
Supercomputing in China



Context and Disclaimer:

These slides were assembled for an after-dinner talk at the banquet of the 
“Workshop on High Performance Computing with BG/L and QCDOC” held at 
Brookhaven National Laboratory on October 27 & 28, 2004, delivered by 
Professor David Keyes of the Department of Applied Physics and Applied 
Mathematics at Columbia University.  Prior to posting on November 1, 2004 
at the request of some banquet attendees, they were slightly updated.

This presentation consists of personal observations, contributions from 
computational colleagues in China who have recently visited the U.S. and 
from colleagues in the U.S. who have recently visited China, and publicly 
available data and images.  The data has not been assiduously checked 
though most of it is recently updated from sources believed to be reliable 
(see penultimate slide for a list of sources).

The presenter’s employer, affiliated laboratories, and research sponsors 
neither expressly approve nor disapprove of the statements and opinions 
expressed herein. Hey! This is an after-dinner talk ☺.

Given the rapid pace of change in supercomputing, generally, and in 
supercomputing in China, particularly, this presentation may become 
obsolete shortly after posting. In particular, one should check releases of the 
international Top500 list and the China Top100 list due out later in November 
2004.



Plan of presentation

• Why this topic?
• Social and economic context
• Chinese supercomputing trends

– Hardware snapshot
– CS&E snapshot
– IT R&D snapshot





Why this topic?

• China is “the land of graduate students”
– About 10% of Columbia’s own 7000 students 

and scholars in residence are Chinese
• China graduates 325,000 engineers/year

– Five times U.S. annual graduation rate
– Engineering wages are 10-15% of U.S.
– Overall factor of 30-50 productivity 

advantage, modulo tools and training level
• Supercomputing a prime engineering tool

– Chinese supercomputing advancing rapidly



Why this topic? (cont.)

• Several participants at 
today’s workshop 
attended the Nankai 
Supercomputing 
Conference in Aug 
2004
– Guests of Yuefan Deng
– Among DOE delegation: 

Davenport, Dongarra, 
Keyes, Simon

• Starring Nankai Stars, 
#42 in the world





Slide c/o Professor Yuefan Deng



Nankai Supercomputing Conference principals



Nankai University’s lovely urban oasis campus



Brookhaven’s Jim Davenport in the Tianjin evening news



The Mayor of China’s third largest city announces operating support



Nankai University’s president offers a toast



Tianjin’s location



Social and economic 
context



GDP measured in PPP



GDP and population

… one of out every nine dollars for one out of every five people…





Trade with US & rest of world



Almanac data

$1.6T GDP $11.5T

8.1% Growth (2004) 4.7%

2.7% Inflation (2004) 1.4%

$529B Exports $814B

$505B Imports $1,395B

$24B Surplus ($581B)



Almanac data
1,304M Population 294M

43.2Q 
10.5%

Energy cons. 
(BTUs) & world %

98.1Q 
23.8%

33.1M Energy cons. per 
capita

333.7M

3.3B (14%) CO2 prod. (tons) 5.8B (24%)

2.57M CO2 prod. per capita 19.7M

7,213 Energy intensity
(BTU/$PPP)

9,348



Almanac data

1,304M 
24.3%,7.3%

Population    
<15,  >65

294M 
21%,12.6%

3.71M Area (sq.mi.) 3.72M

10% % Arable 19%

$20B Defense budg. $351B

2.27M Active troops 1.41M

50 / 22 / 28 Labor force %           
agr / ind / svc

2 / 24 / 74



Almanac data
86% Literacy 97%

70.3/74.3 Life exp. (M/F) 74.4/80.1

13.0 Births/1000 pop. 14.1

25.3 Inf.mort./1000 bi. 6.8

~20M Vehicles 220M

291 TVs/1000 pop. 844



Almanac data
Populations of 10 largest cities (in thousands)

Shanghai   8,214 New York  8,086
Beijing        7,362 Los Ang.    3,820
Tianjin        5,855 Chicago     2,869
Shenyang  4,669 Houston     2,010
Wuhan       4,040 Philadel.     1,479 
Guangzh.   3,935 Phoenix      1,388
Chongqing 3,127 San Diego  1,267
Chengdu    2,954 San Anton. 1,214
Xi’an           2,872 Dallas         1,208
Nanjing       2,678 Detroit            911

Hong 
Kong 
6,827

~100 cities 
of 1M or 
more in 
population

9 cities    
of 1M or 
more in 
population



Urbanization



Urbanization



Supercomputing 
hardware





Top 500 aggregations, c/o Jack Do



Per capita Top 500 aggregations, c/o Jack Dongarra, June 2004



• Est. 1988 as “Legend”, renamed Lenovo in 2004
• China’s largest IT enterprise
• ~$4B/year
• ~10,000 employees
• Vision of group of 11 researchers at Chinese 

