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Now operating 3 Systems !!
2,600+ users (55+% from outside of U.Tokyo)

Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))

— Integrated Supercomputer Sys. for Data Analyses & Scientific Simulations
e Jul.2016-Nov.2021 (Plan)

— QOur first GPU System, DDN IME (Burst Buffer)

— Reedbush-U: CPU only, 420 nodes, 508 TF (Jul.2016~, retired June 2020)
— Reedbush-H: 120 nodes, 2 GPUs/node: 1.42 PF (Mar.2017~Nov.2021)

— Reedbush-L: 64 nodes, 4 GPUs/node: 1.43 PF (Oct.2017~Nov.2021)

Oakforest-PACS (OFP) (Fuijitsu, Intel Xeon Phi (KNL))
— JCAHPC (U.Tsukuba & U.Tokyo)

— 25 PF, #22 in 56" TOP 500 (November 2020) (#4 in Japan), Omni-Path
Architecture, DDN IME (Burst Buffer), Sept.2016~Mar.2022 B

Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon Platinum 8280, CLX)
— Massively Parallel Supercomputer System

— 6.61 PF, #69 in 56" TOP 500, July 2019-June 2023

— SSD'’s are installed to 128 nodes (out of 1,368)
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Research Area based on CPU Hours (FY.2019)
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Research Area based on CPU Hours (FY.2019)
OBCX: October 2019~September 2020
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HPCI Urgent Call for Fighting against

COVID-19 in Japan (FY.2020)

by 8 SC Centers of Natl. Univ., AIST etc.
6 of 14 accepted projects use U.Tokyo’s Systems

Fragment molecular orbital calculations on the
main protease of COVID-19

Study on the evaluation of arrhythmogenic risk
of COVID-19 candidate drugs

Prediction of dynamical structure of Spike
protein of SARS-COVID19

Computer-assisted search for inhibitory agents
for SARS-CoV-2

Prediction and Countermeasure for virus
droplet Infection under Indoor Environment:
Case studies for massively-parallel simulation
on Fugaku

Spreading of polydisperse droplets in a
turbulent puff of saturated exhaled air

“CoVID-19

HPCI COVID-1% Urgent ng

Yuji Mochizuki (Rikkyo U.)

Toshiaki Hisada (UT Heart) OFP
Yuji Sugita (RIKEN)

Tyuji Hoshino (Chiba U.)

Makoto Tsubokura (Kobe U.) 0OBCX

Marco Edoardo Rosti
(OIST)

[c/o Prof. M.Tsubokura (Kobe U.)]



Global Atmosphere-Ocean Coupled Simulations
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[c/o Prof. M. Sato, Prof. H. Haslimi
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[c/o Prof. T. Furumura, JE

SOIId Eal'th &, Prof. T. Ichimura (ERI/U'T_Q.kyO)]
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Simulation of Geologic CO , Storage

[c/o Dr. Hajime Yamamoto e
(Taisei Corporation)] =g e
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Society 5.0 & BDEC System )

* We are developing an innovative method of computational science
towards the Exascale Era/Society 5.0 by integration of (Simulation + Data

+ Learning (S+D+L)), where ideas of data science and machine learning
are introduced to computational science

A
s
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Society 5.0: the Cabinet Office of Japan

e Super Smart & Human-centered Society by Digital Innovation
(IoT, Big Data, Al etc.) and by Integration of Cyber Space &

Physical Space

Keidanren

HPC is very

Socuety 5 0 for SDGs

Jopon Business Federation -
Sty 0 eyt mo v o gl st i s Imbportant Tor
better future", whicl mhﬂuldlllvlmmufsbﬁs
. . BB s
‘oceanographic data k o

Society 5.0
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Coexistence with nature

Economic and Hunting society
social innovation —
by deepening of e - 13,000BC

Society 5.0

_Start of mass production
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F\rm establishment of settlements
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1.0: Hunting

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)
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Future of Supercomputing
Sea o
 Various Types of Workloads —
— Computational Science & Engineering: Simulations
— Big Data Analytics o S Oy e e |

(Reedbush-U) (Reedbush-H)

— Al, Machine Learning ...
* Integration/Convergence of (Simulation + Data + Lea  rning)

(S+D+L) is important towards Society 5.0: Al for HP  C,

Sophiscated Simulation

 Two Platforms are introduced in Kashiwa Il S
Campus of the University of Tokyo (March- BDEC: +D+L

May 2021)
— BDEC (Big Data & Extreme Computing): Batch

— Data Platform (DP/mdx): Cloud-like, More
Flexible/Interactive

mdx : s+D+|_ﬂ

%
=
g

)
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Society 5.0 & BDEC System 4

