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—Large scale hydro-geological model-
- =

Injection
W
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Point G 10km

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

CO, Plumes

Groundwater Head (m)
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Reservoir A

Native Groundwater (Brine)
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100 yoars _ (c) SPE 10 Model
—Highly heterogeneous reservoir model-
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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
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>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>)—k

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 - EifH—) B BIEY—-N\BFryNI—UAN -
MDS,MDT x1tyk  0SS,0ST x16tyk . Xlt‘y'\ . Q e 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

23 Copyright 2020 FUJITSU LIMITED



ABG4AFX : CMG (Core Memory Group)

TofuD a>r0—7 || PCle a>kO—72

' cme#2

HBM2

¢INgH

4]s]e]7
\pnmﬂ/
p

o[ z]s)
4]s]e]7

HBM2

(8] 9 [10]

\_ CMG#3 /

i* A RS
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¢INgH




Wisteria-Odyssey® [ otu-D

T IILT7ARIC
e Tofu-D F24K: 207 v 7 12ME
L7770

« X,Y,Z,a,b,c)=(10,8,8,2,3,72) 1172232 5

= 3Rt 2RTT. 1IRTICEFEL TEE
AN LA (&%)
o AT
3.)\;5&; %kax%ixm Xéf (25 )L 7 x55 v —10) F—5 %
« 22R7G: 60 x 128
. X*a*b Y*Z*c
e 12X7T: 7680

VA
« E . (Ox43 = L7 =8)
°737Eﬁﬁ/7|\r712 f—3> 2
Iy Fa—HmirA4 F
- MPI{ERRF5|E
Yl 2> IV 7 x4 v =8) Avira
m%‘?ﬁ%%ﬁ u% ‘/9— 2021/6/4 #ETS [Wisteria®£ i | 25



-

Aquarius D&k

e Intel Xeon Platinum 8360Y (36¢ 2.4GHz) x 24 v bk, b12GBX E Y
00 GPU

o /— FHT7YBEDNVIDIA Al

XEY /N RE:
409.6 GB/sec
/ UPI
CPU1 < . CPU2
y Intel Xeon Platinum ~ Intel Xeon Platinum
8360Y 8360Y
DDR4 (ICX) (ICX) DDR4
PCI Express:
Gen4 x16 = 16 GHz x 16 (128b130b)
x16 x16 x16 x16 | =31.5GB/s (FFAM)
x16 x16
[ M PLX s - PLX PLX - s PLX [
IB-
- . EIB- A R
PCle G)e(qg 6 E x16 x16 x16 x16 - x16 F;(?|66 Gen4 -
500 Gbps x 4 link NVLink3
ps x 4 lin INk3:
R A100 A100 A100 A100 A100 A100 A100 A100
(/—F57=Y) GPU%71-Y 50 GHz x4x2 x6
\ 4 y \ 4 A y y \ 4 y = 300 GB/S (J#jj_lﬂ)
m RRAFIEREB T Y— 2021/6/4 HET 2T Wisteria= i ) 26

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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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
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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



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)




ERRVFT—5(1/2)

« TOP 500(Linpack, HPL)
— EI—RABAKVILAN—(BEEEZE), 5t5EEE (FLOPS{E)
— A ERITY EHRATIVTVERX
- FTEM8E
« HPCG
— EI—RABAKVILNN—(REZE), 5THEZEE (FLOPS{E)
— BRERENCFHFONDSERITIH (EAHZLY)
« TNEHKATYTIEX
« EF T —13212380N
— AEYTOERERE, BIEMHEE
 Green 500
— HPL(TOP500) E4TERfDFLOPS/WI{E



ZERRVFT—5(2/2)

« Graph 500 BFS
— JS7RBIZEITH5T—2NEH)E
— BFS(Breadth-First-Search, 182 %£#xX%)

+ HPL-AI

— Al - T

F & [ IFTHPL (for TOP500)

— MEEMETE (HPL) > &+ EEE (FP64)
— HPL- A|=>1E_€7I‘$rx_lnﬁ7&5¢uhb|:l xzﬁiiﬁ




61st TOP500 List (June, 2023)

Computer/Year Vendor

: Performance of Linpack (TFLOPS)
: Peak Performance (TFLOPS), Power: kW

Rmax

36

http://www.top500.0rg/

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

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

Sierra, 2018, USA
DOE/NNSA/LLNL

Sunway TaihuLight, 2016, China
National Supercomputing Center in Wuxi
Perimutter, 2021, USA
DOE/NERSC/LBNL

