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Erlangen, My Favorite Place

» Excellent Colleagues, Unpaved Road

« ESSEX-II (Equipping Sparse Solvers for
Exascale) (2015-2018)
— Leading PI: Gerhard Wellein (FAU)
- KN was Co-PI of ESSEX-Il
— DFG/SPPEXA (Germany) & JST/CREST (Japan)

Member of Scientific Advisory Board, NHR
(2021-)
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« Supercomputing Research Division, Information
Technology Center ,The University of Tokyo
(SCD/ITC/U.Tokyo)

« JHPCN, HPCI, JCAHPC and NHR
» Supercomputers in SCD/ITC/U.Tokyo

* Integration of (Simulation+Data+Learing)
—Wisteria/BDEC-01
—h3-Open-BDEC

 Future Perspective



Information Technology Center C BERE
The University of Tokyo (ITC/U.Tokyo)

« Campus/Nation-wide Services on Infrastructure for Information, related
Research & Education

« Established in 1999
— 4 Divisions
— Education System, Network, Digital Library/Data Science, Supercomputing

« Core Institute of Nation-wide Infrastructure Services/Collaborative
Research Projects

— Joint Usage/Research Center for Interdisciplinary Large-scale Information
Infrastructures (JHPCN) (2010-)

— HPCI (HPC Infrastructure) (2012-) B E A SRR —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYD



Supercomputing Research Division
(SCD)

Services & Operations of Supercomputer Systems, Research,
Education

History
— Supercomputing Center, the University of Tokyo (1965~1999)

» Oldest Academic Supercomputer Center in Japan

» Nation-Wide, Joint-Use Facility: Users are not limited to researchers and students of U.Tokyo
— Information Technology Center (1999~) (4 divisions)
10+ Faculty Members (including part-time members)
— Architecture, System S/W, Algorithms, Applications, GPU

8 Technical Staffs
2,600+ Users, 55+% from Outside of U.Tokyo
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Simulation Nodes:
Odyssey
Fujitsu/Arm AG4FX
25.9PF, 7.8 PB/s
Shared File ' Fast File . .
System DatalLearning System Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
R\ L vdos el I SIS | . JCAHPC (U.Tsukuba, U.Tokyo), October 2016 — March 2022
7.20 PF, 578.2 TBIs « 25 PF, #39 in 58" TOP 500 (November 2021)
— 800 Gbps — Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
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« Simulation Nodes (Oddysey): A64FX (#17)
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» 33.1 PF, Operation started on May 14, 2021
= Platform for Integration of “Simulation+Data+Learning (S+D+L)”
|+ Innovative Software Platform “h3-Open-BDEC” supported by Janapese
Government (JSPS Grant-in-Aid for Scientific Res. (S) FY.2019-2023)

o Wisteria
BDEC-01 o o BOEC-01

Simulation Nodes Data/Learning Nodes

>

(Odyssey) _(Aquarius) Reedbush Oakforest-PACS Oakbridge-CX




ANlm o “Data Platform” / mdx

 High-performance virtualization environment focusing on leveraging
data with security like “Cloud” using same HW as supercomputers.

 National joint usage system ®RO @ BDER®OD@® o
jointly operated by 9 universities B |

E-

and 2 research institutes
» Located at Kashiwa Il campus of
U.Tokyo

- -
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Location of Information Technology Center

Kashiwa Il (new)

Oakbridge-CX
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« Supercomputing Research Division, Information
Technology Center ,The University of Tokyo
(SCD/ITC/U.Tokyo)

 JHPCN, HPCI, JCAHPC and NHR
» Supercomputers in SCD/ITC/U.Tokyo

* Integration of (Simulation+Data+Learing)
—Wisteria/BDEC-01
—h3-Open-BDEC

 Future Perspective



Users of (Public) Supercomputers in Japan

« Generally, major supercomputers are operated by National Universities
in Japan (and Public Research Inst., e.g. RIKEN, AIST, JAMSTEC etc.)
— Nation-Wide Shared Systems
— Users are not limited to those from each university

« Main Users
— Faculty Members/Researchers of Universities/Colleges
— Students (Graduate, Undergraduate)
— Researchers in Public Research Institutes (RIKEN, AIST etc.)
— Basically, limited to “Residents in Japan” by Japanese Trading Law

« After FY. 2008

— Users from Industry (limited resources (less than total 10%), special qualification)
» Japanese government strongly recommends Industry-Academia Collaboration

— Non-Residents (MOU, Research Projects) with several restrictions (e.g. manuals)

10



In Japan, users usually pay fee for using

supercomputers (cost for electricity etc.)

1.0+MUSD/year needed for operation of a system with 1MW

First Come, First Served

— e.g. Wisteria/BDEC-01 (Odyssey) with A64FX (same as Fugaku)
« Single node (48 cores) with 2TB Storage: 430 Euro/Year (140JPY= 1 Euro)
» Users purchase “node-hours (token)”

Nation-Wide Programs using Supercomputers

— Proposal-based, Free
— JHPCN (2010-)

] I P CI High Performance
« Fundamental Research . . 1 Computing Infrastructure

JHPCN ®
— HPCI (2012-)

» Large-Scale Computing (Simulations)
Each Supercomputer Center has its own research program
Recently, 30+% of resources are spent for such programs/projects

11



JHPCN (1/4)

https://[hpcn-kyoten.itc.u-tokyo.ac.jp/en/

 Joint Usage/Research Center for
Interdisciplinary Large-scale Information

Infrastructures (2010-)

« Alliance of SC Centers of 8 National
Universities (corresponding to NHR in

Germany)

— 7 “Imperial” Universities + Tokyo Tech

— Core Institute: ITC/U.Tokyo

— Total 140+PFLOPS (May 2022)

* Promotion of collaborative (fundamental,
interdisciplinary) research projects using
facilities & human resources in 8 Centers
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JHPCN (2/4)

https://jhpcn-kyoten.itc.u-tokyo.ac.jp/en/ JEFCHE
« Categories for Projects 1.56+08
— Computational Science & Engineering™ > | A,
— Data Science/Data Analytics (2022-) é':j'ro L | mSupeiConiptiter
* General .
* International, Industry 1.0E+08 |

— 63 Projects in FY.2022
» 55:CSE, 8:Data
» Many of the projects are by multiple
centers

« Budget
— Supported by Japanese Government
— 1/3 of Supercomputer Fee is by 8 |
centers, Cost for H/'W not included  o0.0e+00
. BUdget iS Up tO 20K EUFO for eaCh prOj. 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

JPY
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JHPCN (3/4)

https://[hpcn-kyoten.itc.u-tokyo.ac.jp/en/
(KN’s personal point of view)

Before JHPCN (2010)

— 8 centers were independent, almost NO
collaborations

— NOT necessarily active in research

After JHPCN

— Collaborations among centers are much
more active, as well as CS-CSE
collaboration through projects

— KN has collaborators in almost all centers
+ Joint proposal for external funding
— ppOpen-HPC@JST CREST -> ESSEX-II
— h3-Open-BDEC@JSPS

(= _
£ Kyoto University
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JHPCN (4/4)

https://[hpcn-kyoten.itc.u-tokyo.ac.jp/en/

There are no “assignments” of

application area for each center, as NHR

—eg.

