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1 MFQD E%
ENIAC (1946, pk 0.7 kF)

add 0.2 ms, mult 2.6 ms

IBM System/360-65(1965)

single-precision matrix mult. (100x100) : 33 kF

CDC6600 (1964, pk 4 MF) EFHL MF? "

10{@& M functional units. LLNLIZ§H A
clock 10 MHz, add 4 clocks, mult 10 clocks(x2)

IBM?2983 Array Processor(1969)

/0 channel[Z#E#R I A MRS ML TOvEYY
single-precision matrix mult. (100x100): 1.59 MF
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http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:IBM360-65-1.corestore.jpg

10 MFQD E%

c MMHINATTAY

— CDC7600 (1969, pk 36 MF) 31 5 MF?

« RNIKNILETE#

— TI ASC (1972, pk 30 MF) 7S 4E
— CDC Star-100(1973, pk 50 MF) 44

'%VE Wikipedia

— FACOM 230-75 APU (1977, pk 22 MF) 24451 &

- NALTCIRE]

— HITAC M200H IAP (1979, pk 48 MF)

it 51l 51 E 5% (SIMD)

— Burroughs BSP(1977F 3 . 1980 {EHh 1k | 4x4, pk 50

MF)
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http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:CDC_7600.jc.jpg

100 MFQD B%
« RYMLETE

— Cray-1 (1976, pk 160 MF)

— Cray X-MP/2 (1982, pk 630 MF)

— CDC Cyber 203 (1980, pk 200 MF),

— Cyber 205 (1981, pk 400MF)

— HITAC S-810 (1983, pk 630 MF)

— FACOM VP-200 (1983, pk 570 MF)
o 3 Bl 5T E %

— ILLIAC IV (1973-6, pk 150 MF) 8x8 145! &

Wikipedia
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http://ja.wikipedia.org/wiki/%E3%83%95%E3%82%A1%E3%82%A4%E3%83%AB:Cray-1-deutsches-museum.jpg
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— Cray X-MP/4 (1984, pk 1.26 GF)
— Cray-2 (1985, pk 1.95 GF)
— VP-400 (1985, pk 1.14 GF)
— SX-2 (1986, pk 1.3 GF)
« RUFI—V%HE
— SX-2[&Livermore Loop No. 7 (Equation of States) T1.042
GFlops# 3
— X-MP/4TIlZ%. 5X0.807 GFlops (No. 7) Z &k,
— Cray-21% 7
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“Enabling Technologies for Petaflops Computing”
(Pasadena, 1994/2)
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— ETA-10 (1987, pk 10 GF) #tkz=%%
FEAEREIC 1’!5@]‘@'?' Prlncetonﬁ%bilﬁb\ﬁﬁj\

— PHI (1989, pk 10 GF)rz/fav k7o sl fiik
— SX-3/44R (1990, Lp 23.2 GF) Necit® (pk 25.6)
— C916/16256 (1992, Lp 13.7 GF) cray#tm
— HITAC S-3800 (1993, Lp 27.5 GF) B K
- BRI OEPERE., IULAEEREANAIESTED,
o ANSMHETFE
— QCD-PAX (1989, single pk 13 GF) ;& K=

— CM-5/1024 (1993, Lp 59.7 GF) Lant
1993/60)Top5000)'%'1_L41¢|=5 5
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o« RON)LIALF|ETE

— NWT (1993, Lp 124 GF) nat
1993/11, 94/11, 95/6, 95/120)T0p500"C“|*“J7°
94/11 L\ (& Lp 170 GF
— DEtEPetaflopsETEIIAE 5 (1994)
o ANSMFIFHERE
— Paragon XP/S140 (1994, Lp 143.4 GF) sNL
1994/6 M Top500) B {iL

— SR2201/1024 (1996, Lp 220.4 GF)=X
1996/6 ) B fiL

— cp-pacs (1996, Lp 368.2 GF) KX
1996/11 M & {iI
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1 TFOI LN

e FPS T-series (19864 F 3R)
— Transputer T414, Weitek FPU, hypercubei%#i. Video RAM
— 16K nodesT1 TFERIFEEIE
— FAt19864FE8 H [ZBeavertonE TR =FIC
— 19N FHEL TCrayDF=4L, AV /L S(IPGIN
e TMCCM-5 (19918 % 3R)
— Sparc, Weitek FPU, fat treef&#it, 8K C1 TFEE & FE IR,
— 1993/6MD & #F D Top500TlETop 4[EXCM-5 (5,61FSX-3)
— 1994/8 B EE , Z <D A& [LSun Microsystems~
e NEC SX-4 (1995F F3R)
— CMOSAZ )L, 2GF/node, Bx X512 nodesT1 TF3EI]
— HfarlE128nodeshiEz K, 1998/6 M Top500 T134iL (Lp 244)
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1 TFOD B

