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e Integration of (Simulation/Data/Learning)
—Wisteria/BDEC-01
—h3-Open-BDEC

» Applications on Wisteria/BDEC-01 with h3-Open-BDEC



65th TOP500 List (June, 2025)

Rax Performance of Linpack (TFLOPS)  http://www.top500.org/
Rpeak: Peak Performance (TFLOPS), Power: kW

3

Power

El Capitan, 2024, USA DOE/NNSA/LLNL

Frontier, 2021, USA DOE/SC/Oak Ridge
National Laboratory

Aurora, 2023, USA DOE/SC/Argonne National
Laboratory

Eagle, 2023, USA Microsoft

HPC 6, 2024, Italy Eni S.p.A.

Fugaku, 2020, Japan R-CCS, RIKEN

Alps, 2024, Switzerland  Swiss Natl. SC
Centre (CSCS)

9 LUMI, 2023, Finland EuroHPC/CSC

o N o 0o b~ W

10 Leonard, 2023, ltaly EuroHPC/Cineca

15 ABCI 3.0, 2025, Japan AIST

22 CHIE-3, 2024, Japan SoftBank, Corp.

24 CHIE-2, 2024, Japan SoftBank, Corp.

27 ABCI-Q, 2025, Japan AIST

36 EPT, 2025, JAPAN FPT Al Factory

37 Miyabi-G, 2024, Japan JCAHPC

TSUBAME 4.0, 2024, Japan Institute of
Science Tokyo

Wisteria/BDEC-01 (Odyssey), 2021, Japan
U.Tokyo

46

73

JUPITER Booster, 2025, USA EuroHPC/FZJ

HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A,
Slingshot-11, TOSS

HPE Cray EX235a, AMD Optimized 34 Gen. EPYC 64C 2GHz, AMD Instinct
MI250X, Slingshot-11

HPE Cray EX - Intel Exascale Compute Blade, Xeon CPU Max 9470 52C 2.4GHz,
Intel Data Center GPU Max, Slingshot-11, Intel

EVIDEN, BullSequana XH3000, GH Superchip 72C 3GHz, NVIDIA GH200
Superchip, Quad-Rail NVIDIA InfiniBand NDR200, RedHat Enterprise Linux
Microsoft NDv5, Xeon Platinum 8480C 48C 2GHz, NVIDIA H100, NVIDIA
Infiniband NDR

HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD
Instinct MI250X, Slingshot-11, RHEL 8.9

Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D

HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA GH200 Superchip,
Slingshot-11

HPE Cray EX235a, AMD Optimized 34 Gen. EPYC 64C 2GHz, AMD Instinct
MI250X, Slingshot-11

EVIDEN, BullSequana XH2000, Xeon Platinum 8358 32C 2.6GHz, NVIDIA A100
SXM4 64GB, Quad-rail NVIDIA HDR100

HPE Cray XD670, Xeon Platinum 8558 48C 2.1GHz, NVIDIA H200 SXM5 141 GB,

Infiniband NDR200, Rocky Linux 9

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
NDR400, Ubuntu 22.04.4 LTS

Fujitsu, Supermicro SYS-221GE-TNHT-LCC, Intel Xeon Platinum 8558 48C
2.1GHz, NVIDIA H100 SXM5 80GB, Infiniband NDR, Rocky Linux 9.4

HPE, HGX H200, Xeon Platinum 8558 48C 2.1GHz, NVIDIA H200 SXM5 141 GB,
Infinibband NDR400, Ubuntu 22.04.5 LTS

Fujitsu, Supermicro ARS 111GL DNHR LCC, Grace Hopper Superchip 72C 3GHz,

Infiniband NDR200, Rocky Linux
HPE Cray XD665, AMD EPYC 9654 96C 2.4GHz, NVIDIA H100 SXM5 94 GB,
Infiniband NDR200

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

11,039,616
9,066,176
9,264,128
4,801,344
2,073,600
3,143,520
7,630,848
2,121,600
2,752,704
1,824,768

