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SRACPUJ—R

Intel IceLake x2Y4 vk x368/—F
B — 1 HE(FP64): 2.1PFLOPS
'Y RIE: 150.7 TB/s
e | |
GPU BHEE/— R

Intel IceLake x2Y4wh+NVIDIA A100 x8 x40/ — kK
IBSHE —J1%RE(FP64): 6.4PFLOPS

IESHE —1%EE(FP16): 100.7PFLOPS

FXEUNY RIE: 496.3 TB/s

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

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

NEPHBEATSTIPAN -
S3 Data Service
10.3 PB (HDD)
63.0 GByte/sec
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X_l {_: > to 1_7_-4>7“ Society 5.0 for SDGs Keidanren

Japan Business Federation
Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a
A & better future", which contributes to the achievement of SDGs
L sese .en
usifg remote sensing and -+ " Boostin c'm roduction by smart agriculture
for & utilizing lo and ig Data
_M, = d o ﬁ:_ Impri ovin;n ional statu: wnhmﬂ
XN R qu;:v"f G T produced by cutting-edge biotechnology
[ ) D F @ 59 Xy 1 degradation, blodlvetshv etc. L
; s t Developing an early warning
T 14 Wwnan g D alert system for the prevention
Resolving climate change AutoTech - of infectious diseases by
I S I t issues with simulations o combining different types of
based on the ai sis of ransToch onitori
S 17, 3 = : Simulations ) e ] R
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. GOALS_ 4 5=

made compatible

onTech
\‘% N = g}%’ g Empowering women with access
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[ ) ~ — ~ — ? > through the Internet
/ \ 1 / 3 J n Building global innovation koo o SeertsTech .m Providing women with
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T—3FE (S+D+L) |

MED=HD TN TA—L
(Big Data & Extreme Computing)

2021F5H14H:&EHBR

— HREAKFEHHI XY /\NX

33.1 PF, 8.38 PB/sec. , EX &l * ¢ Wisteria
— ~4.5 MVA(ZEZRAH), ~360m? +%s BOEC-O1

Hierarchical, Hybrid, Heterogeneous (h3)

2&?‘5&@/—#‘%

- Y2alb—3v/—FRE(S, SIM) :Odyssey

« HEFDR/NTY

e Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680/—K (368,640 A7), 205v4, Tofu-D

— T—45-28/—FE (D/L, DL) : Aquarius

o TR, BRSPS

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

. —EBILHMEBYY—R (RFL—2,
YLD —H4th) ICEEES

— D7AINART L RHE(KREBE) +51&

Shared File
System
XF5I7ML
AT L
(SFS)

25.8 PB, 500GB/s

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

YRalb—iav/—F
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

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

F—a- 2B /)RR
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s
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Shared File
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XF5I7ML
AT L
(SFS)

25.8 PB, 500GB/s

Platform for Inteo
Big Data & EX

YRalb—iav/—FE
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

Fast File
System

F—5-B/— BEI7AN
Aquarius “AThA
Intel Ice Lake + NVIDIA A100

7.20PF, 578.2TB/s
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Hierarchical, Hybrid, Heterogeneous (h3)
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« HEFDR/NTY

e Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680/—K (368,640 A7), 205v4, Tofu-D

— T—45-28/—FE (D/L, DL) : Aquarius

o TR, HPE

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

. —EBILHMEBYY—R (RFL—2,
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— D7AINART L RHE(KRBE) +51&

Shared File
System
XF5I7ML
AT L
(SFS)

25.8 PB, 500GB/s

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

YRalb—iav/—F
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

Fast File
System

F—5-B/— BEI7AN
Aquarius “AThA
Intel Ice Lake + NVIDIA A100

7.20PF, 578.2TB/s

(S=5))
1PB, 1.0TB/s
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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
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Shared File Fast File
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Rmax: Performance of Linpack (TFLOPS)  http://mww.top500.0rg/
oeak- P€aK Performance (TFLOPS) Power: kW

9

Frontler 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

33

ABCI 2.0, 2021, Japan
AIST

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

HPE Cray EX235a, AMD Optimized 39 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 S922LC, IBM POWER9 22C 3.1GHz, NVIDIA
Volta GV100, Dual-rail Mellanox EDR InfiniBand