In U.Tokyo, Weather/Climate,

Earthquakes, Engineering, Materials Science

are traditional area of usage

Varieties of HW

— Cloud: Hokkaido, Osaka
— Vector: Tohoku, Kyoto

— GPU: Tokyo Tech

— Xeon Phi: Hokkaido, Tokyo, Kyoto
— Integrated/Heterogeneous Systems:

Nagoya, Kyushu

Tokyo,

FEy Tohoku University
bl Cyberscience Center

> Hokkaido University

&3 Information Initiative Center
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ESSEX-Il is still continuing in JHPCN Projects

 Innovative Multigrid Methods (FY.2018-)
— ESSEX-Il + ExaStencils

— International Project
» Leading Pl must be residents, while at least one of Co-PI's must be non-residents

— Hokkaido, Tokyo, Nagoya, Kyushu
« Numerical Library with High-Performance/Adaptive-Precision/High-

Reliability (FY.2018-)

— ESSEX-II

— Hokkaido, Tokyo, Tokyo Tech, Nagoya, Kyushu
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HPCI (1/2) HP C It misreture

https://www.hpci-office.jp/folders/english

« High-Performance Computing Infrastructure
« Structure

-

— National Flagship System OIII /f%\

+ K, Fugaku (RIKEN R-CCS) e RCCS |
— 2" Tier

« JHPCN Centers (8 Universities) S I RE

 University of Tsukuba 9. University of Tsukuba

« NII, JAMSTEC, AIST JHFCNE N"@jﬁg‘gﬁﬂﬁm
— Large-Scale Shared Storage (50+PB) . e

« East Hub: Kashiwa (U.Tokyo) reTE ﬁ

« West Hub: Kobe (RIKEN R-CCS) .,.,JMAN!S.I:EH.CQ, mméﬁgmz;

* Focusing on Large-Scale Simulations (not fundamental research)
— Budget for each project is up to 10x of JHPCN project

17
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HPCI (2/2) HPC Lt rormance

https://www.hpci-office.jp/folders/english

HPCI WEST HUB
R-CCS, Riken

50 PB Storage

) — — — — — — — — — — —
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- |
Hitachi SR8000 Hitachi SR1_6K/M1
1,024 GF Yayoi
’ 54.9 TF
||
Hitachi Hitachi (0]:10) ¢
SR2201 SR8000/MPP (Fujitsu)
307.2GF 2,073.6 GF 6.61 PF
I
Hitachi HA8000 Oakforest- OFP-II
T2K Todai PACS (Fujitsu) 100+ PF
140 TF 25.0 PF
[ L
Fujitsu FX10 ¢ % Wisteria
Oakleaf-FX +% BOECD1 ulitsu
1.13 PF 33.1 PF
Supercomputers -

@ITC/U.Tokyo

2,600+ Users

55+% outside of U.Tokyo

2006-2010

2016-2020
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2026-2030
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Ratio of Assigned Resources (1/3)
B General MiIndustry (NOT Free)
B Projects: without Fee, A: Academia, I: Industry

T2K Toda| Oakleaf/Oakbridge-FX

2008-2013, AMD Opteron 140TF 2012-2017, Commercial Version of K, 1.2+PF

100% 100%
80% |
60%
40%
m Projects (1) u Project 20% 1
ojects (1) ojects ( I ® Projects (A/l) = Industry m General
® Industry [ General 3
1 00/0

2008 2009 2010 2011 2012 2013 2012 2013 2014 2015 2016 2017

80% |
60% [

40% [

20% [
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J C A H P C W™ University of Trukuba THE UNIVERSITY OF TOKYO
http://jcahpc.jp/eng/index.html >0 JCAHPC
 Joint Center for Advanced High Performance
Computing, since 2013 ey, G0

— University of Tsukuba & University of Tokyo
» Budgets of 2 Centers are combined

— Promotion on Computational Science,
Design/Procurement/Operation of Large-scale Systems

« QOakforest-PACS (OFP), 1st System of JCAHPC
— 8,208 Intel Xeon Phi, 25PF, Fuijitsu
— Top500 (#6 (Nov.2016), #1 in Japan)
— Retired in the end of March 2022 (#39 (Nov.2021))

« National Flagship System in FY.2019/2020
— Between K and Fugaku
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Finalist of Hans Meuer Award (Best Paper), ISC-HPC 2018

Chebyshev Filter Diagonalization on Modern Manycore Processors and ‘j_"“'ig

Performance [GFLOP/s]

GPGPUs (Kreutzer, Ernst, Bishop, Fehske, Hager, Nakajima, Wellein)

iens
Buting
B

e e

Chebyshev Filter Diagonalization on Modern Manycore Processors and GPGPUs (Kreutzer, Ernst, Bishop, Fehske, Hager, Nakajima, Wellein)

ISC-HPC 2018 Hans Meuer Award Finalist

* Filter Diagonalization
* Computations of All Eigen-Pairs of Large Sparse Matrix
* ChebFD Scheme
O Apply Chebyshev polynomial filter to search vectors
[ Orthogonalize filtered vectors, Compute Ritz-pairs and restart if necessary
® Summary
® ChebFD polynomial filter for Intel KNL and Nvidia GPGPUs
® High Flop-rates for sparse matrix problems & large block vectors
* Subspace blocking allows for:
O Easy & efficient usage of slow memories via transparent access and

Single kernel ’\

Algorithm 1 Application of the ChebFD polynomial filter to block vectors.

12 U=ty iy,

2% Wiswy,.

Ploynomial % Xmx
degree £ U«

5: W

Wi,
Lyowsain

(aH +BL)X
2aH +B1)U -X

X« gocoX + g1 U + gacdW

7: for p
8 sw
9% W
10:
1:
12:

=310, do
ap(W,U)
— 2aH +BLIU-W

g W,U)
B (U.U)
X X + gV

13: end for

]

& define block vector
& define block vector
» spmnv ()
& spmmv ()
© baxpy ()+bscal()

]:-cm-,m-um-dl.!hw X)

O Pipelining of communication and computation across subspaces
* Weak scaling: Approx. 0.5 PFLOPD on 2,048 nodes of OFP &
PizDaint
* Full scale OFP system: 1.5+ PFLOPS for 100 inner eigenpairs of
sparse matrix with 16 billion row

— 400

Performance [GFLOPis)

Intel KNL| B Eiber-sme
9 GHGsT
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O cuBLASKuSPA
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w Nvidia V100

xS

: for b=0wn;/my—1 do
 Up =iyl
Wb 2= Whngye oy Wb 1

Xp = Ty -3 X (b Vg

swap(Wp,Up)

F Communication
pattern changes
1 L

L 1 L
32 128 512 2048
Number of nodes

>

32 128
Number of nodes

<
b
[(S15
-]

I

2

3

4

S: for n=3ton, do
2

7 CHEBFD.OP(H Uy Wp.Xp)
§:

: end for
% end for

Vector subspace blocking

b define block «.M l

Datalayout

Block vectors of size
g+ N

Sparse matrix multiple
vector multiplication

Optimistic Comp. Intensity

e e
) = g0 + 260/m, B

Implementation:
* Intel KNL: SIMD Intrinsics
* Nvidia:  CUDA+

opt. reduction

Bottleneck analysis:

* Intel KNL: Core execution

* Nvidia P100: L1 bandwidth

* Nvidia V100: HBM bandwidth
(measured: 780 GB/s)




Ratio of Assigned Resources (2/3)
B General MiIndustry (NOT Free)
M Projects: without Fee, A: Academia, I: Industry

Reedbush U/H/L Oakforest-PACS (OFP)

2016-2021, Intel BDW+P100, 3.36PF 2016-2021, Intel Xeon Phi, 25 PF
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Ratio of Assigned Resources (2/3)
B General MiIndustry (NOT Free)
M Projects: without Fee, A: Academia, I: Industry

Oakforest-PACS (OFP)
2016-2021, Intel BDW+P100, 3.36PF 2016-2021, Intel Xeon Phi

100% I | |
= Projects (A/l) Industry Gene! Many Of K USers moved to OFP

after shutdown of K

2016 2017 2018 2019 2020 2021 2017 2018 2019 2020 2021

Reedbush U/H/L

80% [
60% [

40%

20% [

0%




Ratio of Assigned Resources (3/3)
B General MiIndustry (NOT Free)
M Projects: without Fee, A: Academia, I: Industry

