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2001-2005 2006-2010 2011-2015 2016-2020 2021-2025 2026-2030

Hitachi SR8000
1,024 GF

Hitachi Hitachi

SR2201 SR8000/MPP

307.2GF 2,073.6 GF
2,600+

55

Hitachi SR11000
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5.35TF, 18.8 TF
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549 TF

1.13 PF

Hitachi SR16K/M1

Fujitsu FX10
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Hitachi SR11000 Hitachi SR16K/M1
J1,J2 Yayoi

IBM Power5+ IBM Power7

Hitachi SR8000
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SR8000

Intel CLX

012109,
(Fujitsu)

Hitachi Hitachi
SR2201 SR8000/MPP
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HARP-1E SR8000

Hitachi HA8000 Oakforest-

T2K Todai PACS (Fujitsu)
Nl PF

Accelerators

AMD Opteron
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Oakleaf-FX oo BOEC-07 Fulitsu

13 PF 33.1 PF 250+ PF
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Simulation Nodes:

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Shared File : Fast File
System Data/Learning System

SFS Nodes: Aquarius FFS
25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100 1PB, 1.0 TB/s

7.20 PF, 578.2 TB/s

800 Gbps Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
Ertornal e » - A2019 7 2023 9 30 s
Boealoes ™ = Eﬁféﬂ?c'es A 6.61 PF, #110 in 58t TOP500-June 2023 (Plan) h3 UIJHEI!“EPEE
Wisteria/BDEC-01 Fujitsu
A Odyssey AB4FX (#17)
- | - A Aquarius Intel Icelake+NVIDIA A100) (#106)

A33.1PF #13in 57" TOP 500 2021 5 14
= A S+D+L
A h3-Open-BDEC

S 2019 2023

*,* Wisteria

*,* Wisteria
+"o BOEC-01

+ ¢ BDEC-01

Simulation Nodes Data/Learning Nodes s
s OdysseyX s _Aguarius* Oakbridge-CX
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1 Al

K Society 5.0
Digital Twin

AS: Simulation
A D: Data
AL Learning
I Simulation + Data + Learning =
S+D+L

CPU Cluster
Oakbridge-CX

Society 5.0 for SDGs

Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a

better future”, which

Economic and
social innovation

by deepening of
Society 5.0

GPU Cluster
Reedbush-L

Keidanren

Jopan Business Federaton

lndustrial society

Sta rt of information distribution
Information society,

on of steam locomotives
art of mass production

| ment of i |rr|ga||on techniques
'm establishment of settlements

v

p ? <Agranan society

Coexistence with nature

Hunting society

The birth of
human beings

13,000 BC

1
|
I
1
I
I
|
I
L

v

End of Latter half of From
the 18th century the 20th century ~ the 21st century

Source: Prepared based on materials from the Japan
Business Federation (Keidanren)

Al

5.0: Super Smar
4.0
3.0
2.0

1.0



A 2015 S+D+L

I BDEC Big Data & Extreme Computing et
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A Al for HPC, Al for Science
:
A 2021 5 Wisteria/BDEC-01
BDEC 1
I Reedbush Oakbridge-CX BDEC
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I S+D+L
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A 2].021 0 13’ Big Data & Extreme Computing
A 33.1 PF, 8.38 PB/sec. ® ¢ \isteria P'atform for Integration of (S+D+L)
i ~4.5 MVA ~36Om2 “ * BDEC-01 Big Data & Extreme Computing
A Hierarchical, Hybrid, Heterogeneous (h3) odyssey
A 2 - 25.9PF, 7.8PB/s :
B Shared File _ Fast File
| S, SIM  Odyssey System System
A Aquarius
A Fujitsu PRIMEHPC FX1000 (AB4FX), 25.9 PF 2580 soocess SN MO ok ivonsico
i 7,680 368,640 20 Tofu-D
i D/L, DL Aquarius g EXIEMAL
A .
A Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
i 45 Ice Lake 90  A100 360 , IB-HDR
A ‘,‘ Wisteria

¢~ ¢ BDEC-01




Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Fast File |Shared File

System System

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

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

%Y Wisteria
¢~ ¢ BDEG-01
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Odyssey

Wisteria/BDEC-01

DDA

Aguarius

Al

o~
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Wisteria/BDEC-01 Jun. 2023 (ISC23)

Wisteria/BDEC-01 Odyssey
Aquarius

TOP500 | Green500 | HPCG | Graph500 H(EELI\%P

Oakbridge-CX

Wisteria/BDEC-01

Odyssey 25 50 12 6 14

Wisteria/BDEC-01

. 136 32 68 - -
Aquarius
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Al for Science *.*
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A Odyssey-Aquarius

