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Shared File
System Data/Learn

800 Gbps

External I
Resources

External Network

Simulation Nodes
(Odyssey)

Simulation Nodes:

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PBI/s

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

7.20 PF, 578.2 TB/s

Platform for Integration of (S+D+L) el = v E = 5 —_
Big Data & Extreme Computing %Rj{ $E—tﬂn‘l——7/ 9

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Fast File
ing System

Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
o« 20194 7H ~2023F9A XK (FE)
E)étsengées « 6.61 PF, #110 in 58t TOP500-Sep 2023 (Plan)
Wisteria/BDEC-01 (Fujitsu)
e 2al—3a>/—F# (Odyssey) : AG4FX (#17)
o« T—45-28 /—K# (Aquarius) :Intel Icelake+NVIDIA A100) (#106)
« 33.1 PF, #13 in 57 TOP 500, 202145 A 14 B FARHA
o [5HE - T—452-FF (S+D+L) IMED=H DTV T+ —L
o EHFHIVIL T EREh3-Open-BDEC]
(RIAFEEBE(S) 2019 E ~20234FF)

Data/Learnir)q Nodes
(Aquarius) Oakbridge-CX
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RARZBEWRFT, RAEFRUREF

NICAM: NIROC-A:
Semi-Unstructured @rid FDM/Structured Grid

NICAM-
Agrid
NICAM-
ZMgrid

Atmospheric Atmospher i
Mode -1 Model-2

1L 1L

J-cup

Coco

Regional COCO
Matsumura-
model

*+Grid Transformation
ppOpen—MATH/MP * Multi-Ensemble
Coupler 10
+Pre- and post-process
*Fault tolerance
Ocean Mode!

Post-Peta-Scale
System

~System S/W
-Architecture

“MXN

COCO: Tri-Polar FDM Regional Ocean Model
Non Hydrostatic Model

’Tﬁta-packing
into a buffer

3. Data-packing after the
interpolation process

[

App. A

App. B

* Also applicable to full coupling,
multiple applications

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

e

4. Data extraction
from the buffer
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(a) Tokyo Bay Model
—Large scale hydro-geological model-

Injection

/ 30 million DoF et

Yamamoto et al. (2009) 10km

(b) DDC (Diffusion-Dissolution-Convection)
—Highly non linear process model-

Reservoir Local-scale
Model

Native Groundwater (Brine)

6 million DoF

(c) SPE 10 Model
—Highly heterogeneous reservoir model—

Producer

t 3.3 million DoF

Injector

Original
Reservior Model

Christie and Blunt (2001)
Qi et al. (2009)
Audigane et al.(2011)

CO, behavior
Yamamoto et al. (2013) (No upscaling)

$XDOF: degrees of freedom



FUSERTHDUT VA LETER BILZHZER)

< August 2019 November 2019
F
=
E Bug
b4 ¢ MPI communicator
° Optimization
L Very stable! « Obs pre—processing
* Visualization
* NWP model setting
R stEMEREO M B, EBHIT —Z b, TEIE3053 THIZH Do TR (RD),
EROYU —7 A 15.40:00 (SLEA20194E8 )] (£1)2018F#ildwmin FT=10min FT=20min
PAWR FIBZR >
Obs Obs
SCALE- SCALE
LETKF Forecast
Analysis
[E1%¢’-‘EE@‘: : E;@EIETE::I: B o 20194F8 H24 H OHEF|I DWW T O T A MER, (1) L—&—#lll & (F)SCALE-
R4 = 201948 H24 H DEFIHOWT DT A MER, (F) L—& —8i & (F)SCALE= g LT _
(BILFZRAT) ] ARl SN e S LETKFIZ & % AT b i L — 7 — RO (dB2) 2 1,
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[COVID- 19J§1mHPC|EEH%A§n%zE

214D53L6FRENR KRR T LZEFIFH (2020F F

HEOOFOAIROEETOTT7—EICET ST
ST AN FEESTE

COVID-19;8E D {x4#ZE: chloroquine.
hydroxychloroquine. azithromycin®D A~ 2"
R DFFHImESUICZE DR KRICET S8R

HAOOF D4 I)LARED A /NI B ENIFELE T8I

ST EHARMTIZ L ASARS-CoV-21E5EEEL S D
ER

ERNIRBICBITAVAILAFKRED FAEZTD
XK BERRERITICEIT =7 —XAET «

Spreading of polydisperse droplets in a turbulent
puff of saturated exhaled air

28 #hE
(ALEKFE)

AH #ZBHEXEHUT-
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Marco Edoardo Rosti
(OIST)
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CX
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YouTubeF+¥ > RILD 5
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s TREKXKFIFHREBREI—FrvoRIL
https://www.youtube.com/channel/UC2CHaGp1AO-vgRIV7/wmUQO-w

Wisteria/BDEC-013 X T L §B7
https://www.youtube.com/watch?v=S XjYtatzo-
4&list=PLobjSv ny85IW030OAPUJIODWJoHhNiIQgVvY &index=3&t=104s

