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Hitachi SR8000
1,024 GF

Hitachi Hitachi
SR2201 SR8000/MPP
307.2GF 2,073.6 GF

RIEKFIEHRE

T RA—DO X /N
FIFA#E2,600+4
55% (L4}

g

2006-2010

Hitachi HA8000

Lo A4

Yayoi
549 TF

T2K Todai
140 TF
L]
Fujitsu FX10

Oakleaf-FX
1.13 PF

2016-2020
I
Hitachi SR16K/M1

PACS (Fujitsu)
]

U/H/L (SGI-HPE)

OBCX
(Fujitsu)
6.61 PF
[

Oakforest-

25.0 PF

¢ _* Wisteria
’0‘ BDEC-01 Fujitsu

33.1 PF

Reedbush-

3.36 PF

Ipomoea-01 25PB

OFP-II
100+ PF

Ipomoea 02

2026-2030

Ipomoea




Hitachi SR8000

4 NN

SR8000

Hitachi Hitachi
SR2201 SR8000/MPP
HARP-1E SR8000 |

FTURTRIL
JNAHCPU
IREE & 1+

2006-2010

IBM Power5+

Hitachi HA8000

Oakforest-

T2K Todai PACS (Fujitsu)
140 TF X8 PF
Intel Xeon Phi
AMD Opteron il

OBCX

(Fujitsu)
6.61 PF
I

2016-2020 2026-2030
Hitachi SR16K/M|1
Yayoi
IBM Power7 Intel CLX

Fujitsu FX10
Oakleaf-FX

¢_* Wisteria,,::
’0‘ BDEC-01 Fujitsu

1.13 PF
SPACRG64 IXfx [

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

Intel BDW +
NVIDIA P100

33.1 PF

ABG4FX,
Intel Icelake+
NVIDIA A100

~ Accelerators
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¢ ¢ BDEC-01 BigRatai¢iExtremeiComputng C ’ THE UNIVERSITY OF TOKYO INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Simulation Nodes:
Odyssey
Fujitsu/Arm AG4FX
25.9PF, 7.8 PB/s

Shared File . Fast File

System Data/Learning System Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
ML N\ N oG T/ B G | - UCAHPC (S1%ACCS- BAITC), 20164108 ~202243 8 5% (F )

7.20 PF, 578.2 TBIs + 25 PF, #39 in 58" TOP 500 (November 2021)
— 800 Gbps - Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
- « 2019578 ~2023%F6 A KR (FE)

.................................
P

I exernal 6.61 PF, #110 in 58" TOP500-June 2023 (Plan) h3 Open-BDEC

Resources 7~ — T om0 T E T T T O0m mEEE AL T W, T s s e consutns

e Wisteria/BDEC-01 (Fujitsu)
o 2alL—33>/—FE (Odyssey) : A64FX (#17)

- | - T—4-%28 /—F# (Aquarius) :Intel Icelake+NVIDIA A100) (#106)
: : g il * 33.1 PF, #17 in 581" TOP 500, 202145 A 148 & A
p=y | = [5HE-7—4-25 (S+D+L) IMED =D T T+ — L
- FEHTHY IR o7 E#2Th3-Open-BDEC
(ﬂﬁﬁ%ﬁ%(S) 20195 E ~20235 &)

*,* Wisteria o Wisteria
+ ¢ BDEC-D1 . 4 BDEC-01

Simulation Nodes Data/Learning Nodes

>

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




10

20204

iCPU, B GPU

B T2-5MD2<Y

B BRI - FEHEEE

AR

B IRLF—- R

B EREE . ORT LA

m EREE: 7TV L

m BEWEEA

n HE
EEFNMA
EYRE-ERDE
INATATAITAOR

n HEHE-BFE
F—aR%-F—4RE1E

- HERELY - FEEY
% R

OBCX




11

SR RF[IRES2AL— 3y

RARNZBEWRR, RREFRURRF

THE EL NINO PHENOMENON o (8 May 2
Pty W

&

- -.. G

s [~ = —_
b} M 5
2on (P) May 1

ELNINO
YEAR

T
276 280 284 288 202 206 300 304

=E i  — e ] :
100 120 140 160 180 200 1.3 26 ae
WiCAM MRC-AC
‘Somi -Unstructur od 6r id FIW/Structured 6 id

