as we move through the budget
process. | understand that we are in a very tight fiscal situation and that the Administration has tried to treat
research and development as favorably as possible. But we just have to find a way to do better." - House
Science Committee Chairman Sherwood Boehlert (R-NY)

"Two years ago, the Congress sent the President a bill authorizing a doubling of NSF's programs over 5 years.
Despite signing that bill to glowing reviews, the President sent us two successive budgets that fall far short of
reaching that goal." - Rep. Eddie Bernice Johnson (D-TX)

"...itis going to be a major and perhaps an impossible challenge to find additional funds for NSF for FY 2005. |
am committed to NSF, but this year's budget is the most difficult | have seen in years. | want to work with the
Administration, but we need to find ways to increase NSF's budget as we move forward, if not this year, next
year." - Senate VA, HUD and Independent Agencies Appropriations Subcommittee Chairman Christopher "Kit"
Bond (R-MO)

". .. how important it is if we can somehow meet the goal of 3% of defense spending for science and
technology and maintain the technological lead that is absolutely essential if we are going to be successful or
continue to be successful in the global war on terrorism." - Senate Emerging Threats and Capabilities
Subcommittee Chairman Pat Roberts (R-KS)

"This subcommittee bows to no one" in championing NSF, but "doubling [its budget] will be very, very difficult."
- House VA, HUD and Independent Agencies Appropriations Subcommittee Chairman James Walsh (R-NY) )

“® http://www.aip.org/fyi
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"Grim, in a word. . . very grim." - Bob Palmer, Minority Staff Director for House Science Committee, describing
overall science and technology budget outlook.

Growing Concern about Dividing Up The S&T Portfolio: Remarks of Senator Pete Domenici

"The time has come to spend money on basic research, just as we have on medical research" - Senator Pete
Domenici

During last week's Senate consideration of the budget resolution, a largely non-binding measure establishing
spending levels for various government functions, Senator Pete V. Domenici (R-New Mexico), offered the
following remarks on federal science funding:

"Mr. President [of the Senate], | rise to speak for 2 minutes on the fiscal year 2005 budget resolution currently
pending before the Senate. In particular, | want to focus for just a little bit on the budgets for scientific research.

"The funding for the National Institutes of Health should be my starting point. In the omnibus bill of 2003,
thanks in large part to the leadership of President Bush, we met our commitment; that is, in 2003, we met our
commitment to double the funding for NIH .

"Senator [Don] Nickles [R-Oklahoma] remembers that clearly, that a couple of Senators started and everybody
followed, and a resolution was adopted that said - it was incredible to many of us, but we did it - let's double
the NIH . President Bush helped us, and we did that.

"Allow me to explain these numbers. In 1998, we spent $13.7 billion on the National Institutes of Health for
cancer, for all of these various diseases, heart conditions, and mental illness. When the commitment was
fulfilled, we spent $27.1 billion for medical research.

Congressional Warnings of Challenges to U.S. Competitiveness

Congressional hearings hosted by Senators Senators Lamar Alexander (R-TN) and Jeff Bingaman (D-NM)
included warnings that science and technology play vital the nation's competitiveness. Bingaman commented
that the U.S. has not been "as focused" on S&T investment in recent years as have many other countries, and
Alexander pointed out that federal funding in many areas of the physical sciences and engineering has been
flat or declining for years.

From the President's Council of Advisors on Science and Technology, the American Association for the
Advancement of Science's annual Science and Technology Policy Forum, to the recently-issued Electronic
Industries Alliance report, the issue of maintaining U.S. leadership in innovation is beginning to attract high-
level attention. The Council on Competitiveness (http://www.compete.org) releaseDa policy agenda during the
National Innovation Summit in December, 2004.

In related news, data collected by NSF indicate that, between 2001 and 2002, the U.S. investment in
industrial R&D declined $7.7 billion, or 3.9 percent. According to NSF, this represents "the largest
single-year absolute and percentage reduction in the current-dollar cost of industrial R&D performance
since the survey's inception in 1953." When the data are adjusted for inflation, NSF states, the decline still
represents the largest single-year reduction of the years surveyed and the second largest percentage
reduction; the largest constant-dollar percentage reduction occurred between 1969 and 1970. It adds that
contributions to industrial R&D from company funds, federal funds, and other non-federal sources all declined
between 2001 and 2002. The information is provided in an NSF "InfoBrief" released in May; see InfoBrief
NSF04-320 at www.nsf.gov/sbe/srs/infbrief/ib.htm.
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Need for Better Metrics — Competitiveness Council Tells Congressional Hearing

NSF has been the sole authority of foreign S&T competiveness. NSF indicates that other countries,
especially many Asian countries, are succeeding in efforts to increase their S&T and innovation
capacity.

While the U.S. is still the world leader in high-tech industries and has the greatest number of international
technology alliances, he said, some Asian nations have nearly doubled their share in global high-tech markets
over the past several decades and have almost tripled their share of high-tech exports. The U.S. share of total
articles in science and engineering publications has been declining since 1988, while that of many countries is
growing, and indicators of bachelors-degree production in the natural sciences and engineering show the U.S.
far behind many other nations. NSF in 2000 requested proposals to improve the indicators it follows for
assessing S&T trends.

What is needed for the U.S. to stay on top, the Competitiveness Council’'s Deborah Wince-Smith has
suggested, is to restore emphasis on the sciences that drive innovation, develop better metrics for the results
of innovation, and transition away from disciplinary "stovepipes" in education and research to a multi-
disciplinary, cross-sector model. Policymakers must also recognize the importance of tax and fiscal policies,
she said, and deals with the deficit and entitlement spending, high corporate tax rates, and intellectual property
and piracy issues.

March 1, 2005 - Senate NSF Appropriators Senators Kit Bond and Barbara Mikulski

"We have fallen off the path for doubling NSF's budget, but we must not give up," warned Senate Independent
Agencies Appropriations Subcommittee Chairman Christopher Bond.

Senators with jurisdiction over the National Science Foundation have voiced support for the agency. VA, HUD,
and Independent Agencies Appropriations Subcommittee Chairman Christopher "Kit" Bond (R-MO) and
Ranking Minority Member Barbara Mikulski (D-MD) have made very positive statements about NSF at the
annual budget request hearings.

In 2004, Chairman Bond's words left no doubt about his high regard for the 