£10EJCAHPCtEZF—

https://www.youtube.com/playlist?list=PLobjSv ny85mfPTuCC2i7r sPQYKZvy2e
I AY & LN

https://www.youtube.com/playlist?list=PLob|{Sv ny85kr1lg2m-bUiMC2a9W6k53u
https://www.youtube.com/watch?v=q-0QtU70ps4&t=116s

JCAHPCHEIF—: T NfELMBkAESAR—/\—aVE 1 —T 127 ]
https://www.youtube.com/playlist?list=PLobiSv ny85I-z-VJCy690Zi|IAA04xCRA

BRLT AU OEHTR
https://www.youtube.com/playlist?list=PLobjSv ny85kXY2Mtnhn1k7pM-epQaD?2y
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https://www.youtube.com/watch?v=SXjYtatzo-4&list=PLobjSv_ny85lW03OAPUJ9DWJoHhNiQgvY&index=3&t=104s
https://www.youtube.com/playlist?list=PLobjSv_ny85mfPTuCC2i7r_sPQYKZvy2e
https://www.youtube.com/playlist?list=PLobjSv_ny85kr1Ig2m-bUiMC2a9W6k53u
https://www.youtube.com/watch?v=q-0QtU7Ops4&t=116s
https://www.youtube.com/playlist?list=PLobjSv_ny85l-z-VJCy690ZjlAA04xCRA
https://www.youtube.com/playlist?list=PLobjSv_ny85kXY2Mtnhn1k7pM-epQaD2y
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AR—/IN—AaAYEa1—T42Y...
N5 &

» J—/0—

— FHEF =, FHE T % Simulations

- k 1 T f1 o .:-u.‘ L ¥
fﬁ E.u,m, ?ﬁq:*ﬁ' CPU Cluster GPU Cluster ST TR
— Al, HHFE Oakbridge-CX Reedbush-L

j%{*ﬁfﬁ INF

A Hﬂ%
AVITARTAIOR -

T miF #ﬁﬂ% FILTY X L
HMDDKY 3ok N 'I $I§ﬂ% Al

—FD k1t

(/\:L[/ /HJ(FI-I_ﬁ)_l__\\ 9 |

F &) R &>Society 5.0%18(ZH

3N, 2015FEMNSEYHA
— T4 HINVERIEHAN—ZERDORE
« S:¥2alb—23av (FTE) (Simulation)
« D:7—%(Data)
e L:Z2& (Learning)
— Simulation + Data + Learning =
S+D+L




(2al—lay (FHE) +T7—42+2E)BE (S+D+L
) RAEHREB L 2—TIE, 2015FENST (S+D+L)
MEI0EZMEITERBL, TNERIRITH-HD/N—F
D17, V0T, TTUVr—ay, 7ILO) X LI
B9 SR FE =G
— BDECE&tEI (Big Data & Extreme Computing)
- IF7—=5+F8 LD, LYBELIVIaL—3Y )
« Al for HPC
— HhEKFIFRELETIEBALGHEE (T TIZTE RSN TULS)
« 20215 IERAZEIGLT=I Wisteria/BDEC-01 &
BDECETIE 1D 15 #
— Reedbush, Oakbridge-CXI&IBDEC D7 ORI T EALE
elyE=Y (%
— 515 -7—32-2E (S+D+L) IR EZFEEHT 5, HETHLH
OTDTSYRTA—L
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Wisteria/BDEC-01 BDEC:#18 + F—% - #8 (S+D+L)
20215814 ERHKIS MED=-HDOT75vhI4+r— LA

(Big Data & Extreme Computing)

- HRARZFHIFv2/ X
331 PF, 838 PB/SGC. , EEE:I:J‘EQ Platform for Integration of (S+D+L)
_~45 MVA(:DEEH :‘IAJ%) ’ ~360m?2 Big Data & Extreme Computing
Hierarchical, Hybrid, Heterogeneous (h3) T ey
> Fujitsu/Arm A64FX
— 25.9PF, 7.8PB/s
z*iiﬁa) / IN ﬁ .. Shared File Fast File
— /= —<,3° Ny Las - Syst ' Syst
2al /03// K& (S, SIM) : Odyssey Rovsa S S
’ ‘ﬁEﬂEG)X/\:TJ :/(SZ;;‘)I“ Aquarius :/(?I?S--)L\
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25.8 PB, 500GB/s I 20PF, 578.2TBls 1PB, 1.0TB/s
— 7,680/—K (368,640 O7), 205v%, Tofu-D 800 Gbps
- T—5-%¥/—F# (D/L, DL) : Aquarius I External
« TSR, WS o
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF Py ]

— 45/—F (Ice Lake: 90, A100:360%), IB-HDR
o« —HIEHNFIYV—R(RAL—D, Y—/N\—, LY —
Ry b7 —o4th) ICE i