ASCl Red (1997, Lp 1.068 TF—->2.379TF)
— SNL, Pentium Pro—->Pentium 2

ASCI| Blue Mountain (1998, Lp 1.608 TF)
— LANL, MIPS R10000

ASCI Blue Pacific (1998, Lp 2.144 TF)
— LLNL, PowerPC604e

ASCl| White (2000, Lp. 7.304)
— LLNL, Power3

ITRTRAASILF
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10 TFOD B
Earth Simulator (2002, Lp 35.86 TF)
— JAMSTEC ($&;E)
ASCI Q (2002, Lp 13.88 TF)
— LANL, Alpha
Red Storm (2005, Lp 36.19 TF)
— SNL, Opteron
ASCI Purple (2006, Lp 75.78 TF)
— LLNL, Power 5
Tsubame (2006, Lp 38.18 TF)
— R T %X KF. Opteron+ClearSpeed
— ESHE I ZE > THh 24




100 TFOD B
BlueGene/L (2005, Lp 136.85478.2)
— LLNL
— £x#]2004/11TI%70.72 TFC&15 . ESEES
— Z ) Z AExascale projectiBE 5 (&l )
BlueGene/P (2007, Lp 167.3->825.5)
— Julich
Earth Simulator 2 (2009, Lp 122.4 TF)
— SX-9
Kraken (2009, Lp 831.7 TF)

— Tennessee K=
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Petaflops ™~ D&

e 1994/2, “Enabling Technologies for Petaflops
Computing” (Pasadena)
— HEFIEINWTHY100 GFZE#EZ F=tH, 100001~ !
— Seymour Crayh\E EfZE 8 (Rl Cray-42 FH3K)
o TDE. 7EBIDWS
e SC96TPetaflops Computing®/\1: )L
— 2010 EZETE
— IAEL T, ERFE3DIDEEE T ILOMRIR, T DM, F#
B, T/ VRN F TSR E
— BERBMTELTIEL. latency hiding, million threads, ;B & &
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1999/2, “PETAFLOPS II” (Santa Barbara)

* Tilak Agerwala (IBM)
— Power® £ TPetaflopsHA T=5
e Peter Kogge (Notre Dame)
— PIM (Processor-in-Memory)7&blatency(d1/10, 7\
> Rl 1001%
— THPIME L PIM-nonPIMEI DEREIZE ST B,
e Thomas Stirling (£3FfCalTech)

— HTMT GEB{GE. PIM. YR, 7rO0T S LEREL
ExHAHEDHES)

— BI85, 250nmT200GH M EIHTE S
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HEC Revitalization Task Force

— 2003/3: REIBUHF (LB RB FH =% (NSTC) D TI2H
%g 7 l):|~>‘1/7 NELTEDRRI T+ —R% MR (ESHTLR

2004/11: High-End Computing Revitalization Act of
2004 % 3T (2005fy-$50M, 2006fy-$55M, 2007fy-60M for DoE)

%)04/10 : Zettaflops Project (£ X ExaFlops) DV E

2005/3 : High Performance Computing Revitalization
Act of 2005 (H.R. 28) was approved by House Science
Committee

— 48 . Housei@ 1@

— NSFZH0MZ . NASA, NOAA, DoE, NIST, EPA
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— 'ﬂi/ﬁ% ==K ﬁ%?(E_L %j( J'ij()
— CPULAEY Dzt (NEC, RIK)
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Requirements from these Applications

1. Large-scale processing part

e Although never explicitly stated, this part is
believed to be a vector/pseudovector computer.

e 2 PFfrom disaster prevention
1 PF from drug design
0.2-0.6 PF from various fields



Requirements from these Applications

2. Scalar computer part

e 4 PF from device simulation with electron
correlation

e (0.3-0.5 PF from various fields

3. Special purpose computer
e 20 PF from drug design (MD)
e 20 PF from astrophysics



Original Proposal

Large scale processing Scalar computer
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Special-purpose computer
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Proposed System Image
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Possible Rack Image
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1 PFICESO-TEEL=-H

Roadrunner (2008, Lp 1.026 PF), LANL
— Cell processorlE—FEDPIMEWNNZHH ?
Jaguar (2008, Lp 1.059-1.759) ORNL
— Opteron®homogeneous system, £ X DIEHK ?

