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National High Performance Computing, Germany
https://www.nhr-verein.de/en/
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H

University _____________________High Performance Center Website

RWTH Aachen
Technische Universitat Darmstadt
Universitat Nurnberg-Erlangen

Universitat Gottingen

Karlsruher Institut fur Technologie
Technische Universitat Dresden

Berlin University Alliance

Universitat Paderborn

Universitat Frankfurt am Main
Rheinland-Pfalzische Technische Universitat
Kaiserslautern-Landau (RPTU)

Universitat Mainz

Universitat des Saarlandes

IT Center
Hochschulrechenzentrum (HRZ)
Regionales Rechenzentrum Erlangen

Gesellschaft fur wissenschaftliche Datenverarbeitung mbH
Gottingen (GWDG)

Steinbuch Centre for Computing (SCC)
Zentrum fur Informationsdienste und Hochleistungsrechnen

Zuse-Institut Berlin

Paderborn Center fur Parallel Computing

NHR Sud-West

NHR4CES@RWTH

NHRA4CES@TUDa

NHR@FAU

NHR@ Gottingen

NHR@KIT

NHR@TUD

NHR@ZIB

PC2

NHR@SW
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https://www.zib.de/nhr
https://pc2.uni-paderborn.de/
https://nhrsw.de/

NHR-JHPCN Projects in FY.2024

https://jhpcn-kyoten.itc.u-tokyo.ac.jp/en/adoption

H

23

jh240021

Takahiro Katagiri
(Nagoya U.)

Novel Expansion of High-performance and
Highly-reliable Numerical Methods and
Applications

FAU Erlangen, Germany
DLR, Germany
BSC, Spain; LBNL, USA

jh240029

Kengo Nakajima
(U.Tokyo)

Innovative Computational Science by
Integration of Simulation/Data/Learning on
Heterogeneous Supercomputers

FAU Erlangen, Germany
JSC, Germany

U. Wuppertal, Germany
U. Cologne, Germany
CEA, France; RBI, Croatia

jh240058

Takeshi Nanri
(Kyushu U.)

Study on the real effect of non-blocking
collective communications

FAU Erlangen, Germany
TU Darmstadt, Germany
TU Munich, Germany
Georgia Tech, USA

OSU, USA; NVIDIA, USA

jh240074 | Toshihiro Hanawa | Energy Efficient Operation for U. Padeborn, Germany
(U.Tokyo) Supercomputing Systems (FAU Erlangen, Germany)
jh240080 | Akihiro Fuijii Innovative multigrid Il FAU Erlangen, Germany

(Kogakuin U.)

U. Wuppertal, Germany
TU Munich, Germany; INRIA, France
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Miyabi/OFP-II

150+ PF
Accelerators

03
Ipomoea-02
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2022 EF 4555 ENAFACPU, BGPU
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X_l {_: > to 1_7_-4>7‘ Society 5.0 for SDGs Keidanren

Jopan Business Federation

Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a
A , better future", which contributes to the achievement of SDGs
Using remote sensing and Boosting food production by smart agriculture
!! ! for loT, Al and ata
itor cd ng nutritional s with smart food
\\ : e il;nfores‘t B roduced by cutting. iotechnology
. , 4 7 D F @ y *% 1 t degradation, biodiversity, etc. CivicTec i T R ETech
“ — JobTech TourTech ."m
Resolving climate change g PR ey AutoTech
issues with simulations ——
based on the analysis of gy ek 7 ——
n'f%:ﬂ-% £+ & T == : Simulations = L
observation data by using AT wespuge
High Performan ce i v 4 . h
/ — Computing wne SOCICLYS.0 =
— ¢ 9 BioTech 'E?T B
( 8 for E
i i SUSTAINABLE  seertuc "
-I Creating smart ities where EmviTech reitarton DEVELOPMENT ; i
— A | *ﬁ% ) % E S | WAM. . GoALs. Ay pem
eeeeeeeeee m 0, 'v-s% e " 4 A5
’ ol
Building global innovati on i g
\ n
ecosystems by connecting et e
industries, academic institutions
A and other related stakeholders iy Vo ey N i
OCIG y . %-- - =

- 749‘1:»2?&1 EYAN—ZEDRME i

+ S:22alb—Yav (§tHE) (Simulation) }
. D:¥—%(Data) BDEC (Big Data &
— Simulation + Data + Learning = S+D+L EXtreme Computing)

 L:%& (Learning)

- BDEC (Big Data & Extreme Computing) S

- THE- T2 B WA TSV I+ —L +D+L
— I'S1IZH K : Al for HPC, Al for Science




(P2alb—ary (fHHE) +T7—4+32F)BE (S+D+L)
+ RAEHRER 2T, 20158 @MST(S+D+L)
MEIDEZEITEEL, TNZEREITH-HD/N—F
D17, V70T, TI)r—ay, PILdYXLIZ !
B9 SR A FE = IR
— BDECEti#] (Big Data & Extreme Computing)
—IF7—45+Z2EF I2&D, FYSERILZaL— 30 )

« Al for HPC, Al for Science
— MIEKEFEETIXBAGHEE (I TITEESNTLND) |

e 2021E5RIZERZEFHIRLT=I Wisteria/BDEC-01 (&I
BDECETHE | D15 14
— Reedbush, Oakbridge-CXIZIBDEC D7 AR AT EGIE

Dlonsd
— [51&E-7—4-2E (S+D+L) IBt A4 EHT 5, HATHY]
OTDTFTVETA—L

*,* Wisteria
oo BOEC-OT
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Wisteria/BDEC-01 BDEC:T &4+ F— 45+ %8 (S+D+L)
20215814 H:E FAE5 MEDE=HDT IV ITA—L

(Big Data & Extreme Computing)

- REARFEHIFv2 /R
331 PF, 838 PB/SGC. , ﬂﬁ% L IR 4 Wisteria Platform for Integration of (S+D+L)
— ~4 .5 MVA(EF:EH ;&07%) ~360m2 "‘ BDEC-01 Big Data & Extreme Computing
» Hierarchical, Hybrid, Heterogeneous (h3) T
Y Fujitsu/Arm A64FX
— 25.9PF, 7.8PB/s
z*iiﬁfa)/ . IN ﬁ o Shared File _ Fast File
_ /:&L ;0;7?:// —R# (S, SIM) : Odyssey %?g;%t_;zm» o E%;%t—;z"’
* - S AT Aquarius IAT
- Fujitsu PRIMEHPC FX1000 (A64FX), 25.0 PF | S Rt (it t
— 7,680/—F (368,640 O7), 2054, Tofu-D

- T—45-2% /—F# (D/L, DL) : Aquarius
o THEM, BWFES
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—FK(Ice Lake:90&, A100:360%), IB-HDR

. BMBRYY—R (RRL—, H—13—, Lo —FykD ¢ ¢
— ) [CE S ‘ WISterla
— D7AIINVRT L B (KREE) + &

77777 External
#3999 Resources

- NN V
External Network o T SAER)Y—R

SNERY LT —25

o e BDEC-01
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Wisteria/BDEC-01 BDEC:T &4+ F— 45+ %8 (S+D+L)
2021*-5ﬁ14EL FaﬁyL\ Eﬂﬂ’%mf:&)®77‘y|‘77]'_.&

(Big Data & Extreme Computing)

—~- HRREMHIFv /X
331 PF, 838 PB/SeC. , ﬂﬁ% L R 4 Wisteria P!atform for Integ of (S_+D+L)
— ~4.5 MVA(ZEERiA# ), ~360m? o+ BDEC-01  [BigData & Ex
» Hierarchical, Hybrid, Heterogeneous (h3) T sy
Y Fujitsu/Arm A64FX
— 25.9PF, 7.8PB/s
Z*Eiﬁia)/ - IN ﬁ o Shared File _ Fast File
_ /:é.;—/?{/—Fi*(S, SIM) : Odyssey %?g;tzezm» o %?%gtzez»
n wx, \:‘/ /(él:-}é) Intel |C(:A|_gkl:?':\llj|§|AA100 /(FXF7S-)
° Fu1|tsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s
— 7,680/—F (368,640 2F7), 2054, Tofu-D

800 Gbps

- T—45-2% /—F# (D/L, DL) : Aquarius
o THEM, BWFES
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—FK(Ice Lake:90&, A100:360%), IB-HDR

. BMBRYY—R (RRL—, H—13—, Lo —FykD ¢ ¢
— ) [CE S ‘ WISterla
— D7AIINVRT L B (KREE) + &

77777 External
#3999 Resources

Z =N ] o
External Network - T SEER)Y—R

SNERY LT —25

o e BDEC-01



32

Wisteria/BDEC-01 BDEC:T &4+ F— 45+ %8 (S+D+L)
2021*-5ﬁ14EL EﬁyL\ Eﬂﬂ’%mf:&)®77‘y|‘77]'_.&

(Big Data & Extreme Computing)

- REARFEHIFv2 /R
331 PF, 838 PB/SGC. , ﬂﬁ% L IR 4 Wisteria Platform for Integration of (S+D+L)
— ~4 .5 MVA(Z.D:EH ;&0—1%) ~360m2 "‘ BDEC-01 Big Data & Extreme Computing
» Hierarchical, Hybrid, Heterogeneous (h3) T
Y Fujitsu/Arm A64FX
— 25.9PF, 7.8PB/s
Zéﬁfa)/ . IN ﬁ o Shared File _ Fast File
_ /21; ;&7?:// —R# (S, SIM) : Odyssey %?%t_;zm» o %%;%t—;z"’
* - S AT Aquarius IAT
- Fujitsu PRIMEHPC FX1000 (A64FX), 25.0 PF | S Rl (it t
— 7,680/—F (368,640 O7), 2054, Tofu-D

