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TOP 500 List
http://www.top500.0org/
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 AFES on the Earth Simulator (Old) : 26 TFLOPS (E—%48EMD65%)

- ARERE
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Projected Performance Development
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« PFLOPS: Peta (=10"°) Floating OPerations per Sec.
« Exa-FLOPS (=1078) will be attained in 2020 http:/www op500.0rg/
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39th TOP 500 List (June 2012) (1/2)
B S T R R

LLNL Sequoia - BlueGene/Q
United States 2011 IBM 1572864 16324.75 20132.66  7890.0

o RIKENAICS K computer - SPARC64 Vilifx 705024 10510.00 11280.38 12659.9
Japan 2011 Fujitsu
Argonne Mira - BlueGene/Q

3 United States 2012 IBM 786432 8162.38 10066.33  3945.0

4 Leibniz Rechenzentrum SuperMUC - iDataPlex/Xeon E5-2680, 147456 2897.00 3185.05 3422 7
Germany 2012 IBM
NSCS in Tianjin Tianhe-1A

5 China 2010 NUDT 186368 2566.00 4701.00 4040.0
ORNL Jaguar - Cray XK6

6 United States 2009 Cray Inc. 298592 1941.00 2627.61 5142.0
CINECA Fermi - BlueGene/Q

7 Italy 2012 IBM 163840 172549  2097.15 821.9
Forschungszentrum

8 Juelich (FZJ) JUQUISIER] = [ElsEamare 131072 1380.39 1677.72  657.5

2012 1IBM

Germany

9 CEA/TGCC-GENCI Curie thin nodes- Xeon E5-2680 8C 77184  1359.00 166717  2251.0
France 2012 Bull

19 NSCSinShenzhen  Nebulae 120640  1271.00 298430  2580.0

China 2010 Dawning



Intro

39t TOP 500 List (June 2012) (2/2)
B S T W [

NASA Ames Pleiades - SGI Altix ICE
United States 2011 SG| 125980 1243.00 1731.84  3987.0

i | UARG, Eendepen AELES = or 628l 70560 1237.00 1524.10  2200.0
Japan 2011 Bull
Daresbury Lab. Blue Joule - BlueGene/Q

13 i) (e et 5012 IBM 114688 1207.84  1468.01 575.3
GSIC — Tokyo Tech TSUBAME 2.0

14 - 2010 NEC/HP 73278 1192.00 2287.63  1398.6
LANL/SNL Cielo - Cray XE6

15 United States 2011 Cray Inc. 142272 1110.00 1365.81 3980.0
LBNL Hopper - Cray XE6

16 United States 2010 Cray Inc. 153408 1054.00 1288.63 2910.0

17 CEA Tera-100 - Bull bullx super-node 138368  1050.00 1254.55  4590.0
France 2010 Bull

18 ITC/U. Tokyo Oakleaf:FX - SPARC64 IXfx 76800  1043.00  1135.41 1176.8
Japan 2012 Fujitsu
LANL Roadrunner

19 United States 2009 IBM 122400 1042.00 1375.78  2345.0
U. Edinburgh DIRAC - BlueGene/Q

20 United Kingdom 5012 IBM 98304 1035.30 1258.29 493.1
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FX10 System (Oakleaf-FX)

HE/—FH-428350T47 /—F& —
500 R S — 1
(422855 S ¥HAS - 1.13PFLOPS] SaTeR-ERER-FFY 1 F
E o = - 150TByt
[%iggf?/%ﬁ : 398TByt:;-'I’sec PRIMERGY RX200S6 x 16 & ———
[A28—aRIF -6 RcAvra/F—5X]
/—KFE :5 GB/secFH [ o
RZIND =[5 /3 K85 - 6 TB/sec.

O—ALI7A NS AT L I
PRIMERGY RX300 S6 x 22 (MDS)
- ETERNUSDX80 S2 x 150&(0ST)

[y T eSS 1. 1PByte (RAD-5)] _ L

InfiniBand
vk 7 —

HET7ANWNI AT LI /

PRIMERGY RX300 S6 x 8&(MDS) /
PRIMERGY RX300 S6 x 40 =(0SS)

R
ETERNUS DX80 S2 x 4&(MDT) g 4> /—k R
“ ETERNUS DX410 S2 x 80&(0ST) B InfinBand
S6x8&

- Ethernet
[ —Y—FAd 255 2. 1PByte (RAD-6)]  |wsmy’ PRIMERGYRX300 == FibreChannel

Aggregate memory bandwidth: 398 TB/sec.