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

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

8,699,904

4,742,808

1,123,200

7,630,848

2,752,703

1,824,768

2,414,592

680,960

485,888

1,572,480

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

22.12

1,679.82

1,059.33

846.84

537.21

531.51

304.46

200.79

265.57

188.65

125.71

54.34

25.95

22,703

24,687

29,899

7,107

7,404

10,096

2,560

7,438

1,600

1,468
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GFLOPS(E—2t%gE) ¥-UFAHAHEH(A) - BK K
GFLOPS/W (Green 500) (2023 E NS {E L (F)

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



BB L *,* Wisteria

» Odyssey ¢ ¢ BDEG-01

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

— FP16
— EWEE Al —o0—r~NDEH
« Aquarius

— HPC-5tERF~ADEH
— CPU:Intel Xeon Ice Lake
« 3'd Generation Intel Xeon Scalable Processors
o Hiim, B TORAITEHLLD
— GPU:NVIDIA A100 Tensor Core
« Tensor Core + Tensor Float [TF32]
« Odyssey-Aguarius
— InfiniBand-EDR, 774 LY AT L (FiR-EH)



Wisteria-Messenger

* Intel Xeon Gold 6348 (IcelLake) *.? Wisteria Simulation
— 2.6 GHz, 28 cores/socket ¢~ BDEC-01 Odyssey
— 2 sockets X 6 nodes < > B A
_ |B-HDR Fast File System InfiniBand

(==
1PB, 1.0 TB/s

AquaI‘IUS&HL‘TQ I]T’?f)\CPU@ﬂ Data/Learning

Nodes: Aquarius

5| Shared File Intel Ice Lake + NVIDIA A100
System 7.20 PF, 578.2 TB/s

_ <n+st+%‘—9+;£>ma%%zﬁ% LT | oo
A—H— (2B GELIZLTULVELY)

ﬁ}??

" <] Router for External Connectlon
External V- Wy : : v

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

FUJITSU PRIMEHPC FX1000
— https://www.fujitsu.com/ijp/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 TENSOR3Y GPU

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

25


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

5V (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 Y 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/" 358 (&g
— 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
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Simulation Nodes
Odyssey FFEREFEO—F
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System System Wisteria/BDEC-01 |

(== SFS
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1.0 TB/s 0.50 TB/S FT—A2E /—F#
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Data/Learning Nodes

Aquarius
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Simulation Nodes

Odyssey
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Fast File |Shared File
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/—F#, Odyssey
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System System
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h3-Open-B DEC Hierarchical,

[+ TS+ 2T AT ERT AEHAY IR ITER asencous

HABEERHR(S) (20195FE~23FE, KK . FEHE) Big Data &

https://h3-open-bdec.cc.u-tokyo.ac.|p/ Extreme
Computing
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[CEDEFHIBE R IE
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h3-Open-BDEC

App. Dev. Framework

Control & Utility

Numerical Alg./Library
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h3-Open-SYS/WaitlO

T—R3ZITELSATS)[(EE, 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 A IAA-EZTH LD REH

« API|:C/C++, FortranM™SFEUNH LBl BE
vV MPISA DA 371 —R %2t
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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 PRID=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]
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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 |
PRt 1T ) Odyssey o+ BOEC-01
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h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-SocketE

202246 A H 5 F| AT HE 303 Wistoria

’///

20224 FE[XFSEE M WaitlO-File 4 : &4 K

Fortran APP Python APP
(NICAM) (PyTorch)

h3opp.py

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

h3open modules

h3open modules

A

h3open modules
h3open modules
Jcup modules Jcup modules

jcup_mpi_lib.f90 jcup_mpi_lib.f90

Jcup modules Jcup modules

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

jcup_mpi_lib.f90 jeup_mpi_lib.f90

MPI+WaitlO

202144 8 : VP {E AT AR HE AR
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Hierarc! hical, Hybrid, Heterogeneous

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

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

e IxxET, MK, ROFTAE, RESH, /\KiE, FElE, FESHE, WaitlO-Socket: EFEL AT L
LOEHMPITOT S LZREET DRIESAT DR, FHRUVEZHREHE (2021-HPC-181-
07), 2021

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

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

® {FLEFth: Wistera/BDEC-01FIFHEHI(4) T—2ZITELF4 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 ROFTE, EEH, /\KE, KBRS, HEig, hEHE, WaitlO-Hybrid: &£ H
74 I AT LESocketZF G AR[REL S AT LBBEZAT7TY, FHRUEFZESWMEIRE (2022-
HPC-187-06), 2022

