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e latter may get boosted through AI4S
e Summary and Outlook



I il System Performance to be Targeted for FugakuNEXT

FugakuNEXT Goal Concept
Summary by MEXT Committee of HPCI Plan & e “Application First" philosophy that prioritizes
Promotion application performance - “co-design”
e 5 to 10x higher effective performance e Heterogeneous architecture combining power-
than Fugaku for existing HPC applications efficient CPUs and bandwidth-oriented GPUs to
e Effective performance of 50 EFLOPS or higher achieve the goal under power constraint
for AI processing with Zetta-FLOPS-scale peak e CPUs that can utilize the assets such as
performance in mind application software developed for "Fugaku”
Improvements
Total node count >= 3,400 ‘ 158,976
Theoretical peak perf. of FP64 vector >= 48 PFLOPS >= 3.0 EFLOPS ‘ 488-537 PFLOPS x5.7~
Theoretical peak perf. of FP16/BF16 matrix >= 1.5 EFLOPS >= 150 EFLOPS ‘ 1.95-2.15 EFLOPS x70.5~
Theoretical peak perf. of FP8 matrix >= 3.0 ELOPS >= 300 EFLOP ‘ —
(Sparsity considered FP8 matrix) — >= 600 EFLOPS ‘ —
Main memory capacity >= 10 PiB >= 10 PiB ‘ 4.85 PiB x4.1~
Main memory bandwidth >= 7 PB/s >= 800 PB/s ‘ 163 PB/s x4.9~
System power consumption 40 MW (compute node and storage) ‘ about 30 MW




@ Compute Node Design

anzn RCCS
Scale-out network . i - NVIDIA
|| |ca|e o "le |W°r I Co-design for node design exploration m-m
f I I I I IR e Candidate options and specs selected for some CPU components
NIC NIC NIC NIC e Remaining specs continue to be refined through co-design
MONAKA-X B a)

cPU 2 Fujitsu-MONAKA-X CPU design Fujitsu| RIKEN]

e Chiplet-based ARM many-core CPU for high performance,

cece low power, and low cost

NVIDIA DIA
GPU P

e Study for ARM SVE and SME
e Study of memory options with different capacity/bandwidth

NVIDIA characteristics together with node packaging design
GPU - e NVLink-C2C considered as high-BW coherent CPU-GPU interconnect

L Comp. Node Y
( ..\ GPU design INVIDIA | RIKEN|
Scale-up network ’ e Evaluation of SM and Tensor Core specifications
e Investigation of memory options with different capacity/bandwidth
Node design study (CPU-to-GPU ratio) characteristics

e 2 CPUs : 4 GPUs as a promising option in e Exploration of advanced stacked-memory technologies

terms of node memory size and inter-CPU BW




1< T Road to Achieving up to 100x Application Performance

“K computer” “FugakuNEXT"”
(2011-) (2030-)

e ‘ ~ By
Application .. SRl Up to 100x L T
Performance

\_ Speedup

4 Vendor contributions Vendor contributions

Hardware Perf. 10.6PFLOPS 442.0PFLOPS > 2.6EFLOPS
(FP64/Mem. BW) } | 5.64PB/s 163 PB/s Up to bx >800PB/s
Software Perf.

(incl. algorithm } 1 3 Up to 20x Up to 60

advancement)

e Surrogate models / PINNs (10-20x)
e Mixed-precision arithmetic
e Emulation of FP64 (e.g., Ozaki scheme) } (2-8x)

N > 600 ]

AI Hardware Perf. — 2.0 —
(FP16/FP8) }[Unsupportedh[ EFLOPS Up to 300x EFLOPS

S Vendor contribution (with FP8 sparsity) I
|

Baseline [




o NI Expected Timeline of Fugaku-NEXT R&D @ 2022

RIKEN
[
FY2022 FY2023 FY2024 FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031

|
|
Fuga ku I Fugaku Operation
|
|
|
Feasibility Study  FugakuNEXTPJ 1 FugakuNEXT PJ FugakuNEXT PJ FugakuNEXT
FugakuNEXT Project (Basic Design) | (Detailed Design) (Deployment) Operation
|

e Launched development project of FugakuNEXT in Jan, 2025, to start 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

° In RIKEN, studying HPC-Quantum hybrid platform continuously to extend computable problems

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

° Accelerators (GPUs)



System Research Team

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

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

RIKEN R-CCS

System Software and Library Research Group

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

Support on Group Management

— Nagoya Univ. (Collaborator)

i ot
1 [Delegate: Katagiri]

Architecture Research sub-G1

RIKEN BDR

[SGL: Taiii (RIKEN BDR]

(o2
FUJITSU

intel

AMDZ1

<A NVIDIA

- Arcnn

tevHewlett Packard
Enterprise

arm

Scheduler / Runtime sub-G

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

10 / Storage / Filesystem sub-G

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

Storage Archi Pattern Investigation

DDN Japan (Collaborator)
[Delegate: Hashizume]

0S / Virtualization / Cloud sub-G

National Institute of Informatics (Collaborator)]
1

Communication Library sub-G

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

Compiler / Programming-model sub-G

RIKEN
[SGL: Tsuji]

Numerical Library sub-G

RIKEN
[SGL: Imamura]

Al Framework sub-G

RIKEN

[SGL: Takefusa] i [SGL: Mohamed]
HPC Env. Usage Investigation sub-G
Osaka Univ. (Co-l institution)
[SGL: Date]
System Software and Library Research Group

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.),

AD: Nakajima / Tomita (R-CCS)]

Kyoto Univ. (Collaborator)
[Delegate: Fukazawa]

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.