Wisteria
BDEG-01

Big Data & Extreme Computing

i MPI
A O-A MPI
Odyssey-Aguarius InfiniBand-EDR
2TB/sec
A

I h3-Open-UTIL/MP

O-A
A IB-EDR WaitlO-Socket

A FFS
File

h3-Open-SYS/WalitlO

WalitlO-

Platform for Integration of (S+D+L)

® * wi i
¢ Wisteria Big Data & Extreme Computing

¢ ¢ BDEC-01

Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

Shared File
System

Fast File
System

Aquarius
SFS Intel Ice Lake + NVIDIA A100 FFS
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

- External
S 88T Resources

h3-Open-BDEC

S+D+L
&
h3-Open-MATH h3-Open-APP:

Simulation h3-Open-SYS

/ Ii.. lk‘@)ofﬁ

h3-Open-DATA: Data h3-Open-UTTIL

4D 9

h3-Open-VER
“Dyolws
h3-Open-DDA:
Learning
4D 3 n

h3-Open-AT
s D Afi o
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h3-Open-B DEC Hierarchical,

Hybrid,
Heterogeneous
2019 23 .
. Big Data &
https://h3-open-bdec.cc.u-tokyo.ac.|p/ Exgtreme
Computing

h3-Open-BDEC

App. Dev. Framework

New Principle for Simulation + Data +
Computations Learning

Numerical Alg./Library Control & Utility
Integration +

Communications+

Utilities
h3-Open-MATH _ _
Algorithms with High- h3-Open-APP: Simulation h3-Open-SYS
e.g. Performance, Reliability, Application Development Control & Integration

Efficiency

Wisteria/BDEC-01
h3-Open-UTIL
Utilities for Large-Scale
Computing

h3-Open-VER h3-Open-DATA: Data
Verification of Accuracy Data Science

>
Hierarchical, Hybrid, Heterogeneous

Z h3-Open-BDEC 3
/// Big Data & Extreme Computing

llllllllllllll ybrid, Heterogeneous

h3-Open-AT h3-Open-DDA: Learning
Automatic Tuning Data Driven Approach //h/s unEnuBncE,q

14
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h3-Open-SYS/WaitlO

2020
HPC-181 2021

A

A

V Odyssey Adguarius
A IB-EDR WaitlO-Socket
A WaitlO-File

V
V

A AP| C/C++ Fortran
V MPI
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APl of WaitlO: PB (Parallel Block) == Each Application

A Application is able to select communication processes among PBs

WaitiO AP!

Waitio Instance  WAITIO_NPB=3

waitio _isend Non-Blocking Send | o |
waitio_irecv Non-Blocking Receive Parallel Block Parallel Block
.. ) ) : o _ mpiexec... -n 32 ./a.out mpiexec... -n 2 ./a.out
waitio_walit Termination of waitio_isend/irecv I ——10-
pl I

waitio_init Initialization of WaitlO WATO MASTER oS | | WG
waitio_get nprocs Process # for each PB (Parallel Block 11 mio P2 ]

—get.np ( ) Parallel Block | —
waitio_create_group Creating communication groups mpiexec..-n8./a.out  pp|D=1
waitio_create_group wranks among PBOs
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]

Copyright 2023, Shinji Sumimoto@The University of Tokyo
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h3-Open-UTIL/MP
I MPI

'|'
A Fortran/C
I Fortran C

WEABETIL

o ™ - on
i 7 x 5 4 2 .
Pyt h O n = FPPH TS
AI gl) "R - [IERETI h3OMP h30OMP
A —p

HwFIwd

Fortran/C Python

2020 17



h3-Open-UTIL/MP
h3-Open-SYS/WaitlO-Socket

2022 6
2022 11

Fortran APP
(NICAM)

h3openmodules

A

h3-OpenUTIL/MP

2021 4

Jcupmodules

jeup_mpi_lib.f90

MPI

Python APP
(PyTorch

h3opp.py

h3open modules

Jcupmodules

jcup_mpi_lib.f90

A

h3-OpenUTIL/MP

J—

Jcupmodules
jeup_mpi_lib.f90

7

%Y Wisteria
o ¢ BDEC-01

Fortran APP
(NICAM)

Python APP
(PyTorch

h3opp.py

IB-EDR

=)

h3open modules
h3open modules

Jcupmodules

jcup_mpi_lib.f90

waito
MPI+WaitlO

2022 6 - Coupler WaitlO

18

Big Data & Extreme Computing

F h3-Open-BDEC
2,

18
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in 2023

HPC

Machine
Learning, DDA

Simulation

Codes

Simulation Nodes
Odyssey

Wisteria/BDEC-01

Data/Learning
Nodes, Aquarius

Data Assimilation
Data Analysis

Observation
Data

Server,

Sensors,
etc.