- T—45-2% /—F# (D/L, DL) : Aquarius
o THEM, BWES
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—F (Ice Lake:90%, A100:360£), IB-HDR

¢ SHERYY—R(RRL—S, H—18—, &Y —RykT L S ¢
—Otth) ICE S 4 El,llEsct%:Ia
— DFAINVART L EH(KEBE) +5iE * @

(,, : o EXtErNA
e ﬂ Resources
i

/ExternaINetwork - ‘M HER) Y —R

SNERY LT —25




S AT BRI FUJITSU

>2ab—->3>/)—-k: 7,680/—R (BE:mEEMEEE 25.9 PFLOPS, #8XAEUI\>KiE 7.8 PB/s)

T—H-F8B)—R:45)—-R (REBREBEIERE 7.2 PFLOPS, #AEUYN\>RiE 578.2 TB/s)

o ShEBiEsEIL—4 (Ethernet) SRy T
HEFrNR
mMdx> AT

0J4> )= REBIFIVS AT

¢ e
[

oJ4>/)—-R

FUJITSU Server

= =@
-y oy

FUJITSU Server
PRIMERGY GX2570 M6 x 45./—k

>2ab—-33>)—REF

PRIMERGY RX2530 M5 x 20/—Rk FUJITSU Server
HIRmEE e (fSHE) 1 96TFLOPS PRIMERGY RX2530 M5 x 2
HWAEUBE 1 7.5TiB ETERNUS DX60 S5 x 1

BWFIAEE : 14.4TB

FUJITSU Supercomputer 21l —33> /R J—R#&1h Intel Xeon Platinum 8360Y
PRIMEHPC FX1000 x 7,680.—K (20597) Zy~J—7 ( Processor (2.40GHz, 3617) x2)
gﬁ}E§ﬁ7E§'l‘iﬁg(1g*%g) : 25.9PFLOPS (TOfU’f‘/@‘]?‘ﬁJ\D) J—R&1h NVIDIA A100 x 8E)

TS : 240TiB JHE7>a I RE 13TBS | ommiam B e (148E) : 7.2PFLOPS

HAEUNRIE : 7.8PB/s HWAEVESE . 36.5TiB,fﬁfﬁi"EU/(‘>F¢§ : 578.2TB/s

—4-F8 - PRErvbD-7 & /- PEESERYETJ—7 (InfiniBand EDR/HDR)

| [ |
7 IATRYNI 1/ EiBRY T4 (Ethernet)
BRIV AT s HBEI7AINIAT A EifH—) B BIEY—-N\BFryNI—UAN -
MDS,MDT x1twk  0SS,0ST x16tzyh ) Xlt‘y'\ o Q nen Q Q‘ ‘
........... > FUJITSU Server
v PRIMERGY RX2530 M5 ‘ ‘ i I'i
e _ FUJITSU Server

IPAVSZF L« FEFS TPASZF L : FEFS x13 w 3‘3 a
AN~ 97 —SHRERE : 1.0TB/s AR~ S5 —EEHE : 0.5TB/s S . | v DX1o0 S8 % 1 | ¢ _
MDS : PRIMERGY RX2530 M5 X 2 MDS : PRIMERGY RX2530 M5 x 4 A, Wep 2. RIS < 42078 Y 2 2 BDEC-01
MDT : ETERNUS AF250 S3 x 1 MDT : ETERNUS AF250 S3 x 1 1U57/07x2) % =
0SS, OST : 2VM/CM, DDN SFA400NVXE x 16 0SS, OST : 1VM/CM, DDN SFA7990XE x 16

33 Copyright 2020 FUJITSU LIMITED
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TR ER TR
R/ —k%#
WERER=E

FYET—IMREY—

A3 —axhk

HXEI714)L
O RT Ls

SR I7AIL
AT L

N

VAT LA

+H—/\(0SS)
H—/\(0SS)%K
AN—DBE
A= T —FEREEE
VAT LA

H—/3(0SS)
H—/\(0OSS)%k
AN—DRE

AN =T —2E5 5 RE

6 Rjgivira/ bh—3X

25.9 PFLOPS 7.2 PFLOPS
7,680 45
240.0 TiB 36.5 TiB

Full-bisection Fat Tree

Tofu/ 22— kD 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)
FUJITSU Supercomputer

Wisteria-A (Aquarius)

FUJITSU Server PRIMERGY GX2570

RIVVE PRIMEHPC FX1000 M6
5 Intel Xeon Platinum 8360Y

0ty 4 AB4FX (B 3—K 4 :Ice Lake)
J0vyHE (AT7H) 1 (48+F7 L R3ba72or 4) 2 (36+36)

CPU 2 3h £k 2.2 GHz 2.4 GHz
BmEE e 3.3792 TFLOPS 5.53 TFLOPS
AEYRBR= 32 GB 512 GiB
AT EiENE 1,024 GB/s 409.6 GB/s
JOtyvg4 NVIDIA A100
SM%% (B {K) 108
AEYRE= (BIF) 40 GB
AT FiIE (BEIK) 1,555 GB/s
B EE M RE (BE(K) 19.5 TFLOPS

GPU BH &% - 8

CPU-GPUFE &5

GPUFE #&#e

PCI Express Gen4 x 16L—>
(1L—2®71=Y /A [32 GB/s)

NVLink x 122
(1&&H1=Y B A F25GB/s)
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YOO T7

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

OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
a5 GNU a2 /15 GNU /15
Intel 3> 7\45(Fortran77/90/95/2003/2008.
C. C++)
BB aV/(5 NVIDIA HPC SDK
(Fortran77/90/95/2003/2008. C. (Fortran77/90/95/2003/2008, C. C++,
C++) OpenACC 2.7)
NVIDIA CUDA SDK

(CUDAC. CUDA C++)

Iyt—I@IE

At =+ B 5 \
S 551 T@Ett EHMPI Intel MP1, Open MPI



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

21473)

TI)r—ay

21—k x7

avTFH{RAEE

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 &5 4J51)(MKL)(BLAS. CBLAS. LAPACK
. ScaLAPACK) . cuBLAS. cuSPARSE. cuFFT.
MAGMA. cuDNN. NCCL

OpenFOAM, ABINIT-MP., PHASE. FrontFlow/blue. FrontiISTR, 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

ELTE#HES14751)(BLAS, CBLAS,
LAPACK. ScalAPACK)

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 &

Globus Toolkit, Gfarm. FUSE

Singularity Community Edition



Simulation Nodes
Odyssey srEREFEa—F
25.9 PF, 7.8 PBI/s

Ialb—i 3y
/—F#, Odyssey
Fast File | Shared File

System [ System Wisteria/BDEC-01 4

.0 PB, . BHEE, DDA " . |5 —
11.00TPBBIs oz.gosTPBB/’s = T—2FE/—FE o

Aquarius

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
System

(SFS)
25.8 PB,
0.50 TB/s

System

(FFS)
1.0 PB,
1.0 TB/s

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

*.? Wisteria

¢~ ¢ BDEG-01

EHEREa—K w

VEalb—i3y
/—F#, Odyssey

Wisteria/BDEC-01 i
#¥E, DDA = _g.owm_jop  WATS

Aquarius
TSRk

T3

0EaALl—2avDEODETIVL-IND

A—ADT—4EH, AIBEEE &

AHiiE{k (S+D+L)
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2024 EHRFHGREERFIASIS(1M1AXRET)

HANAACPU, BGPU
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64th TOP500 List (Nov., 2024)

R Performance of Linpack (TFLOPS)
«ak. Peak Performance (TFLOPS), Power: kW

http://www.top500.org/

43

Vi max peak FLOP

El Capitan, 2024, USA DOE/NNSA/LLNL

Frontier, 2021, USA DOE/SC/Oak Ridge
National Laboratory

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

4 Eaqgle, 2023, USA Microsoft

5 HPC 6, 2024, Italy Eni S.p.A.

6 Fugaku, 2020, Japan R-CCS, RIKEN

Alps, 2024, Switzerland Swiss Natl. SC
Centre (CSCS)

8 LUMI, 2023, Finland EuroHPC/CSC

9 Leonard, 2023, Italy EuroHPC/Cineca

10 Tuolumne, 2024, USA DOE/NNSA/LLNL

13 Venado, 2024, USA DOE/NNSA/LANL

16 CHIE-3, 2024, Japan SoftBank, Corp.

17 CHIE-2, 2024, Japan SoftBank, Corp.

18 JETI, 2024, Germany EuroHPC/FZJ

22 CEA-HE, 2024, France CEA

28 Miyabi-G, 2024, Japan JCAHPC

36 TSUBAME 4.0, 2024, Japan Institute of
Science Tokyo
~o Wisteria/BDEC-01 (Odyssey), 2021, Japan

HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A,
Slingshot-11, TOSS

HPE Cray EX235a, AMD Optimized 3@ 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 Max, Slingshot-11, Intel

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

HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD
Instinct MI250X, Slingshot-11, RHEL 8.9

