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—Large scale hydro-geological model-
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Point G .
e (b) DDC (Diffusion-Dissolution-Convection)
—Highly non linear process model—
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PRIMEHPC FX1000 x 7,680/ K (2059) Zy~J—7 Processor (2.40GHz, 3617) x2)
:fﬁﬁ?ﬁﬁ%’ﬁﬁg(%ﬁfg) : 25.9PFLOPS (Tofu»f‘/’i—:l»‘f\z}\D) (j_ I\a;)r:D NVIDIA A100 X 8%)

FANTFYSE : 240TiB 19232 RIE : 13TB/s 3 ?ﬁ‘};’ﬁ{%’lﬁﬁ%({%ﬁfg) . 7.2PFLOPS

HXEUNDRIE : 7.8PB/s HBXEVEE 36.5TiB,,J‘.§£(’EU)\“>I<fI1E : 578.2TB/s

—4-F8)-PErybD—7 3 /- PEEESRYEI—7 (InfiniBand EDR/HDR)

] [ ]
7 SAIRYNI—1 /&Iy T4 (Ethernet)
SIRIFAINIAT I HEIFAINIAT A BiEH— ) B EIBY—)(BERy NI —IAN -2
MDS,MDT x1twk  0SS,0ST x16twk el Q “es Q Q ‘
........... - FUJITSU Server
A
L e ‘ PRIMERGY RX2530 M5 ‘ ‘ i I'i
< o= _ FUJITSU Server

IPANSAFL : FEFS IPANSAFL : FEFS x13 . w 3‘3 a
N —S5 —~FEEREE : 1.0TB/s ZN— 5 —ERHEERE : 0.5TB/s (7 ﬁﬂﬁfﬁﬁ@ixz\ P e a3 Mo x 2 4 -
MDS : PRIMERGY RX2530 M5 x 2 MDS : PRIMERGY RX2530 M5 x 4 e AR | 42078 Y 2 2 BnEc 01
MDT : ETERNUS AF250 S3 x 1 MDT : ETERNUS AF250 S3 x 1 F1U7407x2) ? =
0SS, OST : 2VM/CM, DDN SFA400NVXE x 16 0SS, OST : 1VM/CM, DDN SFA7990XE x 16

24 Copyright 2020 FUJITSU LIMITED
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AGAFX : CMG (Core Memory Group)

TofuD a>kFA—7 PCle a>kO—>5

¢NdH

" cMGH#O ) C CMGH2 )
VY onoalliicnaa
2 [le ] [Tl
Bana) Lefofwo “/
/- ~
olo]e]2]s B.
> |a]5]6]7 a]s]e]7
T [8)9]10u (8] 9]10]n
i* ERASEEEE - CMG#1 \ CMG#3 /

¢NdH




Wisteria-Odysseyd [ otu-D

T ILT7RIC
e Tofu-D F24K: €207 v 7 \\ 12458
« (X,Y,Z,a,b,¢)=(10,8,8,2,3,2) /?1}27?2713? g

> 3XTT. 22876, LRITICER L TIEE RIEE
BRIV (2%R)
e 3XTT: 20 x 24 x 16
« X*a, Y*b, Z*c
« 22875 60 x 128
e X*a*b, Y*/*c
e 12%JT: 7680

X&h 2> )7 xb57v2o =10) b—F X

A
« E . (2x43 = )L 7 =8)
- VaZERYZ 7T =7 R
TV RNI—YmEiFHA K
- MPIfERF5|E
Yo (23 27 x4y =8) Xvia
m RRAFIEHREB LY —  2021/6/4 HBA [WisteriaE i | 26



Aquarius D&k

e Intel Xeon Platinum 8360Y (36¢ 2.4GHz) x 2V 4 v k,b12GBX E Y
e /—FX7/-Y8EMDNVIDIA A100 GPU

409.6 GB/sec

.

XEY NNV KRIE:

UPI

x16

CPU1 < > CPU2
Intel Xeon Platinum Intel Xeon Platinum
8360Y 8360Y
(ICX) < > (ICX)
x16 x16
x16 «~ PLX PLX - xi

<__> a6 o)y

&
<«

PCle Gen4

. IB-
x16

IB-
X16 x16 X16

DDR4

PCI Express:
Gen4 x16 = 16 GHz x 16 (128b130b)
x16 | =31.5GB/s (FATA)

BLy X8 4__>

x16 x16 x16 PCle Gen4
IB HDR: . x16
2 4 i
(92%2)?:’5)) n A100 A100 A100 A100 A100 A100 A100 A100

NVSwitch

[
»

NVLink3:
GPUZ7=l) 50 GHz x4x2 x6
=300 GB/s (FA[)

m RRAFIEREBTL Y — 202164

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

EE &l WisteriaZ i |

27
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Wisteria-O (Odyssey) Wisteria-A (Aquarius)

R EmER R 25.9 PFLOPS 7.2 PFLOPS
B/ —R % 7,680 45
MERRER=E 240.0 TiB 36.5 TiB
FykI—OrRO — 6 RgAvial b—5R Full-bisection Fat Tree
A3 —aAxYk TofuA > Z—axrYkD InfiniBand HDR(200Gbps) x 4

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

AL—CRARE 25.8 PB

AN—D T —FERRRE 504 GB/s

VAT LA FEFS (Fujitsu Exabyte File System)
EETI7A)L H—/\(0OSS) DDN SFA400NVXE
S RT L ++—/3(0SS) % 16

AL—CURBE 1.0 PB

A= T —REREIRE 1.0 TB/s



Wisteria-O (Odyssey)

Wisteria-A (Aguarius)

29

e - FUJITSU Supercomputer FUJITSU Server PRIMERGY GX2570
PRIMEHPC FX1000 M6
5 . Intel Xeon Platinum 8360Y
JOtyy4 ABAFX (B8%3—K 4 :Ice Lake)
JOtyHE (A7) 1 (48+7 S RA T2 or 4) 2 (36+36)
CPU ERt 2.2 GHz 2.4 GHz
EEmEE e 3.3792 TFLOPS 5.53 TFLOPS
AEYRBR= 32 GB 512 GiB
AT EIG0E 1,024 GB/s 409.6 GB/s
JOtyy 4 NVIDIA A100
SMZK (EE{K) 108
AEYR= (BEIEK) 40 GB
AT FiEE (BEK) 1,555 GB/s
I mEE 4 RE (B (K) 19.5 TFLOPS
GPU ER ' 8
= PCl Express Gen4 x 16L-—2
CPU-GPUR 4 (1L—>d1=Y B A H32 GBIS)
. NVLink x 1224
GPUMRI (1K 1=\ B E25GBIs)
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YOOz T7E

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

OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
aAINAD GNU I/ \ 15 GNU OV /15
Intel 32 7\45(Fortran77/90/95/2003/2008.
C. C++)
ELEMHE 3V /(5 NVIDIA HPC SDK
(Fortran77/90/95/2003/2008, C. (Fortran77/90/95/2003/2008, C. C++,
C++) OpenACC 2.7)

NVIDIA CUDA SDK
(CUDA C. CUDA C++)

Ayt—IIE

= Y= E ‘% ! S
S (551 1@ EMP Intel MPI. Open MPI



5475

TI)r—ay

21 )—Y2IJkx7

a7 H Rk

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 & >4 75')(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

=T E#E>1475)(BLAS. CBLAS,
LAPACK. ScalLAPACK)

Theano

autoconf, automake, bash. bzip2. cvs. emacs. findutils, gawk, gdb., make. grep. gnuplot,
gzip. less. m4, python, perl. ruby. screen. sed. subversion, tar, tcsh. tcl, vim, zsh, git 7z &

Globus Toolkit, Gfarm., FUSE

Singularity Community Edition
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Simulation Nodes
Odyssey FFEREFEO—F
25.9 PF, 7.8 PB/s

vIalb—v3y
/—F#, Odyssey
Fast File |Shared File

System System Wisteria/BDEC-01 |

(== SFS
S H2E, DDA BT —4

1.0 TB/s 0.50 TB/S FT—A2E /—F#
Aguarius

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%+Y Wisteria
¢ e BDEC-01



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File |Shared File

HEREI—F w

Ialb—iay
/—E %, Odyssey

Wisteria/BDEC-01 -

— o AT —
Aquarius

T—5RE1E

System System

(==3)) (SFS)
1.0 PB, 25.8 PB,
1.0 TB/s 0.50 TB/s

#mFE, DDA

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

T — 38
2L —2a v DEHDETIVL-INS

oY Wisteria A—40T—4EH, AIBHBSEEIZEL
o7e BOECOT TSl o))




