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Keidanren

Jopan Business Federation

Society 5.0 for SDGs

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

using remote sensing and

‘oceanographic data for -

monitoring and management of [<) k.
water quality, forests, land L covta FnTechtgaa
degradation, uumrskv ete. e

Start of information distribution
Information society,

v

“ ! %
pvention of steam locomotives

e " Start of mass production
)\(\/ " Industrial society

v

= 1
Development of irrigation techniques
Firm establishment of settlements

X—} ? Agrarian society

Coexistence with nature
Hunting society |

Economic and
social innovation

by deepening of End of

the 18th century

From
the 21st century

The birth of
human beings

Latter half of

13,000 8¢ e 200 oy

Society 5.0

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

EvdT—A2%F)IZ&KY, Y4/ —ZR UK
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5.0: Super Smart
4.0: 15
3.0: T3
2.0: EH#
1.0: 719
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Jopan Business Federation

Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a
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— 45/—K (Ice Lake:90&, A100:360%), IB-HDR
o —EBIEHNER)Y—R(RFL—D, Y—/N\—, £ Y —
FyhT—oh) ICEEESR
— 7AWV AT L HE(REBE) +E5&E

(Big Data & Extreme Computing)
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® o H - Platform for Integration of (S+D+L)
" * %‘Esct_%qla Big Data & Extreme Computing

YEalb—iav/—FE
Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8PBIs

Shared File i Fast File

5‘:‘gﬁystem ESﬁyste?
71N F—f.BsE y_pp 71

VAT L Aquarius YATL

(SFS) Intel Ice Lake + NVIDIA A100 (FFS)

25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

: External
E Resources

' *!‘l‘”l shERYY— R

External Network
NEprv b —5

’,‘ Wisteria
¢~ ¢ BDEG-01




S AT LEpkX

O
FUJITSU

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

45/)—R (¥IBsmiEEEHEE 7.2 PFLOPS, #8XEU/\>Y RiE 578.2 TB/s)

SAERYND
AEFPIR

FUJITSU Supercomputer

HIESREEITHE(fEAEE) © 25.9PFLOPS
HAEUE!
HOAEUI> RiE

: 7.8PB/s

o

VI3 — kR
PRIMEHPC FX1000 x 7,680~ K (203¥%) ZwhJ—%
(Tofu{>#~3%7 D)
240TiB JHEHSAVRIE : 13TB/s

oJ4>/)—R

FUJITSU Server

PRIMERGY RX2530 M5 x 20/—Fk
HIBHEE MR (BA5E) : 96TFLOPS
HAEVBE 1 7.5TiB

7558 /-8t

0§

FUJITSU Server

PRIMERGY GX2570 M6 x 45/—R

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

(/—R#&1h NVIDIA A100 x 8&)

IR EEMERE (fS4ER) : 7.2PFLOPS

HAEUEE 1 36.5TiB #XEUNURIE : 578.2TB/s

749 F8)-RirvhD—) 3| /- FRHES®ybI—2 (InfiniBand EDR/HDR)

ATy RI—7 /&Ry ~D—2 (Ethernet)
| ||

N -mdx> A7
094> )~ REE TIPS AT s meeAr

*_@
]

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

BRI AT I

MDS,MDT x1tzyk  OSS,0ST x16tzyb

TPV AT FEFS
AN =37 —FERREE : 1.0TB/s
MDS : PRIMERGY RX2530 M5 x 2
MDT : ETERNUS AF250 S3 x 1

0SS, OST : 2VM/CM, DDN SFA400NVXE x 16

HBEIPANSAT EIRY—)\E¥

MDS,MDT x1tzyk ~ 0SS,0ST x16tyh ‘. s .

FUJITSU Server
PRIMERGY RX2530 M5
x 13 FUJITSU Server
(P3TEEXS. ERABEX2,
FREEX2. WebR—4)bx2.
tF1U7409x2)

¢ _@
]

IV AT« FEFS
AN —-ST—FERRERE ¢ 0.5TB/s
MDS : PRIMERGY RX2530 M5 x 4
MDT : ETERNUS AF250 S3 x 1

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

BMFIAEE : 420TB

PRIMERGY RX2530 M5 x 2
ETERNUS DX100 S5 x 1

EIRY—)(BERY NI - IR —2

L R 4
"
L G 4

Wisteria
BDEG-01
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WIEmmEE e
W/ —F%
WERRERE

RH

FyrJ—okROO—

A2Z—aRYk

HEEI7MIL
AT L

SEI7AIL
AT L

AT LA

H—/3(0SS)
H—/3(0OSS) %
AN—TURE
A= T —REERE
AT LA

H—/\(0SS)
H—/\(0OSS)#
AN—VB=E
A= T —RERRRE

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

25.9 PFLOPS 7.2 PFLOPS
7,680 45
240.0 TiB 36.5 TiB
6 RigAva/ b—7RX Full-bisection Fat Tree
Tofu4/>Z2—axrIkD InfiniBand HDR(200Gbps) x 4

FEFS (Fujitsu Exabyte File System)
DDN SFA7990XE
16
25.8 PB
504 GB/s
FEFS (Fujitsu Exabyte File System)
DDN SFA400NVXE
16
1.0 PB
1.0 TB/s
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Wisteria-O (Odyssey)

Wisteria-A (Aquarius)

2% FUJITSU Supercomputer FUJITSU Server PRIMERGY GX2570
PRIMEHPC FX1000 M6
> Intel Xeon Platinum 8360Y

JHEvY A ABAFX (BFa—F 4 :Ice Lake)
0wy (a7 1 (48+7 L RA k72 o0r 4) 2 (36+36)

CPU B 2.2 GHz 2.4 GHz
R EHE 1 RE 3.3792 TFLOPS 5.53 TFLOPS
ARVBE 32 GB 512 GiB
AE)FigE 1,024 GB/s 409.6 GB/s
TOovyy NVIDIAA100
SME (B 1K) 108
XEVER= (BF) 40 GB
A H g (BK) 1,555 GB/s
HimEE e () 19.5 TFLOPS

GPU EBE 8

CPU-GPURi##k

GPURI$#E

PCI Express Gen4 x 16L—>
(1L—&®1=Y R A 32 GB/s)

NVLink x 122
(1A 1=Y K A E25GB/s)
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YOI T

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

0OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
a5 GNU O/ 15 GNU a> /15
Intel 3> 7X15(Fortran77/90/95/2003/2008.
C. C++)
ELEAE aOVNT 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++)
Ayt—IREE

=4 |
54951 = T B EMPI Intel MPI. Open MPI



N

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

473

T r—iay

J21)—YIbHx7

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++.
mpidava

Intel#t 850 7'S1) (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

ELTBHRS1T S (BLAS, CBLAS,
LAPACK. Scal APACK)

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 7o&

Globus Toolkit. Gfarm. FUSE

Singularity Community Edition



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

HHHEHFEaI—F

2alb—i3y
/—F&, Odyssey

Wisteria/BDEC-01
il > — 5 - = /13

Aquarius

Fast File |Shared File

System System

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

;AT —4

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢ ¢ BDEC-01




Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File |Shared File

2alb—3ay
/—F&, Odyssey

Wisteria/BDEC-01
#WE, DDA P gusmy_pp  BATS

Aquarius

SHEEFa—F ﬂ

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

Al —3 DEODETIL-INS
%o Wisteria i —50)F —5fEk, AUEHZEZE
i A5 51k (S+D+L)




2022

Kt
5

il

INAF

HEBRT 22
PR

0]:109,4
CascadelLake

HEF

’Ell“ . ;j:lu

iCPU, BGPU

7—!_
Rqtqoos 2P
T4

HLFDoLKY

FZILTYX L

FHHEF

#HEE

Aquarius
A100

HhBRF} S -
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T2-£MDOKY
HEKEZ - FEHEE
MHFEE
IRIILF—-PEE
1HF®RF AT L
HHREE. 7ILT)VX L
THHRFELZE: Al