Selene, 2020, USA
NVIDIA

0 Tianhe-2A, 2018, China

24

25

National Super Computer Center in Guangzhou

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

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

HPE Cray EX235a, AMD Optimized 34 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

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

Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway

HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA
A100 SXM4 40 GB, Slingshot-10

NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C
2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR

TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH
Express-2, Matrix-2000

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

7,630,848

2,220,288

1,824,768

2,414,592

1,572,480

10,649,600

761,856

555,520

4,981,760

504,000

368,640

(PFLOPS)

1,194.00
(=1.194 EF)

442,010
(= 442.0 PF)

309.10

238.70

148.60

94.64

93.01

70.87
63.46

61.44

22.21

2212

Rpeak
(PFLOPS)

1,679.82

537,212.0

428.70

304.47

200.79

125.71

125.44

93.75

79.22

100.68

54.34

25.95

22,703

29,899

6,016

7,404

10,096

7,438

15,371

2,528
2,646

18,482

1,600

1,468



Rankings@ISC-HPC 23

June 2023
Oy e

TOP 500 136
Green 500 50 32
HPCG 12 68
Graph 500 BFS 6 -
HPL-MxP 14 )
(HPL-AI) (Nov.2022)

MAGiNE [
TOMORROW

ISC

High Performance

MAY 21 - MAY 25, 2023 | HAMBURG, GERMANY

F"

%+ Wisteria
¢ ¢ BDEC-01

Shared File
System

(SFS)
25.8 PB, 500 GB/s

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

Simulation Nodes:

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

Fast File

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A100

System

(FFS)
1PB, 1.0 TB/s

7.20 PF, 578.2 TBIs

External £J
Resources

| External
Resources

External Network
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GFLOPS(E—/7tgE) U=-VYFIAHAHEA) - EKK
GFLOPS/W (Green 500) (20234 E [%1.5%)

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

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 (Fuijitsu) (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
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2021 E 455 ENAFACPU, BGPU

Odyssey, Aquarius(&8H LI[&, RB-H, RB-LI%11A KK =

m TF-£DD2KY

g HEkEZ-FEHEZE

m MHEEE

g IRILX—-iE=x

g BHREZE . VATLA

g [BHREZ:7ILT)X L

g TBEREZ Al

u BE

o EEFHA
EYEE-ERKDE
INAATAITAOR
HEHEE-FEFE
T8 % - 7—42E1t

BRI
P EFTIXOFP =
Wisteria/BDEC-01
~DFITHVEERIZHE
ATLVS

Aquarius



NF

H R

MR-

=R

INFA2T4

<X T4Y

1HHRF:
Al

7ILTUX L

2022 EF 4555 ENAFACPU, BGPU

T—8HE-
T—4REE

k2
R

EEERES
FHMF
TEERFF
#EH
EXFA
EYRF

40

IF-3M2<Y

R

IR)LEF—-

AT L
-FILOYX L
Al

ERNF

INAFA A TAITAOR

R
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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, 77/ LY AT L (EE-HH)



Wisteria-Messenger

* Intel Xeon Gold 6348 (IceLake) *.? Wisteria Simulation
— 2.6 GHz, 28 cores/socket ¢~ BDEC-01 _;i“d"yiity
— 2 sockets X 6 nodes < > S
— IB-HDR Fast F(lll:tle: g)ystem InfiniBand
» Directly working with “Odyssey” for = ey
supporting “Aquarius” St 20 R 702 THle
(SFS)

25.8 PB, 500 GB/s

= Messenger

External i
Resources ™

NS eo

External Network



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

43


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

rchical, Hybrid, Heterogen

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

Wisteria/BDEC-01F| FHER A&

— https://www.youtube.com/watch?v=1bbZV0O6-UQg
h3-Open-BDEC: 7Oz P (I EH)
— 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

2006-2010

2016-2020 | 2021-2025 2026-2030
|

Hitachi SR8000 Hitachi SR16K/M1

1,024 GF Yayoi

’ 54.9 TF

e
Hitachi Hitachi OBCX
SR2201 SR8000/MPP (Fujitsu)
307.2GF 2,073.6 GF

Hitachi HA8000 Oakforest- OFP-II
T2K Todai PACS (Fujitsu) 200+ PF
25.0 PF
Fujitsu FX10 *.* Wisteriag,,::
Oakleaf-FX 0’0 BOEC-01 | Ulitsu
" I”"I 1.13 PF 33.1 PF
RREXFEHERE
Reedbush-
'|Z /9_0);( /) \:| U/H/L (SGI-HPE)
3.36 PF
FIFR#&2,600+4
55% (%4} ey
I Ipomoea’02