BRI FIT—5(1/2)

« TOP 500(Linpack, HPL)
— EIL—RAEXVILNN—(EEE), itEEE (FLOPS{E)
— FRBIMLEEZITY SEREATIT IR
— 5TE8E
« HPCG
— EIN—RARERXVILN—(REE), 5TEZEE (FLOPSE)
— BERERENCFONDSERITIH(EANZLY)
« TEHFAE)TIER
« EFTIT)r— a0
— AEYTOvRERE, @IEMRE
* Green 500
— HPL(TOP500) Z1TFFDFLOPS/WIE



BERRUFIT—5(2/2)

« Graph 500 BFS
— USORBIZEITHT—A NS
— BFS(Breadth-First-Search, T8 tif%&)

+ HPL-A

— Al-HE

F & [ IFHPL (for TOP500)

— BlERMEHE (HPL) =>EREEHE (FP64)
— HPL- A|=>1E_§*$rx_/h§€5¢ukbn*$r;/nﬁ



60" TOP500 List (Nov., 2022) -

I

Computer/Year Vendor

R, Performance of Linpack (TFLOPS)
eak. P€ak Performance (TFLOPS), Power: kW

37

http://www.top500.0rg/

R max Rpeak Power
(PFLOPS) | (PFLOPS) (kW)

9

22

23

Frontler 2022, USA

DOE/SC/Oak Ridge National Laboratory

Fugaku, 2020, Japan
R-CCS, RIKEN

LUMI, 2022, Finland
EuroHPC/CSC

Leonardo, 2022, Italy
EuroHPC/CINECA

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

Sierra, 2018, USA
DOE/NNSA/LLNL

Sunway TaihulLight, 2016, China
National Supercomputing Center in Wuxi
Perlmutter, 2021, USA
DOE/NERSC/LBNL

Selene, 2020, USA

NVIDIA

Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou

ABCI 2.0, 2021, Japan
AIST

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

HPE Cray, EX235a, AMD Optimized 3 Gen. EPYC 64C
2GHz, AMD Instinct MI1250X, Slingshot-11

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

Atos, BullSequana XH2000, Xeon Platinum 8358 32C
2.6GHz, NVIDIA A100 SXM4 64 GB, Infiniband HDR

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

IBM, Power System S922L.C, 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

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

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

intarconnact D

sroz A0
7,630,848 (= 4;;%2):;())
1,110,144 151.90
2,414,592 148.60
2,414,592 148.60
1,572,480 94.64
10,649,600 93.01
761,856 70.87
555,520 63.46
4,981,760 61.44
504,000 22.21
368,64td22/6/6  22.12

1,685.65

537,212.0

214.35

200.79

200.79

125.71

125.44

93.75

79.22

100.68

54.34

25.95

21,100

29,899

2,942

10,096

10,096

7,438

15,371

2,528

2,646

18,482

1,600

1,468



60" TOP500 List (Nov., 2022) -

I

Computer/Year Vendor

R, Performance of Linpack (TFLOPS)
eak. P€ak Performance (TFLOPS), Power: kW

38

http://www.top500.0rg/

R max Rpeak Power
(PFLOPS) | (PFLOPS) (kW)

22

Frontler 2022, USA HPE Cray, EX235a, AMD Optimized 3 Gen. EPYC 64C 8730 112
DOE/SC/Oak Ridge National Laboratory 2GHz, AMD Instinct MI250X, Slingshot-11 e
Fugaku, 2020, Japan Fujitsu, PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, 7 630.848
R-CCS, RIKEN Tofu-D ’ '
LUMI, 2022, Finland HPE Cray, EX235a, AMD Optimized 3@ Gen. EPYC 64C 1.110.144
EuroHPC/CSC 2GHz, AMD Instinct MI250X, Slingshot-11 e
Leonardo, 2022, Italy Atos, BullSequana XH2000, Xeon Platinum 8358 32C 2 414.592
EuroHPC/CINECA 2.6GHz, NVIDIA A100 SXM4 64 GB, Infiniband HDR ' '
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 T
Sierra, 2018, USA IBM, Power System S922L.C, IBM POWER9 22C 3.1GHz, 1572 480
DOE/NNSA/LLNL NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand BN
Sunway Taihulight, 2016, China /-0 MPP. Sunway SW26010 260C 1.45GHz, Sunway 10,649,600
National Supercomputing Center in Wuxi

Perlmutter, 2021, USA HPE Cray, EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA 761.856
DOE/NERSC/LBNL A100 SXM4 40 GB, Slingshot-10 ’
Selene, 2020, USA NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C 555 590
NVIDIA 2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR ’
Tianhe-2A, 2018, China TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH 4.981.760
National Super Computer Center in Guangzhou Express-2, Matrix-2000 B
ABCI 2.0, 2021, Japan A

AIST BA2{r -1 (ERRWTEEEHZEA, AIFr2/IR) O
Wisteria/BDEC-01 (Odyssey), 2021, B A3 - #24if FX1000, A64FX 48C 2.2GHz, Tofu 368,640

Japan ITC. Universitvy of Tokvo

1,102.00
(=1.102 EF)

442.010
(= 442.0 PF)

151.90

148.60

148.60

94.64

93.01

70.87
63.46

61.44

22.21

22.12

1,685.65

537,212.0

214.35

200.79

200.79

125.71

125.44

93.75

79.22

100.68

54.34

25.95

21,100

29,899

2,942

10,096

10,096

7,438

15,371

2,528

2,646

18,482

1,600

1,468
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SC22|=HB 1B XT

>~ Dallas,
TX

hpc
accelerates.

Odvsse Aauarius ® O Wi : Platform for Integration of (S+D+L)
| Odyssey | Aqg o Wisteria o o neganrceo
TOP 500 23 125 Y
Simulation Nodes:
Green 500 45 28 o e
25.9PF, 7.8 PB/s
HPCG 12 68 |
Shared File Fast File
_ System Data/Learning System
S E— oo | Nodes Aquars NS
HPL -MxP o S 20 PF. 5782 TBlS -
(HPL-AI) '

%) ISC 2022 (June 2022)  caerma

Resources
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GFLOPS(E—/2tsE) U=-VYFIAHAHEA) - EKK
GFLOPS/W(Green 500) (20234 E [X1.5%)

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

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 (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)

61.9

15.9

13.4
16.5

20.7
17.8
9.00

0.866

2.310

8.575

10.167
4.986

5.076
15.069
24.058



2022/4/27

2021 E4H R EAFACPU, BGPU

Odyssey, AquariuslZ8 A L&, RB-H, RB-LIZ11A KK R

INMF
A2TH
TAIR

EMHE-
EhEhE

Aquarius

m TF-£DD2<KY

g HEKEIZ-FEEZE

n MHEEZE

g IRIILF—-YiE=E

g BHRE=F VAT LA

g BHREE. 7TV L

g TEERFELE A

n BEH

w EXEFHA
EMEIZ-EARDE
INAADTHITAIR
#HEHE-BEF
T—A% % - T—2RE1L

HERT S TR
SETIXOFP =
Wisteria/BDEC-01
~NDFEITHVEERIZ]
ATLVS

3



5 3L LT Ui *.? Wisteria
» Odyssey ¢ ¢ BDEG-01

— SVE (Scalable Vector Extension)
o ArVB-ATR S YN —FTIFvERX—/\—a2Ea—FMITIZHEER

— FP16
— BWEE AT —0—r~NDEFE
« Aquarius

— HPC-5tERFE~ADEH
— CPU:Intel Xeon Ice Lake
« 3'd Generation Intel Xeon Scalable Processors
o i, I TORAITHLLD
— GPU:NVIDIA A100 Tensor Core
« Tensor Core + Tensor Float [TF32]
« Odyssey-Aguarius
— InfiniBand-EDR, 77/ ILY AT L(GE-HEF)



Wisteria-Messenger

 Intel Xeon Gold 6348 (IcelLake)
— 2.6 GHz, 28 cores/socket
— 2 sockets X 6 nodes
— IB-HDR
 Directly working with “Odyssey” for
supporting “Aquarius’

*.? Wisteria
¢ ¢ BDECG-01

Fast File System InfiniBand

(==
1PB, 1.0 TB/s

Shared File
System

(SFS)
25.8 PB, 500 GB/s

= Messenger

Simulation
Nodes:

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

Data/Learning

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

External i
Resources ™

S~ N
—

External Network




B (ZEFHTIE 3]

ABAFX (E L&)

— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/a64fx/

— https://old.hotchips.org/hc30/2conf/2.13 Fujitsu_HC30.Fujitsu.Yoshida.revl1.2.pdf
FUJITSU PRIMEHPC FX1000

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

3'd Gen Intel Xeon Scalable

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

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

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

a ICX-CPU-final3.pdf

NVIDIAA100 TENSOR3aY” GPU

— https://www.nvidia.com/ja-jp/data-center/al00/
— https://www.hotchips.org/assets/program/conference/dayl/HotChips2020 GPU NVIDIA Choquette vO1.pdf

44


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

E)0(ETH)

Wisteria/BDEC-01 % A BE<

— https://www.youtube.com/watch?v=1bbZVO6-UQg

%Y Wisteria
¢ ¢ BDEG-01

Hierarc hical, Hybrid, Heterogeneous

2 h3-0pen- BDEc
/// Bip Data & Extreme Computing

5 [

h3-Open-BDEC: 7O x4V FHP(IE
— https://h3-open-bdec.cc.u-tokyo.ac.jp/

1)

Wisteria/BDEC-01 & h3-Open-BDEC#B /1 :&E (H A :E
— https://www.youtube.com/watch?v=CsJ 9aGNXCqg

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

Wisteria/BDEC-01 & h3-Open-BDEC#B 388 (H:E
— https://www.youtube.com/watch?v=]X51NF2LniE



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

48

Oakbridge-CX(OBCX)

https.//www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

« E1EA
 Intel Xeon Platinum 8280 (Cascade Lake, CLX) (2837 ) x2
— §&t1,368/—F, Omni-Path Architecture (OPA)
« XFI7AILL AT L (Lustre)
. 128/ M XSSDiEE:, #AB=200TBOERI7A IV AT LELTERAT

— SSD#2#F;128/—KFM>5H16./— Hi%ﬁrsfww JIZEEEHELTEY (5 EpEsR/
—FK), &Y —R (H—I\, AL—D, B A—R2yRNT—HE) LDBEETEE

« E—S14EE6.61 PFLOPS, TOP500 1294z (2022511 8)

o H[IHEPRYNT—TICEEEHL, OBCXEZETE/ —FEEETAGPUY
—IQ(J‘_WMini-DP, Wisteria/BDEC-01DIF7—4% & /—F IIZHHY) =7

1Al §

o 2023:_9H RKEFRRTFE



https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

Oakbridge-CX "#n=

Chassis: PRIMERGY CX400 M4 x342 <4node / Chassis>

(O B CX) Node: PRIMERGY CX2550 M5 x1,240, CX2560 M5 x128
pREIom 8

3r v |
20224 11 ARFE izt o

HEE 4R 4.8384 TF
FHESE: 192GiB
AEYINKRIE: 281.6GB/s

AEYINUKIE: 385.1TB/s
TV 215979
SSD¥E & : 128/—K

& /—FE+ vyt —% (Omni-Path Architecture)
EIEMEHE 100Gbps

EEY—/\E W I7A IV AT L

.9

FUJITSU Server FUJITSU Server

. PRIMERGY CX2560M5x 10 PRIMERGY RX2530 M4 x 15 z |l —< 458 : DDN ES18KE x2twh
Fujitsu PRIMERGY CX400 M1 (a7, EH. . Web, 774 )L X L :DDN ExaScaler

S— Wi-LCX2550 M5 x 435 & X a)TO5RE) (LustreR—R 77 )LV AT Ls)
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Intel Xeon Platinum 8280(Cascade Lake-SP, CLX)

)
4 Intel® Xeon® ) 4 Intel® Xeon® )
CBoRa.>  Platinum 8280 Platinum 8280 K .DDRZ,>
(Cascade Lake, CLX) hm (Cascade Lake, CLX)
2.7GHz, 28-Cores 2.7GHz, 28-Cores

2.419 TFLOPS 2.419 TFLOPS

kSoc. #0: 0th-27t cores / KSoc. #1: 28t-55! cores /

Memory
96 GB

— Fujitsu PRIMERGY CX2550 M5
2933 MHz x 6ch Ultra Path Interconnect 2933 MHz X 6¢ch

140.8 GB/sec 10.4 GT/sec x3 140.8 GB/sec
=124.8 GB/sec

Intel Xeon Platinum 8280 (Cascade Lake, CLX), E &
— 1,368 nodes, 6.61 PF peak, 385.1 TB/sec,
— 4.2+ PF for HPL

Network: Intel Omni-Path, 100 Gbps, Full Bi-Section

Storage: DDN EXAScaler (Lustre)
— 12.4 PB, 193.9 GB/sec

Power Consumption:
— 950.5 kVA




c37 N 177

RIERER R 6.61 PFLOPS
B/ —FR# 1,368=1,240+112+16
RERERE 256.5 TiB
FYRT—o RO — Full-bisection Fat Tree
VAT LA Lustre77A LY AT Ls
H—/\(0SS) DDN ES18K
H—/\(0SS)# 8

WHIT7AIL AT Ls
ANL—URBRE 12.4 PB

AL —U T —3ERE R E 193.9 GB/s



Jatyh4
CPU Bt yH#H@ET7H)
ER#
HEmEEMERE
Memory
AA—aRYk
&8
SSD e+t LT RE
ST A A ERE

Fujitsu PRIMERGY CX2550 M5 Fujitsu PRIMERGY CX2560 M5
1240 112+16

Intel® Xeon® Platinum 8280
(BF¥a—K 4 : Cascadelake)

2 (28+28)
2.7 GHz
4.8384 TFLOPS
192 GiB(DDR4)
Intel ® Omni-Path v kT —% (100 Gbps)
1.6 TB(NVMe)

3.20 GB/s
1.32 GB/s



YOI TR

OS Red Hat Enterprise Linux 7, CentOS 7
GNU a2/ (5

AL INAZ Intel 32745 (Fortran77/90/95/2003/2008, C, C++)
AytE—UBIETAT I Intel MPI, Open MPI, Intel Omni-Path Fabric Software

Intel#t &S 4 751 (MKL)(BLAS, CBLAS), Z®D(LAPACK, ScaLAPACK, SuperLU, SuperLU MT,
S4T51 SuperLU DIST, METIS, MT-METIS, ParMETIS, Scotch, PT-Scotch, PETSc, Trillinos, FFTW, GNU

Scientific Library, NetCDF, Parallel netCDF, HDF5, Cmake, Anaconda, Xabclib, ppOpen-HPC,
ppOpen-AT, MassiveThreads

Mpijava, OpenFOAM, ABINIT-MP, PHASE, FrontFlow/blue, FrontiISTR, REVOCAP-Coupler,
REVOCAP-Refiner, OpenMX, XTAPP, AkaiKKR, MODYLAS, ALPS, feram, GROMACS, BLAST, R
packages, Bioconductor, BioPerl, BioRuby, BWA, GATK, SAMtools, Quantum ESPRESSO,
Xcrypt, Paraview, Vislt, POV-Ray

TI)r—ay

21)— Autoconf, automake, bash, bzip2, cvs, emacs, nndutils, gawk, gdb, make, grep, gnuplot, gzip,
Vokozx7 less, m4, perl, ruby, sed, ubversion, tar, tcsh, tcl, zsh, FUSE, git &

Qv FF{RAE1E singularity (docker4 A—=< F| 3 H])



Oakbridge-CX(OBCX): BeeGFS on Demand (BeeOND)

BDECISAI - R74 EHEIEE.,., B

o é1,368/—|:0)5-6128/—|:‘:SSD( 1.6TB 1.6TB 1.6TB 1.6TB 1.6TB
Solid State Drive) & &

I I Inoo I
— Intel SSD+BeeGFS

« XE=:1.6 TB/node
o SEAEEMEE: 3.20/1.32 GB/s/node

« BeeOND (BeeGFS-on-Demand) [Z&>THET Total: 1,368 nodes
200+TB (128X 1.6) DEEIF7A IV AT LELT
AT EE
— FT—ARZFTITUHSr— 3y 128 nodes
« VIMDITHELIER with SSD

— RT—=9, FvoRkAk
— 128/—F®M5516/—FILSINETHZH TSI A |OBCXD16/—F (58 /—F)
)V —RA(H—i\—, ARL—2, Y —2 Y |BDECIZB 1+ 357 —4 - 228 K22 L RIHED

