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HITACHI SR11000 model J2

34

BEiTYIL—X

T2K (BRK) (HA80007 AR AT Ls)

Total Peak performance : 18.8 TFLOPS
Total number of nodes : 128

Total memory : 16384 GB
Peak performance per node : 147.2 GFLOPS

Main memory per node  :128 GB
Disk capacity :94.2TB
IBM POWER5+ 2.3GHz

Total Peak performance : 140 TFLOPS
Total number of nodes : 952

Total memory : 32000 GB
Peak performance per node : 147.2 GFLOPS
Main memory per node : 32 GB, 128 GB
Disk capacity :1PB

AMD Quad Core Opteron 2.3GHz
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Hitachi SR11000/)2 K $20114E4 B EARE N
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Hitachi HAS000 (T2K)
140TFLOPS, 31.3TB
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« SMP: Hitachi SR16000/M1
— SR16000> X7 L (SMP) (Yayoi)
— E—21%8E 54.9 TFLOPS
— 56FTH/—F
* IBM POWER 7, 32 cores/node, 200 GB/node

— 2011EF10A3B &KYEITERA, 11 A25H KYRERFIA
— RBEAE)/—FREETBF31TDURATL(SMPEREATLNS)D

BAIINTHRE (T2 —/\—F[R

« FIAFEII6FELINICIEINEZED, MPPEAKITT S
- A —1EER, BAMNBERGETEIRYDYR—IET S

« MPP: Fujitsu PRIMEHPC FX10
— FX10R—/\—a>E 2 —42 X T L (Oakleaf-FX)
- E—21%8 1.13 PFLOPS
- 4,8005t&/—F
« SPARCG64 [Xfx, 16 cores/node, 32GB/node
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

KEBEEAEZFE->TEHENAFIE Our LastSMP, MPPA#{THR—k
| | | |

Hitachi HAS000 (T2K)
140TFLOPS, 31.3TB

MPIIZ KB FI4E, AFYITELHABEIZELY

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~DEE[E] &1, Flat MPITHLE LVEERE

Peta R Exa




FIMPPODAIE D+ : ZERBFU DI Step |

Hop

— HA8000(T2K), Homogeneous Compute Nodes

— O(10") PFLOPS

— Flat MPI

Step

— PRIMEHPC FX10, Homogeneous

— O(109 PFLOPS

— MPI + OpenMP, {ELFlat MPI1£FE R T (EF A AL

Jump

— Post T2K, Heterogeneous
- BEHN, AE/\UKIE: HeterogeneousGit&E /—F
— O(10'-10%) PFLOPS
— MPI + X (OpenMP, CUDA, OpenCL ... OpenACC)

ZDEIZEXahHBHIET
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

REBEEATRZFE->TEHILFIE Our LastSMP, MPPAF{THHR—k

Hitachi HA8000 (T2K)
140TFLOPS, 31.3TB

MPIIZ KA FI4E, AFBYIFEVLHABEITZELY

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~DEER[E] &1, Flat MPITHLE LVIEERE

Post T2K with Heterogeneous

Computing Nodes
0(10%-102)PFLOPS

Peta R Exa
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FX10 System (Oakleaf-FX)

B/ —FEB-A42859T47 /—F# T
PRIMEHPC FX10 50 &= {&# 5k

ey L iamo=E) SaTEm- RS- Y —

[BFEEFS - 150TBytel
223 2t8/\> KI5 - 308TByte/sec PRIMERGY RX200S6 x 16 & -
[ —aRIt-6 R Avira/F—5X]
/—FKfE:5 GB/secR AR -~
Ry I =549 -32 73 Kig - 6 TB/sec.

O—hLI7A N AT L I
PRIMERGY RX300 S6 x 22 (MDS)

Ethernet

InfiniBand

ETERNUSDX80 S2 x 1504&(0ST) AyhT— e
[ —Y—FIAAEE = 1.1PByte (RAID-5)] /A
HEI7AN AT I /
PRIMERGY RX300 S6 x 82 (MDS) |~
PRIMERGY RX300 S6 x 40&(0SS) TRt
ETERNUS DX80 S2 x 42(MDT) ag4>/—F& il
HHHEE ETERNUS DX410 S2 x 802(0ST) _ g;igiﬁd
[1—Y—FIAA 255 2. 1PByte (RAID-6)]  |™ms’ PRIMERGY RX300 S6 x 8= — FibreChannel

Aggregate memory bandwidth: 398 TB/sec.