KRBHEEAN—D DX T LlNpomoeal

A—/N\—AE1—32DNBEE N DRI LIZFEL, TFOT—2EDEMO—&

BRRKEA—TIIRERAN —VIEE VAT LIZHMELTEAZN, VR T
LDARL—DEIHRAT

CDEOEIRRGE: RAL—U DN R T LEITMA) TR BEHEIZZ KGR E
ZRNAZEIZHY, BRRKEF—DEVATLNSTORAAREL LB X
L—U DEANRKD N TLV- o

BVART LT IERATELI KIRE
Hi@EARL— (Ipomoea) 1B ARE
— OFP:ER#R T h 5214

— 1O RTLEHS-6 F£FEAL, $I3FEZ LIS
HLWAML—O O AT L (25+PB) & A
L, ANEBZBAILEFZETELTILNVS

I
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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,
« BFRAEHEZLIZSTB
« BIIN—TZEICEBBRATLATHEINTWNSERED15%TEETHE

- BMEHEE (EXFID2F(EL)

« 7,200M/TB/4E, 2,100,000M/PB/<E
— Ipomoea-01M & 0 F| F B A A+ A BE

Ipomoea-01

=S A PA G

Ipomoea-01

K B2HEAHTIAR 2BE

mEaRERISEE

Oakbridge-CX

BALAWTITAR 1B

47

HllF v /iR

 REEHDD
ZRL—%

100 lo}
UUUUU

= ol r
Aquarius

Oéiyésey/ — NEt
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s REKFIBFHRERB L A—DRA—/\—aVEL—3HOBE
— VAT LR
— Y27+ x7 (h3-Open-BDEC)

e X—/)\—

— LA
— HPCI
— JHPCN

EA—AR(RI\Z
I (—f%-F2147IL)

4 - 7

EE

—&F &4, Al for HPC

—HPCF¥LUY, HEFF

— 5 F,

1(—f%-+547)

) EEST=-H D ¥k <5 Hl,

£
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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



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)




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
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h3-Open-SYS/WaitlO

T—R2ITELSAT S, 2020]
({¥cih, HPC-181, 2021]

¢ ANTAVZF7ZRARETTOELGSAVR—RY

rEI 771 ILEE

P HE

v’ Odyssey~AquariusfEE
O IB-EDR#ZH&/E (WaitlO-Socket)
O 774 )L#H (WaitlO-File)
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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]



ERESAL—3>vD=hDhTS5—

(R, J\fX)

« #EFEDHTS5—(Coupler) :ppOpen-MATH/MP
5,5 (COCO))DT7 TV r—a>MDIEERK

- B GEE2D: K= (NICAM) +7
(Weak Coupling) 9 71R—k

— BT TV —a 1B DETEEZ DD

1 1
276 280 264 288 2a2 =286 300 304
=11 1 1T e S
100 120 140 160 180 200 1.3 2.6 3.8

—1
|:I|:IIE|I:IEI'I HIZIE

..

applicable to full coupling,

Coupler procedures
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//{_ Send data time
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h3-Open-UTIL/MP (h30-U/MP) + 2 h3-Open-BDEC
h3-Open-SYS/WaitlO-Socket

ARM: A64FX IceLake+A100
Surrogate
HPC App Analysis/ML

(Fortran)

App *
& S
F<->P adapter
A huge amount of h3o-U/MP h30-U/MP Statistics
simulation data

output - >

Coupling

L IB-EDR
¢ . * Wisteria *.* Wisteria
PR 117 x 7 el Odyssey PO+ x+l Aquarius
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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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rchical, Hybrid, Heterogen

2 h3- ﬂpen BDEC
/// .

fREHE1EE - h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket

e ¥xET, R, IROFTHE, EEH, /\KE, HElE, hEHE, WaitlO-Socket: ZFEL X T L
TOEHEMPITOT S LERETHEETATS)DEE, BHRULEBZSHEIRE (2021-HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MPHEE
https://www.dropbox.com/s/k1nd0p98p5Scbdeg/KN_HPC182x.pdf?dI=0

® ¥ tE FlMth: Wistera/BDEC-01F|RAEHI (3) T—2Z(+iEL 47 5')h3-0Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10_202203Wisteria-1.pdf