Life 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

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

Manufacturing App. Area sub-G

RIKEN
[SGL: Onishi]

Support on Manufacturing Apps

JAXA (Collaborator)
[Delegate: TBA]

Fundamental Science App. Area sub-G

ay

RIKEN
[SGL: Aoki]

Support on Space / Planet Sci. Apps

NAOIJ (Collaborator)
[Delegate: Takiwaki]

Social Science 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: Kodama]

Support on Weather Model Analysis

Meteorological Research Institute (Co}
llab) i

Computational Science Algorithm sub-G

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

Machine Learning Algorithm sub-G

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

Benchmark Construction sub-G

Application Research Group

RIKEN
[SGL: Murai]

Performance Modeling sub-G

RIKEN
[SGL: Domke]
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@ om Structure of Application Area Now (FY2025-)

aen R-CCS

Structure inherited from the Feasibility Study (mostly), Benchmark as WG
asumichi Aoki

Application Area

AL Yasumichi Aoki - ASL Wiliam Dawson - AM Hikaru Inoue

HPC Application WG

WGL Aoki - WGSL Dawson, Nishizawa

Benchmark WG

WGL Chigusa Kobayashi - WGSL Yoshifumi Nakamura

Members Shigetoshi Sota, Yuichi Otsuka, Kazuto Ando,

Tsuyoshi Yamaura, Akiyoshi Kuroda, Shigeru Ishizuki,
Kohei Yoshida, Alexandre Bardakoff, Aparna Sasidharan
Support Hitoshi Murai, Wiliam Dawson, Seiya
Nishizawa, Issaku Kanamori, Kento Sato

Structure inherited from the Feasibility Study (mostly); Benchmark organized as a WG. SubWG details on the next slide.

@ Life Science

@ Weather / Climate

(5 Manufacturing

@ Smart City

@ New Material, Energy

@ Earthquake / Tsunami

@ Fundamental Science

Numerical Computing /
ML



e Area / Working Groups system (esp. co-design)

Application Development

. L. Area
HPC Application WG < , Benchmark WG

WGL Aoki - WGSL Dawson, Nishizawa WGL Kobayashi - WGSL Nakamura




m Area / Working Groups system (esp. co-design)

-CCS

20

n
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Application Development
Area

, HPC Application WG < » Benchmark WG

WGL Aoki - WGSL Dawson, Nishizawa WGL Kobayashi - WGSL Nakamura

FUﬁ TSU <:> “ \ / \ Architecture Area QQQ nVIDIA

Codesign WG
MicroNode Architecture WG System Network WG

System Software Area

Programing Environment Numerical Lib- Communication Lib
WG Middleware WG WG

i
I Al Software WG (cross domain) I
el - me—e=== 1 I )

Operation Technology Area




o || FugakuNEXT HPC Application WG

Life Science
Sugita team, Tama team

Shingo Ito [0G], Kei Terayama [LS], Wenyang Zhao, Chigusa Kobayashi[SP]

New Material, Energy
Nakajima team, Yunoki team

William Dawson [0G], Youhei Yamaji [LS], Hidehiko Kohshiro, Enhua Xu, Shigetoshi Sota[SP],
Yuichi Otsuka [SP]

Weather / Climate

Tomita team, Miyoshi team
Seiya Nishizawa [OG], Chihiro Kodama [LS], Sachiho Adachi, Yuta Kawai, James Taylor, Tristan
Erwan Hascoet, Shun Ohishi, Shigenori Otsuka, Unashish Mondal , Tsuyoshi Yamaura[SP]

Earthquake / Tsunami Disaster Mitigation
@ Tomita team 2

Kohei Fujita [OG, LS], Shigeru Ishizuki[SP], Chigusa Kobayashi[SP]

Sub-Working Groups ((1)-(8))

Manufacturing
Tsubokura team

Junya Onishi [OG], Ryoji Takaki [LS], Chisachi Kato [AD], Peter Brian Ohm, Kazuto Ando[SP]

Fundamental Science
@ Aoki team

Issaku Kanamori [OG, LS], Tomoya Takiwaki [LS], Yoshifumi Nakamura[SP]

Smart City
Social Science, Digital Twin / Society 5.0 - Yamaguchi team

Hirozumi Yamaguchi [OG, LS], Fukuharu Tanaka, Takashi Shimokawabe [AD], Shigeru
Ishizuki[SP], Chigusa Kobayashi[SP]

Numerical Computing Tech. / ML Algorithm

Imamura team

Atsushi Suzuki [0G], Daisuke Takahashi [LS], Rio Yokota, Akiyoshi Kuroda[SP] (+ some more from
System WG)

