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Platform for Integration of (S+D+L)

Wisteria Big Data & Extreme Computing

¢ BDEC-01

Simulation Nodes:
Odyssey
Fujitsu/Arm AG4FX
25.9PF, 7.8 PB/s

Shared File
System
(SFS)

25.8 PB, 500 GB/s

Fast File
System

(FFS)
1 PB, 1.0 TBIs

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A100
7.20 PF, 578.2 TB/s

External ]
Resources

*.* Wisteria

¢ ¢ BDEC-01

5K RRAKNFFREE S T—
(;’ THE UNIVERSITY OF TOKYO INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

rchical, Hybrid, Heteragen

* Location: Tokyo & Kashiwa/Chiba, Japan I
e https://www.cc.u-tokyo.ac.jp/ /h3 np.,ennuBl!Ec
¢ Faculty & Staff: 20 //
¢ System Software, Parallel Algorithms, Applications, Machine Learning
* HPC Environment
¢ Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))
¢ Integrated Supercomputer Sys. for Data Analyses & Scientific
Simulations, July 2016-November 2021 (Plan)
¢ Our first GPU System
¢ Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
¢ JCAHPC (U.Tsukuba & U.Tokyo), September 2016-March 2022
» 25 PF, #22 in 56" TOP 500 (November 2020) (#4 in Japan)
¢ Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon Cascade Lake)
* 6.61 PF, #69 in 56t TOP500, July 2019-June 2023 (Plan)
» Wisteria/BDEC-01 (Fujitsu, A64FX + Intel Xeon Icelake + NVIDIA A100)
¢ 33.1 PF, Operation starts on May 14, 2021
 Platform for Integration of (Simulation + Data + Learning) (S+D+L)
¢ h3-Open-BDEC: Innovative Software Platform for Integration of
(S+D+L) funded by Japanese Government

Reedbush Oakforest-PACS Oakbridge-CX



Fyi1i 12 13 14 15 16 17 18 19 20 21 22

23 24 25

| | | | |
Yayoi, Hitachi SR16000/M1 Oakbridge-CX, Fujitsu
IBM Power-7 Intel Xeon Cascade Lake

| |
T2K Tokyo, Hitachi Oakforest-PACS (OFP) (JCAHC)
AMD Opteron Fujitsu, Intel Xeon Phi

140.0 -||_F, 38.1 -er/SeC- 25.0 PFLOPS, 8.51 PB/sec.

Oakleaf-FX, Fujitsu PRIMEHPC FX10
SPARCG64 |Xfx
1.13 PFLOPS 408 0 TB/sec

SPARC64 IXfX
136.2 TFLOPS, 49.0 TB/sec.

]
N

9 Reedbush-U/H, HPE

t-/ @ XI \: Intel BDW + NVIDIA P100
1.93 PFLOPS, 258.6 TB/sec.

FIFH#E2,600+4 Reedbush-L. HPE

1) r=h Intel BDW + NVIDIA P100
55% (X4} 1.43 PFLOPS, 197.2 TB/sec.

54.9 TFLOPS, 28.7 TB/sec. 6.61 PFLOPS, 385.2 TB/sec.

Integrated Supercomputer System for
Simulation, Data & Learning

Data Platform (mdx), Fujitsu
ﬂng Intel Ice Lake/NVIDIA A100 etc.

OFP-II
(JCAHPC)
100+ PF ?

® & Uiictors BDEC: Wisteria/BDEC-01, Fujitsu
o Wisteria Fujitsu A64FX (Odyssey) +
¢ ¢ BDEC-01 Intel Xeon Ice Lake/NVIDIA A100

(Aquarius)

Oakbrldqe FX FUJItSU 33.1 PFLOPS, 8.38 PB/sec.

8.50 PFLOPS, 0.665 PB/sec.
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Society 5.0 for SDGs Kslgﬁgd';ef

Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a
better future”, which contributes to the achievement of SDGs

5.0: Super Smart

using remote sensing and

‘oceanographic data for -

monitoring and management of [+ ..
water quality, forests, land & covta FnTechtgaa
degradation, uumrsnv ete. e

fon of computers

Start of information distribution 4 0 . ll.'%iﬁ

Information society,

avention of steam locomotives
° "Start of mass production 3 . 0 I %
)\(‘ & 7 Industrial society .
=1 - - v

” 1
Development of irrigation techniques
Firm establishment of settlements

. Agrarian society
P

Coexistence with nature
Economic and Hunting society
social innovation ;
by deepening of

| 2.0 2#
1.0: F 78

End of Latter half of From
the 18th century the 20th century the 21st century

The birth of

human beings 10,000 BC

Society 5.0

Source: Prepared based on materials from the Japan
Business Federation (Keidanren)