479,232
297,840
297,840
315,210
146,304

80,640
172,800

368,640

1,742.00
(=1.742 EF)

1.353.00
1,012.00
794,40
561.20
477.90
442.01
434.90
379.70
241.20
145.10
91.94
89.78
74.58
49.85
46.80
39.62

22.12

2,746.38
63.4 %
2,055.72
65.8 %
1,980.01
51.1 %
930.00
85.3 %
846.84
66.3 %
606.97
66.3 %
537.21
82.3 %
574.84
75.7 %
531.51
71.4 %
181.49
78.7 %
130.44
80.0 %
138.32
66.5 %
138.32
64.9 %
99.35
75.1 %
67.44
73.9 %
72.80
64.3 %
61.60
64.3 %
25.95
85.2 %

58.99

54.98

26.15

60.62

56.48

14.78

61.05

53.43

32.19

59.29

40.67

47.59

48.55

15.07

29,581

24,607

38,698

13,088

8,461
29,899
7,124
7,107
7,494

3,596

1,834

983

816

1,468
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Hitachi SR8000 H'taCh'YSa;*giGK/ M1 Pseudo Vector
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Integration of (S+D+L) has been our
main strategy in recent 10 years =~ FEEtemmmme

« Various Types of Workloads
— Computational Science & Engineering: Simulations
— Big Data Analytics +Al, Machine Learning ...

Integration of (Simulation+Data+ Learning)

nnnnnnnnn

(S+D+L) is important towards Society 5.0, Human-
Centered Society proposed by Japanese Gov,

— By Integration of Cyber & Physical Space =1p] =& (B|g Data &
Extreme Computing)

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

— Focusing on S (Simulation) f ;
» Al for HPC, (Classical) Al for Science + D +L

— Planning started in 2015 5




Wisteria/BDEC -01 The 15t BDEC System (Big Data &
Extreme Computing)

* Operation starts on May 14, 2021 pjatform for Integration of (S+D+L)
« 33.1 PF, 8.38 PB/sec by Fujitsu

o~ i i - 2 ® o : & Platform for Integration of (S+D+L)
4.5 MVA with COO“ng’ 360m ’0 > 4 h"nlisct_%:la Big Data & Extreme Computing

Simulation Nodes:

Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8 PB/s

Shared File Fast File
System Data/Learning System

(SFS) Nodes: Aquarius (FFS)
25.8 PB, 500 GBIs Intel Ice Lake + NVIDIA A100 1PB, 1.0 TBIs

7.20 PF, 578.2 TBIs

800 Gbps

External TLALS =7 2181 External

Resources —
s I g Resources

External Network



Wisteria/BDEC -01 The 15t BDEC System (Big Data &
Extreme Computing)

» Operation starts on May 14, 2021 pjatform for Integration of (S+D+L)
« 33.1 PF, 8.38 PB/sec by Fujitsu

— ~4.5 MVA with Cooling, ~360m? *.? Wisteria FCltormforintegm 7 0f (S+D+L)
)& 4 BDEC-01 Big Data & Ex .omputing
° 2 Types Of NOde _GrouDS Simulation Nodes#®
— Hierarchical, Hybrid, Heterogeneous (h3) o dissey
— Simulation Node Group: Odyssey Tt
e Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF Shared File Fast File
_ _ System Data/Learning System
7,680 nodes (368,640 cores), Tofu-D (SFS) bdEs: Aanatiis (FFS)
— General Purpose CPU + HBM = e e ol ce Lake + NVIDIA A100 1PB, 1.0 TBIs

— Commercial Version of “Fugaku”

800 Gbps

2o ga bz &

External 7 External

Resources



Wisteria/BDEC -01 The 15t BDEC System (Big Data &
Extreme Computing)

» Operation starts on May 14, 2021 pjatform for Integration of (S+D+L)
« 33.1 PF, 8.38 PB/sec by Fujitsu

