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JSPS Grant-in-Aid for Scientific Research (S) (19H05662)
New Energy & Industrial Technology Development

Organization (NEDO): Cross-ministerial Strategic
Innovation Promotion Program (SIP): Big-Data and Al-

Enabled Cyberspace Technologies ]
JHPC-quantm (NEDO) () HPC-guantum

i e (_NEDO
Joint Usage/Research Center for Interdisciplinary Large- “
scale Information Infrastructures (JHPCN) I S

Information Technology Center, The University of Tokyo
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Coupler : A7, h75—

In this talk, | focus on coupler.
BHORZEFEMT77)r—30%55:&E /K (loosely couple) St 4Y—IL
Multiphysics Coupler (RILVF T4V D RANTZ): K& E#F, #EE-RIAK
MERMT7IVS—2aVIE@ERABHEIORREZED

— AV ERERIRIE, A2V —, AIRILFRNELGE

— WTIDNERSEDIDIEEEIET ALV ILIN—(P2alL—3Y) |

FES, T2 alb—2ay - T—2RHE-BWEB 1Z8T OB EMGET—H
7O—MN—/mIZEY 2255 (HITS+D+LIRES)

B DB, BRIEIEEEAAEELED, STEEAEDEITHRRE(
overall time-to-solution )ZEHET ACENFILEE

RIL10FE R, dENEbh->TE-TaPz/METIE, 75 (coupler) [T E
BHERINER-L, $HIEMLET—o70—Y—)LELTODEILERITTET -
ZOREEFIRYIRAZET, VI 7 DE#HAIEEE (sustainability) (2D
WTEZD
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Towards Sustainable Promotion of
Scientific Discovery by Integration of
Simulation/Data/Learning (S+D+L) on
Exascale Supercomputers

Kengo Nakajima
‘ ‘ Information Technology Center
@ ECI EFICE The Uriversity of Tokyo
RIKEN R-CCS

Sustainable Project Pathways for HPC Software and A pplications WS
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History of the Projects & Budgets (JPY)

I I
pp-Open-HPC
JST/CREST

401M

1USD~120-150 JPY
I N N N

2016-2020

Real-Time EQ
NEDO
20M
!l | | |
h3-Open-BDEC
JSPS Kakenhi

153M

JHPC-quantum
NEDO
139M




e ppOpen-HPC
* h3-Open-BDEC on Wisteria/BDEC-01
« JHPC-quantum



Hitachi SR8000

1,024 GF
SR8000 |
Hitachi Hitachi
SR2201 SR8000/MPP
307.2GF 2,073.6 GF
HARP-1E SR8000

RRRPIERE

T A—DR/NaY
FIFA#E2,600+4

559% (1354

2006-2010

|
Hitachi SR16K/M1
Yayoi
54.9 TF

IBM Power7

IBM Power5+

Hitachi HA8000
T2K Todai

AMD Opteron

2016-2020
SRR
IRFHCPU |
Intel CLX 7JI]1$ H '
0121094 o

Intel Xeon Phi i

Fujitsu FX10
Oakleaf-FX
1.13 PF

SPACRS64 IXfx

3.36 PF

Intel BDW +
NVIDIA P100

(Fuijitsu)
6.61 PF

[
Oakforest-

PACS (Fujitsu)

2026-2030

NVIDIA GH200 +
Intel SPR/HBM

Miyabi/OFP-II

*_* Wisteria -,
oo BDEC-01 HUlitsu

Reedbush-
‘ U/H/L (SGI-HPE)

331 PE 150+ PF
AB4AFX, ~ Accelerators
Intel Icelake+
NVIDIA A100

Ipomoea-01 25PB
Ipomoea-02




History of the Projects & Budgets (JPY)

2016-2020 2026-

I I
pp-Open-HPC
JST/CREST

401M

Oakleaf-FX
(Fujitsu, SPACR64 [Xfx)
1.13 PF

Oakforest-PACS
(Fujitsu, Intel Xeon Phi)
25.0 PF
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P{ﬂ\l}f“'*;": ppOpen -HPC: Overview

BUEA
. Appllcatlon Framework with Automatic Tuning (AT) @ ﬂé‘mﬁﬂﬁﬁgﬁ
v “pp” : post-peta-scale

» Five-year project (FY.2011-2015) (since April 2011) %;:
v P.Il.: Kengo Nakajima (ITC, The University of Tokyo)

v’ Part of “Development of System Software Technologies for Post-Peta Scale High
Performance Computing” funded by JST/CREST (Supervisor: Prof. M. Sato,
RIKEN R-CCS)

v Finally, it was extended to FY.2018 under collaborations with German Projects
(SPPEXA/DFQG)

 Team with 7 institutes, >50 people (5 PDs) from
various fields: Co-Design

IS5 :
IE‘J = ﬁﬂ: T EPE & $ %

Deutsch
- Open Source Software " | = e R—
v http://ppopenhpc.cc.u-tokyo.ac.jp/ SPPEXA
v https://github.com/Post-Peta-Crest/ppOpenHPC =amam =

v English Documents, MIT License
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B
[w

m]=]

nHFAC

Boundary Element Method

Framework
Appl. Dev.

Math
Libraries

Automatic
Tuning (AT)

System
Software

Discrete Element Method

User’s Program

(- [— I L I
ppOpen-APPL FEM FDM FVM BEM DEM

ppOpen-MATH (€] GRAPH VIS MP

ppOpen-AT STATIC DYNAMIC

ppOpen-SYS COMM FT

ppOpen-HPC n@%ﬂnc

H...n
)

Optimized Application with

Optimized ppOpen-APPL, ppOpen-MATH

11



ey 12
{/Dnen =25 Featured Developments

 ppOpen-AT: AT Language for Loop Optimization

« HACAPpK library for H-matrix comp. in ppOpen-APPL/BEM (OpenMP/MPI
Hybrid Version)
— First Open Source Library by OpenMP/MPI Hybrid

 ppOpen-MATH/MP (Coupler for Multiphysics Simulation S, Loose
Coupling of FEM & FDM)

. Sparse Llnear Solvers

* Also applica br:fnc pr ng.

| Assign a°to P if S(a'“y] in R(P,(J ‘ App. A ‘ l mutp\ applicatio
odel proced

0 Put dota
A : Whole matrix EEB | =
Ayy: The entry in the /th row I e 2. Send-data extraction from

and the Jth column of A | the buffer, and data sending
a®: A small submatrix of A
a®;j: The entry in the /-th row
and the fth column of a®
N : Number of rows of A
n : Number of processors
P : The A-th processor
Lptl=lh< o <ly <o <lyyy =N+1

E J 4. Data extraction

,f
5,
y data Lo the buffer
—= from the buffer
o B
dats

3. Data-packing after the
. . interpolation process

R:RPY=(illx i<l ) E P

S :S(u"ij] = I whena®; = 4 -




@H-ng ppOpen -MATH/MP

« Weak-Coupling of Multiple
Applications

— Each application does a single
computation

— Ocean-Atmosphere
— Fluid-Structure

13

applicable to full coupling,
multiple applications

Model procedures

Copy data to the buffer

\} * Also

2. Send-data extraction from
the buffer, and data sending

=
T ( Coupler proced

ures
time

i
’Tﬁ-packing
into a buffer

Coupler procedures

3. Data-packing after the
interpolation process

Model procedures

raw data from the buffer

Dra
EE. 4. Data extraction

|| [0S r.-.‘.}w from the buffer

data

» Originally developed as a coupler for NICAM (atmosphere,
unstructured), and COCO (ocean, structured) in global climate

simulations using K computer

-

* Non-Centralized/Fully Distributed Operations, No Master Process
« Developed coupler is extended to more general use.