* Also applicable to full coupling,

NICAM- : A=A Put dte’ i ] multiple applications
Agrid ; / | MIROC-A [ . App. A Model procedures
NICAM- 4 e ___ . L I/| 2. Send-data extraction from
ZMgrid ﬁl the buffer, and data sending
Copy data to the buffer Ughw 4. from e b fies li Cpimiprenhve
Jcup’ P and gt A Send data time
o [ 1. Data-packing LIE
tyckivld into a buffer ) 7 ‘
ot Srhosivoes i Draw data from the buffer : \ :
€oco 3. Data-packing after the = 4. Data extraction
ST - mopomionpoces | SR ER— e vente | {E{@IR AL ERIE IR
atsumura- ime : . ;
COCO: Tii Folar F DM Regional Doean Model Maodel procedures 357 VN N
model e [App. 8] | PIAFRBR (RX- KRS FED) )
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RAMEMZER, RREFRMRERF

B0 O REAEREFRER

B $M TKY1120(SK-nat, EBEH) NS

100 1%
LLlt]

BEARS FATFHER

V120

MRTEANS bk fomis]

0N =5 10w @ 6 w2

W (5]

WDFS. 63 s

KEKS: 57 &

(Efg IR B R 2 E %
AT RIS (A HEHD)

Bedrock iy~

>t -
S
Earthquake
Source

1025 km

b) City response simulation

Basament-1

Buiding

Sediment  (FEM-mesh)

“leaig Ravg
X Sedimentary Rock _
\ (FDM-mesh)

©) Resident evacuation

Twso million agerts evacusting to nearest s afe she

12

10-50m
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— bR =H T AT AR AR
KAEER, BIEFEHRATH

—Large scale hydro-geological model-

Yokohama

Point G .
. __ - (b) DDC (Diffusion-Dissolution-Convection)
—Highly non linear process model—

CO, Plumes

FReservoir

Groundwater Head (m)

Natwe Grounawater [Brine}

0 1 10 20 30 40 S0 60 70 80 100

-4 CO,EEABOMTAIE (£KERE) Oa2% (100 F&)

6 million DoF

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

3.3 million DoF

Original
Reservior Model

Christie and Blunt (2001}
Qiet al. (2000)
Audigane et al.(2011)

Tokyo Bay

€O, behavior
Yamamoto et al. (2013) (No upscaling)

H

(a) ZREPMEMEN T (b) PRSEMEAN T i
H-5 EHERBOF@ESHE @R 607, HEARND 6 100 £

+i:DOF; degrees of freedom
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BR (EIEFHZRFT)

T \ Py FT
(‘E_C_E}'chom (W_E)P' Bndaobs NCEB 5 s00s @EEBJ
‘anwc ‘fuu (] ‘;zu‘: s utC
[ > )

DY, (18-km mosh) DA
- e forecast
m mesh} ensemble forecast

D3 (1.5-km
Mmes|
~ ensemple forec;;)t
| 12:00
| ute

WP,

f D4 (500-m mesh)
. every-30-second DA g, EESEy
] My panr ot
S —— via IT-DT

2En7—7 70—
15:30:00

-
201800720 183045 UTE (Pam et

SCALE-
LETKF
Analysis

Computaton time (6528 nodes)
DA cycles + 50 forecasts

i

Data assimilation

g

30.min farecast (s}
§ 3

Forecast

RN

2|

%

§

%
15:50

August 2019

o~

» ot yctemocecats

g

]

30-min forecast (s)
$3Ed

by

THtsEom L,

LEBETF—%RE,. T
(E)ZOlS#il;‘@.mm

)20194E8 8.
100

Rases renestiay 3048 m
2004/28/24 155000 TG (PR o)

213305 FHRIC

Computation time (6528 nodes}
64 DA cycles + 50 forecasts

November 2019

A

Bug
- MPI communicator
Optimization
Very stable! - Obs pre-processing
+ Visualization
= NWP model setting
° = !ul(:letlyeum “ * “
v o TS (),
FT=10min

Foder rufctity 3048 .