— ~ i i _ 2 L IR i i Platform for Integration of (S+D+L)
4.5 MVA with Cooling, ~360m 323 %‘Esct%;'a Big Data & Extreme Computing
° 2 Types Of NOde QI’OUDS Simulation Nodes:
— Hierarchical, Hybrid, Heterogeneous (h3) o dissey
— Simulation Node Group: Odyssey A
e Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF Shared File Fast File
_ _ System Data/Learning System
7,680 nodes (368,640 cores), Tofu-D (SFS) Nores: Atnstiia (FFS)
— General Purpose CPU + HBM 25.8 PB, 500 GBIs el ce Lk + NVIDIA A10D 1PB, 1.0 TBIs

— Commercial Version of “Fugaku”

800 Gbps

— Data/Learning Node Group: Aquarius -
« Data Analytics & Al/Machine Learning Extemal et SV/ERS FTE Y] External
 Intel Xeon Ice Lake + NVIDIA A100, 7.2PF
— 45 nodes (90x Ice Lake, 360x A100), IB-HDRR
» Each DL node is connected to external resources dir  ectly

* File Systems: SFS (Shared/Large) + FFS (Fast/Small)



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

AVO[VETRIVES
7.20 PF, 578.2 TB/s

Machine
Learning, DDA

Simulation Nodes

Simulation

Codes

Odyssey

Wisteria/BDEC-01

Data/Learning
Nodes, Aquarius

Data Assimilation
Data Analysis

Observation
Data

Server,
Storage,
DB,
Sensors,
etc.

= External
‘ ] Resources
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Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Simulation Nodes

Simulation
| Codes w

Odyssey

Fast File | Shared File

Wisteria/BDEC-01 .}

Machine Observation
Learning, DDA Data/Learning Data
Nodes, Aquarius

System System

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

Data/Learning Nodes

AVO[VETRIVES
7.20 PF, 578.2 TB/s

Data Assimilation

Data Analysis

Optimization of Models/Parameters for
Simulations by Data Analytics & Machine
Learning (S+D+L)




Research Area based on Machine Hours
B CPU, BGPU (April 2024-March 2025)

M Engineering

Engineering

:?]i%rmatics M Earth/Space
m Material
Bio Engineering M Energy/Physics
Eﬂergy/ Science ® Info. Sci. : System
ysies ' ® Info. Sci. : Algorithms
SLCUUS R Info. Sci. : Al
. Earth/Space Al y aSclence ® Education
\WEIEELS Science ;
Science (LLM) W Industry
Materials Bio

Science

Bioinformatics
w Social Sci. & Economics

, Dat
Aquarius at
A100

Odyssey
AB4FX

11



e Integration of (Simulation/Data/Learning)
—Wisteria/BDEC-01
—h3-Open-BDEC

» Applications on Wisteria/BDEC-01 with h3-Open-BDEC
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h3-Open-BDEC: Innovative Software Platform
for Integration of (S+D+L) on the BDEC
System, such as Wisteria/BDEC -01

« 5-year project supported by

Japanese Government (JSPS) h3-Open-BDEC
since 2019 Numerical Alg./Library

o : : Integration +
New Principle for = Simulation + Data + Comiminicatiches

— FY.2023 is the final year Computations Learning Utilities
* Until then end of March 2024 PA:;c?r-ig\ﬁwesn\;\Etl?Ilti;Ir_\t- h3-Open-APP: Simulation | h3-Open-SYS
. . errormance, reliability, ication Developmen ontro niegration
 Leading-Pl: Kengo Nakajima c - -
(The Unlve rSIty Of TO kyo) Veriﬁggt-i?)ﬁet;‘f-‘l-l\st?uracy hs-%ggg‘:l\:ﬁcg - Utilititg:ftn?:%;?ﬁg'l-scale
g TOtaI BUdget 141M USD h3-Open-AT h3-Open-DDA: Learning