— D7AIN AT L HEF(KREBE)+51E



Wisteria/BDEC-01

« 2021FE5H14H::ERABIR
— HRERFHEIFv/AX
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BDEC:[5t& -7 —%-F& (S+D+L) |
BMEDI=HDTTYRIT+—L
(Big Data & Extreme Computing)

33.1 PF, 8.38 PB/sec. , E 1 @5
— ~4.5 MVA(ZEFHAH), ~360m?2
« Hierarchical, Hybrid, Heterogeneous (h3)
- 2IB D/ —F
— 2alb—33a>/—F# (S, SIM) : Odyssey
o HEFEDR/INTY
- Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF

— 7,680/—F (368,640 O7), 2054, Tofu-D

Shared File
System
H{FI7M4L
AT L
(SFS)

25.8 PB, 500GB/s

YSab—dav/—FE

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

F—5- B/
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s

- T—2-28/—F# (D/L, DL) : Aquarius
o TR, BWEE

* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—F (Ice Lake:90%, A100:360%), IB-HDR

« —EBIFHNEBYY—R(RAL—T, —/3—, Lo H—
rybT—oth) ICEEES

— D7AIN AT L HEF(KREBE)+51E

BEI7AIL

Fast File
System

VAT L
(FFS)
1PB, 1.0TB/s

800 Gbps

External Network
NER YR T—S

External
Resources

SERY—R
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Wisteria/BDEC-01 BDEC:#18 + F—% - #8 (S+D+L)
20215814 ERHKIS MED=-HDOT75vhI4+r— LA

(Big Data & Extreme Computing)

- HRARZFHIFv2/ X
331 PF, 838 PB/SGC. , EEE:I:J‘EQ Platform for Integration of (S+D+L)
_~45 MVA(:DEEH 5&3%) ’ ~360m?2 Big Data & Extreme Computing
Hierarchical, Hybrid, Heterogeneous (h3) T ey
> Fujitsu/Arm A64FX
— 25.9PF, 7.8PB/s
z*iiﬁa) / I\ ﬁ .. Shared File Fast File
— /= —<,3° Ny Las : Syst ' Syst
2al /03// K& (S, SIM) : Odyssey Rovsa S S
N A e
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25.8 PB, 500GB/s I 20PF, 578.2TBls 1PB, 1.0TB/s
— 7,680/—K (368,640 O7), 205v%, Tofu-D 800 Gbps ==
- T—5-F¥/—F# (D/L, DL) : Aquarius I External
« TSR, WEE o
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF Py ]

— 45/—F (Ice Lake: 90, A100:360%), IB-HDR
o —®BITHNEB)Y—R(RL—T, —/\—, Y —
Ry b7 —o4th) ICE i

— D7AINV AT L HEF(KRBE) +51&
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> AT LighkX

>2a1b—->3>/)—-k: 7,680/)—F (i smEEMERE 25.9 PFLOPS, f8XEUN> M&E 7.8 PB/s)

[o®)
FUJITSU

F=4-FB)—R:45)—F (RHEREZEEE 7.2 PFLOPS. #AEU)NY RIE 578.2 TB/Ss)

RN~
AP
-mdx> A7 A

AapiEstL—4 (Ethernet)

OJ4> )= REBIFIVS AT

=

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

oJ4>)—R

FUJITSU Server

PRIMERGY RX2530 M5 x 20/—R
HIRsmEE ERE (BH8E) : 96TFLOPS
¥AE)BE : 7.5TiB

>2ab—-23>/)—REf F—4-F8/)-RE¥

FUJITSU Server
PRIMERGY GX2570 M6 x 45./—R
(/—R&1zH Intel Xeon Platinum 8360Y

FUJITSU Supercomputer 3L —-33>)— R
PRIMEHPC FX1000 x 7,680./—K (205%4) &ykJ—% P 2.40GHz, 3617) x2
PR MR (SHBE) « 25.0PFLOPS  (Tofud>9—T#kD) Um0 NI 100 oy o)X
FOXEUSE : 240TiB NAEH23> I\ RIE : 13TB/s IR EEIIEAE (M) : 7.2PFLOPS

HeXTU/> 98 - 7.8PBYs HXEUSH : 36.5TiB XTI NE : 578.2TB/s

T—45-F8/-FEryhD—2 3]k /- FEHEERyrJ—2 (InfiniBand EDR/HDR)
[ ]
17y hD~-) /g8y ~D~7 (Ethernet)

EBIEY—/BFRy NI —JAN -2

=

EIEY /(B

FUJITSU Server

PRIMERGY RX2530 M5
x 13 FUJITSU Server

(3TEEXS, EREEX2. PRIMERGY RX2530 M5 x 2

HBIFAVZRAT A

N

I7AIVIAT L FEFS

I7AIVIAT L FEFS

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

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

AN =37 —HERXEE : 0.5TB/s
MDS : PRIMERGY RX2530 M5 x 4
MDT : ETERNUS AF250 S3 x 1
0SS, OST : 1VM/CM, DDN SFA7990XE x 16

SREEx2. WebiR—4)Lx2.
F1U5409%2)