M Engineering
A ?ﬁ @ W Earth/Space
7 . - B Material
o . o — . o : Bio Informatics | KSESSSEl M Energy/Physics
A—/N\—2aAEa—T42%

Medical Image

"W Info. SCi. : System
Recognition

M Info. Sci. : Algrorithms

gl i |2 Info, Sci, S Al
« J—0O0—F®MD%Hk1E Sclnce -
Bio
n-l_ﬁ*—l'% n-l_ﬁI% S|mUIat|OnS S ace Bioinformatics

— RRET — 28 CPU Cluster pots oS
_ Al Rt u GPU Cluster

o (YEal—arv(FftHE)+T—42+ZFF )& >Society 5.0RBRIZHZ)
— D4 NIVERBEHAN—ERDORE
e S:¥3al—ar (FHE) (Simulation)
e D:7—%(Data)
e L:%#% (Learning)
— Simulation + Data + Learning = S+D+L

e 2021 EIZHINF Y /I\ATIEE)

— BDEC(Wisteria/BDEC-01) : Bl R/ Y mdx: s+ D + L
— Data Platform (mdx) :Cloud 8y, &Y% T I

BDEC: S+D+L




Wisteria/BDEC-01 BDEC:I51H - T—%-F&E (S+D+L) |
MEDT=ODTIvrIT+—L

2021458148 ARAA
— HERKFHIXv /AR
33.1 PF, 8.38 PB/sec. , & 1@l
— ~4.5 MVA(ZEFRA#A) , ~360m?2
Hierarchical, Hybrid, Heterogeneous (h3)
21D/ —FE
— Y2alb—Yay/—FR#(S, SIM) :Odyssey
o« HEFEDA/NNOY
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680/—K (368,640 O7), 2054, Tofu-D
— T—A-28/—F#(D/L, DL) :Aquarius
o T—HRENT, BHEE
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—FK (Ice Lake:90&, A100:360&), IB-HDR

o« —EBIENEB)Y—R(RFL—2, H—iN\—, Y —
Ty —o4h) [CEIEES

— I7AINVRT L EB(KBE) +E&E

(Big Data & Extreme Computing)

¢ ¢ H H Platform for Integration of (S+D+L)
‘0‘ !{,‘Esﬂt_ﬁqla Big Data & Extreme Computing

SZalb—iav/—FE
Odyssey
Fujitsu/Arm AB4FX
| 25.9PF, 7.8PB/s
Shared File Fast File
System - System
*£ET7IN F—lg W B EEI7AI
YAT A Aquarius YRThA
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

800 Ghps

External
E‘,:ggg Resources

External Network 1 I sAER) Y — R

SERY T — 7

‘,’ Wisteria
¢ ¢ BDEC-01
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Wisteria/BDEC-01./—

~

v2alb—3i3>/—FE: Odyssey

— GPUJYSRA, EWSERBELHHT-HY,
AR [CFIAEOBITIEEE# &F

- MABEITOTSLOBHEMEER

— %g\x%uli‘ylﬂlﬁ:EJr%iijTﬁ%?jU’r
—3ay

T—AR%E /—KE: Aquarius

— BN BGPUYSRAEAZEEEEIC

FERICATAD T RIZERIZ -

— 2019FERMMLBEETIE, 3al—iav/—F#E%x

GPUYSRAIZT HEHMREFIC

N EF R Ak

0‘0
¢

Wisteria
o BDEC-01

*+? Wisteria
o' BOEC-01

Shared File
System
XHFI7FANL
AT L
(SFS)
25.8 PB, 500GBIs

LIaL—av/—FE

Platform for Integration of (S+D+L)
Big Data & Extreme Computing

Odyssey
Fujitsu/Arm AB64F X
25.9PF, 7.8PB/s

Fast File
System
mEIFAIL
AT L
(FFS)
1PB, 1.0TBIs

T—2-FE/—FE
Aquarius
Intel ice Lake + NVIDIA A100
7.20PF, 578.2TBIs

— Perlmutter & 201949/ (Z Firﬂ%ﬂﬁ%%ié o

Hierarchical, Hybrid, Heterogeneous = h3

NEbRy T —5



*.? wisteria Wisteria/BDEC-01 ™
¢7e BOECO1  (sip+| )BATSyrTA—L B

® ¢ Wicteria Platform for Integration of (S+D+L) | « \\/isteria (%£7%),
.0’ wlliscl_?ﬁla Big Data & Extreme Computing (gﬁ iz )|