Automatic Tuning Data Driven Approach
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h3-Open-BDEC Innovative Software Platform
for Integration of (S+D+L) on the BDEC
System, such as Wisteria/BDEC -01

e “Three” Innovations

— New Principles for Numerical h3-Open-BDEC

Analysis_by Ad_aptive Precision, P —
Automatic Tuning & Accuracy New Principle for  Simulation + Data+ o mroranon ¥
Verification GoinpUiaticns el Utilities
— Integration of (S+D+L) by A.Sc?,}ﬁ,ﬁfs“&'?fﬂgh- h3-Open-APP: Simulation h3-Open-SYS
H . h I D t D ) A h Performlzaf?cg, Reliability, Application Development Control & Integration
lerarchical Data briven Approac : ity :
(hDDA) h3-Open:VER h3-Open-DATA: Data | yyilties for Large-Scale

Verification of Accuracy Data Science

Computing

— Software & Utilities for - 5

Heterogenous Environment, such as [ iR e ey e

Wisteria/BDEC-01
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h3-Open-BDEC Innovative Software Platform
for Integration of (S+D+L) on the BDEC
System, such as Wisteria/BDEC -01

e “Three” Innovations

— New Principles for Numerical h3-Open-BDEC

Analysis_by Ad_aptive Precision, P —
Automatic Tuning & Accuracy New Principle for  Simulation + Data+ o mroranon ¥
Verification GoinpUiaticns Leatiing Utilities
— Integration of (S+D+L) by A.Qc?,}ﬁ,ﬁfs“&'?fﬂgh- h3-Open-APP: Simulation h3-Open-SYS
H_ h I D t D . A h PerformEaf?cg, Reliability, Application Development Control & Integration
ierarcniCal bata briven Approac : i ‘
(hDDA) h3-Open:VER h3-Open-DATA: Data | yyilties for Large-Scale

Verification of Accuracy Data Science

Computing

— Software & Utilities for e
. h3-Open-AT h3-Open-DDA: Learning
Heterogenous Environment, such as CTELE T TE Data Driven Approach

Wisteria/BDEC-01




Acceleration of Transient CFD Simulations using ML/CNN
Integration of (S+D+L), Al for HPC/AI for Science

Flow around a
Circular Cylinder

B

Datasets

Prediction

Simulation by LBM
Expensive

[

filz + ciAt, t + At) = fi(z, t) + Qu(z, t)
Uz, t) =~ (file,t) — (2. 1)

-~
-

Training

Prediction of the Results
after 10+ Time Steps ...

Prediction of Time
Evolution

CNN to predict simulation results
NN may become “faster simulator”

[c/o Takashi Shimokawabe (ITC/U.Tokyo)]

h3-Open-APPL | h3-Open-DATA h3-Open-UTIL
h3-Open-DDA/hDDA

O
Detailed g ey g Simplified g s

p
Various types of simplified models are generated by ML, and they are
utilized for generating training data sets, and for simulations in
hierarchical manner < Prediction of Unsteady Problems
Data Assimilation AMR
= Model Order Uncertainty {Adjoint, Sparse "F?itWJ
eduction (MOR) Quantification (UQ) Modeling etc.) Detection

Numerical

Visualization | Observation
Results

Information Results

Initial Target:
Estimating O(10)
time steps ahead in
transient CFD
simulations




Prediction of steady flows using convolutional neur

Input
» Signed distance function

(Geometry)
* Boundary conditions of
velocity (u, v)

CNN Prediction

125 A

100 A

751

50

254

0

125 A

100 A

751

50

254

0

Velocity x (CNN prediction)

al networks (CNNSs)

LBM Ground truth

velocity X (LBIVI ground trutn)

U (velocity in x dir)

125 A

100 A

751

50 A

254

0

T T T T
50 100 150 200

T
250

0

V (velocity in y dir)

125 A

100 A

751

50 A

25 A

0

0
Output - a3 = =
o Velocity (U,V) 15 -10 -05 00 05 10 15 15 -10 -05 00 05 1.0 15

Computation time
LBM (82,000steps) : 41.1 sec

[c/o Takashi Shimokawabe (ITC/U.Tokyo)] CNN prediction: 0.6 sec

CNN prediction has achieved high accuracy with sign ificant reduction in calculation time.