ETERNUS DX100 S5 x 1
BFREE : 42078

19
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T EmEE R 25.9 PFLOPS 7.2 PFLOPS
W/ —F# 7,680 45
RERERE 240.0 TiB 36.5 TiB
FybT—orROY— 6 Risrvial b—3R Full-bisection Fat Tree

VAT LA FEFS (Fujitsu Exabyte File System)
HETFAIL +#—/3(0SS) DDN SFA7990XE
$RT L H—/3(0SS)% 16

ANL—UBR=E 25.8 PB

ARL—D T —FEREEE 504 GB/s

VAT LA FEFS (Fujitsu Exabyte File System)
=ET (L #—/3(0SS) DDN SFA400NVXE
S RF Ly H—/3(0SS)¥ 16

ANL—UBR=E 1.0 PB

A= T —REnARE 1.0 TB/s
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Wisteria-O (Odyssey)
FUJITSU Supercomputer

Wisteria-A (Aquarius)
FUJITSU Server PRIMERGY

N E PRIMEHPC FX1000 GX2570 M6
5 . Intel Xeon Platinum 8360Y
JREyYA AB4FX (B2 —Fk 4 :Ice Lake)
JOtyHE @7 | 1 (48+7IRAURIT2 0or 4) 2 (36+36)
CPU ERE 2.2 GHz 2.4 GHz
HamEE R 3.3792 TFLOPS 5.53 TFLOPS
AEYBE 32 GB 512 GiB
AE) i 1E 1,024 GB/s 409.6 GB/s
Jatyy 4 NVIDIA A100
SM#k (B 1K) 108
AEBE (BIK) 40 GB
AE) NG (BAK) 1,555 GB/s
GPU HamE E e (BK) 19.5 TFLOPS
EEE 8
+ PCIl Express Gen4 x 16L-—2/
CPU-GPUR % (AIL—> =Y B 532 GB/s)
N NVLink x 124
GPUR i (1A H1=Y B A [25GB/s)
AA—aRTk TofuA >A#—axJ+D InfiniBand HDR(200Gbps) x 4




AN
V474,

YOOI T

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

OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
AN GNU O /15 GNU a2 /15
Intel 2> /\45(Fortran77/90/95/2003/2008.
C. C++)
ELTEAR OVINMT 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++)
Ayt—IRE

dopd = 5@ At ‘
5951 @ EMPI Intel MPI, Open MPI
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Wisteria-O (Odyssey) Wisteria-A (Aquarius)

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++,

SA4T5Y mpiJava

Eti@# 85475 (BLAS. CBLAS
. LAPACK. ScalLAPACK)

Inteltt #1541 J51)(MKL)(BLAS. CBLAS. LAPACK.
ScalLAPACK) . NVIDIA# 854751 (cuBLAS,
cuSPARSE. cuFFT. cuDNN. NCCL). MAGMA

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,
7V Tr—ray LAMMPS. CP2K. NWChem, DeepVariant, Paraview, Vislt, POV-Ray. TensorFlow, Chainer,
PyTorch, Keras. Horovod, MXNet

Theano

autoconf, automake, bash. bzip2. cvs. emacs. findutils, gawk. gdb. make. grep. gnuplot,
J1y—y Ik  9zip. less. m4. python. perl. ruby. screen. sed. subversion. tar. tcsh. tcl, vim, zsh, git 7&&

Globus Toolkit, Gfarm, FUSE
a TR Singularity Community Edition

BmA7 ) MATLAB (New!)



SC23I=HBIT5FET TV
(20234F118)

TOP 500
Green 500
HPCG

Graph 500 BFS

HPL-MxP
(HPL-AI)

2533
55
14

6

14
(June
2023 ?)

136=168
35
/3

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

Simulation Nodes:

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Shared File ' Fast File
System Data/Learning System

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

7.20 PF, 578.2 TBI/s

800 Gbps

External I External
Resources Resources

External Network

24




Riax. Performance of Linpack (TFLOPS)

62nd TOP500 List (Nov., 2023) r

25

http://www.top500.org/
oeak. Peak Performance (TFLOPS), Power: kW

I ohre ofiop R

9

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

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

Eagle, 2023, USA

Microsoft

Fugaku, 2020, Japan
R-CCS, RIKEN

LUMI, 2022, Finland
EuroHPC/CSC
Leonard, 2022, Italy
EuroHPC/Cineca
Summit, 2018, USA

DOE/SC/Oak Ridge National Laboratory
MareNostrum 5 ACC, 2023, Spain

EuroHPC/BSC

Eos NVIDIA DGX SuperPOD
NVIDIA Corporation

Sierra, 2018, USA

10 DOE/NNSA/LLNL

32
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ABCI 2.0, 2021, Japan
AIST

Wisteria/BDEC-01 (Odyssey). 2021,
Japan ITC, University of Tokyo

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

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 S922L.C, IBM POWER9 22C 3.1GHz, NVIDIA
Volta GV100, Dual-rail Mellanox EDR InfiniBand

PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C 2.4GHz,
NVIDIAA100 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