® {FLEFth: Wistera/BDEC-01F|FHZEHI(4) T—2ZITiELZF4 T 3')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf

o FxER], MK IROTAE, ESH, /\ K[, KERE, BFEE, FEHE, WaitlO-Hybrid: £ H
T7AIY AT LESocketE BrtRATIEEGE SV AT LARBIBESA7 7Y, FHRUEZSHMEHRS (2022-
HPC-187-06), 2022

® FTJII[E4th : Wistera/BDEC-01FIFHZEHI(5) T IILF TR0 S LERTA T 5'Jh3-Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

® FTJII[E4th : Wistera/BDEC-01FI 451 (6) W ILF TR0 S LERTA T 5'Jh3-Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/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
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DB, External
Sensors, Resources
etc.

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



REMMERES S SaL—2aV+8BBlIT—2R1E

%! Wisteria
¢ o BDEC-01

Data/Learning

Nodes: Aquarius
Observed Data Intel Ice Lake + NVIDIA A100
® 7.20 PF, 578.2 TB/s Filtered Comp.
;’AIET Results (RUCEELELE [ Results
Obs. Data 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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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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Data Assimilation + Pure Simulation/Forecast [N sinbdi
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h3-0pen-BDEC

Atmosphere-ML Coupling e
[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

FFFFFF

® Motivation of this experiment

B 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

+ , . :
High Resolution Atmospheric Mode bw Resolution Atmospheric Model Wlth AI

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

Socket
75%
o Training wi igh—resolution eplacing Physical Process
NICAM data in Low—Resolution NICAM

with Machine Learning

Replacing

Diagram of applying ML to an atmospheric model



Experimental Design

Atmospheric model on Odyssey

m 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 phygiggs- ===+

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_qg

cloud physics subroutine "'Arho

AT

AT

AT

O PyTorch

Atmospheric Model
(Convection—Scheme ON)

Phasel: Training phase

Z h3-Open-BDEC
/’ ” Bp Dala & Exirems Computing

Simulation Node
Odyssey

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
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Odyssey-Aquarius;Z £
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Platform for Integration of (S+D+L)
Big Data & Extreme Computing

*.Y Wisteria
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Simulation Nodes:

Odyssey
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25.9PF, 7.8 PB/s

Fast File
System

(FFS)
1PB, 1.0 TB/s

Shared File
System

(SFS)
25.8 PB, 500 GB/s

Data/Learning

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

External
Resources

Surrogate
Model

Analysis/ML

App
(Python)

HPC App
(Fortran)

F<->P adapter
A NEE h3o-U/MP h30-U/MP Statistics
simulation data
output < >
Coupling
se Mters HE so Wsters
o’ BDEC-01 o BOEC-01



3T ATl [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 fimpi
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
#PJM -L node=1

#PJM --mpi proc=10

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

#PJIM -j

#PJIM -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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Timat{di: WaitlO-Socket, -File
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Forest Type Classification Based on Deep Learning Techonologies

Optimality Comparison of Chemical Kinetic Mechanism for Large Eddy
Simulation of Turbulent Non premixed Hydrogen Combustion

20225 FEH 1A

investigating tropical cloud organization and its interaction with large-scale
circulation using global

Key roles of hydrodynamic interactions on coil-globule transition of
polyelectrolytes
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Jiaxing Yuan
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Institute of Industrial Sciences,

University of Tokyo
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OBCX

OBCX
OBCX

Odyssey
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Al for HPC: Society 5.08IRA [ (+1=- A THNRE-
T—3RFIZKLHFARHZDEEIL (1/2)

https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/
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Al for HPC: Society 5.08IRA [ (+1=- A THNRE-
T—3RFIZKLHFAREHFZDEEL (2/2)

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

- EESE F4EIEE(ER)

s IEHERERETRHA(RER7SAAESD) 242 Wisteria
_ Wisteria/BDEC-01 ¢ auarius.