7 72
Networ

YR

i

L2 ¥ 88 External

« Resources

Originally

developed in
ERI/U.Tokyo

3D
JDXnet

Observation Network for Earthquake: 0(10°) Points

A Ll ge Ut (o Yo i
&l o o

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

2007/616 2007/60¢
4 7

A e

S 30s

(ERI/U.Tokyo)]

21

[c/o Prof. T.Furumura
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A + S Residual n: Time Step
) Assim. Co Obs. Co]mp. W- Weighti :
. : ghting Matrix
X; = + W(y, — Hx;)
K P u re S . Comp. Assim .
x/  =Fx% & -
n+1 n  F: Wave Propagation
simulation

(A+S) Assimilation+Simulation 2 (Pure S) Pure Simulation/Forecast

s
forecasted %,ﬁ'J asslmllated I_Ht (b) P forecasted assimilated

B & DFRE

residual from obs

A

observation

| Optimal
weight

[c/o Prof. T. Furumura, ERI/U.Tokyo]
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0.5-1MB/sec
* 20-70KB/sec

977K Isec(764 Data/Learnin_g
Observed Data Nodes: Aquarius

Intel Ice Lake + NVIDIA A100@ErI4 /sec(368 )
7.20 PF, 578.2 TB/s :
;5 . Filtered
wWE7T
Obs. Data
External Server

Comp.
Results

14.1MB/sec
126MB/10sec

Results |RYER{{eESI G

2.0 TB/s

Simulation Nodes: Seism3D/

Odyssey

OpenSWPC-DAF

25.9PF, 7.8 PB/s @esh Da@ EJG Modeﬂ

for Observed

Fujitsu/Arm A64FX
Data J




WalitlO-Socket
Aquarius: SEND

program dmy_filter
< . >

call mpi_init (ierr )

call mpi_comm_size (MPI_COMM_WORLBprocs ,
call mpi_comm_rank (MPI_COMM_WORLByrank,

ierr )
ierr )

call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERS&r )

if ( myrank==0) then

I DAT 5 sczdzt £ZE1 A" A1 YT AOEEI

do i=1,300
< . obs >
print *,"Send obs data
call WAITIO_MPI_ISEND (NTMAX1_o, 1,
call WAITIO_MPI_ISEND ( DT_q 1,
call WAITIO_MPI_ISEND ( NST_ o 1,
call WAITIO_MPI_ISEND ( AT_a 1,
call WAITIO_MPI_ISEND (TO_o, 1,
call WAITIO_MPI_ISEND ( ISO_X_g NSMAX,
call WAITIO_MPI_ISEND ( ISO_Y_g NSMAX,
call WAITIO_MPI_ISEND ( I1SO_Z_o, NSMAX,
call WAITIO_MPI_ISEND ( ISTX_o, NST,

Ami EOOt O@ORH

WAITIO_MPI_INTEGER, 2,1,
WAITIO_MPI_FLOAT,
WAITIO_MPI_INTEGER, 2,3,
WAITIO_MPI_FLOAT,

WAITIO_MPI_FLOAT,

2,2,

2,4,

2,5,
WAITIO_MPI_INTEGER, 2,6,
WAITIO_MPI_INTEGER, 2,7,
WAITIO_MPI_INTEGER, 2,8,

WAITIO_MPI_INTEGER, 2,9,

[l icstat” giefEl )OI AOOAARY

WAITIO_COMM_UNIVERSE, (&),
WAITIO_COMM_UNIVERSE, (&),
WAITIO_COMM_UNIVERSE, (&),
WAITIO_COMM_UNIVERSE, (&),
WAITIO_COMM_UNIVERSE, (&(5),
WAITIO_COMM_UNIVERSE (&),
WAITIO_COMM_UNIVERSE (&),
WAITIO_COMM_UNIVERSE (&),
WAITIO_COMM_UNIVERSE, (&),

ierr
ierr
ierr
ierr
ierr
ierr
ierr
ierr
ierr

Odysse: RECV

WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WALTIO MPI_IRECY
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI_IRECV
WAITIO MPI IRECY

(NTMAX1 o,

(DT_o,
(NST o,
(AT_o,
(Te_o,

(1S0 X o,
(IS0 Y o,
(150 7 o,

(1STX_o,
(1STY o,
(1577 _o,
(S1C_o,

(WxAll obs, NST*NOBS_LEN,WAITIO MPL_FLOAT,
(Vyall obs,NST*NOBS LEN,WAITIO MPI_FLOAT,
(WzAll obs, NST*NOBS LEN,WALTIO MPL FLOAT

]

]

1
1,
1
1

1,
NSMAX,
NSMAX,
NSMAX,
NST,
NST,
NST,
G*NST,

[Kasal et al. 2021]

WAITIO MPI_INTEGER,
WALITIO MPI_FLOAT,
WAITIO MPI_INTEGER,
WAITIO MPI_FLOAT,
WALTIO MPI_FLOAT,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_INTEGER,
WAITIO MPI_CHAR,

WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE,...)
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE,...)
, WAITIO_COMM_UNIVERSE, ...
,18,WAITIO COMM_UNIVERSE, ...
8,11,WAITIO_COMM_UNIVERSE, ...
8,12, WAITIO_COMM_UNIVERSE, ...
8,13,WAITIO_COMM_UNIVERSE,...)
8,14, WALTIO COMM_UNIVERSE, ...)
8,15, WAITIO COMM UNIVERSE

R SR R SR A

00 00 O ®

Output

*.? Wisteria
¢ ¢ BDEC-01 &

Movie

call WAITIO_MPI_ISEND ( ISTY_o, NST, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10), ierr
call WAITIO_MPI_ISEND ( ISTZ_o, NST, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11), ierr
call WAITIO_MPI_ISEND ( STC_q@ 6*NST, WAITIO_MPI_CHAR, 2,12, WAITIO_COMM_UNIVERSE,req(1,12), ierr
call WAITIO_MPI_ISEND ( VxAIl_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
call WAITIO_MPI_ISEND ( VzAll_obs,NST *NOBS_LEN,WAITIO_MPI_FLOAT, 2,15WAITIO_COMM_UNIVERSE,req(1,15),ierr
call WAITIO_MPI_WAITALL (15,req, status, ierr )
call sleep(1)
enddo
close (100)
endif
call WAITIO_FINALIZE ( ierr )
call mpi_finalize (ierr )
end

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A10(

Visualizer

438K

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

[Mesh Data | | UG Model |
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L IR 4 Wisteria Platform for Integration of (S+D+L)

Od yS S ey 'A q U ar I LI S "’ BDEC-01 Big Data & Extreme Computing

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Odyssey 7,680 Shared File ' Fast File

System Data/Learning System

Aguarius: 45 , 360 GPUs ok Nodes: Aquarius e

7.20 PF, 578.2 TB/s

25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100
A Aquarius 1 S+D+L

800 Gbps

¥4 External
1 Resources

External

i Odyssey Aquarius 2 Resources

External Network

HPC App AnaX;ips/ML * Model

. j (Fortran) (Python)
F<->P adapter

A ey

output

'|' Coupling
IB-EDR

’ ¢ Wisteria *,* Wisteria
RO 11Xl Odyssey ® o BOEC-01
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Hierarchical, Hybrid, Heterogeneous

ﬁ/ h3-0pen-BDEC

Big Data & Extreme Computing

/// Data Assimilation

N e 1.@@"
(14
/-l a = 4 Filtering Fitered | 3DUG | Results
NG 74 Obs. Data | Model of Si|lmds

T | " ey Optimization of 3D
\ UG Model by ML

3D Simulation

uolezifensin

z
8
’.—3 Basement
N ML 1 ; iy
l -10
-8
-6
-4
(e.g. Mw < 3.0) :
0
A 2
4
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1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

5) Emission of Longwave Radiation from
Earth's Surface

6) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow

10) Soil Water/Snow Melt

11) Snowllce/Water Cover
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12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds
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//// Big Data & Extrems Computing

< ML—a e k' fi =
(NIES), Arakawa (  ClimTech /U.Tokyo )]
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Al

AWaitlO -Hybrid

Socket, File, Hybrid

ANICAM(1.44 _),ADA(1.68 )
aAN J

Seconds | NICAM-0 | ADA-0 |NICAM-a | ADA-a
Socket 320.3 | 467.9 293.9 | 350.1
File 370.7 | 576.6 247.3 | 303.8
Hybrid 306.5 | 452.1 213.1 | 268.4
An  anA a A Socket File
6 Socket GIO
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NICAM+ADA Application Performance

Odyssey + Odyssey | Odyssey + Aquarius

NICAM-o ADA-0 NICAM-a ADA-a

m Socket m File m Hybrid
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2 h3-Open- BDEC

ANICAM: N AN A

6N N 4

A1N A 160 367MB
ADA /1~ pTotal: 2569MB P

AADAK NICAM /1
NANA 6N 4 -
A1IN AT 81MB NICAM 160
1~
At 1 2 100

/// Big Data & Extreme Computing

ADA
NICAM PyTorch _

_ PyTorchfi| ANICAMD Z{E#H 5

[ =02aTyTerEiE

NICAMAPyTorohd Z{E# 5 |

ARM: AG4FX IceLake+A100

Model
HPC App Analg\/slps/ML
Fortran

F<->P adapter

A huge amount of h3o0-U/MP

~ A . simulation data
ML a A pTotal: 567MB P outpu
Coupling
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(a) (b)

KEESREIIaL—i3ay
x(t+1) = f(x(t),u(t),0)

1$5i—50 | EF VRS

KEESEIIaL—iay
x(t+1) = f(x(t),u(t),d)
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