Roles OG Organizer (R-CCS orig. member(mostly) - coordination & cooperation) LS Liaison (community cooperation)  AD advisor  SP supporting member from Benchmark WG




i FugakuNEXT HPC Application WG

structure - examples

@ Life Science

Sugita team, Tama team
Shingo Ito [OG], Kei Terayama [LS], Wenyang Zhao, Chigusa Kobayashi[SP]

@ Manufacturing
Tsubokura team

Junya Onishi [OG], Ryoji Takaki [LS], Chisachi Kato [AD], Peter Brian Ohm, Kazuto Ando[SP]

Fundamental Science
Aoki team

Issaku Kanamori [OG, LS(particle, nuclear)], Tomoya Takiwaki [LS(astro, planetary)], Yoshifumi Nakamura[SP]

Roles OG Organizer (R-CCS orig. member(mostly) - coordination & cooperation)
LS Liaison (community cooperation)
AD advisor
SP supporting member from Benchmark WG




@ m  Application Spectrum from Current Fugaku Statistics

R

Fugaku usage — FY2024
(HPCI General Subject [R5-B] + [R6-A] + [R6-B])

E .
365 g'c"’;::‘::':t'ca' Fugaku Node-hours — Annual Total by Category (FY2024)

Information &
Computer Science
0.2%

Physics, Particle
Physics & Space

’ 30.2%
Bio & Life
Sciences
8.2%

Materials &

Engineering & Chemistry
Manufacturing 13.5%

26.6%

B R5-B Term Projects
B R6-A Term Projects
W R6-B Term Projects
Trial Access Projects (Free)
mmm Trial Access Projects (Paid)
mmm Program for Promoting Researches
mmm Policy-Driven Projects




. I Application SUbWG representing HPC communities

RIKE

-CCS

Fugaku usage — FY2024 HPC Applications at Fugaku

(HPCI General SUbijf)l ~ covered by SubWGs1~7

e Particle Physics & Space SubWG6

e Materials & Chemistry SubWG2

e Engineering & Manufacturing
SubWG5

e Bio & Life Sciences SubWG1

e Environment & Disaster Mitigation
SubWG3, 4
SubWG7




) Om
RIKEN R‘CCS

Nuclear & Mathematical
Fusion Sciences
3% 5%

e

Physics, Particle
Physics & Space
15%

Environment,
Disaster Prevention
& Mitigation
23%

Bio & Life
Sciences

Materials &
Chemistry
32%

FY2014

Application Spectrum

Energy
4.0%

Environmen

Disaster Prevent

& Mitigation
10.8%

Bio & Life
Sciences
14.1%

Engineering &
Manufacturing
14.4%

Enerogy Mathematical
. 3.6% Sciences
Information & 1.3%

Physics, Particle
Physics & Space
26.5%

Materials &
Chemistry
30.3%

FY2019

Computer Science

o.z%\ /

Environment
Disaster Prevent
& Mitigation Physics, Particle
16.3% Physics & Space
30.2%

Sciences

8.2%

Materials &
Chemistry

Engineering &
Manufacturing 13.5%
26.6%

FY2024

FY2030




Early Evaluation Applications for Co-Design

arzn  R-CCS
Application Domain Description Characteristics
Genesis Life Sciences Molecular dynamics simulation 3
UT-Heart Life Sciences Cardiac electrophysiology and electromechanical coupled simulation b,
SALMON New Materials&Energy | First-principles electronic structure calculation (TDDFT)
mVMC New Materials&Energy | Strongly correlated electron system simu. using quantum Monte Carlo 1
SCALE-LETKF Weather & Climate Weather simu. and data assimilation (Local Ensemble Kalman Filter) 1,4,5
E-Wave E-quake&Disaster Prev. | Seismic wave propagation simulation
FrontFlow/blue Manufacturing Fluid analysis using unstructured grid finite volume method (CFD)

FFVHC-ACE Manufacturing High-fidelity fluid analysis using unstructured grid finite volume method 5
LQCD-DWF-HMC Basic Science Lattice QCD simulation (Domain-Wall Fermion, HMC) 5
MHDTurbulence Basic Science Magnetohydrodynamic turbulence simulation 5
Sionna + SUMO Smart City, D-Twin Digital twin / large-scale social simulation b,

PETSc

Sci & ML Algorithms

Large-scale parallel linear solver framework

PyTorch/Megatron

Sci & ML Algorithms

Large-scale language model training (distributed DL framework)

1. Matrix-multiplication (high computational intensity)
2. Low B/F, simple loop
3. Cache-blocking applicable

4. Low B/F with complex loop structure

5. High B/F with contiguous memory access




e i Overview and Status of System Co-design

e Establish the design space and implement co-design items with the application area
e Design space = Combination of technology and performance options

e Examples of technical items within the design space established to date
e CPU performance (computational, memory performance, etc.)
e GPU performance (computational, memory performance, etc.)
e CPU-GPU interconnect
e Node configuration
e Scale-up configuration (domain size, etc.)
e Scale-out configuration (injection bandwidth, etc.)