® Fi)I|[&fth: Wistera/BDEC-01F|HZEH| (5) T ILFTRT S LEK T AT 5'Jh3-Open-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.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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Data Analysis
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DB, 4 External
Sensors, Resources
etc.
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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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Data/Learning -
Observed Data Nodes: Aquarius

7.20 PF, 578.2 TB/s

Filtered Comp.
Results WaitlO-Socket Results
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® =
SoNeTH
Obs. Data 20 TB/s

Simulation Nodes: Seism3D/
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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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Atmosphere-ML Coupling C.:
[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 WIth AI

(Convection—Resolving Mode) h 3_0p en -SYS/W&I .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



Atmosphere-ML Coupling

1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

5) Emission of Longwave Radiation from
Earth's Surface

6) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow

10) Soil Water/Snow Melt

11) Snow/lce/Water Cover

12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds

©The COMET Program

Model component emulation (surrogation)

B The emulation target in this study is cloud microphysical processes
(phase changes, collision, coagulation, and precipitation)

B Atmospheric pressure, temperature,
water will change between before and after computing the cloud

microphysical processes

Atmospheric model and ML Library

and vertical

ﬁ h3-Open-BDEC
Mg

distribution of

B NICAM (global non-hydrostatic model with icosahedral grid) +

Pytorch (three layers MLP)
Methodology

B ML is trained to reproduce output variable from input variables of

cloud microphysical subroutine

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

Arho

Aein Arho_q

AT

AT

AT



. (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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Reproducibility Improvement

® for more accurate reproducibility
B Variable selection is important
B NICAM subroutine mp_driver has INPUT:23, OUTPUT: 27, INOUT: 11

B Reproducibility was improved by increasing the number of input variables to
five.

® Collaborations with Sambanova

0.1

d_rho calculated
from five input variables
(three + vertical wind and precipitation)

d_rho calculated
from thee input variables
(rho, ein, rhoq)

B s . '_
0.0 - iy

-0.14

| [slope | intercept | coef. __ | [slope | intersept | coef. __
d_rho 0.598 -0.0001 0.807 d_rho 0.688 -0.0000 0.857
d_ein 0.555 -0.0004 0.798 d_ein 0.710 0.0011 0.858

d_rhoq 0.532 0.0000 0.781 d_rhoq 0.692 0.0003 0.843
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o Odyssey

— Aquarius: 45/—F, 360 GPUs, ;2 Shared File | —
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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




rchical, Hybrid, Heterogen

h3 ﬂnen BDEc
/// Big Data & Extreme Computing

fRENECE -h3-Open-UTIL/MP-
h3-Open-SYS/WalitlO-Socket

e FymER, WK, IRATE, WEEH, /\KR, IFEE, D EMFE, WaitlO-Socket: 2FES X7 L
FOEHBMPITOT S LEFRETSIRIESATI)DRE, FHRUVEZSHERS (2021-HPC-181-
07), 2021

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

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

® {FLEFth: Wistera/BDEC-01FIFHEHI(4) T—2ZITELF4 T 3"')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No3/12 202205-Wisteria-1.pdf

e X;xET, T ROFTE, EEH, /\KE, KBRS, HEig, hEHE, WaitlO-Hybrid: &£ H
74 I AT LESocketZF G AR[REL S AT LBBEZAT7TY, FHRUEFZESWMEIRE (2022-
HPC-187-06), 2022

® Fi)IIfE4h : Wistera/BDEC-01FIFHEHI(5) Y IILFTOT S LEKS AT S")h3-0Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.|p/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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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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Obs. Data

2.0 TB/s

Simulation Nodes:
Odyssey

External Server
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Data :

25.9PF, 7.8 PB/s

Output

Movie

Filtered
Results

WaitlO-Socket
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Comp.
Results
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Web-based Simulation System for Outreach
Activities
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/> mdx
VM (Virtual Machine)

erver on VM

]

Web-Browser A
Authentication aWag Input I
Screen e L I
i
SSH Access NFS Mount I
S Job Submission [
20 ./ ¢ ¢ Wisteria ;
ERI/U.Tokyo A p a'; @ ’
ﬁlg/f?; ¢ ¢ BDEC-01  / Output
IMA E = =

