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

• Applications on Wisteria/BDEC-01 with h3-Open-BDEC
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Hitachi
SR2201
307.2GF

Hitachi 
SR8000/MPP

2,073.6 GF

Hitachi SR8000
1,024 GF

Hitachi SR11000
J1, J2

5.35 TF, 18.8 TF

Hitachi SR16K/M1
Yayoi
54.9 TF

Hitachi HA8000
T2K Todai

140 TF

Fujitsu FX10
Oakleaf-FX

1.13 PF

Reedbush-
U/H/L (SGI-HPE)

3.36 PF

33.1 PF

Fujitsu BDEC-
02

250+ PF

AMD Opteron

OBCX
(Fujitsu)
6.61 PF

Ipomoea-01 25PB

Ipomoea-02

Ipomoea-
03

SPACR64 IXfx

Intel BDW + 
NVIDIA P100

IBM Power7IBM Power5+
Intel CLX

A64FX,
Intel Icelake+
NVIDIA A100

Oakforest-
PACS (Fujitsu)

25.0 PF
Intel Xeon Phi

Accelerators

SR8000

SR8000HARP-1E
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Pseudo Vector

Multicore CPU

GPU, Accelerators

Miyabi/OFP-II
80+ PF

Supercomputers
@ITC/U.Tokyo
2,600+ Users
55+% outside of U.Tokyo

NVIDIA GH200 +
Intel SPR/HBM
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• BDEC (Big Data & Extreme Computing)
– Platform for Integration of (S+D+L)
– Focusing on S (Simulation)

• AI for HPC, (Classical) AI for Science
– Planning started in 2015

BDEC (Big Data & 
Extreme Computing)

S + D + L

• Various Types of Workloads
– Computational Science & Engineering: Simulations
– Big Data Analytics +AI, Machine Learning …

• Integration of (Simulation+Data+ Learning) 
(S+D+L) is important towards Society 5.0, Human-
Centered Society proposed by Japanese Gov.
– By Integration of Cyber & Physical Space

Integration of (S+D+L) has been our 
main strategy in recent 10 years



Wisteria/BDEC -01
• Operation starts on May 14, 2021
• 33.1 PF, 8.38 PB/sec by Fujitsu

– ~4.5 MVA with Cooling, ~360m2
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• 2 Types of Node Groups
– Hierarchical, Hybrid, Heterogeneous (h3)
– Simulation Node Group: Odyssey

• Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
– 7,680 nodes (368,640 cores), Tofu-D
– General Purpose CPU + HBM
– Commercial Version of “Fugaku”

– Data/Learning Node Group: Aquarius
• Data Analytics & AI/Machine Learning
• Intel Xeon Ice Lake + NVIDIA A100, 7.2PF 

– 45 nodes (90x Ice Lake, 360x A100), IB-HDR
• Each DL node is connected to external resources directly

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

The 1st BDEC System (Big Data & 
Extreme Computing)
Platform for Integration of (S+D+L)
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• 2 Types of Node Groups
– Hierarchical, Hybrid, Heterogeneous (h3)
– Simulation Node Group: Odyssey

• Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
– 7,680 nodes (368,640 cores), Tofu-D
– General Purpose CPU + HBM
– Commercial Version of “Fugaku”

– Data/Learning Node Group: Aquarius
• Data Analytics & AI/Machine Learning
• Intel Xeon Ice Lake + NVIDIA A100, 7.2PF 

– 45 nodes (90x Ice Lake, 360x A100), IB-HDR
• Each DL node is connected to external resources dir ectly

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

The 1st BDEC System (Big Data & 
Extreme Computing)
Platform for Integration of (S+D+L)
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Fast File 
System
（FFS）
1.0 PB, 
1.0 TB/s 

Simulation Nodes
Odyssey

25.9 PF, 7.8 PB/s

Shared File 
System
（SFS）
25.8 PB, 
0.50 TB/s 

Data/Learning Nodes
Aquarius

7.20 PF, 578.2 TB/s



10

Fast File 
System
（FFS）
1.0 PB, 
1.0 TB/s 

Simulation Nodes
Odyssey

25.9 PF, 7.8 PB/s

Shared File 
System
（SFS）
25.8 PB, 
0.50 TB/s 

Data/Learning Nodes
Aquarius

7.20 PF, 578.2 TB/s

Optimization of Models/Parameters for 
Simulations by Data Analytics & Machine 
Learning (S+D+L)
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Info. Sci. : System
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Education
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Research Area based on Machine Hours (FY.2022)
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Info. Sci. : Algorithms
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Industry
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Social Sci. & Economics

