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Table 2 Top 10 systems of June 2016 Green500 list
Hb S HBHE RS HERL/(Gflops-W™)  Top500 4%
Advanced Center for Computing and ZettaScaler— 1.6, Xeon ES5- 2618Lv3 8C 2.3GHz, Infiniband 6673.8 o4
Communication, RIKEN FDR, PEZY-SCnp
Computational Astrophysics Laborato- ZettaScaler— 1.6, Xeon E5- 2618Lv3 8C 2.3GHz, Infiniband 6195.2 436
ry, RIKEN FDR, PEZY-SCnp
National Supercomputing Center in
Wi Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway 6051.3 1
GSI Heltholiz Conter ASUS ESC4000 FDR/G2S, Intel Xeon E5-2690v2 10C 3GHz, In- 71 440
finiband FDR, AMD FirePro S9150
Ins.titute of Moderfl lf’hysics (IMP), Sugon Cluster W780I, Xeon E5-2640v3 8C 2.6GHz, Infiniband AT78.5 446
Chinese Academy of Sciences QDR, NVIDIA Tesla K80
Stanford Research Computing Center ~ Cray CS—Storm, Intel Xeon E5-2680v2 10C 2.8GHz, Infiniband 41121 12
FDR, Nvidia K80
Lnternet Service Inspur TS10000 HPC Server, Intel Xeon E5-2620v2 6C 2.1GHz, 3775.5 305
10G Ethernet, NVIDIA Tesla K40
Internet Service Inspur TS10000 HPC Server, Intel Xeon E5-2620v2 6C 2.1GHz, 3775.5 306
10G Ethernet, NVIDIA Tesla K40
Internet Service Inspur TS10000 HPC Server, Intel Xeon E5-2620v2 6C 2.1GHz, 3775.5 307
10G Ethernet, NVIDIA Tesla K40
. Inspur TS10000 HPC Server, Intel Xeon E5-2620v2 6C 2.1GHz,
Internet Service 3775.5 308

10G Ethernet, NVIDIA Tesla K40
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Table 3 Top 10 systems of June 2016 Graph500 list

He#4 ARG TREC BB WBEUR Geps
1 K computer 82944 663552 40 38621
2 Sunway TaihuLight 40768 10599680 40 23756
3 Sequoia 98304 1572864 41 23751
4 Mira 49152 786432 40 14982
5 Juqueen 16384 262144 38 5848
6 Fermi 8192 131072 37 2567
7 Tianhe-2 8192 196608 36 2061
8 Turing 4096 65636 36 1427
9 Blue Joule 4096 65636 36 1427
10 DIRAC 4096 65636 36 1427
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Table 4 Fastest supercomputers since 1964

ARy BHAS WefEdE  ER
1964—1968 CDC6600 1 Mflops  Z&[H
1969—1975 CDC7600 10 Mflops 3£
1976—1982 Cray-1 146 Mflops  3E[E
1983—1985 Cray X-MP/4 713 Mflops ~ [H
1985—1987 Cray—-2 1.95 Gflops £
1988—1989 Cray Y-MP/832 2.14 Gflops  ZE[H
1990—1991 Fujitsu VP2600/10 4 Gflops HA
1992 NEC SX-3/44 20 Gflops  HZAS
1993 Thinking Machines CM—=5/1024 59.7 Gflops 3%
Numerical Wind Tunnel 124 Gflops ~ HAS
1994 Intel Paragon XP/S140 143 Gflops  3E[H
1994—1995 Numerical Wind Tunnel 170 Gflops H PN
1996  Hitachi SR2201 368 Gflops HA
1997—2000 ASCI Red 2.38 Tflops  F[H
2001 ASCI White 4.94 Tflops £ [H
2002—2004 Earth Simulator 36.9 Tflops HA

70.8 Tflops

136 Tflops
2004—2007 IBM Blue Gene/L 281 Thlops F*[E

478 Tflops
2008 IBM Roadrunner 1.03 Pflops EH
2009 Jaguar 1.75 Pflops  3E[H
2010  Tianhe-1A 2.57 Pflops  HH[E
2011 Fujitsu K computer 10.5 Pflops  H#A
2012 IBM Sequoia 16.3 Pflops £
Cray Titan 17.6 Pflops XH
2013—2015 Tianhe-2 33.9 Pflops i
2016 Sunway TaihuLight 93 Pflops 1
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Fig. 8 Scatter plot for LINPACK and power efficiencies
from November 2013 Top500 list

89 I



R S48 2016,34(21)

20104E11 H
Accelerator
[+ With Accelerators Blue Géhe/Q Prototype
~1.5 1[5 'Without Accelerators o
= Interconnect
2 = Custorn Interconnect
8.1 L Fat Tree
& | Gi ab1t Eth.ernet TS L.MEZ 0
g |*|Infiniband - o
=3 = Mixed
F) | Myrinet
0.5 < NUMglink
| » |Quadrics
ﬂ SP Sw1tch
0 0.25 0.50 0.75 1.00
LINPACKZ(H
9 2010411 A Top500,LINPACK 31 ZF1
BEREL=