e Comprehensively evaluate benefits, costs, and risks to select the primary candidate
e Benefits: Application performance, performance portability, productivity, etc.
e Cost and Risk: Technical feasibility and risks, schedule delays, manufacturing costs, etc.



o Ol FugakuNEXT co-design challenges

e Application Developers — Fugaku users
e Fugaku is a CPU machine — GPU porting / tuning (from scratch)
e AI utilization for various levels (chances)
e RIKEN
e co-design w/ well-balanced application spectrum
« GPU ready & tuned applications are not many
e Hard to forecast application spectrum in ~2030
« Especially on AI use / utilization — being developed so fast
- Good use cases may arise from outside of current HPC community
e Make the project transparent amap <-> co-design of Fugaku
e Handling critical information

e Heavy demand of GPU env / Current JP resources



i il FugakuNEXT co-designh scheme

e Application Developers — Fugaku users e Application Developer Support

_ _ _ _ e Porting Tuning Support
e Fugaku is a CPU machine - GPU porting / tuning
(from scratch) o EEA1 - Fujitsu and NVIDIA tuning support

e Al utilization for various levels (chances) «  Porting / Tuning Support in person, Al use(plan)

e RIKEN e Co-design objectives

_ o e Balance of Applications
e co-design w/ well-balanced application spectrum
o« Check balance and add important apps

» GPUready & tuned applications are not many e To be Ready for 2030 spectrum and balance

e Hard to forecast application spectrum in ~2030 . Include various Al workloads

« Especially on AI use / utilization — being

o« Grand Reach Program Applications
developed so fast

o Seek use case in AI for Science (2026-)

- Good use cases may arise from outside of -
current HPC community e lransparency

e Make the project transparent amap <-> co-design » Document / Environment to be made open

of Fugaku e Information Security
e Handling critical information « Environments - Internal use / Open public
e Heavy demand of GPU env / Current JP resources - Capable CX environment prepared
e GPU Resources being increased



Il “FugakuNEXT"” Application Development Roadmap/
Co-design Testbed Development Plan
ﬁmﬂ’ oo | e ]

E:%?ckg':g)g(l “FugakuNEXT” Detailed Design “FugakuNEXT” Installation Operation
[Imtlal target-app dev., performance evaluation, co—de5|gn] Application

- Detailed app tuning
% [ Expand apps for dev. & evaluation ] Productio

NVIDIA ) _ )
DOE AppI|cat|on SeminarsS(approx. 1000 cumulative participants, FY2025) / Hackathons

Future apps survey Prepare & provide general dev/eval environment

LLM/AI-based dev environment: build, test, provide
[ Build dev & performance -estimation environment

R'KiN Phase-1 (R-CCS cloud) Phase-2 <AI14S Phase-2> Phase-3 Phase-4
FL,'\,gEa;(Tu' Small Cluster “RIKYU” “FugakuNEXT"-like “FugakuNEXT"”

Testbed

(Total 200 GPUs) (Total 2000+GPUs) system (Total 15K+ GPUSs)
>

FY2025 FY2026 FY2027 FY2028 FY2029




s 1 Early Evaluation Application I (EEA1)
for profiling and Co-design w / [NVIDIA]

RIKEN

SubWG2 - SALMON Scalable Ab-initio Light-Matter v (OpenACC) - new SPARC 5 (stencil, small matrix),
New Material, Energy simulator for Optics and implementation. sometimes 6 (fft).
Nanoscience
SubWG3 - SCALE-LETKF Coupled weather The simulation part has simulation part: EAMxx 5: weather simulation
Weather/Climate simulation(WS) and data been implemented (with dynamics part (FVM)
assimilation (DA) application  insufficient optimization), 4: weather simulation
and the data physical process
assimilation part is 1: data assimilation
currently under (many small-sized
consideration dgemm)
SubWG4 - E-Wave Earthquake Simulation v (OpenACC) 6 (Note that algorithmic
Earthquake/Tsunami Fully Optimized improvements to reduce
Disaster Mitigation the B/F value are being
worked out)
SubWG5 - FrontFlow/blue CFD v (OpenACC) 6 (FEM)

Manufacturing

SubWG6 — LQCD-DWF-HMC Hybrid Monte-Carlo algorithm of Partly Done Grid, QUDA

Fundamental Science domain wall fermions in Lattice

GPU evaluation Scale-Up Network eval.




i i Early Evaluation Application I (EEA1)
for profiling and Co-design w / [Fujitsu]

SubWG1 - Genesis Molecular Dynamics Simulation v (CUDA) 3

Life Science DFPHF Ial— 3V

SubWG2 - SALMON Scalable Ab-initio Light-Matter v (OpenACC) - new SPARC 5 (stencil, small matrix),
New Material, Energy simulator for Optics and implementation. sometimes 6 (fft).