Data

Research Area based on Machine Hours (FY.2023)
■CPU, ■GPU (April-March)
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Engineering

Earth/
Space

Materials

Energy/
Physics

Bio
Physics

Energy/
Physics

Earth/
Space

Bio
Informatics

Engineering

Materials
AI

Bio
Informatics

Data 
Analytics

Bio
Physics

Materials

OBCX
CascadeLake

Retired in the end of 
September 2023

Odyssey
A64FX

Aquarius
A100

Earth/
Space

Engineering
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• Integration of (Simulation/Data/Learning)
– Wisteria/BDEC-01
– h3-Open-BDEC

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



h3-Open -BDEC: Innovative Software Platform 
for Integration of (S+D+L) on the BDEC 
System, such as Wisteria/BDEC -01
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• 5-year project supported by 
Japanese Government (JSPS) 
since 2019
– FY.2023 is the final year

• Until then end of March 2024

• Leading-PI: Kengo Nakajima 
(The University of Tokyo)

• Total Budget: 1.41M USD

14



• “Three” Innovations
– New Principles for Numerical 

Analysis by Adaptive Precision, 
Automatic Tuning & Accuracy 
Verification

– Integration of (S+D+L) by 
Hierarchical Data Driven Approach 
(hDDA)

– Software & Utilities for 
Heterogenous Environment, such as 
Wisteria/BDEC-01

h3-Open -BDEC Innovative Software Platform 
for Integration of (S+D+L) on the BDEC 
System, such as Wisteria/BDEC -01
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Acceleration of Transient CFD Simulations using ML/CNN
Integration of (S+D+L), AI for HPC/AI for Science

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

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



Prediction of steady flows using convolutional neur al networks (CNNs)
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Computation time
LBM (82,000steps) : 41.1 sec
CNN prediction: 0.6 sec

u (velocity in x dir) u

v (velocity in y dir) v

CNN Prediction LBM Ground truth

CNNs

Input
• Signed distance function 

(Geometry)
• Boundary conditions of 

velocity (u, v)

Output
• Velocity (u, v)

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

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



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

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

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

CNN and boundary exchange are performed iteratively until values converge.

Input Output

Boundary exchange

Iterative loop

Signed distance function
Boundary conditions

Velocity

CNN

u

CNN prediction 
( Initial )

LBM Ground Truth 

( Final ) 

Converged

Domain size：748 x 364
(9 decomposed subdomains)

Mean error  ：3.89％
Comp. time ：3.82 s



• “Three” Innovations
– New Principles for Numerical 

Analysis by Adaptive Precision, 
Automatic Tuning & Accuracy 
Verification

– Integration of (S+D+L) by 
Hierarchical Data Driven Approach 
(hDDA)

– Software & Utilities for 
Heterogenous Environment, such as 
Wisteria/BDEC-01

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

2020



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

2121



h3-Open -SYS/WaiIO-Socket
22

• Wisteria/BDEC-01
– Aquarius (GPU: NVIDIA A100)
– Odyssey (CPU: A64FX)

• Combining Odyssey-Aquarius
– Single MPI Job over O-A is 

impossible

• Connection between Odyssey-
Aquarius
– IB-EDR with 2TB/sec.
– Fast File System
– h3-Open-SYS/WaitIO-Socket

• Library for Inter-Process 
Communication through IB-
EDR with MPI-like interface

WaitIO-Socket
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API of h3-Open -SYS/WaitIO-Socket
PB (Parallel Block): Each Application 

DescriptionWaitIO API

Non-Blocking Sendwaitio_isend

Non-Blocking Receivewaitio_irecv

Termination of waitio_isend/irecvwaitio_wait

Initialization of WaitIOwaitio_init

Process # for each PB (Parallel Block)waitio_get_nprocs

Creating communication groups 
among PB’s

waitio_create_group
waitio_create_group_wranks

Rank ID in the Groupwaitio_group_rank

Size of Each Groupwaitio_group_size

Size of the Entire PBwaitio_pb_size

Rank ID of the Entire PBwaitio_pb_rank
[Sumimoto et al. 2021]



Multiphysics Coupler

• Traditional Coupler: ppOpen-MATH/MP

• Weak-Coupling of Multiple (usually two) 
Applications
– Each application does a single computation

– Ocean-Atmosphere
– Fluid-Structure

24



Atmosphere-Ocean Coupling by 
ppOpen -MATH/MP (Previous Project)
• High-resolution global atmosphere-ocean coupled simulation by NICAM 

(Atmosphere) and COCO (Ocean) through ppOpen-MATH/MP on the K 
computer is achieved. 
– ppOpen-MATH/MP is a coupling software for the models employing various 

discretization method. 