BE

EEFA
EYRIE-ERNE
INAFATHITAIR
#HERE-BEE
T—ARZ-T—42RE1k
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2023F E 5 ¥ A (AR ~9A X)
iCPU, BGPU

it
&

peEs TSR sappe. B T¥-HODY
“ TSR TEHE m HREE FEHEE
ML

" 1 NAFA2TF
LF TTAYR
HLDDKY *

IRILF—- Y
1EHREF VAT L
BHREE: 7TV L
TBEEFRELF Al

BE

FEXEFMA
EYRZE-ERNE
INAFAVTAITAIR
N R F-EFE
T—4a%F-T—4R1t

R
thh

HEF

012109 4

CascadelLake
2023498 FB®

Aquarius
A100



BRERFIT—(1/2)

« TOP 500(Linpack, HPL)
— EIN—RABRVILAN—(EEZE), 55 &EE (FLOPSIE)
— FRAIMEZRITY  EREATYT7OER
— FtEERE
« HPCG
— EI—RABRAVILAN—(RIEE), 5TFEEE (FLOPS{E)
— BRERENCHONDSIEHITS (EAHNZLY)
« FEHAE)TIER
« E7TUr—3 TR
— AEYTOERAERE, BIEM4RE
« Green 500
— HPL(TOP500) E£1TEFDFLOPS/W{E



BRERFT—5(2/2)

« Graph 500 BFS
— JSONBIZEITH5T—2NEHE
— BFS (Breadth-First-Search, 182 %&iFE®R)
« HPL-MxP (HPL-AI)
— Al- =& [ IFHPL (for TOP500)
— MM E (HPL) > EREEE (FP64)
— HPL-MxP=>{EEEEEZUEEREE



SC23I=HBITHHEIVXUY

(2023%F11AH)

| Odyssey | Aquarius_

TOP 500

Green 500
HPCG

Graph 500 BFS

HPL-MxP
(HPL-AI)

25=33
55
14

6

14
(June
2023 ?)

136=168
35
73

SC23

Denver, CO

42

¢ ¢ & i Platform for Integration of (S+D+L)
’0 * glllliscl_ﬁqla Big Data & Extreme Computing

'\Simulation Nodes:

Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8 PB/s

Shared File : Fast File
System Data/Learning System

(SFS) Nodes: Aquarius (FFS)
25.8 PB, 500 GBIs Intel Ice Lake + NVIDIA A100 1 PB, 1.0 TBIs

7.20 PF, 578.2 TBIs

External

- External
Resources

e Resources



62nd TOP500 List (Nov., 2023) R

: Performance of Linpack (TFLOPS)
oeak- P2k Performance (TFLOPS), Power: kW

http://www.top500.0rg/

Frontier, 2022, USA
DOE/SC/Oak Ridge National Laboratory

Aurora, 2023, USA
DOE/SC/Argonne National Laboratory

Eagle, 2023, USA

Microsoft

4 Fugaku, 2020, Japan
R-CCS, RIKEN

5 LUMI, 2022, Finland
EuroHPC/CSC

6 Leonard, 2022, Italy
EuroHPC/Cineca

7 Summit, 2018, USA
DOE/SC/Oak Ridge National Laboratory

MareNostrum 5 ACC, 2023, Spain

8 EuroHPC/BSC

9 Eos NVIDIA DGX SuperPOD
NVIDIA Corporation

10 Sierra, 2018, USA
DOE/NNSA/LLNL

32 ABCI 2.0, 2021, Japan
AIST

Wisteria/BDEC-01 (Odyssey), 2021,
Japan ITC, University of Tokyo
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HPE Cray EX235a, AMD Optimized 34 Gen. EPYC 64C 2GHz,
AMD Instinct MI250X, Slingshot-11

HPE Cray EX - Intel Exascale Compute Blade, Xeon CPU Max
9470 52C 2.4GHz, Intel Data Center GPU Mayx, Slingshot-11, Intel

Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, NVIDIA H100,
NVIDIA Infiniband NDR

Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C 2GHz,
AMD Instinct MI250X, Slingshot-11

BullSequana XH2000, Xeon Platinum 8358 32C 2.6GHz, NVIDIA
A100 SXM4 64GB, Quad-rail NVIDIA HDR100

IBM Power System AC922, IBM POWER9 22C 3.07GHz, NVIDIA
Volta GV100, Dual-rail Mellanox EDR InfiniBand

BullSequana XH3000, Xeon Platinum 8460Y+ 40C 2.3GHz,
NVIDIA H100 64GB, Infiniband NDR200, EVIDEN

NVIDIA DGX H100, Xeon Platinum 8480C 56C 3.8GHz, NVIDIA
H100, Infiniband NDR400, Nvidia

IBM Power System S922LC, IBM POWER9 22C 3.1GHz, NVIDIA
Volta GV100, Dual-rail Mellanox EDR InfiniBand

PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C 2.4GHz,
NVIDIA A100 SXM4 40 GB, InfiniBand HDR

PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu interconnect D

8,699,904

4,742,808

1,123,200

7,630,848

2,752,703

1,824,768

2,414,592

680,960

485,888

1,672,480

504,000

368,640

1,194.00
(=1.194 EF)

585.34
561.20
442.01
379.70

238.70

148.60
138.20
121.40
94.64
22.21

22.12

1,679.82

1,059.33

846.84

537.21

531.51

304.46

200.79

265.57

188.65

125.71

54.34

25.95

22,703

24,687

29,899

7,107

7,404
10,096

2,560

7,438
1,600

1,468
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GFLOPS (E—/1&sE) ¥-UFIHAHE (M) - EXHK
GFLOPS/W (Green 500) (2023FFE ML {E L IT)

Svstem JPY/GFLOPS GFLOPS/W
y Small is Good Large is Good

Oakleaf-FX/Oakbridge-FX (Fujitsu)

(Fujitsu SPARC64 IXfx) ke S
Reedbush-U (HPE) (Intel Xeon Broadwell (BDW)) 61.9
Reedbush-H (HPE) (Intel BDW+NVIDIA P100x2/node) 15.9
Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node) 13.4
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL) 16.5
Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake) 20.7
Wisteria-Odyssey (Fujitsu/Arm A64FX) 17.8

Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8) 9.00




1

Bl B B & *+? Wisteria
« Odyssey ¢ ¢ BDEG-01

— SVE (Scalable Vector Extension)
o ArmVB8-AT S YN —FTUFvER—/A\—a E 1 —FRIFIZHiR

~ FP16
— EWEE-AlD—y0—F~DiEA
« Aquarius

— HPC- S E R A DB
— CPU:Intel Xeon Ice Lake
« 34 Generation Intel Xeon Scalable Processors
o HEiE, HMTORATHLLA
— GPU:NVIDIA A100 Tensor Core
» Tensor Core + Tensor Float [TF32]
« Odyssey-Aquarius
— InfiniBand-EDR



FI a3 g i -

ABGAFX(E L&)
— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/ac4fx/
— https://old.hotchips.org/hc30/2conf/2.13 Fujitsu HC30.Fujitsu.Yoshida.revi.2.pdf

FUJITSU PRIMEHPC FX1000

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

3rd 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/day1/HotChips2020 Server Processors Intel Irm

a_ICX-CPU-final3.pdf
NVIDIAA100 TENSORa” GPU

— https://www.nvidia.com/ja-jp/data-center/a100/
— https://www.hotchips.org/assets/program/conference/day1/HotChips2020 GPU NVIDIA Choquette v01.pdf

46
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o —s ® * Wi i
£V (ETH) % Histona

archical, Hybrid, Heterogeneon

2 h3-Open- BI]EC
’// Big Data & Extreme Computing

Wisteria/BDEC-01F| FEz AR

— https://www.youtube.com/watch?v=1bbZV0O6-UQqg
h3-Open-BDEC: A/ HP (T E )

— https://h3-open-bdec.cc.u-tokyo.ac.jp/
Wisteria/BDEC-01 & h3-Open-BDEC#B/ 588 (H AK:E)

— 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#A4" 38 & (g
— https://www.youtube.com/watch?v=j|X51NF2LniE