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

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200 Superchip,
Slingshot-11

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

HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A,
Slingshot-11, TOSS

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200 Superchip,
Slingshot-11

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

BullSequana XH3000, Grace Hopper Superchip 72C 3GHz, NVIDIA GH200
Superchip, Quad-Rail NVIDIA InfiniBand NDR200, RedHat Linux, Modular OS
BullSequana XH3000, Grace Hopper Superchip 72C 3GHz, NVIDIA GH200
Superchip, Quad-Rail BXI v2, EVIDEN

Fujitsu, Supermicro ARS 111GL DNHR LCC, Grace Hopper Superchip 72C 3GHz,

Infiniband NDR200, Rocky Linux
HPE Cray XD665, AMD EPYC 9654 96C 2.4GHz, NVIDIA H100 SXM5 94 GB,
Infiniband NDR200

Ernite1t PRIMEHDC EXY1NNON ARAEY AQC 2 2= TaAfii D

11,039,616
9,066,176
9,264,128
2,073,600
3,143,520
7,630,848
2,121,600
2,752,704
1,824,768
1,161,216

481,440
163.200
163.200
391,680
389,232

80,640
172,800

2R RAD

1,742.00
(=1.742 EF)

1.353.00
1,012.00
561.20
477.90
442.01
434.90
379.70
241.20
208.10
98.51
91.94
89.78
83.14
64.32
46.80
39.62

NN 49

2,746.38
63.4 %
2,055.72
65.8 %
1,980.01
51.1 %
846.84
66.3 %
606.97
66.3 %
537.21
82.3 %
574.84
75.7 %
531.51
71.4 %
306.31
78.7 %
288.88
72.0 %
130.44
75.5 %
138.32
66.5 %
138.32
64.9 %
94.00
88.4 %
103.48
62.2 %
72.80
64.3 %
61.60
64.3 %
25.95

58.99

54.98

26.15

56.48

14.78

61.05

53.43

32.19

61.45

59.29

63.43

52.17

47.59

48.55

15 7

29,581
24,607

38,698

8,461
29,899
7,124
7,107
7,494
3,387

1,662

1,311
1,233
983

816

1 AGR



o Wisteria
* Odyssey ® ¢ BDEC-01

— SVE (Scalable Vector Extension)
« AMVB-AGI B YT —FTIOFvER—/\—a Ea1—ARITIZHRER

BATRE T EE E * 0

— FP16
- BWEE-AID—Y0—k~DER
« Aquarius

— HPC -5t ERFADEH

— CPU:Intel Xeon Ice Lake
« 3d Generation Intel Xeon Scalable Processors
o MEEm, BHTORAFEELLD

— GPU:NVIDIA A100 Tensor Core
« Tensor Core + Tensor Float [TF32]

« Odyssey-Aquarius
— InfiniBand-EDR



Ca b d Ay

AG4FX (B /@)
— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/abc4fx/
— https://old.hotchips.org/hc30/2conf/2.13 Fujitsu HC30.Fujitsu.Yoshida.rev1.2.pdf

FUJITSU PRIMEHPC FX1000
— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/

3 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.htmi#gs.zb4d00

— https://www.hotchips.org/assets/program/conference/day1/HotChips2020 Server Processors Intel Irm

a_|CX-CPU-final3.pdf
NVIDIAA100 TENSORZ7” GPU

— https://www.nvidia.com/ja-jp/data-center/a100/
— https://www.hotchips.org/assets/program/conference/day1/HotChips2020 GPU NVIDIA Choquette vO1.pdf

45


https://www.fujitsu.com/jp/products/computing/servers/supercomputer/a64fx/
https://old.hotchips.org/hc30/2conf/2.13_Fujitsu_HC30.Fujitsu.Yoshida.rev1.2.pdf
https://www.fujitsu.com/jp/products/computing/servers/supercomputer/
https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-intel-xeon-scalable-video.html#gs.zb3u0m
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_Irma_ICX-CPU-final3.pdf
https://www.nvidia.com/ja-jp/data-center/a100/
https://www.hotchips.org/assets/program/conference/day1/HotChips2020_GPU_NVIDIA_Choquette_v01.pdf
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BEULY (EFH) $e3 Wistorts

Hierarchical, Hybrid, Heterogeneous

2 h3-Open-BDEC
/// Big Data & Extreme Computing

Wisteria/BDEC-01F|FHERBA&

— https://www.youtube.com/watch?v=1bbZV0O6-UQg
h3-Open-BDEC: 7O Y kHP

— https://h3-open-bdec.cc.u-tokyo.ac.jp/
Wisteria/BDEC-01 & h3-Open-BDEC#E/:&E (A AEE

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

— https://www.pccluster.org/ja/event/pccc20/exhibition/itc-u-tokyo.html

Wisteria/BDEC-01 & h3-Open-BDEC#B 435 & (355
— https://www.youtube.com/watch?v=|X5TNF2LniE



https://www.youtube.com/watch?v=1bbZVO6-UQg
https://h3-open-bdec.cc.u-tokyo.ac.jp/
https://www.youtube.com/watch?v=CsJ_9aGNXCg
https://www.pccluster.org/ja/event/pccc20/exhibition/itc-u-tokyo.html
https://www.youtube.com/watch?v=jX51NF2LniE
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« 202241 HE|

B85 -6 A KU —A%(Z2ANEH, 25+PB, &

G

~ 2022 £5 A RF TIZOFPDLustre FIFEDBET7 (L DOBITTT

. BILRE

— BRI —DVATLIZFHEES (B F A,
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Simulation Nodes
Odyssey srEREFEa—F
25.9 PF, 7.8 PBI/s

Ialb—i 3y
/—F#, Odyssey
Fast File | Shared File

System [ System Wisteria/BDEC-01 4

.0 PB, . BHEE, DDA " . |5 —
11.00TPBBIs oz.gosTPBB/’s = T—2FE/—FE o

Aquarius

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢ ¢ BDEC-01



h3-0pen BDEC Hierarchical,

[HE+ T3+ EE IMEEERTH5EHNY Iz 7ER nse,?erli'g’geneous

I EERARE (S) (2019FE~23FE, KF:HEHE) Big Data &

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

@ ?ZE)J*E x1,~§ *i 1%%35%@]
Fa—=UFIZKAHETERE
[CEDCEHIHEREE

1Tl

h3-Open-BDEC

App. Dev. Framework

Control & Utility

Numerical Alg./Library

== — .. i : Integration +
@ B Eﬁ T Q%EE}J77 A—7 New Principle for Simulation + Data + C teg et ti o
HEOEIHMHBWEEF Computations Learnin ommunications
%‘ e e % P 9 Utilities
= i e h3-Open-APP: Simulati h3-Open-SYS
S Algorith ith High- -Open- : Simulation - -
@ /\T M V—Txi%iﬁ (eg . Per?c?rrr:na};se,wéeliaé?lity, Applﬁ:ation Development Control & Integration
. . _ Efficiency
Wisteria/BDEC-01) [THEITDY S nORenUTiL
— — - -VER - - : T X
J I‘ '-7 17, 1—74 U TA E¥ Verifiggt%r)le:f Accuracy & ODF::Q gcﬁlﬁce[) o Ut|I|t|e(s:c1:cr>r:pLuat€gg-Scale
Hierarchical, H b E ' *i -
ierarchical, Hybrid, Heterogeneous —  FEE QL ep § I e wierarchical, Hybrid, Heterogeneons
: . h3-Open-AT h3-Open-DDA: Learning
h3 ﬂnen BDEc ‘g . Automatic Tuning Data Driven Approach /h3 une“ BDE.,C
}f;ii;* / Big Data & Extreme Computing //



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

_ L B _ : 5
(S+D+L)EEE  J*, Misteria

DRBEARITT .5 Onen-ioec

Big Data & Extreme Computing

Odyssey-AquariusiE i
— MPIZ&DBEIEAT
e O-AZFELTMPIZOY S AIXEIAELY
— Odyssey-Aquariusfd] [&Infiniband-EDR
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® * i : Platform for Integration of (S+D+L)
‘0 . !#Esct_?ﬁla Big Data & Extreme Computing

Shared File . Fast File
System - System
£BI7AI F—h BT E BEI7AI
SARATL Aquarius AT L
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

External
PS5 9997 Resources

i sy Y—2

; R\ 7 7,
External Network
NE RV LT —2

(2TB/sec) THBEINTLVS h3-Open-BDEC
" YRaL—sav+7F—4  HA+EE+
/IrIT TR waPis ks FEBEIDA) T A7)
= % y = YRS IL— LT — A—TF4UT1
— E#8EHT5—:h3-Open-UTIL/MP — _
= = . Hfire HERE - " Simulation h3-Open-SYs
— O-AfEI1# 18 : h3-Open-SYS/WaitlO REEBRETLTUXL | HEHET TV r—v 3y LA

 |B-EDR#ZH (WaitlO-Socket)
s BEET7FAILU AT L (FFS) #HEHE (WaitlO-File)
« MPISA DG4 371 —X

h3-Open-UTIL
h3-Open-VER h3-Open-DATA: Data 5
W R F— 5 E il 28
>~
h3-0 en-DDA: nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
13-Open-AT i Z h3-Open-BDEC
7—_&_9 ﬁm . mm*g ”/ llllllllllllllllllllllll
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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 | o
Parallel Block
waitio_irecv Non-Blocking Receive mplexec... -n 32 ./a.out
waitio_wait Termination of waitio_isend/irecv Bisad - B e
waitio_init Initialization of WaitlO W“T'O'M“”ER'PC'"TIQ‘E': ————— -
waitio_get _nprocs Process # for each PB (Parallel Block) Parallel Block ]J
mpiexec... -n 8 ./a.out PBID=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]