Oakbridge-CX (OBCX)

2019-, Intel Xeon Cascadelake, 6.61PF

100%

80% |
60% |

40% |

20% |
= Projects u Indus ty mGen
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« Supercomputing Research Division, Information
Technology Center ,The University of Tokyo
(SCD/ITC/U.Tokyo)

« JHPCN, HPCI, JCAHPC and NHR
« Supercomputers in SCD/ITC/U.Tokyo

* Integration of (Simulation+Data+Learing)
—Wisteria/BDEC-01
—h3-Open-BDEC

 Future Perspective



¢ ¢ Wistefia Platform for Integration of (S.-I-D+L) i AL} %T_T_T j( ?nl%%ﬁgﬁﬂtyg_
Q’Q BDEG-01 BigRatai¢iExtremeiComputng C ’ %ﬁSI§Tﬁ NFORMATION TECHNOLOESY CENTER, HE UNVERITY OF TORYO
Simulation Nodes:
Odyssey
Fujitsu/Arm AG4FX
25.9PF, 7.8 PB/s
Shared File ' Fast File . .
System DatalLearning System Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
R\ L vdos el I SIS | . JCAHPC (U.Tsukuba, U.Tokyo), October 2016 — March 2022
7.20 PF, 578.2 TBIs « 25 PF, #39 in 58" TOP 500 (November 2021)
— 800 Gbps — Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
: ™ = = : @ ° JU|y 2019_June 2023 Hierarchical, Hybrid, Het
Eemel - 6.61 PF, #110 in 58t TOP500 2 h3-Open- BDEG
§ - Resources . . . // 3ig Dot & B "
S w Wisteria/BDEC-01 (Fuijitsu) z
« Simulation Nodes (Oddysey): A64FX (#17)
Data/Learning Nodes (Aquarius) : Icelake + A100 (#106)

¥ |
4
n
L[]

» 33.1 PF, Operation started on May 14, 2021
= Platform for Integration of “Simulation+Data+Learning (S+D+L)”
|+ Innovative Software Platform “h3-Open-BDEC” supported by Janapese
Government (JSPS Grant-in-Aid for Scientific Res. (S) FY.2019-2023)

o Wisteria
BDEC-01 o o BOEC-01

Simulation Nodes Data/Learning Nodes

>

(Odyssey) _(Aquarius) Reedbush Oakforest-PACS Oakbridge-CX
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2006-2010 2016-2020 2026-2030

| I
. . Hitachi SR16K/M1
Hitachi SR8000 Yayoi
SR8000 IBM Power5+ IBM Power7
| Intel CLX
Hitachi Hitachi 0]2109 ¢
SR2201 | SRE00O/MPP (Fujitsu)
[ 6.61 PF
HARP-1E SR8000 .

Hitachi HA8000 Oakforest-

T2K Todai PACS (Fujitsu)
140 TF @ PF
Intel Xeon Phi
AMD Opteron e

Fujitsu FX10 *.* Wisteriag,,::
Oakleaf-FX +%s BOEC-D1 Fulitsu

1.13 PF 33.1 PF

S AR DA — AB4FX, "~ Accelerators

Reedbush- Intel Icelake+

I INGeIE:[3) | NVIDIAA100

R 3.36 PF

Intel BDW +

Multlcore CPU N\t/eIDIA e
GPU Accelerators ‘ ‘ ‘ ‘

Pseudo Vector




Research Area based on CPU Hours (FY.2020)

Physics

Materials

Engineering

Physics

Earth/Space

Materials

B Engineering
W Earth/Space
m Material
B Energy/Physics
B Info. Sci. : System
M Info. Sci. : Algrorithms
M Info. Sci. : Al
B Education
I Industry
Bio
Bioinformatics
I Social Sci. & Economics
Data

B CPU
B GPU
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Research Area based on CPU Hours (FY.2020)

B Engineering
M Earth/Space
® Material
B Energy/Physics
B Info. Sci. : System
M Info. Sci. : Algrorithms
M Info. Sci. : Al
B Education
Physics I Industry
Bio
Bioinformatics
I Social Sci. & Economics
Data

B CPU

Bioinformatics

Earth/Space

Bio. Sci.

Materials

Energy/

Physics N Engineering . GPU

Materials
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Global Atmosphere-Ocean Coupled Simulations

i -
276 280 284 288 202 206 300 304

=T I I
100 120 140 160 180 200

1.3 26 ae

WiCAM MRC-AC
‘Somi -Unstructur od 6r id FIM/Structured 6 id

* Also applicable to full coupling,
multiple applications

Model procedures

L /| 2. Send-data extraction from

the buffer, and data sending
Draw data from the buffer || Coupler procedures - VEDY 3570
s Send data [T
1. Data-packing Recv data 3
into a buffer I
Coupler procedures ) i Draw data from the buffer
3. Data-packing after the e 4. Data extraction | s e :
N : ion process |- feeemmmmm—————= from the buffer _
Mzgisumura- <l interpolation process [C/O Prof_ M - SatO, Prof_ H . Hasuml
model T et Madel proced

(AORI/U.Tokyo)]
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Solid Earth & Sror 'F?Iéginfbj:grpéjé?/’u.Tq_ky.o-)]
Earthquake Simulations

Buiding

10-50m
¥y
- . " - -V{-\ —
Observation (<-NET, Kik-net46 pts) (a) Assimilated | (b) Pure Simulation § | ong Wave Propagation in Tokyo Erinuake b s
o . . MSIRNPI  ~2 / L J i, e N NG e 2N (FDM-mesh)

©) Resident evacuation

a) Earthguake wave propagation

Twso million agerts evacusting to nearest s afe she

Response Spectrum

TKY.1120

HAEERAY bl forvs)

1025 km

¢ 6 8 10 12 14 16 18 2

M (5] ( b} City response simulation

[c/o Prof. R.
Ando (U.Tokyo)]




Simulation of Geologic CO, Storage

[c/o Dr. Hajime Yamamoto
(Taisei Corporation)]

Yokohama

Point G
-

CO, Plumes
Groundwater Head (m)
o

1 10 20 30 40 S0 60 70 80 100

-4 CO, EABROMTAE (£KERE) 0% (100 Fik)

Tokyo Bay

(a) PREGERN T
B-5 EHERBOF@ETH (VIR 605

(b) FRAESMEREH T ifi
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{a) Tokyo Bay Model
—Large scale hydro-geological model-

(b) DDC (Diffusion-Dissolution-Canvection)
—Highly non linear process model—

Reservoir e
Natie Grouncwater [Brne]

6 million DoF

(c) SPE 10 Model
~Highly heterogeneous reservoir model-

3.3 million DoF

Original
Reservior Model

Christie and Blunt (2001}
Qi et al. {2009)
Audigane et 2l (2011)

€O, behavior

Yamamozo et al. (2013) (No upscaling) Sear

. AR 6 100 £8)

+i:DOF; degrees of freedom
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Real-Time Prediction of Severe Rainstorm by OFP
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HPCI Urgent Call for Fighting against ™#&avio.ie

COVID-19 in Japan (FY.2020) HFCICOVID-19 Urgent Call
by 8 SC Centers of Natl. Univ., AIST etc. g o DR Y
6 of 14 accepted projects use U.Tokyo’s Systems

e e

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

Study on the evaluation of arrhythmogenic risk e
of COVID-19 candidate drugs Toshiaki Hisada (UT Heart) OFP

Prediction of dynamical structure of Spike . .
protein of SARS-COVID19 Yuji Sugita (RIKEN)

Computer-assisted search for inhibitory agents . , ,
for SARS-CoV-2 Tyuji Hoshino (Chiba U.)

