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Aspect, Clauser & Zeilinger
2022 Nobel Prize in Physics
Quantum Information Science
“Science for Computing”

Syukuro Manabe
2021 Nobel Prize in Physics
Numerical Climate Modeling
“Science by Computing”

Jack Dongarra
2021-22 ACM Turing Award
HPC & Numerical Algorithms

“Science of Computing”
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2023 Hyperion Report on Fugaku Values Sm

Ccs
2 years into full production since Mar 2021 (3 years since pre-production)

#1 Research Finding: Fugaku Will #2 Research Finding: Researchers
Likely Return 68 to 90 Times Its Costs Are pleased with The Design and
The Fugaku potential returns are very strong Operatlons of Fugaku

. . The Fugaku potential returns are very strong
1. The potential economic value:

($4 billion plus has already been accomplished on 6 projects) Fugaku system design and operations is one of the
$50 to $75 billion from keeping Japan from shutting down its highest seen in our studies with only a few that
economy

- . : . aren’t pleased with the system design.
$10 to $22.5 billion for large value industrial projects

. - o Most sites around the world typically have only 60% to
And a potential of $22.5 billion or more from addressing important 75% of the researchers pleasy(fd Wit¥\ their sys¥em doesign
SDG goals & approach.

* For atotal of $102 to $135 billion in financial value —
this represents a return of 68 to 90 times the
investment in Fugaku

. © Hyperion Research 2023
© Hyperion Research 2023

#3 Research Finding: Fugaku Is #4 Research Finding: Fugaku Is

Focus On High Value SDG's Focused On Creating Industrial

Fugaku researchers are addressing a broad set of SDG's Economic Growth

Projects in these areas include: By directly supporting industry with a strong outreach program

Disaster prevention, resilience to urban wind disasters and . . . .
heat islands, wind resistance safety of bridges, realization of 4. Fugaku IS more focused on §upport|ng mdus”.‘ al
Society 5.0, availability of large-scale computers and entry growth and helping companies create economic
of non-professionals into computation, increased value vs. focusing more heavily on pre-competitive

international competitiveness in automobiles/manufacturing,

Al compe : R&D. Riken has a strong industrial outreach
safe behavior criteria for COVID-19, preventing spread of

COVID-19, drug discovery, research and development of p[ﬁgramt.WhICh Is more industry-friendly than most
new materials, new products, fuel cells, efficiency in other nations.
combustor and furnace design, and the efficiency of large The focus is more directly on increasing Japanese

offshore wind power generation. companies’ economic growth and competitiveness (and

not only on longer term R&D).
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String method in GENESIS (c7g.16xlarge & Fugaku )

e GitHub: https://github.com/genesis-release-r-ccs/genesis
e version: 2.1.0

e Benchmark set : Under construction (Same system with https://www.r-
ccs.riken.jp/labs/cbrt/wp-content/uploads/2022/03/tutorial22-9.1.zip)

Ribose Binding Protein
(54,523 atoms x 16 replicas)

128

Fugaku

S 64
[
©
&
S
o 32

16

16 32 64 https://www.r-ccs.riken.jp/labs/cbrt/tutorials2022/tutorial-9-1/

Nod
odes (output is included)

MTS (At=2.5fs, long interaction 5fs)



SEOMIERFvL >  ERBFABICLDIB™ENA JIA—>3 >0NHE .1

o HIHHEFTEDAIE Science of High Performance © RTREFHICE&SHF Science by High
Computing (towards ‘Zettascale’) Performance Computing

D S

SgARAAR
000000 000000

o BTHBREAIDFIF Science of High Performance ¢ STEEEAIICLSFIF Science by High
Al Performance Al (AI for Science)

Generalizable New Algo h h i f C Al for Eartf i
oach\eveeﬂectlve n Fugaku [Ich\'muraet.Al.]

(T rd Eﬁch Zttacsl)

x25 Equ l b ed modelin
+ Data- e Al Sur gt
+

X42 hardware performance
improvemen tfomKt Fugaku

AuroraGPT

‘ —_— ‘
o EF-HPCIN\LMJUYREHEDIIFE Science of o EF-HPCNLMTUYRHERZFICLETIZE Science

Quantum-HPC Hybrld Computlng by Quantum-HPC Hybrid Computing

Catalyst




Al for Science ZX{3EFSTLEE S
(Science of AI=AIBBOE(\LIAZE. & (FERD)

/O Al for Science[FRIZDIED B ZIRAN (CEZ DAJREM MBS Z 1L —>3 Y [CMX. EXRBRAIDSEFENBE \
O, =1L —>3>%zEM9 238045 — AN, Chat GPTICRERESNIEMRAI - KFIEEEET IV OBRFRENE(L