. — FEAMAT [TEh A EIE TR
ey + Odyssey

e — 7/RA135 - T % R (Command

Shared File _ Fast File Module, CM) ®a— /LY (Y
System System

RET7 40 syt St | Aguarius
AT ; TIAT o
(SFS) Intel |c:}_?kl:?rr:\bj|gmmoo (FFS) - 77|_\ M 13% - H %Bﬁﬁﬁ (Lunar
25.8 PB, 500GB/s 7.20PF, 578.2TBIs 1PB, 1.0TB/s MOdUIG, LM) 0) - _)lxﬂ"ff/

+ NEBLHEREED

: External
ST EY Resources

4 ‘ ] al ervice Module
https://www.cc.u-tokyo.ac.jp/public/pr/pr-wisteria.php il L
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S AT LAERK

O
FUJITSU

: 7,680/)— R (#IERIEEIEHE 25.9 PFLOPS, #AEUN> RiE 7.8 PB/s)

45/)—R (¥IBsmiEEEHE 7.2 PFLOPS, #8XAEU/N\>Y RiE 578.2 TB/s)

SAERYND—
RIEES 71V

2Eab—3av)-REF

7,680,-k

FUJITSI Supercomputer

HAIBERIEEERE (S4B © 25.9PFLOPS
HATUSE : 240TiB
FAXEUNURIE : 7.8PB/s

L

3E3L—3a -k
PRIMEHPC FX1000 x 7,680./—K (203¥%) ZwhJ—%
(Tofu{>#~1%7D)
JHEHSAVRIE : 13TB/s

7558 /-8t

i-§

FUJITSU Server
PRIMERGY GX2570 M6 x 45/—R

(/—R#&1h NVIDIA A100 x 8%)

74 F8)-RirvhI—) 3 J-FEEES*ybTJ—-7 (InfiniBand EDR/HDR)

(/—E&h Intel Xeon Platinum 8360Y
Processor (2.40GHz, 3617) x2)

HoIEsmEEMERE (fS4ER) : 7.2PFLOPS
HOAEUEER : 36.5TiB,#XEU/\>RIE : 578.2TB/s

*mdx> AT L

oJ4>)-k

FUJITSU Server

PRIMERGY RX2530 M5 x 20/—k
HIBHEE MR (SF5E) : 96TFLOPS
HAEVBE 1 7.5TiB

094> )= REBIFAIVS AT

®*_ @
]

FUJITSU Server
PRIMERGY RX2530 M5 x 2
ETERNUS DX60 S5 x 1
BMHAEE : 14.4TB

FA Ty RI—7/EE R I —7 (Ethernet)

BRI AT I\

MDS,MDT x1tzyk  0OSS,0ST x16tzyb
s

TPV AT FEFS
AN =37 —FERIREE : 1.0TB/s
MDS : PRIMERGY RX2530 M5 x 2
MDT : ETERNUS AF250 S3 x 1
0SS, OST : 2VM/CM, DDN SFA400NVXE x 16

HBEIPANIAT
MDS,MDT x1tzyk ~ 0SS,0ST x16tzyh

IV AT« FEFS
AN =T —HERRERE @ 0.5TB/s
MDS : PRIMERGY RX2530 M5 x 4
MDT : ETERNUS AF250 S3 x 1

0SS, OST : 1VM/CM, DDN SFA7990XE x 16

By —)(E¥

FUJITSU Server

PRIMERGY RX2530 M5

x 13

(P3TEEXS. ERBEX2,
FREEX2. WebR—4)bx2.

tF1U7109x2)

EIRY—)(BERY - IR -2

0'0

¢ o
"

L 4

FUJITSU Server
PRIMERGY RX2530 M5 x 2
ETERNUS DX100 S5 x 1
AFIPEE : 420TB

Wisteria
BDEG-01

12

Copyright 2020 FUJITSU LIMITED
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GFLOPS(E— 148E) H4-UF|HAEHE (M) :

GFLOPS/W (Green 500)

*1. Fugaku, *2 NVIDIA DGX SuperPOD, TOP/Green 500@Nov. 2020
Small is Good Large is Good

e ge X (Fit)

Reedbush-U (HPE) (Intel Xeon Broadwell (BDW)) 61.9 2.310

il
(Ll

Reedbush-H (HPE) (Intel BDW+NVIDIA P100x2/node) 15.9 8.575

Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node) 134 10.167
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL) 16.5 4,986

Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake) 20.7 5.076
Wisteria-Odyssey (Fujitsu/Arm A64FX) 17.8 14.66™
Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8) 9.00 26.20"
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Wisteria-O (Odyssey) Wisteria-A (Aquarius)

OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
AN GNU O /15 GNU O /N\15
Intel 32 7\45(Fortran77/90/95/2003/2008.
C. C++)
ET@EME OV /INAF NVIDIA HPC SDK
(Fortran77/90/95/2003/2008. C. (Fortran77/90/95/2003/2008, C. C++,
C++) OpenACC 2.7)

NVIDIA CUDA SDK
(CUDA C. CUDA C++)
Iyt—I@EE

i =@ A .
S951 A EMPI Intel MPI, Open MPI



473

T r—iay

J1)—YIkHx7

avTHREE

SuperLU. SuperLU MT. SuperLU DIST. METIS. MT-METIS. ParMETIS. Scotch. PT-
Scotch, PETSc, Trillinos. FFTW., GNU Scientific Library. NetCDF, Parallel netCDF. HDF5.
Parallel HDF5, CMake. Miniconda, Xabclib, ppOpen-HPC. MassiveThreads. Boost C++,
mpiJava

Intel#t 8154 7'51)(MKL)(BLAS. CBLAS. LAPACK
. SCaLAPACK) . cuBLAS. cuSPARSE. CUFFT,
MAGMA. cuDNN. NCCL

OpenFOAM. ABINIT-MP., PHASE. FrontFlow/blue. FrontISTR. REVOCAP-Coupler.
REVOCAP-Refiner, OpenMX, MODYLAS. GROMACS. BLAST. R packages. bioconductor,
BioPerl, BioRuby. BWA. GATK., SAMtools. Quantum ESPRESSO. Xcrypt. ROOT. Geant4.
LAMMPS. CP2K. NWChem, DeepVariant, Paraview, Vislt, POV-Ray. TensorFlow. Chainer,
PyTorch. Keras, Horovod, MXNet

ELTEHRESAT S (BLAS. CBLAS,
LAPACK. ScalLAPACK)

Theano

autoconf, automake. bash. bzip2. cvs. emacs. findutils. gawk. gdb. make. grep. gnuplot.
gzip. less. m4, python. perl. ruby. screen. sed. subversion, tar, tcsh, tcl, vim, zsh, git ‘o&

Globus Toolkit, Gfarm, FUSE

Singularity Community Edition

5

Wisteria-O (Odyssey) Wisteria-A (Aquarius)



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

HEHFEa—F

ab—33y
/—F &, Odyssey

Wisteria/BDEC-01
mm#g. DDA ?—9-?3/—F2¥ ﬁﬁiﬂ'h—“‘—’;'l

Aquarius

Fast File |Shared File
System System

(FFS) (SFS)
1.0 PB, 25.8 PB,
1.0 TB/s 0.50 TB/s

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢~ ¢ BDEG-01




Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File |Shared File
System System

(FFS) (SFS)
1.0 PB, 25.8 PB,
1.0 TB/s 0.50 TB/s

ab—33y
/—F &, Odyssey

Wisteria/BDEC-01
&m#g. DDA ?—9-?3/—F2¥ ﬁﬁiﬂ'l?—ﬁ
Aquarius

S EFEI—F w

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

2 ERal—2arDEHDETIL-ND
*e? Wisteria 50T —5ZHT, AUBHLEEIE
*5¢ BDEC-O1 = =ik (S+D+L)




5A148 (£)10:00 X ER:&E A
— https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/wisteria_test.php
— FIRHALS I EHRER{T
— 7H29H (K)09:00#& T
— | DU ETHBRBIIIEXERROFELNIEE
o EXERICHBINGWNESIEIT7AMILITEELET
— 8A2H (A)09:00 IEX:EAEA
FI A RE
— b= (/—FEME) #8E A : Odyssey, AquariuszF|FHelRE CHE R ELS)
— Aquarius: /—FEE (8GPULH), GPULE (1/2/4 GPULREB) DA T ar
« MIG (Multi-Instance GPU) IZ&AGPURN S ElIE@EALALY

— Odyssey JHERHMLSBEDEBEF1—HY (/—FEEEL)
TEFALSEF (L0AMILFIA, 8AHAIFHEY) _ )
— https://www.cc.u-tokyo.ac.jp/quide/company/ ) 90 4 Wisteria