Local file system for staging with 1.1 PB of capacity and 131 GB/sec of
aggregate |/O performance (for staging)

Shared file system for storing data with 2.1 PB and 136 GB/sec.
External file system: 3.6 PB Copyright 2011 FUJITSU LIMITED




39t TOP 500 List (June 2012) (1/2)

14

16324.75 20132.66

10

LLNL
United States

RIKEN AICS
Japan

Argonne

United States
Leibniz
Rechenzentrum
Germany
NSCS in Tianjin
China

ORNL

United States

CINECA
Italy

Forschungszentrum
Juelich (FZJ)
Germany

CEA/TGCC-GENCI
France

NSCS in Shenzhen
China

Sequoia
BlueGene/Q, 2011 IBM

K computer, SPARC64 VIlIfx , 2011
Fujitsu

Mira

BlueGene/Q, 2012 IBM

SuperMUC iDataPlex/Xeon E5-2680
2012 IBM

Tianhe-1A
Heterogeneous Node 2010 NUDT

Jaguar, Cray XK6  (—#B

Heterogeneous) , 2009 Cray Inc.
Fermi

BlueGene/Q, 2012 IBM
JUQUEEN

BlueGene/Q, 2012 IBM

Curie thin nodes
Xeon E5-2680, 2012 Bull

Nebulae, Heterogeneous Node
2010 Dawning

1572864

705024

786432

147456

186368

298592

163840

131072

77184

120640

10510.00

8162.38

2897.00

2566.00

1941.00

1725.49

1380.39

1359.00

1271.00

11280.38

10066.33

3185.05

4701.00

2627.61

2097.15

1677.72

1667.17

2984.30

7890.0

12659.9

3945.0

3422.7

4040.0

5142.0

821.9

657.5

2251.0

2580.0
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NASA Ames
United States

IFRC, EU-Japan
Japan

Daresbury Lab.
United Kingdom

GSIC — Tokyo Tech
Japan

LANL/SNL
United States

LBNL
United States

CEA
France

ITC/U. Tokyo
Japan

LANL
United States

U. Edinburgh
United Kingdom

Pleiades

SGl Altix ICE, 2011 SGI

Helios

Xeon E5-2680, 2011 Bull

Blue Joule BlueGene/Q , 2012 IBM

TSUBAME 2.0
Heterogeneous Node
2010 NEC/HP

Cielo

Cray XEG6, 2011 Cray Inc.

Hopper

Cray XEG6, 2010 Cray Inc.

Tera-100

Xeon X7560, 2010 Bull
Oakleaf-FX, SPARC64 IXfx, 2012

Fujitsu

Roadrunner
Heterogeneous Node
2009 IBM

DIRAC

BlueGene/Q, 2012 IBM

125980

70560

114688

73278

142272

153408

138368

76800

122400

98304

1243.00

1237.00

1207.84

1192.00

1110.00

1054.00

1050.00

1043.00

1042.00

1035.30

1731.84

1524.10

1468.01

2287.63

1365.81

1288.63

1254.55

1135.41

1375.78

1258.29

3987.0

2200.0

575.3

1398.6

3980.0

2910.0

4590.0

1176.8

2345.0

493.1



FX10 (Oakleaf-FX) Room Layout
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FX10(Oakleaf-FX) D=
E—21%8E1.13PFLOPS
— ¥8AE /N FE: 398 TB/sec.
B A% E A A= ANHEE H<1.40MW (Linpackex X BF)
— ZBERAA2.00MWK;iE, 1.043 PFLOPS, 1.177 MW
SPARC64™ [Xfx(1637)
BRITTAY 1/ —FRARYNT—
— Tofuf/ 2 A2—axJk
— Yoo HY N RE:5GB/sec X 2, Bi-Section/\>KF1iE:6 TB/sec
S HEETI7AIL RT L
— FEFS (Fujitsu Exabyte File System) (LustreX—X)
BEE B~ EENEELDRAGUIVEZ
[RI1EDH#ME
SRGA—T ) —RZA4TF) 7T )r—3>
Flat-MPI, Hybrid& 25U \itE 4 8E
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SPARC64™ |Xfx
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. Control +| Control Unit

B .l S

Copyright 2011 FUJITSU LIMITED

Number of Cores/Node
Size of L2 Cache/Node
Peak Performance/Node
Memory/Node

Memory Bandwidth/Node

SPARCG64™ |Xfx SPARC64™ VIIIfx
1.848 GHz 2.000 GHz

16 8
12 MB 6 MB
236.5 GFLOPS 128.0 GFLOPS
32 GB 16 GB

85 GB/sec (DDR3-1333) 64 GB/sec (DDR3-1000)



SPARC64™ |Xfx

« HPC-ACE (High Performance
Computing — Arithmetic Computational
Extensions)

— Enhanced instruction set for the SPARC-

V9 instruction set arch.
« High-Performance & Power-Aware

— Extended number of registers
 FP Registers: 32—256
« Software Pipelining is useful

— S/W controllable “sector” cache
« UMA, not NUMA
* H/W barrier for high-speed

FP Reg

SIMD

(basic)

224

SIMD
(extend)

19

synchronization of on-chip cores [elelele]e
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FVIFER
¢ :/Z7_'A/ \—|‘4/—|‘
« 1599 :24> AT LR—Fk, 96/—F
« 505v%, 4,800/—F, 76,8007
PRIMEHPC FX10 Packaging FUﬁTSU