* We are developing an innovative method of computational science
towards the Exascale Era/Society 5.0 by integration of (Simulation + Data
+ Learning (S+D+L)), where ideas of data science and machine learning
are introduced to computational science

* We are operating 3 supercomputer systems now, andi  ntroducing
the BDEC (Big Data & Extreme Computing) Systemast he Platform
for Integration of (S+D+L)

— Wisteria/BDEC-01 with 33.1 PF

*.? Wisteria

¢ ¢ BDEG-01

A
2008



Supercomputers in ITC/U.Tokyo
Information Technology Center, The University of To kyo
Fyll1 12 13 14 15 16 17 18 19 20,221 22 23 24 25

| | [ | | I
Oakbfidge-CX Massively Parallel

Intel Xeon CLX Supercomputer
6.610PFLOPS System

T2K TokyO \anycore-based Large- Oakforest-PACS (OFP) (JCAF C) OFP-II
Hitachi  scale Supercomputer Fujitsu, Intel Xeon Phi (JCAHPC)
140TF, 31-3|T‘ System, JCAHPC 25PFLOPS, 919.3TB
| |

|
Oakleaf-FX: Fujitsu PRIMEHPC FX1/ Integrated Supercomputer BDEC: Wisteria/BDEC-01
SPARC64 IXfx System for Simulation, Data AG4FX+Intel Xeon Ice Lake/NVIDIA ALOO
1.13 PFLOPS, 150 TB and Learning 33.1 PFLOPS

| | | |
Oakbridge-FX

136.2 TFLOPS, 18.4 TB max
| |
Integrated Supercomputer System for Reedbush-U/H, HPE
Data Analyses & Scientific Intel BDW + NVIDIA P100
Simulations 1.93 PFLOPS

I I I I
Supercomputer System with
Accelerators for Long-Term
Executions

Reedbush-L HPE
1.43 PFLOPS




Wisteria/BDEC -01

« 33.1 PF, 8.38 PB/sec by Fujitsu
— ~4.5 MVA with Cooling, ~360m?
e 2 Types of Node Groups

— Hierarchical, Hybrid, Heterogeneous (h3)

The 1st BDEC

System (Big Data &

_ Extreme Computing)
* Operation starts on May 14, 2021 pjatform for Integration of (S+D+L)
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*.? Wisteria
¢ ¢ BDEC-01

— Simulation Nodes: Odyssey

» Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF Shared File

— 7,680 nodes (368,640 cores), Tofu-D
— General Purpose CPU + HBM
— Commercial Version of “Fugaku”
— Data/Learning Nodes: Aquarius
» Data Analytics & Al/Machine Learning

e Intel Xeon Ice Lake + NVIDIA A100, 7.2PF

System
(SFS)
25.8 PB, 500 GB/s

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

Simulation Nodes:

Odyssey
Fujitsu/Arm AB4F X
25.9PF, 7.8 PB/s

Fast File
Data/Learning System

Nodes: Aquarius (FFS)
Intel Ice Lake + NVIDIA A100 1PB, 1.0 TBIs
7.20 PF, 578.2 TBIs

800 Gbps =

External
Resources

— 45 nodes (90x Ice Lake, 360x A100), IB-HDNR

 Some of the DL nodes are connected to external reso

I 4% External
St Resources
External Network

urces directly

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



Wisteria/BDEC -01

Platform for Integration of (S+D+L)

® * i : Platform for Integration of (S+D+L) - : b S
4 E#Esct.ﬁqla Big Data & Extreme Computing * Wlfte”a (E%H& 4 _ : <t
il e s — "Legend of Princess Wisteria” at
O Odasey Lake Teganuma in Kashiwa

Fujitsu/Arm A64FX

25.9PF, 7.8 PBIs * OdySS ey

: : — Callsign of Apollo 13's Command
Shared File Fast File

System Data/Learning System Module (C M)

(SFS) 5 . (FFS) .
25.8 PB, 500 GB/s ,I:tle? Sf S;e’f‘ﬂ\tf.f.';'ﬂi, 1PB, 1.0 TBIs e Aquarius

7.20 PF, 578.2 TBIs — Callsign of Apollo 13's Luna

800 Gbps

Module (LM)
‘ “Houston, we've had a problem” = - i
External e (o) ‘ MI‘;'“_n 13 csm-vssey’+ Uf“nnuarins" Aq uarius OdySS ey
Resources P, e

D)

Lunar Module Command Module  Servigei!