" Also applicable to full coupling,
multiple applications
Model procedures

2. Send-data extraction from
the buffer, and data sending

= S - N ] [App. A
SRS IESAL—2T3Y (EEEJ. _____ =
A= M= 0 v
X &-@35ER (NICAM-COCO) - .
. MEBET)L eyt | T
— K& :NICAM £ K[DIIEELE 1fE G
— B .:COCO =£¥mEDIEIfEE
« ppOpen-MATH/MPAZ5— (Coupler) I
- RILF IOV RERDI=HDI—IL [N'C’imd phere) BEREER
o E‘l‘ﬁ;ﬁ*ﬁ(Zb‘ﬁ :/E:Ll/—:/a‘s/) cosahedral grid system —
— K& :14km, 118 F, 17HERATYT
— #8¥:0.25-1.00° , 580A1F, 6F ATV

— HaVE1—%(640+32) /—K, 2885 (
20174 L8)

(im

i NICOCO
*Tnew coupled model)

272 276 280 284 288 292 296 300[K

100 120 140 160 180 200 [Wym?] 13 26 3.8 [mm/hour]



Super EI Nino

1997/1998FE MR —/S—I )L =—=aDEARDLR TELE KK
BEERIIaAL—232 (NICAM-COCO) 2 &> THRHA

H 7S (ppOpen-MATH/MP ) [ZDWTIZE R T

NORMAL YEAR

REquaterial wirids, Pacific Ocean

gQ’LIn-c warm waker

)
\

. Cold water along.

S Faudtonal
o . cotist of South America

o U |

e PSS e~ NANAN Y

R

At

Enstorly winds H
Warm. .

M‘ % Moves iwirds ‘-;
\ South Ar ‘

20N

Pacific Ocean
winter

20w

150w

26 32[%C]

(21, /4K, {Ekite]
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feee  CoUpling Simulation of Seismic
== Waves and Building Vibrations

Buiding |
o Basement-| | |

: & (engineering L
Sediment E classification) I L
lgzt e

Sedlmentary Rock
= ' (FEM-mesh) | [ 10-50 m

Sediment

\w\le Basemsm
(seismologica

'”—::::?:\ Basemént | il
classmcatlon) N

““““ CouAIer i

/

\\,\ S
Earthquake Seismj, Wave
Source Sedimentary Rock
10- (FDM-mesh)
20km

The coupling simulation refers to one-way data
communication from (seismic wave propagation)

to FEM (dynamiC StrUCture)' [M. Matsumoto et al. 2015]

16



{ismz Weak-Coupled Simulation by the

17

- PpOpen -HPC Libraries

Two kinds of applications (Seism3D+ based on FDM, and FrontISTR++
based on FEM) are connected by the ppOpen-MATH/MP coupler.

Seism3D+

Velocity

ppOpen-APPL/FDM

FrontISTR++

ppOpen-MATH/MP

Principal Functions

v' Make a mapping table
v’ Convert physical variables
v Choose a timing of data

transmission

ppOpen-APPL/FEM

Displacement

[M. Matsumoto et al. 2015]
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n/n\E\?en-H.q; Practical Simulation on Oakleaf-FX

The simulation target is the earthquake that occurred at Awaji Island on
13 April, 2013. The computational domain of Seism3D+ is 60 km? from
Awaji Island and that of FrontISTR++ is the actual building of RIKEN
Advanced Institute for Computational Science (AICS), Port Island, Kobe,

modeled by an unstructured mesh.
Seism3D+ Grid Points (x,y, z) = (1536, 1536, 1600) :
Parallelization 2560 processes/16 threads @

FrontISTR++ Grid Points 600 million (AICS building)
Parallelization 1000 processes/16 threads
(@Port Island)
1000 processes/16 threads
(@Kobe Stadium)

Total 4560 nodes on Oakleaf-FX
(Seism3D+: 2560 nodes. FrontISTR++: 2000
nodes)

Computational domain
of Seism3D+

[M. Matsumoto et al. 2015]
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]

PrOpFr e 2,560 nodes for FDM, 2,000 nodes
for FEM = 4,560 nodes of FX10
from east to west —>
é Geological layer
Seismic wave propagation by Seism3D+  Building vibration by FrontISTR++

(Red:P-wave, Green:S-wave)

[M. Matsumoto et al. 2015]
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2,560 nodes for FDM, 2,000 nodes
for FEM = 4,560 nodes of FX10

v Coupling simulation was executed on large-scale computational resources
of Oakleaf-FX supercomputer system.

v' Seismic wave propagations (Seism3D+) for the simulation time of 90 sec.,
and building vibrations (FrontISTR++) for the simulation time of 20 sec.
were calculated.

Comparison between sim. time and exe. time

_________[Sim.Time |Exe. Time

Seism3D+ 90 sec. 6 hours
FrontISTR++ 20 sec. 16 hours

v’ It was revealed that the manner in which memory allocation occurs in the

coupler has some problem when such a large-scale simulation is performed.
[M. Matsumoto et al. 2015]



e ppOpen-HPC
* h3-Open-BDEC on Wisteria/BDEC -01
« JHPC-quantum



History of the Projects & Budgets (JPY)

2016-2020
REa =0
DO
0
open-bb

Oakforest-PACS
(Fujitsu, Intel Xeon Phi)
25.0 PF

2026-

Wisteria/BDEC-01
(Fujitsu, A64FX+NVIDIA A100)
33.1 PF




23

2006-2010 2016-2020 2026-2030
| | | | |
Hitachi SR8000 H'taCh'YSasgiﬁK/Ml BRI
1,024 GF 549 TF ,RFHCPU
SR8000 | IBM Power5+ IBM Power7 Intel CLX E
: : . : fn ﬁ
Hitachi Hitachi OBCX o
SR2201 SR8000/MPP Fujitsu
307.2GF 2,073.6 GF _ (6_6]1 PF) NVIDIA GH200 +
HARP-1E SRS000 Intel Xeon Phi e Intel SPR/HBM
Hitachi HA8000 Oakforest- . .
T2K Todai PACS (Fuijitsu) Miyabi/OFP-Il
140 TF 25.0 PF
AMD Opteron -F- 10 | s —— --C
ujitsu Wisteria -, BDEC-
B Oakleaf-FX %o BDEC-01 HUlitSU 02
L 1.13 PF 33.1 PF 150+ PF
i/‘i j(—T—'| #& i [ SPACR64 IXfX pmmmm AB4FX, ~ Accelerators
Reedbush- Intel Icelake+
t.//)'l — MDA/ \:I UHIL (SGI-HPE) JRVZEILVA
3.36 PF
Intel BDW +
i %‘%ﬁ600+% NVIDIA P100 Ipomoea-01 25PB
Lol __