Simulation Nodes

JDXnet Data/Learnln.g Nodes
Aquarius

Sonve7H 7.20 PF, 578.2 TB/s
External Server for
Observed Data

Odyssey

25.9 PF, 7.8 PB/s

» Shared File
System
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Data/Learning
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Simulation Nodes:
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_ Cpen-HRC
Odyssey, Aquarius ~'\—'/ st
« EERBIZIE, BEA—F, A—TUV—RDFIFAZFHIR g oo s
— OpenFOAM (iit{K) /h3 ﬂllEIIBDEc
* Odyssey //

- SEFHHET(FEMEER)  OpenFOAMEAEF 1 —K) 7L
— FrontISTR, FrontFlow, ABINIT (R K4 )
— ppOpen-HPC, h3-Open-BDEC(EE Kt 32—)

« BA3—F
— Altair HyperWorks GRFHCAEa—F)

 https://www.altairjp.co.jp/hyperworks/
* Aquarius (—#p)
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- EEE, EEXEDIGFEIIANEFETA O RAREFNBLE
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Odyssey, Aguarius
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h3-Open-UTIL/MP

Fortran APP
(NICAM)
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Python APP
(PyTorch)

h3opp.py

h3open modules

h3open modules

Jcup modules Jcup modules

jeup_mpi_lib.f90 jeup_mpi_lib.f90

MPI MPI

MPI+WaitlO
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— JHPCN https://jhpcn-kyoten.itc.u-tokyo.ac.jp/|a/
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2006-2010 2016-2020 2026-2030
| ]
Hitachi SR16K/M1 LA
Yayoi aeﬂu/\%)b
IBM Power5+ IBM Power7 ,J'LFFJCPU
Intel CLX
0] 2109, JJEIJ_ ﬁ
(Fujitsu) ‘ ‘ ‘ ‘
NVIDIA H100
Hitachi HA8000 Oakforest-
T2K Todai PACS (Fujitsu) |
Intel Xeon Phl ‘
AMD Opteron oo T e
ujitsu Wisteria -, .
Oakleaf-EX oo BOECDT FUJtSU
1.13 PF 33.1 PF
SPACR64 IXfx A64FX, ~ Accelerators
Intel Icelake+

a%w/ww
JLH%CPU

JJIJ
||||

H

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

Intel BDW +
NVIDIA P100

‘ Reedbush-

NVIDIA A100
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JCAH PC

OFP-II~NMiE (1/2)

« OFP (Oakforest-PACS) & #1458 (OFP-II)
— JCAHPC (REKRFEEEE])
— 202551 RERMBTE ‘
o Z/NAVADMREER, EEH, ikFLE> g
BEINERFEHIIATE(BERRLESE) o,
— 2021 FERIZIT A ERTE |

1.50

1.00

System
(Top/Green 500) GF/W

Henri (255,1) NVIDIA H100 65.4 050 |
Frontier (1,6) AMD MI250X 52.6 o |
Leonardo (4,15) NVIDIA A100 32.2 SIS P PR P K P W@ PP

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

& &

Fugaku (2, 49) ABAFX 15.4 EHhEM#ER (H2021FE L)




OFP-II~NMDE (2/2)

« OFP-II (202541 B EHBIR)
— JLEBACPUYS X2 (Group-A) +GPUY S X% (Group-B)
— T5HE - T—4%- 28 IS IR LM

« GPUMDETEIF2022F6HIZHRT

— OFPA—H— (3,000 AL E) DGPUADFITIZIE18-30 A&

— THEFEORFIT—Y

JCAHPC

-~ NSNS PPN

ty of Tsukuba (" UNIVERSITY Of

CPU only

Group-B
CPU+GPU

131



132

Seven Pre-Benchmarks JCAHPC

@ BPR  WELK

University of Tukuba 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, MPI CUDA
Dynamics simulation
N-Body ,EIE)BPOde simulaionusing ., gnenMP, MPI  CUDA C
GROMACS I\/_Iolecu_lar Dynamics Cit OpenMP, MP! CUDA, HIP,
simulation SYCL
Ab-initio quantum-
SALMON mechanical simulator for Fortran OpenMP, MPI (OpenACC) B

optics and nanoscience



OFP-II~NMiE (2/2) JCAHPC

« OFP-Il (202541 B:ZREAA) 6 By (o REAY
— NEACPUS S X% (Group-A) +GPUS S X% (Group-B)
— [5HE-F—42- 2T | B A BB L
« GPUDZEFEIL2022F6HIZHRT