Fig. 9 Scatter plot for LINPACK and power efficiencies

from November 2010 Top500 list

BAGTHRI0FERELRNEEEL . RS &m0
1) HEA S 1REE 500 22 [a] () 25 B AR 7K, ik JE i e DAY 2R
SR PE IR T, 2) e EALA 2007 4E 119 0.357 Gflops -
W, 5] 2010 4E 1 1.684 Gflops+- W™, ] 2013 4F 1) 4.503 Gflops-
W* 5 8 2016 49 6.674 Gflops« W'o 3 4N 3E HBIF- AT

FEJRGEAR B 3 AR 445, 3) B T AR 2 ek B T
6.051 Gflops - W', HAh i) Top500 5 HE 44 2 Gi 7E Green500 22
PRI o R R I8 =2 SR e e, e 1 B
HBH RS, 4) M GhE MR ARG HBERCR LINPACK Z0R
AR XR RSB AEZ A FIEFE 0N — bR
10GbE M\ 2007 FFIG B BRI Z 1 RE TR H . 5) K L FH
o RN AR 9 R GERERCE 57, {HJ2 LINPACK SR I%
3.2 KEHT

FET GhE 1Y RGUARIKC I R N i 48 3 e ik #u iz , A 2005—
2011 ARAR- R Top500 F I 40% 1) L. {H S M 2009 4EFF
TRIXAN FL B T B3, B IAE HA 8.4% , WA XERS AH7E
R R JLAEP GhE 2281 M TopS00 iK% o "B M FHHRRRA
10GhE IR AR A o 3G, L2010 4819 2 5 51 2016 4F
M 177 6. HETEEAE S SR 10GhE (3 TR S 7E 3 T
e 1) 2~3 AE NV 55 o 1T Infiniband — ELERBE ) 72 R, &
2012—2016 4F- Top500 {f FHF Z W M 28 TR (1 11) . %

| ‘ | | | ‘ | | ‘

2008 2009 2010 2011 2012 2013 2014 2015 2016

1%
N s o ®
(=] (=] (= (=

<

u Infiniband ®10 G = Custom Interconnectl Gigabit Ethernet = Others

E 11 Top500 H M 4% BiERE ) HETT L
Fig. 11 Time-varying shares of the interconnect
families on Top500

Interconnect 20074E11H

Crossbar
Custom Interconnect (0)
'Gigabit Ethemet

Infiniband -

1o Mixed
Myrinet -
“NUMAlink
Quadrics
SP Switch

o
w

olofo|ofo

o
&}

°

°

RERK/(Gflpos- W)

o
-

10 2007 £ 11 A Top500, LINPACK %7 ZEFn 8535 85 2=
Fig. 10 Scatter plot for LINPACK and power efficiencies
from November 2007 Top500 list

TR N 4 B s 4 H R

Linux 7€ 3 2% 10 45— B o5 9% 32 S Wz, IF B Wron
o 20 LIE M. AEXHIE], Unix A 2007 41 60 75 2]
2016 4R 3 5 B TH R o

100
80
o 60
g‘é 40
20
0

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

uUnix #Linux ® Mac OS ledows BSD based = Mixed

12 Top500 HiR{E R GRIH AT
Fig. 12 Time-varying shares of the operating
systems on Top500

SRR G L AR A = BT R AL R, 2007 4E 1Y
Top500 XA — G LA T I as . i in s 28 f ik
BHES 1) R G BURAE B AR RN, 2015 4F 11 8405 103 &, &
MPEA R R 3 94 0 XA B ek &8 7 I B
B E A, X X Sl A N 5 1 A AR R G
LINPACK %% 5 i A5 2 —

Hh [ (R S R BRI 25 104E 4 T Rt . [
N FRAAT 55— R A 2013 423K 45 TopS00 HEA 55 — |, et
R S e A AT B E . ARAL 2015 4R KA 109 15,2016
i EA 167 GEE RS LB . 20164 6 H g EE—ik
7 Top500 Y& L TRER 165 &, Him@ T454 =4 H
L2975 (EI13) o 54, i R AR RE & Hods s, X H
Yy FHES HTPI 44 B K] S AR =20



5 2016,34(21)

1%
g [

IS
=

[\
(=1

100. III I

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
o E g = EIZIKM%BI W w3 el

E 13 Top500 AR REZRAT S M EHIZEN
Fig. 13 Time—varying shares of countries on
the Top500 list

4 ¥BEMNHB
41 XEBNRE

B B ML 2 (ACM) A5 3, 44 IR L 2
| ACM S8 DR Tk F2 3 TR e e i MR B 1 T 1 785 11
B, R IURB L T IHATH IR, SR SR s /E
b TR AR RIS KA 43 A1 77 T80 1) v P BB 55 N H BT o
L USR] B2 TR T A RL 2 TR IR B 075 e
B AT SR A LA e SR At ) 77 TG 69 k. 36 58 HH T 2006 4F:

SCIENCE & TECHNOLOGY REVIEW

KRBT ARSI N S LUk . BRI, T E AR A
T H ARAT S5 DR MRS fle AN 1 %% AR e 2 4R A3 A
Al P E 3N KA A S FE AL T TR
850 J7 KT 4 AR ) R BN ) A BesK A 2 . MASNUM g7
PR R S04 , B 2205 2016 4 08 DLJR K 44 0,

FERVE TR RS, 4373 ) AR Soizs FHH 3R A Ty T
F14) o7 FH 28 DG T TS UL 1) A1) RS2 s i 2 i)y o 22
T (14 B 15), PRBORIF R H I AR BT A)
B, I EIR TR LA B R RE R A AT P R . 2015
AR TENIR A Austin 082 IBM BIFSEAL L 29 R A2 MU FEAR
W & T QBT 1 5 o Bl Hh 732 3, 3 BRI B A
M A2 SR, ST /N AR RS AR B T /T AR A
1 97% M IFATRCR , It B Y F| Sequoia 4 51 160 J7 (A% 0>
. 20134, ETH Zurich F1 IBM BRlAZ 52 T 13 T2 500
FIFAR S ASBAL, K5 T 14.4 Pllops (4720 fE K Fl—Se-
quoia 1) 73% 1 BRISIEAE

Top500 FE1f I K& # 2 — Jack Dongarra 2], K 2t
3R A B DR R W T, AN E &8 B T 30~40
Pflops MFFELa TR EE , B T R =% 19 LINPACK 5 K1
AE R I . I T 2 B 3K 3 KW =20 31.6% 1 B U
B,

&5 2006—2015 FEIMAMXENRE

Table 5 Gordon Bell

prize, 2006-2015

oy AREIEC iEpe! BR

2015 An extreme—s.cale implicit solver for complex PDEs: Highly hetero- The University of Texas at Austin AT
geneous flow in earth’s mantle

2014 Anto.n 2: raising the bar for perfmjmance and programmability in a D.E. Shaw Research Vet g
special—purpose molecular dynamics supercomputer

2013 11 PFLOP/s simulations of cloud cavitation collapse ETH Ziirich, Switzerland IE(EEREZE IR
4.45 Pflops ¢ hysical N=body simulati K : th

2012 ops astrophysica ody simulation on K computer: the University of Tsukuba A4 FTRER

gravitational trillion-body problem
First=principles calculations of electron states of a silicon nanow-
ire with 100,000 atoms on the K computer

Next—-Generation Supercomputer R&D Center — FFZEMERER

2011
Peta—scale phase-field simulation for dendritic solidification on
Tokyo Institute of Technol ] 1 fs
the TSUBAME 2.0 supercomputer oryo fnstiute of Technology I RAERIFERS
Petascale direct ical simulati f blood fl 200 K .
2010 Fetascale direct numerical simulation of blood flow on Georgia Institute of Technology VeREE
Cores and Heterogeneous Architectures
4.2 TFlops hierarchical. N-body simulations on GPUs with applica- Nagasaki University ke B
tions in both astrophysics and turbulence
2009 A scalable method for ab initio computation of free energies in na- Oak Ridge National Laboratory W P 22
noscale systems
Millisecond—scale molecular dynamics simulations on Anton D. E. Shaw Research R ]
New algorlthm Fo enable 400.+ ’Ijﬂop/s sustained performance in Oak Ridge National Laboratory W (i MR 2 B
simulations of disorder effects in high— 7. superconductors
2OOSL' 1 ling 3D f t method for large—scale electroni
inearly scaling ragment method for large—scale electronic Lawrence Berkeley National Laboratory TR
structure calculations
Extendi tability b d CPU millennium: i —scale atom- N
2007 | Cnamne SERETY beyon rTieniti: a mieronTscate atom Lawrence Livermore National Laboratory PHERERI
istic simulation of Kelvin—Helmholtz instability
Large-scale electronic structure calculations of high—Z metals on .. . .
U f Calif D: WEAEPERE R B
2006 the BlueGene/L platform niversity of Lalilornia, Lavis HETERERR
The BlueGene/L supercomputer and quantum Chromo Dynamics IBM T.J. Watson Research Laboratory ERR BTk
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Fig. 14 Pacific plate in a cross section of the subducting
plate, showing the nonlinear mantle flow stagnation in the
simulation, won the Gordon Bell prize in 2015
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Fig. 17 Colloid simulation snapshot from literature [19]
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Perspective on exascale—era computing
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Abstract Supercomputer has played its significant role in the development of science and technology. As we are moving forward into the

exascale era, how to measure the performance of supercomputer is a crucial problem when concerning the system designs and programming

models. Different benchmarks will give different conclusions. We introduce the three main ranking lists in supercomputing and their

benchmarks, and analyze the current development and application perspective in different aspects.
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