4 Jul=
(CSM) Odyssey 4

https://www.cc.u-tokyo.ac.jp/public/pr/pr-wisteria.php
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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

Aquarius
7.20 PF, 578.2 TB/s

17

Machine
Learning, DDA

Simulation

Codes

Simulation Nodes

Odyssey

Wisteria/BDEC-01

Data/lLearning
Nodes, Aquarius

Data Assimilation
Data Analysis

Observation
Data

Server,
Storage,
DB,
Sensors,
etc.

£3 External
|| Resources
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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

Aquarius
7.20 PF, 578.2 TB/s

Simulation Nodes
Odyssey

_ Wisteria/BDEC-01
Machine

Learning, DDA Data/Learning

Nodes, Aquarius

Data Assimilation

Data Analysis

Simulation
) Codes w

Observation
Data

Optimization of Models/Parameters for

Simulations by Data Analytics & Machine

Learning (S+D+L)
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llllllllllll , Hybrid, Heterogeneous

h3-Open-BDEC on BDEC System Z hi3-Open-BOEC

* We are developing an innovative method of computational science
towards the Exascale Era/Society 5.0 by integration of (Simulation + Data
+ Learning (S+D+L)), where ideas of data science and machine learning
are introduced to computational science

 We are operating 3 supercomputer systems now, and introducing the
BDEC (Big Data & Extreme Computing) System, Wisteria/BDEC-01, with
33.1 PF as the Platform for Integration of (S+D+L)

* h3-Open-BDEC: Innovative Software Platform for Inte  gration of
(S+D+L) on the BDEC System, such as Wisteria/BDEC-0 1

— 5-year project supported by Japanese Government thr  ough
JSPS Grant-in-Aid for Scientific Research (S) since 2019

— Leading-PI: Kengo Nakajima (The University of Tokyo )
— Total Budget: 152.7M JPY= 1.41M USD o




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

Computer Science, Computational Science, Numerical Algorithms,
Data Science, Machine Learnin
J 2 h3-Open-BDEC

/' llllllllllllllllllllllll

 Kengo Nakajima (ITC/U.Tokyo, RIKEN), Leading-PI -
« Takeshi Iwashita (Hokkaido U), Co-PlI, Algorithms C ’ e
» Hisashi Yashiro (NIES), Co-PI, Coupling, Utility g duimE RS
« Hiromichi Nagao (ERI/U.Tokyo), Co-PI, Data Assimilatic )
 Takashi Shimokawabe (ITC/U.Tokyo), Co-PI, ML/hDDA @6—*%%”*%’35
. 1atezh| OKgltta (TY\(/NCU), CO;JF;L C,:Axccpulra'tac\:y Verlf.lc?tlon S R
« Takahiro Katagiri (Nagoya U), Co-PI, Appropriate .
Computing By BB

e Hiroya Matsuba (ITC/U.Tokyo), Co-PI, Container 2 Ol
RIHEN R'ccs




h3-Open -BDEC

Innovative Software Platform for Integration of (S+  D+L) on BDEC
h3-Open-BDEC

Integration +
Communications+
Utilities
Control & Utility

h3-Open-SYS
Control & Integration

New Principle for Simulation + Data +

Computations Learning
Numerical Alg./Library App. Dev. Framework

h3-Open-MATH h3-Open-APP: f

Algorithms with High- - -
Performance, High Reliability : s'_mUIat|°n
& Mixed/Adaptive Precision | Application Development

h3-Open-UTIL
Utilities for Large-Scale
Computing

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

~ h3-Open-DDA: s i
h3-Open-AT pen- |l3 ﬂllﬂll BDEG

Learning

Automatic Tuning Data Driven Approach / 2 Wi A xirome Eimviivg
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h3-Open -BDEC: Two Significant Innovations

@ Methods for Numerical Analysis with High-Performance/High-
Reliability/Power-Saving based on the New Principle of Computing by

v' Adaptive Precision
v' Accuracy Verification

v Automatic Tuning New Principle for | Simulation + Data +

Computations Learning
Numerical Alg./Library App. Dev. Framework

h3-Open-MATH % 7 5
Algorithms with High- h%%’lﬁgtﬁ)zp'
Performance, High Reliability e Su
& Mixed/Adaptive Precision J| APplication Development

h3-Open-BDEC

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

h3-Open-AT ~ h3-Open-DDA:

Learning

Automatic Tuning Data Driven Approach

Integration +
Communications+
Utilities
Control & Utility

h3-Open-SYS
Control & Integration

h3-Open-UTIL
Utilities for Large-Scale
Computing

Z h3- llpen BDEC
/// nnnnnnnnnnnnnn cumnlrly'w_ :



Approximate Computing with
Low/Adaptive/Trans Precision

e Mostly, scientific computing has been conducted using FP64 (double
precision, DP)