« JHPCNOD#EE

« ERNERER L I—DR/I\IVHRE
— Wisteria/BDEC-01
— Ipomoea-01

* h3-Open-BDEC

« FI A=A
* JHPCN#| FH B A 7+



KAEHLBEANL— O X T LlTpomoeal

A—/N\—aVE1—3DNEBEE DR EIZ{EFEWD, 5 T—2=HEND—
HRKEA—TIFIREAN —DERE VAT LICHMBELTEASN, H£VRT
INOYINVEEITF Y hva

ZDEIERRGE: ANL—U N AT LEITIHA) IXFBEIZZ KEAE
ZFENAZEIZHY, B Rt AR— @é/ZTAh\b77tZ_IﬁE7&-JH5 BAR
L— DEADEKOH LN TLN -

BUORTLMNST IR TESLI KRR

Hi@ERFL— (Ipomoea) 1B ARTE

— OFPER#R T H 2H#

— 1V RTLEHI5-6 F£FEAL, FHISEILIC
LR —C L R T L (25+PB) &8 A
L, ANBZSEFHEELTLNS

49
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KAEHLBEANL— O X T LlTpomoeal

A—/N\—aVE1—3DNEBEE DR EIZ{EFEWD, 5 T—2=HEND—
HRKEA—TIFIREAN —DERE VAT LICHMBELTEASN, H£VRT
INOYINVEEITF Y hva

ZDEOITWRCE: RN—U N R T LEIZTHI) TP BABICZ KGR E
ZFENAZEIZHY, mREVAR— @észAia\bT/th‘IﬁE&é% BAR
L—U DB ANERO N TULV =

BORT LT IEATESIKIFER

Hi@ERXFL— (Ipomoea) 1B ARTE

— OFPER T h 2%

- 1Y RATLZERS-6 F£FEAL, FIBEI LIS
HFHLWARN—UD R TL(25+PB)ZFE A
L ANBZAZEEXREELTNS




51

- 202241 AEARIAR -6 8 KY—ARIZAR, 25+PB, ELX &%
— 2022 F5A K ETIZOFPMLustre fBIBDLETI7AILDFEITET
- IR E
— BRI —DVATLIZFRAEES (BEHA, BEROZTZEITH5E
- RFIAETEIZSTB
o BHIN—TZEIZBRVRATLATHEENTOEIEED15%EEETHE Gurs
—EMNMBEE (EEIIID2EIEL)
. 7,200M/TB/4E, 2,100,000 /PB/4E
— Ipomoea-01M & M F| F B A &+ A &E

2 A
J—F J—F

J=ik HEETTAL
— g SAT A

\ 1
| 1
| = : - |
I — 124PB | I
259 PB ] Lustre i . | 258 PB, FEFS |
I Lustre 1 = e : .
omoea- | ~ _ i
I ! . L "
" LR
| Ipomoea-01 Oakbridge-CX | .
I AT 1T 1 Aquarius Odyssey/ — F2§
2 e 2 T O To ik \
I ' s = ) # Wisteria/BDEC-01




« JHPCNOH=
HRKEHRERE I—OR/NOVBE
Wisteria/BDEC-01

lpomoea-01
h3-Open-BDEC

| A==
- JHPCNFI F ERiA 7



h3-0pen-BDEC Hierarchical,

THE+ TS+ RAEERT ARG TN I T ER Hasencous

Mt EEBR(S) QU19FE~23FE, K&K FEHE) Big Data &

https://h3-open-bdec.cc.u-tokyo.ac.jp/ Extreme
Computing

O EHREER-RERLE-BF
921—_/’71 oAt EIRE

h3-Open-BDEC

— N \ 7 s I
£O<$¥ﬁ- E’]ﬁﬂrgﬁ*’f Numerical Alg./Library 3 App. Dev. Framework Control & Utility
= .. : 2 i
@ B EiT Q%EEJJTj A0—F New Principle for Simulation + Data + Colmn:;!gﬁi]:::t?o;ﬁ
H(ICE D EFHIEBFEEF Computations Learning Utilities
= Algorithene with High h3-Open-APP: Simulati | h3-Open-SYS
- oo i i igh- -Open- : Simulation -Open-
@ /\T H V—?XIiiﬁ (eg . Per?t;)rl;lléafr:{tl:s?,wéelialll?lity. Appli%ation Development Control & Integration
. . _ N iciency
Wisteria/BDEC-01) 128517 5 S e e e
= = P h3-Open-VER h3-Open-DATA: Data igee 3
7 I\ Ij 17 , L—T4 ) TA E$ Verification of Accuracy D':ta Science Ut|||t|eé;c:r:plaat|i'g§-8cale
Hierarchical, Hybrid, Heterogen L E ha-o AT hs-o DDA L B )y rcrer e netereseneens
. pen- -Open- : Learning
h3 upen BnEc . Automatic Tuning Dat;) Driven Appr’oach-’ h3 npm-ennuBncEnlcn
,V/’// Big Data & Ext e Computing ///




Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

HHHEHFEaI—F

2alb—i3y
/—F&, Odyssey

Wisteria/BDEC-01
il > — 5 - = /13

Aquarius

Fast File |Shared File

System System

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

;AT —4

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢ ¢ BDEC-01
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Al for HPC, 24 Wisteria
Al for Science * ° OG-0

D=E A f+c BEmerse

« Odyssey-Aquarius:&#
— MPIZ&HBE AT
. O-A%ZELTMPIZ O S AIZEIAEL
— Odyssey-Aquariusfd] [&Infiniband-EDR
(2TB/sec) THEINTLYS
e YIbOT TR
— Et%EeHhTS5— h3-Open-UTIL/MP
— O-AR&1E : h3-Open-SYS/WaitlO
« IB-EDR#ZH (WaitlO-Socket)

« BRITAIY AT L(FFS) #Z2H:EH (WaitlO-
File)

L IR 4 Wisteria Platform for Integration of (S+D+L)

"0 BDEC-01 Big Data & Extreme Computing

“Eal—Yav/—FE
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PBIs
Shared File )
System
RATTN

YATL Aquarius

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

Fast File
System
EEITAIL
AT
(FFS)
1PB, 1.0TB/s

=g EXternal
i% Resources

External Network
vk —2

h3-Open-BDEC

#e+HEE+
aA—T1YT1
1 R B P b

YEalb—av+7—4
+57F (S+D+L)
FIUREIL—LD—

h3-Open-MATH h3-Open-APP:
=iERE - =S - Simulation
BAEBRE7ILIVZXLA HEHEFIUIF—Say
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h3-Open-SYS/WaitlO
T—3ZITELSAT S (RE, 2020]
({¥5Tith, HPC-181, 2021]

HEEPaF

2alb—3i3>
/—F8%, Odyssey

BAlT—4

F—2-$F/—F#
? . Aquarius
~

¢ AFACZFRBE T TORESILK—

METZ7AIVEEEESATS)ELTERE
YaE
v Odyssey~ Aquariusfil ;&

O IB-EDRi#%H & (g (WaitlO-Socket)

O 774 L& (WaitlO-File) e
v EHD DT — SRS (BT — ) Dl * 2T,
v EHRAH-BEHLORY T B
API:C/C++, FortranmiSFEUNH L AT 2 w wanagyon | DI

A—F4UT 4%

v MPISA 9742871 —RE 124 Bl ¢ i

h3-Open-BDEC
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API of h3-Open-SYS/WaitlO-Socket
PB (Parallel Block): Each Application

WaitlO API Description Waitio Instance ~ WAITIO_NPB=3

waitio_isend Non-Blocking Send
Parallel Block
waitio_irecv Non-Blocking Receive mplexec—'zn32"/aiout
waitio_ wait Termination of waitio_isend/irecv el - FaIR=2
waitio_init Initialization of WaitlO WATIO ST PORTonY - ————
waitio_get_nprocs Process # for each PB (Parallel Block) [ Parallel Block ]
mpiexec... -n 8 ./a.out ID=1
waitio_create_group Creating communication groups
waitio_create_group_wranks among PB’s
waitio_group_rank Rank ID in the Group
waitio_group_size Size of Each Group
waitio_pb_size Size of the Entire PB
waitio_pb_rank Rank ID of the Entire PB

[Sumimoto et al. 2021]



BRI ZSal—2arD=0nDhT5— B
(R, J\K) @7 e
? . .
. HEEDHTS—(Coupler) : ppOpen-MATH/MP
— BHGEE2D: K& (NICAM) +i#% (COCO)) D7 U4r— 3> D E5:ER
(Weak Coupling) Z=HHR—
— BT TN —aV I JEEHDHEERDS