A - | - 12 System boards

12 PSUs 6 IO system boards

Air intake ¥ k: j'.
ll ol - ¥ _, _ 12 System boards

Coolant
inlet / outlet

5 Copyright 2011 FUJITSU LIMITED
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Tofuf/ 22 —aARYk
« /—FTIL—T
- 12/—F
— AEY-CHli: O R T LR—FR4/—F#EES, BEl: 37h—KEES
« 6D:(X,Y,Z,A,B,C)
— ABC 3D Mesh: /—FJ JL—T M 12/—F%#EE: 2x2x3
— XYZ 3D Mesh: ABC 3D Mesh#' JL—J%#§t&: 10x5%8
e Xk —okr ROV —%EELT-Job Submission\] g
— EITSINIEXYZIZE BRI ENTES
SPARC64™ IXfx

;"_} B/s x 2
$

B/S X2A 7 7ZB Copyright 2011 FUJITSU LIMITED
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KIBFPBEHPCF YLD

http.//www.cc.u-tokyo.ac.jp/service/4800hpc/
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4th Graph 500 List (June 2012)
I N -

Mira/BlueGene/Q 32768 524288 3541.00
1 LLNL Sequoia/BlueGene/Q 32768 524288 38 3541.00
2 DARPA Power 775, POWER7 1024 32768 35 508.05
3 ITC, U.Tokyo Oakleaf-FX 4800 76800 38 358.10
4  GSIC, Tokyo Tech TSUBAME 2.0 1366 16392 35 317.09
5 E;f)g‘:;‘;‘@” National BlueGene/Q 1024 16384 34 294.29
6 ANL Vesta/BlueGene/Q 1024 16384 34 292.36
7 NASA-Ames Pleiades - SGI ICE-X 1024 16384 34 270.33
8 NERSC/LBNL Hopper/Cray XE6 4817 115600 85 254.07
9 NNSA/IBM T.J. Watson Blue Gene/Q Prototype Il 4096 65536 32 236.00
10 STE Lab, Nagoya U. PowerEdge R815 Opteron 6174 4 192 22 116.23

Oakleaf-FXD R R KIRIEHPCF Lo (R IR EHIZLDT IL—T)(2&5,
November 20110 —1iz1%253.4 GTEPS (BlueGene/Q Prototype I, 4,096/—k (45v7%), 32,
IBM T.J. Watson)
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e AVEA—ARVRT LA, VIO T, BUEREE
- FAE (BF IF7%) O XERME
« BR-AMERK
_SBEHERS-TY AHBRTOISA
« 22 /7THPC (High-Performance Computing) & &
» http://nkl.cc.u-tokyo.ac.jp/CSEedu/

- BALT DV MMTEEE = (Oakleaf-FX)
— RIKEN AICS Summer School

o http://www.aics.riken.jp/jp/library/event/2012-summer-school.html
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R2al—2avCRAFLLVEIFORAICEMLTLNET,

User’s Program

ppOpen-MATH

ppOpen-AT STATIC DYNAMIC
ppOpen-SYS COMM FT
ppOpen-HPC

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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MPIJi AR

OpenMP
(EBE+IGH)

473" FH

BRL7ZAYUMIEHES

(20124E &)

http://www.cc.u-tokyo.ac.jp/publication/kosyu/schedule kosyu.html
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20125 10A HF]
2013%F 1A+ 4]

2012128 £ 4]
2013%F 2AH4]

2012512A19-20H
2013% 2A 4-5H

MPIZ&BMFTOS SIS OEEICEHT2EE, =5 51b D EREENE
+ MPI®DAPIZEA
s THFEDOLHEEE
« makeZz{FEot=REIa /A )LEA B NIE
« QOakleaf-FX(BRK)ICKHEE

 MPIZERLEMEFN 7TV r—a  BHEFEICET5EE, 28 BRAEEICK
BRTIVABRVILANA—DE

o WIHT—IEEDNDERS

. fEEREFiE

o A FMEFiE

« Oakleaf-FX(BRK)IZLPEHE

« OpenMPIZ&B7IILFa77otyYRETHEFITOS S35, ZEILFEICEETS,
ET7T)r—2avItEOGEE, BB ARAREERICKERT7TYUAREXVIL/AA—,
ICCGiZDHE

« OpenMP @£

o YFA—HYLTIZ&LBUFHE, HiELE

« QOakleaf-FX(BRK)ICLHEE

« 2175547 51)BLAS, LAPACK, ScaLAPACK. &1 . B{T5I1547S5!JPETsc,
LisOFIFEICRET 58T, 28 HEAEZDOREBELFHOHRA

o HEBMETULY, BERUE, T2

o JOvoib. T—ANEDEZA

+ Oakleaf-FX(BEXK)IZ&kDHEYE
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