— Sometimes, problems can be solved by FP32 (single precision, SP) or lower
precision

e Lower precision may save time, energy and memory
« Approximate Computing

— Originally for image recognition etc. where accuracy is not necessarily
required

— Also applied to numerical computations

« Computations by lower precision and by mixed precision may provide
results with less accuracy

23



P3D: Steady State 3D Heat N
Conduction by FVM (1/2) B
O{AO@)+ f =0
I:G qﬂ) Zu' - w T/&Y

e 7-point Stencill g NX
* Heterogenous Material Property -0 —

— A,/ A, is proportional to the condition _ v @z Fmax

number of coefficient matrices $

» Coefficient Matrix /]1

— Sparse, SPD N
. ICCG Solver = A
e Fortran 90 + OpenMP A

« CM-RCM Reordering v

24



P3D: Steady State 3D Heat
Conduction by FVM (2/2)

« Various Configurations
— FP64 (Double), FP32 (Single), FP16 (Half) (just for preconditioning)
— Matrix Storage Format (CRS, ELL, SELL-C-o etc.)

lc

CRS ELL Sliced ELL SELL-C-0

o
25



System Oakforet- Oakbridge- Oakleaf-7
y PACS CX (FX700)
Abbreviation OBCX

Intel Xeon Phi 7250 Intel Xeon Platinum 8280

Architecture of CPU (Knights Landing, KNL)  (Cascade Lake, CLX)

Fujitsu A64FX (1.8GHz)

Core#/Socket 68 28 48
Socket#/Node 1 2 1
(PCfgtgsg;)/T\lrg?jgce oF) 3,046 4,838 2,765
X'Seé;\/m dCeapaCIty MCDRAM: 16 102 -
(OBlset), Steam Tiad  DDRA: 845 202 809
Compiler Intel Parallel Studio 2019 Ui

FCC 4.0.0



Ratio of Performance

Elapsed Computation Time for ICCG (DP),
Normalized by OFP with CRS , AJ/A, =1

[KN et al. SWoPP 2020]
CRS
Medium :1283 Large : 2563

Large is Good

ELL Sliced ELL

HOFP, HOBCX, HMFX700

HOFP, HOBCX, BMFX700 l

Large is Good

2.00 2.00 L

Relative Performance

Relative Perfo

1.00 I 1.00 L

0.00 i 0.00 I

CRS [ ELL crs I L. W opiell B
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Mixed Precision Computing of ICCG Solver

for P3D on FX700

Vectors for

SPMV, DAXPY, Preconditionin
Dot Products J

D|4
S-S
S-H

FP64
FP64
FP64
FP32
FP32

FP64
FP32
FP16
FP32
FP16

Preconditioning

FP64
FP32
FP32
FP32
FP32

[KN et al. SWoPP 2020]



Mixed Precision Computing
for P3D on FX700

Implementation of Forward
Substitution (CRS) in ICCG

[KN et al. SWoPP 2020]

FP64
FP32
FP16

1$omp parallel do prlvate(lp i)

do ip=_1, PEsmpTOT

do i= SMP|ndex((|p 1) *NCOLORtot) +1, SMPindex (ip*NCOLORtot)
Ws(l 2)= W(I,R)

enddo

enddo D _ S

1$omp parallel prlvate(lc ip, ip1, I, WALs, k)

do ic= 1, NCOLOR

do ip= 1, PEsmpTOT
ipl= (ip- 1)*NGOLORtot +
do i= SMPindex (ip1-1)+1, SMPlndex(|p1)
WVALs= Ws (i, 2)
do k= indexL (i-1)+1, ind
WVALs— WVALs - ALs(k) * Ws(ltemL(k) 7)

Ws(l,Z)= WVALs * Ws (i, DD)
enddo

enddo

1$omp do

enddo
1$omp end parallel

(Backward Substitution)

1$omp parallel do rivate (ip, i)
P go 1, p mpTOT P

p_
do i= SMPlndex((lp 1) #*NCOLORtot) +1, SMPindex (ip*NCOLORtot)
W(I,2)= Ws(1,2)
enddo
enddo

1$omp garallel do prlvate(ip,i)

o ip=

do i= SMPlndex ((ip—1)*NCOLORtot) +1, SMPindex (ip*NCOLORtot)