Local file system for staging with 1.1 PB of capacity and 131 GB/sec of
aggregate I/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
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HPCI (High Performance Computing Infrastructure)
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tiny bandwidth == HUGE EOTTLENECK
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188 E CFU Speed — -
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Ferformance

H. 1
1975 1988 1985 1998 1995 20868 2885 281A
Vear

http://www.streambench.org/
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Introduction

BEIT BN )L N— DB : = Jo oAkt A 8

ICCG;%, T2K-SR11000 1/—Fk: AFEU/N\VFIEHZIK

Hitachi SR11000/J2
Power 5+ 2.3GHz x 16
147.2 GFLOPS/node

100 GB/s for STREAM/Triad

T2K/Tokyo

Opteron 2.3GHz x 16
147.2 GFLOPS/node

20 GB/s for STREAM/Triad

L3 cache: 18MB/core

20.0

-
a1
o

Performance Ratio (%)

o
o

0.0
1.E+04

10.0

23

® Flat MPI.
B HB 4x4
A HB 8x2

¢ HB 16x1

1.E+05

DOF

1.E+06

1.E+07

L3 cache: 0.5MB/core

20.0
I O Flat MPI.
_ O HB 4x4
< 150 AHB8x2 |
% i & HB 16x1
0% O
= A
o 10.0
= i O
=
S 0B
= 50 [©
g - A
380 oo o
00 L
1.E+04 1.E+05 1.E+06 1.E+07

DOF
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Vector enddo
Register
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GFLOPS

2
2
=
o
1B
=
S
O
<
D

3.00 1.0E4+02

40 % of peak

1.0E+01 ././/././H—./."

150 F A
1.00 F \.\'\0\./0\. 1.0E+00 E

8 % of peak

2.50

2.00

GFLOPS

050 F
000 b—m——wn s 1.0E-01 R
1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+04 1.0E+05 1.0E+06 1.0E+07
DOF: Problem Size DOF: Problem Size
IBM-SP3: Earth Simulator:
@Y A4 XNNESWNGEEIEF Yy ad KBABRLZBEIZRERT FILEARLCLR Y,

ZED=HHERENRL tEREAYE L
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Finite-Element Method (FEM)
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— elements (meshes, %) & nodes (vertices, EimR)
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Galerkin FEM procedures
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3D ThIMHRERERE

Element Matrix : EXR<V YO X
« ZFEXFRIZBWTERZTENTL, ERXET M) OXRZTHES

SRR

oX  OX oy oYy

¥ j Q[NTdv =0
@ 1L4E _ g £ (e

v KY Koy ={1"}
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MPI&(E (1/2)

Message Passing Interface
DELAEYR D AvtE—BEAPIDONFRIE ]
- JOY3 L, 2473, FDEHLD T
e http://phase.hpcc.ip/phase/mpi-j/ml/mpi-j-html/contents.html
FERR
— 1992 MPI74—5 L
— 1994 MPI-1}2%&
— 1997 MPI-25R#& (JEaEhR) , IREIXMPI-3ARETEINTLYS

3>

— mpich ZILIUXEIZHZEFT
— LAM

— BERUH—

— C/C++,FOTRAN,Java ; Unix, Linux, Windows, Mac OS
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MPI1&(E (2/2)

« IIKTI, mpich(7')—)75“}'"<1i SN TS,
— BB BOIZTMPI-2 1 3R & H 7R —
— 2005%11AR b\brMPICH2JIJZ
— http://www-unix.mcs.anl.gov/mpi/

+ MPIAVE B L1-12

— MPI74—5 LIZ K BIREH—
« FALETERBTHEK
« FORTRAN, CADH T IL—F>, BsELTHEUH 3 EATAE

— mpichDETE
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5 JCEK

P.Pacheco TMPIitiF|7 045534 |, HEREEE, 2001 (JR&E1997)
« W.Groppftal' Using MPI second edition], MIT Press, 1999.

e M.J.Quinnl Parallel Programming in C with MPIl and OpenMP,
McGrawhill, 2003.