Academy of Sciences in 1984
• Primarily markets desktops (dominates domestic 

market with 27% of sales)
• Watch for sponsorship of 2008 Olympics!
• Currently markets “DeepComp” supercomputer 

line



Unveiling of China’s first Teraflop/s computer, Legend factory, July 2002, 
to Peking University visitors W. Gropp & D. Keyes

512 Intel       
2 GHz Xeon 
processors

Myrinet 2000

Linux 



Poking at the Legend-ary backplane



Visionaries Jiachang Sun, Chie-Jie Wu, and Linbo Zhang



Deep Comp 6800Deep Comp 6800



6800 Specs
• Itanium2 Processor
• 1060 nodes

– 1.3 Ghz
– 3 MB

• Network
– 256 full-bisection QsNet
– Message-Passing  Bandwidth 320 MB/s Delay: 6us
– Shared-Memory  Bandwidth 321 MB/s Delay: 4us

• Peak performance 5.3 Tflop/s 
– Total Memory 2.6 TB



New Dawning of Chinese supercomputing



Dawning 4000A specs

• Opteron 64-bit
• 640 nodes, each:

– 4 procs 
– 2.2 GHz 
– 8 GB

• Myrinet2000 and gigabit ethernet 
• Peak performance 11.264 Tflop/s



China Top 100 List background

• Maintained by the Specialty Association of 
Mathematical & Scientific Software (SAMSS).

• Joint work of Sun Jiachang, Yuan Guoxing,     
Zhang Linbo, and Zhang Yunquan

http://www.samss.org.cn
• First released as “China Top50” in Nov. 2002
• Release date: beginning of November of each 

year
• Graduated from “Top50” to “Top100” in 2003 
• Reporting on publicly announced computers on 

the PRC Mainland only (Taiwan, Hong Kong have 
one machine ea. on the worldwide “Top 500”)

http://www.samss.org.cn/


China HPC Perf. Analysis
2003 vs. 2002 (& peek at 2004)

2002 (TOP50) 2003(TOP100) 2003/2002 2004

First place 1.046 Tf 4.148 Tf 3.97 8.06 Tf

Tenth place 0.1 Tf 0.38 Tf 3.8 0.84 Tf

Fiftieth place 13.17 Gf 113.8 Gf 8.64 (NA)

# >1Tflops Rmax 1 2 2 9

3.61

10

3.7

0.98

Total Perf (Top50) 4.6 Tf 16.61 Tf

# >1Tflops Rpeak 1 10

# Cluster 7 26

Average Efficiency 59.3% 57.9%

c/o Jiachang Sun



2003 China Top 100 by manufacturer
Manufacturer Count Rmax [GF/s] Rpeak [GF/s] Procs

Lenovo 9 7194.04 11224.0 2360
SunWay 7 1660.73 4187.86 1504
Self-made 4 295.96 597.20 408
Tsinghua 2 874.9 1600.16 400
Langchao 2 727.4 1238.4 228

Huayun/Origin 2 155.5 265.6 50

Dawning 1 39.00 111.70 160

Domestic Total 27 10943.07 19224.92 5110
HP 57 6594.08 10032.3 3196
SGI 8 504.46 614.4 576
IBM 7 1585.68 4039.4 944
SUN 1 52.7 64.00 80

Imported Total 73 8732.92 14750.1 4796

Total 100 19724.49 33975.02 9906

Imported

Domestic

c/o Jiachang Sun



2003 China Top100 by sector
Count Rmax [GF/s] Rpeak [GF/s] Processors

Scientific 
Computing 29 10248.68 15020.76 4912

Financial and 
Insurance 21 2383.98 3671.30 1168

Telecomm 16 2097.89 3363.10 1012
Tax 8 1208.70 1904.00 544
Energy 7 2250.54 5810.48 1232
Industry 7 759.52 1139.40 400
Bioinformatics 3 1112.30 1724.88 356
Transportation 3 223.18 365.90 160
Meteorology 2 155.50 265.60 50

Postal 2 142.2 224.0 64
Other R&D 1 196.90 307.20 64
Public Sector 1 71.10 112.00 32

Total 100 19724.49 33975.02 9906

c/o Jiachang Sun



2003 China Top100 by province
Count Rmax [GF/s] Rpeak 

[GF/s] Processors

Beijing 37 12181.11 19058.86 5304
Shanghai 12 1322.80 2355.40 1120

Guangdong 9 1571.14 2700.16 608
Jiangshu 5 680.78 1059.20 352

Anhui 5 650.54 822.40 352
Shandong 4 1297.50 2698.00 608

HeiLongJiang 3 623.04 1726.80 368
HeNan 3 364.97 565.00 184
HeBei 2 251.10 419.20 96