(EGRME: =7 2IEEL
(B{LZ AR ]

ann

LETKFICX 2 BB T L hizL — & —

2019485 24E®:E‘FI DVTHFR |"“I:7:\:a (B)L— y—g;ah, UC(—:)SCALEQOIQ—LSH 2450333’?
RAEEBD) R,

LETKFIZ &5 FH THE

DWTHTA MREE,
bl —

(B)L—%—fgd e (T
4 — FHBE(IB) AT

JSCALE-



[COVID-19 13t ii-HPCIES
14DS5L6EBMNE R AT LEFIFH (2020FF)

HEOOFTIAMIROEETOTT7—EIZEHT S
ST AV FEESTE

COVID-19;8 & D &##ZE: chloroquine.
hydroxychloroquine. azithromycind & 2 k")
R DFHBEL VI ZE DR KR IR T 53

HEOIOF I IILRAREDI /A EBHIEE T A

S EHAEITIZ L HSARS-CoV-2185E R E L &I D
E&R

ERNRRBICETEVAIIARKREDFREZED
X B EARREBITICE T =7 —ARE T«

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

2R &
(LK)

AH &R (A SUT-

HeartfHZEFT / R X)
#H JA

(B2 ZEFT)
2% ER
(FEKXZF)

A B
(HFEKRE)

Marco Edoardo Rosti
(OIST)

/N T

“COVID-19

HPCI COVID-1% Urgent Qp%

By 4’553 .
e «cﬁ
skl ﬁ‘(kﬁ
R, R,
Oakforest e e e e == B
PACS

BRHEM EAHMSEIR GIEKXF))

t*J\r

_ %I o

Oakbridge
CX

CEEHEL DA <$¢;= K]
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DEE

« J—H0O0—FND%HkE
— fTEREZE, 5TEI % Simulations
— KIRET—2 AT
— Al, #H=rE

e (UZalL—iav(EtE)+T—

%, 2015F EM L HYFE A

— 4NV ERESA/IN—EROFE
« S:2aL—3> (BHE) (Simulation)

« D:7—%(Data)
« L:%%& (Learning)
— Simulation + Data + Learning =
S+D+L

—5+
=¥ )& =Society 5.0%H(ZH

B T30 D<KY
B HhERFLE - FEHAE
] Hﬂﬂ%

ks a7
AVITARTAIR

| rﬁﬁﬁﬂ—v— FILTYX Ls
[ hﬁ*ﬁﬂ% Al

I
H02KY Y-

GPU Cluster
Reedbush-L

CPU Cluster
Oakbridge-CX

Society 5.0 for SDGs 'iﬁn'&i'ld[.?mf‘

Society 5.0 offers a new growth model with a view of “solving social issues” as well as “creating a
better future", which contributes to the achievement of SDGs

“+4 . Boosting food production by smart agriculture
uti Data

'SocnetyS o AEAN
for ‘ W
SU BLE

i ‘ GﬁALS !
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(2alb—2aV (RHHE) + T2+ FE) S (S+D+L)
« HRIFHMEB L 2—TIL, 2015FE NS (S+D+L) - —
MEIOEEMRITEBL, ThEEHITH5-HD/\—F
D7, VIboxT, 7TV r—3y, TILTYVXLALIZ L
B9 oM FEZE i
— BDECETE (Big Data & Extreme Computing)
— [7—3+F8 |I2&D, JUBELGIVIal—i3ay]
« Al for HPC
— Bk FE FREETIIBAGHERE (T TIZTERINTLD)
« 202145 A ER%BAIA L= Wisteria/BDEC-01 1% &
BDECETIE D151 :
— Reedbush, Oakbridge-CXIZIBDECIDTOR AT LG E
Dlronsd
— 518 -7—4%-2F (S+D+L) IREZEIRIT 5, HETELH)
OTDTZYbTH— L

*,* Wisteria
+"+ BDEC-01

~ *,.* Wisteria
~ &"4 BDEC-01
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Wisteria/BDEC-01 BDEC:[&t % - F—4- %% (S+D+L) |
=1 | AN _ o_“ .