1,572,480

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

2212

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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Henri, Flatiron Institute, USA

Frontier TDS, ORNL, USA

Adastra, GENCI-CINES, France
Setonix-GPU, Paswey SCC, Australia
Dardel GPU, KTH, Sweden
MareNostru 5 ACC, BSC, Spain
LUMI, EuroHPC/CSC, Finland

Frontier, ORNL, USA

Goete-NHR, Universitaet Frankfurt,
Germany

Olaf, (Science Institute), South Korea

Pegasus, University of Tsukuba, Japan

Wisteria/BDEC-01 (Aquarius), The
University of Tokyo, Japan

NVIDIA H100
80GB

AMD Instinct
MI250X

AMD Instrinct
MI250X

AMD Instrinct
MI250X

AMD Instrinct
MI250X
NVIDIAH100
64GB

AMD Instinct
MI250X

AMD Instinct
MI250X

AMD Instinct
MI210
NVIDIAH100
80GB
NVIDIA H100
80GB
NVIDIA A100
40GB

8,288
120,832
319,072
181,248

52,864
680,960
2,752,704
8,699,904
96,768
3,936
21,600

42,120

19.20
46.10
27.16
8.26
138.20
379.70
1,194.00
9.09
2.03
3.48

4.425

309
921
477
146
2,560
7,107
22,703
195

45

68

183

65.396

62.684

58.021

56.983

56.491

53.984

53.428

SRS SE

46.543

45117

41.123

24.06
2023/10/3
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Computer

HPL Rmax

TOP500
Rank

HPCG

27

© 00 N O O A WO N =

-
~ O

Fugaku

Frontier

LUMI

Leonardo

Summit

Perlmutter

Sierra

Selene

JUWELS Booster Module
AOBA-S
Wisteria/BDEC-01 (Odyssey)

7,630,848
8,730,112
2,752,704
1,824,768
2,414,592
761,856
1,572,480
555,520
449,280
64,512
368,640

(Pflopls)
442 .01

1,102.00
379.70
238.70

148.600
70.870
94.640
63.460
44.120

17.22
22.121

4

~N O O =~

10
13
18
50
33

(Pflopls)
16.004

14.054

4.587
3.114
2.926
1.905
1.796
1.622
1.275
1.089
0.817

http://www.hpcg-benchmark.org/

2023/10/3
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Graph500 BFS, Nov. 2023

http://graph500.org/?page_id=942

Fugaku 2020, Japan

R-CCS, RIKEN Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D 7,299,072 138867
2 p——— Supercompqter, S SR HUST Kunpeng 920+Tesla A100, Custom 6,999,552 41 115357.6
Wuhan Supercomputing Center
Frontier, 2022,USA :
3 DOE/SC/ORNL HPE, Cray EX235a, Slingshot-11 8,730,112 40 29654.6
Pengcheng Cloudbrain-ll, 2022, China
4 HUST-Pengcheng Lab-HUAWE HUST Kunpeng 920+Ascend 910 93,696 40 28463.1
5 U T TG, 20, i Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway 10,599,680 40 23755.7

National Supercomputing Center in Wuxi
6 Wisteria/BDEC-01 (Odyssey). 2021, Japan Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu

ITC, University of Tokyo terconnect D 368,640 37 16118
7 Toki-Sora, 2021, Japan PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu interconnect 276 480 36 10813
JAXA D
8 S‘I@PS-FXWOO, 2023, Japan I;RIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu interconnect 221 184 36 10158
LUMI-C, 2021, Finland .
9 T Cray EX, SlingShot-10 190,976 38 8467.7
10 Summit (CPU Only), 2018, USA IBM Power System AC922, IBM POWER9 22C 3.07GHz, 5 1A 560 " —_—
DOE/SC/Oak Ridge National Laboratory NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand T '

Z/ar7FagsIug (1), (1)



2023/10/3

HPL-MxP (IEHPL-AI) (Nov. 2023) {E RE

12 kB ERER E

https://hpl-mxp.org/results.md

29

HPL-AI HPL R, ., -

Frontler 2022, USA

DOE/ORNL 2GHz, AMD Instinct MI250X, Slingshot-11

2 LUMI, 2022, Finland HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C 2 752.704
EuroHPC/CSC 2GHz, AMD Instinct MI1250X, Slingshot-11 ’ ’

3 Fugaku, 2020, Japan Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, 7,630,848

R-CCS, RIKEN Tofu-D

4 Leonardo, 2022, ltaly BullSequana XH2000, Xeon Platinum 8358 32C 2.6GHz, 1463616
EuroHPC/Cineca NVIDIA A100 SXM4 64GB, Quad-rail NVIDIA HDR100 ’

5 Summit, 2018, USA IBM Power System AC922, IBM POWER9 22C 3.07GHz, 2 414 592
DOE/SC/Oak Ridge National Laboratory NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand

6 Selene, 2020, USA NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C 555 520
NVIDIA 2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR ’