REMMERES S SaL—2aV+8BBlIT—2R1E

%! Wisteria
¢ ¢ BDEG-01

Data/Learning

Nodes: Aquarius
Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
Results |RYEL [eETd Results

Sone7d
Obs. Data 2.0 TB/s

Simulation Nodes:
Odyssey

External Server Seism3D/

OpenSWPC-DAF

25.9PF, 7.8 PB/s Enesh Dati EJG Modeﬂ

for Observed
Data

Fujitsu/Arm A64FX
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Results at Kotoh A (N.KOTH)
N 35° 37.0°

Data Assimilation + Pure Simulation/Forecast

482 K-NET, KiK-net Observation " E 139° 46.9’
Assimilation by 70s >forecast | (A+8)=(Pure S)@30s "
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Communications by WaitlO-Socket  [Kasaietal 2021]
Aquarius: SEND

Odysse: RECV

program dmy_filter WALTIO_MPI_IRECV (NTMAX1 o, 1, WALITIO_MPI_INTEGER, ©,1, WAITIO COMM_UNIVERSE,...
<EEE: BEES> WAITIO MPI_IRECV (DT o, 1, WAITIO_MPI_FLOAT, 8,2, WAITIO COMM_UNIVERSE, ...
caii mpi_init (;errzMPI Conm WORLD err) WAITIO MPI_IRECV (NST o, 1, WAITIO MPI_INTEGER, ©,3, WAITIO COMM UNIVERSE,...
call mpi_comm_size _COMM_ » nprocs, ierr WALITIO_MPI_IRECV (AT_o, 1, WALITIO_MPI_FLOAT,  ©,4, WAITIO COMM_UNIVERSE,...
call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr) WAITIO MPI_IRECV (T@_o, 1, WAITIO_MPI_FLOAT, 8,5, WAITIO_COMM_UNIVERSE,...)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr) WALTIO MPI_IRECY (IS0 X o, NSMAaX, WAITIO MPI_INTEGER, @,6, WAITIO COMM_UNIVERSE, ...
) WALTIO_MPI_IRECY (ISO_Y_o, NSMAX, WAITIO_MPI_INTEGER, ©,7, WAITIO COMM_UNIVERSE,...
7 Qipiemnhest) dhen , . , . ) WAITIO MPI_IRECV (ISO Z o, NSMAX, WAITIO_MPI_INTEGER, 8,8, WAITIO_COMM_UNIVERSE, ...)
Zpe?(iegéglle= -/(obsfiilellist. txta R fiorm=sformatteds, status=tolds, Niostat=ierr) WAITIO MPI_IRECV (ISTX o,  NST, WAITIO_MPI_INTEGER, @,9, WAITIO COMM_UNIVERSE, ...

o 1=1, I S g fTE - i - b | T -

- = perens WALITIO_MPI_IRECYV (ISTY_ o,  NST, WALITIO_MPI_INTEGER, ©,10,WAITIO_COMM_UNIVERSE,...

;f:f{ :bf;;n59:;i+§§zggﬂg> WAITIO MPI_IRECV (ISTZ o,  NST, WAITIO MPI_INTEGER, ©,11,WAITIO COMM UNIVERSE, ...

3 T S - { T R WA S A =i i 5 LA SR ara TIT) -

a1 WALTIO MPT_ISEND (NTWAXL_o, ATTIO_WPI_INTEGER, 2,1, WAITIO_COMW_UNIVERSE,req(1,1), ierr) WALTLO MPLIRECY (STCo, G°WST, WALTIO_MPLCHAR,  0,12,WALTIO COMUNIVERSE, ...

call WAITIO MPI_ISEND (DT o, WAITIO MPI_FLOAT, 2, WAITIO COMM_UNIVERSE,req(1,2), ierr) o \—fj —oo %.' 005, 1o e \—]J - U e

call WAITIO MPI_ISEND (NST o, WAITIO MPI_INTEGER, 3, WAITIO_COMM_UNIVERSE,req(1,3), ierr) ﬁ%l]l%—ﬁﬂl—lRLFV }vyfll—”b°’N§]MN?”?—LLN’ﬁ%l]l%—ﬁﬂl—FL%fl’ a’14’5%111%—F?55—UN1VLR3L’"')

call WAITIO_MPI_TSEND (AT o, WATTIO_MPI_FLOAT, 4. WATTIO_COMM UNIVERSE.req(1.4), ierr) WALITIO MPI IRECY (VzAll obs, NST*NOBS LEN,WAITIO MPL FLOAT 9,15, WAITIO COMM UNIVERSE

call WAITIO_MPI_ISEND (Te_o, WAITIO_MPI_FLOAT, ,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)

call WAITIO_MPI_ISEND (ISO_X_o, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)

call WAITIO_MPI_ISEND (ISO_Y_o, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM UNIVERSE,req(1,7), ierr)

call WAITIO_MPI_ISEND (ISO_Z_o, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM UNIVERSE,req(1,8), ierr) ‘ ’ w- =

call WAITIO_MPI_ISEND (ISTX_ o, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM UNIVERSE,req(1,9), ierr) ‘ lsterla Output

call WAITIO _MPI_ISEND (ISTY o, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) B“EG'“I &

call WAITIO_MPI_ISEND (ISTZ o, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) ‘ ‘ Riovie

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)
call WAITIO MPI_ISEND (VzAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT, 2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)
call WAITIO MPI_WAITALL (15,req, status, ierr)
call sleep(1)
enddo
close (100)
endif
call WAITIO_FINALIZE (ierr)
call mpi_finalize (ierr)
end

Visualizer

aitlO-Socket

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PBIs [Mesh Data | | UG Model |
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h3-Open-UTIL/MP (h3o0-U/MP) 2, hd-Open-BDEC
Extended Multiphysics Coupler
Model

(s Analysis/ML
& i
F<->P adapter
A huge amount of Aol h30-U/MP Statistics
simulation data

HPC App

(Fortran)

output < >
Coupling
o IB-EDR
* . ¢ Wisteria *.* Wisteria
PR 117 x 7 el Odyssey PO+ x+l Aquarius

[Sumimoto, Arakawa, Yashiro et al. 2022] 59
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h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket:E#E R
20226 A o FI FHAIRE $e3 Hithona
20224 #(;tFS.’ﬁ" MDWaitlO-FileZ{ : &k Aquarius |
h3opppy

h3open modules

llllllllllllllllllllllll

///

h3open modules

h3open modules

h3open modules

A
A

Jcup modules Jcup modules Jcup modules Jcup modules

h3-Open-UTIL/MP
h3-Open-UTIL/MP

jcup_mpi_lib.f90 jeup_mpi_lib.f90

o
MPI+WaitlO

jcup_mpi_lib.f90 jeup_mpi_lib.f90

202144 F : MPIE{E P RE RIS £ HTIR
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fREHE1EE - h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket

+ 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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Hitachi SR8000
1,024 GF

SR8000
Hitachi
SR8000/MPP
2,073.6 GF

SR8000

Hitachi
SR2201
307.2GF

HARP-1E

RRKXFIRREMHE

I 2—D AR/
FIFHE2,600+44
55% &4}

AM

2006-2010

IBM Power5+

Hitachi HA8000
T2K Todai

D Opteron

SPACRG64 1Xfx

2016-2020

| | | |
Hitachi SR16K/M1 | ﬁﬂ;{&‘bh)b
Y i '
54?3’ SI')II= JLH% CPU
IBM Power7 Intel CLX 7J|]1$ ﬁ'
(0]=709 4 o

Intel Xeon Phi
Oakforest-
PACS (Fujitsu)
25.0 PF

Fujitsu FX10 L IR 4
Oakleaf-FX *

1.13 PF

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

Intel BDW +
NVIDIA P100

‘ Reedbush-

(Fujitsu)
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2026-2030

NVIDIA GH200 +
Intel SPR/HBM

. Miyabi/OFP-II

o Wisteriap i,

¢ BDEC-01

33.1 PF 150+ PF
AB4FX, Accelerators
Intel Icelake+
NVIDIA A100

Ipomoea-01 25PB
Ipomoea-02




University ﬂf Tukuba THE UNIVERSITY OF TOKYO

Rt EHPCE MRS
http://jcahpc.jp/eng/index.html JCAHPC
20134831

— JCAHPC (Joint Center for Advanced High Performance B9
Computing) ox
- FURKFHERFHE L 4— ERAPERER 25— <
= H'E—f'ﬁiﬁﬁnJrﬁﬂ%O)?’éL

— KRRV AT LDERE-EAERZHRBTERT H2EN
E THHIDEA: KYRBRIRGEY AT LENEIIZE AR EE
Oakforesat-PACS (OFP) : JCAHPCE — & #4%
— Intel Xeon Phi 8,208/—FK, 25PF(E1&)
— 201611 A B TTop500M 64z (E N 14L)
e 2022F3AKTE®

- ITRIDOER®KE, [EEIZFFZFETD2019:-2020FF (XX

£ dT'National Flagship System1&L TD&EE|IZEES

* OFP-II (OFP#&Z# %) ~ Rl [T71=5{H
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EElac] R TARE
rEsiihd FILTYX L TR

