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Bt A—NDR/\a (~2011.09E)
1 RTL~6%, SEFET)IL—X

HITACHI SR11000 model J2

T2K(ERK) (HA80007 5 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 POWERS5+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




FIFAZE : SR11K-$94904, SR16K-#93604, HA8000-%91,10044

Bt A—0D X\ (~2012.01E)

B SR11K (Pwr.5+)
® HA8000(T2K)
B SR16K (Pwr.7)
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MW Engineering

M Earth/Space

m Material

M Energy

M Information Sci.

M Education

W Industry

W Bio
Economics




RRKIESRERE A—D R /Oy

O5 06 07 08 09 10 11 12 13 14 15 16 17 18 19

N N A N O
Hitachi SR11000/)2 3K (3201144 5 BB N
18.8TFLOPS, 16.4TB FET=DT- ,’

Hitachi HAS000 (T2K)
140TFLOPS, 31.3TB
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M RT L
« SMP: Hitachi SR16000/M1
— SR16000> R T L (SMP) (Yayoi)
— E—%21%8E 54.9 TFLOPS
- 565THE/—F
 IBM POWER 7, 32 cores/node, 200 GB/node
— 20115 10A3B KYHITER, 11258 KYAXERBAG
- RBEAE)/—FEEFTHF34TDI AT L (SMPERFATLY
B)DEAIFINTHRE (T3 —/\—F
s FIABIZ6FELRAIZIEFEZESD, MPPEATZITT S
—- U A—1EE R, ARERGETELIRYDYR—rET S
« MPP: Fujitsu PRIMEHPC FX10
— FX10R—/\—a>rEa1—433 X T L (Oakleaf-FX)
— E—21%8e 1.13 PFLOPS
— 4,8005t&/—Fk
« SPARCG64 IXfx, 16 cores/node, 32GB/node
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

REEAT)ZFE->TEHILFE Our Last SMP, MPPAFB{THR—
| | | |

Hitachi HA8000 (T2K)
140TFLOPS, 31.3TB

MPIZ KB FME, ABUILEVARBEIXRL

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~MD&xE[E /&, Flat MPITHE LVERE
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HMPPORIESIF: SEBBKUDIStep)

 Hop

— HA8000 (T2K), Homogeneous Compute Nodes

— O(10Y) PFLOPS

— Flat MPI
¢ Step

— PRIMEHPC FX10, Homogeneous

— O(109 PFLOPS

— MPI + OpenMP, {ELFlat MPI%FE 55 &< T IEE A ALY
e Jump

— Post T2K, Heterogeneous

« BEH, AE/\URIE: Heterogeneous#i st & /—K
— O(101-10%) PFLOPS
— MPI + X (OpenMP, CUDA, OpenCL ... OpenACC)

o ZTDERICEXaDHBIET
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Hitachi SR11000/J2
18.8TFLOPS, 16.4TB

REEAT)ZFE->TEHILFE Our Last SMP, MPPAFB{THR—

140TFLOPS, 31.3TB

HOP Hitachi HA8000 (T2K)

Peta

MPIZ KB FME, ABUILEVARBEIXRL

Fujitsu PRIMEHPC FX10

based on SPARC64 IXfx
1.13 PFLOPS, 150 TB

Hybrid~MD&xE[E /&, Flat MPITHE LVERE

Post T2K with Heterogeneous

Computing Nodes
0(10%-102)PFLOPS

A

Exa
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FX10 Supercomputer System

Compute nodes, Interactive nodes 1 Management |

R sServers
PRIMEHPC FX10x 50 racks _
(4,800 Compute nodes) JOb management,operatlon
management, authentication servers:

Peak Performance: 1.13 petaflops
Memory capacity: 150 TB PRIMERGY RX200S6x 16

Interconnect: 6D mesh/torus - ”’Tofu”

/
|

\

External connection
router

Local file system |

- = =

External ]
file system |

Ethernet [

881 PRIMERGY RX300 S6 x 2 (MDS) InfiniBand network

ETERNUSDX80S2 x 150 (OST) network

Storage capacity: 1.1PB (RAID-5)

i —t—1 /
Shared file system /

PRIMERGY RX300 S6 x 8 (MDS) /

PRIMERGY RX300 S6 x 40 (OSS) o

ETERNUS DX80 S2x 4 (MDT) Log-in nodes emses
ETERNUSDX410 S2 x80 (OST) r==|nfiniBand
Storage capacity: 2.1PB (RAID-6) ' PRIMERGYRX300S6x8 | :— E}Ereerg%tf;\nne:l

______________________

Aggregate memory bandwidth: 398 TB/sec.