(BHE - F—A- 2T A (S+D+L) “

e A/NOAVNT—HO—FNDZ#RIL:S-D-L
— 5HEHF =2, STE I % Simulations(S)
— KIRET—42f#EH7: Data(D)
— Al, #H%E Learning (L) Ak
o HKIEREB L 2—TIL, 2015FENS (S+D+L) IS N
IZEBEHLWHZOREERRTS, /N\—FHx7, VI
7, T7I)r—ay, ZILOYXLIZETHHEHEEZRHIE
— BDECETi# (Big Data & Extreme Computing)
— [7—2+2E I2&D, KYEELGIYZalL—2 3y |=Al for HPC
— Bk EIFEETIIBAGRE (T TIZTERINTLD)

o 20215 5A (I ERZRIRLT-T Wisteria/BDEC-01 | [Z[BDECEti# | ) 154
— T3t - T—45-32E (S+D+L) BB ZERT S, HATLNOTD TSN I+ —L

*,* Wisteria
& ¢ BDEC-D1




Wisteria/BDEC -01

BDEC:[51&E -7 —%-FFE (S+D+L) |

MED=HDTS>VTA—Ls

2021458 148Z ARA1E
— HRERRKFHEIXv/AR
33.1 PF, 8.38 PB/sec. , &1 @&l
— ~4.5 MVA(ZEEfA#A), ~360m?2
Hierarchical, Hybrid, Heterogeneous (h3)
215D/ —F Bt
— 2 alb—i3av/—
e BEEDR/NOY
« Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680/—K (368,640 A7), 205v%, Tofu-D
— T—4%-2% /—F# (D/L, DL) : Aquarius
o T—ARMN, HBHEE

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

o HER)Y—R(RRL—, H—iN\—, P —
—H4h) IZTE B
— D7ANIRT L B (KB E)

K#f (S, SIM) : Odyssey

2k

+5E

(Big Data & Extreme Computing)
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*+? Wisteria

¢ ¢ BDEC-01

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

SZab—iav/—FE
Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8PB/s

Shared File
System
HXEHT7IL
AT L

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

T—2-FEB/—F®
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s

(SFS)
25.8 PB, 500GB/s

800 Gbps

_ External
',ggé i1 Resources

External Network I " I HAER Y — A

SEfry T —2

‘,‘ Wisteria
¢ ¢ BDEG-01




Simulation Nodes
Odyssey

25.9 PF, 7.8 PB/s

HEHEa—F

2alb—3i3y
/—F 3, Odyssey

Wisteria/BDEC-01
T—228/—F#

Aquarius

Fast File | Shared File
System System

(FFS) (SFS)
1.0 PB, 25.8 PB,
1.0 TB/s 0.50 TB/s

HAT—45

Data/Learning Nodes

Aguarius
7.20 PF, 578.2 TB/s

?+Y Wisteria
¢~ ¢ BDEG-01



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File
System

(FFS)
1.0 PB,
1.0 TB/s

Shared File
System

(SFS)
25.8 PB,
0.50 TB/s

Data/Learning Nodes

Aguarius
7.20 PF, 578.2 TB/s

22 Wisteria

*°o

BDEG-01

2alb—i3y
/—F &, Odyssey

Wisteria/BDEC-01
T—228/—F#

Aquarius

STHHEFI—F 1

HAT—45

Salb—2avDiEHDETILINS

%
A2—ZDT—2ERT, AUIEHES X
551k (S+D+L)
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h3-Open -BDEC Hierarchical,

(HE+ T+ ST MAEERTAEFMYINITTER [ogencous

BRI (S) (2019FEE~235E, AR . hEHE) Big Data &

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

D EHEEEE BERT 08 .
Fa——UY L LA HIRE h3-Open-BDEC
I~E DRI MIBRE R Niliverica AKGILIBraIY

@ Bkhjﬁﬂ?_@%l:@]j?jon —F New Principle for Simulation + Data + C Integra_ntior_l *
HIZEDCEHMEHEEF Computations Learning omTth’iTi't?::ons"'
P h3-Open-MATH

B AFOUCTRES o (R lﬁ;ﬁ f;:':;::zgﬁzf:;ﬂ;ﬁ;e,;[ oI
Wisteria/BDEC-01) (2313 ") i " G —— o
7'\@17 1_7__'(U 714%15 Verifi::‘gt-i(t)arlet;‘f-XEEuracy hs-%i;?:-g:i\:ﬁég = sl foe LAlgebcale

Computing

+
Hierarchical, Hybrid, Heterogen i
h3-Open-AT h3-Open-DDA: Learning #
h3 u e“ BnEc Automatic Tuning Data Driven Approach F /h3 nnen BDEG
/’/ B|||11&Et ¢ Computing // |



Members (Co -PI's) of h3-Open -BDEC Project

Computer Science, Computational Science, Numerical Algorithms,

Data Science, Machine Learning h3 Ilpen BDEC
Kengo Nakajima (ITC/U.Tokyo, RIKEN), Leading-PI /// e
Takeshi lwashita (Hokkaido U), Co-PI, Algorithms C l’ %ﬁ!kﬁﬁ
Hisashi Yashiro (NIES), Co-PI, Coupling, Utility ) deimiE K
Hiromichi Nagao (ERI/U.Tokyo), Co-PI, Data Assimilatiol. @6%?7?—%6;{”&
Takashi Shimokawabe (ITC/U.Tokyo), Co-PI, ML/hDDA ™, E%@Eﬂj@?—
Takeshi Ogita (Waseda U.), Co-PI, Accuracy Verification W wsruiess
Takahiro Katagiri (Nagoya U), Co-PI, Appropriate w BRENT
Computing HITACHI
Hiroya Matsuba (ITC/U.Tokyo, Hitachi), Co-PI, Container S ||

RIHEﬂ R-CCS
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Wisteria/BDEC -01: The First “Really
Heterogenous” System in the World

*.? Wisteria
¢ ¢ BDEC-01

Shared File

System

(SFS)
25.8 PB, 500 GB/s

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

Simulation Nodes:

Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8 PBIs

Fast File

System

(FFS)
1PB, 1.0 TBIs

Data/Learning

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

External
Resources

Simulation
Codes

Simulation Nodes
Odyssey

- Wisteria/BDEC-01
Machine
Learning, DDA

Observation

Datal/Learning Data

Nodes, Aquarius

Data Assimilation

Data Analysis

Server,
Storage, §
DB,
Sensors,
etc.




(S+D+L) Fh&

DEIEFEAMITT F

Odyssey-AquariusE
— MPUZ&ZEIEIEFF

?+Y Wisteria
o' ¢ BOEC-01

Hierarchical, Hybrid, Heterogeneous

7

o O-AZEWTMPIZOY S AIEEI ALY
— Odyssey-Aquariusfdl [&Infiniband-EDR

(2TB/sec) THEINTLVS
VIO T7RF

— EH#EEHTS5—:h3-Open-UTIL/MP
— O-AR&E{E : h3-Open-SYS/WaitlO

« IB-EDR#2H (WaitlO-Socket)

o BERIFAILY AT L (FFS) #%2 HE # (WaitlO-File)

e MPIZAVIEARATT—R

h3-0pen-BDEC

Big Data & Extreme Computing
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L R 4

o%o BDEC-01

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

“Ealb—a/—F R

Shared File
System
*BEI7AIL
AT L
(SFS)