7—0) ICE EEG= N e/ —F el

%;-
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Mini-DP (1/2)
e« GPUHY—/\1 X158

— Intel Xeon Gold 6230 (Cascade Lake, ) (2007) x 2

— NVIDIA Tesla V100 32GB x 2
— 192 GBA¥E!), 100 G bit Ethernet

e GPUHY—/\2 X158
— Intel Xeon Gold 6230

X
(CLX) (2037) X2
— NVIDIA Tesla T4 ape Intel® Xeon® @ Intel® Xeon®
(Optane) Memory Platinum 6230 m Platinum 6230 Memory
16GB X4 128GB 96 GB (Cascade Lake, CLX) M (Cascade Lake, CLX) 96 GB
X6 2.1GHz, 20-Cores m 2.1GHz, 20-Cores
— :E 1] + _ R4 2
192 GE} ) I 1 5 2933 Mléz>/<60h i - Ultra1 githel_:j/terconn:ct Lo Lo 2033 Mléz>/<6ch
140.8 GB K2 o) L2 . sec X K2 <) 28 140.8 GB
TBZ:*E%}:E J (Iﬂt@l | SGS:/C 88 88 L n 8 oa 88 158?:_)8;57 o sec
5. sec . sec . sec
D C P M M J O ptan e NVIDIA NVIDIA NVIDIA NVIDIA
TeslaT4  TeslaT4
DIMM) Teans| T et | Tl
16GB 16GB 16GB 16GB

— 100 G hit Ethernet

Intel
DCPMM
(Optane)

128GB
X6



Mini-DP (2/2)

SIRAN—DH—N
x2#& (3.2TB NVMe
SSD X 6¥¥EE)

GPUHY—/\1, 21Z
OBCXRAT A2 /—kK
T7AIV AT LERD
b BRAMN—UY—
/NDNVMe SSD%
NVMe over Fabrics(Z&

oAy T/\ARELT

attachL TH| A AT gE (&
&%E%FE‘*E nA)

Oakbridge—CX

54

os4y (5
> N s hvd =|=
=/~ T
EP/;__I}( %% %
. ) 7 ;’/v?f
A :
1 OBCX login node network
L ]
i I
|
1 A&QEtFeme%(RoQEL
-~ o - _ . S<
\ \
NVMe over 1 NVMe ovek
Fabrics \ Fabrics \

} \
| '

v

GpuH—si1 | | GPUT—/N2
(V100 x2) (T4 x4 +
DCPMM)
(3.2TB SSD x6)//—K

Mini-DP

EEAN—UH—/\ 28
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Mini-DP (Data Platform)

Total: 1,368 nodes

128 nodes G
with SSD IET

EXternal
RESOUICES

T e A
SINET#H T ERE -
H R B Mini-DP

BDECI=H 1145/ —F GPUH—/\— with NVMe
(EXN) &@t & /—F (ITN) SSD, BDECO T —3%&
0 1% /—FEmdxd s & El



Oakbridge-CXIZB89 A 1&E$R
. 2f8

— https://www.cc.u-tokyo.ac.|p/supercomputer/obcx/service/
¢ *IJJ . _Z

— https://www.cc.u-tokyo.ac.|p/supercomputer/obcx/service/course.php

« 3795 X
— https://www.cc.u-tokyo.ac.|p/supercomputer/obcx/service/job.php

- FIFRA-FIFHEEE

— https://www.cc.u-tokyo.ac.|jp/quide/application/
* FAQ
— https://www.cc.u-tokyo.ac.|p/fag/obcx.php
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https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/
https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/course.php
https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/job.php
https://www.cc.u-tokyo.ac.jp/guide/application/
https://www.cc.u-tokyo.ac.jp/faq/obcx.php

2006-2010

2016-2020 | 2021-2025 | 2026-2030
|

.. Hitachi SR16K/M1

1,024 GE Yayol

; 54.9 TE

e
Hitachi Hitachi OBCX
SR2201 SR8000/MPP (Fujitsu)
307.2GF 2.073.6 GE

Hitachi HA8000 Oakforest- OFP-|
T2K Todai PACS (Fujitsu) 200+ PE
25.0 PF
Fujitsu FX10 ¢ _¢ wisteria, .
Oakleaf-FX oo BOEC-01 HUlitSU
el reys 1.13 PF 33.1 PF
REREKFIEHmER
= Reedbush-
-t;/g_ R/ \:*/ U/H/L (SGI-HPE)
3.36 PF
FIFRE?2.600+4
55% %545}
I pomoead




KREHXBERAN—DO X T LlNpomoeal

A—/IN\—aVEaA—3DNEBEEHDO R EIZEFEWD, IO T—2=LEMD—

BRI A—TIIREFEAN —VIEER VAT LIZMELTEASN, VAT
LDAL—F3dAT

DR RCE: AN —U N RT LEIZHRT) 1T %‘lhyjttﬂ'ﬁ
ZRWNAZEIZHY, ERREVA—DEVARTLILT XA RELG L EX
L—Y DEANGECKO N TLV- |

BORT LT IERATELI KK

@ AL — (Ipomoea) 1B ARTE

— OFPER#E T H 321

— 1V RTL%EH5-6 F£FERAL, $3FEZ LIS
HLWLWAMN—U O AT L(25+PB) & A
L, )\*L;élé'—télul_&b—cb\é
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- 2022F 1A ERRIR-6 A LY —ixITAR, 25+PB, ELT@EH
— 2022 5 A RETICOFPMDLustre SBEDLEI7AILDBITET
. TURE

— BRKEA—DUVATLIZFAEES (FEEIA, BEEROTHITHIHEE
- ZFFBAEFEZELIZETB
« BITIWN—TZELICEBZF VAT LTHEEINTWWABEEDISNEEETHES

. ) MlF v >8R
- BMEHEE (EXRIIIOD2ENEL) - — e —— =
. 7,200M/TB/4E, 2,100,000F/PB/4

— Ipomoea-01MD AN F| A IAHE AT EE oo |

Y/ WaYal Lo}
UUUUU

M¥* v /R -///;;“4 v k%

A AT —N
‘7”7777- 9PB Y ! -
L ode
i

Ipomoea-01

Oakbridge-CX

BRI TR 16 J

e = ey
Aquarius Odyssey/ NEE

\\\ /T RE Wisteria/BDEC-01 J

2022/6/6 54




s REKEEREB L I—DRA—/N\—aVE1—3HOBE
— AT LB
— Ik x7 (h3-Open-BDEC)

o« X—/N\—OVEaA—R(R/\AV)ZFES=H DR EHIEDBN
—BEAA(—H&-FSA7TIL)
-HHLFIA BFES
— HPCI
— JHPCN
—&F -, Al for HPC
—HPCFrL Y, HBFFE
—EFB(—H&-FSA4T7IL)




Simulation Nodes
Odyssey FFEREFEO—F
25.9 PF, 7.8 PB/s

vIalb—v3y
/—F#, Odyssey
Fast File |Shared File

System System Wisteria/BDEC-01 |

(== SFS
S H2E, DDA BT —4

1.0 TB/s 0.50 TB/S FT—A2E /—F#
Aguarius

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%+Y Wisteria
¢ e BDEC-01



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File |Shared File

HEREI—F w

Ialb—iay
/—E %, Odyssey

Wisteria/BDEC-01 -

— o AT —
Aquarius

T—5RE1E

System System

(==3)) (SFS)
1.0 PB, 25.8 PB,
1.0 TB/s 0.50 TB/s

#mFE, DDA

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

T — 38
2L —2a v DEHDETIVL-INS

oY Wisteria A—40T—4EH, AIBHBSEEIZEL
oTe BUECOT TSl o))




h3-Open-BDEC
R+ T 5+ FBIMEEERITIEHNVIN I 7ER

HAEERTR(S) (2019FE ~235E, RFR: FEHE)
https://h3-open-bdec.cc.u-tokyo.ac.|p/

O EHREER-FERIL-BE

— 3 5 73
1< ﬁ’)(i%ﬁ'ﬂ’]yﬂﬁﬁﬁ#,ﬁ Numerical Alg./Library
Q@ BEERT—SBHT7IO0—F New Principle for = Simulation + Data +

1Tl

H(ZEO(EFHHHEEF Computations Learning
= il h3-Open-APP: Simulati
o — m Algorith ith High- -Open-APP: Simulation
@ /\TDV—7Z£Riﬁ(eg Per?oor%arq]csevalieliallﬂ?lity, Application Development

Efficiency

Wisteria/BDEC-01) ITHITHY o4 s s,

— ] . h3-Open-VER h3-Open-DATA: Data
J I\IjIT’ 1—=74 )T’fﬁi Verification of Accuracy Data Science

rchical, Hybrid, Heterogen b E -
h3 0 e“ BDEc A= h3-Open-AT h3-Open-DDA: Learning
p . Automatic Tuning Data Driven Approach
f, Big Data & Extreme GComputing

Hierarchical,
Hybrid,
Heterogeneous

Big Data &
Extreme
Computing

Integration +
Communications+
Utilities

h3-Open-SYS
Control & Integration

h3-Open-UTIL
Utilities for Large-Scale
Computing

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Z h3-Open-BDEC
uf/// llllllllllllllllllllllll



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

2022/4/27

Al for HPC, ‘.‘ Wisteria
Al for Science

DRBFAMITT 3 loss.