Ws (i, 2)= Ws(i,R)

enddo

enddo S H
1$omp parallel prlvate(lc ip, ip1, i, WALs, k)

do ic= 1, NCOLOR
1$omp do

do ip= 1, PEsmpTOT
ipl= (ip- 1)*NCOLORtot + G )
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
WVALs= Ws (i, 2)
do k= indexL (i-1)+1, indexL (i)
WVALs= WVALs — ALh(k) * Ws (itemL (), 2)

nddo
Ws(|,2)= WVALs * Wh(i,DD)

enddo

enddo

enddo
1$omp end paral lel

1$omp garallel do private(ip i)
o ip=
do i= SMP|ndex((lp—1)*NCOLORtot)+l SMPindex (ip*NCOLORtot)
Ws(i,2)= W(i,R)
enddo
enddo D H

1$omp parallel private(ic, ip, ip1, i, WALs, k)
P go ic= 1,pNCOLORtot P 1P
1$omp do
do ip= 1, PEsmpTOT
ipl=_ (ip-1)*NCOLORtot + ic
do i= SMPindex (ip1-1)+1, SMPindex (ip1)
WVALs= Ws (i, Z
do k= indexL (i-1)+1, indexL
WVALs— WVALs - ALh(k) * Ws(ltemL(k) 7)

Ws(l Z) WVALs * Wh(i, DD)
enddo
enddo

enddo
1$omp end parallel
(Backward Substitution)

1$omp garallel doEpri¥ate(ip,i)
[0] Ip_
do i= SMPlndex((lp—l)*NCOLORtot)+l, SMPindex (ip*NCOLORtot)
W(l,2)= Ws(1,2)
enddo
enddo
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Mixed Precision Computation
D-H/S-H do not converge at A,/ A\, =108 Nzl

L-\»
AZ '
7%

N o
Relative Error L00E+01 ¢ —
0] I
(/0) Compared to LOOE+00 | Error=0 for @ (D-S) & O(D-H)

$'1.00E-01

S ;

L 1.00E-02 ¢

q-) =

=

© -

T 1.00E-03 f .-~

(nd E -
1.00E-04 ® D-S. OD-H

E A S-Sl A S'H

1.00E-05 R T

1.00.E+00 1.00.E+01 1.00.E+02 1.00.E+03 1.00.E+04 1.00.E+05 1.00.E+06

[KN et al. SWoPP 2020] A/ A,



Mixed Precision Computation
D-H/S-H do not converge at A,/ A, =10°

Number of
lterations
(Normalized by
that of D-D)
®@~O~D-D, A
~A

Results of (D-S ,

D-H) agree with
those of D-D (if
Al/ }‘z =10

Nomalized Iteration #
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[KN et al. SWoPP 2020]

3.00 |
@® D-S
250 [ |O D-H A
A S-S
200 | | A S-H
[ A
150 |
[ A A
A A A
1.00 P O O O O o | ®
050 |
0.00 [ L L1l L 11l L Ll L Ll L L1l L L1
1.00.E+00 1.00.E+01 1.00.E+02 1.00.E+03 1.00.E+04 1.00.E+05 1.00.E+0¢

A A,
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h3-Open -BDEC: Two Significant Innovations

2 Hierarchical Data

Driven Approach
(hDDA) based on
machine learning

v Integration of (S+D+L)

Al for HPC

Performance, High Reliability R
& Mixed/Adaptive Precision | Application Development

Verification of Accuracy

h3-Open-BDEC

Integration +
Communications+
Utilities
Control & Utility

Simulation + Data +

Learning
App. Dev. Framework

New Principle for

Computations
Numerical Alg./Library

h3-Open-MATH 7

Algorithms with High- h3-Open-APP:

Simulation NSOpslleols

Control & Integration

h3-Open-UTIL
Utilities for Large-Scale
Computing

h3-Open-VER h3-Open-DATA: Data

Data Science

rrrrrr hical, Hybrid, Heterogeneous

h3-Open-DDA:
f h3-Open-BNES
/// Big Data & Ext

Learning
Data Driven Approach

h3-Open-AT
Automatic Tuning
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Real-World Scientific Simulations

* Non-Linear: Huge Number of Parameter Studies needed
v Reduction of cases is very crucial [Miyoshi et al. 2014]

e Data Assimilation (a) 20 members w/o localization (b) 20 members w/ 700—km localization
. . I =il AR ’ :.SP_J_'(,_-‘"‘,‘Z g:z“ L - if 3
v Mid-Range Weather o0 7] o

whdesl | PN R
Prediction: 50-100 N T NS
Ensemble Cases,

60" 120° 180" 240° 300" 60 120 180° 240° 3007

1.000 d d f (c) 80 members w/o localization (d) 320 members w/o localization
needaed ror = i ' ' — . '
’ . B el B, 2~ S 3 3L B N M N s = I D 13 Sk O
accurate solution. :. e ,‘g’?’o ;_ﬁjr.;w.}f‘- R z e, oo 1 7 Lo "’vpé« = g
BN My 545 1 oA e
v 50-100 (or fewer) e ftiSle |° |- Y O RE heh | ]l TR
60 120 180 240 300 60 120 180 240 300
may be enough for  (e) 1280 members w/o localization (f) 10240 members w/o localization
accurate solution, if  Fl 4 gl ol SEON T ;;,..%:}g%??“— L S
L o 3 o) -* . B b, - . o - £ V',' LY 2
opt. parameters are Ni‘ﬁ;\{\{ = \k’?’ w28 Tl % > -\\’:f”
2 v . Q"“-_ N b Ah -’ 5-;:‘\..
selected (e.g. by e s R o