« W.Groppftt MPI: The Complete Reference Vol.l, Il1, MIT Press,
1998.

 http://www-unix.mcs.anl.gov/mpi/www/
— API(Application Interface) MR
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PE: Processing Element DM EFETENIEMPIE

Jotvy, 48l JotX ORI HFEAETE-LITH D,
Vv R SPMD/SIMD & 5 xp=
_ HMTEINELFITHZDD

mpirun -np M <Program> |z#_ivsLly,

[ I

PE #0 PE #1 PE #2 PE #M-1

00000 Program

Program l Program l Program

Data #0 Data #1 Data #2
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Hybrid# 57045535
RFEZRTIEL DR SHFlat MPIZ#EZ 5
D4 (EHybrid
— MPI+X:OpenMP, OpenACC, CUDA, OpenCL
12848 -58(Z0penMPDEE <=
— http://nkl.cc.u-tokyo.ac.jp/12e/05-Multicore/index.html

o rﬂ%iﬁd)%ﬁi‘:ﬁj -—C;,]/\Lt Flat-MPI: Each PE -> Independent
Ui THFE

core

core

core

core

Hybrid : Hierarchal Structure
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(RIFEEDIEBR  Weak Scaling)
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WHIETE &(F 2 (1/2)
« KYKRBETHEMELMEESEICHEE 0

Homogeneous/Heterogeneous
Porous Media

Lawrence Livermore National Laboratory

CDEDIZTABHERIG T 1EE
T ABICIEXIEFEIZTHN LA Y S
AhBELETS
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Homogeneous Heterogeneous
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il 5| F R EFEDNE : SPMD

EXGHETNR - B8 T—4%, fEE2E (Partitioning)
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o Himi~R—X : Node-based partitioning
o BATT—RIZCEENDELD:
TOBBICAREEENDER
ITNLDEHRZECER
AEBENTHLID, TNoDERICEFENSHER
o ENRIXLLTDITEEEIZ 74
N : Internal nodes FOEEICAEEENDEHS

4% /5 - External nodes AREMEENTHINT MY O RERICHELRE R

IH5 = : Boundary nodes {tDfEE®D [4tm] G- TWWSEIR
o THIEIDBIET—TI

o HEMNERZNE &, REMGRHMITE
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Node-based Partitioning
Internal nodes - elements - external nodes

PE#1 PE#0
21 22 23 24 25
Q O O O o
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160 O O O O 20
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@ @ O O O
1 2 3 4 5
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Node-based Partitioning
Internal nodes - elements - external nodes

®Partitioned nodes themselves (Internal Nodes) K
®Elements which include Internal Nodes NEZE2LE%

®External Nodes included in the Elements 4} s
in overlapped region among partitions.

®Info of External Nodes are required for completely local
element—based operations on each processor.

15 6 7 PERI PERO
) 21 2 23 2a >
O—0—0 a2 o[z =
g f\i? f\‘a f)‘s c
w4 N A N A N
» 4 /‘
..L4' 13 = 5 11‘ ‘IZ <>‘|3 c)u () 5
) Y {
@ @), @), @) so—o 1o S
i) I R 3
o, @ O O O
‘ " ' O 1 2 3 4q 5
Ay /

8 9 11 12 PEE3 PER2
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®Partitioned nodes themselves (Internal Nodes) N =
®Elements which include Internal Nodes NEZESLE%

®External Nodes included in the Elements 4} s
in overlapped region among partitions.

®Info of External Nodes are required for completely local

element—based operations on each processor.
15 6 7 PERI PERO

O N

e ; ) 10— O~ O H 0~ 0O
{ 5 2] Lz L
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

Linear Solvers

Linear Solvers

Linear Solvers

Linear Solvers
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

PEH2

PEHO

CW-Intro01

Linear Solvers

MPI

Linear Solvers

MPI

Linear Solvers

MPI

Linear Solvers
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

Linear Solvers

Linear Solvers

Linear Solvers

Linear Solvers
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

15

Linear Solvers

Linear Solvers

Linear Solvers

Linear Solvers
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Parallel Computing in FEM
SPMD: Single-Program Multiple-Data

FEM code Linear Solvers

FEM code Linear Solvers
FEM code Linear Solvers

Linear Solvers
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