Prediction by CNN with boundary exchange

B Predicting simulation results on large domain using CNN with boundary exchange.

B The network model trained for a single domain is applied to the decomposed subdomains to predict
the simulation results in each subdomain.

M In order to maintain consistency between values in the subdomains, boundary exchange between
neighbor subdomains is performed.

B CNN and boundary exchange are performed iterativelv until values converge.

Signed distance function Velocity Initial o

Boundary conditions

AL
' "'.
|

300 + u 200

200 4 — 100

\
Y
Y

CIMN
e

100 0
A

0 200 400 600
0 - - - . —— |

0 200 400 600 -1.5 -1.0 -05 0.0 0.5 1.0 15

(Final ) Domain size : 748 x 364
(9 decomposed subdomains)
Mean error : 3.89%

S . Comp. time :@3.82s
Converged
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h3-Open-BDEC Innovative Software Platform
for Integration of (S+D+L) on the BDEC
System, such as Wisteria/BDEC -01

e “Three” Innovations
— New Principles for Numerical

. . .. h3-Open-BDEC
AnaIyS|s_ by Ad_aptlve Precision, TR T
AUtpmat_IC Tunmg & Accuracy New Principle {o]§ Simulation + Data + Co:rlr::ﬁﬂ:::::tri‘o;ﬁ
Verification Computations Learaing Utilities
- Integration of (S+D+|—) by Alé‘fr}ﬁ,ﬁfs"&'?fﬂgh- h3-Open-APP: Simulation h3-Open-SYS
. . . Performance, Reliability, Application Development Control & Integration
Hierarchical Data Driven Approach Efficiency
. | ey __h3-Open-UTIL
(h D DA) Veriﬁ:::t-i?)'r’le:f‘l-l\ssuracy h3-%|.;:;l gél\::l\cg = Utlhtleémplaagg;-Scale
— Software & Utilities for -

Heterogenous Environment, such as [ M e/ bl
Wisteria/BDEC-01



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.




h3-Open-SYS/WailO-Socket

* Wisteria/BDEC-01
— Aguarius (GPU: NVIDIA A100)
— Odyssey (CPU: A64FX)

e Combining Odyssey-Aquarius
— Single MPI1 Job over O-Ais

impossible

e Connection between Odyssey-
Aguarius
— IB-EDR with 2TB/sec.
— Fast File System
— h3-Open-SY S/WaitlO-Socket

o Library for Inter-Process
Communication through 1B-
EDR with MPI-like interface

21

¢ o T z Platform for Integration of (S+D+L)
+*, NISINA g Data & Extreme Computing

Shared File il Fast File
System System

(SFS) Nodes Aquarlus G
25.8 PB, 500 GBIs Intel Ice Lake + NVIDIA A100 1PB, 1.0 TBIs

7.20 PF, 578.2 TB/s

— 800 Gbps —

External Zhike = [T External
Resources S = | e Resources
A S Py aillfs

| External Network

Hierarchical, Hybrid, Heterogen

Z h3-Open- BI]E[:
/// e
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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]



23

Coupler/Multiphysics Coupler

» Coupler is a tool for coupling multiple
scientific applications loosely

— Multiphysics Coupler: Ocean-Atmosphere,
Fluid-Structure etc.

— Connecting multiple applications using various
grid/mesh systems: e.g. FEM-FDM

— Interpolation/Extrapolation

— Non-Centralized/Fully Distributed Operations,
No Master Process NICAM (smcsshers].

L

i
COCO (ocean)
Tripolar grid system

* Also applicable to full coupling,
multiple applications
Model procedures
| | 2. Send-data extraction from
the buffer, and data sending

Icosahedral grid system

# NICOCO
new coupled model)

raw dota from the bufe
data to the buffer
1. Dat;-packing Reov 6o !
into a buffer ll!lu,.@l'lu,
Coupler procedures u" u"
3. Data-packing after the i il
interpolation process

=
L — T S ——
BJ& Data extraction 272 276 280 284 288 292 296 300(K)

£
S| E =1 from the buffer " "I00 120 140 160 180 200 (W/mi] 13 26 39 (mmoul
1&»