"3 -Open-BDEC
 Odyssey-AquariusiEi&

— MPUZKBBIEIEAT

o O-AZFELNTMPIZTOY 5 AIZEIAELY
— Odyssey-Aquariusfal [&Infiniband-EDR

(2TB/sec) THEINTLVS

VI T7RF
— 58N TS5—:h3-Open-UTIL/MP
— O-AfE#{E :h3-Open-SYS/WaitlO

» IB-EDR#%H (WaitlO-Socket)

« BRITAILY AT L(FFS) #2 HE# (WaitlO-
File)

BEZESEE7IITIXLA

Platform for Integration of (S+D+L)

® * Wi i
¢ WIStEHa Big Data & Extreme Computing

¢ ¢ BDEC-01

JRalb—iav/—FH#
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

Shared File
System

Fast File
System
BEERIFAIL
ART L
(==Y
1PB, 1.0TB/s

2.0TB/s

T3R8/ —FH
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s

*EIPAIL
AT L
(SFS)

25.8 PB, 500GB/s

800 Gbps

External

h3-Open-BDEC

He+EE+
1—T4)T1
W& 2—FT1)T4

YEalb—iav+T—4
+ 2% (S+D+L)
FIUREIL—LT—H

FLOETEIRE
HIE7 LTVZ LS54T

h3-Open-MATH

h3-Open-APP:
EEEE - BIEHEY -

Simulation
HERPEFZIUS—a Y

h3-Open-SYS
i & Ha

h3-Open-VER h3-Open-DATA: Data r%éa %nég#

BRI F— SR B o1

h3-Open-DDA:
Learning
T2 BE - BWEE

h3-Open-AT
BEIFa1—=24

64



h3-Open-SYS/WaitlO

T—3%ITELSAT I E, 2020]
({¥5cith, HPC-181, 2021)

¢ ANTAOCZFRAREBETTOELGDAVR—RY

MEZ7AILEHREESATT)ELTER

HEEE

v Odyssey~ AquariusflE
O IB-EDR#ZH @S (WaitlO-Socket)
O 774 /)L#EH (WaitlO-File)

v SNEMNSDT—SEE (BT —4%)

vV BtHIAA-EZTHLDEHA

« API|:C/C++, FortranM™SFEUNH LBl BE
vV MPISA DA 371 —R %2t

65

EHEREO—F

3alb—day
/—F#, Odyssey

Wisteria/BDEC-01

T4/ B
Aquarius

BgAT—%

h3-Open-BDEC

\& Y3alb—iav+5F—4 e +EE+
%&Eﬁ%uﬁ%@%‘a y _ TFE(S+D+L) i O
FTURREIL—LD—Y HlE & 1 —FT1VT1

h3-Open-MATH h3-Open-APP: ; ;
e - AEEE Simulation e
BEEBMBE7ZILIVIL | 8RSy 7IYVr—>ay

. h3-Open-UTIL
h3-Open-VER h3-Open-DATA: Data
RERIE 7R Sl AL

A—T4VT1F

. . ~ h3-Open-DDA:
alg?of En:AJ 5 Learning
TS RE - #HEE
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APl of h3-Open-SYS/WalitlO-Socket
PB (Parallel Block): Each Application

WaitlO API Description Waitio Instance ~ WAITIO_NPB=3

waitio _isend Non-Blocking Send
Parallel Block
waitio_irecv Non-Blocking Receive mplexec... -n 32 ./a.out
waitio_wait Termination of waitio_isend/irecv Biaad - I e
waitio_init Initialization of WaitlO W“"'O'M“TE“""’"T[;::': ————— \-
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]



ERSAL—23avD=DhTS5—
(R, J\f]

e REEDHTZ— (Coupler) :ppOpen-MATH/MP

—1
|:I|:IIE|I:IEI'I HIZIE

..

— BHGEE2D: KK (NICAM) +i8;£(COCO)) D7 T r—avD5EER

(Weak Coupling) 9 1R—k
- BT TV —2avF1BEOHEEYS

applicable to full coupling,

4. Data extraction

e * Also
Put data App. A multiple applications
I Model procedures
ey gt | Settime _ ___ . V| 2. Send-data extraction from
the buffer, and data sending
| —
P data to the buff Draw data from the buffer Coupler procedures
QY 03ta To e DUutrer
//(_ Send data time
1. Data-packing Rec data
into a buffer e e o
Coupler procedures ’/r Intginolhicy raw cata from the bufter
. 7 G data to the buffer
3. Data-packing after the =
B interpolation process  |{ === =====" I i from the buffer
276 280 284 288 292 206 300 304 Set.tim
==1 T 1T e = Model procedures
100 120 140 160 180 200 1.3 2.6 3.9 \ App B et_data J




B+ T—2+FB IBEEXETS
ZEEHTS5—h3-Open-UTIL/MP

- RHBMBETILERDT UYL IILETEXIE - HET =D DHEE
— MPLE(E. BZIRE. M FRETVEL T EDEEKEDM ., HEDHT>—IZIXEL

EHOEERGEYIAl— /3/0)7/"1'/7}1/%?‘1 FRIOETIVLOAET Y
7)b¥ﬁ3’6 *‘IW)EEEEZ% & H AT RE

— AR/ \:/J:-ts éiﬂ!f*jﬁm:miﬁlﬁ:/ilb-?a‘z(:é:vf@”’ﬁ@ﬁﬁﬁﬂ

\

 Fortran/Ca—FK (EET L) EPythond—F D I5EREEIR T HHHE

— Fortran®>CTitihsn =705
LEEDERMGEICR-THHEZE ) >
T TCE=HT>5—%. PythonlZ&k @ e
LB ZDT—yO0—KM5H4E M

FATEAKLOWMEEILTE, Fortran/C7 7)) &EPython7 7 ) M:E R ETHE DR E
(/\X-52)Il 2020] o8




h3-Open-UTIL/MP (h3o0-U/MP) +
h3-Open-SYS/WaitlO-Socket

ARM: AG4EX lceLake+A100

Analysis/ML

HPC App *
4 (Fortran) (Python)
F<->P adapter
A r_]uge amount of h3o0-U/MP h30-U/MP
simulation data

output

Couphnq
IB-EDR

llllllllllllllllllllllllllllllll

Surrogate
Model

Statistics

*.? Wisteria ¢ _* Wisteria -
PRONN {:xi7 g Odlyssey o4 BOEC-OT
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h3-Open-UTIL/MP-

h3-Open-SYS/WaitlO-SocketE

202246 A o F FARTRE

20224 E(IFSERDWaitlO-File Bl : 4K

=

Fortran APP Python APP
(NICAM) (PyTorch)
h3opp.py

h3open modules

h3open modules

Jcup modules Jcup modules

h3-Open-UTIL/MP

jcup_mpi_lib.f90 jcup_mpi_lib.f90

RERI=

A

h3-Open-UTIL/MP

Jcup modules
jcup_mpi_lib.f90

?+Y Wisteria
¢~ ¢ BDEG-01

Fortran APP
(NICAM)

h3open modules

Python APP
(PyTorch)

h3opp.py

h3open modules

IB-EDR

=)

Jcup modules

jeup_mpi_lib.f90

MPI+WaitlO

202256 A :Coupler+WaitlO
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Hierarc! hical, Hybrid, Heterogeneous

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

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

e IxxET, MK, ROFTAE, RESH, /\KE, FElE, HEHE, WaitlO-Socket: EFEL AT L
LOEHMPITOT S LZHET HRIESTAT S DEE, FHRUVEZHREHE (2021-HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP#HEE
https://www.dropbox.com/s/k1ndOp98p5chdeg/KN_HPC182x.pdf?dI=0