« Data Driven Approach (DDA)

— Technique of Al/ML is introduced for predlctlng o
the results of simulations with different
parameters.

— DDA generally requires O(103-10%) runs for
generation of training data.

i I h3-O -APPL h3-O -DATA h3-O -UTIL
hDDA (Hierarchical DDA) pei _h3-Open  h3-Open

— Simplified models with coarser meshes (but h3-0pen-bDAhDDA
preserving original features of physics) for
efficient training are constructed automatically

34

) : ) ‘ © )
by Machine Learning using: Detailed B SIMPlified B gy Simplified
. Vari t f simplified model ted by ML, and th
« Feature Detection, AMR " tlized for generating training data sets, and for simulations In
. hierarchical manner -> Prediction of Unsteady Problems
« MOR (MOdel Order RedUCt|0n) ‘ Voo Ordet Uncertainty ] ?g&ﬁ&sﬁinégglrisog F:an:&e
 UQ (Uncertainty Quantification) oo HOm ) Juartloeton P90 ) Mdeing o) petcton

Visualization | Observation | Numerical
Information Results | Results

)

» Sparse Modeling




Acceleration of Transient CFD Simulations using ML/CNN

Integration of (S+D+L), Al for HPC

Flow around a
Circular Cylinder

- Simulation by LBM

Expensive

—

filz 4+ ;AL t+ At) =
Qi(z,t) = 7%(]01:(:17. t)

Datasets filz,t) + Qi(z, t)

- 159z, 1))

Training

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

Prediction of Time

Evolution

CNN to predict simulation results

NN may become “faster simulator”

Prediction

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

h3-Open-APPL ' h3-Open-DATA h3-Open-UTIL

O O
Detailed B Simplified B e Simplified

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

Model Order Uncertainty
Reduction (MOR) Quantific ation (UQ) Meodeling etc.)

VIsu:llzatlonI Ohsomuonll Num erical \I
Information | Results | Results
Simulations: LBM

Data Assimilation AMR ]
(Adjoint, Sparse Feature

_Detection
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Possible Applications (S+D+L) on
Wisteria/BDEC -01 with h3-Open BDEC

Simulations with Data Assimilation
— Very Typical Example of (S+D+L)
Atmosphere-Ocean Coupling for
Weather and Climate Simulations
— AORI/U.Tokyo, RIKEN R-CCS, NIES
Earthquake Simulations with Real-
Time Data Assimilation

— ERI/U. Tokyo B [pp. 4]
Real-Time Disaster Simulations
— Flood, Tsunami A [ms=
(S+D+L) for Existing Slmulatlon Codes  [iGumam] |[[on

(Open Source Software) 2T

* Also applicable to full coupling,
multiple applications
ures

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

ata from tha buffer

Coupler procedures

LA
3. Data-packing after the il -3 4.fData;hextbrafcftion
i i B — .. Ml === o= rom the buffer !
— Ope n FOAM interpolation process = r _“
( [aee.8] ..
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Real-Time Sharing of Seismic Observation is

possible in Japan by JDXnet with SINET

« Seismic Observation Data (100Hz/3-dir’'s/O(10%) observation points)
by JDXnet is available through SINET in Real Time

— 0O(10%) GB/day
— O(10°) pts in future including stations operated by industry

.
~ NIED . Lo ST

=== University’s
Originally D D D m
developed in ERI =
Js o

ERI/U.Tokyo

[c/o Prof. H.Tsuruoka
(ERI/U.Tokyo)]
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3D Earthquake Simulation
odysser with Real-Time Data

Odyssey

el (SCRERERGl L Ohservation/Assimilation

Learning, DDA Data/Learning Data
Nodes, Agquarius

Data Assimilation
Data Analysis

-

Observation Network for Earthquake: O(10°) Points

e

Server,
Storage,
DB, s
Sensors, .
etc. P

e &

¥¥4 External

Originally
developed in
ERIU .Tokyo

Real-Time Data/Simulation Assimilation
Real-Time Update of Underground Model
[c/o Prof. T.Furuinlisa
(ERI/U.Tokyo)]



Example of Real-Time Assimilation o
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O Observation ( K-NET, KiK-net 446 pts)

Distance [km] Distance [km] Distance [km]
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(a) Sim. + Assim.

