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RM  FugakuNEXT: from Feasibility Study To R&D Project

FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031

Feasibility Study
Project

e Feasibility study project on

- o SZAFAF—L | RERSTHERILTEEING 75707y (JOtwb. X8). AN —-IF) | SZAFAVINII7. TRAT—Sa 2RE
next-gen computing infrastructure [ a7b7oh | ) o~ — .
: pU—— S——— -
e Commissioned by MEXT* S
(2.5 years; Aug 2022 - Mar 2025) w7 \ || ez
AFLE 1)
e Four teams selected for e, ‘ T
EESHITLD. ) gacccccesc e oree ‘ i zj;‘?‘f
« System study (two teams) nnsiton N5 i it || 50 B )
« New computing paradign_1 study FErRET—L | S
(actually, quantum computing)  Rmmm : BREAAS : | | wmmm: mwks oa s
(RA~5 : X% =B = r 7.
o Operation techno'ogy study #BF K170 y ﬁpcﬁ%i%%%}? = ;ka
Eo_):_—};—i] /7(1“ ﬁx&'SJL/I\ B )\ —rA B
R WEBT,
e RIKEN team for system study W o < T—
;}p/?‘i}u\: axnx_!m . ;Aﬂ:r_ﬂ.—hsmilmzi?éﬁdﬁﬁn
ERA AN Rassnria A

*) MEXT: Ministry of Education, Culture, Sports, Science and Technology




Post-Fugaku Feasibility Study FY2022-2024
Organization Chart of System Research by RIKEN

System Research Team

(Representative Institution) RIKEN R-CCS
[PI: M. Kondo, AD: S. Matsuoka(R-CCS)]

JHPC-quantum >>REHR

Architecture Research Group

RIKEN R-CCS
[GL: Sano, Co-GL: Miwa (UEC), AD:Amano (Keio)]

System Software and Library Research Group

RIKEN R-CCS
[GL: Sato,Co-GL:Katagiri (Nagoya-U), Sato (TUT), AD: Sato]

Support on Group Management i
— Nagoya Univ. (Collaborator) :

[Delegate: Katagiri]

——-

Architecture Research sub-G1

RIKEN BDR
[SGL: Taiii (RIKEN BDR]

(o2
FUJITSU

intel

AMD
< NVIDIA

- Arcnn

tevHewlett Packard
Enterprise

arm

Architecture Research Group

Scheduler / Runtime sub-G

Tohoku Univ. (Co-l institution)
[SGL: Takizawa)

10 / Storage / Filesystem sub-G

Communication Library sub-G :

Kyushu Univ. (Co-l institution)
[SGL: Nanri]

Compiler / Programming-model sub-G

Univ. Tsukuba (Co-l institution)
[SGL: Tatebe]

Storage Archi Pattern Investigation

RIKEN
[SGL: Tsuji]

Numerical Library sub-G

DDN Japan (Collaborator)
[Delegate: Hashizume]

0S / Virtualization / Cloud sub-G

RIKEN
[SGL: Imamura]

Al Framework sub-G

National Institute of Informatics (Collaborator)]
[SGL: Takefusa] :

HPC Env. Usage Investigation sub-G

Osaka Univ. (Co-l institution)

[SGL: Date]

System Software and Library

o

GL: Group Leader
AD: Advisor
SGL: Sub Group Leader

Application Research Group

Hokkaido Univ. (Co-I Institution)

[GL: Iwashita, Co-GL :Takahashi (U. Tsukuba), Fukazawa (Kyoto U.), E [Delegate: Fukazawa)

AD: Nakajima / Tomita (R-CCS)]

"
e
s

Support on Group Management '

Kyoto Univ. (Collaborator)

Life Science App. Area sub-G

Social Science App. Area sub-G

Yokohama City Univ. (Co-l institution)
[SGL: Terayama]

Material and Energy App. Area sub-G

NIMS (Co-l institution)
[SGL: Yamaji,Co-SGL:Fukushima(UTokyo) ]

Weather/Climate Sci. App. Area sub-G

JAMSTEC (Co-l institution)
[SGL: Kodama]

Disaster Prevention App. Area sub-G

RIKEN
[SGL: Umemoto]

Digital-twin / Society5.0 App. Area sub-G
Univ. Tokyo (Co-l institution)
[SGL: Shimokawabe]