Nanoscience

SubWG3 - SCALE-LETKF Coupled weather The simulation part has simulation part: EAMxx 5: weather simulation
Weather/Climate simulation(WS) and data been implemented (with dynamics part (FVM)
assimilation (DA) application  insufficient optimization), 4: weather simulation

and the data physical process
assimilation part is 1: data assimilation
currently under (many small-sized
consideration dgemm)

SubWG4 - E-Wave Earthquake Simulation v (OpenACC) 6 (Note that algorithmic

Earthquake/Tsunami Fully Optimized improvements to reduce

Disaster Mitigation the B/F value are being

worked out)
SubWG5 - FrontFlow/blue CFD v (OpenACC) 6 (FEM)

Manufacturing

SubWG6 — LQCD-DWF-HMC Hybrid Monte-Carlo algorithm of Partly Done Grid, QUDA

Fundamental Science domain wall fermions in Lattice

GPU profiling FugakuNEXT CPU evaluation
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RIMZN

App. Dev. Area

Application Community

+ Application Development Area

« HPCI Consortium

« CPU/GPU Vendors

» HAIRDESC

» Other domestic and international
universities and research institutions

Benchmarks

Al for Science Div.

Al (for Scinece)
Factory

- AI for general supports:
General application
development and execution
support with Al chatbots

« Advanced development
supports: Program
generation, code
conversion, and auto-
tuning by Al

Benchmark WG in App. Dev. Area

Open CX Platform

Development history
collection
(application, system software)

Applications
Evaluatlon

System Software
Evaluation

) (

—4

)

App. Benchmarks

\

]

3 S

(incl

System Software Benchmarks

ing profilers and tther performance analys'f tools)

\

Multiple CPU/GPU benchmark environments

Env. 1

Env. N

Env. 2

Source Code
Repository

@ Benchmark
Results

Feedback of evaluation results

to the app/system software community and architecture

SyJewyouag

Co-designing: Advanced application/System software Development Platform ® ||

R-CCS

System Software &
Operations Area

Systems software community

System Software Area & Operation Area
CPU/GPU Vendors
Al for Science Platform Division
Quantum HPC Collaboration Platform
Division

e Other domestic and international
universities and research institutions

Architecture Area s

Open evaluation results
and performance project

N =N1XN2XN3 aaa
N, : CPU/GPU Environment
N, : Problem Size
Ns : Configurations
(compiler, library, version)




p Co-designing: Advanced application/System software Development Platform S ||

RIMZN

App. Dev. Area

Application Community

« Application Development Area
« Potential Application developers

Benchmark WG in App. Dev. Area

Open CX Platform

Application Developme
history collection

e

Benchmarks

1

pplicatio

ns
Evaluatlon

=

Application Benchmarks

(including profilers and other performance analysis tools)

I

CPU/GPU benchmark environments

Env. 2

ourceﬁde
epository

j

Benchmark @

Results

Feedback of evaluation results

to the app/system software community and architecture

Architecture Area

« Input for system
parameter determination

R-CCS
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RIMZN

Application

« FugakuNEXT
Application Area

RIKEN Dev./Eval.
Applications

« Potential User of
FugakuNEXT

User applications

Flow based on BenchKit / Bench Park being tested with RIKEN Dev./Eval. Applications

»

Application Development Platform

(" GitHub /)

GitLab

Source Code

Repository
\_ J

(" GitHub / )

GitLab

Source Code
Repository

\_ J

»

CX (CI/CD/CB/CE..) Platform
) Applicatoin
CDev. H|story> CPerformance)

4 ]

[

Application Benchmark

]

I

ﬁulti environment for CPU/GPU benchmam
Fugaku %Eﬁj Miyabi| . ...
FX64 | | GHooo... | [ ©H200
g

Source ¢dde

repository

om
RCCS

=H___

FugakuNEX

Performanc
Evaluation

R - B



CX framework

20
pm—
(V] |

CX framework (Preparing for meeting Sep 30)

OSS Apps Closed-source Apps

Now..

Final testing web server, and CI/CD/CB/CE things
Waiting developer to add app.

Arranging for integration into other systems

Cl/cD/CB/CE/,,, : CX framework

m‘.‘

] ) feedback“
Applications -

App. will be added as needed

local severs, private repo
Access token/ssh-key

github.com, gitlab.com
public severs

Estimate
d results
D]=]

Estimated results
(closed)

Estimation model, tools from RIKEN, Fujitsu,
NVIDIA will be added as things develop
(Tool connection method: TBD, reviewed)

Benchest (private repo)
Bash based program
Continuous estimation (CE)

Benchkit
(https://github.com/RIKEN-RCCS/benchkit)
Bash based program for continuous benchmark (CB),
and results summary table web framework

Trigger build, run, post results JSON and TGZ
(tgz for any kinds of performance analysis log files)

O =

Public instance Spack,
prepared benchpark are available

FBIIMEFY 7 by = 7TERHFERES

BM results
(open)

BM results
(closed)

2T / Multi-Site Development Platform: by Yoshifumi Nakamura

Batch job by Jacamar-Cl

Benchmark (BM)
results with UUID

s

Miyabi
(GH200)

Fugaku
(AB4FX)

R-CCS
Cloud
(GH200)