Prediction and Countermeasure for virus

droplet Infection under Indoor Environment:

Case studies for massively-parallel simulation Makoto Tsubokura {Kobe U.)
on Fugaku

OBCX

Spreading of polydisperse droplets in a Marco Edoardo Rosti = ._
turbulent puff of saturated exhaled air (OIST) [c/o Prof. M.Tsubokura (Kobe U.)]
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Ipomoea: Common Shared Storage

« Each Supercomputer has its own File System: Independent
— Number and size of files are increasing -> Inconvenient
— Shutdown of OFP with 25+PB Storage in March 2022
— We decided to introduce a “Common Shared Storage”

Available from Various Systems in ITC/U.Tokyo and JCAHPC
— OFP, OBCX, mdx, Wisteria/BEDC-01
— Future Systems
Operation Period: 5-6 Years, 25+PB

— 2 File Systems, One of these is replaced every
3-year

lpomoea-01 -

— Operation started in January 2022, Public use from June 2022

— Supporting smooth transition from OFP to OFP-II (Successor)

lpomoea-02 (April 2025)




« Supercomputing Research Division, Information
Technology Center ,The University of Tokyo
(SCD/ITC/U.Tokyo)

« JHPCN, HPCI, JCAHPC and NHR
» Supercomputers in SCD/ITC/U.Tokyo

* Integration of (Simulation+Data+Learing)
—Wisteria/BDEC-01
—h3-Open-BDEC

 Future Perspective



B Material

Bio Informatics | [l M Energy/Physics

an::;(;ar:i:?;:.ge [ ] In;o. Sci. : Z\I/stem )
M Info. Sci. : rorithms

ERERILE lofo, Sci 'Alg

Ma_terial e : ! ® Education

Science Industry

Bio
Bioinformatics

Social Sci. & Economics
Data

Future of Supercomputing bl

Engineering

« Various Types of Workloads

— Computational Science & Engineering:
Simulations

- Blg Data Analytics m;l:lics(l))r\(lev%lr:f;er ﬁf;: gIIZ;JV?ItirNVIDIA )

— Al, Machine Learning ...

(Reedbush-U) (Reedbush-H)



Future of Supercomputing

Bio Informatics
Medical Image
Recognition

‘ Engineering EXESLE

« Various Types of Workloads

— Computational Science & Engineering:
Simulations

— Big Data Analytics
— Al, Machine Learning ...
* Integration/Convergence of

Material
Science

Multicore Cluster

Intel BDW Only
(Reedbush-U)

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
to the

Engineering

GPU Cluster
Intel BDW + NVIDIA P100
(Reedbush-H)

better future”, which

(Simulation + Data + Learning)
(S+D+L) is important towards
Society 5.0 =)

Using|

[
e RETech
JovTech
% 4 :

.........

HrekmneCEIN > ietvs. 0RO
— Super Smart & Human-centered gl < B

Creating smart cities where EnviTedy ‘

E .=
CarsTach
£
s

convenience, safety and

Society by Digital Innovation (loT, Big e
Data, Al etc.) and by Integration of -
Cyber Space & Physical Space

DEVELOPMENT
GoAls ¥
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MW Engineering
M Earth/Space
M Material
B Energy/Physics
M Info. Sci. : System
M Info. Sci. : Algrorithms
lnfo, Sci LAl
M Education
Industry

Bio
Bioinformatics

™ Social Sci. & Economics
Data

Keidanren

Japan Business Federation

of SDGs

Boosting food production by smart agriculture
utilizing loT, Al and Big Data

Improving nutrition al status with smart food
| produced by cutting-edge biotechnalogy

mall ke high quality education
affordable for everyone on the

Empowering women with access
to education and Information
through the Internet

Providing women with

[ opportunities for startups by
E utilzing ICT
Managing electric power supply ar nd
demar sustainable way by
constructing smart grid systems
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Future of Supercomputing

« Various Types of Workloads

— Computational Science & Engineering:
Simulations

— Big Data Analytics
— Al, Machine Learning ...
« Integration/Convergence of inel BOW Only inel BDW  NVIDIA P100
- - - Reedbush-U Reedbush-H
(Simulation + Data + Learning) ° : : :
(S+D+L) is important towards

Society 5.0 BDEC (Big Data &

* BDEC (Big Data & Extreme Computing) §=7¢{¢-13[-X I3y e]T}{13]¢)]
— Platform for Integration of (S+D+L)

— Focusing on S (Simulation) S D
« Al for HPC, Al for Science, Digital Twins + + L

— Planning started in 2015

M Engineering
B Earth/Space
B Material
B Energy/Physics
W Info. Sci. : System
M Info. Sci. : Algrorithms
Info Sci: Al
B Education
Industry
Bio
Bioinformatics
Social Sci. & Economics
Data

Bio Informatics
Medical Image

Recognition .
Y- Science




Wisteria/BDEC-01

« Operation starts on May 14, 2021

- 33.1 PF, 8.38 PB/sec by Fujitsu
— ~4.5 MVA with Cooling, ~360m?

The 1st BDEC System (Big Data &
Extreme Computing)
Platform for Integration of (S+D+L)

43

® ¢ : & Platform for Integration of (S+D+L)
* Wisteria Big Data & Extreme Computing

¢ ¢ BDEC-01

Simulation Nodes:

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

Shared File

System

(SFS)
25.8 PB, 500 GBIs

Fast File
Data/Learning System

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

Zom galderoe 2

W LEEEE RS External
e Resources

External

Resources e
SSrae—y I

External Network



Wisteria/BDEC-01

« Operation starts on May 14, 2021

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

— Hierarchical, Hybrid, Heterogeneous (h3)

The 1st BDEC System (Big Data &
Extreme Computing)
Platform for Integration of (S+D+L)

44

— Simulation Nodes: Odyssey

* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680 nodes (368,640 cores), Tofu-D

— General Purpose CPU + HBM
— Commercial Version of “Fugaku”

" of (S+D+L)
‘omputing

® ¢ WiSteria Platform for Integr
’0 + BDEC-01 Big Data & Ex

Simulation Nodes®

Odyssey
Fujitsw/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 TB/s
7.20 PF, 578.2 TBIs
— 800 Gbps —
External S 7% External
Resources

e Resources



Wisteria/BDEC-01

« Operation starts on May 14, 2021

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

— Hierarchical, Hybrid, Heterogeneous (h3)

The 1st BDEC System (Big Data &
Extreme Computing)
Platform for Integration of (S+D+L)
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— Simulation Nodes: 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 Nodes: Aguarius

- Data Analytics & Al/Machine Learning
 Intel Xeon Ice Lake + NVIDIA A100, 7.2PF

® ¢ : & Platform for Integration of (S+D+L)
” * gfllisct_%qla Big Data & Extreme Computing

Simulation Nodes:

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

Fast File
System

Shared File
System

Data/Learning
(SFS) Nodes: Aquarius (FFS)

25.8 PB, 500 GBIs Intel Ice Lake + NVIDIA A100 1PB, 1.0 TBIs

7.20 PF, 578.2 TB/s

External )
Resources

¥%1 External
e Resources

>

Bat~, 95N
VA

External Network

—_—

— 45 nodes (90x Ice Lake, 360x A100), IB-HDR
- Some of the DL nodes are connected to external resources directly

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



Rankings@ISC 2022

June 2022

- Ocyazey _ Aquarius_

TOP 500

Green 500
HPCG

Graph 500 BFS
HPL-AI

34
10
3
10

115
21
62
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ISC HIGH

PERFORMANCE
I s c ) 2021 DIGITAL
High Performance

The HPC Event.