S, TNOHSEPEGREV O TTE—BRIZITI TR, KD AMISEWTD Ty hOAIE.
SR DIERINER (RILFE—HIL) OREME - 7B - EMbRE. S5 (ICRMMNA REL URE QR F RIEDFR A\ EH

B

$3K(E. Al for Science, $F(CEE(LUCAGI* [CK D, RENRPFENREREA INAN—>3 DOEMIMTONSRE.
BEDPBPOERDPBTZEUHETIH5WIDHFTREIREEZHECOIHENME
\ * A A TX08E : Artificial General Intelligence y,

—

O EEMICIE. Al for ScienceDIARFHAFEDENES(IIREDTLVDIN., BEHEITHENTLS \
(CKEDOE : KFERY O — MBEAD, —JRIED/\S A —SYDORIZEDFRAOXIERE TS )L FB %
BREIDITOTR—)LX/\ O ETEITRE, REROAREEST)LORFE IO T O hEXF— )

O —AT. AIBEEFILOFRSZRIITIEN LHA>THE D, EifizEFEEURVLWEFIAICHIBELHDIS
aJ e (EUISIBRDAIDFIFICDWLWT, — 8= HIEE/Z (3L I D AHEZHREK, )

B

HAE E UTAI for ScienceBiiEBZIFILIAVNE, 135, AIDTFICEEEET. DOELti— I
BZERl - 1 I NR—23 00H24T,. BEHVELIERO MY ITEEHSEND ! !
\ - I8&] Z9i0 & UEAI for Science. ENHBUVED T Science of AIDFT— (CEIRD /




< C%. Al for Science (ALICLSBIZE) DIRFRHAFEDOHEED HE
BHOEORR

(Science of AI=E17RAIEEDE(LHAE, LIZELS) Rets

o o)

—7 T, AKREEBBETIVORFECBLALRBIHP C I (/O [EE] WOT2)ILYA bR E) [CDVWTIE. TR,
HROIOY RS 2F—0D—8, Fit. sHIC [EE] BECRMICHIAREC. RRIEXRF, BEFMFRPIZEUHET DB - BET
S&] ZEAULARESETETIINOHOEBEESTIIVOBEECAIT AR Z TR

F1:JOCT I UL I L SEBETIV (WMs) ZRERN(CEATDH0TO> T MRS JUREEL S Dbl
\ E2 AP (PTUST—23> - TJOJSZE2T - A25—-T1—X) &lF VI RITF7O—EEEEHEIDEHEIDOT B L. BANICHDS

[HEED—EZ A R LTVWSY I hIT 7] & [RRASNiEZEN WY I hD T )] ZDRUFBA>F—TT—ADI L,

BHAEHNAIRREICHE LERBHPCHIITICIEAZEIT O TULWB S EIC,. EEFDBEFREDIEIELU T, Alfor SciencelCliERTES
REROKXMIEETIVHOS — b, EEETIILZ)DOMERFREICEFIDCELBIE CRE OB TR EHREFC)

HIFTRIPICEL. OAFET—F. QAIKHIEFEZEAE, Al for ScienceFiE - 7'V e - EIES B /I=AFEERRE.
ZHR(L - 1EE T BT — VDB (CHETESD EVWA L] OREZ. [EE] ZFHUTRDOHEDCEDBE 1

~

CNFETHADAFFET(E. TOYT RIS U DELPOAPIE 2D - REBREDRERTHD. A IEBEBETIVRERFARETELHEN.

c‘:)

= = HEEMEME. HRMYITLANIDORINTY TEE] 365
r— AREEETS P EERE
R | Raaiene-rrstittiay, Alfor science || BADT &\ HPCHPAPIE £ LSBT & 123 SRR MO
- AR (ZAIXFROREIE, JU RAFEDOUY—IAPERADHRERY ND—IJZBLTWS
WFNALIRIR &) > RZEDECL
C. S8R5 —4
V4 \\  pmea || reotia, TES BRCARSTASNEAR
“eme ZEDUT. LEOBEBRICEIFT,. TRIPZO

ST MNRETHOLDNRMEEIZRIET
EETODAI for Science E8&IilT - 18ZEHFT
DL4Fugaku (BE/ArmAREBFEZIMRS AT SV)
MLPerfHPC (BE.LMD1055 ./ — RRIEA T AES)
GPT Fugaku RFIOSEEETEFIFEIT OS>V
SE TODAI for Science[lATHZE : AI/HPCRIZEEAE, Al - HPCRIAD
HEEREDOTET YA O RiEIE. Al - HPCRIESTOAROT A DA b X
EWOEMRRII—T 1>, S8