7 Perimutter, 2021, USA HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz, 761.856
DOE/NERSC/LBNL NVIDIA A100 SXM4 40 GB, Slingshot-10 ’

8 JUWELS Booster Module, 2020, Bull Sequana XH2000, AMD EPYC 7402 24c 2.8GHz, 449 280
Germany Julich (FZJ) NVIDIA A100, Mellanox InfiniBand HDR ’

9 Adastra, 2022, France HPE Cray EX235a, AMD Optimized 3™ Gen. EPYC 64C 319 072
GENCI-CINES 2GHz, AMD Instinct MI250X, Slingshot-11 ’
1OSetonix-GPU. 2022, Australia HPE Cray EX235a, AMD Optimized 3rd Generation 181 248
Pawsey SC EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot—11 ’
14WisterialBDEC-01 (Odyssey). 2021, Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, 368.640
Japan ITC, UniverSity of TOkyO Tofu interconnect D ’

Z/8a>r7Fag353049 (1), (1)

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C 8,730,112 9.9507

2.35
2.0

1.842

1.411

0.630
0.590
0.470
0.303

0.175

0.10

12
18
17

25

33

1.1940
0.3797
0.4420
0.2387

0.1486

0.0635

0.079
0.0441
0.0461

0.0272

0.0221

6.2
4.5
7.7

9.5

9.9
7.4
10.7
6.6

6.4

4.5



GFLOPS (E—/ i Re) U-UFIAEHE (M) EXRK
GFLOPS/W (Green 500) (2023 EMNSHE L IF)

Oakleaf-FX/Oakbridge-FX (Fujitsu)
(Fujitsu SPARC64 1Xfx)

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

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

Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node)
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL)

Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake)
Wisteria-Odyssey (Fujitsu/Arm A64FX)
Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8)

JPY/GFLOPS
Small is Good
125

61.9

15.9

13.4
16.5

20.7
17.8
9.00

GFLOPS/W
Large is Good

0.866

30
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— & FAO—X

https.//www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/course.php

» TI—TaA—RUAFLFENULNGERENGT IL—T)
— Wisteria/BDEC-01M il /8—YF )La—X JIEBELE

- RRBFIXRE- A EEEAFREE
M=o (/—FERED ZEEA

. OdySSGy, Aquarius’&*l_ﬁﬁ’é‘é%) Platform for Integration of (S+D+L)

Big Data & Extreme Computing

— OIATEFNENHERBMINELS

Y2alb—dav/—FK#
n | __Odyssey
|2 JT Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

e /—K[E&E F Shared File Fast File
System System
: o HET7A g e BET7A
— Aquarius®1/—F (8GPU) & AL THIA [Nl |Iamarmill oo
_mEFY(ETFYLHY) 255, so00ms W "meoamne™ A 1es oter
° GPU IJ_'_IE 800IGbps
External
— Aquarius®1:2-4GPUZ 5B L TFI A Resources
- BEEL Extornal Network iadne



https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/course.php

o795 &

https.//www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

ABRZ9T4)
INYFaT
JRAK

I3IK TlFOdyssey, AquariuslEBEIFREFIR X TS0

Wisteria-O (Odyssey):>2aL—3i3> /—KREE
— XXX-0
— priority-0: % F¥a1—, b—UVEHBE1.5E
Wisteria-A (Aquarius) : 7—4% %28 /—F &
— XXX-a /—FEL
— share-XXX  GPUBH{i
» MIG (Multi-Instance GPU) IZ&Y, GPURZEIZHEIREFZA, AORATLTIEEREAEY
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https://www.cc.u-tokyo.ac.jp/guide
https://www.cc.u-tokyo.ac.jp/events/seminar/20240117.php

HREHRERE L I—DR/N\AVE
Wisteria/BDEC-01

Ipomoea-01

h3-Open-BDEC




Hitachi SR8000

1A NN A QF

SR8000
I I
Hitachi Hitachi
SR2201 SR8000/MPP
HARP-1E SR8000

ﬁmx+ﬁﬁgﬁ
23— A/\3

>
FIFHE2,600+%
55% (%45 |

2006-2010

IBM Power5+

Hitachi HA8000

T2K Todai

MD Opteron

?ﬁﬂi/\‘%)p

/J:I.FFI CPU

|7]!]

I‘I

Fujitsu FX10

Oakleaf-FX
1.13 PF

SPACRG64 1Xfx

Reedbush- Intel Icelake+
I VLINEIRIZSY | NVIDIAATO0
3.36 PF ‘
Intel BDW + L
NVIDIA P100 . . Ipomoea-01 25PB PoDs
I I I |
I I I I I Ipomoea-02

Oakforest-
PACS (Fujitsu)

2016-2020

|
Hitachi SR16K/M1
Yayoi

IBM Power7

Intel CLX

(012109 4
(Fujitsu)

NVIDIA H100

2026-2030

ABAFX,

~ Accelerators
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KFELXFRAN—DO X T LlNpomoeal