Applications

Results web pages

GENESIS (proxy, kernel)

fnex.r-ces.riken.jp/results (open)
fnex.r-ces.riken.jp/results_confidential (closed, OTP)
fnex.r-ces.riken.jp/estimated_results (closed, OTP)
fnex.r-ces.riken.jp/_some_urls_for_upload_

fnex.r-ces.riken.jp/dev/-+- (closed)

LU S FAFERE

(
F203ENANRT A=< RAVEa—FT 47

The 203rd High-Performance Computing and the 17th Quantum Software Joint Workshop; March 16-18, 2026




om CX systems for FugakuNEXT Application Development

aen R-CCS

e Benchpark
e https://github.com/IlInl/benchpark
e Hackathon [I] for EEA developers Jan.22-23,2026 @ R-CCS (Co-organized with DOE Lab. (LLNL))

e Benchkit
o https://github.com/RIKEN-RCCS/benchkit
e Light weight, easy to start with
e Using Jacamar-CI (ECP)

e Can utilize Spack, Benchpark

e Performance Evaluation System for FugakuNEXT
e Being prepared, to be made open for potential FugakuNEXT developpers
e Application needs to put either in Benchpark or Benchkit

e Eventually integrated into Open CX platform in previous page


https://github.com/llnl/benchpark
https://github.com/llnl/benchpark
https://github.com/RIKEN-RCCS/benchkit
https://github.com/RIKEN-RCCS/benchkit
https://github.com/RIKEN-RCCS/benchkit
https://github.com/RIKEN-RCCS/benchkit

QR 2026FY Co-Design Related Milestones & Schedule (Draft) ol

RIMEN R'ccs

“hor | sy [ o | o | hug | S | 0ot | Nov | Deo | Jan | Feb | bar

g Env.Setup 7"( CX Env(a)Release 71\( CX Env(B)Release
5 5 ngghsitﬁ’grf' Build for Release Adjustment Improvement
% EEA1 registration Test & +EEA2 +a App Developer Support
.
L. Operational Design || Operational Adjustment(contract,,,) General Application CX Use
EEA1,2 + a Development — SubWG sets milestone

l Vanguard App Development — AI use (collab w/System Soft Area)




QR 2026FY Co-Design Related Milestones & Schedule (Draft) ol

RIKEN R'CCS
Fugaku Node-hours — Annual Total by Category (FY2024) . Sep Oct Nov Dec My Feb m
7"( CX Env(a)Release ‘,ﬁ( CX Env(B)Release
B Improvement
1] App Developer Support
msm R5-B Term Project N ..
" ROA Torm Projocts ) | General Application CX Use
mmm R6-B Term Projects )
Trial Access Projects (Free) opment - SUbWG sets milestone
mmm Trial Access Projects (Paid) J
mmm Program for Promoting Researches N
m= Policy-Driven Projects ) Development — Al use (collab w/System Soft Area)
yplication Development - Periodic Meeting 1/month
t of who takes care which etc..
pport for Grand Reach Program (GPU porting)
Category A
{ decision ]{ Category A run
Category
{ B,C,D ] Category B,C,D run
decision

* HAIRDESC: Next-Generation HPC-Al Research and Develonment Subpport Center * Next Generation Computational Science Grand Reach Proagram (MEXT)



QR 2026FY Co-Design Related Milestones & Schedule (Draft) ol

RIKEN R'ccs
"~ ao | Mey | i | i | A | S | Ot | Nov | Dec | Jen | Feb | Mar
i
= Env.Setup </ CX Env(a)Release <% CX Env(B)Release
> Tech-epec || Bild for Release Adjustment Improvement
% EEA1 registration Test & +EEA2 +a App Developer Support
.
L. Operational Design || Operational Adjustment(contract,,,) General Application CX Use
EEA1,2 + a Development — SubWG sets milestone
l Vanguard App Development — AI use (collab w/System Soft Area)
Cooperation on FugakuNEXT Application Development - Periodic Meeting 1/month
Adjustment of who takes care which etc..
[ Support for Grand Reach Program (GPU porting)
Category A
[ decision ][ Category A run
HPC -
Category
[ B,C,D ] Category B,C,D run
decision \
ARISE run

HPC may also be included

SPReAD run

* ARiSE: Al to Redesian Scientific Exploration * SPReAD: ~ Support Proaram for Research and Development




@ o HPC-AI Fusion: Future Vision for Advanced Applications

RIKEN
(Example) Accelerating preparedness (Example) Hanshin Expressway / Fugaku /
for disasters such as the inevitable Nankai SPring-8 / Kyoto University collaboration

trough mega-earthquake for highway inspection technology
. A % Big _ QA i
D g Simulation

. s

Data

Advanced Large-scale
integration of data analysis of T wy——
simulation and AI, experimental data from /lﬁ?c)\ e
e.g. surrogate large-scale facilities —
models for large- with agent-based
scale simulations Al data pipelines
=

Scientist

> SR AI autonomously drives the scientific discovery cycle

(Example) Digital twin using
real-worl aerodynamics simulator

via collaboration among multiple AI scientists.