Original slide courtesy Rick Stevens, ANL, 2023
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Development of NN for High-resolution, Real-Time Tsunami Flood '™
Prediction (Fumihiko Imamura group [1])-Surrogates

e Tsunami simulations to generate training data
e Training Input data: Tsunami waveform in offshore areas
e Training Output data: Flooding conditions in coastal areas
e Training an Al model to predict flooding condition in coastal areas
from Tsunami wave format in offshore
- This approach makes it possible to accurately and rapidly obtain
detailed flooding forecast before landfall of Tsunami ﬁ

Fig 2. Comparison between anticipated flooding (tsunami source model created by
Fig. 1 Overview of tsunami prediction with AI Cabinet Office of Japan with tripled wave heights) of Nankai Trough Megathrust
Earthquake and prediction results of newly developed AI

[1] (Press release) International Research Institute of Disaster Science, Tohoku University, Earthquake Research Institute, The University of Tokyo, Fujitsu Laboratories Ltd.Fujitsu.
Leverages World’s Fastest Supercomputer ‘Fugaku’ and Al to Deliver Real-Time Tsunami Prediction in Joint Project


プレゼンターのノート
プレゼンテーションのノート
Abstract: (Refer to a press release reference on the slide)
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プレゼンターのノート
プレゼンテーションのノート
１．何故、デザインを考慮した最適化が必要なのか？
２．具体的にどうやってデザイン性を数値化するのか？
３．多目的最適化のフレームワーク
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DIGITAL TRANSFORMATION OF DROPLET/AEROSOL INFECTION

RISK ASSESSMENT REALIZED ON "FUGAKU" FOR THE FIGHT

AGAINST COVID-19

Kazuto Ando™
RIKEN Center for Computational Science, Japan
kazuto .ando@riken. jp
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Kobe University, Japan
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ABSTRACT
The fastest supercomputer in 2020, Fugaku, has not only achieved digital transformation of epidemi-
ology in allowing end-to-end, detailed quantitative modeling of COVID-19 transmissions for the first
time, but also transformed the behavior of the entire Japanese public through its detailed analysis of

transmission risks in mulllludes of socictal situations cntailing heavy risks. A novel acrosol simula-

tion. out of a

of a new CFD methods meeting industrial

demands, CUBE[S] whlch not only allowed the simulations to scale massively with high resolution

required for micrometer virus-containing aerosol particles, but also extremely rapid time-to-solution
due to its ability to generate the digital twins rspnescmmg multitudes of socictal situations in minutes

not week, attaining true overall high per

nce; such simulations have been running

for the past 1.5 years on Fugaku,

top lass resources and the

result communicated by the media as well as becoming official public policics.
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Keywords COVID-19 - Computational fluid dynamics - Building cube method - Immersed boundary method - Dirty
CAD - Droplet/Acrosol transmission - societal behavioral change

1 Introduction

1.1 COVID-19 Droplet/Aerosol Infection
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COVID-19, initially discovered in Wuhan, China at the end of 2019, quickly spread globally and changed our lives—
however, the main question of this unknown virus was its main mode of transmission. In particular, in the carly stages of
the pandemic, various theoris exisied, some extrapolated from traditionalcpidemiological observations, but wing out
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Next Generation Scaling is Hard RLES
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Overview of Feasibility Study for FugakuNEXT

FugakuNext Expected Schedule

e “Feasibility Study for Next-Generation

supercomputing infrastructure” by MEXT

e Period: FY2022-FY2024

e Budget: $755K@FY2024

e Goal: propose technology/architecture/system
candidates for FugakuNEXT

e Organization: RIKEN with multiple HPC venders,
major Universities, and National Labs in JP
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Arch research group

oordinator: R
(GL: Sano)

(SGL: Taiji)

Subgroup 2
Fujitsu [Co-I institution]

(SGL: Shinjo)

Intel [Co-l institution]

(SGL: Yazawa)

Subgroup 4
AMD [Co-l institution]

(SGL: Yoshida)

Subgroup 5
NVIDIA (Collaborator

(SGL: Wells)

Subgroup 6
HPE (Collaborator

(SGL: Negishi)

Overview of Architecture Research

e Objective

Investigating technological possibilities, finding
what architectures and technologies are best and
feasible, and drawing development roadmap

e Research items

e Studying trends in techs & architectures
. CMOS, packaging, Si-Photonics, etc.)
. CPU, GPU, accelerator, memory, etc.
. Inter connect, I/0, storage, etc.

o Workload analysis and perf evaluation
. Analyze data/loop structure etc.
. Benchmark evaluation

o Investigating arch candidates and feasibility
. Examine elementary techs and initial arch.