L

2004 Off Kii Peninsula &
earthquake Y&

(b) Pure Simulation

T

Distance [km]

Distance [km]

(Obs.+Comp.):
2004 Kii Peninsula Earthquake (Mw 7.4) [c/o Oba & Fu

Long Wave Propagation in Tokyo
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3D Earthquake Simulation [ i-onen-80Ec
with Real-Time Data
Observation/Assimilation

 Accurate Prediction of Seismic Wave ¢ _\ |
Propagation with Real-Time Data Optimizaton of 0
Observation/Assimilation -
— Emergency Info. for Safer Evacuation

» 3D Underground Model

— Heterogeneous, Observation is difficult

— Inversion analyses of seismic waves are
important for prediction of structure of
underground model

— ML may be utilized for acceleration of this
prediction based on analyses of small
earthquakes in normal time

Data Assimilation

uonez|[ensiA S

3D Simulation

AT
3D UG Results
Model ol’ Sim’s
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Preliminary Works on
Oakbridge-CX (OBCX)

* Intel Xeon Platinum 8280 (Cascade
Lake, CLX), Fujitsu

— 1,368 nodes, 6.61 PF peak,
385.1 TB/sec, 4.2+ PF for HPL
#69 in 56" Top500 (Nov.2020)

— Fast Cache: SSD'’s for 128 nodes:
Intel SSD, BeeGFS: 200+TB Fast FS

* 1.6 TB/node, 3.20/1.32 GB/s/node for R/W

» 16 of these nodes can directly access
external resources (server, storage, sensor
network etc.) through SINET

e Switching to Wisteria/BDEC-01
after May 2021

ez gtzd ]DXNet

University’s

Qriginally
developed in
ERI/U.Tokyo

Oakbridge-CX (OBCX)
Total: 1,368 nodes

Intel Xeon Platinum 8280 (Cascade Lake, CLX)

128 nodes

with SSD

BeeGFS on Demand (BeeOND)

oBcx | osex | oBex | oBCx 08CX
Nooo | mNoo1 | Mooz | Noo3 NOOn
SSD 1SSD 35D S50 0008 oo

1678 16T] 1676

L 16 of 128 nodes with

1 11 11 |SSDcanaccess
b external resources

<’ directly through SINET
2ceGFS’
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Preliminary Works on
Oakbridge-CX (OBCX)

Experimental Environment

360+ nodes of OBCX needed for completing 60
sec. simulation in 6 sec. (estimation by Prof.
Furumura)

Filtering Data Assimilation A

+ Simulation
Sl Flltered : with 360+ nodes of OBCX
Node of Results with 70+ nodes of OBCX

o= Velocity
Oakbridge-CX (OBCX) Velocity Field

Total: 1,368 nodes Field



JDXnet ~

COm Utln on T | Opt.of 3D UG | Data . l
- p - g ;).Mf-'f i, Flltering Assimilation 3D Simulation
Wisteria/BDEC -01

o \Wisteria/BDEC-01 h3-0pen-SYSNVaiIO, h3-OpenUTIL/MP

— Aquarius (GPU: NVIDIA A100) Filtered Obs. Data 3D UG Model i)
* Filtering, ML, Visualization Fast File System (FFS)
— Odyssey (CPU: A64FX) — —
- Data Assimilation, Simulation @'-ﬂnﬂﬂ:ﬁﬂfﬁ :0: ‘n'f,iﬁ;t.ﬁ{ia E!;‘{?;?;‘;’E'Q:;?m’?*‘gf;;;ﬁ;g*”
« Combining Odyssey-Aquarius (O-A) Simutation Nodes
— Single MPI Job over O-Ais impossible s
— Actually, O-A are connected through IB-EDR SharediFile - e
wih 2TB/sec. ol \ o, B
~ h3-Open-SYS/WaitlO o “aiaine L
* Library for Inter-Process Communication via Files = 7 e —
through IB-EDR with MPI-like interface External P "2 = - [
Resources esources
o hS'Open'UTI L/MP e External Network ' WR o

* Multiphysics Coupler



h3-Open -UTIL/MP e

Multilevel Coupler/Data Assimilation ':":'\_E'/E”'H.'zl'.';
» Current Coupler: ppOpen-MATH/MP
— Weak-Coupling of Multiple (usually two) Applications
» Each application does a single computation h3 ope“ BDEG

e h3-Open-UTIL/MP

— Data Assimilation (Multiple Computations: Ensemble)