« X—/N\—aVE1—3DNEBREADR LEIZEHE, IO T—2=BEMD —

¢« BRELUVA—TIIHREXRAN —VIEZIRATLIZHMELTEAIN, ERT
LDARL—F 3T

e ZDEIHIKRCGE-RNL—U NV RTFTLEIZHHA) TR HEIZZ KEGAE

ZRWNAZEIZHY, EREVA—DEVAT LN T OEAR[RELG L @R
L— DEANEKROHNTULV:

o« BURTLMWOTIRATESIKIFIR
HBRAL— (Ipomoea) | EARTE
— OFP:ER#R T H 1%

— 1R T LZEH5-6 FEFAL, H3FEZ LIS
HLWRRL—UO R T L (25+PB) & A
L, ANEZAZEEZHEELTLNS

I




Ipomoea-01

« 2022F1 A EM R, 25+PB
=1EEs

FallF v > /8%

-

« OFP®DLustre BB OMNE T 7 41 L DTSR T, 2022FE68 H N 400G x2 e
. %U% W% 400G x2 S AR
> hL—3
. j(*b/ﬁz R AT LD NHMICFIAESS 7\10PB,
% 5( B ﬂElJ , n%jElj IK‘T’ < ) %%T %) iy%l/ﬁ\ 100G / Lustre
. 2%' F%& Z &£ 1Z5TB s xn - ;xiiﬁ\/_l\/l/e
TIN—F T ENBRY AT LT SNTWERED ' ustr
15%@@1 ’C'f‘_l'%— ‘ 1.0 PB, Lustre
. EMEES (DT o228 L) —_ —
. 7 200P%/TB/£|£ 2,100,000/3/PB/4E _-- 100G x2
« Ipomoea-01® & D F| FF A+ AJBE _ :
- - I
MHFEF v /NR B oAy —R# i I
. EHRAY — N |
: )
| | 25.8 PB, FEFS 1.0 PB, FEFS
I 202541 BT E ]
|
l
Ipomoea-01 I
| \ — )/\/\ - . | Aquarius Odyssey./ — K &%
:_ K R AR ZBE—/ I \\ /— P M /




RAREREBE L 2—D R/ AVTE
Wisteria/BDEC-01

Ipomoea-01

h3-Open-BDEC




h3-Open-BDEC

ETRE+ T3+ FEIRMEGERBEIHIEHNY I+ TE

i

Bt EEBHRE(S) (2019FE~23FF, KR : P EHE)

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

O ZEEREBERE-FERI-BE
Fa1—Z kAT ERE
'—£§<$¥ﬁ- E’]j&ﬁﬁﬁ*;i Numerical Alg./Library

Q@ BEET—2EE770—7F New Principle for
e T e E M Computations
oy

@ ~TATZT7RIRE (eg.
Wisteria/BDEC-01) [ZH1F5Y
b7, A—T4)T18F

%

App. Dev. Framework

Simulation + Data +
Learning

Hierarchical,
Hybrid,
Heterogeneous

Big Data &
Extreme
Computing

Control & Utility
Integration +
Communications+
Utilities

40


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

2022/4/27

Al for HPC,

Al for Science
DEIHRAMRITT

« Odyssey-Aquarius;E#
— MPIZ&BHBEIIAFT
.« O-AZEELVTMPIZTO4 S LIEEIA ALY
— Odyssey-Aquariusfd] [&Infiniband-EDR
(2TB/sec) THEEINTLVS

« YOI THFE

— BH8EHTS5—:h3-Open-UTIL/MP
— O-AREl#1E : h3-Open-SYS/WaitlO
- IB-EDR#XH (WaitlO-Socket)
« BRITAIVY AT L (FFS) #2H:EHE (WaitlO-

File)

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

YRalb—av/—FH

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s
Shared File > Fast File
System = System
KBTI P B EEI7AIV
AT L Aquarius AT L
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s
800 Gbps
I External
Resources
External Network SR Y—R

HNERYRT—2

¥ﬁbb‘§+gﬁ}i 951U—°/3>+—7—’—9 ﬁé-"iEE'F

AL s +28 (S+D+L) 1—T4)T4
BE7 LTI L-514T3Y) FFBASE T — LT —4 H# & 1—T4UT4

41
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h3-Open-SYS/WaitlO
T—AZITELSA4T 3, 2020]
(45T, HPC-181, 2021)

HEREa—F

3alb—3d3ay
/—F%, Odyssey

gaT—4

T—5-E8/—FH#

— oS o ~ . o N Agquarius
« NTOVZF7RAIRE T THELGSAVHKR—RY I
rMEIZ7 A IVIERREES AT T ELTERE P
. HBEE o5 51
% HE o SR I~y S

v’ Odyssey~ AquariusfEE i
O IB-EDR#ZH&{E (WaitlO-Socket)
O 774 )L# A (WaitlO-File)

v NNERNS DT —RENE (BRI T—3%F) T AIRLSI5) O B e e
vV A H - EZTHLDOREH

« API:C/C++, FortranhSFEUNH L[
vV MPISA %A 27— R %17

L ERE L2alb—3av+7—4 HMe+EES




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

WaitlO AP

waitio_isend Non-Blocking Send

waitio_irecv Non-Blocking Receive
waitio_wait Termination of waitio_isend/irecv
waitio_init Initialization of WaitlO
waitio_get _nprocs Process # for each PB (Parallel Block)
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]
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B SAL—2aD=oDhTS5—