. .J ______ gl |V [2. Send-data extraction from
the buffer, and data sending

Coupler procedures

Copy data to the buffer

1. Data-packing
into a buffer

Coupler procedures

time

Draw data from the buffer H

4. Data extraction
= =_ fromthe buffer

3. Data-packing after the
interpolation process

Model procedures

r——
276 280 284 288 292 286 300 304

Qe B W
100 120 140 160 180 200 1.3 2.6 3.9

* Also applicable to full coupling,
App. A multiple applications
. Model procedures
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— ANV LT, SRR K[BFER I L —2a v TR > TEMEREERH
 Fortran/Ca—F (W¥EBET /L) EPythona—F DB EREEIR T HHHE
— Fortran®®CTEiesnf=-70495

LRITDERGTEICR>THES
ToTE=HTZ5—%. PythonlZ&k

STRBENIAI-HHFE ., 717 R =N
ERIBRDT—O—F 5 b T —

ATEAF>BEEIL T, Fortran/C7 ') £Python7 7Y MER ST E DK
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h3-Open-UTIL/MP (h30-U/MP) + % i O BOEC
h3-Open-SYS/WaitlO-Socket o

ARM: A64FX IceLake+A100
Coaa Analysis/ML Model
& HPC App
% App +

F<->P adapter
AL R ) h3o0-UMP h30-U/MP Statistics
simulation data

output - >
Coupling

B-EDR
‘ ¢ Wisteria ' *.* Wisteria
AN 1 T x T ) Odyssey JCIQ 7=l Aquarius |

(Python)




h3-Open-UTIL/MP-
h3- Open-SYS/WaitIO SocketiE

2022«

llllllllllllllllllllllllllllllll

2 h3-Open-BDEC
/// -----------------------

6 A hvio F R

Al f

20224 E [FFS#EH D WaitlO- Fllei'f“ﬁhh 2 X

Fortran APP
(NICAM)

h3open modules

h3-Open-UTIL/MP

Jeup

202144 H :MPI:&

Jeup modules

jcup_mpi_lib.f90

(PyTorch)

h3opp.py

h3open modules

Python APP

Jcup modules

jeup_mpi_lib.f90

S AT RETIR IR 2 Al

\

=

h3-Open-UTIL/MP

" Jcup
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L S ¢

+F Wisteria

¢~ ¢ BDEC-01

Fortran APP
(NICAM)

Python APP
(PyTorch)

h3opp.py

IB-EDR

\and

h3open modules
h3open modules

Jcup modules Jcup modules

jeup_mpi_lib.fo0 jeup_mpi_lib.f90

wawo | wr__
MPI+WaitlO

202246 A : Coupler+WaitlO
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#5525 : h3-Open-UTIL/MP- >, - Ghen-BDEC

h3-Open-SYS/WaitlO-Socket T

* h3-Open-UTIL/MP
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13_202205-Wisteria-2. pdf
— http://nkl.cc.u-tokyo.ac.jp/files/202207UtiIMPfinal.pdf E| ;

« h3-Open-SYS/WaitlO-Socket
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10 202203Wisteria-1.pdf
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12 202205 Wisteria-1.pdf
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Machine Observation

Learning, DDA Data/Learning Data
Nodes, Aguarius

Simulation Nodes

Simulation
_ Codes ﬂ

Data Assimilation
Data Analysis Observation Network for Earthquake: O(10%) Points

Server,
Storage,
DB,
Sensors,
etc.

NIED
J Dxet University’s
dO;vgs:T:;y:d in @ E.
ERIN Tokyo

Univ. Local univ.

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]




EEEES I AL—aV+8AIT—42R1E

*+? Wisteria
¢ ¢ BDEC-01

Data/Learning

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

Observed Data

S

External Server

Sone7>

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
.~ 259PF,78PB/s

for Observed
Data

Output

Movie *

Filtered Comp.
Results |RIEH{ET G Results

Seism3D/
OpenSWPC-DAF

Mesh Data i
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Communications by WaitlO-Socket  [Kasaietal 2021]
Odyssey: RECV

Aquarius: SEND

program dmy_filter call WALTIO_MPI_IRECY (NTMAX1_o, 1, WALTIO_MPI_INTEGER, ©,1, WALTIO_COMM_UNIVERSE,...)
<HEE: BEES> call WALTIO, (bT_o, 1, WALTIO_MPL_FLOAT,  @,2, WALTIO_COMM_UNIVERSE,...)
call mpi_init (ierr) call WAITIO, (NST_ o, 1, WAITIO_MPI_INTEGER, @,3, WAITIO_COMM_UNIVERSE,...)
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr) call WAITIO, (AT_o, 1, WAITIO_MPI_FLOAT,  @,4, WALTIO_COMM_UNIVERSE,...)
call mpi_comm_rank (MPI_COMM WORLD, myrank, ierr) call WALTIO (Te_o, 1, WATTIO_MPI_FLOAT,  @,5, WATTIO_COMM_UNIVERSE,...)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr) call WAITIO (IS0 X o, NSMAX, WAITIO MPI_INTEGER, @,6, WAITIO COMM UNIVERSE,...)
. call WAITIO_M (1S0_Y_o, NSMAX, WALTIO_MPI_INTEGER, @,7, WALTIO_COMM_UNIVERSE, .
if (myrank==0) i=h X . s . s s . call WALTIO MPI_IRECY (ISO_Z o, NSMAX, WALTIO MPI_INTEGER, @,8, WALTIO COMM UNIVERSE,.
gpe’,‘(iegé;ﬂ* -/obsfile list.txt’, form=‘formatted’, status=‘old’, iostat=ierr) call WAITIO_MPI_IRECY (ISTX_o,  NST, 1PI_INTEGER, 8,9, WAITIO_COMM_UNIVERSE, .
o i=1, ) N ‘ T ) T
. call WAITIO_MPI_LRECY (ISTY o,  NST ITI0_MPI_INTEGER, @,1@,WAITIO_COMM_UNIVERSE, .
T o e _MPT_ (1sTY o, ST, _MPI_ _C L,
;fimft‘ fbf;'enf;’;?‘d-:::&;g} . call WAITIO_MPI_IRECY (ISTZ o,  NST, TI0_MPI_INTEGER, @,11,WAITIO_COMM_UNIVERSE, .
,"Send obs data ...... A TTIO : % e A
call WAITIO_MPI_ISEND (NTMAX1 o, 1, WAITIO_MPI_INTEGER, 2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr) C"‘ﬂ :i:jﬁ—:‘;i—i:tx }:ﬂzﬁ’ " Es?ﬂf}us LN l:jt—:':,i—ﬂ;i] g
call WAITIO_MPI_ISEND (DT_o, 1, WAITIO_MPI_FLOAT, 2,2, WAITIO_COMM_UNIVERSE,req(1,2), ierr) callk P (WAL 1005, 5 RO LTI
call WAITIO MPI_ISEND (NST o, 1, WAITIO MPI_INTEGER, 2,3, WAITIO_COMM_UNIVERSE,req(1,3), ierr) call (VyALL obs, NSTTNOBS_LEN,WAITIO MPL FLOAT, @
call WAITIO MPI_ISEND (AT o, 1, WAITIO_MPI_FLOAT, 2,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr) call QuzAll obe NST-NOBS LEN.WALTIO MPL FLOAT @
call WAITIO_MPI_ISEND 1, WAITIO_MPI_FLOAT, 2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM_UNIVERSE,req(1,7), ierr)
call WATITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr) © & = =
call WATTIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM_UNIVERSE,req(1,9), ierr) 'S WIsterta Output
call WAITIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) nnic_'" &
call WAITIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) ¢ ¢ Miovie
call WAITIO_MPI_ISEND (STC_o,  6*NST, WAITIO_MPI_CHAR, 2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)
call WAITIO_MPI_ISEND (VXALl_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
call WAITIO_MPI_ISEND (VyAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr) Data/Learning
call WAITIO_MPI_ISEND (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr) g = =
call WAITIO_MPI_WAITALL (15,req, status, ierr) Nodes: Aquanus Visualizer
en;:il sleep(1) Intel Ice Lake + NVIDIA A10(
close (100) 7.20 PF, 578.2 TB/s
endif
call WAITIO_FINALIZE (ierr)
call mpi_finalize (ierr) 2.0 TB/s
end . ‘ .
Simulation Nodes:

Fujitsu/Arm AB4FX B P =
25.9PF, 7.8 PB/s Mesh Data
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Data Assimilation + Pure Simulation/Forecast

482 K-NET, KiK-net Observation
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Atmosphere-ML Coupling

[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

® Motivation of this experiment

Tow types of Atmospheric models: Cloud resolving VS Cloud
parameterizing

Could resolving model is difficult to use for climate simulation . —
Parameterized model has many assumptions
Replacing low-resolution cloud processes calculation with ML!