JUNE 24 - JULY 2, 2021
ISC-HPC.COM

® ¢ Wisterig P'atform for Integration of (S+D+L)

.” BDEC-01 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 1 PB, 1.0 TBIs

7.20 PF, 578.2 TBIs

External L
Resources



Research Area based on CPU-H’s (FY.2021)

Odyssey, Aquarius: After Aug., RB-H, RB-L: Nov.E

RB-H A

Bioinformatics

Engin
eering

Materials
Science

Materials
Science Bioinformatics

Earth/Space

Energy/
; . Physics
Biomechanics
Bioscience

Materials

Biomechani
Bioscience

Biomechanics ‘\
Bioscience \

Engineering
Engineering
Earth/Space

Energy/ .
Physics

Materials‘|>E arth/Space

Science

Earth/Space Materials
Science

OBCX

Odyssey Aquarius

B Engineering
M Earth/Space
m Material
M Energy/Physics
M Info. Sci. : System
M Info. Sci. : Algrorithms
M Info. Sci. : Al
B Education
M Industry
Bio
Bioinformatics
I Social Sci. & Economics
Data

B CPU
B GPU
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Research Area based on CPU-H’s (FY.2021)

Odyssey, Aquarius: After Aug., RB-H, RB-L: Nov.E

Soci

Materials
Science

Biomechanics
Bioscience

Biomechanics ‘\
Bioscience \

Engineering

Energy/
Physics

Materials‘|>E arth/Space

Science

OBCX

Materials
Science

Bioinformatics

Biomechani
Bioscience

Engineering

Earth/Space

Odyssey

B Engineering

M Earth/Space

Engin m Material

eering M Energy/Physics

M Info. Sci. : System

M Info. Sci. : Algrorithms

Energy/ | Earth/Space BETININSIEYY
Physics B Education
M Industry
Bio

Materials . .
Bioinformatics

M Social Sci. & Economics
Data

B CPU
B GPU

Earth/Space

Materials
Science

Aquarius
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Wisteria/BDEC-01

Platform for Integration of (Simulation+Data+Learning) (S+D+L)

Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Simulation

Codes

Simulation Nodes
Odyssey

Wisteria/BDEC-01

Machine Observation

Learning, DDA Data/Learning Data
Nodes, Aquarius

Fast File |Shared File

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

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

Data Assimilation

Data Analysis

Server,
Storage,
DB, :
Sensors,
etc.




Wisteria/BDEC-01

Platform for Integration of (Simulation+Data+Learning) (S+D+L)

Simulation
Codes

Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

Simulation Nodes
Odyssey

Wisteria/BDEC-01

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

Fast File |Shared File

System System
(FFS) (SFS)
1.0 PB, 25.8 PB,

1.0 TB/s 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)

Data Assimilation

Data Analysis




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)
since 2019

« Leading-Pl: Kengo Nakajima (The
University of Tokyo)

 Total Budget: 1.41M USD

h3-Open-BDEC

App. Dev. Framework

Simulation + Data +
Learning

Numerical Alg./Library

Control & Utility
Integration +
Communications+

Utilities

New Principle for
Computations

h3-Open-MATH
Algori thm w th H gh h3-Open-APP: Simulation

h3-Open-SYS
Application Development

Control & Integration

h3-Open-UTIL
Utilities for Large-Scale
Computing

h3-Open-VER
Verification of Accuracy

+

h3-Open-DATA: Data
Data Science

h3-Open-AT
Automatic Tuning

h3-Open-DDA: Learning
Data Driven Approach

51
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Members (Co-PI's) of h3-Open-BDEC Project

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

« Kengo Nakajima (ITC/U.Tokyo, RIKEN), Leading-PI .
« Takeshi lwashita (Hokkaido U), Co-PlI, Algorithms (’ mu}?j(ﬁ&
« Hisashi Yashiro (NIES), Co-PI, Coupling, Utility "*"; ALimE A
« Hiromichi Nagao (ERI/U.Tokyo), Co-Pl, Data Assimilatic =

« Takashi Shimokawabe (ITC/U.Tokyo), Co-Pl, ML/hDDA @6—%{5’*%”5
« Takeshi Ogita (TWCU), Co-Pl, Accuracy Verification
« Takahiro Katagiri (Nagoya U), Co-PI, Appropriate

Computing

» Hiroya Matsuba (ITC/U.Tokyo), Co-PI, Container Y %I:Eg

S mma A
7 atiR K

NAGOYA UNIVERSITY



International Collaborators

« Osni Marques (LBNL, USA)

« Edmond Chow (Georgia Tech, USA)

 Richard Vuduc (Georgia Tech, USA)

« Gerhard Wellein (FAU Erlangen, Germany)

« Weichung Wang (National Taiwan University, Taiwan)
« Feng-Nan Hwang (National Central University, Taiwan)
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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

 “Three” Innovations

— New Principles for Numerical h3-Open-BDEC

Analysis.by Ad.aptive Precision, Numarical AlgJLibrry
Automatic TUﬂlng & ACCUFaCy New Principle for  Simulation + Data + Colrrr:trzﬂ:laiggt?o;s+
Verification L-pmpliafions Learning Utilities
— Hierarchical Data Driven Approach Agoririms wihigh 13-Open-APP: Simulation | h3-0pen-SYS
. . eriormance, Keliability, pplication Developmen ontro ntegration
(hDDA) based on Machine Learning Effciancy
- ’ J e _ h3-Open-UTIL
— Software & Utilities for Veriﬁ:g;gﬁ?fxsfuracy ha'%';:-:ggméf - Utilities for Large-Scale

Computing

Heterogenous Environment, such as gaSsamne. .
h3-Open-AT h3-Open-DDA: Learning

WiSteri a/B D EC-O 1 Automatic Tuning Data Driven Approach




Adaptive Precision Computing with FP42/FP21

Masatoshi Kawai (kawai@cc. u—tokyo ac.jp)

ign 1hit
" e n recent years, the usefulness of low-precision floating-point

exp 11bits
e II“““III“II“III“II“III““IIIII“““III““I representation has been studied in various fields such as machine
exp 11bits
1 .L h ff h
Fpa2 IIIIII““IIIIIIIII“ IIIIIIII earnmg ow accu}racy.can be expects:d to have eftects SU.F) as
o 8bi . shortening calculation time and reducing power consumption. For
p 8bits frac 23hits - . . . .
FP32 I example, in an application with a memory bandwidth bottleneck, the
exp Bbits __frac 12bits effect of reducing the calculation time by reducing the amount of
e L e memory transfer is significant. However, in fields such as iterative
exp Shits frac 10bits

— T methods, it is common to use FP64 because the calculation accuracy
strongly affects the convergence, and there are few application
Heat Conduction with /11 exarpple§ .of low—precisio'n. arithmetic. Th.is study investigates the
Heterogeneous Material Property a apphcal?lhty of lowipr601510n represel.ltatlon to the Krylov subspace
and stationary iterative methods. In this research, we focus on the FP32,
I P FP16, and FP42, FP21, which are not standardized by IEEE754.