Support on Digital-twin Apps

Japan Atomic Energy Agency (Collaborator)
[Delegate: Onodera)

Weather Model Perf Analysis sub-G

RIKEN
[SGL: Mohamed]

Univ. Tokyo (Co-I institution)
(SGL: Fujita]

Manufacturing App. Area sub-G

Research Group i

RIKEN
[SGL: Onishi]

Support on Manufacturing Apps

RIKEN
[SGL: Kodama]

Support on Weather Model Analysis

Meteorological Research Institute (Co}
llab) i

Computational Science Algorithm sub-G

JAXA (Collaborator)

Fundamental Science App. Area sub-G

[SGL: Aoki]

Support on Space / Planet Sci. Apps

NAOIJ (Collaborator)
[Delegate: Takiwaki]

Univ. Tsukuba (Co-l institution)
[SGL: Takahashi]

Machine Learning Algorithm sub-G

TiTech (Co-l institution)
[SGL: Yokota]

Benchmark Construction sub-G

RIKEN
[SGL: Murai]

Performance Modeling sub-G

RIKEN
[SGL: Domke] s
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o NI Expected Timeline of Fugaku-NEXT R&D

RIKEN
FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031

Fuga ku Fugaku Operation
Feasibility Study  FugakuNEXT PJ FugakuNeXT PJ FugakuNEXT PJ FugakuNEXT
FugakuNEXT Project (Basic Design) (Detailed Design) (Deployment) Operation

e Launching development project of FugakuNEXT, for starting operation in 2030

° Establish a project organization built upon the existing collaboration structure

e Initial targets made based on findings in the feasibility study
° System performance, system software development, application challenges, and others

° Continuously studying HPC-Quantum hybrid platform to extend computable problems

e Public tenders for basic design
° Overall system, computing nodes, and CPUs

° Accelerators (GPUs)



FugakuNeXT PJ

) O
RIKEN R'ccs
Fugaku Fugaku Operation
Feasibility Study FugakuNEXT P)J
FugakuNEXT Project (Basic Design)

—

(Detailed Design)

FugakuNEXT PJ
(Deployment)

JHPC-quantum >>REHR

Expected Timeline of Fugaku-NEXT R&D

FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031

FugakuNEXT
Operation

J
P

Public Tender
(System/CPU vendor)

Partner Vendor
Selection (RFC)

Near term
schedule

NVIDIA has been

/

Public Tender |
(GPU vendo

Fujitsu Ltd. was
awarded a contract.

a5|c Design
at Sy§tem/CPU Vendor

Basic Design
| at GPU Vendor
I

Basic Deplgn at Riken

(Development of systim software / application)

Feb
2026

Preparation of
Next Phase

awarded a contract.

W
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i New Division for FugakuNEXT Project and Beyond

aen R-CCS

(Makoto Gonokami, President)
International Institutes

RIKEN RIKEN Domestic University/Labs
éollaboratio}

L Center for Computational Science

(Satoshi Matsuoka, Director) Government / MEXT

L Next-Gen. HPC Infra Development Division = (co-development Vendors
(Masaaki Kondo, Division Director)

Next-Generation Next-Generation HPC Infrastructure Kentaro Sano, n Development of FugakuNEXT system

HPC System Development Unit Unit Leader "" including architecture and system SW
Infrastructure
Deve_:k_)p_ment Next-Generation HPC Yasumichi Aoki, O Development, support, and co-design of
Division Application Development Unit Unit Leader f;"m next generation apps for FugakuNEXT
N
s 6 Next-Generation HPC Keiji Yamamoto, ﬁ Development of environment and
- Operation Technologies Unit Unit Leader P operation technologies for FugakuNEXT
‘r‘;‘. “

. ) ) Advanced HPC Technologies Kento Sato, ﬁ Feasibility study and elementally
Masaaki Fumiyoshi Development Unit Unit Leader ‘3‘ technology research for advanced system
Kondo, Shoji,

e Deput _ _ :
B;:;g; Di?/[i)sl}lo% Next-Generation HPC Yoji Shimada, @ Responsible of the project management
Director Management Office Office manager of FugakuNEXT and beyond

;f
dsh
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FugakuNEXT Application Erea and Co-design