BUKTIEOdyssey, AquariuslRIBEFIAETEGL ¢+ 9 BDEG-01




Al for HPC:Society 5.0 M [T A T&15E-
T—AHZRICLLSFAERFZOSEIL 1T
https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/
o (BTE+T—42+Z2E (S+D+L))MEREE, T—2FEZE, #HEE, AT
BEICKDOFERFZENDEEILZHIE I REZS K (IEEMY:6 A30H1700)
e RAIELT, HEMFLIAL—2aV (BEFREBA—ToV—R) %, T—43
Bz, AILA0RE, WEEFICLI>TEEER, IFRIETHILEEXZBHETS
— KBEET—ARIEEATRBEZME T ALIEMELZITF(+5,
— OGS LRKEDF1—=27, PILTVALEERGEIIRENTTN, BEFF1—
ZoJIZEhTHRBETIAVRXLEEIRT DL GIRERITEAL:-LET,
s WEEHEITIN—T U A—HEDODHRMELLTER
- KRB BEEKZ-HEER-1X), AV/N\— FERFESMLAEE
— 2022F EIHPCN AR R RECEZHIET
e OFP, OBCX, Wisteria/BDEC-01
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EE < (HA#EY]) (0:0dyssey, A:Aquarius)

https://www.cc.u-tokyo.ac.jp/events/lectures/

| mEFEE | &M JOJAl WKL

OpenMPRILFa77055 https://www.cc.u-

%$154E 5H31H(A) = H O tokyo.ac.jp/events/lectures/154/
#155E 6801H (K) OpenFOAM#]ik O ?;E%.lgm.ecvce.z;sllectures/155/
£156[8 6H048 (%) Wisteria3 ix O ?;L?/S;(gm-e?/zﬁ;sllectures/156/
#157@ 68098 () GPUFOS 5345 AM LS S CC. -

tokyo.ac.jp/events/lectures/157/

https://www.cc.u-
tokyo.ac.jp/events/lectures/158/

%£158[E 6H22:-29H (k) GPUI=x%+>7 (HPC#R)

https://www.cc.u-
tokyo.ac.jp/events/lectures/159/

O O O O

#159[E 6H23-30H()K) GPUIS=F+> 7 (AlfF)
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o L ~ 4 N - -
BT B 7R A & *.? Wisteria
Odyssey ¢ ¢ BDEC-01

— SVE (Scalable Vector Extension)
o ArVB-ATI R YN —X TV F¥ERX—/N\—a Ea—2[ITIZHhER

— FP16
— *%W$—El -AlTJ _7 11— F/\O) :‘,EFH 0‘0 Wisteria P!atform for Integration of (S_+D+L)
) FOHY BDEC-01 Big Data & Extreme Computing
¢ Aqua“US l osaL—san—Fm
— HPC-EtEHZ=~DEA | F-g;%g:ryjn?ﬁ%fx
— CPU:Intel Xeon Ice Lake Shared File . Fast File
) System _System
« 3'd Generation Intel Xeon Scalable Processors *f;;fb F—5- 328 /)—F R ﬂf;_z;f"
AN E Aquarius
o JSDME, HIRE EMTORATHELON O AN - oo e
— GPU:NVIDIA A100 Tensor Core 800 Ghis
» Tensor Core + Tensor Float [TF32] ~ = Externa[
” esources
_ i S I
Odyssey Aquarlus o /External [\I‘et\?\/‘c’)ﬁrﬂ.h “ i \”ﬂ TS A

— InfiniBand-EDR sHERRURT—4

22
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(FtE+T—32+FEB )mESICLKAITIOYRy—I)L
%1t0>$¥ﬁﬂ419511/—93>5.55£ (1/2)

http://nkl.cc.u-tokyo.ac.|p/h3-Open-BDEC/

. I’J*JLZ’T IW(BETIIR)DA/NAVIZESHFEFEHFERDFHRNRED
=8, STERZFICT—2HE, MREEDTATA4T7ZEALI-GIE+T—
’5‘+$%" (S+D+L) ) MBI K AEFIL AL —aVFEFIRE
— GtE+T—9+Z2E)RMEIZEEZT I RT—ILEROEHFM I 2L—aFE (§

MEERS KK . PEME(EXEEL), 2019FE ~2023F %)

b |

llllllllllllllllllllllllllllll

Z h3-Open- BDEG
//’ e i e Lansiie

22 Wisteria
¢~ ¢ BDEG-01
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(FtE+T—32+FEB )mESICLKAITIOYRy—I)L
%ﬁ@i%ﬁﬂ’wslu—&ay%i;i (2/2)

http://nkl.cc.u-tokyo.ac.|p/h3-Open-BDEC/
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ME7 LYK L-54T5y T T E (S+D+L) =747 1 Hybrid,

7IURKIL—LT—Y H# & 1—T T4
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h3-Open-MATH h3-Open-APP: ] §

Bt - EiEREM - Simulation Ll |
BEEBWETLIVXL | sHEREF TUSr—Sa > Big Data &
h3-Open-VER h3-Open-DATA: Data I;?;;ﬁ;"gg‘# Extreme_
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e UFZIAALKEFIZal—7
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. B IalL—iara—Ro (S+D+L)Fr  [RE]