_EEAE I Y8R (Big Data & Extreme Computing)

« 33.1 PF, 8.38 PB/sec. , _%;L:tﬁ% ® ¢ \isteria Platform for Integration of (S+D+L)
— ~4.5 MVA (ZZSAAL) - ~360m?2 ’0 o BDEC-01 Big Data & Extreme Computing
« Hierarchical, Hybrid, Heterogeneous (h3) T
o] > Fujitsu/Arm AB4FX
— 25.9PF, 7.8PB/s
* 2$Eiﬁo)/ FE* . Shared File Fast File
— Y= —_—,° —K . Syst : S
/?;:EL; /03{/ F#E (S, SIM) : Odyssey e, paew—
¢ DANAY %;n'?;.\ Aquarius ‘/(?F-,S—‘)L\
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25878, 5006B/s M "7500F s7eotEi 1PB, 1.0TBs
— 7,680/—F (368,640 2 7), 2054, Tofu-D .
- 7-—’5! -2 E /—F# (D/L, DL) : Aquarius o S I | yrery D1
7— SR, W = mar
+ Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF BT Dt 7

— 45/—FK (Ice Lake:90%, A100:360&), IB-HDR
. —ER(EHERY Y —R (RRL—S, H—sN—, o — ¢ o Wisteria
RyRT—Hith) CE Y 2
T CINES 16 T3 SN2 ¢~ ¢ BDEC-01



Wisteria/BDEC-01 BDEC:T &t & - 7—4- %% (S+D+L) |
=1 | AN _ o_“ .
2021&5}3145@%%&& mﬂmo)f~&)®77/|‘77f L

_EEAE I Y8R (Big Data & Extreme Computing)
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33.1 PF, 8.38 PB/sec. , E L@l *,? Wisteria Platiorm or infec
— ~4.5 MVA (ZEFRAHA), ~360m? e ¢ BDEC-O1__°
Hierarchical, Hybrid, Heterogeneous (h3) o ey
2$Eiﬂﬁfo)/_~l~?¥ N Shsared File 25.9PF’7.8P’.5 FsaStF"E
~ ¥3aL—ay/—FE#(S, SIM) :Odyssey (TSN ey IRCZN
REOR ST o
« Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 258 P8, 5006B/s S| "7 50pF, 578.0T8ls 1PB, 1.0TBIs
— 7,680/—K (368,640 27), 205v%, Tofu-D 800 Gbps
- T—’Sl -8 /—F# (D/L, DL) : Aquarius o DG P brrort D
T—RfEN, BWEE

oL /20— =

External Network
NEprv b —5

- Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—F (Ice Lake:90%, A100:360%), IB-HDR

. —ERIEIMERYY—R (RRFL—, H—iN—, ot — 0 4
b I— i) | E o Wisteria
— DAV RT LA (KEE) +E5E ¢ ¢ BDEC-01



Wisteria/BDEC-01

BDEC:[51& - T—% %% (S+D+L) |

MED=OHDTIvrITA—L

2021E5R14HEHE®R
— RERFHIXv/R
33.1 PF, 8.38 PB/sec., EX@&!
— ~4.5 MVA(ZEFRAHA), ~360m?2
Hierarchical, Hybrid, Heterogeneous (h3)
27E 5D /—FE
— V2alb—3av/—F# (S, SIM) :Odyssey
- HEDR/ROY
» Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
- 7,680/—k (368,640 a7), 205v%, Tofu-D
— T—4X-2¥/—F# (D/L, DL) : Aquarius
o T—REEM, BHES
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF
— 45/—K (Ice Lake:90&, A100:360%), IB-HDR
o —EBIEHNER)Y—R(RFL—D, Y—/N\—, £ Y —
FyhT—oh) ICEEESR
— 7AWV AT L HE(REBE) +E5&E

(Big Data & Extreme Computing)
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® ¢ H - Platform for Integration of (S+D+L)
" * %‘Esct_%qla Big Data & Extreme Computing

YEalb—iav/—FE
Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8PBIs

Shared File i Fast File

5‘:‘gﬁystem ESﬁyste?
71 F—f.BsE y_pop 71

VAT L Aquarius YATL

(SFS) Intel Ice Lake + NVIDIA A100 (FFS)