25.8 PB, 500GB/s

Fast File
System
=mEITAIL
AT

(FFS)
1PB, 1.0TB/s

T—5-2E/FE
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s

800 Gbps

/ X g gz
= rA\

Sl 5158 —2

External
Resources

External Network
AT —

h3-Open-BDEC

e +EIE +
A—T714JT71
W& 1—F)Tr

LRalb—iav+Tr—4
43 (S+D+L)
FFURRIL—LT—H

FLLOERERE
BETLIVZL-54T5Y

h3-Open-MATH h3-Open-APP:
mithE - &St - Simulation
BEERHREZLIVAL HEHRE7IVS—Sa>

h3-Open-SYS
i & ss

h3-Open-UTIL
XRERHE R
A—TFT4VT4 8

h3-Open-BDEC

||||||||||||||||||||||||

h3-Open-VER h3-Open-DATA: Data
L ERAE T—8HF

h3-Open-DDA:
Learnin:
T—SEH) - ‘gl#I

h3-Open-AT
BE#Fa1—=25

<
7
sy
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API of h3-Open -SYS/WaitlO -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 R - =
WAITIO_MASTER_HOST=xxx
waitio_init Initialization of WaitlO ———
waitio_get_nprocs Process # for each PB (Parallel Block) [ Parallel Block ]
mpiexec... -n 8 ./a.out BID=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 2 h3-Open-BDEC

Multilevel Coupler/Data Assimilation / »
Integration of (S+D+L)

« Extended Version of Multy-Physics Coupler
« Data Assimilation (Multiple Computations: Ensemble)
— Assimilation of Computations with Different Resolutions
— Data Assimilation by Coupled Codes
° e.g.Atmosphere-Ocean 5
urrogate
— Ensemble Coup”ng ) Analysis/ML *

App
(Python)

(Fortran)

F<->P adapter
h3o-U/MP Statistics

e Coupling of Simulations

A huge amount of h3o0-UMP

on Odyssey and Al on smulation data [l

output

Aguarius Eoup! i
IB-EDR

*.* Wisteria ’ ¢ Wisteria
o%e BOEC-01 ReAVEED LW+t Aquarius



h3-Open -UTIL/MP + i tnen-ioee
h3-Open -SYS/WaitlO -Socket
Available in June 2022 303 Wistoria

Fortran APP Python APP Fortran APP
(NICAM) (PyTorch) (NICAM)

Python APP
(PyTorch)

h3opp.py

o h3opp.py a

= h3open. pyia0 s IB-EDR
E‘ h3open modules . = h3open modules =
=1 h3open modules 5 “ h3open modules
e e

@ ]

o =

o s _ Jcup modules Jcup modules S = | Jcup modules Jcup modules
m 8 . - n |2 .

= jeup_mpi_lib.f90 jeup_mpi_lib.f90 = jeup_mpi_lib.f90 jeup_mpi_lib.fo0

— v Jwawo] we |
MPI+WaitlO

May 2021: MPI Only June 2022: Coupler +WaitlO




» Applications on Wisteria/BDEC -01 with h3-Open-
BDEC
— Earthquake Simulations
— (Global Cloud Simulation+Al) Coupling
—Ensemble Coupling
—JHPCN



Simulation
Codes

Simulation Nodes
Odyssey

. Wisteria/BDEC-01
Machine

Learning, DDA Data/Learning
Nodes, Aquarius

Data Assimilation
Data Analysis

Observation
Data

|

Server,
Storage, §
DB,
Sensors, ey
etc. T

Originally
developed in
ERIM Tokyo
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3D Earthquake Simulation
with Real-Time Data

Observation/Assimilation
Simulation of Strong Motion (Wave

Propagation) by 3D FDM

Observation Network for Earth
) PV ‘ g

‘ O B aF 1
Ty ey
’ - * ®_y 1
- g | ¥ :
- # iy } b - — 1
A
=
. . |
A

Real-Time Data/Simulation Assimilation
Real-Time Update of Underground Model

quake: O(10%) Points

Teea

[c/o Prof. T.Furumura
(ERI/U.Tokyo)]
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. . Residual n: Time Step
Star:tl n g f.ro m (A+S . I;ém; (;)n p+ W((:;E:l . Hc;)n)p' W: Weighting Matrix
Assim+Sim .) to (Pure Comp.  Assim.

— a
xn+1 = Fxn F: Wave Propagation

S: Pure Simulation)
(A+S) Assimilation+Simulation L Z (Pure S) Pure Simulation/Forecast

forecasred i’- 3l

assrmffated [&4k

A

observation

"_ L4 |yn T HI{

Bl k=

residual from abs

B4t e
7

Optimal
weight

observation I

(o)t Step forecasted
:

|yn+1 ’ y

assnm,fated

| Optimal
weight

[c/o Prof. T. Furumura, ERI/U.Tokyo]
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RREEMEESHT O IaL—iav+8AlT—42R1E

*.? Wisteria
¢ ¢ BDEC-01

Data/Learning

Nodes: Aguarius
Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s
>

Sone7
2.0 TB/s

Simulation Nodes:

Observed Data

External Server

Odyssey
Fujitsu/Arm AG4FX
25.9PF, 7.8 PB/s

for Observed
DEI]

Output
&

Movie *

Filtered Comp.
Results |BRIEHIOELIE: Results

Seism3D/
OpenSWPC-DAF

| Mesh Data I | UG Model I




Communications by WaitlO -Socket [Kasai et al. 2021]
Odyssey: RECV

Aquarius: SEND

program dmy_filter call WAITIO MPI_IRECY (NTM&X1_o, 1, WAITIO_MPI_INTEGER, @,1, WAITIO COMM_UNIVERSE, ...)
<HEE: BEES> call PI_IRECV (DT_o, 1, WAITIO_MPI_FLOAT, ©,2, WAITIO C UNLVERSE, ...)
call mpi_init (ierr) call WA PI_TRECY (NST_o, 1, WAITIO MPI_INTEGER, @,3, WAITIO C UMIVERSE, ...)
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr) call WA PI_TRECY (AT o, 1, ITIO_MPI_FLOAT, 8,4, WAITIO_C| UNIVERSE,
call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr) call PI_IRECV (T@_o, 1, TIO_MPI_FLOAT, 8,5, WAITIO C UNIVERSE,
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr) call PT_IRECY (ISO X o, NSMAX, JAITIO MPI_INTEGER, 8,6, WAITIO C UNIVERSE,
. call PI_IRECY (ISO_Y_o, NSMAX, WAITIO_MPI_INTEGER, @,7, WAITIO_COMM_UNIVERSE,
if (myrank==e) then . . call WAITIO MPL IRECV (IS0 Z o, NSMAX, WAITIO MPI_INTEGER, 8,8, WAITIO COMM_UNIVERSE,
open(100,file="./obsfile list.txt’, form=‘formatted’, status=‘old”, iostat=ierr) call WAITIO MPI_IRECY (ISTX_o, NST, WAITIO_MPI_INTEGER, 8,5, WAITIO_COMM_UNIVERSE,
d"(é;é 33357_9 T call WAITIO_MPI_IRECV (ISTY_o,  NST, IAITIO_MPI_INTEGER, ©,1@,WAITIO_COMM_UNIVERSE,
Drint 5, ~send obe i . call WAITIO_MPI_IRECY (ISTZ o,  NST, LTI0_MPI_INTEGER, ©,11,WALTLO_COMM_UNLVERSE,
call WAITIO_MPI_ISEND (NTMAX1_ o, 1, WAITIO_MPI_INTEGER, 2,1, WAITIO_COMM UNIVERSE,req(1,1), ierr) call walllo MPL IRECV (STC o, — 67NST, T10_MPL CHAR, 8 UNIVERSE,
call WAITIO_MPI_ISEND (DT_o, 1, WAITIO MPI_FLOAT, 2,2, WAITIO COMM_UNIVERSE,req(1,2), ierr) call WAITIO MPI_IRECY {VxALL obs,NSTNOBS_LEW,WALTIO MPL_FLOAT, @ UMIVERSE,
call WAITIO_MPI_ISEND (NST o, 1, WAITIO_MPI_INTEGER, 2,3, WAITIO_COMM_UNIVERSE,req(1,3), ierr) call WA (VyAll obs, NST*NOBS_LEN, e, UNIVERSE,
call WAITIO_MPI_ISEND (AT o, 1, WAITIO_MPI_FLOAT, 2,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr) Sall (yzill obe ol NOBS LIV 2 UNLVERSL
call WATTIO_MPI_ISEND (T6_o, 1, WAITIO_MPI_FLOAT, 2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM UNIVERSE,req(1,7), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr) & ’
call WAITIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM UNIVERSE,req(1,9), ierr) w.sterla Output
call WATTIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) nnH: '“ &
call WATTIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM UNIVERSE,req(1,11),ierr) ’ Yoie
call WATTIO_MPI_ISEND 6*NST, WAITIO_MPT_CHAR, 2,12, WAITIO_COMM_UNIVERSE,req(1,12),ierr)
call WATTIO_MPI_ISEND (VxAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
call WAITIO_MPI_ISEND (VyAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr) Datal/Learning
call WAITIO_MPI_ISEND (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr) z =
call WAITIO_MPI_WAITALL (15,req, status, ierr) Nodes: Aquarius Visualizer
en;:il sleep(1) Intel Ice Lake + NVIDIA A10
close (100) 7.20 PF, 578.2 TB/s
endif aitl0-Socket
call WATTIO_FINALIZE (ierr)
call mpi_finalize (ierr)
end