BlcLbEEI
— OpenFOAM
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= it
EJJ*/

multiple applications
ures

L V| 2. Send-data extraction from

S, ] the buffer, and data sending
time
1. Data -packing 1] R
ata from tha buffer
A buff n
3. Data-packing after the il | 4. Data extraction
interpolation process |- f====s—=eeme=== | e from the buffer
\ App. B J

* Also applicable to full coupling,
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Example of Real-Time Assimilation of (Obs.+Comp.):

2004 Kii Peninsula Earthquake (Mw 7.4) [c/o Oba & Furumura]
O Observation (K-NET, KiK-net 446 pts) :

N-S 5
100 — — e FE FAl TKY.1120 (SK-net, tHEHA) N-S
g 3é 0.4 cmis
] i
g ao's 1.5 cmfs
3 | i I S
8; 7 . ! 1.6cm/s
= 2004 Off Kii Peninsula s : 90s :
earthquake Y& . * - |200 s ==
. :l 12'05 20cmls
“J"\WJ'V"VV\"‘\WWW'\”W
15'05 2.1 cmils
_ W\M/\/UWVW«J\;\;MWMJ»M
E N 150 2.1 cmfs
: = e gk
E et AL I | TPV
® L 3 s
8 PRI T PN SR Wt
0 50 100 150 200 250 300
B8 [s]
Response Spectrum
£ 50 TKY.1120
8
s 20
=
w
£
S,
=
-
o
<
X
g o
= # /
a 0.05}/
0.02 | )
3 00 ——% % 70 12 14 16 18 2
; 4 : ; | EHEH ] 28
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=RTHEIAL—I 3+
T ILAA LT —3E1E/ER A
IDXnetDEAT—2ZR AL 7 ILEA
LT —3 R/ ER R

2019-20204EE (ZOBCXD 4 SR iE#E / —
K&{#E->T, IDXnetDE AT —2ENE

Data Assimilation Pure Simulation

— + Simulation
External Filtered :
Node of Results with 70+ nodes of OBCX With S60% nodes of OBCX

OBCX

Velocity
Oakbridge-CX (OBCX) |  veiocity
Total: 1,368 nodes Field
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s BERMTHEETILHR

—- WTEEEEM, T1HE, Eldkhhi-o
THELT, KINOMMEROSEFEITEICKY
ETILEDLT DBRT D, DHRIK

- BT -2 =RV —a TR
BRTZ I TEEETILOHRRIZES
v HIZIEMW=3.0+DIMENEBE-1ES
vV BEFEICLYRESVVET ILEK :

o o o o
84 kahad) Iy
y g

Depth [km]




7 ILEA LT—3R1E+
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 Wisteria/BDEC-01D F|
o T—ARR1ME+Zal—3Y
— Optimal Interpolation Technique : 51X

« —RETHTEEETILSEIL
— YT IWEALEEZENIFEETEETIEGL
— JYBELT—E2EMEFi% (e.9.TURTT

EniR)Z=ER
o Odyssey
- T—A3ME1E, ¥2al—Pay
e Aquarius

- 4B, HERFE, "R

%Y Wisteria

<& BDEG-01
(B) Pure Simulation/Forecast
. ¥ oy

(A) Assimilation+Simulation
casted assimilated [B4t,

JDXnet  }

Data

Assimilation el siHiation

Filtering

Opt. of 3D UG
Model by ML
arius :

h3-Open-SYS/WaitlO, h3-OpenUTILIMP

Results of

Filtered Obs. Data i .
Simulations

3D UG Model

Fast File System (FFS)
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Hierarchical, Hybrid, Heterogeneous

2 h3-0pen-BDEC
/// Big Data & Extreme Computing

Odyssey-AquariusiE

— MPIC&DBIEEART
« O-AZEELTMPIZT O S ALIXEIAAELY

— Odyssey-Aquariusfd [XInfiniband-EDR
(2TB/sec) THEINTLYS

VI TR

— O-AR&1E - h3-Open-SYS/WaitlO

« |IB-EDR#H
« BRIFAIIRT L(FFS) 2 HEE

— B H%EEHhTS5—:h3-Open-UTIL/MP

BEEEBRETLIVZL | BEHEFIIVS—2ay

* 0 Wisteria Platform for Integration of (S+D+L)

.‘. BDEC-01 Big Data & Extreme Computing

YEab—vav/—FE
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Fujitsu/Arm AG4FX
25.9PF, 7.8PBIs
Shared File ;
System
REI7 AN F—5-2B/—F8