25

[C/O M. Satoh (AORI/UTokyo)@SC16]



El Niño Simulations: NICAM -COCO Coupling
26

Mechanism of the Abrupt Terminate of Super El Niño in 
1997/1998 has been revealed by Atmosphere-Ocean 
Coupling Simulations for the Entire Earth using ppO pen-
HPC on the K computer

Normal

El Nino

Normal

El Nino



h3-Open -UTIL/MP
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

27

• Coupling of Simulations on 
Odyssey and AI on 
Aquarius



h3-Open -UTIL/MP +
h3-Open -SYS/WaitIO-Socket
Available in June 2022

28

May 2021: MPI Only

Odyssey Aquarius

IB-EDR

June 2022: Coupler ＋WaitIO
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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+AI) Coupling
– Ensemble Coupling



3D Earthquake Simulation 
with Real-Time Data 
Observation/Assimilation
Simulation of Strong Motion (Wave 
Propagation) by 3D FDM

[c/o Prof. T.Furumura
(ERI/U.Tokyo)]
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JDXnet JDXnet



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

• Seismic Observation Data (100Hz/3-dir’s/O(103) observation points) 
by JDXnet is available through SINET in Real Time
– O(102) GB/day: available at Website of NIED
– O(105) pts in future including stations operated by industry

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

31



32

Comp.Assim. Obs. Comp.
Residual

Comp. Assim.

: Wave Propagation 
simulation

: Time Step
: Weighting MatrixSeism3D/OpenSWPC -DAF

Starting from (A+S: Assim .+Sim.) to 
(Pure S: Pure Simulation), 3D FDM
[Prof. T. Furumura, ERI/U.Tokyo]

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



3D Earthquake Simulation with Real -Time Data 
Observation/Assimilation on Wisteria/BDEC -01 
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Seism3D/
OpenSWPC-DAF

Filter

External Server 
for Observed  

Data

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Data/Learning 
Nodes: Aquarius
Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

2.0 TB/s

Visualizer

Output 
&
Movie 

JDXnet

Observed Data

Obs. Data

Mesh Data UG Model

h3-Open-SYS/WaitIO-Socket



Communications by WaitIO -Socket
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program dmy_filter

<省略: 型宣言等>

call mpi_init (ierr)

call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr)

call mpi_comm_rank (MPI_COMM_WORLD, myrank,  ierr)

call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr)

if (myrank==0) then

open(100,file='./obsfile_list.txt’, form=‘formatted’, status=‘old’, iostat=ierr)

do i=1,300

<省略: obsデータ読み込み処理>

print *,"Send obs data ...... "

call WAITIO_MPI_ISEND (NTMAX1_o, 1,           WAITIO_MPI_INTEGER,  2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr)

call WAITIO_MPI_ISEND (DT_o,     1,           WAITIO_MPI_FLOAT,    2,2, WAITIO_COMM_UNIVERSE,req(1,2), ierr)

call WAITIO_MPI_ISEND (NST_o,    1,           WAITIO_MPI_INTEGER,  2,3, WAITIO_COMM_UNIVERSE,req(1,3), ierr)

call WAITIO_MPI_ISEND (AT_o,     1,           WAITIO_MPI_FLOAT,    2,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr)

call WAITIO_MPI_ISEND (T0_o,     1,           WAITIO_MPI_FLOAT,    2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)

call WAITIO_MPI_ISEND (ISO_X_o,  NSMAX,       WAITIO_MPI_INTEGER,  2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)

call WAITIO_MPI_ISEND (ISO_Y_o,  NSMAX,       WAITIO_MPI_INTEGER,  2,7, WAITIO_COMM_UNIVERSE,req(1,7), ierr)

call WAITIO_MPI_ISEND (ISO_Z_o,  NSMAX,       WAITIO_MPI_INTEGER,  2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr)

call WAITIO_MPI_ISEND (ISTX_o,   NST,         WAITIO_MPI_INTEGER,  2,9, WAITIO_COMM_UNIVERSE,req(1,9), ierr)

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_o,    6*NST,       WAITIO_MPI_CHAR,     2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)

call WAITIO_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)

call WAITIO_MPI_ISEND (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,    2,15,WAITIO_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

[Kasai et al. 2021]

Aquarius: SEND Odyssey: RECV
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P S