Fujitsu/Arm AB4FX
25.9PF, 7.8 PB/s | Mesh Data -
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Off Niigata 2007 Mw6.6 Earthquake clo Prof. T Fuumura

1500 - °

z
) S
o 1o = Basement
> = Depth [km]
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: — 0 % 05
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. . = 2.5
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Results at Kotoh A (N.KOTH)

Data Assimilation + Pure Simulation/Forecast N E5° oD
482 K-NET, KiK-net Observation L ‘ T e R E 139° 46.9’

A55|m|Iat|on by 70s >forecast | (A+S)=(Pure 5)@30s

<s|(A+S)|(Pure S)
“— >

560

50s

u\/\f\wvwmww

! Off Nugata 2007 MW6 6 B u
m Earthquake I e

70s for Assimilation |

Acceleration [cm/s/s] |

L

L | | Ll R Y. s r g o
] ] 0 0 i) L g % - 50 00
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» Applications on Wisteria/BDEC -01 with h3-Open-
BDEC
—Earthquake Simulations
—(Global Cloud Simulation+Al) Coupling
—Ensemble Coupling
—JHPCN



h3-Open-UTIL/MP 2 h3-Open-BDEC

Multilevel Coupler/Data Assimilation / »
Integration of (S+D+L)

« Extended Version of Multy-Physics Coupler

« Data Assimilation (Multiple Computations: Ensemble)
— Assimilation of Computations with Different Resolutions
— Data Assimilation by Coupled Codes

° e.g.Atmosphere.-Ocean | e
— Ensemble Coup“ng N Analysis/ML Model

(Fortran) App , -
. . . (Python) Visualiztion
* Coupling of Simulations FoST agaer -
A huge gmount of h3o0-UMP h30-U/MP
on Odyssey and Al on smogtenceiz W -

Aguarius Eoup! i
IB-EDR
*.* Wisteria ’ ¢ Wisteria
o%e BOEC-01 ReAVEED LW+t Aquarius

a4



h3-Open -UTIL/MP (h30-U/MP) @ i-ineianec

7

llllllllllllllllllllllll

Extended Multiphysics Coupler

Surrogate
\i[oTe[=1

HPC App Analysis/ML
T (Fortran) App
e (Python) Visualiztion
F<->P adapter
ANuge amountof pez bl h30-U/MP Statistics
simulation data | |

output - =
Coupling

IB-EDR
*.? Wisteria *.? Wisteria
® o BOEC-01 Bl PIQE -7+l Aquarius
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Atmosphere-ML Coupling =7
[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

® Motivation of this experiment

B Tow types of Atmospheric models: Cloud resolving VS Cloud
parameterizing

m Could resolving model is difficult to use for climate simulation
B Parameterized model has many assumptions
B 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 W|th AI

(Convection-Resolving Mode) hS'Open'SYS/Waltl O' onvection-Parameterization Mode)

Socket
NICAM data in Low Resolutlon NICAM

with Machine Learning

Replacing

Diagram of applying ML to an atmospheric model
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7, >

Atmosphere-ML Coupling

® 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, and vertical distribution of
water will change between before and after computing the cloud
microphysical processes

® Atmospheric model and ML Library

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

1) Incoming Solar Radiation 12) Topography Pyto rch (th ree Iaye rs M LP)

2) Scattering by Aerosols and Molecules 13) Evaporation

3) Absorpltim;l by the {Mmusphere 14} V:?etar:n: ”

) Emision of Longuave Radatontom 19 Rain (Cootng) ® Methodology

&) Contenstion 18) Semsioe Hads P B ML is trained to reproduce output variable from input variables of
7) Turbulence 19) Deep Convection (Warming)

8) Reflectioni/Absorption at Earth's Surface 20) Emission of Longwave C I O u d m IC ro p hYS | Ca I SU b rO thl n e

9) Snow Radiation from Clouds
10) Soil Water/Snow Melt

11) Snowlcenater Cover Wl $ ©® 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




Test calculation

® Compute output variables from input variables and PyTorch

Total air density

Internal energy

Density of
water vapor

-
1 4 i
| - - . )
o |\ |\
—-150 —-100 —-50 o 50 100 150

R o b
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200000
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140000
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0.0025

0.0020

0.0015

0.0010
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B The rough distribution of all variables is well reproduced
B The reproduction of extreme values is no good

erarenea, w,

Z h3-0pen-BDEC
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Prediction by ML/NN
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» Applications on Wisteria/BDEC -01 with h3-Open-
BDEC
—Earthquake Simulations
— (Global Cloud Simulation+Al) Coupling
—Ensemble Coupling [Yashiro, Arakwa]
—JHPCN
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72927 ILER (Ensemble Counling ) (1/3)

Ensemble

Observation

Assimilation

o« EHBKIHEDRR _l.'";/\:l.l/ /3/'((;1: INGA—=BRBATA4 (YT
IWEHE) ET—42RIEZEHRAEHE T, 7Y T IILT—4R1E (Ensemble-
based Data Assimilation) NNAGL{ERENTLVS,

— 0103 —REEDTUHUIIIEEZE I NIL, SRELTRMNAIEETHIH,

SfRGBEETIEZERALET7UY I I T 2R (BfR& 7Y TIL) T, 51E#
)y—XR, St ERMEZEET HE0(102) r—RIEEEHNIREM TH S [Miyoshi 2014]
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(a) 20 members w/o localization (b) 2
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=1t [Miyoshi et al. 2014]
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79T )LE R (Ensemble Coupling ) (2/3)