Y274 Aquarius

(SFS) Intel Ice Lake + NVIDIA A100
25.8 PB, 500GB/s 7.20PF, 578.2TB/s

Fast File
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mEI7AIL
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NER YT —2
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Simulation
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h3-Open-SYS/WaitlO "
T—ARITELSA4T 3K, 2020) 5. oayes

/—F#, Odyssey

W75
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Aguaﬂus
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MR 7 AILRRBREES AT SVELTEE
T HE
v Odyssey~ Aquariusfil &%
O IB-EDR#EHEE
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i +58 (S+D+L) A—T4)T41
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h3-Open-MATH h3-Open-APP: h3-Open-SYS
HIE & #E

V A IAA-EZH LD R
> PERE - Emisdatt - Simulation
e AP|:C/C++, FortranM I H L,E_[ﬁlé R 71 X s lebondl L e
vV MPISA 714287 1 — A &R e ) e
h3-Open-AT h3-Open-DDA: ﬁ n50penBDEC
- B .

« ZHEENTS—(h3-Open-UTIL/MP) LDEE EREEEE




B SAL—23a DD hT5— s
GRIIL JAR) aiL L s
o ®EDHTZ—(Coupler) :ppOpen-MATH/MP
— EHEE2D : KK (NICAM) +i87# (COCO)) DT T )/ir—a> D 55:&ERK
(Weak Coupling) #HHR—k
— BT T)T—avIS1BEDEEE NS

- * Also applicable to full coupling,
 Putdste. ] multiple applications
_‘q"\t App. A \} Model procedures

J12. Send-data extraction from
the buffer, and data sending

]

=
T |~ Coupler procedures
Copy data to the buffer

7
tha-packing
into a buffer

Coupler procedures

time

Draw data from the buffer H

4. Data extraction
- ._;;.,;.a e = — from the bLIffer

J

3. Data-packing after the
interpolation process

B
276 280 284 288 202 206 300 304

— T Model procedures
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T>TE-HTZ5—%. PythonlZ&k
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h3-Open-SYS/WaitlOE #

 h3-Open-UTIL/MP
— Odyssey-Aquariusfil IEMPIZ & 5@ E XA = Q‘Q BDEC-01

h3-Open-SYS/WaitlOI=&Y O-ARTEBIE IR

Fortran APP Python APP Fortran APP
{NICAM) (PyTorch) (NICAM)

Python APP
(PyTorch)

h3opp.py

o h3opp.py o

& : foc s IB-EDR ae :

= h3open modules - h3open modules

’_

=) h3open modules 5 “ h3open modules
§ -

[=3 Q.

S 2 | Jcup modules Jeup modules 3 = Jecup modules Jcup modules
on 8 . - m | B

£ jecup_mpi_lib.f90 jeup_mpi_lib.f90 e jeup_mpi_lib.fo0 jeup_mpi_lib.fo0

MPI+WaitlO
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h3-Open-SYS/WalitlO
— 20214108 (Odyssey+Aquarius, EE&E{

]

h3-Open-UTIL/MP (HPC+Python)

— 2021%10H (O #)
h3-Open-UTIL/MP+h3-Open-SYS/WaitlO
— 202251 A ~4R (O+A, E¥E(E)

WMAEKRL !
— A—Y—TFhHoor+ =0 E
— Al for HPCADIGEL A

A huge amo

simulation data
output

Hierarcl hical, Hybrid, Heterogeneous

2 h3-0pen-BDEC
W&/‘// Big Data & Extreme Computing

?+Y Wisteria

¢ ¢ BDEG-01

L IR 4

® ¢ Wi : Platform for Integration of (S+D+L)
) 4 Wisteria Big Data & Extreme Computing

¢ ¢ BDEC-01

2alb—av/—FR
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s
Shared File
System
HH{5I77/40
AT L
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Fast File
System
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7.20PF, 578.2TB/s
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External
4 Resources

External Network S Wf:’ﬁ')‘j—x
NE VR T—2

Surrogate
Model

Statistics

Analysis/ML
App
(Python)

>

HPC App
(Fortran)
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F<->P adapter
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Coupling
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The article on the Wisteria/BDEC-01
appears in HPCwire

https://vwvw.hpcwire.com/2021/02/25/iapan-to-debut-inteqrateiczl-fuiitsu-hpc-ai-supercomputer-this-sprinq/

) tifAH A - Zoom X | s Japan to Debut Integrated Fuj. X | =+ = X "@\

& C @

v oo & o &

© & hitps//www.hpewire.com/2021/02/25/japan-to-debut-integrated-fujitsu-t 5] ==+ g ‘

42

%.2 Wisteria

o DATANAMI @ ENTERPRISEAI gy HPCWIRE JAPAN

fi HPC & Al WALL STREET

HPC

Go Japan to Debut Inte
Supercomputer This Spring

By Tiffany Trader

wire

February 25, 2021

The integrated Fujitsu HPC/Al Supercomputer, Wisteria, is
coming to Japan this spring. The University of Tokyo is

Free HPC from the bounds
of physical infrastructure.