System Research Team

GL: Group Leader
(Representative Institution) RIKEN R-CCS

[PI: M. Kondo, AD: S. Matsuoka(R-CCS)] AD: Advisor
e Iasuo —— SGL: Sub Group Leader

Application Research Group Support on Group Management

Hokkaido Univ. (Co-I Institution) 1 Kyoto Univ. (Collaborator)
[GL: Iwashita, Co-GL :Takahashi (U. Tsukuba), Fukazawa (Kyoto U.), ! [Delegate: Fukazawa)

AD: Nakajima / Tomita (R-CCS)]
Architecture Research sub-G1 i :
il (RIKEN : E fe i T
[SGL: Taiii (RIKEN BDR] ¥ Scheduler / Runtime sub-G Communication Library sub-G : Life Science App. Area sub-G

Architecture Research Group System Software and Library Research Group

RIKEN R-CCS RIKEN R-CCS
[GL: Sano, Co-GL: Miwa (UEC), AD:Amano (Keio)] [GL: Sato,Co-GL:Katagiri (Nagoya-U), Sato (TUT), AD: Sato]

Support on Group Management

— Nagoya Univ. (Collaborator)

i bt
1 [Delegate: Katagiri]

: RIKEN
- Tohoku Univ. (Co-l institution) Kyushu Univ. (Co-l institution) : Yokohama City Univ. (Co-l institution) [SGL: Umemoto]
I & [SGL: Takizawa] [SGL: Nanri] : [SGL: Terayama)
FU l SU 0/t - n b c . 5 : el cubic - Digital-twin / Society5.0 App. Area sub-G

I orage / |esy e su - ompiler / Programming-model sub- : Material and Energy App. Area sub-G Univ. Tokyo (Co-l institution)
- Univ. Tsukuba (Co-l institution) RIKEN : NIMS (Co-l institution) [SGL: Shimokawabe]
I n [SGL: Tatebe] [SGL: Tsujil : [SGL: Yamaji,Co-SGL:Fukushima(UTokyo) ]

: Support on Digital-twin Apps
Storage Archi Pattern Investigation Numerical Library sub-G : Weather/Climate Sci. App. Area sub-G

Japan Atomic Energy Agency (Collaborator)

H DDN Japan (Collaborator) ! RIKEN JAMSTEC (Co-l institution) [Delegate: Onodera)
E [Delegate: Hashizume] : [SGL: Imamura] : [SGL: Kodama]
| - : Weather Model Perf Analysis sub-G
‘ 0S / Virtualization / Cloud sub-G Al Framework sub-G : Disaster Prevention App. Area sub-G RIKEN
National Institute of Informatics (Collaborator) RIKEN : Univ. Tokyo (Co-l institution) [SGL: Kodama)

(SGL: Takefusa) [SGL: Mohamed] (SGL: Fujita]
D : Support on Weather Model Analysis
@ nVI D I A HPC Env. Usage Investigation sub-G : Manufacturing App. Area sub-G

: Meteorological Research Institute (Cd|
. Osaka Univ. (Co-l institution) : RIKEN llab) i
SGL: Date] : [SGL: Onishi] gate F
_arcn [ . AT
HeHewlett Packard : Computational Science Algorithm sub-G
& Support on Manufacturing Apps . I
Enterpnse Univ. Tsukuba (Co-l institution)

JAXA (Collaborator) [SGL: Takahashi]

Delegate: TRA
Machine Learning Algorithm sub-G

arm

Fundamental Science App. Area sub-G TiTech (Co-l institution)

RIKEN [SGL: Yokota]
[SGL: Aoki]

Benchmark Construction sub-G
Support on Space / Planet Sci. Apps
NAO!J (Collaborator)
[Delegate: Takiwaki]

Performance Modeling sub-G

) i : RIKEN
Architecture Research Group P System Software and Library Research Group B Application Research Groun [SGL: Domke)
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Area / Working Groups system (esp. co-design)

HPC Appllcatlon WG | »| Benchmark WG Application DeveIoer(reQ;:
(o0 J—R \ /
7—FFOF WG
Codesign WG Architecture Area
SRTLFRY
D— WG I

TOUSZJRIE WG BBt ES1T35- BIES1T35Y WG
ZRIVIIT7ET WG
_______________ System Software Area