482 K-NET, KiK-net Observation

Input

Assimilation by 70s forecast

Data Assimilation + Pure Simulation/Forecast

70s for Assimilation

Results at Kotoh ▲ (N.KOTH)
N   35°37.0’
E 139°46.9’

Epicenter
(Off-Niigata)

Point at Kotoh
(Tokyo)

▲

50s

70s

90s

110s

Obs

(A+S)⇒(Pure S)@30s

(A+S) (Pure S)

Off Niigata 2007 Mw6.6 
Earthquake
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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+AI) Coupling
– Ensemble Coupling



h3-Open -UTIL/MP (h3o -U/MP)  
Extended Multiphysics Coupler

37



Replacing

this part

with AI

 Motivation of this experiment
 Tow types of Atmospheric models: Cloud resolving VS Cloud 

parameterizing

 Could resolving model is difficult to use for climate simulation

 Parameterized model has many assumptions 

 Replacing low-resolution cloud processes calculation with ML!

Diagram of applying ML to an atmospheric model

High Resolution Atmospheric Model
(Convection-Resolving Mode)

Low Resolution Atmospheric Model
(Convection-Parameterization Mode)

Physical process

Input

Output

Coupling with
Grid Remapping

ML App
(Python)

Coupling without
Grid Remapping

Coupling Phase 1
Training with high-resolution 

NICAM data

Coupling Phase 2
Replacing Physical Process 
in Low-Resolution NICAM 

with Machine Learning

Atmosphere-ML Coupling
[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

75% 25%

Odyssey Aquarius

h3-Open-UTIL/MP 
(Coupler)

+
h3-Open-SYS/WaitIO-

Socket
~0%



Atmosphere-ML Coupling

 Model component emulation (surrogation)

 The emulation target in this study is cloud microphysical processes

(phase changes, collision, coagulation, and precipitation)

 Atmospheric pressure, temperature, and vertical distribution of

water will change between before and after computing the cloud

microphysical processes

 Atmospheric model and ML Library
 NICAM (global non-hydrostatic model with icosahedral grid) + 

Pytorch (three layers MLP)

 Methodology
 ML is trained to reproduce output variable from input variables of 

cloud microphysical subroutine

 Training data
 Input : total air density (rho), internal energy (ein), density of water 

vapor (rho_q) 

 Output : tendencies of input variables computed within the
cloud physics subroutine

Δ�ℎ�

Δ�

Δ��	

Δ�

Δ�ℎ�_�

Δ�



Test calculation

Total air density

Internal energy

Density of 
water vapor

Input Simulation Output

 Compute output variables from input variables and PyTorch
 The rough distribution of all variables is well reproduced

 The reproduction of extreme values is no good

ML outputSimulations Prediction by ML/NN



Reproducibility Improvement

 for more accurate reproducibility
 Variable selection is important

 NICAM subroutine mp_driver has INPUT:23, OUTPUT: 27, INOUT: 11

 Reproducibility was improved by increasing the number of input 
variables to five.

coef.interceptslope

0.807-0.00010.598d_rho

0.798-0.00040.555d_ein

0.7810.00000.532d_rhoq

coef.interseptslope

0.857-0.00000.688d_rho

0.8580.00110.710 d_ein

0.8430.00030.692d_rhoq

d_rho calculated 

from thee input variables

(rho, ein, rhoq)

d_rho calculated 

from five input variables

(three + vertical wind and precipitation)



How to run the workloads
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• Total Number of Nodes
– Odyssey: 7,680 nodes: not so crowded
– Aquarius: 45 nodes, 360 GPUs, very 

crowded

• One node of Aquarius 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



Examples of Scripts [Sumimoto , Arakawa]
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#!/bin/bash
#PJM -N "test_waitio"
#PJM -L rscgrp=coupler-lec-o
#PJM -L node=10:noncont
#PJM --mpi proc=80
#PJM -L elapse=00:10:00
#PJM -g gt00
#PJM -j
#PJM -e err

module load fj
module load fjmpi
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

#!/bin/bash
#PJM -N "test_waitio"
#PJM -L rscgrp=coupler-lec-a
#PJM -L node=1
#PJM --mpi proc=10
#PJM -L elapse=00:10:00
#PJM -g gt00
#PJM -j
#PJM -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

Odyssey for Simulation Aquarius for AI



Summary
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• Integration of (Simulation/Data/Learning) at ITC/U.Tokyo
• Wisteria/BDEC-01
• h3-Open-BDEC
• Applications