Local file system for staging with 1.1 PB of capacity and 131 GB/sec of
aggregate 1/O performance (for staging)

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

Copynight 2011 FUJITSU LIMITED
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FX10(Oakleaf-FX) DHEE
E—21M%8E1.13PFLOPS
B AEEAARKEEE jJ<1.4OMW(LinpaCkBE'§j<E%)
— EREEHTH2.00MW K
6RTTAY 2/ b—FARYNT—Y
— Tofu/Z—axJk
— o8 YN RIE:5GB/sec x 2, Bi-Section/\>F1iig: 6 TB/sec
SERET AN RT L
— FEFS (Fujitsu Exabyte File System) (Lustrex"—X)
BEIEER~ BB NEERODEFHRGUIVEZ
RIEDE
GARIGA —T ) —RSA4T3)- 7T ) r—23>
Flat-MPI, Hybrid& (2SS E M RE
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SPARC64™ |Xfx

Instructlon

..&mtrorUmt :

Copynight 2011 FUJITSU LIMITED

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

Memory Bandwidth/Node

SPARCG64™ [Xfx SPARC64™ VIlIfx
1.848 GHz 2.000 GHz

16
12 MB
236.5 GFLOPS
32GB

85 GB/sec (DDR3-1333)

8
6 MB
128.0 GFLOPS
16 GB

64 GB/sec (DDR3-1000)



HPC-ACE:HPCRIIT @&ty kg

High Performance Computing — Arithmetic Computational Extensions

SPARC-VIfmi Y7 —FTOF ¥

[Zxt9 BHPCH IHihiRan S vk

- BMRE+AEEN

Lo X280 YL 5R

- FE/NMEEEL O XF32-256

Y7z 7HE R gE vy a

— O3 vyia

- B BRHEEOENT—2Z2FX vyl atE
JIZRFE

=R1E - fxE1E

- FHAFETHS(IXEEDIL—T)

— ZABEYM, BRE, AR

FP Reg

A \%

SIMD
(basic)

e
Pl

224

SIMD
(extend)

Copyright 2011 FUJITSU LIMITED

9



20

TR
o VAT LIR—K:4/—F
o 159 :24> AT Liik—F, 96/—F
« 505w7, 4,800/—F, 76,8007

PRIMEHPC FX10 Packaging FUﬁTSU
Greae i' 12 System boards
12 PSUs 6 IO system boards
L ‘ 12 System boards
Coolant
inlet / outlet

5 Copyright 2011 FUJITSU LIMITED



Tofud > A—aRIk
» /=R =T
—12/—FK
— AEf-CEh: X T LR—FR4/—F#EE, By :37R—FiES
« 6D: (X,Y,Z,AB,C)
— ABC 3D Mesh: /—KRJ IL—T D12/ —KZ#EE: 2x2%x3
— XYZ 3D Mesh: ABC 3D MeshZ JL—J%#E4&: 10x5x%8
o Rk —orROY—%$5E LT-Job Submissiond] g
— BITSINEXYZIZEBIENTES
SPARC64™ IXfx

GB/S X2A 7 7 BX1O L Copyright 2011 FUJITSU LIMITED
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T7AIVV AT L

VAT LA—DIL-HF-NEIT7AILV AT L)

— HA8000 5 RAL R T L, SMPEIXT7AILEBLTLVELY
— I\YOT7YTIERE B TERL TS
O—AIWITFAIV AT L(RT—UVF A)

— 1.1PB, 131GB/sec.

HEI7AILO AT L

— 2.1PB, 136GB/sec.

— BTA ARSI TAT T E/ — ST RA T8

"—LT4LIM)
o JIL—T 2K, {EA(50GB)

NERIT7AILD RT Ls

3.6PB

— .

AXRWERIZ, FREHFAISIFELULEEBLI=-D74ILZHEIE.
FELI27AIVD AT LZEEBT HE5THNIL, FEICEFZRGZSEIR.
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YOI PHERR
A2 8555 49 /—F

EFOS(XTCOS) Red Hat Enterprise Linux
Et@EAHEI NS ELTEARI/NNAT(VOREE)
Fortran 77/90 /N5 Fortran 77/90 /A5
C/C++ a5 C/C++ AT
GNU a2 /(5 GNU O /15 (VB RIFIE)
GCC, g95 GCC, g95
(FXMTHEEEEEL ) (FXMITHEEEEEL )
ELTEARSATIY

SSL Il (Scientific Subroutine Library Il), C-SSL II, SSL II/MPI
ZDMS1473")

