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Introduction

China Institute for Science and Technology Policy at Tsinghua University (CISTP)
was jointly founded by the Ministry of Science and Technology and Tsinghua
University in 2003. It aspires to become a leading institution in S&T policy and
development strategy through its research and educational activities.

Specifically, It will:

Monitor the S&T development trends and international S&T policy changes;
Engage in academic research in S&T policy
Provide graduate educaiton and short-term training in S&T policy

Facilitate international cooperation and communication between domestic and
international S&T policy community.

Provide consulting service to the government and industry in relevant areas

http://cistp.sppm.tsinghua.edu.cn
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Introduction

* Dr. LIANG Zheng now serves as the Professor of the School of Public Policy and
Management, Tsinghua University, as well as the research fellow and deputy director of
China Institute for Science &Technology Policy at Tsinghua University (CISTP), the
research fellow and vice president of Institute for Al International Governance, Tsinghua
University (AllIG).

* Dr. Liang got his doctor’s degree of economics at Nankai University (2003) and
accomplished the senior executive training program on leadership at Kennedy School of
Government, Harvard University (2010). He had visited at MIT Industrial Performance
Center (MIT IPC) as the Fulbright Visiting Research Scholar for one year (2012).

* The main areas of his research now focus on Science, Technology and Innovation Policy,
Globalization of R&D, IPRs and Standardization, Emerging Technology and Innovation
Governance etc. Besides academic publishing on peer review journals such as National
Science Review, Journal of Informetrics, World Economy etc. Dr. Liang also participated in
some important research projects such as the Strategic Research for National Medium
and Long Term Science and Technology Development Program (MLP) of China. He used to
be the member of National Innovation Survey Expert Group (2014-2017), as well as the
member of Sino-US Innovation Dialogue Expert Group (2015-2018).



/
I. BACKGROUND Z

* Inthe last few years, there are increasing evidences that China has been making progressin

promoting innovation-driven development. However, what is the real situation of Chinese
science, technology and innovation? What are the driving forces behind and what are the

challenges China faced? W hat are the future prospects?

» This presentation will try to draw a comprehensive map of Chinese science, technology and
innovation development, from both positive and negative sides, mainly based on the
universally accepted statistics, as well as the cases of Chinese companies such as Huawei

and DJI.



IT. STATUS AND PROBLEMS

Global Innovation Index 2021 rankings

Income
Gll group Region
rank Economy Score rank rank
1 Switzerland 65.5 1 ‘
2 Sweden 63.1 2
3 United States of America 61.3 3 1
4 United Kingdom 59.8 4 a
5 Republic of Korea 59.3 5 1
6 Netherlands 58.6 6 -
7 Finland 58.4 7
8 Singapore 57.8 8 2
9 Denmark 57.3 9
10 Germany 57.3 10
11 France 55.0 1
12 China 54.8 1 3
13 Japan 54.5 12 4
14 Hong Kong, China 537 13 5
15 lIsrael 53.4 14 1
16 Canada 531 15 2
17 Iceland 51.8 16
18 Austria 50.9 17
19 Ireland 50.7 18
20 Norway 50.4 19

Ranking 12 in 2021 Gl (WIPQ, 2021) 1



IT. STATUS AND PROBLEMS

« China's R&D expenses maintain rapid growth, accounting for second place in the world.
(Report on China R&D Expenditure(2020), 2020)
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II. STATUS AND PROBLEMS

- Ranking 2nd place in the world for scientific papers published and citation rate (Statistical Data of Chinese
S&T Papers, 2020)

« From 2015 to 2017, half of the top 100 institutes in the world are from China, and there are 9 institutes
among the top 10, which highlights the rapid growth of high-quality research in China (Nature Index 2018
Rising Stars, 2018)

Country

Americ
China
Britain
Germany
France
Canada
Italy
Australia
Japan
Spanish

Papers
Number
4205934
3019068
1068746
1131812
773555
712343
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IT. STATUS AND PROBLEMS

« China is the main driving force for the increase in the number of global patents,
ranking first in patent applications granted in 2020.