FY.2020 FY.2021 EE e 3=



Bk

" THE UNIVERSITY OF TOKYO

OFP-lI~M3& (1/2)

OFP (Oakforest-PACS) & fi* k£ FE (OFP-I1) JCAI'J_PC
— JCAHPC (& %%t MHPCE BB fE5%) N O =
« FURKFEHF
— 2025F 1A ERARAKRTE
o ANAVADEREXR, BN, BRRE=
BERIRFBIEATE (BERACLEE)

0.00

&

Leonardo (4,15) NVIDIAA100 32.2

— 2021ERIZIE S SR s |

§ L

System i 100 |

Henri (255,1) NVIDIA H100 65.4 S o050 |
Frontier (1,6) AMD MI250X 52.6 g

?9

Fugaku (2, 49) AB4FX 15.4 B B T8 (12021 EEE 1)




OFP-II~M3E (2/2) < JCAHPC

. OFP-Il (202541 B ;& FIEItH) L O RENE
— JLAECPUSZ X4 (CPU-Group) +GPU%Y S X% (Acc-Group)
_TEE-T—4- 2T RA R e

.« GPUMDEE(L£2022F6 8124 T CPU-Group

_ OFPA—4— (3,000 ABlE) DGPU~DHTIZ1218-307 A E AR
— TRREDOATFI—) GIERF T E)

* NVIDIAfLIHGPURAIZRTE (202246 A) Acc-Group
— H100%, L<IE% ) 14 1 CPU+GPU

— ROF
« EETDLD
 FortranCitiSN=7IUr—arDR—E2E) T4
— OpenACC/StdPar(Standard Parallelism) [Zd&AGPUA1L (& Lb B At f B
OpenMP/MPINA T yRIZ&->THEF{ESn =705 S LIZHEL TS
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GPURIE - B1TDFTHE
+ NVIDIA Japan®D i 7

3,000 A\ LL EDOFPHFIAZE : 2D D RE

- B C#4E (Self Porting) 1: ¥k &R EA T3>
- 8HEID/NvAYY (E=F¥2T), 37 AIZ10E], A4 1\ 4T1) Yk, Slackfi B

« FUEK(UCAHPC), BZX, @TEX, X, JE R4
— B AREINSIHBRE](Zoom, IEA—F—HLBHHIZSINTED)
- RELL(RELEIBITR—2ILY AL, EEFEES

 https://jcahpc.github.io/gpu porting/

[ 7R—k3#84E (Surpported Porting) 1, 2022410 A B4
- ZDA—Y—%FTH5AS2=T,a2—F (19588, RHE), OpenFOAM(NVIDIA)
- NEDEOHDFELHER (BRI ST—IHEHTEHFE)
— Y R—FBHE 1T W—T A N\—(EIZEF) T/ \whHY - HHEE(CHTEBRICS N
EABIZOpenACC/StdPar(Standard Parallelism) #£#2 s



https://jcahpc.github.io/gpu_porting/
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Category Name (Organizations) Target, Method etc.

Engineering

(5)

Biophysics

(3)

Physics
(3)

Climate/
Weather/

Ocean

(4)

Earthquake

(4)

FrontISTR (U.Tokyo)
FrontFlow/blue (FFB) (U.Tokyo)

Solid Mechanics, FEM
CFD, FEM

FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM

FFX (U.Tokyo)

CUBE (Kobe U./RIKEN)
ABINIT-MP (Rikkyo U.)

UT-Heart (UT Heart, U.Tokyo)
Lynx (Simula, U.Tokyo)
MUTSU/iHallIMHD3D (NIFS)
Nucl TDDFT (Tokyo Tech)
Athena++ (Tohoku U. etc.)
SCALE (RIKEN)

NICAM (U.Tokyo, RIKEN, NIES)
MIROC-GCM (AORI/U.Tokyo)
Kinaco (AORI/U.Tokyo)
OpenSWPC (ERI/U.Tokyo)

SPECFEM3D (Kyoto U.)

hbi_hacapk (JAMSTEC, U.Tokyo)
sse_3d (NIED)

CFD, Lattice Boltzmann Method (LBM)

CFD, Hierarchical Cartesian Grid
Drug Discovery etc., FMO

Heart Simulation, FEM etc.

Cardiac Electrophysiology, FVM
Turbulent MHD, FFT

Nuclear Physics, Time Dependent DFT
Astrophysics/MHD, FVM/AMR
Climate/Weather, FVM

Global Climate, FVM

Atmospheric Science, FFT etc.

Ocean Science, FDM

Earthquake Wave Propagation, FDM

Earthquake Simulations, Spectral FEM

Earthquake Simulations, H-Matrix

Earthquake Science, BEM (CUDA Fortran)

Fortran
Fortran
Fortran
Fortran

Fortran
Fortran

Fortran, C

C
Fortran
Fortran

C++
Fortran
Fortran

Fortran77

Fortran
Fortran

Fortran

Fortran
Fortran
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Category Name (Organizations) Target, Method etc.

FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
, , FrontFlow/blue (FFB) (U.Tokyo) CFD, FEM Fortran
Engineering
(5) FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM Fortran
FFX (U.Tokyo) CFD, Lattice Boltzmann Method (LBM) Fortran
CUBE (Kobe U./RIKEN) CFD, Hierarchical Cartesian Grid Fortran
, , ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
BIOp(g})/SICS 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
Phés)lcs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++

Climate/ limate/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




Engineering

(5)

Biophysics

(3)

Physics
(3)

Climate/
Weather/

Ocean

(4)

Earthquake

(4)

Category Name (Organizations)

FrontISTR (U.Tokyo)
FrontFlow/blue (FFB) (U.Tokyo)

Target, Method etc.

Solid Mechanics, FEM
CFD, FEM

FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM

FFX (U.Tokyo)

CUBE (Kobe U./RIKEN)
ABINIT-MP (Rikkyo U.)

UT-Heart (UT Heart, U.Tokyo)
Lynx (Simula, U.Tokyo)
MUTSU/iHallIMHD3D (NIFS)
Nucl TDDFT (Tokyo Tech)
Athena++ (Tohoku U. etc.)
SCALE (RIKEN)

NICAM (U.Tokyo, RIKEN, NIES)
MIROC-GCM (AORI/U.Tokyo)
Kinaco (AORI/U.Tokyo)
OpenSWPC (ERI/U.Tokyo)

SPECFEM3D (Kyoto U.)

hbi_hacapk (JAMSTEC, U.Tokyo)
sse_3d (NIED)

CFD, Lattice Boltzmann Method (LBM)

CFD, Hierarchical Cartesian Grid
Drug Discovery etc., FMO

Heart Simulation, FEM etc.

Cardiac Electrophysiology, FVM
Turbulent MHD, FFT

Nuclear Physics, Time Dependent DFT
Astrophysics/MHD, FVM/AMR
Climate/Weather, FVM

Global Climate, FVM

Atmospheric Science, FFT etc.

Ocean Science, FDM

Earthquake Wave Propagation, FDM

Earthquake Simulations, Spectral FEM

Earthquake Simulations, H-Matrix

Earthquake Science, BEM (CUDA Fortran)

Language

Fortran
Fortran
Fortran
Fortran

Fortran
Fortran

Fortran, C

C
Fortran
Fortran

C++
Fortran
Fortran

Fortran77

Fortran
Fortran

Fortran

Fortran
Fortran




Miyabi (1/2) Mivabi FU]ITSU

20255-1 H IE T Faﬁ ‘SUPERMICR\,

« Miyabi-G: CPU+GPU: NVIDIA GH200
— NVIDIA GH200 Grace-Hopper Superchip

» Grace: 72c, 3.456 TF, 120 GB, 512 GB/sec (LPDDR5X) NVIDIA.

« H100: 66.9 TF DP-Tensor Core, 96 GB, 4,022 GB/sec (HBM3)

— CPU-GPUE FF vy aae—L Uk

— Gracefll i 5H100D A€ ICEE T VAT 88 AMREFECPUMN GELZNLIE 7
« NVMe SSD for each GPU: 1.9TB, 8.0GB/sec, GPUDirect Storage

— 8%t (CPU+GPU)
* 1,120 nodes, 78.8 PF, 5.07 PB/sec, IB-NDR 200

« Miyabi-C: CPU Only: Intel Xeon Max 9480 (SPR)

— Intel Xeon Max 9480 (1.9 GHz, 56¢) x 2
* 6.8 TF, 128 GiB, 3,200 GB/sec (HBMZ2e only)
- &t
* 190 nodes, 1.3 PF, IB-NDR 200
« 372 TB/sec for STREAM Triad (Peak: 608 TB/sec)

JCAH PC

rsity of Tsukuba THEUNTVERSITYOFTOKYO

NVIDIA GH200 Grace Hopper Superchip

PCla Gend
xd
NVMe SSD
\ 1.92 TB

LPDDR5X
120 GB

512 GB/s

GRACE
CPU
712¢, 2.6 GHz

450 GB/s/dir

PCle Gen5
x8
IBNDR HCA
ConnectX-7

IBNDR200
(200 Gbps)
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Miyabi (2/2) FU]ITSU JCAH PC

1y of Tiukuba (’ £ UNIVERSITY OF TOKYO

« Z7AIVI AT .Ls: DDN EXA Scalar, Lustre FS (intel 1) @Z

— 11.3 PB (NVMe SSD) 1.0TB/sec, “Ipomoea-01" (26 PB) % ¥ FI AT &E NVIDIA.