ML App
(Python)

h3-Open-UTIL/MP
(Coupler) this part

L3
High Resolution Atmospheric Mode + bw Resolution Atmospheric Model Wlth AI

(Convection-Resolving Mode) h3-0pen-SYS/Wait|O- onvection-Parameterization Mode)

epld g Pr al Pro
in Low-Resolution NICA
with Machine Learning

Replacing

Diagram of applying ML to an atmospheric model




Experimental Design

Atmospheric model on Odyssey

B NICAM : global non-hydrostatic model with an icosahedral grid

B Resolution : horizontal : 10240, vertical : 78

ML on Aquarius
B Framework : PyTorch
B Method : Three-Layer MLP

B Resolution : horizontal : 10240, vertical : 78

Experimental design

B Phasel: PyTorch is trained to reproduce output variables from

input variables of cloud physics subroutine.
B Phase2:Reproduce the output variables from Input variables Cloud ph

and training results

Training data

B Input : total air density (rho), internal energy (ein), density of

water vapor (rho_q)

B Output : tendencies of input variables computed within the
Aein  Arho_q

cloud physics subroutine 'Arpo

AT

AT

AT

O PyTorch

Atmospheric Model
(Convection-Scheme ON)

Phasel: Training phase

Simulation Node

Data/Learning Node

Aquarius

ML App
(Python)

Phase2: Test phase



Test calculation

® Compute output variables from input variables and PyTorch
B The rough distribution of all variables is well reproduced
B The reproduction of extreme values is no good

ﬁ i13-Open-BDEC
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Examples of Scripts [Sumimoto, Arakawa]

Odyssey for Simulation

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-o
#PJM -L node=10:noncont
#PJM --mpi proc=80

#PJM -L elapse=00:10:00
#PJM -g gt00

#PJIM -j

#PJM -e err

module load fj
module load fjmpi
module load waitio

export WAITIO_MASTER_HOST="hostname’
export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=0

export WAITIO_NPB=2

hostname
waitio-serv-a64fx -d -m $WAITIO_MASTER_HOST

#mpiexec -oferr-proc errnicam -np 160 ./nicam
mpiexec -np 80 ./nicam

Aquarius for Al

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-a
#PJIM -L node=1

#PJM --mpi proc=10

#PJM -L elapse=00:10:00
#PJM -g gi00

#PJIM -

#PJM -e err

module unload aquarius
module unload gcc ompi
module load intel
module load impi
module load waitio

export WAITIO_MASTER_HOST="waitio-serv -c’

export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=1
export WAITIO_NPB=2

module unload intel
module unload impi
module load gcc ompi

mpiexec -n 10 ./ada
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h3-Open-SYS/WailO-Socket

» Wisteria/BDEC-01
— Aquarius (GPU: NVIDIA A100)
— Odyssey (CPU: A64FX)

« Combining Odyssey-Aquarius
— Single MPI Job over O-Ais

impossible

« Connection between Odyssey-
Aquarius
— IB-EDR with 2TB/sec.
— Fast File System
— h3-Open-SYS/WaitlO-Socket

 Library for Inter-Process
Communication through IB-
EDR with MPI-like interface

71

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

Shared File i 4 Fast File
System System

(SFS) Nodes Aquarlus (FFS)
25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100 1 PB, 1.0 TBIs

7.20 PF, 578.2 TB/s

— 800 Gbps —

External
Resources

External Network '

2 h3- ﬂnen BI]E(:
%




h3-Open-SYS/WailO-File

» Wisteria/BDEC-01
— Aquarius (GPU: NVIDIA A100)
— Odyssey (CPU: A64FX)

« Combining Odyssey-Aquarius
— Single MPI Job over O-Ais

impossible

« Connection between Odyssey-
Aquarius
— IB-EDR with 2TB/sec.
— Fast File System
— h3-Open-SYS/WaitlO-File

 Library for Inter-Process

Communication through FFS
with MPI-like interface

72

*.? Wisteria
¢ ¢ BDEC-01

Shared File

System

(SFS)
25.8 PB, 500 GBIs

Platform for Integration of (S+D+L)

Big Data & Extreme Computing

Simulation Nodes:
Odyssey

Fujitsu/Arm AB4FX
25.9PF, 7.8 PBIs

Fast File

System

(FFS)
1PB, 1.0 TBIs

Data/Learning

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

External e
Resources

800 Gbps

WaitlO-File

External Netwo

h3 .Open- BI]E(:
///

Big Data & Ext




Preliminary Evaluation: WaltIO Socket -File

« Odyssey-Aquarius,
Flow (Nagoya University)
« Test Cases
— Model A: 160 proc’s/40 nodes:
AB4FX (Odyssey, Flow I)
— Model B: 20 proc’s/1 node: Intel
Xeon (Aquarius, Flow Il)
« Waitio_isend/irecv/wait
* Results

— “Socket” is better for small
cases, “File” is better for large
ones

— “Flow” with WaitlO-Files is 2x
slower than Odyssey-Aquarius

» Reasonable Number

73
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C2 327,680 104,857,600
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« JHPCNO#IE

« ERNERER L I—DR/I\IVHRE
— Wisteria/BDEC-01
— Ipomoea-01

* h3-Open-BDEC

* FIFHZEH
« JHPCN#FIF B AH
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« Fa—ZUHWE UNEERTER Open-BDEC,
- FP16 « GPU(A100): WaitlO,
FOMD4EEH - BHAI—F~AOXE Tensor Core + Coupler)

AOOENTNS

Tensor Float [TF32]

. EBAMEIAL—

AVIZEAmE

- 2022F6AMD

F AT AE



JHPCNAE R R R-ENDICS

- HERETI)r—arniliFlit - &i#Eit

— ITGPUME IIFT—< &R Y55 A, MPI-OpenMPIZ DN TIXEHE

— OdysseyRlITwRBEIEIE+ R ENZIFTTT—<ERYSS

— BON-AMREFAEAEEMIZAR (Odyssey: BB KRELIBEHREZLH)
TIVF T4V RERK

[S+D+L1g4a4& (S+D, S+L)

— h3-Open-BDEC, h3-Open-UTIL/MP, WaitlO-Socket/File;& i : #&5E, X RIZE#K
¥IZ, UL LT3 0EBEEDIHEE

— KRR F|NENDELGLIIGIGEEETE

— B[ZT—3ZlEF, BTG 8IE T2 INEEINSIDOHA B EEI N
mdx&DEHEE AT §E

Eot=C&MBYELI=D, PREICTHRLESWD, (REEIED) BIE A%
EFAHATIAFEH A,
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Wisteria-Messenger

* Intel Xeon Gold 6348 (IcelLake)

— 2.6 GHz, 28 cores/socket

— 2 sockets X 6 nodes

— IB-HDR
« AquariustRIFEDHEEZTEIT S

— Odyssey&EEL TIS+D+L RS AT BE
« —HRABRELTLEL

— JHPCN#RIREF (XX CT{ERA AT RE
(IS+D+LIEAEIZRAT AMHEDH)

Fast File System
(GE)
1PB, 1.0 TBls

Shared File
System

(SFS)
25.8 PB, 500 GB/s

InfiniBand

m Messenger

Simulation
Nodes:

Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8 PBIs

Data/lLearning

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

External

Resources =
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T IWEA LT —53RE1E+

) simiton: 3DREEIVIaL—aviie
Ty RIS JDXnetiZ&k D)7 ILEA LERAT —5ER

Machine Observation

Learning, DDA Data/Learning Data
Nodes, Aguarius

Simulation Nodes

Simulation
_ Codes ﬂ

Data Assimilation
Data Analysis Observation Network for Earthquake: O(10%) Points

Server,
Storage,
DB,
Sensors,
etc.

NIED
J Dxet University’s
dO;vgs:T:;y:d in @ E.
ERIN Tokyo

Univ. Local univ.