FP32-FP32 o
80 | -*-FP21-FP32

Developed method has been evaluated for ICCG solver, which solves
linear equations derived from 3D FVM code for steady-state head
conduction with heterogeneous material property (A,=10°, A,=10°~10°).
Generally, computation with lower precision (e.g. FP32-FP32, FP21-

tim
N
o

Computational time [s]
(o))
o
Computation
= =
o wv

20 ppppassttrT 5

. ot e FP32) becomes unstable, if condition number of the coefficient matrix

LEO0 B3 LEOS 1609 Tiew aeo s e 044s larger (A, is larger), FP21-FP32 provides the best performance if A,
Computatlon Time for ICCG Solver is up to 10%. (“FP21-FP32” means “matrices are in FP21, and vectors

Various Types of Precisions on Intel Xeon Cascadelake are in FP32)
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Prediction of CFD Simulation by Deep Learning
Takashi Shimokawabe (shimokawabe@cc.u-tokyo.ac.jp)

Computational fluid dynamics (CFD) is widely used in science and
engineering. However, since CFD simulations requires a large
number of grid points and particles for these calculations, these kinds
of simulations demand a large amount of computational resources
such as supercomputers. Recently, deep learning has attracted
attention as a surrogate method for obtaining calculation results by
CFD simulation approximately at high speed. We are working on a
project to develop a parallelization method to make it possible to
apply the surrogate method based on the deep learning to large scale
geometry. Unlike the model parallel computing, the method we are
currently developing predicts large-scale steady flow simulation
results by dividing the input geometry into multiple parts and
applying a single small neural network to each part in parallel. This
method is developed based on considering the characteristics of CFD
simulation and the consistency of the boundary condition of each
divided subdomain. By using the physical values on the adjacent
subdomains as boundary conditions, applying deep learning to each
subdomain can predict simulation results consistently in the entire
computational domain. It is possible to predict the simulation results
in about 36.9 seconds by the developed method, compared to about

. . . 286.4 seconds by the conventional numerical method. In addition to
Compar!son Of the ﬂ?W velocity results Obta"t'eq by the this, we are also attempting to develop a method for fast prediction
conventional simulation (upper) and the prediction of these results ¢ (ime evolution calculations using deep learning.

by deep learning (lower)

truth2_u_015 (icnt = 0) truth2_v_015 (icnt = 0)

result2_u_015 (icnt = 0) resultz_v_015 (icnt = 0)
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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

 “Three” Innovations

— New Principles for Numerical h3-Open-BDEC

Analysis.by Ad.aptive Precision, T pT—
Automatic Tuning & Accuracy New Principle for ~ Simulation +Data+ o oraion *
Verification Computations Leaming Utilities
— Hierarchical Data Driven Approach Agoririms wihigh 13-Open-APP: Simulation | h3-0pen-SYS
. . errormance, reliaobility, pplication Developmen ontro ntegration
(hDDA) based on Machine Learning Efficiency -
anonO g 3 > o _h3-0pen-UTIL
— Software & Utilities for Veriﬁ:g;i?)ﬁetz;xssuracy ha'%';::ggzﬁé? o Utilities for Large-Scale

Computing

Heterogenous Environment, such as geesne e .
h3-Open-AT h3-Open-DDA: Learning

WiSteria/B D EC-O 1 Automatic Tuning Data Driven Approach




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

¢ ¢ 7 : Platform for Integration of (S+D+L)
4 W|3lﬂl'|a Big Data & Extreme Computing

¢ ¢ BDEC-01

Simulation Nodes:
Odyssey

Fujitsu/Arm AB4FX
25.9PF, 7.8 PBIs

Shared File

System

(SFS)
25.8 PB, 500 GBI/s

Fast File

System

(FFS)
1PB, 1.0 TBIs

Data/Learning

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

800 Gbps

Simulation

Codes

Simulation Nodes
Odyssey

_ Wisteria/BDEC-01
Machine

Learning, DDA Datal/Learning
Nodes, Aquarius

Observation
Data

Data Assimilation

BEEWAGESE

%t External
1 Resources

External
Resources

Server,
Storage,
DB,
Sensors,
etc.




Al for HPC/Science on Wisteria/BDEC-01
. Wisteria/BDEC-01
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— Aquarius (GPU: NVIDIA A100) *.? Wisteria Flatorm forntegration of (S+D+L)

« Filtering, ML, Visualization ¢ ¢ BDEC-01 Big Data & Extreme Computing

Simulation Nodes:

— Odyssey (CPU: A64FX) B Odyssey
« Data Assimilation, Simulation e
_ . \
« Combining Odyssey-Aquarius _ | |E2.0 TBis _
. . Shared File Fast File
— Single MPI1 Job over O-Ais System LRI System
impossible ssurn sooms Y Nodes:Aquarius Vo

7.20 PF, 578.2 TB/s

— Actually, O-A are connected through

800 Gbps —

|IB-EDR with 2TB/sec.

- hS'Open'SYS/Walt|O'SOCket External - ik = é 4 External
« Library for Inter-Process Resources gy > _- g Resources
Communication through IB-EDR with External Network

MPI-like interface

— h3-Open-UTIL/MP
« Multiphysics Coupler

Hierarchical, Hybrid, Heter

h3 npen BI]E(:
—w
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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—=n32 /aout
waitio_ wait Termination of waitio_isend/irecv ”f = . IR~
waitio_init Initialization of WaitlO WATIO ST FORToTY - ————
waitio_get_nprocs Process # for each PB (Parallel Block) [ Parallel Block J
mpiexec... -n 8 ./a.out ID=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]



61

h3-Open-UTIL/MP oy

Multilevel Coupler/Data Assimilation =y g
« Current Coupler: ppOpen-MATH/MP
— Weak-Coupling of Multiple (usually two) Applications
« Each application does a single computation rfiﬂ h3'0“ﬂE“;BQEE
+ h3-Open-UTIL/MP oy

— Data Assimilation (Multiple Computations: Ensemble)
— Assimilation of Computations with Different Resolutions

*Also applicable to full coupling,

° h3-Open-DATA, h3'open'APP ( Put deta App. A multiple applications
— Data Assimilation by Coupled Codes mEE == [xoeerrmp——

the buffer, and data sending

o buffor — || Coupler procedures
% time

* e.g. Atmosphere-Ocean

« Data Assimilation: h3-Open-DATA

L
et

— Karman Filter, Particle Karman Filter T-Elsie packing

— LETKF 3. Data-packing after the R 5 J 4+Datahexga;ti°n

_ AdJOInt MethOd interpolation process T tane | EE!b\l rom the buffer
Madel procedures IM‘ s J

« Generation of Simplified Models in hDDA



h3-Open-UTIL/MP (h30-U/MP)

(HPC+Al) Coupling
[Dr. H. Yashiro, NIES]

Surrogate
Model

Analysis/ML

HPC App

(Fortran) App

(Python)
F<->P adapter
h3o-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

Visualiztion
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h3-Open-UTIL/MP (h30-U/MP) +
h3-Open-SYS/WaitlO-Socket

HPC App Analysis/ML
(Fortran) App
(Python)

F<->P adapter

>

h3o0-U/MP

A huge amount of

simulation data h3o0-U/MP
output - .
Coupling
¢ _* Wisteria IB-EDR o o wisteria
o¥o BDEC-01 AAVEED) %o BDEC-01

Surrogate
Model

Visualiztion

Statistics
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h3-Open-UTIL/MP + .= nerBoee 2
h3-Open-SYS/WaitlO-Socket \
available from June 2022 %e? Wisteria

Odyssey | Aquarius |
Python APP
{PyTorch)

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

a h3opp.py o h3opp.py

£ "3open. avie0 2 IB-EDR [y
= h3open modules . : -~ h3open modules

= h3open modules S.ﬁ “ h3open modules
c c

© ]

o a

o S _ Jeup modules Jcup modules ) = Jcup modules Jeup modules
M |8 : . B 8 -

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

MPI WaitlO MPI

MPI+WaitlO

June 2022: Coupler+WaitlO

May 2021: Single MPI Environment
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3D Earthquake Simulation
Simulation Nodes With ReaI-Time Data

el L) S Observation/Assimilation
Learning, DDA _ILSS Sl bata | Simulation of Strong Motion (Wave
Data Assimilation I PrOpagatiOI‘l) by 3D FDM