7Y 2T )LER (Ensemble Coupling ) (X7 UV JILEtELERETE R
%ﬂﬂ%bﬁf:%o)?%éo

— COBBEEZERAWAEBIZAIEIKRRETIVZUOG VI ILEBEETILVZ OV TIILEERS
B-RKRBETUOH T ILERNAIREELRYE VB IREFFAENEAFTES,

Coupling

data exchange and \{ '/
grid remapping
by the coupler
Nudging large-scale
status

Observation

160 nodes
640 processes

Assimilation

Ensemble, 160 nodes
10 processes (2.5-nodes)x 64 members
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79T )LE R (Ensemble Coupling ) (3/3)

. 1&%@1%&7‘/#*/7‘»-‘.%ﬁﬂ%r}%ﬁm:otu, SR BEERKETILOTY
SUJIIEEICHLTEHE) Y —REKIBIZHIB T A5 EMNAREE L D,

o IHIT, REIMAGIEOBIREICEN-EFREEETTILE, FHGBEOBRE
EICENT-SREEETIVEERT H_LITLY, SREEETILEKOD
ToHUTIEEIZHLTEIYEVVBIREZF{SENT[EEEL D,

e KR{ETILNICAMIZLBHEEE
v ARG EA KRB ELI220kmDETILET64 7Y TIL
vV SfRMRER: KERIBENIAkMDBEEKRETIL

v Wisteria/BDEC-01MD Odyssey/—R & ZFHLVET ILEFREORFRI DS TRLVZUY
—RI[$19.3/—FBFfEITH o= (FP32)
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» Applications on Wisteria/BDEC -01 with h3-Open-
BDEC
—Earthquake Simulations
— (Global Cloud Simulation+Al) Coupling
—Ensemble Coupling [Yashiro, Arakwal]
—JHPCN



FY.2023-2025, JHPCN Project

Innovative Computational Science by Integration of JHPCN

Simulation/Data/Learning on Heterogeneous Supercomp uters
w LB R \\ W R
National Institute for Environmental Studies lnsplre the Next [l l] s
E FRIEDRICH-ALEXANDER p OIII

A5

D RPN EERIIAY —
e

e =
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ERLANGEN-NURNBERG - R—ccs

C’ THE UNIVERSITY OF TOKYO \11\ ERSITY OF HYOGO
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Organization: FY.2024

Proposal must be renewed and reviewed every year

* (Leading-Pl) Kengo Nakajima (ITC/U.Tokyo) Cp HEKE
o (Co-PI) Takashi Furumura (ERI/U.Tokyo) Cp BEK P

(Co-PI) France Boillod-Cerneux (CEA)

(Co-PIl) Edoardo Di Napoli (JSC)



TerrSysMP

Target Applications
« JSC A))ULICH

FORSCHUNGSZENTRUM

— Terrestrial Systems Modeling Platform (TSMP)
« Coupling: Groundwater Flow & Atmosphere e
* https://www.terrsysmp.org/

— Chebyshev Accelerated Subspace Eigensolver (ChASE)
« Quantum Chemistry, Heterogeneous Environment

Configuration File

> Coupling Frequency

> Twoway data exchange
> Data Transformation

SH, LH, TAU, mei OASIS3, OASIS3-MCT
Albedo

wal antibody (1400 Residues), 3h walltime (32 nodes, 4096 AMR Rome cores)

Molecular dynamics
Protein + active molecule

» https://qgithub.com/ChASE-library e :d;mm e
— Brain Aneurysm Simulations |

. Multiscale, Multiphysics = o

. CFD Codes (m-AlA) at JSC R

— https://www.hpccoe.eu/2021/06/04/m-aia/

— Selection of inhibitors of the SARS-CoV-2 Main Protease
» BIgDFT + Polaris/sGENESIS

— Earthquake Simulation (PSD), ML with Causality

...........



Collaborations related to

Heterogeneous Computing (U.Tokyo

-JSC) suren

SC22LIB&, SC-XY, ISC-HPCTBoF 4

Wisteria/BDEC-01
h3-Open-BDEC

U.Tokyo

K. Nakajima et al.

LUK °F

C ’ THE UNIVERSITY OF TOKYO

Modular
Supercomputing
Architecture
(MSA), JSC

E. Suarez et al.

#) )0LICH

FORSCHUNGSZENTRUM

h3-Open-BDEC

Numerical Alg./Library B8 App. Dev. Framework Control & Utility

ion +
New Principle for Simulation + Data + jrReprstion

) ; Communications+
Computations Learning Utilities

h3-Open-MATH i
Algorithms with High- h3-Open-APP: Simulation h3-Open-SYS
Performance, Reliability, Application Development Control & Integration
Efficiency
‘ +

h3-Open-UTIL
h3-Open-VER h3-Open-DATA: Data iliti &
Verification of Accuracy Data Science Utlhtre&ém’pl.&!{g; SCRlE

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

*.? Wisteria
o BOEC-01

Simulation Nodes:
Odyssey

FujitswAm AB4FX
25.9PF, 7.8 PBIs

Shared File ; Fast File
System Data/Leaming System

(SFS) Nodes: Aquarius (FFs)
25.8 PB, 500 GBIs s Ch L HIR T 1PB, 1.0 TBIs

7.20 PF, 578.2 TBIs

h3-Open-AT h3-Open-DDA: Learning

800 Gbps

Automatic Tuning Data Driven Approach

External i s
Resources

3 |
7 i External Network

LI |muhi-cane)
Ews- u'wl]

|_'¢-.-.:"'_ il

EE A
qutullE CPU node
i
i

o Lol 0 i : ol |
. Highly
= hterogenscus AT Mar.13-15, JSC

taken by KN -




Comparisons for various data-sets
DEEP: Xeon + Xeon/A100 + InfiniBand

Original Modified Modified

ToySMP ToySMP ToySMP
m-AlA m-AlA m-AlA
Original h3-Open- h3-Open-
Library BDEC BDEC

L pe

Wisteria/
DEEP DEEP BDEC-01

{ i ; i B ' b ; : wistera
Caviedes-Voullieme, D., Koh, S.-R., Poll, S., Suarez, E., Arakawa, T., Nakajima, K., Sumimoto, S., Portability of
Multiphysics Applications on Heterogeneous Modular Supercomputers, Proceedings of Workshop on Advancements
of Global Challenges Applications in conjunction with PPAM24, 2024 o0



TerrSysMP

Target Applications
« JSC A))ULICH

Configuration File

> Coupling Frequency

> Twoway data exchange
> Data Transformation

SW, LWdn, Rain

TPauu " |OASIS3

SH, LH, TAU, LWu;i OASIS3, OASIS3-MCT

— Terrestrial Systems Modeling Platform (TSMP)
« Coupling: Groundwater Flow & Atmosphere e

e https://www.terrsysmp.org/

— Chebyshev Accelerated Subspace Eigensolver (ChASE)
* Quantum Chemistry, Heterogeneous Environment g c—
« https://github.com/ChASE-library — ;Trof{a}w A
— Brain Aneurysm Simulations
* Multiscale, Multiphysics

* CFD Codes (m-AlA) at JSC
— https://www.hpccoe.eu/2021/06/04/m-aia/

wal antibody (1400 Residues), 3h walltime (32 nodes, 4096 AMR Rome cores)

A
LS calculation and fragmentation
BigDFT

.
Check activity of the target molecule
python

— Selection of inhibitors of the SARS-CoV-2 Main Protease
» BIgDFT + Polaris/sGENESIS

— Earthquake Simulation (PSD), ML with Causality gk




Big-DF T with GENESIS for SARS -CoV-2 Main Protease
(CEA, RIKEN, U.Tokyo) (1/2) Bl A om sk

THE UNIVERSITY OF TOKYO

» Developing medicines for viruses like SARS-CoV-2 faces challenges, including drug
resistance (SARS-CoV-2: Virus, COVID-19: Infection)

— Understanding and predicting drug resistance involves modeling structural changes from point
mutations, utilizing long trajectories from classical molecular dynamics (MD/MM).