25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

800 Ghps ===
; : External
¥4 Resources

' ‘”“."T“' -‘*!‘l'”i s8R Y—2

External Network
NEprv b —5

’,‘ Wisteria
¢~ ¢ BDEG-01




*.? wisteria Wisteria/BDEC-01
¢~ ¢ BDEC-01 (S+D+L) @& TSy 74 —L

0‘0 WiSIBria Platform for Integration of (S+D+L) | « Wisteria (lggﬂ*g) |
B Big Data & Extreme Computing . = —_ =
¢ ¢ BDEC-01 ' — FEBGEE™H) IEHSEIEIES]
PRab—av/—FH
__Odyssey * Odyssey
"75.9PF, 7.4PBis — 77RA135 - 7% (Command
Shared File _ Fast File Module, CM) ®a—I)L YA~
System System .
#ﬁ??lﬂz FR.ET R Eii??i)b » Aquarl us
3,2 d SIRT o)
(SFS) R ¢ - (FFS) - 7RA13%5 - A&k (Lunar
25.8 PB, 500GB/s 7.20PF, 578.2TBIs 1PB, 1.0TB/s Module LM) O):I_)I/.U./r‘sj
» Aﬁﬁ&iﬂﬂ?’égzé
External = “Houston, we've had a problem” -

¥ ¥ Resources 2 APOLLO 13 e vavser W havars

https:/www.cc.u-tokyo.ac.jp/public/pr/pr-wisteria.ohp NN =5 oo
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S AT LEpkX

O
FUJITSU

: 7,680/)— R (#IERIEEIERE 25.9 PFLOPS, #AEUN> KiE 7.8 PB/s)

45/)—R (¥IBsmiEEEHEE 7.2 PFLOPS, #8XEU/\>Y RiE 578.2 TB/s)

SAERYND
AEFPIR

FUJITSU Supercomputer

HIESREEITHE(fEAEE) © 25.9PFLOPS
HAEUE!
HOAEUI> RiE

: 7.8PB/s

o

VI3 — kR
PRIMEHPC FX1000 x 7,680~ K (203¥%) ZwhJ—%
(Tofu{>#~3%7 D)
240TiB JHEHSAVRIE : 13TB/s

oJ4>/)—R

FUJITSU Server

PRIMERGY RX2530 M5 x 20/—Fk
HIBHEE MR (BA5E) : 96TFLOPS
HAEVBE 1 7.5TiB

7558 /-8t

i-§

FUJITSU Server

PRIMERGY GX2570 M6 x 45/—R

(/—E&h Intel Xeon Platinum 8360Y
Processor (2.40GHz, 3617) x2)

(/—R#&1h NVIDIA A100 x 8&)

IR EEMERE (fS4ER) : 7.2PFLOPS

HAEUEE 1 36.5TiB #XEUNURIE : 578.2TB/s

749 F8)-RirvhD—) 3| /- FRHES®ybI—2 (InfiniBand EDR/HDR)

ATy RI—7 /&Ry ~D—2 (Ethernet)
| ||

N -mdx> A7
094> )~ REE TIPS AT s meeAr

®_ @
]

FUJITSU Server
PRIMERGY RX2530 M5 x 2
ETERNUS DX60 S5 x 1
BMHAEE : 14.4TB

BRI AT I

MDS,MDT x1tzyk  OSS,0ST x16tzyb
vl

TPV AT FEFS
AN =37 —FERREE : 1.0TB/s
MDS : PRIMERGY RX2530 M5 x 2
MDT : ETERNUS AF250 S3 x 1

0SS, OST : 2VM/CM, DDN SFA400NVXE x 16

HBEIPANSAT EIRY—)\E¥

MDS,MDT x1tzyk ~ 0SS,0ST x16tyh ‘. s .

FUJITSU Server
PRIMERGY RX2530 M5
x 13 FUJITSU Server
(P3TEEXS. ERABEX2,
FREEX2. WebR—4)bx2.
tF1U7409x2)

¢ _@
]

IV AT« FEFS
AN —-ST—FERRERE ¢ 0.5TB/s
MDS : PRIMERGY RX2530 M5 x 4
MDT : ETERNUS AF250 S3 x 1

0SS, OST : 1VM/CM, DDN SFA7990XE x 16

BMFIAEE : 420TB

PRIMERGY RX2530 M5 x 2
ETERNUS DX100 S5 x 1

EIRY—)(BERY NI - IR —2

%, Wisteria
¢ ¢ BDEC-01
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YOI T

Wisteria-O (Odyssey) Wisteria-A (Aquarius)

0OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
a5 GNU O/ 15 GNU a> /15
Intel 3> 7X15(Fortran77/90/95/2003/2008.
C. C++)
ELEAE OV NVIDIA HPC SDK
(Fortran77/90/95/2003/2008. C. (Fortran77/90/95/2003/2008. C. C++.
C++) OpenACC 2.7)