&/ —FEI)LnA1tHar N\ FiETER

— (400Gbps/8) X (32x20+16x 1) = 32.8 TB/sec o ddn
- 202541 A E AR . Miyabi-G/Miyabi-CREDE{E (&

h3-Open-SYS/WaitlO [Z kY EIFATHE

IB-NDR (400Gbps)

Ipomoea-01

IB-NDR200 (200) Common Shared Storage
26 PB

Miyabi-G ,n!‘e",%g:',\(,fax File System
/8.2 PF, 5.07 PB/sec 1.3 PF. 608 TB/sec 11.3 PB, 1.0TB/sec

74



NVIDIAOGPUMDFER (2017~)

P100
V100

A100

H100

GH200
GPU

16
32

40
80

96

Memory

Bandwidth
(GB/sec)

720
1,134

1,5655(1.00)
3,352(2.16)

4,022(2.59)

FP64

(GFLOPS)

64bit

e

4,700
8,200
9,700

33,500
33,500

FP32

(GFLOPS)

32bit

BERE

9,300
16,400
19,500

66,900
66,900

FP16

FP16 Tensor

Core

(GFLOPS)

16bit
FRE

18,700
130,000

312,000

1,979,000

1,979,000
x60

75

TDP
(Watt)

REETE N

250
300

400

700

~1,000
(CPUET>)



Miyabi & 27 L#REE  FUJITSU ©O JCAHPC

RPN 5K

University of Tukuba C_’ THE UNIVERSITY OF TOKYO

< SHEBERUL 4 (Ethernet) EEE Ry NI~

-Ipomoea-01

0J4>)— ket

stE/—FEY 1 INA CPU J—IE¥ T8 —REY  BENLE - REF

. s, i L R W
. B .:_... ___':---- O094>)—RA : FUJITSU Server
o aEm, O aE, 3 o, e, 3 PRIMERGY RX2530 M7 x 2 J—R
——, —-——. . —— 0494>./—FB : Supermicro
ARS-121L-DNRY—/Ux 4 J—F
FUJITSU Server Supermicro 044> /—RC : FUJITSU Server

PRIMERGY CX2550 M7 x 190./—-F
J—B&HIz0 Intel Xeon MAX 9480 CPU(HBMXEIEE) x 2 EiEE;
HITmEEEE(fS18E) « 1.29 PFLOPS

ARS-111GL-DNHR-LCC x 1120 J—F
J—F&i=n NVIDIA GH200 x 1 Ef&5H;
MIEsmEEEE(fSI8E) « 78.2 PFLOPS

PRIMERGY RX2530 M7 x 6 J—F

FEXEVEE : 23.7 TiB
FEXEVUICFIE : 608 TB/s

FATJEE : 220.0 TiB
FEAEU)CRIE @ 5.07 PB/s
SSD : J—F&izh NVMe SSD 1.92 TB

= 318/ FRixybJ—7 (InfiniBand NDR)

[
<439/ E3BRw NI~ (Ethernet)

i
HEIT7AINAT A Sy — (B
MDS, MDT x1tzwl 0SS, OST x10tzwl~ . ‘
TPy =
8 6 g o i FUJITSU Server
PRIMERGY RX2530 M7 x 12
TPV AT L : DDN EXA Scaler [0 01 C1 212 (AU EEX2. EHEEX.

AN =S5 —HERXEE 1 1.0 TB/s

MDS/MDT : DDN ES400NVX2 x 1
0SS/OST : DDN ES400NVX2 x 10
BRIFIFAEE : NVMe SSD 10.3 PB

SPElx2. Webh—)Lx2,
TFaU7107%2)
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o 5UK F

(; ’ THE UNIVERSITY OF TOKYO

1.29 PFLOPS 78.8 PFLOPS
190 1120
23.75 TiB 220.02 TiB

AT N RIE 608 TB/s 5.07 PB/s
RYrD—orROd— )L\t 3> Fat Free J)LiNLEH 3> Fat Tree

Miyabi £ {4 U L1 JLATEL

J7A4ILY AT L Lustre (DDN EXAScaler)
H—,3(0SS) DDN ES400NVX2
et b H—/3(0SS)H 10
FARZATS PP T 10.32 PB
AbL— 1.0 TB/s

F— AR R
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Miyabi /—F#RL 142 b i At

University of Tsukuba ( ’ E UNIVERSITY OF TOKYO

5H NEACPU/—FE :
FUJITSU Server PRIMERGY Supermicro
CX2550 M7 ARS-111GL-DNHR-LCC

NVIDIA Grace CPU

TR

J0tyH 4 Intel Xeon Max 9480 Arm Neoverse V2 CPU
JFoty9 (a7 H) 2 (56 + 56) 1(72)
ﬂ/&";& 1.9 GHz 3.0 GHz
HmEE e 6.8096 TFLOPS 3.456 TFLOPS
AEYRBR= 128 GiB 111.7 GiB
AT FHigiE 3.2 TB/s 512 GB/s
Jotyy 4 NVIDIA Hopper H100 GPU
P*i!z;& 1
HmEE e 66.9 TFLOPS
AEYRBR= 89.4 GiB
AT FigiE . 4. 022 GB/s
NVLink Chip-2-Chip
CPU-GPU interconnect
(K751 450 GB/s)
NVMe SSD 1.92 TB (PCle
Gen4 x4)
K& K&

A3 =Rk InfiniBand NDR200 (200Gbps)  InfiniBand NDR200 (200Gbps)



Miyabi Y7+ 7 (1/2) IEELE - JCARPC

(AN University of Tiukuba (; ’ THE UNIVERSITY OF TOKYO

] — I & R 5
I Rocky Linux 9 (A » / = FI3Red Hat Enterprise Linux 9)

PBS Professional
GNU AYNN1TS

NVIDIA HPC SDK
Fortran/77/90/95/2003/2008

Intel AN 5 Ce C++
Fortran77/90/95/2003/2008 OpenMP, OpenACC
Cs C++ NVIDIA CUDA Toolkit
CUDA C
CUDA C++
Intel MPI Open MPI

CuBLAS. cuSPARSE, cuFFT. MAGMA,
cuDNN, NCCL

BLAS. CBLAS. LAPACK. ScalAPACK. SuperLUs SuperLU MT. SuperLU DIST. METIS,
MT-METIS, ParMETIS, Scotchs PT-Scotchs PETScs Trillinoss FFTW. GNU Scientific
Librarys NetCDF, Parallel netCDF, HDF5, Parallel HDF5, OpenCV. Xabclibs
ppOpen-HPC, MassiveThreads. Standard Template Library (STL)« Boost C++
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Mlyabl ‘J7|~"717*§ﬁf. (ZIZ) [ﬂ i 42 bi ﬁ«ug@cAlgeﬁg

University of Tsukuba ( ’ E UNIVERSITY OF TOKYO

] AACPU/ — F§# WANME/ — 8

OpenFOAM. ABINIT-MP, PHASE. FrontFlow/blues FrontISTR. REVOCAP-Couplers
REVOCAP-Refiners OpenMXs MODYLAS. GROMACS. BLAST. R packages.
TIVr—=3>y bioconductors BioPerl, BioRuby. BWA, GATK. SAMtools. Quantum ESPRESSO.
Xcryptse ROOT. Geant4d, LAMMPS, CP2Ks NWChem. DeepVariant. Paraview. Vislt,
POV-Ray. TensorFlows PyTorchs JAX. Keras« Horovod. MXNet. Miniforge. Kokkos

autoconf, automake. bash. bzip2. cvs. emacs. findutilss gawk. gdb. makes
greps gnuplots gzips lesss m4s pythons perls rubys screens sed. subversions tars
IY=YY IR T tcshe tcle vims zshe gt ¥

Julia, CMakes Ninja, Java JDK

Grid Community Toolkits Gfarms FUSE

A7 FH{R*E(E Apptainer, Singularity Community Edition.
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64th TOP500 List (Nov., 2024)

R Performance of Linpack (TFLOPS)
«ak. Peak Performance (TFLOPS), Power: kW

http://www.top500.org/

81

Vi max peak FLOP

El Capitan, 2024, USA DOE/NNSA/LLNL

Frontier, 2021, USA DOE/SC/Oak Ridge
National Laboratory

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

4 Eaqgle, 2023, USA Microsoft

5 HPC 6, 2024, Italy Eni S.p.A.

6 Fugaku, 2020, Japan R-CCS, RIKEN

Alps, 2024, Switzerland Swiss Natl. SC
Centre (CSCS)

8 LUMI, 2023, Finland EuroHPC/CSC

9 Leonard, 2023, Italy EuroHPC/Cineca

10 Tuolumne, 2024, USA DOE/NNSA/LLNL

13 Venado, 2024, USA DOE/NNSA/LANL

16 CHIE-3, 2024, Japan SoftBank, Corp.

17 CHIE-2, 2024, Japan SoftBank, Corp.

18 JETI, 2024, Germany EuroHPC/FZJ

22 CEA-HE, 2024, France CEA

28 Miyabi-G, 2024, Japan JCAHPC

36 TSUBAME 4.0, 2024, Japan Institute of
Science Tokyo
~o Wisteria/BDEC-01 (Odyssey), 2021, Japan

HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A,
Slingshot-11, TOSS

HPE Cray EX235a, AMD Optimized 3@ 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 Max, Slingshot-11, Intel