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]




EEEES I AL—aV+8AIT—42R1E

*+? Wisteria
¢ ¢ BDEG-01

Data/Learning

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

Observed Data

S e
Soners

External Server Simulation Nodes:

Odyssey
Fujitsu/Arm A64FX
. 259PF,78PB/s

for Observed
Data

Output

Movie *
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Filtered Comp.
ReSUItS WaitlO-Socket Results

Seism3D/
OpenSWPC-DAF

Mesh Data i
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Web~A—X [3DERHMESH+UTILEA LT

S 3 —AEE IS aL—a R T
ZSab—vas i LOTH % - A EE - KA
T—2FEFR AT L IR EEAE A1-5. Web<—X

mdx& D EEE D IaL—a K- T—42FE
FIREZHEE (2022F %)

« ¥ A& [ZWeb Server (mdx L) IZ7

- AL, R/\3a> (Wisteria/BDEC-
!%“%‘%5'“ 01) LTI IaL— 3> DESE,
ool B BN S ERER SRS E DO RIE LR,
RRFZITI
WebfEHTT—428%X/\OV LT
MIBYLH5IL—LD—DIEBRIET
T —a ~DERFA DA BE




Web-based Simulation System for Outreach
Activities

I\

/ mdx
VM (Virtual Machine)

onVM

Web-Browser i
Authentication AT Input 1
i X !
SSH Access NFS Mount :
Job Submission :
¢ . * Wisteria
o' BDEC-01 \j Output \

Data/Learning Nodes Simulation Nodes

Aquarius

SowveTH 7.20 PF, 578.2 TBIs
External Server for
Observed Data

Odyssey

25.9 PF, 7.8 PBIs

» Shared File
System
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mdxh5WebfEE
Al —iay-F—4

AR5 T4TIZELT

Chuetsu offshore

Resolution: 960x960

Station: N.ABNH v

1

(A+S) Assimilation+Simulation

A TRIE

it

8 (Pure S) Pure Simulation/Forecast

10
o3t
oof

-0s}

Simulation (cm/sec)

Observation (cm/sec)

.

100
time [s]

100
time [s]

UsarA
User8
User-C
User-D

= — = - - . . = i R —
18] 1 Extemal Server for o ! :i\ﬁ i Extemal Server for
] | 1 Observed Data £ p | Results
oot | < 4 i
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Odyssey-AquariusiEi%,
Wisteria-mdx &

« RESNTHEONSFRFBESTEICTHEHEH

Q=AW
— h3-Open-SYS/WaitlO, h3-Open-UTIL/MP

» uketsuke@cc.u-tokyo.ac.jp

User-A
User-8

*.¢ Wisteria [~ &/
¢ ¢ BDEC-01 5

External Server for

Models
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HE#HFEI—F

Ealb—i3y

/—F#. Odyssey
Wisteria/BDEC-01

mmE. oon USRS

2 h3-0pen-BDEC
/)// lllllll & Extreme

DB for
Mesl Data

DB for 30
UG Model

Fortran APP
(NICAM)

h3open modules

h3open modules

Jeup modules Jeup modules

I Jeup

jcup_mpi_lib.fo0 jeup_mpi_lib.f90

MPI+WaitlO




« JHPCNOD#IE

s RRBEHEBREL A—DR/NOVHE
— Wisteria/BDEC-01
— Ipomoea-01

* h3-Open-BDEC

e
+ JHPCNFIFI B iA 2
. BAE: REHIE



JHPCNIZALN—FILAEWCERELLONDIEE

B -BEEL

— BEA LR/ F A (EEAER)

- BHLT7AVUMIZRHNTOT ST EES

TR -EBEHY JHPCNO—SFRIDEED T

- EFTHFA

— Al for HPC :$# b ST E+T—2+FF IREICEYINAIELTNVSIGE
AR -HERFHY

— FSAT7ILFAGEEDI0%NDEIEE)

- TEDHEIEFEEHY, ZID37AMILER
[TEFAIDEHT2024F1 A THICKEEAFZHASZTFTELTLS
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= FLtE-Al-for-HPC (0 #t%%, A smE)
S T Y TN I T S A A I N
—f& (@) A O Ve Ve v hERF

B F
FSAT7IL (@) A (@) v v v/ EENRN [Pl
HELFA (@) O O v v v v 14 ARE elies
JHPCN O (@) A £4 v v/ v F1E(1A)
—fg-EF O A A =] v v v
HPCI F1E (10-118)
ExE (@) £4 v v v
—fi% (@) (@) (@) v £5 v v v v/ 2E(8-2H)
EFTHE
AL2B— (@) v/ E= | v/ v/ v/ F1E(E=)
Al for HPC O (@) A =24 v v 4 4 BER, GFAEBE
HPCF¥L o (@) (@) (@) £ v/ v EHE
EES A A A v v 14 BE#UID F20EFEE
HBEFA (@) O O £4 v v TEFHES A ielies
—fi& A O A + mEE v v 2B (8:2A)
EFI A =
BS4FL A O A TEE -8/ 7 | 7 |G b, FAOES

(A:;F—52%1T, B:/—FERE, C:0dysseyeAquariusi{TaIEE, D: 1> AT L1ERY IGE AT RE)
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https://www.cc.u-tokyo.ac.jp/quide/young/

. %%

- EFNEE (REFEEI4RA1BREICEVLVTLORELT), KEMEE, B&

— & (1B, 7TREDOE2BIFEE) :2022F H omdxF| B el §E

- EAME, £%E+L0K

- EREFHXRAZEHLZND, KH6r AXRFODEFE@ERNIEAIAE (BAERIEESR)
— ARBAMR 1 EF-ITEE, 108 A 3 EF

A 3—FIE

— PEHPAE - REREEFTR (BEANFE)

— R BARREEOR Rt I—FEZEELTWN D, AoSAABITOFTE
— JIL—THRAIX2022FEEISFEIE (THBFFRAINTET)

DR NS

— EE (a1 —ALE—~DFR), #Ee

HIZENT-—ERREIL, JHPCNSEFR ERAREEELTHE
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£F - LA SETRA EREE- SReRT)

https://www.cc.u-tokyo.ac.|p/quide/young/

Wisteria/BDEC-01 Wisteria/BDEC-01 mdx
Odyssey Aquarius https:/mdx.jp/mdx/

64 A (90,000 %) 64 A (135,000 +8) v' 608vCPU(4/—FFE %)

@ 8,640(2/—Kx6~H) D 12,960(1GPUx648) v 1GPU

@ 2,304/—K @ 8/—K(64GPU) v R¥ET X% 100GB

® 1.00(1/—K) @ 3.00(GPU) v BEAERL— 1TIB
@ 4TB @ 6TB v KBEERNZRRL— 2TiB

vV ATV H9RRL—2 2TiB
124 A (180,000 48 =) 124 A (270,000 %) v JB—/N\JLIPFRLR 1{E

@D 17,280(2/—K4) @D 25,920 (1GPU%)
@ 2,304/—K @ 8/—K(64GPU)
® 1.00(1/—K) ® 3.00(GPU)

@ 4TB @ 6TB
TARIBEEMATB) TARAIBEEM(1TB)
64 A :3,240M 64 B :3,240M

124 B :6,480M 124 B :6,480M

Or—U B LR, QiSIKT/—FH(TRK), Qb—VVHERE, @T1RIRE



Al for HPC:Society 5.0I{ ~[[](+7- A\ T&0&E-
T—AREZICKLFAERZOEER G1T) (1/2)

https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/

e (FTIE+T7—2+FE (S+D+L))MEER, T—28 =, #HEE, A4
BEICKDETEMFZNEELZBETIEEZSS

« RANELT, HEMFLIAL—2ay (BEFERIFA—TOV—XR)%, 7—43
Bl NI, #BHEFEFICE-TEEL, S1RIETHIEEXBRETS
— KT —42RMEENTHEEERA T ALILHRLZIHT I+,
— TAYSLERERDF1—=24, PILTVRLEERLEE XHENTTH, BEF1—