— OFP1—+—(3,000 A LLE) DGPUADH#TI=(518-307 A E [
— THEFEORFIT—Y

« NVIDIAfIEIGPUIRERIZRE (202256 1) Group-B
— H100%E UL I % D12 fk s CPU+GPU

— ROF
c EEEZTDILD
» FortranTERABEIN=7 TV r—3>DR—2E T4
— OpenACC/StdPar (Standard Parallelism) [Z&AGPUAE (& EL 8L B fil B
OpenMP/MPI/NA T ) YRIZ&>TiFl{bEn =700 S LIZELTLNVS
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4= (M=
GPURHE-BATDETE
« NVIDIA Japan®Di# A
3,000 A LL L DOFPFIFE : 2D DR EE
- B4l (Self Porting) 1: ¥k &R EA T3>
— 8BBID/NYHYY (E=F¥>T), 357 BIZ1E, 25421\ A4T vk, Slack#if A

— B ARESNSFEKE ) (Zoom, IEA—H—HLBHIZSINTES)
— ZEL LR ELEIBITR—2ILY (L), BIEEE S

» https://jcahpc.github.io/gpu_porting/
[7R—kF848E (Surpported Porting) 1, 2022410 A Bi&
- BLDA—Y—FFHITHAS2=F,a—F (1758, REH), OpenFOAM(NVIDIA)
- NED-HODFELERGEAARA ST —DEETELFE)
— Y R—FBHE 1T W—T A N—(EITEF) (T \vhV - BRI HEBAIZS N
HAMIZOpenACC/StdPar (Standard Parallelism) ##
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Category Name (Organizations) Target, Method etc.

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Engn(w;)erlng FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
B'Op(?)/S'CS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallMHD3D (NIFS) Turbulent MHD, FFT Fortran
PhéS)ICS Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEMS3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4) hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix Fortran

sse_3d (NIED) Earthquake Science, BEM (CUDA Fortran) Fortran
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Category Name (Organizations) Target, Method etc.

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Engl?g)erlng FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
B'Op(g})/S'CS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallMHD3D (NIFS) Turbulent MHD, FFT Fortran
Phés)lcs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++

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

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

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

OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEMS3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran

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




Name (Organizations)

Engineering

(3)

Biophysics

(3)

Physics
(3)

Climate/
Weather/
Ocean

(4)

Earthquake

(4)

FrontISTR (U.Tokyo)
FrontFlow/blue (U.Tokyo)
FrontFlow/red (Advanced Soft)
ABINIT-MP (Rikkyo U.)
UT-Heart (UT Heart, U.Tokyo)
Lynx (Simula, U.Tokyo)
MUTSU/iHallIMHD3D (NIFS)
Nucl TDDFT (Tokyo Tech)
Athena++ (Tohoku U. etc.)
SCALE (RIKEN)

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

SPECFEM3D (Kyoto U.)

Target, Method etc.

Solid Mechanics, FEM

CFD, FEM

CFD, FVM

Drug Discovery etc., FMO

Heart Simulation, FEM etc.

Cardiac Electrophysiology, FVM
Turbulent MHD, FFT

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

Global Climate, FVM

Atmospheric Science, FFT etc.
Ocean Science, FDM

Earthquake Wave Propagation, FDM

Earthquake Simulations, Spectral FEM

hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix

sse_3d (NIED)

Earthquake Science, BEM (CUDA Fortran)

Language

Fortran
Fortran

Fortran
Fortran

Fortran, C

C
Fortran
Fortran

C++
Fortran
Fortran

Fortran/7/

Fortran
Fortran

Fortran

Fortran
Fortran




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

Cp(Total)