Nebulea (2010, Lp 1.271 PF) Shenzheni®Eilm
— Intel+NVIDIA GPU

X ;A[1A (2010, Lp 2.566 PF) X%
— Intel+NVIDIA GPU

Tsubame?2.0 (2010, Lp 1.192) £ K
— Intel+NVIDIA GPU
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HRDEE
2010/2:NEC. NHM)LavE 1 —2D RS
<A
2010/7 - ¥EHfF, BEF R IZIRTE  AICSERAL,
2010/11: BT K. TSUBAME2.0:1.192 PF
2011/3 : IRD— BB A iFEEA LR
2011/6: I HY8.162 PF CTop500) 1131
2011/11: % . 10.51 PF, Gordon-Bell &
2012/4 : ZE%HEEH . HPCIOV Y — T L
2012/5: R D F| FARRE S5 FTR
2012/6: 5. IEXIZIERFICB|=EL
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10 PFOD E¥
(2011, Lp 8.162->10.51) EHH
— Sparc64 viiifx and Tofu interconnect
Sequoia (2012, Lp 16.32->17.17 PF) LLNL
—BG/Q
Titan (2012, Lp 17.59 PF) ORNL
— Opteron+Gemini interconnect
X A[2-5(2013, Lp 33.86) NUDT-> A M
— Intel Xeon+Phi
— 20154E12100 PF(peak?)Z= HIE T




ExaScale ™~ @) Pk &k

e Linpack 1 EFI&R]RED ?

— AFE1)100 PBET B E . n=100DITHIMA S, T
%1 EF (108 flops) TEIT9 5&. 2/3x10%4/108 =
7x10°¥=7.7 H

- 1LAMZEICEET SEIEEZ G

— 32 EINELNTEFAENIZRITH S DY,

e n=5x10"%51 H
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Exascale~ @) Pk Ef

e Zettaflops activity (SNL)
— 1990’s : Petaflops
— 2004 : Zettaflops (extreme forward-looking focus)

 The Path to Extreme Supercomputing
— 2004/10 Santa Fe, 30 people
— Erik P. DeBenedictis, SNL, organizer
— P. Jones, P. Kogge, W. Gropp, M. Frank, C. Lent

— Panel: T. Stirling, H. Simon, T. Michalske, F.
Johnson, W.CampZi &

—~HEIEMBRS AL —EMN YT EEOTE
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e Horst Simon@2007/10DEE

http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf

1.
2.

No R&D program beyond Petaflops

Cannot afford EF until 2019 at current budget
levels

Cannot afford the power requirements

Productivity for science not adequately
addressed (data tsunami)

Application at 100K way parallel is hard
How to express parallelism
System software??


http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
http://www.zettaflops.org/fec07/presentations/Monday-1330-Simon7Challenges.pdf
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7 A1) 73: DARPA, NSF, DOE

IESP (International Exascale Software Project)

— SCO8 (Austin) THF & . Santa Fe, Paris, D<IZ, Oxford,
Mauii, San Francisco, ## 5 (2010/4)

2010/8 : DARPA’s Ubiquitous HPC Program
selected --NVIDIA-Cray-ORNL troika, Intel, ... #%

T

EESI (European Exascale Software Initiative):
— 2010/6I1ZFE. 185 A . 4 WG's

— 2010/11IZAmsterdamTH1A&E &

2011/1: Obama--State of the Union Address

— Supercomputingl ZE &R




Exascale™~ @) Pk Ef

y: N
— 2008~ : IESPADZS N
— 2010/8~ :SDHPC WS
—2011/7:-WG(F TV D RAT LY I T7—F)
c EF b, ZAEXTRENAHELTH LT
—2012/2: RH{EHPCI-WG QEDFTE)
— 2012/3:WGHREZE
* http://www.open-supercomputer.org/workshop/sdhpc/
—2012:FS(771).37—%)
—SC12: B RTLYIN YT 7 HRHE
— 2013: BREZH T E
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—2013/7/2: S EDHPCIETBEH#ED HY AIZREHT
BRI —X295 I —T DRTLEEYD
D—X 59 )IL—7
- ZFDMDI—F 2T IL—T?
» 2013/8 : I HEK

http://www.mext.go.jp/component/b menu/other/ icsFiles/afieldfile/2013/08/30/1339148 5.pdf
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Exascale~ Dk

\4&
e Russia:

— 2012/4:T-Platforms 6, IBM 17, HP 16, others 11
— 2010: HERHFEASDEIEF(S37M, 2010)

— National Exascale effort, $S1.5 b over several years

AMB R SRLYT 7RIS, IS AR, HE .
J0tvyYiaElEEZd RTED

— the Russian Academy of Sciences, T-Platforms, and
RosAtom, the state controlled Russian nuclear

regulatory body (It FBIL R EHY)
— 2014/15[ZIntel+ NVIDIAT10+ PFZJHES
— 2017/18IZB X RAF 7 0+ vH(?)T100 PF
— 2020tBMExascalelZBF 7t vH
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