Simulations of Super El Nino

Mechanism of the Abrupt Terminate of Super El Nifo in
1997/1998 has been revealed by Atmosphere-Ocean
Coupling Simulations for the Entire Earth using
ppOpen-HPC (Multiphysics Coupler) on the K computer

[Sato et al. 2017]
THE EL NINO PHEN

NORMAL
YEAR

OMENON
1" g

Equatorial LA |
winds gathe il
warm water pool ~

toward the west.
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h3-Open -UTIL/MP
Integration of (S+D+L) h3 ﬂllen-BDEC

. . ] ] / Big Data & Extreme Computing
Multilevel Coupler/Data Assimilation 7

Model
HPC App e
(Fortran)

Analysis:‘M L
F<->P adapter
h3o-U/MP o m

Extended Version of Multi-Physics
Coupler

A huge amount of
simulation data

Coupling of Simulations on — -
Odyssey and Al on Agquarius So! Wisteraprvmy T ¢ wisteria preey
— Combined with WaitlO SR
Special Capabilities for Data
Assimilation and Ensemble
Simulations
— Data Assimilation by Coupled Codes <
* e.g. Atmosphere-Ocean Observation

— Ensemble Coupling

Assimilation



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
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 Integration of (Simulation/Data/Learning)
—Wisteria/BDEC-01
—h3-Open-BDEC

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



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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Real-Time Sharing of Seismic Observation is
possible in Japan by JDXnet with SINET

Japan Data eXchange network

e Seismic Observation Data (100Hz/3-dir’'s/O(10%) observation points)
by JDXnet is available through SINET in Real Time
— O(102%) GB/day: available at Website of NIED
— O(10°) pts in future including stations operated by industry

» NIED . i » 2 d?; ,
=== University’s P v @
orgraty (L ' :
ERl/U.'prokyo ﬁ i
® =
Sonve70O

[c/o Prof. H.Tsuruoka
(ERI/U.Tokyo)]



Seism3D/OpenSWPC -DAF v . o™y, 1imese

Starting from (A+S: Assim .+Sim.) to
(Pure S: Pure Simulation), 3D FDM Comp. _Assim.

xn+1 = Fxn F: Wave Propagation

[Prof. T. Furumura, ERI/U.Tokyo] simlation

(A+S) Assimilation+Simulation e———————=md (Pure S) Pure Simulation/Forecast

s
- forecasted F 3 assimilated G4t (blietisten forecasted_ assimilated
! - ’:.

xﬁ‘l:x +W(yn—Hx)

Bl k=

residual from abs

bl |
R

observation

observation 1
I+l

{ | Optimal
p weight

[c/o Prof. T. Furumura, ERI/U.Tokyo]

P- w: Welghtlng Matrix
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3D Earthquake Simulation with Real -Time Data
Observation/Assimilation on Wisteria/BDEC  -01

» NIED o e . ’ _ -
S i . Y 3 WISIEI'Iﬂ Output
ERAEE . ¢"e BDEC-O1 &

Data/Learning

Nodes: Aguarius
Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s
>

Sonve7H
2.0 TB/s
Simulation Nodes: Seism3D/

Observed Data Visualizer

h3-Open-SY S/WaitlO-Socket

External Server

for Observed

Fujitsu/Arm A64FX
DEI] J

25.9PF, 7.8 PB/s | 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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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’
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 Integration of (Simulation/Data/Learning)
—Wisteria/BDEC-01
—h3-Open-BDEC

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



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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Global Cloud Physics (1/2)

High-Resolution Model/Low-Resolution Model for Parameterization
Replace Low-Resolution Model Simulations (25%) with Al (trained by results

of High-Resolution Model)

m
g
<

I\

rus
AN

-

100km

Input

Coupling without
Grid Remapping

High Resolution Atmospheric Model
(Convection-Resolving Mode)

Low Resolution Atmospheric viode
(Convection-Parameterization Mode)