R, J\{E)

« EFXDHTZ—(Coupler) :ppOpen-MATH/MP

- B GEE2D: K= (NICAM) +;
(Weak Coupling) #H7R—k

3% (COCO)) D7 T r—ar DIBE

- &ET7 TV =23V HMBREOHEEZNS

—7

1. Data-packing
into a buffer

3. Data-packing after the
interpolation process

4

App. A

-

* Also applicable to full coupling,
multiple applications

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

App. B

4. Data extraction
from the buffer




[ E+T—2+58 1eaczZETS
Z#EEHTS5—h3-Open-UTIL/MP

s BLAMBETIVERDT7UOY VI IILETEXIE - ET SO DHEE
— MPI&{E. BZIRH. BFRETVEV T EDEEBREDM., XD HTS—IZITEL
EROBERGEE VI AL—1av DTV TIILET. REDETILOAET Y
TIVETTHL5 1D ERMIES A AIRE
— ANAVET, SR ARKBFER I aL—2aV I TR > TEMEREER A
 Fortran/Ca—K (#EET /L) EPythona—F DI ERZFEEH I HHEHE

— Fortran®>CTitiisni=7 055
LR OERMGTEICE->THEZ
T>TCE=HT5—%. PythonlZk
STER SN T=Al- HEHFE . 7[R
{LLBZROT—oO0—FMbEE
RATE=A5LO8EELFT, Fortran/C7 1) &£Python7 7 DERETE DR X
[J\{X-52JIl 2020] 45

IO
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h3-Open-UTIL/MP (h30-U/MP) +
h3-Open-SYS/WaitlO-Socket

ARM: A64FX IceLake+A100
Surrogate
Analysis/ML

HPC App App *

(Fortran) (Python)
F<->P adapter

% (NS ST o h3o-U/MP h30-U/MP Statistics
simulation data
output -— —
Coupling
IB-EDR

Aquarius




h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-SocketE i

202256 A h > F| AT EE

2022F EEIXFSH#E

HDWaitlO-FileZ{iF: 4 X

Fortran APP
(NICAM)

h3open modules

A

Jcup modules

h3-Open-UTIL/MP

jcup_mpi_lib.f90

20215F4 8 : MPLEE AT RER IRIRZ AR

Python APP
(PyTorch)
h3opp.py

h3open modules

Jcup modules

jeup_mpi_lib.f90

A

h3-Open-UTIL/MP

Jcup modules
jcup_mpi_lib.f90

Fortran APP Python APP
(NICAM) (PyTorch)

h3opp.py

IB-EDR

h3open modules

h3open modules

Jcup modules

jcup_mpi_lib.f90

MPI+WaitlO

202246 A : Coupler+WaitlO

47



fREREEEE - h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket

e F;ET, FIE ROFTE, WEED, /\KiR, I581E, PEIHE, WaitlO-Socket: &L X T L
FOEBMPITOT S LEHEETHRIETATIUDRE, FHRULIEFZSHIEHRE (2021-HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP# 2
https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN HPC182x.pdf?dI=0

® {fTE T th: Wistera/BDEC-01FIFHZEHI(3) T—2ZITELS473')h3-Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No2/10 202203Wisteria-1.pdf

® (I TE T th: Wistera/BDEC-01FIFHZEHI(4) T—2ZITELS475')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No3/12 202205-Wisteria-1.pdf

o ¥xETR, TR WRATE, WEEH, /\KH, KERE, 8%, 1EME, WaitlO-Hybrid: &£ F
274V AT LESocketZ B AIGEL S AT LBBIESAT73Y, [BHRNIEBZSMERIHRE (2022-
HPC-187-06), 2022

® Fi)I|[Efth: Wistera/BDEC-01F|REHI (5) R ILFTRT S LERTA T 5')h3-0Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.ip/public/VVOL24/No3/13 202205-Wisteria-2.pdf

® i)I|[Efth: Wistera/BDEC-01F|REHI (6) T IILFTRT S LERTA T 5')h3-0Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.ip/public/VVOL24/No4/09 202207-Wisteria-1.pdf
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https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN_HPC182x.pdf?dl=0
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
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13_202205-Wisteria-2.pdf
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09_202207-Wisteria-1.pdf

SF) 0 (ETH)

Wisteria/BDEC-01F| A7 <

— https://www.youtube.com/watch?v=1bbZV0O6-UQg
h3-Open-BDEC: 7049 kHP

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

Wisteria/BDEC-01 & h3-Open-BDEC#A A& E (A AE)

— 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 4 i& & (g
— https://www.youtube.com/watch?v=]X51NF2LniE
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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