RIKEN’s strawman
node architecture

Implementation Approaches
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A Direction toward Next-Generation Computational InfrastructureQi
e Initial key architectural directions
e Paradigm shift in architecture-algorithm toward “FLOPS to Byte (data movement efficiency)”
e Significant increase in relative memory bandwidth using 3D stacked memory technology
e Silicon photonics to ensure high bandwidth for remote memory accesses
e Ensure execution efficiency in strongly scaled problems with low latency execution, etc.

Strawman architecture of processing element
Silicon Photonics

st Scaling / C ¢ Multi-Port High Injection
Hilghl Caplacityl DRAM rong Fa Ing / Lompute 1Tbps x 12 = 12Thps
Intensive Accelerator

|
J
High Capadity DRAM | Low Latency 3D SRAM /
3D |SRAM ] 3D SRAM
| | 3D SRAl //
|

|
| Silicon Photonics
entric Accelerator| | Optical Interface
Y

JOPD _POC
S

High Capacity DRAM

Tightly coupled and
homogeneous system
organization

Integration to
substrate

Organic Substrate

“3D stacked memory” & “Photonics” technologies: Post-Fugaku as a technology driver




Key Research Item for Node Architecture Selection

e Needs for a power-efficient compute node

— Exploration of accelerators Roofline analysis on A64FX

e Truly useful accelerator for HPC and AI workloads
e HPC—>Memory bound, AI>Compute bound
e Characteristics of current processing element
o CPU: high generality, low-latency, low compute density
e GPU (SP): vector processing, middle compute density

o Matrix: dedicated for dense algebra, high compute density
(ex. Tensor core, XMM, SME, AMX, TPU, CGRA, )

e What to study in node architecture exploration

o What and how to integrate them

: : . CPU
o Effective memory bandwidth + data movement with

high programming productivity \

GPU
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Matrix
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Y

What and how to integrate them?

Quantitative benchmarking analyses is necessary



Implementation Approaches for Node Architectures

om

R-CCS
e Candidates of packaging technologies
) Technical difficulty o
Low * > High
) Power efficiency of data movement S
Low * > High
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System Software and Library Research

® ||
RCCS

Objective and Overview

e Objective
o Investigate technological trend of system software and draw R&D roadmap based on it
e Research overview

o Item 1: Investigates System Software Trends

o Item 2: Collects information to decide software development strategies
Define strategies for software development (proprietary or open-source software?)

Study existing system software and future trends in terms of portability, productivity and performance
Study current usage status of system software in the HPCI systems and major supercomputing centers in the world

e Item 3: Comparison of similar software
Select best software and clarification of alternative software

®AI framework
sub-G

@Numerical
Library sub-G

®Compiler/Progra-
mming model sub-G
\

@Scheduler/
Runtime sub-G

Cross-cutting
technologies (security,
auto-tuning, etc.)

®Communication
Library sub-G

10/Storage/
Filesystem subGG

®0S/Virtualization/
Cloud sub-G

@HPC Env. Usage
Investigation sub-G

!

ALL Japan team organization with industry-academia collaboration

Survey of system SW trend &
draw development roadmap

Examine new system SW areas
for industrialization

64



Strategy of Application Research Group

4 Each application area sub-G )

Holistically study wide area of applications including those in HPCI
strategic programs as well as social science, Al, and BigData areas

Contributing to the construction of a versatile

\_ computational infrastructure for digital twins

$

4 Computational Science / ML Algorithm sub-G )

L 4

e

Study latest and useful algorithms and solution (temporal blocking,
communication avoidance, etc.) based on the architectural
features of the next-gen computing infrastructure, as well as

(App sub G & Benchmark

sub-G & Perf. Modeling sub- G\

nnnnnn FrUE F7vomE

_é Vendor 1
T » » T
= Vendor 3

Select important app kernels
and build benchmark set for
easy evaluation of various

architectures

Create a benchmark kernel
repository and provide it to
vendors for their performance

Each App area sub-G

evaluation and “what-if”

Examine next-generation
application challenges
based on benchmark

evaluation analysis and
reflect them in the

analysis

v'Design of novel functional proteins and
elucidation of intracellular protein functions
by ms order molecular simulation

v'Direct simulation of quantum entanglement
and  superconducting gap in  high-
temperature superconductors

v'Qualitative improvement in reliability of
future Climate Predictions

v'Full-scale search for deep chiral regions
lighter than natural quark masses

v'Social simulation based on persona models

\ fusion of machine learning & first-principles simulation J

\_  science roadmap

Example of expected breakthrough)

om
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