« Since 2003, the annual growth rate of PCT applications in China has been more than
10%. In 2020, the number of PCT applications in China ranked first in the world

(58,990) (World Intellectual Property Indicators 2020, WIPO, 2020)
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IT. STATUS AND PROBLEMS

« In 2018, the R&D expenditure of Chinese companies increased by 34.4% to $60.08
billion, leading the global growth rate and the number of selected Chinese companies
increased from 125 to 145. (The Global Innovation 1000, 2018)
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IT. STATUS AND PROBLEMS

« China has the potential to transform from « Since the release of TR50 list, there has been no shortage
"learning innovation" to "leading innovation" of Chinese technology companies. From 2011 to 2017,
(The China Effect on Global Innovation, 2015) Alibaba, Baidu, Tencent, Huawei, Xiaomi, DJI, iFLYTEK,
Didi, and Megvii have appeared on the list. (MIT

Technology Review, 2017)

China has established strength in efficiency-driven and customer-focused innovation = United States
but continues to lag in science- and engineering-based innovation
—— China
Country performance ratio relative to fair share, 2013
Index: 1 air share?
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IT. STATUS AND PROBLEMS

- How to cultivate the innovation capability and solve the bottleneck
problem of China's development?

« China's semiconductor trade deficit exceeds the oil trade deficit.

China IC Market vs. China IC Production Trends
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IT. STATUS AND PROBLEMS

Since 2013, China has imported more than $200 billion worth of integrated circuits every year. In
2018, 417.6 billion pieces of integrated circuits were imported, with a value of US $312.1 billion; 217.1
billion pieces of integrated circuits were exported, with a value of US $84.6 billion. The resulting trade
deficit reached a record high, reaching US $227.5 billion.

China's chip import and export value and trade deficit in 2011-2018

Billion dollars

350 3121

300 2601
250 2313 2176 2307 2271 2274,64
1920 1932,6
200 1702 15674 1613,9 1657,2
150 13763 1385,7 1436,0
100 931
5

2011 2012 2013 2014 2015 2016 2017 2018
mImport m Export m Deficit Source: CSIA 2019
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IT. STATUS AND PROBLEMS

« How to improve input efficiency, transforming from a follower to a leader?

« China' s growth rate of R&D investment is the highest in the world, and the investment
intensity has reached the level of a moderately developed country. But among the top 100
global technology leaders, there are only three in China (Top100 Global Technology
Leaders, 2018)
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Figure 1: Top 100 Global Tech Leaders by Headquarter Country
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IT. STATUS AND PROBLEMS

Compared with the major innovative countries in the world, China's R&D investment intensity

Intensity of R&D funding(%)

still has a certain gap; from the perspective of the development of R&D investment in different

countries, China" s R&D investment intensity needs to be further improved ( National

Innovation Index Report, 2020 )
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Intensity of R&D funding()%

IT. STATUS AND PROBLEMS

« Compared with the U.S., Germany, Japan, and South Korea, Chinese companies have lower

investment competitiveness in R&D expenditure and innovation;

« However, China's Enterprise innovation index ranks 11th, remaining unchanged for 4

consecutive years (National Innovation Index Report, 2018 & 2020)

Rank
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Gross enrollmentrate of higher education(%)

IT. STATUS AND PROBLEMS

« The gross enrollment rate of higher education in China has increased from 19.3% in 2005 to 42.7% in 2016.

China's talent training in higher education, scientific and technological is still lagging behind.

« China's knowledge creation index has improved significantly, ranking 7th in the international rankings for

three consecutive years ( National Innovation Index Report, 2018 & 2020 )
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IT. STATUS AND PROBLEMS

« China's scientific and technological human input is less than 1/2 of the U.S. and Japan,

R&D personnel investment intensity

o == N W OO N O © O

about 1/3 of Switzerland, South Korea, and Germany. The number of Chinese researchers
publishing international scientific and technological papers is not only much lower than

Europe, U.S., and Japan, or even India. (National Innovation Index Report, 2018)
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IT. STATUS AND PROBLEMS

- From 2005 to 2016, China's labor productivity increased from $3,000 to $14,000 per person,

with an average annual growth rate of 15.1%. However, due to China's large population, its

Zl

productivity is still far lower than that of developed countries. (National Innovation Index