>

(Example) Life Science DX AI collaborator Automated drug discovery

Tool Discovery  Workflow Output
& Retrieval Planning Generation
User Input:

Research Hypothesis /
Scientific Motivation DBs /tools

Execution

Detailed analysis of required computational resources etc. for AI4S projects is essential.




i il Relations

e High Performance Computational Science Community [domestic]
e through SubWG
e Hearing with leading researchers
e High Performance Computer Science Community [domestic]
e through other Areas (other than Application Area) in the project
e HAIRDSC (PI Taisuke Boku @ RIST) regular communication for collaboration
o Next Generation HPC - AI R&De Support Center
e HPC [international]
e DOE Labs (ex: benchpark and Hackathon, Jacamar-CI,,)
e Other international relations

e These relations are more important and effective for FugakuNEXT system than the previous system



Is Rits Summary

e FUgGKUNEXT basic design
e Roadmap from feasibility study to start operation (2022-2030)
e Application Area structure and relation with other areas
e SUbWG1~8 organization and relation with domestic science community
e Application Spectrum and its change, forecast is difficult
e HPC applications for codesign - Early Evaluation Applications (EEA)
e Co-design items
e Co-design challenges and our scheme to tackle them
e Collaboration with Fujitsu and NVIDIA on EEA
e CX framework environments
e Collaborations with computer and computational science community
e latter may get boosted through AI4S
e Summary and Outlook



Is Rits Outlook

e CX env./ various document and information made public

e (future) AI workflow — co-design being considered

e Collaboration with AI4S projects with real scientific workflow
e Computation characteristics categorization should be refined



R om

aen R-CCS

backup




Expected Overall System Architecture

System management network

Scale-out network

MONAKA-X M MONAKA-X

A
W cPu CPU

Comp. Node

) 4

\

Scale-up network

Main Compute System

e Massively parallel nodes with Fujitsu
MONAKA-X CPUs and NVIDIA GPUs

e Inter connection via a scale-out NW

N N
| | | )
NIC NIC
lal MONAKA-X [l MONAKA-X
4 cpu CPU
Frontend /
Management Node
e )
Comp. Node )
o.. L )
Scale-up network -/ Shared Storage
Compute Node CPU, GPU

e High-BW coherent CPU-GPU inter-
connect using NVLink-C2C

e NVLink-based scale-up NW

e Archi details are now under consideration
(e.g.: FP64 vector, low-precision matrix)

e Exploring memory technology options




[@ Scale-out and Scale-up Network Design

Scale-out network
e System-wide interconnection of nodes (or pods)

e Global/high latency/limited bandwidth communication
with coarse-grained messaging

e Weak scaling, increasing total problem size to maximize
compute performance rather than reducing runtime

o Explore tree—based network topologies

Scale-out network

| | | |
|

I N\ 4

NIC NIC

NVIDIA

s Scale-up network
(=

e GPU interconnect within a limited node/pod domain
NVIDIA NVIDIA NVIDIA
or o ~ J GPU

e Local/low latency/high bandwidth communication
with distributed shared-memory access

L Compute node ) L | Compute node | / e Strong scaling, reducing runtime without increasing
\ e, : . .. total problem size, at higher system cost
Example of NVL4 scale-up . NVLink switch . e Explore different scale-up domain sizes
\Investigating various domain sizes of scale-up Example of NVL72 scale-up W, (including mixed configurations)
——
Scale-up domain size (GPU count) gives different app. performance-cost trade-offs.
GPU count in scale-up domain  small (e.g., NVL4) large (e.g., NVL72)

Strong-scaling performance low _ high
Scale-up network cost low high

Need to investigate how much apps and AI workloads can benefit from scale-up, for strong scaling.




QR BenchKit

RIKEN https://github.com/RIKEN-RCCS/benchkit

om
RCCS

L\ Notifications

& RIKEN-RCCS /benchkit Pubiic

& RIKEN-RCCS / benchkit

<> Code () Issues 19 Pull requests (® Actions [ Projects @ Security and quality |~ Insic
<> Code () Issues 19 Pull
[0 Files benchkit / docs | guides |/ developer-reference.md (&
[I] Files
¥ develop 7 Q yoshifuminakamura Harden estimator Cl runtime checks @&
develo - Q
Q Gotofile v P
Preview Code Blame Q Gotofile
> B .github
> [ benchpark-bridge > [0 config
> config Developer Reference v B docs
v @ docs > B cx
o This document is intended for CX Framework and BenchKit deve
> [ cx . . . . > [ deploy
structural and operational details that are too implementation-fo«
> BB deploy README. v [ guides
v B8 guides Y add-app.md
(9 add-app.md PrO]eCt Structure [% add-estimation-packag...
(3 add-estimation-packag... [ add-estimation-to-app....
R benchkit/
[\ add-estimation-to-app.... |- programs/ D add-estimation.md
Y add-estimation.md | - <code>/ .
- | | el Y add-site.md
add-site.md
| |- r“"jSh [ developer-reference.md
I [ developer-reference.md I \l_ e:?'tlmate.sh )
| - list.csv [ profiler-level-reference....
[ profiler-level-reference.... |- benchpark-bridge/
| |- config/ (3 profiler-support.md
[ profiler-support.md | “- scripts/ 0 cimd
0 ci.md |- result_server/ :
| |- routes/ [ repository-history.md
[ repository-history.md | |- templates/
= | |- utils/ v [ programs
programs | |- tests/ » b LOCD.d |
> [ LQCD_dw_solver | |- app.py _dw_solver
| |- app_dev.py
|