Python APP
(PyTorch)

— Wisteria/BDEC-01 (Odyssey+Aquarius) | F #
(NICAM)

« Wisteria/BDEC-01[RIITV 77 # D K [E] B FE
— h3-Open-BDEC
« AR
— *&%%(:l_zbg_l\o)%*%)’ HER(HEF X MPI WaitIO MPI
EE R, JHPCNIZERIR D55 LR ER)

h3opp.py

h3open modules

h3open modules

A

Jcup modules Jcup modules

h3-Open-UTIL/MP

jecup_mpi_lib.f90 jcup_mpi_lib.f90
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DAFEEMETEEIE (Aquarius)
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ED TR T B Oakbridge-CX
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WrZEF - 55Em) I 5 Oakbridge-CX

h3-Open-BDECD RT3
Odyssey-Aquarius:E#E > A
72 DRFEIZER

2022 E-2023F E
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2022 E 2023 E
JHPCN#$EIR
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KIFEHPCF LD

https://www.cc.u-tokyo.ac.jp/quide/hpc/
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https://www.cc.u-tokyo.ac.jp/quide/education/
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« RERERENDIER, v =17 IILEEHIREEIHYSS
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— FA/—F#, ETERICHIEHY (8-16/—K, 157312 E)
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— http://nkl.cc.u-tokyo.ac.jp/seminars/multicore/OnlineClass.pdf
- EEERE, BEESTOH AL EE
— BN OZEEEZSTEIEAEE (MOUD RIIE)
o L KETDE|: https://www.cc.u-tokyo.ac.jp/public/VOL21/No3/15.Lec201905-nakajima-2-2.pdf
o BIFIHPCH Y—X T — )L TOZE4: https://www.cc.u-tokyo.ac.jp/public/VOL23/No1/30 202101-RIKEN.pdf
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GFLOPS(E—/ 7t gE) U =-VYFIAHAHE(A) - EKK
GFLOPS/W (Green 500) (20234 ¥ : +50%{E L (F)

Svstem JPY/GFLOPS GFLOPS/W
y Small is Good Large is Good
125

Oakleaf-FX/Oakbridge-FX (Fujitsu)
(Fujitsu SPARCG64 [Xfx)

Reedbush-U (HPE) (Intel Xeon Broadwell (BDW)) 61.9 m
Reedbush-H (HPE) (Intel BDW-+NVIDIA P100x2/node) 15.9 - 8575
Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node) 13.4 104167
Oakforest-PACS (Fuijitsu) (Intel Xeon Phi/KNL) 16.5 4986
Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake) 20.7 _
Wisteria-Odyssey (Fujitsu/Arm A64FX) 17.8 m
Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8) 9.00 _




163

528 : OFP-Il, Mercury
o ANAVADMEEEXR, BEN, FHRFIE=>EEIME

BEIAE#(ERXbEE)

2.50
(S+D+L) Bt & B R (L ik - [ A mABI S AB_new mABI_new
2.00 |
150 |
GF/W = i
(Top/Green 500) 100 :
Henri (255,1) NVIDIA H100 65.4 [
Frontier (1,6) AMD MI250X 52.6 050 |
Leonardo (4,15)  NVIDIAA100 32.2 :
0.00
Fugaku (2, 49) AG4FX 15.4 Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
2022 £ ) 0 B i (%2019 FE Lb)
B W 2022411 A #£35

W 2022412 A #E3R1
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428 OFP-Il, Mercury
Group-A

o RANAVADMEREER, BN, FkFRIE=>EEIE P |
BRI R (BE A S cPU only

* (S+D+L) BAS BRHR (S HE T

. OFP-II(20244E4 A LA%) croup D
— OFP#&## (JCAHPC : ZRERFEEHKRE), 200+PF CSE
-~ GPUZELTHVART L
* Group-A (Only CPU), Group-B (CPU+GPU), : Group-A &Group-B®D Group-B2
CPUIFE1 BRI HY CPU+GPU
- Wisteria-Mercury (20235118 ~) DA/AI

with SSD

— GPUYS R4, OFP-IIZ7OR42 47 (NVIDIAH100 X 16)
o TI)—a DB BHE(3,000A)
CWE2. GPUS=FrL T kB JCAHPC

— OpenACC, Stdpar O BLLE G RERE




Hitachi SR8000

1,024 GF

I
Hitachi Hitachi
SR2201 SR8000/MPP
307.2GF 2,073.6 GF

RRKXFIRREMHE

T A—D R\

FIFHE2,600+4
55% (%4}

2006-2010

Hitachi HA8000

T2K Todai

Hitachi SR16K/M1

Yayoi
549 TF
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2016-2020 | 2021-2025 2026-2030
|

OBCX
(Fujitsu)

Oakforest-
PACS (Fujitsu)
25.0 PF ‘

OFP-II
150+ PF

Fujitsu FX10 *.* Wisteriag,,::
Oakleaf-FX o%e BOEC-01 FUlitsU
1.13 PF 33.1 PF 250+ PF