— Mechanistic insight into mutation effects can benefit from quantum mechanical (QM) modeling.

QM-MM Workflow:

M M Creates in put One :u;::::;:;;::;l::;(:ém Residues), 3h walltime (32 nodes, 4096 AMR Rome cores)
. . rolein + active molecule e ———
(long trajectories) for GENESIS (RIKEN) Polarts code e

L4

Q M POIarIS (C EA) Extract protein conformations
(MM/MD) python

e

>
)'_“ g uuo«mma uue-un‘

— Initial Idea: “Polaris”
for MM developed by LS calcula!-onar:drraomemalion
CEA BigDFT (QM) -

_ NOW |t iS by Check activity of the target molecule

python
“GENESIS” by RIKEN




Members

 CEA  RIKEN
— France Boillod-Cerneux — Yuji Sugita
— Luigi Genovese — Shingo Ito
e U.Tokyo/RIKEN — Kiyoshi Yagi
— Kengo Nakajima — William Dawson

— Shinji Sumimoto



Big-DFT with GENESIS for SARS -CoV-2 Main Protease
(CEA, RIKEN, U.Tokyo) (2/2) = @ om Hi 5K o

i R"E.N R-CCS C ’ THE UNIVERSITY OF TOKYO

We will exploit the heterogeneous
architecture of Wisteria/BDEC-01 to build a
coupled QM-MM workflow.

— The MM workflow will run the “GENESIS” (RIKEN)
on Aquarius to exploit its GPU nodes and provide
samples from a trajectory that are sent to the QM-
MM workflow running “BigDET” on Odyssey.

— BigDFT was already optimized for A64FX :
architecture under CEA-RIKEN collaboration.

* In FY.2024, we will construct preliminary version
of QM-MM workflow using h3-Open-BDEC on
Wisteria/BDEC-01, and make evaluations.

* While we do not need real-time coupling

between QM-MM in this case, we may extend | v fwaro] we |
this idea to interaction between QM and MM.

Fortran APP Python APP
(NICAM) (PyTorch)

h3opp.py

h3open modules
h3open modules

|

Jcup modules Jcup modules

h3-Open-UTIL/MP

jeup_mpi_lib.f90 jcup_mpi_lib.fo0

" Jeup

BigDFT (QM) GENESIS (MM)
on on
Odyssey Aquarius
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RIKEN R-CCS

WalitlO inspired something for Luigi

| still keep the discussion on Dec. 5, 2023 at my office in

| o RERE
Kobe on my white board ‘ :
™ & NCAVARYS
4\' L\r(/y,,fﬂ (oge l l \A / .‘ 7§b\ ‘?
Riq DEVIN e
P8V 120 Garesy
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e ppOpen-HPC
* h3-Open-BDEC on Wisteria/BDEC-01
« JHPC-quantum



Anything Is possible with WaitlO
WaitlO over Internet/cloud is possible

NVIDIA Sambanova

Intel Cerebras
AMID AMD Intel Graphoore  Quantum

Arm etc.

h3-Open-SYS/WaitlO




=T - AN\AVEETSVRI4+—L (JHPC-quantum )

http://ihpc-quantum.orq/

JHPC-quantum (FY.2023-FY.2028)
— BHIR-CCS, Y7\ Y, X, X

— {REA -NEDORRNSGEEESE, EXRIANDHARF
2ED) 7 EEFIAEL—3FEA

— IBM(B{zEZ!), 100+Qubit, B F
— Quantinuum (lon-Trap#¥), 20+Qubit, EHFFIF

QC-HPC/\ATJ 1wk EE

— QCHEMEREELLTIRS, B0
- EFHEZE EFEREE+Sal—ay

ﬁ 113-Open-BDEC

— h3-Open-BDECD ik

nnnnnnnnnnnnnnnnnnnnnnnn

BADOKRE EERERITORATLYINITT

2025 EXR: BEE-E AR/ LQCHEERILE

(i)JHPC—quantum

om
SoftBank wﬂ R-CCS
Q AMRAZ

OSAKA UNIVERSITY

oo BENT
== ‘ﬂ QUANTINUUM




History of the Projects & Budgets (JPY)

2016-2020

JHPC-quantum
NEDO

139M (for U.Tokyo)

Miyabi
(Fujitsu, GH200/SPR)
80.1 PF

Wisteria/BDEC-01
(Fujitsu, A64FX/NVIDIA A100)
33.1 PF

69



IH7E : Odyssey-Aquarius [ZQC-HPC/\A T 1wk

DAl —LaVIRIEEEE

> @ Wisteria Platform for Integration of (S+D+L)

‘0 o BDEC-01 Big Data & Extreme Computing

Simulation Nodes:

Odyssey
Vi Fujitsu/Arm A64FX
25.9PF, 7.8 PBIs

nnnnnnnnnnnnnnnnnnnnnnnn

Fast File
Data/Learning System

Nodes: Aquarius (FFS)

Intel Ice Lake + NVIDIA A100 1PB, 1.0 TB/s
7.20 PF, 578.2 TB/s

= 800 Gbps

External
Resources

% External

Resources

*,* Wisteria
oo BDEC-01

70



[CUDA-Q+Wisteria/BDEC -01+h3-Open-BDECJT °
[£F-HPC/ \47'Jul~“.l|’é17l<..%ﬁt,’co"+cl:o

« CUDA-Q
— NVIDIADBELTWWSEFHENATYYRTHED
ODA—T)—RT5yTH— L
— AquariusiZA > A —JLiEH
B [ 5 s oo Sl *.* Wisteria
e KHAIL, F{LIQC-HPC/\A1T1)yFIRETVQE( . +%+ BOEC-O1
Variational Quantum Eigensolver) Z{&E& 2 h3-Open-BDEC
— Aquarius (GPU) with CUDA-Q: QC ”/ """""""""""""""""""

— Odyssey (CPU): HPC —
o PythonTCitiLI-FELTOI S L <>k . -

~ h3-Open-BDEC nvioia f
« WatlODPythonhfit[Z&5QC-HPC&E#
« HATHOHTOIAREZDIQC-HPCHDLEA D
F=\AJ1)yRIRE (QCIEIAYTILIZLVAY)

+* Wisteria
¢ ¢ BDEC-01



[CUDA-Q+Wisteria/BDEC -01+h3-Open-BDECJT
[EF HPCAATUvRIEHBRLTHES

e QC-HPC/\171)wFIRETVQE (Variational
Quantum Eigensolver) Z{&E&

10:00-10:10 RIS+ BEE=
10:10-10:30 NVIDIA Quantum® B4 (EE=E)