BLAS, LAPACK, ScaLAPACK, FFTW, SuperLU, PETSc, MeTIS,

SuperLU_DIST, Parallel NetCDF

OpenFOAM, ABINIT-MP, PHASE,
FrontFlow/blue
FrontISTR, REVOCAP

FEFS

bash, tcsh, zsh, emacs, autoconf, automake, bzip2, cvs, gawk, gmake, gzip,
make, less, sed, tar, vim 7 &



GeoFEM Benchmark: ICCG for FEM
Performance of a Node: Flat MPI

SR11K/J2 SR16K/M1 T2K =
Core #/Node 16 8
?égtgsg;’rmance 2365  128.0
STREAM Triad (GB/s) 64.7 43.3
B/F 0.274 0.338
GeoFEM (GFLOPS) 16.0 11.0
% to Peak 6.77 8.59
LLC/core (MB) 0.75 0.75

BE1TH1Y/JL7N\—:Memory-Bound

/—FEHYE—IMHRERRILGEDIZINE !




GeoFEM Benchmark: ICCG for FEM
Performance of a Node: Flat MPI

SR11K/J2 SRIGK/M1  T2K =
Core #/Node 16 16 8
Eg‘gtgsg’rmame 1472 2365  128.0
STREAM Triad (GB/s) 20.0 64.7 43.3
BIF 0.136  0.274  0.338
GeoFEM (GFLOPS) 4.69 16.0 11.0
% to Peak 3.18 6.77 8.59
LLC/core (MB) 2.00 0.75 0.75

B/FEVE|[ZSR16K/MLIE 2R

Linpack|d$#9880 GFLOPS/node (89.8%)

25



GeoFEM Benchmark: ICCG for FEM
Performance of a Node: Flat MPI

| SRI11K/J2 | SR16K/M1

Core #/Node

Peak Performance
(GFLOPS)

STREAM Triad (GB/s)
B/F

GeoFEM (GFLOPS)
% to Peak

LLC/core (MB)

16

147.2

101.0
0.686
19.0
12.9
18.0

32

980.5

264.2
0.269
12.7
7.41
4.00

T2K

ZE A HBEB DY HERE
(FHEH#EEEIHMEIYHER)

T2K: 1.00 unit
FX10: 7.65 unit

26



GeoFEM Benchmark: ICCG for FEM
Performance of a Node: Flat MPI

| SRI1K/J2 SRI16K/M1  T2K

Core #/Node 16 8

Eg‘gtgsg’rmame 147.2 128.0
STREAM Triad (GB/s) 101.0 43.3
B/F 0.686 0.338
GeoFEM (GFLOPS) 19.0 11.0
% to Peak 12.9 8.59
LLC/core (MB) 18.0 0.75

B/FTIXFX10M 45 L [EH A
FovlaF A XLEEMN?



He =2
A R

FX10R—/N\—a E 11— AT LEE
Aroa—)L

BERA-HU—EX

— k=Dl

— XA

- A7 ILA—XR

- HEHA, EFFA

— KIFEHPCFL D

SAEREEREIRI DY —E X

'I_.l';EA &EE

B3k




Aroa—)L

A BRIE En

— 482H (H)10:00~6829H (£)09:00

- &R
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FADEILE, EREHRODEEZITIGENHYEI DT, FHZ
T A&LT=S0Y,

IEZCIE R

— 7H2H (A)09:00F%a

HT R FA B A A

— ZfTH

— BHIAARRICK ST, FRFIARAAZITEUEIENHYF
ERE
— LI, HP(http://www.cc.u-tokyo.ac.jp/) TTHEFRL =LY,




Bl - ahHhtE
%

— http://lwww.cc.u-tokyo.ac.jp/system/fx10/

AR EEL IR DB o

— http://lwww.cc.u-tokyo.ac.jp/system/fx10/fx10 test.html
FMA3I—X

— http://lwww.cc.u-tokyo.ac.jp/system/fx10/fx10 _course.html
37U R

— http://lwww.cc.u-tokyo.ac.jp/system/fx10/fx10 job.html
FMAEXEFIARA-FIREEE. FlIITY. R ER)
— http://lwww.cc.u-tokyo.ac.jp/support/

FAQ

— http://www.cc.u-tokyo.ac.jp/support/fag/fx10_faqg.html

%mjc%'lﬁﬂi Bt A —TRIRR
— &i5(FH09-12, 13-17) 03-5841-2717
— uketsuke(at)cc.u-tokyo.ac.jp
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— J—FERREMEEERE X /—F$ X HERBUICKYHEE
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debug debug 1-240 30 min
short short 1-72 2h 28
small 12-216 12 h 28
reqular medium 217-372 12 h 28
J large 373-480 12 h 28

X-large 481-1,440 6 h 28
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Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH
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pOpen-HPC covers ...

FEM
Finite Element Method

BEM
Boundary Element Method Discrete Element Method
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