- Cavitating Hydrofoil

I—O.5OO

TIME=12.5978

Cp
Q=1000

0.300
-0.150
i-0.600

Automobile Wake

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




! Porting FFB on A100 through OpenACC-1

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

| $acc kernels
DO 1000 IP = 1 , NP DO 1000 IP =1 , NP
FXBUF=0.0EO FXBUF=0.0EO
FYBUF=0.0EO FYBUF=0.0EQO
FZBUF=0.0EO FZBUF=0.0EO
| $acc Toop seq
po 1100 T =1 , 8 Do 1100 I =1 , 8
IE=IENP(I,IP) IE=IENP(I,IP)
SWRK = S(IE) SWRK = S(IE)
FXBUF=FXBUF-SWRK*DNXYZP(I,1,IP) FXBUF=FXBUF=-SWRK*DNXYzZP(I,1l,IP)
FYBUF=FYBUF-SWRK*DNXYZP(I,2,IP) FYBUF=FYBUF=-SWRK*DNXY2P(I,2,IP)
FZBUF=FZBUF-SWRK*DNXYZP(I,3,IP) FZBUF=FZBUF=-SWRK*DNXY2P(I,3,IP)
1100 CONTINUE 1100 CONTINUE
FXYZ(1,IP)=FXBUF*CM(IP) FXYZ(1,IP)=FXBUF*CM(IP)
FXYZ(2,IP)=FYBUF*CM(IP) FXYZ(2,IP)=FYBUF*CM(IP)
FXYZ(3,IP)=FZBUF*CM(IP) FXYZ2(3,IP)=FZBUF*CM(IP)
1000 CONTINUE 1000 CONTINUE
| Sacc end kernels

Original code [c/o Prof. C. Kato (UTokyo)] Code with directives a—



Performance of FFB

* FFB is memory bound

* Reasonable performance for peak
memory bandwidth

Performance per CPU or GPU

2rma-nwan £ ) 1
. -
b BL Ol I_III_

* High GPU utilization by using GPU Direct to
reduce communication time

Halo exchange by GPU Direct

300
250 mainloop  50([180.787 ms]
e} PRES3E [122.235 ms)
RCMELM [120.518 ms]
O 200 1 79 RCMELM  3(24.431ms]
BCGSXE [19.654 ms|
O v 152 o " BCGSXE [5 [,Lusvn]usl [pcesxe ..
(@) Q. 150 | | CALLAP [764.560 pis] 1 CALLAP [765.518 ps] | | caapmers...
m o GRAD3X [455.995 is| FLD3X2 [265.229 ps)] GRAD3X [457.549 pis) FLD3X2 [265.021 ps)
— ™ 98 b | e
o 100
© 53 61
) ~
0 e (k. MM o ot o ol e AR
< D N N N |
¢ > > > & N :
Q\‘} & & & & & One Iteration
F S R S A N\
R A A A e —— " ———
& Q Q < > g =
> = Q-\ A VE;. & moop. 50150767
‘_e *'e % % % é eressefzz. ] veLaon(ssosems) PRES E[12 235ms] Bl vecsonss...
\'@ \:b QQ ‘,0 &\ AcMELM[12...] MIEEE R occs . Jacos [ocss... [ — Rcuu M1 2518 ms] | i
© b ,? xovel]| U i ] csset | o 1. [ st | st ]
"(? ‘,‘,’B o lﬂilll il .mi — UI ll»lﬂlt'ﬁllllﬂlﬂ.l ﬂl'“L.lJI
il TN
(.? ? v.& (AR, ulhllllhﬂhlﬂﬂl »ﬂhi it |Llh ||| LIS, . [[U[‘ TS u[l[[hl]lﬂlﬂiﬂl |
5+ altattatiadin it

8 A100-40GB GPUs used

ANVIDIA I



OFP-II (1/2) JCAHPC

rsity of Tukuba | [ THEUNIVERSITYOFTOKYO
« Group-A: JAHCPU/—F: Intel Xeon Max 9480 (SPR)

— 5t& /—F: Intel Xeon Max 9480 (1.9 GHz, 56¢) x 2
* 6.8 TF, 128 GIB, 3,200 GB/sec (HBMZ2e only)

_ o5
MR
« 190 /—F, 1.3 PF, IB-NDR 200 s NVIDIA GH200 Grace Hopper Superchip )
e 372 TB/SGC fOI’ STREAM Tl’iad (Peak: 608 TB/SEC) Lﬁ??'é‘r%( ggingga

+ Group-B: JEHN#E/—F: NVIDIA GH200 e

— 5t & /—F: NVIDIA GH200 Grace-Hopper Superchip . '
. Grace: 72c, 2.9 TF, 111 GiB, 512 GB/sec (LPDDR5X) 72‘5&}“65; NVLink C2C
- H100: 66.9 TF DP-Tensor Core, 89.4 GiB, 4,022 GB/sec (HBM3) | | v 7"