Nodes, Agquarius
Data Analysis

Observation Network for Earthquake: O(105) Points

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

AW
AT o |

Ext naI N etwork

Originally
developed in
ERIN .Tokyo

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



Real-Time Assimilation of “Observation+Computation” in

Seismic Wave Propagation [c/o Oba & Furumura]

- Data Assimilation of Wave Propagation (A) PureS (B) A+S
by “Optimal Interpolation Technique”
- = it Residuacl: n: Time Step . A/_\.A A A,_\_ .
ssim. Comp. S. OMP. - Weighting Matri ab, Bat abd, Bat
x5y = x, + W(y, — Hx;,) saning e | 10 sec. A\.AgiiA AaﬁggA
Comp. Assim. (] - i

— a
xn+1 = Fxn F: Wave Propagation
ganulation

(A) Pure Simulation (B) Assimilation+Sim. B ’
/A\: Obs. Pts. | (No info for Epicenter needed) PG o AW
. 20 sec. MYA ASRg:
e £ A ‘A;/_\'A

5 =
A A
A . A
A A A

1.0s




Real-Time Assimilation of “Observation+Computation” in

Seismic Wave Propagation [c/0 Oba

- Data Assimilation of Wave Propagation
by “Optimal Interpolation Technique”

- c o Residuacl: n: Time Step

soym. Lomp. S OB : Weighting Matrix
a —

Xy =x, + W(y, — Hx;)

Comp. Assim.

— a
xn+1 = Fxn F: Wave Propagation
simulation

(A) Pure Simulation (B) Assimilation+Sim.
/A\: Obs. Pts. (No info for Epicenter needed)

A A
A A
A AL &AL 4 [,1>
AA L, A AL, LA
A L AA A L AA
A AA A AA,
* A A
Epicenter
71.0: 1.0

& Furumura]
(A) Pure S

10 sec.
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Residual n: Time Step

Star.tlng f-rom (A+S: I;%'mzcx? + W(c;l;:l . H;?) W: Weighting Matrix
Assim+Sim.) to (Pure Coms. i

S: Pure Simulation) Tnar = B 1 o b
_>

Wen
forecasred ¥ RIJ assrmtl'uted r]{t (b) n+1 step farecnsted assnmrlated
P 7 | [i2
T K ‘{'. |

Bl E DikE

residual from obs. 3 residual from obs.
N r———— —————
observation 1 observation 1 ﬁ
1 > In+l o
yw ; X | Optimal
] W | weight

m ‘ W[y, - H We‘:ﬂ”" “MMN\”

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




Results at Kotoh A (N.KOTH)

Data Assimilation + Pure Simulation/Forecast phra
482 K-NET, KiK-net Observation y ' LEREL T T e E 139° 46.9°

Assimilation by 70s > forecast | (A+S)=(Pure 5)@30s :

i M A [ AR

_c_,»(A+S) (Pure S)
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System on Wisteria/BDEC-01 using WaitlO

*.? Wisteria
¢ ¢ BDEG-01

Data/Learning

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

Observed Data Visualizer

Eo8
o] 7
Obs. Data

External Server Simulation Nodes:
for Observed Odyssey

h3-Open-SYS/WaitlO-Socket

Seism3D/
OpenSWPC-DAF

Fujitsu/Arm A64FX
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Future Directions towards
Integration of (S+D+L)

Data Assimilation

uoljezijensiA

3D Simulation

S
Accurate Prediction of Seismic Wave T | e
Propagation with Real-Time Data E b -

Observation/Assimilation N -2 Optzaton of 40

— 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 (e.q. Mw < 3.0) E < — E
— More sophisticated DA method (e.g. 4DVar) S S



Web-based Simulation -Wweb-based simulation system for

System for Outreach enlightment of disaster
- egs prevention/mitigation using “3D
Activities Earthquake Simulation with Real-
Time Data

Observation/Assimilation”

s @) *Users (e.g. students of high-
school/junior-high-

External Server for 7
Observed Data
LCACH or Obs. =
fltere #
Data

— - school/elementary school) access
e el o~ KT the web-server on the mdx, and
e e Manipulate simulations on the

S Wistera/BDEC-01.
* The framework can be utilized in

External Server for
Models

various types of applications.
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Web-based System for CSE Simulations in the
Program of Human Res. Dev. in RIKEN R-CCS

Ol
Sy RCCS

AN

Fugaku

0 Ol

SEEs
mmgg
g8 %8

» Users can easily have experiences in supercomputing by the Fugaku
v Resources of Fugaku is utilized like cloud, Simulations are “manipulated” by the

web-server on mdx
*In FY.2022 prototype system on “computational solid mechanics” for
university-level students will be developed
v' to be extended to younger generations, to other areas
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MATLAB is available ¢ ¢ Ell]iisct%:ia
on Aquarius & OBCX & * "

7| Simulation Nodes

2 113-Open-BDEC | B S s ~
I e ol —— Wisteria/BDEC-01 1
after MarCh 2022 fgﬁ/// Lea'\::i‘:g,n ;DAW ata!earnin_g Obsgar\;:tlon
« We are expecting excellent capabilities of Data Assimiation I
MATLB for machine learning and data analytics,~ =
which can be called from Fortran/C/C++
programs R
 MATLAB only works on Aquarius, but if you
apply h3-Open-BDEC (WaitlO, Coupler), you ek

can combine the MATLAB workloads (called .
from Fortran/C/C++ programs) with large-scale
simulations on Odyssey for optimization of g
parameters etc. — |

* (h3-Open-BDEC + MATLAB) could be a I V73
excellent tool for integration of (S+D+L) »

h3opp.py

h3open modules

h3-Open‘-UTIL/MP

o Jeup modules
3 .




« Supercomputing Research Division, Information
Technology Center ,The University of Tokyo
(SCD/ITC/U.Tokyo)

« JHPCN, HPCI, JCAHPC and NHR
» Supercomputers in SCD/ITC/U.Tokyo

* Integration of (Simulation+Data+Learing)
—Wisteria/BDEC-01
—h3-Open-BDEC

« Future Perspective



pFEM-CRAFT

[Fukasawa, Shahzad,
KN, Wellein, SIAM

PP18]

Parallel FEM
Applications with
Fault Resilience
without Spare Nodes
using CRAFT

Applications

Algorithms ]

Building
Blocks

Holistic Power and
Performance Engineering

—

R m—

| Numerical Reliability

| PEvo § PE#1 | PE#2 | PE#3 |l PE#a |l PE#5 |l PE#6 Jf PE#7]
File
#7

| PE 0 | PE #1 || PE#2] | PE #4 | | PE #6 |} PE#7
File
#7

| PE#0 | PE#1 | PE#2] | PE#4 | PE #6 ] PE#7

File
#7

File File
#1 #4

Starting
with 8 Proc’s

#3 & #5 failed

Files of #3 & #5
are read by #0 &
#1 (Merging)

Repartitioning &
Data Migration
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CRAFT for Resource Management/Provisioning

of Supercomputers under Urgent Situations

Each Application is equipped with pFEM-CRAFT-like capability/interface
for flexible load balancing & resource/data migration

---Job-X-with-Higher--
Priority

Resource Migration/Redistribution

=
el
=
>
2
S
=
&
S
@
o
S
=
el
=
©
b
2
=
©
O
.
>
o
0
[0}
(A

Amount of Resources

Job-X with Higher T Job-X completed
Priority submitted



Future Perspective (1/2)

« U.Tokyo is shifting to GPUs/Accelerators in next 10 years
— Maximum performance under constraint of power consumption

» Wisteria-Mercury (April-dune 2023)
— GPU Cluster, for supporting “Aquarius”
— Prototype of OFP-Il (128+ GPU’s, 32+ nodes)
* OFP-II (April 2024)
— Successor of OFP (JCAHPC, U.Tsukuba & U.Tokyo)
— GPU Cluster (same GPUs as those of Mercury), 100+PF
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2006-2010