SiCuan 2 216.00 416.00 104

ShanXi 2 154.10 230.40 66
HuBei 2 138.88 216.20 60

TianJin 2 123.80 176.00 112
JiLin 2 114.55 152.30 104

c/o Jiachang Sun



2003 China Top100 by province
Count Rmax [GF/s] Rpeak [GF/s] Processors

LiaoNing 1 142.20 224.00 64

FuJian 1 142.20 224.00 64

GuangXi 1 71.10 112.00 32

GanSu 1 115.20 179.20 32

HuNan 1 113.80 144.00 48

Inner-
Mongolia 1 113.80 144.00 48

JiangXi 1 80.60 114.80 52

ZheJiang 1 64.20 76.80 64

SanXi 1 62.00 88.30 40

XinJiang 1 52.56 72.00 24

Total 100 19724.49 33975.02 9906

c/o Jiachang Sun



Trend of China HPC Performance 
(1993-2004 to date)

Per f or mance Tr end of  Chi na HPC(1993-2004.6)
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c/o Jiachang Sun



Sun’s concluding remarks

• “A great success on HPC in China has 
been made”

• “There is still a big distance between 
China and world high level in HPC system”

• “Software is our main weak point to be 
strengthened, but it hasn’t got enough 
attention from our decision makers”

Never heard this before ☺



Computational Science



Rayleigh-Taylor Instability computations, Xiante He



Oil reservoir simulations, Jiachang Sun



Historical capability improvements, oil reservoir simulations, Jiachang Sun



Peking Univ. workshop, Jul 2002

Bill Gropp teaches PETSc



Some software said to be in use in 
Chinese universities and institutes

• Overture
• SAMRAI
• GDPK
• TAO

• mpich
• FFTW
• ScaLAPACK
• PETSc
• Hypre 



Peking University CS&E

• Professor Pingwen Zhang, Director
• Faculty recruited from JHU, PSU, 

Princeton, UCLA
• Excellent facilities
• Top one-percentile student recruitment
• State-of-the-art applications and 

software
• Posters lining the hallways look like any 

U.S. university’s or national lab’s



CompSci core faculty (& visitors!)



NUAA workshop, Dec 2002

Nanjing University of Aeronautics and Astronautics students welcome D. Keyes to a 
presentation of their work.  Dean Ning Zhao of NUAA spent 2001-2002 at SUNY-SB.



Faculty residence, NUAA



Major Chinese initiatives

• “Project 863”, multiyear (resource estimates)
– China Grid, $25M



Information Technology



Galactic Computing, Ltd.

• Founded in 1999
• Steve Chen, architect of Cray XMP & YMP, 

is CEO
• Focused on social/commercial IT 

infrastructure 
• Ambitious plans for information economy 

and information-rich society, relatively 
unencumbered by lawyers ☺

• Subject of article in NYTimes by John 
Markoff





Galactic Computing vision

“facilitate our global society to achieve the highest 
productivity in human creativities and natural 
resources”

“make distributed collaborators as much like same-place 
work as possible”

• e-health care

• Digital classroom

• RFID cargo-tracking, dynamic supply chain

• e-entertainment on demand

• Digital borders for national security



IT trends

• 140,000 of the 400,000 Chinese educated 
abroad in the past two decades have 
repatriated

• Shenzhen alone has 300 IT companies 
founded by repatriates

• China is now world’s largest supplier of 
TVs, DVD players, and cellphones

• Foreign investors have made or 
committed to $15B in investments in 19 
semiconductor plants



IT trends, cont.

• 400 R&D centers (mainly “D”) started by 
multinationals in China

• China is third in the world in national 
investment in R&D, broadly interpreted 
– Currently $60B per year
– Cf. $282B in US (#1), $104B in Japan (#2)

• Moving up in biotech and high-tech computer 
engineering

• No longer the place to go for cheap wages; now 
the place to go for ready supply of high skills



Concluding remarks

• Strongly western-oriented cities on eastern 
seaboard make visits pleasant and easy

• Strong interest in scientific collaborations 
with US and Europe

• Highly trained students
• All trends point toward eventual parity in 

hardware and computational science 
know-how



Urban China’s “westernness”

• 287M NBA fans, versus 107M in US
• Starbucks, KFC, McDonalds, Pizza Hut as 

common as noodle shops
• Brittney on the billboards
• Simon & Garfunkel in the malls
• “Cats” in the theaters
• Dali retrospective in the museums
• Versace, Christian Dior, Benetton, etc. in the 

storefronts
• Seasonal décor (e.g., Santa Claus) in the hotel 

lobbies



Hi-speed wireless connection to Red Sox play-by-play, Aug 2004, Beijing hotel



Sources

• China Business Review, June 2004
• CIA webpages
• DOE webpages
• 2004 NYTimes World Almanac
• www.nytimes.com archives
• Presentations at Nankai workshop
• Personal communications
• Personal seminar and conference visits to 

Beijing, Hong Kong, Nanjing, Shanghai, Tianjin, 
Wuxi, and Xi’an (1993-2004)



XÌE-XÌE
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