Hierarch hical, Hybeld, Heteragencous

. ) 2 h3-Open-BDEC
. . / Big Data & Extreme Computing
5% T T 2504, % B
Coupling Phase 1 Coupling Phase 2

Training with high-resolution Replacing Physical Process
NICAM data in Low-Resolution NICAM
with Machine Learning

[Arakawa et al. HPC Asia 2022]
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Global Cloud Physics (2/2)

High-Resolution Model: NICAM in Fortran on Odyssey
Training/Inferencing: (PyTorch: 3-Layer Perceptron) on Aquarius
Seamless Operations on Odyssey/Aquarius by h3-Open-BDEC: Training
of Al by Simulation, and Integration of (Simulation+Inferencing)

Aquarius

Input

Coupling without
Grid Remapping

Low Resolution Atmospheric viodel
(Convection-Parameterization Mode)

High Resolution Atmospheric Model
(Convection-Resolving Mode)

\
5% — Y
Coupling Phase 1 Coupling Phase 2

Training with high-resolution Replacing Physical Process
NICAM data in Low-Resolution NICAM [Al’akawa et al HPC ASla 2022]

with Machine Learning




Comparison: Simulations and Al

Input: Air Density, Internal Energy of Air, Vapor Density
Output: Gradient in Time Direction of 3 Parameters [Arakawa etal. HPC Asia 2022]
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How to run the workloads

o Total Number of Nodes
— Odyssey: 7,680 nodes: not so crowded

— Aquarius: 45 nodes, 360 GPUs, very
crowded

* One node of Aguarius is reserved
for this type of workload on the
Integration of (S+D+L)

« 2 separate jobs (Odyssey, Aquarius)

should be submitted

 If both jobs “grab” resources,
execution starts.

« More flexible (& complicated) policy
needed

*.? Wisteria

¢ ¢ BDEC-01

Shared File
System

(SFS)
25.8 PB, 500 GBIs

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

Simulation Nodes:

Odyssey
Fujitsu/Arm ABAFX
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 TBIs

External
Resources

A huge amount of
simulation data
output

h3o-UMP

JOR -l oayssey|

800 Gbps

2og alide &

i1 External

< — yormme Resources
e ' et

External Network

HPC App
(Fortran)

Surrogate
Model

Analysis/ML

App
(Python)

F<->P adapter
h3o-U/MP

>

Coupling

IB-EDR
*.* Wisteria
. 4 BDEC-01 m



Examples of Scripts [Sumimoto , Arakawal]

Odyssey for Simulation

#!/bin/bash

#PJIM -N "test_waitio"

#PJIM -L rscgrp=coupler-lec-o
#PJM -L node=10:noncont
#PJIM --mpi proc=80

#PJIM -L elapse=00:10:00
#PJM -g gt00

#PJIM -

#PJM -e err

module load fj
module load fimpi
module load waitio

export WAITIO_MASTER_HOST="hostname"
export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=0

export WAITIO_NPB=2

hostname
waitio-serv-a64fx -d -m $WAITIO_ MASTER_HOST

#mpiexec -oferr-proc errnicam -np 160 ./nicam
mpiexec -np 80 ./nicam

Aquarius for Al

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-a
#PJIM -L node=1

#PJM --mpi proc=10

#PJIM -L elapse=00:10:00
#PJIM -g gt00

#PIM -j

#PJIM -e err

module unload aquarius
module unload gcc ompi
module load intel
module load impi
module load waitio

export WAITIO_MASTER_HOST="waitio-serv -c
export WAITIO_MASTER_PORT=7100

export WAITIO_PBID=1

export WAITIO_NPB=2

module unload intel
module unload impi
module load gcc ompi

mpiexec -n 10 ./ada
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Summary

 Integration of (Simulation/Data/Learning) at ITC/U.Tokyo
* Wisteria/BDEC-01

 h3-Open-BDEC

* Applications

rchical, Hybrid, Heterogen

Z h3-Open- BDEG
// Big Data & Extreme Computing

%o Wisteria g%
¢ ¢ BDEG-01 !

ik

41