Report, 2018)
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IT. STATUS AND PROBLEMS Z

A

« Considering economic output for per unit of energy consumption, China has increased at a

faster rate than developed countries. But from an absolute level, there is still a huge gap

between them. (National Innovation Index Report, 2018)

Energy output rate(S/Kg standard oil)
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OI. CHINA'S INNOVATION CASE: HUAWEI

Who is HUAWEI

Huawei is a leading global provider of information and
communications technology (ICT) infrastructure and
smart devices. With integrated solutions across four
key domains - telecom networks, IT, smart devices, and
cloud services - we are committed to bringing digital to
every person, home and organization for a fully
connected, intelligent world.

Huawei 2020

Annual Report

In 2020, 105,000 of our

employees worked in R&D

53.4%

of our
workforce

Source: Huawei Annual Report 2020

Overall revenue
Last 5 years Annual Report
¥891.4
¥858.8 billion
billion 2
¥721.2 5
¥603.6 billion
¥521.6 billion %
billion ®
CNY figures shown
Research and Innovation
. Annual Report
I ntellectual property

Huawei holds 100,000+

active patents across
40,000+ patent families

2020 revenue by business segment

Carrier Business

@

Up 0.2% YoY

==

¥302.6

billion

Research and Innovation

/Y

Huawei 2020

Annual Report

Consumer Business

Enterprise Business

911

Up 23.0% YoY

Up 3.3% Yoy

,
¥482.9

billion

¥100.3

billion

CNY figures shown

Huawei 2020’

. Annual Report

Industry contributions

Participated in 30+
industry projects

" Published 590+
journal and conference papers
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II.

CHINA'S INNOVATION CASE: HUAWEI Z’

Milestone

In 2014, HUAWEI released 400G Core Router, one year ahead of competitors in the industry,
and is the only product of that kind which has achieved large-scale commercial use.

Before Qualcomm, it released the world's first chip "Kirin 910T" which supports 4G LTE-Cat6é.
This chip is used in Huawei's smartphone-Ascend P7, which has achieved great success in the
mobile phone market.

In 2016, it released Mate 9 equipped with the Kirin 960 chip. The Polar Code scheme proposed
by Huawei became one of the 5G standard coding schemes.

In 2017, it released the world's first SoC chip equipped with a discrete GPU unit-"Kirin 970",
In 2018, Huawei released the next generation of Al chip for smartphones, the Kirin 980.

In 2019, Huawei launched the Arm-based CPU, the Kunpeng 920, and the TaiShan series
servers and cloud services powered by the Kunpeng 920.

In 2020, Huawei supported the stable operation of 1,500+ carrier networks across 170+
countries and regions. Multiple third-party test reports on 5G network experience in large

cities ranked Huawei's 5G networks top.
17



OI. CHINA'S INNOVATION CASE: HUAWEI

« On Augest 31, 2018, it released mobile SoC processor "Kirin 980".

« On September 6, 2019, it released a new generation of mobile SoC processor

"Kirin 990 and 990 5G"

Kirin 980
The Most Powerful and Intelligent, Ever

World’s 15t 7nm SoC

World's 15t Cortex-A76 Based CPU
World's 15t Dual-NPU

World's 15t Mali-G76 GPU

World's 15t 1.4Gbps Cat.21 Modem

World's 15t SoC Supporting 2133MHz LPDDR4X 6.9 Billion Transistors

Chipset Process

Kirin 990 5G

/nm+ EUV
2X Cortex-A76 Based @2.86GHz
2X Cortex-A76 Based @2.36GHz
4X Cortex-A55 @1.95GHz

16 Core Mali-G76

2 Big-Core +1 Tiny-Core

UFS 3.0, UFS 2.1

2G/3G/4G/5G

Kirin 990

7nm
2X Cortex-A76 Based @2.86GHz
2X Cortex-A76 Based @2.09GHz
4X Cortex-A55 @1.86GHz
16 Core Mali-G76
1 Big-Core +1 Tiny-Core
UFS 3.0, UFS 2.1