ZUFIZESTRETIILTYRLEERT BEOLEEFEDN-LET,

c SEEFETIL—T -t oA—HEDOHRHATELTER
- REREF BEE(KE-HIE&E-0%), Aon— EREESML AR
— REELUBIHPCNA R L RECEEEIET
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Al for HPC :Society 5.05I{ ~[[](+7- A\ T0&E-
T—AEEZICKLFAERZOEER 1T (2/2)

https://www.cc.u-tokyo.ac.jp/quid/e/exploratory/AlforHPC
- MESE F4RIEE(XEH)

- HEHERERE TR (BEE50HMAMEY (X o2 Wisteria
BOAREMEHY)) ’

Python APP
(PyTorch)

— Wisteria/BDEC-01 Fortran APP
— Wisteria/BDEC-01 (Odyssey+Aquarius) | FB #t )
« Wisteria/BDEC-01[\] [TV 7+ 7 &0 KRB FE
— h3-Open-BDEC
o RN | |
- HEE(Z2—RALIF—~DFR), MES(EFEF-1H —
AR, JHPONIRROBE FRR)

h3opp.py

h3open modules

n-UTIL/MP
I

h3open modules

o Jcup modules Jeup modules

h3-Ope

jeup_mpi_lib.f90 jeup_mpi_lib.f90
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2020

2021

2021

2022

= EFT
(REKRFIFZR
WZe R - HEHER)

= HFT
(RRKRXFIFR
WZe R - HEHER)

Fih iz (BBIEF 8t
RAMIREEREF
R E2—F—
L) —5—)
JESE R (B HE
KRF KFEREF
WrZERL - FEET)

BRI IaL—2a D
FHEEMEEE/LDHEHH

BEKX7UY2IIL
STEEEMEE OBEAICK
HiEkFFEIaL—2ay
DAREEMEEZI

HIESaL— 3 LW
FE LOME ITKDPER
EDFRET R

HWHFE AWV - ERER
RRDBERT B AT LD
Ek

Oakforest-PACS

Wisteria/BDEC-01
(Odyssey)
Wisteria/BDEC-01
(Aquarius)

Wisteria/BDEC-01
(Aquarius)
Oakbridge-CX

Wisteria/BDEC-01
(Aquarius)
Oakbridge-CX

h3-Open-BDECD RT3
Odyssey-Aquariusi®E#E > 1
I3 DRFEICHER
JHPCN 2022/2023

JHPCN 2022/2023

JHPCN 2023
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. RREEMIERE R MBS R T — 2ty OB {E AR

FET—4
DR
/"
EX10004/3— ' \ WP BCLHREETL |
FoHLIILzalb—ay
= d_ -

HEREAL - BES T
INGA=BDAAZHTE

Y

Wisteria \ ‘/ Wisteria
byl Ocyssey | | Aquarius |

ROY TR BOECOL
£
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« JHPCNOD#IE

s RRBEHEBREL A—DR/NOVHE
— Wisteria/BDEC-01
— Ipomoea-01

* h3-Open-BDEC

o ¥ FAZEHI
« JHPCN#|HERIAH
- &5 GPURBHE~DHEY A (OFP-II)
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2006-2010 2016-2020 2026-2030
Y | |
o Hitachi SR16K/M1 ‘
Hlta‘cl’y’ ‘S’F\lBOOO Yayoi ;ﬁ{u&g ~ “.’
SR8000 IBM Power5+ IBM Power7 ,J‘LFHCPU
| Intel CLX
Hitachi Hitachi OBCX MEREE A
SR2201 SR8000/MPP (Fujitsu) ‘ ‘ ‘ ‘
- ] 6.61 PF
HARP-1E SR8000 —— NVIDIA H100
Hitachi HA8000 Oakforest-
T2K Todai PACS (Fuijitsu) |
190 TF Intel Xeon Phi i
AMD Opteron -F-__t —ps -
ujitsu Wisteria g, i
o Oakleaf-FX o%e BOEC01 FUlitSU
, 1.13 PF 33.1 PF
i/‘i k%'l #ﬁ i ﬁ: SPACR64 IXX mmmm AB4FX, ~ Accelerators
e

o BA—DR/NA | ||

FIAHE2,600+4
55% (L4}

%%ﬂ)l&") I~)lf
,FLFHCPU

| hﬂﬁ**%ﬁ

U/H/L (SGI-HPE)
3.36 PF

Intel BDW +
NVIDIA P100

‘ Reedbush-
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OFP-lI~M3E (1/2)

« OFP (Oakforest-PACS) #& #¥#5E (OFP-11)
— JCAHPC (R KFEEHEE])
— 202541 BSEABATE

o« A/NAVANDMREER, BB N R;I§1I:.=>
,,.ﬁmai%%%%kli?_h’i(E'E’:dt%mﬂﬁ)
— 2021 FERRICIT A &R E

1.50

1.00

System
(Top/Green 500) GF/W

Henri (255,1) NVIDIA H100 65.4 050

Frontier (1,6) AMD MI250X 52.6 -

Leonardo (4,15)  NVIDIAA100 32.2 FE S P EF PSSP OB HP S DO P
Fugaku (2, 49) ABAFX 15.4 * .

Ratio over Cost in FY.2021 (19JPY/kWh)

E7 *12021 kb



OFP-lI~M3& (2/2) O JCAHPC

. OFP-Il (202541 B {EFARALA) W RNEL G RASE
— SAACPUYZ X4 (Group-A) +GPU%YZ X4 (Group-B)
TR T A R LR
.+ GPUDEFEIF20224E6 A 1248 T Group-A

— OFPa—#—(3,000 ALl £) DGPU~DHTIZ1218-307 B E [
— THREOANVFI—Y

- NVIDIA# BGPUREAITIRTE (202246 A) Group-B
— H1005 LI Z D fk CPU+GPU

— ROF
- MEEZDHLD
« FortranTCEBEIN=7TUr—a> DR—E2E) T4
— OpenACC/StdPar (Standard Parallelism) [Z&AGPU{E I LEER RIS B
OpenMP/MPINAT)yRIZk->TiiF{tE=nf-T 055 LIZELTLS
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GPUSHE - BT DETE

NVIDIA Japan® 1% 5
3,000 ALL EDOFPHIFAE 2D DR RE
[B S #548 (Self Porting) 1: ¥k R4 T3>
— 1 EAMD/NYAYY (E=Fv>2T), 357210, o542 \1T1)vk, SlackfiH
— B AREINBTEHKES ] (Zoom, E1—F—HLHHIZSINTES)
— RESILKFEELIEIBITR—2ILY (L), BEEER

* https://|cahpc.github.io/gpu_porting/
[-7R—~#8 48 (Surpported Porting) 1, 2022410 B BitA
- DA —Y—%FIHI32=F,a—F(1778%F, XH), OpenFOAM(NVIDIA)
-~ NEDEODFELER BN —HDIEETEHFE)
— T R—FBHEIT IV —T A N—(FIZEF) (F\vAHY - HHERICHEBAIIZS
HZABIIZOpenACC/StdPar (Standard Parallelism) # 3%
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Category Name (Organizations) Target, Method etc.

FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Eng”(‘g)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
Blop(gy)/sms UT-Heart (UT Heart, U.Tokyo)  Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallIMHD3D (NIFS) Turbulent MHD, FFT Fortran
Phg’ss)'cs Nucl_TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4) hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix Fortran

sse_3d (NIED) Earthquake Science, BEM (CUDA Fortran) Fortran



Category Name (Organizations) Target, Method etc.

FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Eng"(‘g)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
B'Op(ggs'cs UT-Heart (UT Heart, U.Tokyo)  Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
. MUTSU/iHallMHD3D (NIFS)  Turbulent MHD, FFT Fortran
Phg’ss)'cs Nucl_TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++

Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran

Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77

(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran

OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran

(4)  hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix Fortran
Earthquake Science, BEM (CUDA Fortran Fortran




Category Name (Organizations) Target, Method etc. Language

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Eng”(‘g)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
Blop(gy)/sms UT-Heart (UT Heart, U.Tokyo)  Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallIMHD3D (NIFS) Turbulent MHD, FFT Fortran
Phg’ss)'cs Nucl_TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4) hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix Fortran

sse_3d (NIED) Earthquake Science, BEM (CUDA Fortran) Fortran



FrontFlow/blue (FFB) Flow Solver

B FEM-based incompressible/compressible Flow Solver
B Developed for Industrial Applications of WR-LES
B Features Automated Mesh Refinement and Overset Method

Cp(Total)

0.500 Cavitating Hydrofoil

—

.—O.SOO

TIME=12.5978

Cp
Q=1000

0.300
| |

.. -0.150
8 _0.600

Automobile Wake

[c/o Prof. C. Kato (UTokyo)]




ﬂ Porting FFB on A100 through OpenACC-1

H Porting of a main kernel GRAD3X completed Just by adding directives

DO 1000 IP =1 , NP
FXBUF=0.0EO
FYBUF=0.0EO
FzZBUF=0.0EO

DO 1100 T =1, 8
IE=IENP(I,IP)
SWRK = S(IE)
FXBUF=FXBUF-SWRK*DNXYZP(I,1l,IP)
FYBUF=FYBUF-SWRK*DNXYZP(I,2,IP)
FZBUF=FZBUF-SWRK*DNXYZP(I,3,IP)
1100 CONTINUE
FXYZ(1,IP)=FXBUF*CM(IP)
FXYZ(2,IP)=FYBUF*CM(IP)
FXYZ(3,IP)=FZBUF*CM(IP)
1000 CONTINUE

|$acc kernels
DO 1000 IP =1 , NP
FXBUF=0.0EO
FYBUF=0.0EO
FZBUF=0.0EO
|$acc loop seq
po 1100 I =1, 8
IE=IENP(I,IP)
SWRK = S(IE)
FXBUF=FXBUF=SWRK*DNXYzZP(I,1l,IP)
FYBUF=FYBUF=-SWRK*DNXYzZP(I,2,IP)
FZBUF=FZBUF-SWRK*DNXYzZP(I,3,IP)
1100 CONTINUE
EXYZ(1l,IP)=FXBUEF*CM(IP)
EXYZ(2,IP)=FYBUF*CM(IP)
EXYZ(3,IP)=FZBUF*CM(IP)
1000 CONTINUE
|$acc end kernels

Original code [c/o Prof. C. Kato (UTokyo)]

Code with directives ——




Performance of FFB

* FFB is memory bound * High GPU utilization by using GPU Direct to

* Reasonable performance for peak reduce communication time
memory bandwidth

Performance per CPU or GPU
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JCAHPC

=1i&

Group A: JLHCPU/—

g LR D B K

a |
University of Tsukuba < Lg THE UNIVERSITY OF TOKYO

F: Intel Xeon Max 9480 (SPR)

— 5t&E/—F: Intel Xeon Max 9480 (1.9 GHz, 56¢) x 2
- 6.8 TF, 128 GiB, 3,200 GB/sec (HBM2e only)

L

« 190 /—F, 1.3 PF, IB-NDR 200

NVIDIA GH200 Grace Hopper Superchip

« 372 TB/sec for STREAM Triad (Peak: 608 TB/sec) troDRX o
Group-B: jEH il /—F: NVIDIA GH200 2R

— & /—F: NVIDIA GH200 Grace-Hopper Superchip — e

+ Grace: 72c, 2.9 TF, 111 GiB, 512 GB/sec (LPDDR5X) o k

- H100: 66.9 TF DP-Tensor Core, 89.4 GiB, 4,022 GB/sec (HBM3) || ‘. = i

— CPU-GPURIIEZF¥y>aae—L bk Fistent il PCle Gens

« NVMe SSD#E&k: 1.9TB, 8.0GB/sec, GPUDirect Storage NVMe 55D :7I2NDRtI;If;-\‘

- é§+ (CPU+GPU®éE+1E) | > IBNDéZOO

- 1,120 /—F, 78.2 PF, 5.07 PB/sec, IB-NDR 200 {200 Ches) .




OFP-Il (2/2) <) JCAHPC

i Sk L WEK Y

University of Tiukuba (_ ’ THE UNIVERSITY OF TOKYO

« J7AJL AT L: DDN EXA Scalar, Lustre FS

— 10.3 PB (NVMe SSD) 1.0TB/sec, “Ipomoea-01” (26 PB) + %I vl &t

« Group-A/B D& /—FKIZ7ILINLtH a3V \U IR TS
— (400Gbps/8) x (32x20+16 x1) = 32.8 TB/sec

- 202541 A:ERE . Group-A/BEID&EIE(E
h3-Open-SYS/WaitlO [Z&VYEIR

IB-NDR (400Gbps)
omoea-01
IB-NDR200(200) #ﬁ;ztgap:éw—v

Group-A Group-B File System

e o MaX  NVIDIAGH2001,120  DDN_EXA Scaler

1(_3 PE 6())8 TB/sec 78.2 PF, 5.07 PB/sec 10.3 PB, 1.0TB/sec
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S T P N N N ) T S T T
—& (@) A @) v v v Viclis3

BEEANA
FSATIL (@) A @) v/ v/ /o OEER el
HELFA (@) O O v v v v 14 ARE elies
JHPCN O (@) A £4 v v v F1E(1A)
—fg-EF O A A =] v v v
HPCI F1E (10-118)
ExE (@) £4 v v v
—fi% (@) (@) (@) v £5 v v v v/ 42[E(8-2H)
EFL
L8—> @) v £4F v/ v/ v/ FE1E(E=)
Al for HPC (@) (@) A =5 v/ v/ v v/ MERE, EEARIES
HPCFv¥L > O (@) (@) £45 v v FEHHME
BT A A A e v 14 A& %UID F20EFEE
HEFA (@) O O £4 v v TEFHES A ielies
—% A O A + mE & v v 2 (8-2H)
¥R A "
BS4PL A O A EE -8/ v/ v CSTEmH b, FAOES

EERN

(A:;F—52%1T, B:/—FERE, C:0dysseyeAquariusi{TaIEE, D: 1> AT L1ERY IGE AT RE)



KIFEHPCF Lo

https://www.cc.u-tokyo.ac.jp/quide/hpc/

« B1EI(AXR)EM, 254, Ex

- JIL—TFEEIFEA

— BERMIZBFEBZT IV —TRRETHILEERNR

—HWA—HY—ICIIREET, KE-TAREE - EEISIBL(EE

- NI EMARZECEEZEETER

ERF24AGBAEFA, FIRSECB45ARTFTEHTHEER)

— COVID-198Afd fr & h ik, I3 EHERAT D 2a—ILTH-1=H, 2023FEH 52485
Gilstr

Wisteria/BDEC-01

— Odyssey (6,144 /—F) &Aquarius (36/—F) [F (H (L) Al K [ZZE Tk

BREAH: Za—XLA—~DEFR, ST —FTORRNETF

JHPCN& A mTgE
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BRLTHAIUMIZEFNTOT ST EE R

https://www.cc.u-tokyo.ac.jp/events/lectures/
https://www.youtube.com/playlist?lisi=PLob|Sv ny85kXY2Minhn1k7pM-epQaD?2y

o IRTE(EWisteria/BDEC-01&FAL-EE &
¢« 2020FEMNLTEF S/ TE: F20EF2E, #IL THHT (BEAE)
s BFFAEBICREEY, EXOEMNE -HARELZEEE
V ZEED1/2~2B3IE T EMNCRE FEHILKICKELEM
VPCOZRAAVYY =7 L(RR7ITVr—a i) L4t
« 1~2HREIDESE, 17 AFMWGIEHLTHOUR]
v 2/ AP LinuxDfELYA
v MPIE#E, MPIIEA (IS BRERZE), TILFaAT7TBTIZT
v GPUZRY S35, GPUS=Fvo T (1 \whYY)
VIAITI)RA (U A—BERFEDSAT3)ER) (HITFI, WaitlO/Coupler)
v OpenFOAM (#1#%, S #k)
v Altair HyperWorks
V IR/, ETEEICHIRHY, ANV EFERALGVGEZRLHS
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SRR (F5142) (F3E)

¢ _¢ Wisteria

20234 12H04H (H) (JHPCN) oo BDEC-01
2024418178 (K) (&%, EF -k, Al-for-HPC)

— 13:00-15:00LE + {& B! FB 2%
2024F7A TR (&£ %, HF X%, Al-for-HPC)

&8 il

- E&5F - https://www.cc.u-tokyo.ac.jp/quide/youna/

- xFH https://www.cc.u-tokyo.ac.jp/quide/company/

— Al-for-HPC https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/

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