® {FLEFth: Wistera/BDEC-01FIFHEHI (3) T—2ZITELF4 T S"')h3-Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10_202203Wisteria-1.pdf

® {FLEFth: Wistera/BDEC-01FIFHZEHI (4) T—2Z(TELF4 T 3"')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf

e X;xET, T IROTE, EEH, /\KE, KBRS, HEig, hEHE, WaitlO-Hybrid: & H
74 I AT LESocketZF G AR[REL S AT LBBEZAT7 T, FHRUEFZESWMEIRE (2022-
HPC-187-06), 2022

® Fi)IIfE4h : Wistera/BDEC-01FIFHEHI (5) T IILFTOT S LEKS AT S")h3-0Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 _202205-Wisteria-2.pdf

® FTJII[Z4th: Wistera/BDEC-01FIFBZEHI(6) T ILFITAT S LER T AT 5')h3-0Open-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

Simulation
Codes

Simulation Nodes
Odyssey

Wisteria/BDEC-01

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

Data Assimilation

Data Analysis

Server,

Storage, %

DB, 4 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)]
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Movie

Data/Learning _
Observed Data Nodes: Aquarius

Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
ReSUH:S WaitlO-Socket Results

&
E SnEr
Obs. Data 20 TB/s

Simulation Nodes:
Odyssey

Seism3D/

External Server OpenSWPC-DAF

25.9PF, 7.8 PB/s E/Iesh Dati EJG Modeﬂ

for Observed
Data

Fujitsu/Arm A64FX
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Communications by WaitlO-Socket

Aquarius: SEND

program dmy_filter
<HRg: BEES>

call mpi_

init (ierr)

call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr)
call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr)

if (myrank==0) then
open(100,file="./obsfile_list.txt’, form=‘formatted’, status=‘old’, iostat=ierr)
do i=1,300
<HHB&: obsT —RERAIAHE>

print *,"Send obs data

call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
enddo

WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND

Odysse: RECV

WALITIO MPI_IRECY (NTMAX1 o,
WAITIO MPI_IRECV (DT o,
WAITIO MPI_IRECV (NST_ o,
WALITIO MPI_IRECV (AT o,

WAITIO MPI_IRECV (T8 o, 1,
WAITIO MPI_IRECV (IS0 X o, NSMAX,
WALTIO_MPI_IRECY (ISO_Y_o, NSMAX,

WAITIO MPI_IRECV (ISO Z o, NSMAX,
WAITIO_MPI_IRECV (ISTX_o,  NST,
WALITIO_MPI_IRECYV (ISTY_ o,  NST,

1, WAITIO MPI_INTEGER,
1, WALITIO MPI_FLOAT,
1
1

, WAITIO MPI_INTEGER,
, WAITIO MPI_FLOAT,

WALTIO MPI_FLOAT,

WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,

[l R o o R I R e i )
R SR R SR A

=
e

L]

[Kasal et al. 2021]

WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIWERSE, ...
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...
WALITIO COMM_UNIVERSE, ...}
WAITIO COMM_UNIVERSE, ...
WALTIO COMM_UNIVERSE, ...
WALTIO COMM_UNIVERSE, ...}
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...

(NTMAX1 o, 1,

(DT_o,
(NST_o,
(AT_o,
(Te_o,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,
WAITIO_MPI_FLOAT,

WAITIO COMM_UNIVERSE,req(1,1),
WAITIO COMM_UNIVERSE,req(1,2),
WAITIO COMM_UNIVERSE,req(1,3),
WAITIO COMM_UNIVERSE,req(1,4),
WAITIO_COMM_UNIVERSE,req(1,5),

ierr)
ierr)
ierr)
ierr)
ierr)

WAITIO MPI_IRECWY
WAITIO MPI_IRECY
WALTIO MPI_IRECV
WALTIO MPI_IRECV
WAITIO MPI IRECY

(1577 _o,
(S1C_o,

NST,
G*NST,

WAITIO MPI_INTEGER,

WAITIO MPI_CHAR,

(WxAll obs, NST*NOBS_LEN,WAITIO MPL_FLOAT,
(Vyall obs,NST*NOBS LEN,WAITIO MPI_FLOAT,
(WzAll obs, NST*NOBS LEN,WALTIO MPL FLOAT

8,11,WAITIO_COMM_UNIVERSE, ...
8,12, WAITIO_COMM_UNIVERSE, ...
8,13,WAITIO_COMM_UNIVERSE,...)
8,14, WALTIO COMM_UNIVERSE, ...)

2,15, WALTI0 COMM UNIVERSE

(IS0_X_o,
(ISO_Y_o,
(IS0_Z_o,
(ISTX o,
(ISTY o,

WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
(ISTZ_o, WAITIO_MPI_INTEGER,
(STC_o, 6*NST, WAITIO_MPI_CHAR,
(VXA1l_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,
(VyAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,
(VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,

WAITIO MPI_WAITALL (15,req, status, ierr)

sleep(1)

close (100)

endif

call WAITIO FINALIZE (ierr)

call mpi_:

end

finalize (ierr)

WAITIO_COMM_UNIVERSE,req(1,6), ierr)
WAITIO_COMM_UNIVERSE,req(1,7), ierr)
WAITIO_COMM_UNIVERSE,req(1,8), ierr)
WAITIO_COMM_UNIVERSE,req(1,9), ierr)
10,WAITIO_COMM_UNIVERSE,req(1,10),ierr)
2,11,WAITIO_COMM UNIVERSE,req(1,11),ierr)
2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)
2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr)
2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)

*.? Wisteria Output
¢ ¢ BDEC-01 &

Movie

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A10(
7.20 PF, 578.2 TB/s

Visualizer

2.0 TB/s

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

[Mesh Data | | UG Model |
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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!

[ 7 E7 77 7%
ML App 1777777

(Python)

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

+ °
High Resolution Atmospheric Mode bw Resolution Atmospheric Model WIth AI

(Convection—Resolving Mode) h 3_0p en 'SYS/Wal .t I O_ bnvection—Parameterization Mode)
Socket

Replacing

eplacing Physical Process
NICAM data in Low—Resolution NICAM
with Machine Learning

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

cloud physics subroutine 'Arpo

Aein Arho_q

AT

AT

AT

O PyTorch

Atmospheric Model
(Convection—Scheme ON)

Phasel: Training phase

Z h3-0pen-BDEC
// / i Big Data & Extrems Computing

Simulation Node
Odyssey

Data/Learning Node
Aquarius

ML App
(Python)

Phase2: Test phase



. (5 neienec
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

0.70 0.100
751 0.65 7571 45 0.075
50 1 0.60 50 1 50 1 0.050
| air d . 225 0.55 25 1 25 1 0.025
Total air density | 0.50 o N o
—25 1 " . —25 -25 —0.025
—50 -~ 0.40 %0 . 55
" 0.35 . 51575
-75 ol A o A —-75 —-75
. . . — : 0.30 —0.100
-100 —-50 100
200000
5. 75 75 0.6
190000
50 ~ 50 - 0.4
180000 _— - .
Internal energy
170000 0- 0 0.0
160000 -25 —25 _0.2
—50 4 =23 =% A
Y , ' 150000 20 50 _0.4
-100 —50 o 50 100 150
0.0030
0.100
0.0025 75 75 0.075
50 A 50 -
0.0020 0.050
Density of 00015 25 1 25 1 0.025
water vapor 0 01 0.000
0.0010 e o5 —0.025
0.0005 —50 —50 —0.050
—0.075
0.0000 =75 -75
—0.100

Simulations

Prediction by ML/NN
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Od yS S ey 'Aq U ar I U S E% 0’0 Wisteria Platform for Integration of (S+D+L)

¢ ¢ BDEC-01 Big Data & Extreme Computing
%,L,\ _I‘%;Itéﬂ Simulation Nodes:
o Odyssey

— Aquarius: 45/—F, 360 GPUs, ;2 Shared File | —
AquanusGD')E 1/—K% (S+D+L) it ey et o sy

Nodes: Aquarius
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3T RO Tl [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
#PJIM -g gt00

#PJIM -j

#PJIM -e err

module load fj
module load fjmpi
module load waitio

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

export WAITIO_NPB=2

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

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

Aquarius for Al

#!/bin/bash

#PJM -N "test_waitio"

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

#PJIM --mpi proc=10

#PJIM -L elapse=00:10:00
#PJIM -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