Accelerate the delivery of a secure, elastic,
virtual HPC environment.

Free HPC and fuel innovation >

intel.

Leading Solution Providers

preparing to deploy a heterogeneous computing system, called @Qhdmtve . AMDZ1 /ANSys
“Wisteria/BDEC-01,” that will tackle simulation and big data X
’ . B nEc-01 “learning” workloads, in support of Japan's Society 5.9(‘} project, WNN AIEVEC) AteS
which seeksrto achieve economic and social social gains aws - =g A K
Nierarchical, Hybeid, eteregansans through the integration of cyber and physical space. &
’ h3'0nen-BDEc The-system Odon DL i, =
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The article on my presentation @CSE21 §z.

appears in SIAM News

Hierarchical, Hybrid, Heterogeneous

h3 Open-BDEC

Big Data & Extreme Computing

https://sinews.siam.org/Details-Page/supercomputer-simulations-of-earthquakes-in-real-time
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[ Supercomputer Simulations of X | =+

&« (&] G} Q0 & https://sinews siam.org/Detz

==  MOREAT SIAM

HOME HAPPENING NOW GET INVOLV!

Supercomputer Simulations of Earthquakes

in Real Time

By Jillian Kunze

As different research areas impose new workloads on supercomputers, the field of computational science and
engineering is changing. The integration of simulation, data, and learning is becoming increasingly important.

During a minisymposium presentation at the 2021 SIAM Conference an Computational Science and Engineering,

Page/supercomputer-simulations-of-ea

B8

Siam news

RESEARCH

- @ % +rmoe d&® o i

B

CAREERS CURRENT ISSUE

The SIAM News Blog brings tegether updates on

cutting edge research, events and happenings,

as well as insights on broader issues of interest
to the applied math and computational science
community. Learn more or submit an article or

idea.

LEARN MORE —

which took place virtually last week, Kengo Nakajima of the University of Tokyo described a new supercomputing
software platform and its applications in earthquake simulation. The work he described was done jointly with the
University of Tokyo's Information Technology Center and Earthquake Research Institute.

The supercomputing center at University
of Tokyo currently operates three
supercomputing systems. To promote the
integration of simulation, data, and
learning, the center is now introducing the
Big Data & Extreme Computing (BDEC)
system called Wisteria/BDEC-01. This
system is slated to start operations in May
2021 and will include both simulation

Simulation Nodes Simulation

Codes

Machine
Learning, DDA

DataLeaming Nodes
A Data Assimilation
Data Analysis

Most Recent

SIAM Unwrapped - March 2021
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The International Conference on High Performance Computing in Asia-Pacific Region
(HPC Asia 2022) jan rats 2022 | Kobe, Japan & Online
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Abstract (paper) deadline Aug 6 (13), 2021
Workshop proposal deadline: Jjun 30, 2021
Search “HPCAsia2022" or http://sighpc.ipsj.or.jp/HPCAsia2022/ »p»
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B[ ZEF M7 IE

AGAFX(E X&)
— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/a64fx/
— https://old.hotchips.org/hc30/2conf/2.13 Fujitsu HC30.Fujitsu.Yoshida.revl1.2.pdf

FUJITSU PRIMEHPC FX1000

— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/

34 Gen Intel Xeon Scalable

— https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-intel-xeon-scalable-
video.html#gs.zb3uOm

— https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-xeon-scalable-
processors.html#gs.zb4d00

— https://www.hotchips.org/assets/program/conference/day1l/HotChips2020 Server Processors Intel Irm

a_ICX-CPU-final3.pdf

NVIDIAA100 TENSOROY” GPU

— https://www.nvidia.com/ja-jp/data-center/al100/
— https://www.hotchips.org/assets/program/conference/dayl/HotChips2020 GPU NVIDIA Choquette vO01.pdf
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h3-Open-BDEC: 7Oz HP (T E )

— http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC/

Wisteria/BDEC-01 & h3-Open-BDEC#B 4 i&;&E (A AEE)

— https://www.youtube.com/watch?v=CsJ 9aGNXCqg

— https://www.pccluster.org/ja/event/pccc20/exhibition/itc-u-tokyo.html
Wisteria/BDEC-01 & h3-Open-BDEC#B4 & & (HiE

— https://www.youtube.com/watch?v=|X51NF2LniE
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