CUDA-QAPM (BEZ+EE)
D7 ’f/ ?-v_ < Fe&l gtﬂiﬁ“

EERMGFAG (EE+EE) |
AFIDIRSE, VOEMDEEL \'j

15:00 - 17:00 |QC-HPC/\AJJwrIRE (FE%+8Y) | NVIDIAS

CUDA QUANTU 4

‘,’ Wisteria
o BDEC-01

10:30 - 12:00

lllllllllllllllllllllllll

13:00 - 14:30

Wisteria
¢ ¢ BDEC-01

o R[E[IMiyabi(NVIDIA GH20015&;, 2025418
EFHRIR) ZE>=Fa1—N)T7ILETFTE



Development for QC -HPC Hybrid Environment

« Extension of WaitlO Library

— WaitlO4Py
» Python Interface

— WaitlO-Router
« Communication Library among Supercomputer Centers over Sinet

e FY.2024: Simulators on Wisteria/BDEC-01
 FY.2025: Real QC-HPC Environment
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INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

File Edit Options Buffers Tools Python Help

WaitlO4Py: Sample Code

-~ Undo

» PingPong Program [ -z T

num =0 i

while num < 100:
print("loop=", num)

import waitio

import numpy as n wait tio_group_
P Py P if(myrank == 0): -waitio_group
def main(): (;Stf=010 =100 p'!'l:ﬂ: :rallj' i
grp = waitio.Waitio_group() uf[0,0] = (I e et

ret = waitio.waitio_isend(grp, dst, buf, len, tag, req)

rankp = waitio.Waitio_rank() waitio.waitio. wait(req)

sizep = waitio.Waitio_size()

print (myrank, mysize)

ret = waitio.waitio_irecv(grp, dst, bufl, len, tag, reql) il (10,2}
iti iti i waitio.waitio_wait(req1) 1p. zeros ((10,2)
waitio.waitio_create_universe(grp) IO Y
print (" data=", buf1[0,0])
waitio.waitio_group_rank(grp, rankp) elsjit o
St =

waitio.waitio_group_size(grp, size
-group_size(grp P) ret = waitio.waitio_irecv(grp, dst, bufl, len, tag, reql)

myrank = rankp.wval.value # read ctypes.value waitio.waitio_wait(req1)

mysize = sizep.wval.value # read ctypes.value print (* datal=", buf1[0,0]) ; A St ik cagrcy)
buf[0,0] = num . dst, bufl, len, tag, reql)

buf = np.zeros((10,2), dtype=np.uint16) ret = waitio.waitio_isend(grp, dst, buf, len, tag, req) 7

bufl = np.zeros((10,2), dtype=np.uint16) waitio.waitio_wait(req) ' a2 e

req = waitio.Waitio_request() waitio.u a D

=] print (*
reql = waitio.Waitio_request() LR = L0 < 3L o,

waitio.waitio_finalize()

num = num + 1

waitio.waitio finalize()

Copyright 2024, Shinji Sumimoto@The University of Tokyo itio-test.py ALL L24 Git:main (Python ElDoc) 11:094M 3.94
Scroll_Lock> is undefined
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INFORMATION TECHNOLOGY Cf

WaitIO-Router for Center-Wide Communication

A Center

C Center

« In a Center: High performance
communication using RDMA and
Zero-Copy Routing.

« WaitlO-Verbs and WaitIO-Tofu
« WaitIO-Router for Zero-Copy Routing

« Among Centers: Converting Single
Stream to Multiple Streams Tl )= T ot
« For Performance: Multiple RDMA(ROCE) | %/ s
and Socket streams i

« For Security: with Encryption and gdll |,
Scramble packets

B Center D Center

BEL—T12Y

20 x Racks Rag

Copyright 2024, Shinji Sumimoto@The University of Tokyo 75



FEDH(LR2)NT5—DER

e ppOpen-HPC
— MPI-based

— K% (NICAM) -iB¥ (Ocean)
« +ZFDOMOT T — 3y

* h3-Open-BDEC
— NTRYZ7 R7GIRE (Wisteria/BDEC-01)
- Waitlo&E D s E
* WatilO[FMEREEZ =)

— (S+D+L) @ E, 7Y T ILERD @n |—u:1|:

e JHPC-quantum
— QC-HPC/\AJJwrIB1E

— WaitlOD &7 51k (WaitlO4Py, WaitlO-
Router)

76

2016-2020

pp-Open-HPC JHPC-quantum
JST/CREST NEDO

401M 139M

Real-Time EQ
NEDO
20M
L [ [ |
h3-Open-BDEC
JSPS Kakenhi
1USD~120-150 JPY 153M

rchical, Hybrid, Heterogen

2 h3- ﬂnen BI]EC
A

() JHPC-quantum




all

£ &8 (2/2) Friw nl g4 (Sustainability )

Y7+ 7 MSustainability=Bi%, RFD=HDEHEEMREL THET S
EITIRTFET S

HLWHRT IV r—ay, AR ATLDOER, EFNIZEITT=FtkEE
DEAF (e.g. WaitlO) NETHEE

— ThZ7S+WaitlOJ (&l Al for SciencelIZEWTCHEELRT—ooO0—Y— )L ¢S
BEREFIIVWVDIARECHZRERWNT, BHDO-TWWAIENETHFHLLN
EIZHEZGELD, ZDE=OIZIEMZETNIERLIS (e g BEMNEEEDREFE)
EZTWEFnIEESRE0

— Those involved must always keep their eyes open and pay attention to whether it
can be applied somewhere.

MR EFICH=52LDTIL—TH, RLEIIZEZT, FHREEFELEOTHE
BEIEEIT L, AIDADBFIC, HEDIRNEFNIMAELALGL
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NCTS School@ Ei&ZEKXKE

Feb.17-18, 2025 (before HPC Asia 2025) e e Lomiming on | el

https://ncts.ntu.edu.tw/events 3 detail.php?nid=358 ' A Heterogeneous
Supercomputer System

Overview: Wisteria/BDEC-01, h3-

09:10-10:00 Open-BDEC () 2025.2.17| 2025.2.18

Nakajima
10:10-11:00 |Earthquake Simulations, Hands-on
Eigﬁgg Overview of h3-Open-SYS/WaitlO,

Day-1 14-10-15-00 Parallel Computation on Sumimoto

Heterogeneous Environment, Kehgo Nakajima _Shinj Sumimoto
15:10-16:00 |Hands-on S ,

Takashi Arakawa
G

Th okyo

Introduction to Global Atmospheric

Introduction & Purposes

16:10-17:00 Slmulatlon In this 2-day intensive course, parficipants will learn about the
development of coupled applications on heterogeneous systems
OverVIeW Of h3_Open_ UTI L/M P using WaitlO and UtIIMP, and in particular the methods of combining

Yash I ro simulation for computational science and machine learning. Starting
from the basics of coupled computation, this course focuses on how
to develop coupled applications between Odyssey and Aquarius on

09:10-10:00
. ) Arakawa Wisteria/BDEC-01 Using WaitlO and UFilMP.
10:10-11:00 |Coupling of Global Atmospheric i -
Outline & Descriptions

11:10'12:00 SlmUIatlon and AI, Hands_on First, participants will learn how fo rewrite weakly coupled applications via files

using WaitlO with MPI-like communication API.

Day_2 13:10'14:00 Next, they will learn about integration of simulation and machine learning using

UtIIMP. In particular, by coupling simulation code written in Fortran/C with machine

learning libraries written in Python, they will learn about application coordination

Future Issues’ QC (Quantum Naka]lma that takes advantage of the characteristics of Wisteria/BDEC-01, not limited to

multi-physics coupling. Furthermore, hands-on exercises using Wisteria/BDEC-01 are

Computing) -HPC Hybrid Arakawa sl
15:10-16:30 |In-Depth Discussions

14:10-15:00