F im5E4H : WaitlO-Socket, -File

® O Wisteria Platform for Integration of (S+D+L)

‘0 + BDEC-01 Big Data & Extreme Computing

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX

Shared File = | Fast File
System 5 " g System

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

7.20 PF, 578.2 TB/s

ST External
i 5 i

WalitlO-Socket
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P maEql : WaitlO-Socket,

-File

¢ Wisteria Platform for Integration of (S+D+L)

0

Simulation Nodes:
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s
| 112078
Shared File

System Data/Learning

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

7.20 PF, 578.2 TB/s

800 Gbps

External
Resources:

¢ BDEG-01 Big Data & Extreme Comc

Fast File
System

(==
1PB, 1.0 TB/s

S ¥ External
g Resources

WalitlO-File
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F {5 sE{ : WaitlO-Socket, -File

Case . Grid# | Total Size |

* O-A, FZE(BX) 81,920 26,214,400
« TANT—RA Cl 163,840 52,428,800
—ETJ)LA: 160701t R/40/—FK C2 327,680 104,857,600

: ABAFX (Odyssey, I~#]1) C3 655,360 209,715,200
_ELB: 20O+ R/1/—K: C4 | 1,310,720 419,430,400

Intel Xeon (Aquarius, &~ZI)
« Waitio_isend/irecv/wait

« FfAR
— “Socket’l[ZT77MIL YA X HV/]
SWEEIIIENBLA, K2
{1zBEFile”HhE
— A~ (FLOW) H¥WaitlO-FilelZ
HULT2EEFBEIAINSID I
HW®D Tk oE R HEE S

Down is good

co C1 C2 C3

—Socket File FLOW Large




F {5 sE{ : WaitlO-Socket, -File

Case . Grid# | Total Size |

* O-A, FZE(BX) 81,920 26,214,400
« TANT—RA Cl 163,840 52,428,800
—ETJ)LA: 160701t R/40/—FK C2 327,680 104,857,600

: ABAFX (Odyssey, I~#]1) C3 655,360 209,715,200
_ELB: 20O+ R/1/—K: C4 | 1,310,720 419,430,400

Intel Xeon (Aquarius, &~ZI)
« Waitio_isend/irecv/wait

« FfAR
— “Socket’l[ZT77MIL YA X HV/]
SWEEIIIENBLAY, K2
{1zBEFile”HhE
— A~ (FLOW) H¥WaitlO-FilelZ
HULT2EEFBEIAINSID I
HW®D Tk oE R HEE S

Down is good

co C1 C2 C3

—Socket File FLOW Large




F {5 sE{ : WaitlO-Socket, -File

Case . Grid# | Total Size |

* O-A, FZE(BX) 81,920 26,214,400
« TANT—RA Cl 163,840 52,428,800
—ETJ)LA: 160701t R/40/—FK C2 327,680 104,857,600

: ABAFX (Odyssey, I~#]1) C3 655,360 209,715,200
_EFLB: 2070+ R/1/—K: C4 1,310,720 419,430,400

84

Intel Xeon (Aquarius, &~ZI)
« Waitio_isend/irecv/wait

« FfAR
— “Socket’ (X T77 ALY A4 X HV/]
SWMFEIIIEMNBRLA, K2
{1zBEFile”HhE
— A~ (FLOW) H¥WaitlO-FilelZ
HULT2EEFBEIAINSID I
HW®D Tk oE R HEE S

Down is good

i

co C1 C2 C3

= Socket File FLOW
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Filtered Comp.
ReSUH:S WaitlO-Socket Results
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E SnEr
Obs. Data 20 TB/s

Simulation Nodes:
Odyssey

Seism3D/

External Server OpenSWPC-DAF
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for Observed
Data

Fujitsu/Arm A64FX

85



86

WebA~A—2X [3DEFEMEH +YTILEALT

N _ . —AEME IR S alL—a R T
f\s\ll/ . /H{W%ﬁ LDITHK B IBZE -HEA~MIT
T—3FFRH AT L +-FI PR BEIEE B7-, Web~—X
mdx & D EHEEH DIZaL—2a K- T—2F)E

IRIZZ 185 (20224 %)
*I 1& [FWeb Server(mdx E)IZ7
i =) S+ XL, R/Va> (Wisteria/BDEC-
‘:.:gﬁ%'.ﬁ:‘“‘ My 01) ETOIIalL—IavDER,
s arnr o srERER, SABROAIRIENIE,
ERFZITDo
*Webf#FEHTT—328%X/\aV LT
MIBG BIL—LT—IIFH%RET
T r— 3 ~DEEAMN AT HE

SN IGH Iy G
w n n 0
® ® @® @




/. mdx =—55F

HBAY—bM1ttS& Society 5.0 : Al, IoT,

Ev O -5 EOEHMiaEtas(C
mAU. O/ —ZE/R ((RE) &TJ0>H

IVZER (BXE) zRE(CHEaSETHs

i n B RFEBRIR(SDGS) : RRAEE LS
H =R EREAHROM YL

5058, - WIMOHE, SEMLF+5 V> >, DR SHED——X
Nl - A RECTIHETER
R (% N, Oy
My = é@ o
Py g
-l

IOTTCRTOAEEIHOBY | A IN—S3 YD, B4

D, FERE@ELNSENDHE RBRT-ACHETESiHR
Society 5.0

ALlC LD, HERERH ORy MCERESTEREDHEHT.
RERE(CERAINIHS ADFIEENOB N ZitE
EEE=RAL

OO0 |

=
% =/ !5,%? I

HBFROFER - H I8 ' ' FHORBRLE(CLD,
UFS2— (GERREN) Hande FHEITPEREEOFL

Ift=

Bl T 5w b IJA— A

BRICIEUTAS STV RTHEISHEICIBE - H55E -
METERT—IUNE - &£15 - fFiTeEZiRe
935V hk—A

RIERESTEREICL D7 —FHZF LHBERZORS

1 TARIE SIERIFOFEZRMAEL. SS5CEARAR
=OTEREZAVWTHICEVEREDTFAIZITASD
KDICTD

SINETZEMIUEVT LI A LIRE - iR - BIFRIRD
B)EYIRHBER

ERBOESF— PR R —S, F—5T 5y hTA— AOFHEER, Xk
L—S%DRVT, UPILIALICANNSEHEESNETTUT—S3>
CEDINE - B BITBEZ. SOV ESCHEICHRTS
SINETE/\AMIILBEECLDE D -EDFT—FZ2RZEL CEF17(CDI<

RiET—4 - REMNBOMSTERADHEE

<) BRARDEFOT—IREE. F#rE. MBENEZRCEL
MO CEEIT DI A= 1 -57+ — %=k L. FlcMlERhEC
DRRT B,



/. mdx =—5F

o T—HFER - TFIUT A ZERUIT
203570 FREOFERRIE EIRIE
« ORF2FTFATHHEREREE U, £EHERFF

mdxH— & JL

1’——4'

e

{
I ‘ |

1—HA
r
s -
AT ERELE
1—4%B JrxTrL—v 3>

ShEbIEBuL—4

=BT oY b TJA— A

A=A 78 e
Bt E Nz
RABIRIE

Hokkaido Univessily Center

|| =y - Jg
/:\ GSIC_

INTELLIGENCE RESEARCH

T T

) = ell®
,:\ Cybermedia Center

rvhI-2

12203y ~I—4 SAEBIE Ry ND -4
SINET6£400G x2 TR
NEBSIERY hJ—2 RDMA

AN =2

SRACPUJ—R

Intel IceLake x2Y4wh x368/—F
B — 1 HE(FP64): 2.1PFLOPS
¥XEUN> RIE: 150.7 TB/s
e | |
GPU EEMER/—R

Intel IceLake x2Y4w b+NVIDIA A100 x8 x40/ — &
IBSHE —J1%RE(FP64): 6.4PFLOPS
IBSRE—1%EE(FP16): 100.7PFLOPS

FaXE'UI RIE: 496.3 TB/s

=i NVMe AN -
Lustre Filesystem
1.0 PB (NVMe SSD)
252 GByte/sec

REBEHDDAMN —Y
Lustre Filesystem
16.3 PB (HDD)
157.5 GByte/sec

NEPHEATSTIPAN -
S3 Data Service
10.3 PB (HDD)
63.0 GByte/sec



https://1.bp.blogspot.com/-FoUrPjaUSRY/Us_L_nhHZ1I/AAAAAAAAc_Q/WJYPClruxuM/s800/daigaku_toudai.png
https://1.bp.blogspot.com/-FoUrPjaUSRY/Us_L_nhHZ1I/AAAAAAAAc_Q/WJYPClruxuM/s800/daigaku_toudai.png