2G/3G/4G

18



II

. CHINA'S INNOVATION CASE: HUAWEI

« Status: from a chaser to a leader
« Entering the unknown area, it has to face the uncertainty of new technologies.
« Ren Zhengfei: “A cup of coffee absorbs cosmic energy.”
« "Black swan” and coffee cup
« Environment: from uniqueness to convergence
« From “excellent” to “outstanding”

« Be committed to cultivating "core competence" and give up relying on local
advantages such as human/labor resources

——John Jullens “How Emerging Giants Can Take on the World” , Harvard Business
Review, 2013.12

Z/

19



II

. CHINA'S INNOVATION CASE: HUAWEI

Change in thinking: from “follow the rules" to "make rules"

« Publish 5G white paper, defining 5G ecosystem (2013)

Change in strategy: Increase investment in basic research

« 2012 laboratory, algorithms, materials, energy

Change in Corporate culture: more open-minded and flexible

« Open to media, internal "blue forces", tolerance to "dissidents”

Potential risks
« The success of current model will make it difficult to change.

Christensen, ” The Innovator's Dilemma”

20



II

. CHINA'S INNOVATION CASE: DJI

DJI (DJI Technology Co.,Ltd.)

Z/
The world's leading UAV aerial photography technology company, with 70% global

market share.

Base in Shenzhen, with more than 2,800 employees, the total turnover in 2019
exceeds 20 billion yuan.

Founder: Wang Tao, founded the company with classmates in Hong Kong
University of Science and Technology in 2006.

By 2016, there were more than 1,500 patent applications and more than 400 patent
authorizations.

Selected as one of the top ten innovative consumer electronics companies in 2015
by the US "Fast Company" and ranked third. It is the only local Chinese company.

Rated as the most innovative Chinese company by Forbes.

In June 2017, it was selected into the list of the world's 50 smartest companies.

21



II

. CHINA'S INNOVATION CASE: DJI

2013-2018 DJI revenue growth

mmm Revenue(billion)  «=a= Increasingrate %

50%

2013 2014 2015 2016 2017 2018

The most popular product of DJI-Phantom, considered as
the Ford "Type T" in the field of UAV.

22



II

. CHINA'S INNOVATION CASE: DJI

DJI's innovation model

New concept of product;
Innovation based on technological breakthroughs ("disruptive innovation");
Comprehensive solution;

"Global market orientation" replaces "local market orientation”;

Deeply rooted in the local industry cluster (Shenzhen), while maintaining contact
with the world;

"Internet thinking “

Online sales, promotion based on social platforms, user community

23



II

A

. CHINA'S INNOVATION CASE: RISING UNICORNS Z’

IFlytek: Provide voice and language solutions

Yitu Technology: Won the global championship in the face recognition
test (FRVT) sponsored by the National Institute of Standards and
Technology (NIST) for two consecutive years

SenseTime: The world's leading artificial intelligence platform company,
and "the world's most valuable Al innovation company”

MEGVII: Rated as one of the top ten breakthrough technology leaders in
the world by MIT Technology Review

Cambricon: Cambricon is the world's first smart chip company that has
successfully taped out with mature products

Horizon Robotics: Based on BPU, it launched China's first world-leading
embedded artificial intelligence vision chip.

24



II.

CHINA'S INNOVATION CASE: PERSPECTIVE

Change of Chinese enterprises: from cost-oriented to competitiveness-
oriented

For leaders as HUAWEI, it needs to tranform from “rule followers” to “rule
makers”

For new Innovative enterprise as DJI, its commercial mode is similar with companies
in Silicon Valley, but has unique local advantages (such as Industrial clusters).

More global, more innovative.
« Case: HAX and YC

HAX = Combinator

HAX is the world’s first and most prolific
accelerator program for hardware, robotics, and
onnected devices.

SHENZHEN, CHINA / SAN FRANCISCO, CA

25



IV. SUMMARY E’

« China achieved marvelous successes on science, technology and
innovation(STI) in past decades mainly based on learning from the

world and combined with the market-oriented competition.

« But there is still huge gap between China and the leading

countries such as US, EU and Japan.

« In STl areas, China still need to learn from the world, but at the

same time could contribute to the world more.

26



Thank you for listening
Questions are welcome!
llangzheng@tsinghua.edu.cn
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China Institute for Scienceand Technology Policy at Tsinghua University
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