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

Ipomoea-01 25PB

03
Ipomoea-02
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Mercury & OFP-li
GPURBITDT=- DEIEEILELEDL, 2022FFZWBHHIDELHD
ZLLHTIIZMercury - OFP-IIIZEE 9 4GPU (& LXEIL) ZiROHAHLEHY

2022%F2H~3H
— TYRFI—0% 811K $E (Gt ERFER7IESE, Fortran, C)
2022%F6 A

— GPURLUA —%RTE :NVIDIA H100FE 7= X F ) 14 Ak 14
— IRAU b tBE, R—T42 T DLOTE, BR—MERI, Fortran~® 5t it

2022%

-~

— R—T42 TR, BMITAquariusE T ovhI4+—LELTHER (ZH512A8E)
— OFP-I15AZER 1 (2022511 A8H : E AR, 2023F5A 18  tHEREHRHAR)

2023%

— MercuryZ{E AL -&#E b, 4

2024 %

PRk~ JCAHPC

a?a :': B?B ﬁ ‘2& k 02, ﬁ . AL
W University of Tsukuba '\ |37 THEUNIVERSITY OF TOKYO

F4 B :OFP-11:E AHRB1R=2025%F1 A




Pre-Benchmarks
OFP-II & U'Mercury[[] [+ GPURE

- 73, FTEMEFR(RE)
— CPUMm]IT (OpenMP+MPI), GPU{L# (CUDA/OpenACC)
- 32MATIU—(FELIF2D:B,C), TEnETN2LR/L
— Mercury (2023%k), OFP-11(2024Fk (LABE) ) IZEAT AHWZEE L= 14 REHEE

CPUMAIFTa—FDHRRARCPULTO [ As-Is
=11t (Optional) B35t

IEBRE M Z & (OpenACC, OpenMP, Standard Language)
7 )Lt (OpenACC, CUDA)

As-Is

7 )LEE

CPURIITa—FDGPU~N D 4E

OpenACC/CUDAIZ &k AGPU1LF
HIA—FDEE1E

C
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Seven Pre-Benchmarks JCAH PC

688 s C oA BK Y

University of Tukuba THE UNIVERSITY OF TOKYO

3-D Poisson’s Equation by C

Finite Volume Method Cipahlil=
GeoFEM/ICCG Finite Element Method Fortran OpenMP, MPI A&B
H-Matrix PUSIETEEE U Fortran OpenMP, MPI
calculation
QCD CUEMUTHELETe Fortran OpenMP, MPI CUDA
Dynamics simulation
N-Body ';'E)Eé,ogy simulationusing ¢, OpenMP, MPI CUDA C
Molecular Dynamics CUDA, HIP,
GROMACS simulation C++ OpenMP, MPI SYCL
Ab-initio quantum-
SALMON mechanical simulator for Fortran OpenMP, MPl (OpenACC) B

optics and nanoscience
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[Naruse et al. 2022]

Cell-steps per second (M)
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(2 x Icelake:0.41 TB/sec)

(2 x A100:3.1 TB/sec.)
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Hierarc hical, Hybrid, Heterogeneous
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/// AT R

fRERE0 5 h3-Open-UTIL/MP-
h3 Open-SYSlWaltIO Socket(ﬁ%)

J:O)?'E;&MPI? D77A’&‘FE'%3'6L1=7477U0)J1’E 'Iﬁiﬁmffﬁ Eﬁn*ﬁi(2021 HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP#1E
https://www.dropbox.com/s/k1nd0p98p5cbdeg/KN HPC182x.pdf?dI=0

® ¥ tE FlMth: Wistera/BDEC-01F|RAEHI (3) T—2Z(+iEL 47 5')h3-0Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No2/10 202203Wisteria-1.pdf

® {fcE T th: Wistera/BDEC-01FIFAEHI (4) T—2%2(TELZ4735')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12 202205-Wisteria-1.pdf

o {¥xETR, T RATE, EEH, /\KRH, KBRS, 58UE, 1 EME, WaitlO-Hybrid: £ F
274 I AT L ESocketF G AR REL S AT LBBIEZTATTY, FHRUEFSHEIRE (2022-
HPC-187-06), 2022

® Fi)I|[&fth: Wistera/BDEC-01F|FHEH| (5) T IILFTRT S LEK T AT FJh3-Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

® Fi)I|[&fth: Wistera/BDEC-01F|FHEH (6) T ILFTRT S LEK T AT 5Jh3-Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No4/09 202207-Wisteria-1.pdf
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