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

HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD
Instinct MI250X, Slingshot-11, RHEL 8.9

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

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200 Superchip,
Slingshot-11

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

HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A,
Slingshot-11, TOSS

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200 Superchip,
Slingshot-11

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

BullSequana XH3000, Grace Hopper Superchip 72C 3GHz, NVIDIA GH200
Superchip, Quad-Rail NVIDIA InfiniBand NDR200, RedHat Linux, Modular OS
BullSequana XH3000, Grace Hopper Superchip 72C 3GHz, NVIDIA GH200
Superchip, Quad-Rail BXI v2, EVIDEN

Fujitsu, Supermicro ARS 111GL DNHR LCC, Grace Hopper Superchip 72C 3GHz,

Infiniband NDR200, Rocky Linux
HPE Cray XD665, AMD EPYC 9654 96C 2.4GHz, NVIDIA H100 SXM5 94 GB,
Infiniband NDR200

Ernite1t PRIMEHDC EXY1NNON ARAEY AQC 2 2= TaAfii D

11,039,616
9,066,176
9,264,128
2,073,600
3,143,520
7,630,848
2,121,600
2,752,704
1,824,768
1,161,216

481,440
163.200
163.200
391,680
389,232

80,640

172,800

2R RAD

1,742.00
(=1.742 EF)

1.353.00
1,012.00
561.20
477.90
442.01
434.90
379.70
241.20
208.10
98.51
91.94
89.78
83.14
64.32
46.80
39.62

NN 49

2,746.38
63.4 %
2,055.72
65.8 %
1,980.01
51.1 %
846.84
66.3 %
606.97
66.3 %
537.21
82.3 %
574.84
75.7 %
531.51
71.4 %
306.31
78.7 %
288.88
72.0 %
130.44
75.5 %
138.32
66.5 %
138.32
64.9 %
94.00
88.4 %
103.48
62.2 %
72.80
64.3 %
61.60
64.3 %
25.95

58.99

54.98

26.15

56.48

14.78

61.05

53.43

32.19

61.45

59.29

63.43

52.17

47.59

48.55

15 7

29,581
24,607

38,698

8,461
29,899
7,124
7,107
7,494
3,387

1,662

1,311
1,233
983

816

1 AGR
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GH2000) S {i& sF4ih

ZBhRDGrace-Hopper (Supermicro, BE) Tl

— Miyabi-G & MDiEW (Miyabi-G > FF{illil%)
« Grace X EVZEE 120 GB = 480 GB
e Grace XEY I FIIg 512 GB/sec = 384 GB/sec

OS: Rocky Linux 9.4 aarché4

— kernel: 5.14.0-427.{20,22,28}.1.el19 4.aarch64+64k
— 64KN=</, irgbalance#EXN), numa_balancingfEXf,

_ B

* https://docs.nvidia.com/grace-patch-config-quide.pdf
e https://docs.nvidia.com/grace-performance-tuning-quide.pdf

CUDA 12.4, CUDA Driver: 550.90.7,555.42.06
OFED 24.04-{0.6.6, 0.7.0}

NVHPC 24.5-2

av7F

— Apptainer 1.3.{2,3}, Enroot (+caps) 3.5.0

SWoPP2024 {E &


https://docs.nvidia.com/grace-patch-config-guide.pdf
https://docs.nvidia.com/grace-performance-tuning-guide.pdf

. . AE YR KIE FP64
Poisson 3D: small R

(128x128x128) A100 1,555 (1.00) 9,700

H100 3,352 (2.16) 33,500
) E£195[0]HPCiZ &, 2024 ’ ’
[ ftt, 5 o] A=, ] GH200 : GPU  4.022 (2.59) 33,500
600

’g mA100
|y 5o = H100

~ B GH200
'8 g 400
(@) i
O | FEN
1) Q
§ -‘f 200

()
S| | | | |I

&

s 0

& &"' &"’ &"’ as
o & S &q,& & &@& S \?c & CU DA
R & & &’ N4 ® (,OQ
NS 0 > N @ %

SWoPP2024 {E &



GH2000) ¥t

» Grace-HoppertB EMD AT ZERZEES R, NUMARIZZ KLY

« CPU-GPUR]:ae—L > kL2227 —X(NVLINk-C2C, 450GB/sec/dir)
— PCle Gen 50)71%1}/LJ:0)%1§/E NVIDIA GH200 Grace Hopper Superchip

— CPU-GPU DI EB{FEL N [+ A BE
| HH‘HWH
s
|

© REREEEDRI LT
» IMRIRFEE, GPUNRFEGFTEEZCPUNRERICANET HI &L AHE

. TAYSIUTLES
« AMD MI300A%: B A M

o
v
a
e
=
o
L

< 256 GPUs

NVLink Network




MiyabilZ&k> Tz 5h, AlzTE=HM?

« FILMITETERZF], V22— 30
— GH200D M ZFERAINIE, KYBRHGUEBZDNRMICHDOBRSZICERTEED
o« [HH&E-T—42-FE IRMENELLHIEE
o HEH([ZHEHTIAI for Science | D HE
— Al FRLI-HEEZHROE=H
« $EEDIAI for Science ] : Data Driven Science
— ERAI-EBETIL
* LLMZFICERSNAIEBETILIOIN I IO ANEZ, FEICK>THRRGDFNERAATEE

« ANL®DTStormer(Short-Term Weather Forecasting) |
— https://www.anl.gov/cels/development-of-predictive-models-shortterm-forecasting

« [EFaVEa—T4VT 1EDRE (RE)
— 2025 FEd(Z(X, Miyabi, Wisteria/BDEC-01&£JHPC-quantum®D =+ E 1—
AEIZKDNATYYFIRIETOR AN AIEEETED

=



https://www.anl.gov/cels/development-of-predictive-models-shortterm-forecasting

EF-A/N\AVEWETSYNIFA—L (JHPC-Quantum)

http://jhpc-quantum.org/

» JHPC-quantum(FY.2023-FY.2028)

— BH#R-CCS, Yo7k \>Y, X, lRX

— NEDO7RRFSGEAEE X, FEEILANDHF
« 2D T I GEFIAVEL—3FEA
— IBM(BB{=EH!), 100+Qubit, IBFt#F
— Quantinuum (lon-Trap%!), 20+Qubit, EHFFIF
77V r—ay
- ETYHE, RYITE, EFEHEE+IaL—1aY
O NOLE ‘
~ QC-HPC/\A TR IR mH/x—rL\‘/7|~r717 f

 QC as Accelerators
« h3-Open-BDEC D5k

e« 2025FER . EE-EARRA/\OEQCHE #Faﬁﬁ“ o



http://jhpc-quantum.org/

/—FF | E—OAFY/NUFE| Stream

EHEERN GF/W

(GB/sec) (Triad)
GPUD . * (GBJsec) (W/node) | Green 500
72.73
i " (JEDI, #1 in
Miyabi-G 300 4,022 3,755 1,250 Green500.
June 2024)
N 6.53
Miyabi-C 240 3,200 1,976 920 (Kyoto U.. #97)
Odyssey 90 1,024 830 260 15.07
679
Aquarius 270 1,655* 1,377 (1GPU+0.25CP 24.06
U)
OBCX 150 281.6 237.1 623 5.08
OFP 50 115.2(DDR4) 90 215 4.99

921.6 (MC-DRAM) 490



Miyabi®& A

« EARMIZIZICHhFETOHOR/ NV DEREPKEE

— OpenOnDemandIZ&HF|FRIZ DLV THEETH

e https://openondemand.orqg/
« Wisteria/BDEC-01TCIXTANEH

- KREHPCF YL UK, /—FE

[=]

ElILEmLEL

OPEN
nDemand

. Miyabi-G (NVIDIA GH200), Miyabi-C (Intel Max) (> BL CGEFRT B, :

TR EEL TEIA T Z&(T I BE (WaitlOZF D FI,

- WEIZIGLT, EZAAKIITTH

)

51

88


https://openondemand.org/

MIG (Multi-Instance GPU)
« GPUYY—Z(SMCEEIT), XEV) EEED1 U RY VR (CHEIT B he

'E\E*ﬂ%/m —
FDNVIDIA GH200M&EHEY — X ZELWTINRV\IGT
> PEIINIZGPUZFERIL, b—0 HEEZIMA 5N

« ER.FHEAOI—ROT/I\VYT -BIET X - #EET X
> (EMNFT0O)GPUENIEZ DD T, Ja7&)\1&0)1#15H#Faﬁ73\u153n5

- HEAR(EICGPUTOT S J DA - Flfk&mIT)
> (E?’J\HO))GPU%UN ADMDT, ZHEOZHEADY I TH EFFICET

» Miyabi-GTOMIGH AR (NVIDIA GH200Z47&!)