Operation Technology Area




S || community relation
e RCCS Feasibility Study (FY2022-FY2024)

e an example - Fundamental Science (2HEH=¥) SUbWG
e Organizer Yasumichi Aoki, Tomoya Takiwaki
e Yasumichi Aoki for particle/nuclear physics
. Issaku Kanamori (R-CCS) particle physics (LQCD)
. Takumi Doi (RIKEN iTHEMS) nuclear interaction (LQCD)
« Norikazu Shimizu (Tsukuba) nuclear shell model
e TOomoya Takiwaki (NAOJ) for astro/planetary

. Hideyuki Hotta (Nagoya) solar star/sun

. Takayuki Saito (Kobe) galaxy

« Kengo Tomita (Tohoku) planetary formation
. Koji Yoshikawa (Tsukuba) neutrino dark matter



R Cm FY2025- community relation: organizer / liaison

e an example - Fundamental Science (2HE#=¥) SubwWG
e Organizer Issaku Kanamori (RIKEN R-CCS)
e Liaison 1 Issaku Kanamori for particle/nuclear physics
« Kenichi Ishikawa (Hiroshima) particle physics (LQCD)
. Takumi Doi (RIKEN iTHEMS) nuclear interaction (LQCD)
« Norikazu Shimizu (Tsukuba) nuclear shell model
e Liaison 2 Tomoya Takiwaki (NAOJ) for astro/planetary

. Hideyuki Hotta (Nagoya) solar star/sun

. Takayuki Saito (Kobe) galaxy

« Kengo Tomita (Tohoku) planetary formation
. Koji Yoshikawa (Tsukuba) neutrino dark matter



2 Rets BiERFSubWG

o AN
e Organize/Liaison: £7FF%1F (RIKEN)
e Liaison: A%t (NAOJ,RIKEN)

o EFINEGFTI—ARATPITUI—>3> (FFZFFY)
o SEE Co-desigh NBEMNICK HAD
e LQCD:DWF-HMC (Bridge++) : FSEHli 7TV - H—FRILGPUMIEFHF
o FHBE: MHD Turbulence (&iii&) - OpenACC [CLD GPUMIGHE
o TODMDFIVUHFI—>3>
o HREMFESUbWG TEET D, FSTIIATHHRTHOIE
. LQCD: Wilson-HMC
. LQCD:Eehifi#th
. BFEFEHER: E2FHIIOBERAEI—R rmesm]
« Athena++ - RIS =a1L—>3>
. ASURA-FDPS - fRA>=1L—>3>
. R2D2-XIFIEE
. Vlasov-Z=—1—bkMUJH—=HOIH—
o MREBI(CHENIC BR-OTY1> B OIICEMUTWEES HEHZEET DIFE
o [ESENEXT] £2i%T. AHhNIZHFE - TEE] DEZTLDXRITRIEN



e el application seminar

open public event <-> “core seminar (NDA)"

kick-off meeting “wide seminar”

July 17 = Yoshifumi Nakamura - CI/CD/CB concept

July 31 - Mohamed Wahib - Vision Al for Science and Engineering Applications
Aug.20 - Katsuhisa Ozaki - low precision arithmetic — Ozaki Scheme

Aug.27 - Wiliam Dawson — use case of Ozaki Scheme

&> W N

lecturer list (under development)

1. Hitoshi Murai programing model / -

2. Makoto Taiji Al for Science (general)
3. Ryosuke Kojima, Ryo Yoshida Al for Science (topical)
4. Seiji Yunoki, Tomonori Shirakawa QC and hybrid

5. T. Shimokawabe, T. Iwashita GPU porting (case study)
6.



e Gl 1st application wide seminar

- Part 1 ---

Summary of activities in the Post Fugaku Feasibility Study (FS) and outlook for
FugakuNEXT:

e 14:00-14:40 FS Application Summary

e Prof. Takeshi Iwashita (Kyoto U) / Prof. Takashi Shimokawabe (U Tokyo)
e 14:40-15:10 FS Benchmark Summary
e Dr. Chigusa Kobayashi (R-CCS)
Break
--- Part 2 ---
Programing for FugakuNEXT:
e 15:30-16:30 GPU programing (I)
e Prof. Toshihiro Hanawa (U Tokyo)

All encouraged to join !