- CPU-GPUR[&F vy aaE—L b pcecent| |\ pciecens

« NVMe SSD#&&i: 1.9TB, 8.0GB/sec, GPUDirect Storage | 4“

— éE-I- (CPU+GPU0)éE+ﬂE) @ IBNDR200 |

(200 Gbps)

« 1,120 /—F, 78.2 PF, 5.07 PB/sec, IB-NDR 200 141
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o J7AILI AT L DDN EXA Scalar, Lustre FS
— 10.3 PB (NVMe SSD) 1.0TB/sec, “Ipomoea-01” (26 PB) + | Bl &t

« Group-A/B O&/—FKIEIZILI1EH a2 /U RIETiES
— (400Gbps/8) % (32 % 20+16 x 1) = 32.8 TB/sec

» 202551 AERBR. Group-A/BEID&EE
h3-Open-SYS/WaitlO [Z&Y)EI]

IB-NDR (400Gbps)
IB-NDR200(200)

Igomoea -01

B ERN—D
26 PB

Group-A :
T Group-B File System

NVIDIA GH200 1,120  DDN EXA Scaler
(HBM2e) 2 X 190 782 PF, 5.07 PBisec = 10.3 PB, 1.0TB/sec
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i e

FUJITSU Server
PRIMERGY CX2550 M7 x 190./—-F
J—F&h Intel Xeon MAX 9480 CPU(HBMAENEE) x 2 BIEE
IR EEMEE(BYEE) : 1.29 PFLOPS
TENEUEE  23.7 TiB
FRATEV)C1E - 608 TB/s

< ShEBERL—5 (Ethernet)

STE—REY  EEIER - FEY

Supermicro
ARS-111GL-DNHR-LCC x 1120 /—F
J—Fépizh NVIDIA GH200 x 1 EiEE
RIS EEMRE(EHEE) - 78.2 PFLOPS

FAEUEE : 220.0 TiB
FEMEY)VE ¢ 5.07 PB/s
SSD : J—RérEh NVMe SSD 1.92 TB

=0 St Risixvb I (InﬁnlBand NDR)

_ I D
<439/ E3BRw NI~ (Ethernet)

|
HEBIPAINSAT A

I
BBy — )\

©O JCAHPC

RPN

University of Tukuba

[ =iy i

THE UNIVERSITY OF TOKYO

o

BhiEsERy NI
-Ipomoea-01

074> )—REf

‘»4}&@

074> J—FA : FUIITSU Server
PRIMERGY RX2530 M7 x 2 J—R
0494>./—FB : Supermicro
ARS-121L-DNRY—/Ux 4 J—F
074 >J—FC : FUIITSU Server
PRIMERGY RX2530 M7 x 6 J—R

I714 AT s - DDN EXA Scaler
AR —SF—HER%EEE ;1.0 TB/s

MDS/MDT : DDN ES400NVX2 x 1
OSS/OST : DDN ES400NVX2 x 10
BRFIASE : NVMe SSD 10.3 PB

FUJITSU Server
PRIMERGY RX2530 M7 x 12
(aTEEX2. @%2
FREEx2. Webih—4)Lx2.
TFaU7109x%2)
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W7 Viiversiyof Tuura ' ’ THEORAE RS

RIMER/— K

BRI mE S T RE 1.29 PFLOPS 78.28 PFLOPS
w/—F# 190 1120
WBAEYBRE 23.75 TiB 220.02 TiB

1 AT ARG 608 TB/s 5.07 PB/s

RKyYrI—orRAOS— J)LiNLt 3> Fat Free JI)LiNAEH 3> Fat Tree

7AWV AT L Lustre (DDN EXAScaler)
H—/3(0SS) DDN ES400NVX2
H—/3(0SS)H 10
IJPAIVIRT L —
*HI7 e 2 L—UBE 10.32 PB
AL—D
T AR LOTBls
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RAECPU/—F 8 S NE) L

FUJITSU Server PRIMERGY
CX2550 M7

Intel Xeon Max 9480

TR

JOtyy 4

PR SR (g~ ) 2 (56 + 56) 1(72)
IES & 1.9 GHz 2.6 GHz
HimEE e 6.8096 TFLOPS 2.995 TFLOPS
AERE 128 GiB 111.7 GiB
AR FIENE 3.2 TB/s 512 GB/s
Joteyy4 NVIDIA Hopper H100 GPU
BEH 1
R E e 66.9 TFLOPS
AEYBR=E 89.4 GiB
AE) F iR . 4,022 GB/s
NVLink Chip-2-Chip
CPU-GPU F&l 345 interconnect
(K AT\ 450 GB/s)
NVMe SSD 1.92 TB (PCle
==ip Gen4 x4)
K& K&
A 2—aAR9k InfiniBand NDR200 (200Gbps)  InfiniBand NDR200 (200Gbps)