— Assimilation of Computations with Different Resolutions
* h3-Open-DATA, h3-Open-APP

— Data Assimilation by Coupled Codes ‘

/// Big Data & Extreme Computing

multiple applications
Model procedures

L V| 2. Send-data extraction fr_om
« e.g. Atmosphere-Ocean o | (| 2 2 e
« Data Assimilation: h3-Open-DATA T
— Karman Filter, Particle Karman Filter - Daw:pasiing =
o LETKF 3. Data-packing after the —— 4. Data extraction
— Adjo|nt Method interpolation process e EE!h\l fromJthe buffer
. . . . lodel procedures A . B Jotey
» Generation of Simplified Models in hDDA A0 2]

*Also applicable to full coupling,

a4



h3-Open -UTIL/MP (h30-U/MP)
(HPC+AI) Coupling
Dr. H. Yashiro, NIES]

Surrogate
Model

Analysis/ML

HPC App
(Fortran)

>

App
(Python)

F<->P adapter
h3o0-U/MP

A huge amount of h3o-U/MP
simulation data
output

Statistics

Coupling

* Providing on-the-fly input/output/training data to the Analysis/ML tools
— Easy to apply to existing HPC applications
— Easy access to existing Python-based tools for Al/ML NE



h3-Open -UTIL/MP (h3o -U/MP) +
h3-Open -SYS/WalitlO

Surrogate
Model

- HPC App Analysis/ML
(Fortran) App
G (Python) Visualiztion
F<->P adapter
el SR h3o-UMP h30-U/MP Statistics
simulation data
output - > |

Coupling

¢ _* Wisteria IS-EDR R Wisteria
oo BDEC-01 ALVERD oo BDEC-01 Aquarius.

L I
46



h3-Open -UTIL/MP + F// 3-Open-BDEC
h3-Open-SYS/Waitlo

« Current Statue: Single MPI1 Job

e Direct Communication between Odyssey- P
Aquarius through IB-EDR by h3-Open- se¢ Mistera
SYS/WaitlO, which provides MPI-like Interface

Fortran APP Python APP Fortran APP Python APP
(NICAM) (PyTorch) (NICAM) (PyTorch)
ypen py.fS | IB-EDR 1 n py.f

h3open modules h3open modules

“ h3open modules

Jcup modules

h3open modules

Jcup modules

Jcup modules Jcup modules

h3-Open-UTIL/MP
h3-Open-UTIL/MP

I Jcup
' Jeup

jeup_mpi_lib.fo0

MP| MP|
Current Status: Single MPI1 Job

jecup_mpi_lib.f90

jecup_mpi_lib.f90 jeup_mpi_lib.f90
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lllllll hical, Hybrid, Heterogeneous

2 h3-0pen-BDEG"
/)// Big Data & Extreme Comput ing

Schedule for Public Use

Collaborations are Welcome !!

q

¢ _* Wisteria Platform for Integration of (S+D+L) ’ h3-Open-SYS/Wa|tIQ o
,‘., BDEC-01  Big Data & Extreme Computing — October 2021, O-A Direct Communication
Simulation Nodes: by MPI-like Interface

+ h3-Open-UTIL/MP (HPC+Python)
Shared File . _— — October 2021 on Odyssey only (Single MPI)
Sy3tam sl =l [« h3-Open-UTIL/MP+h3-Open-

Nodes: Aquarius

) RN SYS/WaitlO via IB-EDR

— 800 Ghpa — — January-April 2022
External s B 7 ”P”'Z 4 Ext I
L Ty ¥ 8 Externa i Model
Resources : W Resources HPC App Anams’:sl ML *
2 m— 1 Fortran
F<->P adapter
A huge amount o h3o0-U/MP h30-U/MP Siatistice
simulation data _ |
output - -

Coupling

IB-EDR |Aquarius | 4



*_* wWisteria
h3-Open-BDEC: Summary oo BDEC-O1
http://nkl.cc.u-tokyo.ac.|p/h3-Open-BDEC/

llllllllllllllllllllllllllllllll

Z h3-0pen-BDEC
,/// llllllllllllllllllllllll

e By Integration of (S+D+L) using h3-Open-BDEC (Adaptive
Precision + hDDA), total energy consumption (=total
computation time) for simulations will be 10% of that by the
conventional methods for simulations with parameter studies

 h3-Open-BDEC is the 1st innovative software platform for
Integration of (S+D+L) on Exascale systems, where
computational scientists can achieve such integration without
supports by other experts in data analytics and Al/ML.

e Source codes and documents (in English) are open to public for
various kinds of computational environments.