> BB MHDTurbulence S el ee i o > [ MHDTurbulence

> I ffb

7 7VUEMFIE Adding application

ZDORF 21XV ME BenchKit ICFLWFZU (FOYSL) #EMT 3FIEEEAEER
FICEEDEDTYT, YT TY qus ZEEC. FILWFZ YU <code> ZEBIL
TPREEHRT 22X TEFRBLET,

2. 77VDEXRIER Application Structure

TaLI MNUER

programs/<code>/ @
— build.sh  # ENRRZUTb

f— run.sh # RITRAOU T b

L list.csv # RITEHTEE

4.EIWVRRAY )7 MDERE Creating build.sh

build.sh OEFREE

#!/bin/bash =
set —e

system="$1"

mkdir -p artifacts

# VY—Z1— KRB
git clone https://github.com/your-org/your-app.git
cd your—-app

# PATAREIN FRRE
case "$system" in
Fugaku)
# AGAFXEIFo/ ORIV /NA IV
make -j 8 compiler=fujitsu_cross mpi=1

ry



Q BenchKit @) |||

RIK=N https://github.com/RIKEN-RCCS/benchkit RCCS
o ZHLLRFRBEIIEER(CDU\T / Multi-Site Development Platform: by Yoshifumi Nakamura
o F203E)\A/\TA—-X>ARAEQA—FT o> - BI7EEFYV I NI T FERMAREERS
The 203rd High-Performance Computing and the 17th Quantum Software Joint Workshop
Hokkaido Univ. / Online — March 16-18, 2026

HAIVAR)—L
generate trigger
° trigger_child_pipeline
#1517
. P . . . .
O generate_matrix o ° trigger_child_pipeline . - trigger_child_pipeline >
=/
SadErIA— F

build run send_results
O FS_gws_FugakuLN_N1_P1_T1_build_run o LQCD_dw_solver_Fugaku_N1_P4_T12_run & o FS_gws_FugakuLN_N1_P1_T1_send_results | &

LQCD_dw_solver_FugakuCN_N12_P4_T12_b" -, LQCD_dw_solver_MivabiG_N1_P1.T2 run/ & o LQCD_dw_solver_FugakuCN_N12_P4_T12_s’ ~,

_run ~ - -Vily - e ~ results ~

genesis-nonbonded- LQCD_dw_solver_Fugaku_N1_P4_T12_send_ !

LQCD_dw_solver_Fugaku_N1_P4_T12_build | & kernels_Fugaku_N1_P1_T6_run < Its <
LQCD_dw_solver_MiyabiG_N1_P1_T2_build | < genesis_Fugaku_N2_P4_T12_run o lLtSCD-dW-“‘Ver-M'Vab'G-NLm-Tz-se”d-' o
genesis-nonbonded- —~ qws_MiyabiC_N1_P1_T112_run o genesis-nonbonded- —~

kernels_FugakuCN_N1_P1_T6_build_run ~ kernels_FugakuCN_N1_P1_T6_send_results  ~*

genesis-nonbonded- ~
kernels_Fugaku_N1_P1_T6_build ~

genesis-nonbonded- —~
kernels_Fugaku_N1_P1_T6_send_results ~

qws_MiyabiG_N1_P1_T72_run

Q

(< J < T < M < M < I <

genesis_Fugaku_N2_P4_T12_build o genesis_Fugaku_N2_P4_T12_send_results | &

< JC< T < T < T < MO < J<
< JC< T < T < M < M <

aws MivabiC N1 P1 T112 build aws MivabiC N1 P1 T112 send results [§

Q
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Results

| Search by multiple keyword ‘

Timestamp
2026-01-09 11:15:34
2026-01-09 11:15:34
2026-01-09 11:13:24
2026-01-09 11:13:24
2026-01-09 11:13:24
2026-01-09 11:13:24
2026-01-09 11:09:23
2026-01-09 11:09:23
2026-01-09 08:41:49
2026-01-09 08:37:43

2026-01-09 08:25:48

i@ Confidential Res

LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
scale-letkf

scale-letkf

scale-letkf

ults

CODE

BenchKit

https://github.com/RIKEN-RCCS/benchkit
e Automated Execution Results

y Estimated Results

Exp
total

solver
solver_CUCA
total_CUCA
total_OpenACC
solver_OpenACC
solver

total
SC23_1280x1280
SC23_128x128

SC23_128x128

FOM

22.828

22.722338

7.277896

7.479

7.389

7.246475

11.358210

11.470

166.177

29.847

440.728

FOM version
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
LQCD_dw_solver
SCALE-LETKF
SCALE-LETKF

SCALE-LETKF

SYSTEM
FugakuCN
FugakuCN
MiyabiG
MiyabiG
MiyabiG
MiyabiG
Fugaku
Fugaku
Fugaku
Fugaku

RC_GH200

Nodes
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