Hitachi SR8000
1,024 GF

|
Hitachi
SR8000/MPP
2,073.6 GF

Hitachi
SR2201
307.2GF

Supercomputers

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

Hitachi HA8000
T2K Todai
140 TF

I
Hitachi SR16K/M1

Yayoi
549 TF

Fujitsu FX10
Oakleaf-FX

1.13 PF

2016-2020

OBCX

(Fujitsu)
6.61 PF
T
Oakforest-
PACS (Fujitsu)
25.0 PF

79

2026-2030

OFP-II
100+ PF

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

*.* Wisteria
¢ ¢ BDEC-D1

Ipomoea-01 25PB

Fujitsu

Ipomoea

Ipomoea 02



Future Perspective (1/2)

« U.Tokyo is shifting to GPUs/Accelerators in next 10 years

— Maximum performance under constraint of power consumption
Wisteria-Mercury (April-dune 2023)

— GPU Cluster, for supporting “Aquarius”

— Prototype of OFP-1l (128+ GPU’s, 32+ nodes)

OFP-I1I (April 2024)

— Successor of OFP (JCAHPC, U.Tsukuba & U.Tokyo)

— GPU Cluster (same GPUs as those of Mercury), 100+PF

It is difficult for 3,000 users of OFP to perfectly switch to GPU cluster
— We need certain amount of time and human resources

— U.Tokyo considered this for Wisteria/BDEC-01, but finally gave up (Fall 2019)
Current Situation

— Various GPU’s & Programming Environment

— Good for NEW users of GPU’s (e.g. Standard Language, OpenMP Offloadnig)
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Wisteria-Mercury
Winged Messenger

General Purpose CPU + Accelerators
— Target Performance: 6+ PF, 128+GPU’s
— Prototype of OFP-II

Supporting “Aquarius”: Primary Mission
— Also used for HPC Workload

— Direct Link to External Network

— Working with “Odyssey” directly

Some of infrastructures of
Wisteria/BDEC-01 are shared

— Login Nodes, HW for Management

— SFS, FFS, Job Management System etc.
Operation starts in April-dune 2023

Fast File System
(GE)
1PB, 1.0 TBIs

Shared File
System

(SFS)
25.8 PB, 500 GB/s

Simulation

Nodes:

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

Datal/Learning
Nodes: Aquarius

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

External Py
Resources ™
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OFP-II (1/2) 30 JCAHPC & mwer Gusnz

» OFP-II: Successor of Oakforest-PACS (OFP) with Intel Xeon Phi
— Operation starts in April 2024 (1 year after Mercury)

» Target Peak Performance: 100+PF (or 200 PF?)
— Integration of (Simulation+Data+Learning)
— Accelerators (e.g. GPU) are introduced because of power restriction

— Group-A (CPU+GPU), Group-B (Only CPU): CPUs in Group-A and Group-B could
be different



OFP-II (2/2) JJCAHPC

§05 sunkey o EOKF

(), University of Tukuba C ’ THE UNIVERSITY OF TOKYO

« We should start porting ASAP, hopefully BEFORE Fall 2022

 Additional Mission for Mercury
— Prototype of OFP-II: Testbed for Porting Applications to GPU

« 7 Benchmarks in CSE for
decision of GPU on OFP-Il &
Mercury
— OpenMP+MPI or CUDA/OpenACC

— 3 Types of Benchmarks, 2-levels
for each category

— Performance Estimation on H/W for
Mercury (Apr.2023) and OFP-II
(Apr.2024)

Performance
Evaluation of
Codes for CPU
on the Host CPU
(Optional)

As-Is

Optimized

OpenACC, OpenMP, Standard

Porting Codes Language etc.

for CPU to GPU

To be tuned for maximum
performance o the target GPU

As-Is

Optimization of
Codes written in
OpenACC/CUDA | (e

To be tuned for maximum
performance o the target GPU




Seven Benchmarks JCAHPC

&gﬁ SR BBk ¥

rsity of Tsukuba THE UNIVERSITY OF TOKYO

3-D Poisson’s Equation by C

Finite Volume Method OpenMP
GeoFEM/ICCG  Finite Element Method Fortran OpenMP, MPI A&B
H-Matrix PSS e Fortran  OpenMP, MPI

calculation

Quantum-Chromo

QCD L : Fortran OpenMP, MPI CUDA
Dynamics simulation
N-Body ';'E)BPOSC’V simulationusing .. onenMP, MPI CUDA C
Molecular Dynamics CUDA, HIP,
GROMACS simulation C++ OpenMP, MPI SYCL
Ab-initio quantum-
SALMON mechanical simulator for Fortran OpenMP, MPlI (OpenACC) B

optics and nanoscience
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Purpose & Strategy of Each Category

« Category-B: (OpenMP+MPI) Codes

— B-1: Minimum changes to the original codes (e.g. OpenMP, OpenACC, Standard
Language etc.)

— B-2: Fully Optimized by CUDA, OpenACC etc.

— Evaluation: Performance of B-2, Ratio of (B-1)/(B-2) (Highly evaluated if
performance of B-1 and B-2 would be close)

« Category-C: (OpenACC, CUDA) Codes
— C-1:As s
— C-2: Fully Optimized
— Evaluation: Performance of C-2
« Both of Performance and Portability are evaluated
— Portability is especially important in B-1

85



86

Status of Evaluation

* Report due May 20, 2022
 Online presentations/interviews just before ISC

« GPU for Mercury system will be decided soon
— The result will be shown in the “draft specification” to be released in mid-late June
 This time, we select GPU for Mercury (128+GPU’s, U.Tokyo), but it (or its
successor) will be automatically adopted to OFP-II (100+PF, JCAHPC)
— Very Ciritical Decision
— Thus, we can start porting this Fall !!



Summary of Schedule

« June 2022 (Mid-Late)
— GPU for Mercury and OFP-II decided
« Late Summer-Fall 2022
— Porting of applications starts on target GPU

— Procurement of OFP-Il starts (we start discussions about that with vendors at
SC22)

 April-dune 2023

— Operation of Mercury starts

— Performance evaluation and further optimization of ported codes on Mercury
 April 2024

— Operation of OFP-II starts
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2006-2010

Hitachi SR8000
1,024 GF

|
Hitachi

SR8000/MPP
2,073.6 GF

Hitachi
SR2201
307.2GF

Supercomputers

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

Hitachi HA8000
T2K Todai
140 TF

I
Hitachi SR16K/M1

Yayoi
549 TF

Fujitsu FX10
Oakleaf-FX

1.13 PF

2016-2020

OBCX

(Fujitsu)
6.61 PF
T
Oakforest-
PACS (Fujitsu)
25.0 PF
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2026-2030

OFP-II
100+ PF

*.* Wisteria
¢ ¢ BDEC-D1

Fu1|tsu.

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

Ipomoea-01 25PB

Ipomoea

Ipomoea 02
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Future Perspective (2/2)

- BDEC-02 (Fall 2027-Spring 2028)
— Platform for “Digital Twin”, “S+D+L”

— We are thinking about introducing DPU, IPL
Quantum-Inspired Devices etc. for supportit
workloads for (D+L)

— Some of them can be also used for HPC
simulations with certain constraints

v" Graphcore, SambaNova, Cerebras
v PIUMA@Intel
v" Digital Annealer@Fuijitsu

— We have been using Fujitsu’s Digital Annealer since 2019: Combinatorial
Optimization

— Programming Environment & Communication Library for Integration of HPC and
Such Devices are needed: Examples of prototype in DOE Lab’s