Supermicro
ARS-111GL-DNHR-LCC
NVIDIA Grace CPU

Arm Neoverse V2 CPU
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OFP-1Il Yk 7R (1/2)

ILHCPU / — F &

_ Rocky Linux9 (B 7' 1 > / — K [$Red Hat Enterprise Linux 9)
PBS Professional
GNU 1> /N1 Z

NVIDIA HPC SDK
Fortran77/90/95/2003/2008

Intel 2 > /N4 2 C. C++
Fortran/77/90/95/2003/2008 OpenMP. OpenACC
C. C++ NVIDIA CUDA Toolkit
CUDA C
CUDA C++
SRRt IR | .| \ip) Open MPI

CuBLAS. cuSPARSE. cuFFT. MAGMA.
cuDNN. NCCL

BLAS. CBLAS. LAPACK. ScalAPACK. SuperLU. SuperLU MT. SuperLU DIST. METIS.
MT-METIS. ParMETIS. Scotch. PT-Scotch. PETSc. Trillinos. FFTW. GNU Scientific
Library. NetCDF. Parallel netCDF. HDF5. Parallel HDF5. OpenCV. Xabclib.
ppOpen-HPC. MassiveThreads. Standard Template Library (STL). Boost C++
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- JUHCPU/—FEE B INEE / — KA

OpenFOAM. ABINIT-MP. PHASE. FrontFlow/blue. FrontISTR. REVOCAP-Coupler.
REVOCAP-Refiner. OpenMX. MODYLAS. GROMACS. BLAST. R packages.
bioconductor. BioPerl. BioRuby. BWA. GATK. SAMtools. Quantum ESPRESSO.
Xcrypt. ROOT. Geant4. LAMMPS. CP2K. NWChem. DeepVariant. Paraview. Vislt.
POV-Ray. TensorFlow. PyTorch. JAX. Keras. Horovod. MXNet. Miniforge. Kokkos

autoconf. automake. bash. bzip2. cvs. emacs. findutils. gawk. gdb. make.
grep. gnuplot. gzip. less. m4. python. perl. ruby. screen. sed. subversion. tar.
IY—y I k7 tcsh. tcl. vim. zsh. git% &

Julia. CMake. Ninja. Java JDK
Grid Community Toolkit. Gfarm. FUSE

1> T 7R84k Apptainer. Singularity Community Edition.
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 Odyssey&Aquarius®E

« mdx&Wisteria/BDEC-010D) &

« GPUIE

« NAD)ykiiF|{t (OpenMP+MPI)
« ZDih

o [HERERBEBLI—1FrorI)L (GEEXEEFE)
https://www.youtube.com/channel/UC2CHaGp1AO-vgRIVZwmUO-w



https://www.youtube.com/channel/UC2CHaGp1AO-vqRlV7wmU0-w

FFFFFF hical, Hybrid, Heterogeneous

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

fRENECE -h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-Socket (BB +5)

e (FET FMIIE, IRATE, WESEH, /\HKF, IFEE, HEFE, WaitlO-Socket: &S X7 L
FOEHBMPITOT S LEFRETSIRIESATI)DRE, FHRUVEZSHERS (2021-HPC-181-
07), 2021

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

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

® {FLEFth: Wistera/BDEC-01FIFHEHI(4) T—2ZITELF4 T 3"')h3-Open-SYS/WaitlO (2/2)
https://www.cc.u-tokyo.ac.ip/public/VOL24/No3/12 202205-Wisteria-1.pdf

o {XxET, I ROTE, ESH, /\KEH, XERE, 58E, REHE, WaitlO-Hybrid: X H
I7AID AT LESocketZzHRATIREGE VAT LRBERES 473, FRULEFIHREME (2022-
HPC-187-06), 2022

® Fi)IIfE4h : Wistera/BDEC-01FIFHEHI(5) Y IILFTOT S LEKS AT S")h3-0Open-UTIL/MP (1/2)
https://www.cc.u-tokyo.ac.|p/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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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