Web-based Simulation System for Outreach
Activities
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Web-based Simulation System for Outreach
Activities (Prototpe for Demonstration)

 ' \*~~ N / lTIdX
DD f? ': r : VM (Virtual Machine)
. w— Apspllcatlon File System
\‘_\ e ; erver on VM

Web-Browser
Authentication Input I
Screen :
SSH Access NFS Mount [
Job Submission :
¢ _* Wisteria
Q‘Q BDEC-01 Y Output \

Data/Learning Nodes Simulation Nodes

Allisres Aquarius Odyssey

-»

Observation

7.20 PF, 578.2 TB/s 25.9 PF, 7.8 PB/s
Data

» Shared File
System

On Shared File System
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(A+S) Assimilation+Simulation L 3 (Pure S) Pure Simulation/Forecast
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R, Performance of Linpack (TFLOPS)  http://www.top500.org/ He

Oth TOP5OO L|St (NOV., 2022) R, ... Peak Performance (TFLOPS), Power: kW

e comuenemie o Lo oflipe) T
Frontler 2022, USA Qe - htier: 52.2 GFLOPS/W 64C 1,102,000
DOE/SC/Oak Ridge National Laboratory 2GHz 8,730,112 1 102EF) VOSSO IR

Fugaku, 2020, Japan

, 2020, QUSY Fugaku: 14.8 GFLOPS/W Hz, 442.010
R-CCS, RIKEN Tofu-D 9 7,630,848 (= 442.0 PF) 537,212.0 29,899

2
LUMI, 2022, Finland HPE Cray, EX235a, AMD Optimized 3 Gen. EPYC 64C

S EuroHPC/CSC 2GHz, AMD Instinct MI250X, Slingshot-11 1,110,144 Ll Ll AR
Leonardo, 2022, Italy Atos, BullSequana XH2000, Xeon Platinum 8358 32C

4 EuroHPCICINECA 2.6GHz, NVIDIA A100 SXM4 64 GB, Infiniband HDR 2,414,592 LS 200.79 10,096
Summit, 2018, USA IBM, Power System AC922, IBM POWER9 22C 3.07GHz,

2 DOE/SC/Oak Ridge National Laboratory NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand 2,414,592 LA 200.79 10,096
Sierra, 2018, USA IBM, Power System S922L.C, IBM POWER9 22C 3.1GHz,

£ DOE/NNSA/LLNL NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand S SHSh) LS 1L Tt

7 Sunway TaihuLight, 2016, China g "\ o0 MPP. Sunway SW26010 260C 1.45GHz, Sunway 10,649,600 93.01 12544 15371
National Supercomputing Center in Wuxi
Perlmutter, 2021, USA HPE Cray, EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA

8 DOE/NERSCILBNL A100 SXM4 40 GB, Slingshot-10 Hellise HeHE LTS 2288
Selene, 2020, USA NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C

£ NVIDIA 2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR 2195l S velzz e
Tianhe-2A, 2018, China TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH
National Super Computer Center in Guangzhou Express-2, Matrix-2000 At 18l LA L LiEiAe

22 ABCI 2.0, 2021, Japan Fujitsu, PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C 504,000 22 21 54.34 1,600
AIST 2.4GHz, NVIDIA A100 SXM4 40 GB, InfiniBand HDR

o Wisteria/BDEC-01 (Odyssey), 2021, Fujitsu, PRIMEHPC FX1000, AB4FX 48C 2.2GHz, Tofu 368,640 22 12 25,05 1.468

Japan ITC. Universitvy of Tokvo tarcAnnact P
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Pre-Benchmarks JCAH PC

OFP-1II & UMercury[\] 1T GPURTE i 50K ¥

( ( »’ " THE UNIVERSITY OF TOKYO

« 7TFEFE, FTERFR(XE)
— CPUMM] [+ (OpenMP+MPI), GPU1t % (CUDA/OpenACC)
- 3DMHTI)—(FEELEIF2D:B,C), FNhFh2LANIL
— Mercury (2023%k), OFP-11(2024%) IZERA9I HAHWZREELI-HeEH E

CPURITa—F®OHRAFCPULT®H a5 | As-Is

11k (Optional) &1t

=IEE D ZE & (OpenACC, OpenMP, Standard Language)

CPUMITa—FDGPU~DFHE
= (EZ I 7 )Lk (OpenACC, CUDA)
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C
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Seven Pre-Benchmarks JCAH Pc

m ERTS 5PN

rsity of Bukuba THE UNIVERSITY OF TOKYO

3-D Poisson’s Equation by C

Finite Volume Method Sl
GeoFEM/ICCG  Finite Element Method Fortran OpenMP, MPI A&B
H-Matrix HlerarchlcaI—Matrlx Fortran OpenMP, MPI

calculation

Quantum-Chromo

QCD . . . Fortran OpenMP, MPl CUDA
Dynamics simulation
N-Body ,EIE)BPOde simulationusing  ~.,  GnenMP, MPI CUDA C
GROMACS I\/_Iolecu_lar Dynamics Cat OpenMP, MPI CUDA, HIP,
simulation SYCL
Ab-initio quantum-
SALMON mechanical simulator for Fortran OpenMP, MPl (OpenACC) B

optics and nanoscience
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e Category-B: (OpenMP+MPI)
— B-1: RIEPEDZEFE (OpenMP, OpenACC, Standard Language etc.)

— B-2: 7)Li&i#E 1k (CUDA, OpenACC etc.)

~ R

- B-21%tgE (FExHE)

« (B-1) ./ (B-2) D1fgELL (TEAZITLITE WS & 7 & <EH )
. Category-C: (OpenACC, CUDA) , GPU{tF#H

— C-1: As Is

— C-2: 7)1t
o C-21EBED#ExT B TR

- 8- F2HEE DM E A 3T

— Performance & Portability

— B-1[ZHULNTIFS

% ZPortability &

.
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s HiR—k:BEXWIZITRBIZLDIR—T129T
=&y T, BERTHERICERTS
— HH#E= (EA1E)
- BITHR—2IL YA+
* https://www.cc.u-tokyo.ac.jp/supercomputer/gpu_porting.php
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MPI+OpenMPTii5l{kEhf-Fortran7 A5 5L
DCGPUNDBITFER(F34Y)

https:.//www.cc.u-tokyo.ac.jp/events/lectures/196/
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Lynx on Wisteria-Aquarious, input: heart07 (55.6M cells)

« [OpenMP+MPI]TiHEFl{EEN TLIyNLIE, o e s o
OpenACC(‘J:éGPU’H:(d:J:I:iiE‘JT#% e : ‘
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« GPUIE

« NAD)ykiF{E (OpenMP+MPI)
« ZDith
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FFFFFF hical, Hybrid, Heterogeneous

~ h3- Open- BDEc
/// Bing&Et e Computing

fREHECE -h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket (FBB+5)

e (FET FMIIKE, IRATE, EEH, /\KF, IFEUE, D EFE, WaitlO-Socket: &S X7 L
FOEHBMPITOT S LEFRETHEIESTATT)DOHEE, FHRUVEZSHERS (2021-HPC-181-
07), 2021

® h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP#HEE
https://www.dropbox.com/s/k1nd0Op98p5chdeg/KN HPC182x.pdf?dI=0

® {FLEFth: Wistera/BDEC-01FIFHEHI (3) T—2ZITELF4 T S"')h3-Open-SYS/WaitlO (1/2)
https://www.cc.u-tokyo.ac.|p/public/VOL24/No2/10 202203Wisteria-1.pdf

® {FLEFth: Wistera/BDEC-01FIFHZEHI (4) T—2Z(TELF4 T 3"')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No3/12 202205-Wisteria-1.pdf

o {XxER, MIIE ROTE, RESEH, /\ K\, XKERE, 581E, fEHE, WaitlO-Hybrid: X &
I7AID AT LESocketZzHRARIREGE VAT LRBEES A7 3, FRULEFIHRERE (2022-
HPC-187-06), 2022

® Fi)IIfE4h : Wistera/BDEC-01FIFHEHI (5) T IILFTOT S LEKS AT S")h3-0Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

® FTJII[Z4th: Wistera/BDEC-01FIFBZEHI(6) T ILFITAT S LER T AT 5')h3-0Open-UTIL/MP (2/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No4/09 202207-Wisteria-1.pdf
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