« MIGHIFHF+1—: debug-mig, short-mig, regular-mig
« MU EEBEEILEED./—RFhHBEF+1—(debug-g, short-g, regular-g &) D 1/4
- GPUJY—X(SME) DVIRWWMIGH 3Z [T DI TIRAA T IER)N

_ MIG#0 MIG# 1 MIG# 2 MIG# 3

GPUJY—X 32 SMs, 24 GB 32 SMs, 24 GB 32 SMs, 24 GB 26 SMs, 24 GB
CPUUY—X 1837,27 GiB 1837,27 GiB 1837, 27 GiB 18377, 27 GiB

[
—

Uil



https://www.nvidia.com/ja-jp/technologies/multi-instance-gpu/

90
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F AR BE/Z &R (1/2)

o ANAVF MRF(HR) DEIRED GHFAT Al HE (HELE)
— Wisteria/BDEC-01 (Odyssey, Aquarius)
* https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/
« (EFEFR) Odyssey/Aquariusi®EE, 51 3Bz (Aquarius), Wisteria-Messenger¥l| F
— Ipomoea-01
« REICKHLTEIL—T—ICTES
— Miyabi (Miyabi-G, Miyabi-C)

* https://www.cc.u-tokyo.ac.ijp/supercomputer/miyabi/service/

 (EFE) Miyabi-G/Miyabi-CEE, 41 &Rk
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https://www.cc.u-tokyo.ac.jp/guide/hpc/

Wisteria/BDEC-01(1/2)

- BE

— Odyssey:v2alb—i3>/—
— Aquarius: T—4%-2& /—F#

[~

Tensorcore 45./—F1

VI —03FF) ICEEE AT EE

2
=

H

%+? Wisteria =%
¢~ ¢ BDEG-01
~#%, Fujitsu AB4FX 7,680./—F:

(/—FH71-YU8 GPU, §51360 GPU)
— Ry —O#2HTssh, scp/sftpzFBAL-A59 42 /—KT7OtvR, T74I)LERiE
- BERGITFTAIWND AT LERWE YT T—2 T HA Al &E
— Odyssey&Aquariuszl AFERAL-WMES (X, ZNENFILIZELRAD
o FFRR7ER ARz Re (BEFRER)
— AquariusD&/—FrI&, &Y —R(REL—D, H—/\—, T

L

, Intel Xeon Platinum 8360Y *NVIDIA A100

IN—R, o —x

— Odyssey-Aquarius:E#EIZ kST HE - T—%2-FE It & (h3-Open-BDEC)
— SINET L2VPN#HTRI 1> /—F, sV 8 E#HG/ — R~ D EEES
- B Rt 42— Y E O (uketsuke@cc.u-tokyo.ac.jp) I8 T FHERSTIZELY).



Wisteria/BDEC-01(2/2) 0‘0 Wisteria
. JIRYTT ¢~ ¢ BDEG-01

—[EsBar /v 435)

e Fortran, C, C++
—[514231)]

 MPI, BLAS, LAPACK/ScaLAPACK, FFTW, PETSc, METIS/ParMETIS
— (775 —32 k027 ] (—EGPUELIEXT )

« OpenFOAM, ABINIT-MP, PHASE, FrontFlow/Blue, FrontISTR, REVOCAP,
ppOpen-HPC, h3-Open-BDEC, HyperWorks (AD &), MATLAB (A &)

—[3a>77 k%8 1E)

» singularity (docker imagerJ&E)




Miyabi (1/2)

- =
— Miyabi-G: @& N&E/—k, NVIDIA GH200, 1,120/—k (1,120GPU) 1
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L

1=Y)2 CPU, 51380 CPU)
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Miyabi (2/2)
« Y+ 7

—[EsBar /v 435)
e Fortran, C, C++
—[514231)]
 MPI, BLAS, LAPACK/ScaLAPACK, FFTW, PETSc, METIS/ParMETIS
— (775 —32 k027 ] (—EGPUELIEXT )

« OpenFOAM, ABINIT-MP, PHASE, FrontFlow/Blue, FrontISTR, REVOCAP,
ppOpen-HPC, h3-Open-BDEC, MATLAB (Miyabi-C?)#)

—[3a>77 k%8 1E)

» singularity (docker imagerJ&E)
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https://www.altairjp.co.jp/hyperworks/
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HEHFI—F

Salb—iay
/—F#&, Odyssey

Wisteria/BDEC-01
BHFE DDA B Py
Aquarius

gAT—%

3-Open -UTIL/MP

Fortran APP
(NICAM)

Python APP
(PyTorch)

h3opp.py

h3open modules

h3open modules
Jcup modules Jcup modules

jcup_mpi_lib.f90 jecup_mpi_lib.f90

MPI+WaitlO
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« (DOdyssey
« @Aquarius(—fi&FIA)
« @Aquarius(GPUEE) :8GPUSHE=/—FETE
« @Wisteria/BDEC-01:BIIARL—

« ®Miyabi-G NVIDIA GH200

- ®Miyabi-C  Intel Max

» (DMiyabi-G/Miyabi-CiBIIAL—

BHAAEHERRE, IRFED)V—RELEAEHEAEE



2025FEEHEEIR(EXS) (1/2)

AL —2 0/ —F 5 - GPURER I ZEE 5l L THEE 47
Wisteria/BDEC-01, Ipomoeald & AT LD EETHMNEER NS

Ipomoealdy )L —THEE D, £1—HF—HL5TBETREE THI A ATEE
NH: /—FEfE, GH: GPURF[E]
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s Ipomoea jmse

276,480 NH 2.00TB 0.30TB e
Odyssey (32/—KE)  (1/—RESHEY) (1/—KEry) OAFNH 23047k
Aquarius 95,040 GH T
Pl L el 31.25M/GH  8/—K (64GPU)
69,120 GH 6.00TB 0.90TB
Aquarius (8GPUﬂE) (1GPUE%T:U) (1GPUE%T:U) o
(GPUEH) 1-2:4-8 42 19H/GH GPUEB# 5
978,640 15K
L 86,400 NH 5.00TB 0.75TB s
Miyabl-G (10/—RE)  (1/—FESfY) (/—KEgpy) SH72FANH - 2567k
. 103,680 NH 4.00TB 0.60TB 64./—F
Miyabi-C (12/—KE)  (1I/—FEERY) (1/—kgury) 2778ANE - oscpu)



2025FEFHHE EIR (RK5) (2/2)

EIAN—DDBHFELAIREEGEYFELE:
Ipomoea- 010)J_7JI]li BTHRELLET

IR

Wisteria/BDEC-01 100 TB
Miyabi-G/Miyabi-C 50 TB

6,480MH/TB
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o Excel—hZIE, RxarEmdxzlAFIAT HFE(ZIE, min(360/5-X7\3
VEEHE, 100A) NRIRSNFEFTH, EREFFRAUTIKIZERIZERAT S
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AHEEIRA RS 4)  : Super Computer A System (A University)
FMABR 58T —~ 1 xxxDBAREZ1T 9

L AR L

- TIRETHE @ 64/ — RN X2 X 1057 — A

- AKFHE 256 — R X 10/FF# X 1007 — A
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AHEEIRA RS 4) : Super Computer B System (B University)
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Wisteria-Messenger

* Intel Xeon Gold 6348 (IlceLake)
— 2.6 GHz, 28 cores/socket

L IR 4 Wisteria Simulation
— 2 sockets X 6 nodes ‘0 o BDEC-01 (;\ldc;dsess:y
— IB-HDR < Flisuhm ASEX
* AquarIUStlﬁl’%o)*g%ﬁE%ﬁj—é Fast File System InfiniBand
— Odyssey&EEEL TIS+D+L A& AT BE 178, 15780 Dol omrm
ata/Learning
¢ - -Qﬁﬁﬁb—cb\ﬁb\ Shared File .Effgféiﬁﬂ\ﬂﬁfﬂfo
— JHPCNERIRF 3311 C THE AT AE NG —
(IS+D+LIFt BT KD H) | g \essenger

External o
Resources ™

NS eo

External Network



Simulation
Codes

Simulation Nodes
Odyssey

Wisteria/BDEC-01

Machine Observation
Learning, DDA Data/Learning Data
Nodes, Aquarius

Data Assimilation
Data Analysis

Server,

Storage, i

DB, External
Sensors, Resources
etc.

Originally
developed in
ERI/U.Tokyo
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10s = i ~ 50s

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]
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%! Wisteria
¢ o BDEC-01

Data/Learning

Nodes: Aquarius
Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
Results |RYEL [eETd Results

E%- pata | SIVETD 2.0 TB/s

Simulation Nodes: Seism3D/

External Server
Odyssey

OpenSWPC-DAF

25.9PF, 7.8 PB/s Enesh Dati EJG Modeﬂ

for Observed
Data

Fujitsu/Arm A64FX
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Web-based Simulation System for Outreach
Activities

/> mdx
VM (Virtual Machine)

Application « File System
Server
Input
SSH Access
Job Submission

*.? Wisteria
¢ ¢ BDEC-01

JDXnet DatalLearnln_g Nodes
Aquarius

Sove7O 7.20 PF, 578.2 TBIs
External Server for
Observed Data

Web-Browser
Authentication

Screen

Simulation Nodes

Odyssey Shared File
25.9 PF, 7.8 PB/s System




mdx/MN5Web#EH TKRE =
YRalb—ar-rF—3@EE T

residual from obs.

A3 59 T147I2FER
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15—
10t
o5t
oof
0.5}
[ -10t
f =15t
15p
10F
b osth
ook
05}
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F-15

(A+S) Assimilation+Simulation

assimilated [F{t

R
observation

R

DlnzTsien forecasted

| Optimal
1 weight

L 3 (Pure S) Pure Simulation/Forecast

Lo
10}
(11,
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Simulation (cm/sec)

100 125 150
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‘ *+2 Wisteria

¢ ¢ BDEC-01

Datal/Learning
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