NVIDIA CUDA SDK
(CUDA C. CUDA C++)
Ayt—IREE

e =@t i
S951 TE+HEMPI Intel MPI., Open MPI



JaY

Wisteria-O (Odyssey) Wisteria-A (Aquarius)

1473

T r—iay

J1)—YIbHx7

avTHREE

SuperLU. SuperLU MT. SuperLU DIST. METIS. MT-METIS. ParMETIS. Scotch. PT-
Scotch, PETSc. Trillinos. FFTW. GNU Scientific Library, NetCDF. Parallel netCDF, HDF5,
Parallel HDF5, CMake. Miniconda. Xabclib. ppOpen-HPC. MassiveThreads. Boost C++.
mpidava

Intel#t 850 7'S1) (MKL)(BLAS. CBLAS. LAPACK
. ScaLAPACK) . cuBLAS. cuSPARSE. cuFFT.
MAGMA. cuDNN. NCCL

OpenFOAM. ABINIT-MP, PHASE. FrontFlow/blue. FrontISTR, REVOCAP-Coupler.
REVOCAP-Refiner, OpenMX, MODYLAS. GROMACS. BLAST. R packages. bioconductor.
BioPerl. BioRuby. BWA. GATK. SAMtools. Quantum ESPRESSO. Xcrypt. ROOT. Geant4.
LAMMPS, CP2K. NWChem. DeepVariant, Paraview, Vislt, POV-Ray. TensorFlow. Chainer,
PyTorch. Keras. Horovod. MXNet

ELTBHRS1T 5 (BLAS, CBLAS,
LAPACK. Scal APACK)

Theano

autoconf, automake. bash. bzip2. cvs. emacs. findutils. gawk. gdb. make. grep. gnuplot.
gzip. less. m4. python. perl. ruby. screen. sed. subversion, tar. tcsh. tcl, vim, zsh, git 7o&

Globus Toolkit. Gfarm. FUSE

Singularity Community Edition



Simulation Nodes

Odyssey

25.9 PF, 7.8 PB/s

HHHEHFEI—F

2alb—i3y
/—F 3, Odyssey

Wisteria/BDEC-01
ot 7 — 5 - = /18

Aquarius

Fast File |Shared File

System System

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

;AT —4

Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s

?+? Wisteria
¢ ¢ BDEC-01




June 2021 (ISC-HPC 2021 Digital) &5 %4
Wisteria/BDEC-01MD <2 aL— 3> /—FREE (Odyssey) ET—42FF /—F
#% (Aquarius) (X5l < [ZAIE - B EE

TOPS00 | Greens00 | HPGG | Graphs00 | HPL-A

Oakforest-PACS

Oakbridge-CX 97 55 67

Wisteria/BDEC-01

(Odyssey) 13 21 9 3 7
10

Wisteria/BDEC-01 93 (IceLake+ 53 ) )

(Aquarius) A100&L T

Bil)

27



November 2021 (SC21)DEZ ¥ Y
Wisteria/BDEC-01MD <2 aL— 3> /—FREE(Odyssey) &ET—42FEF /—F
#% (Aquarius) (X5l < [ZAIE - BB EE

28

TOPSO0 | Greens00 | HPCG | Graphs00 | HPL-A

Oakforest-PACS

Oakbridge-CX 110 62 71
Wisteria/BDEC-01
(Odyssey) 17 27 9 3 9

Wisteria/BDEC-01

(Aquarius) 106 15 28 ) )



58th TOP500 List (NOV., 2021) Rmax : Performance of Linpack (TFLOPS)

. Peak Performance (TFLOPS), Power: kW

29

http://www.top500.0rg/

Power
ma eak

Fuqaku 2020, Japan
R-CCS, RIKEN

5 Summit, 2018, USA
DOE/SC/Oak Ridge National Laboratory

Sierra, 2018, USA
DOE/NNSA/LLNL

4 Sunway TaihuLight, 2016, China
National Supercomputing Center in Wuxi
Perimutter, 2021, USA
DOE/NERSC/LBNL

Selene, 2020, USA

NVIDIA

7 Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou
JUWELS Booster Module, 2020,
Germany Julich (FZJ)
HPC5, 2020, Italy
Eni S.p.A.
0 Voyager-EUS2, 2021, USA

Azure East US 2

ABCI 2.0, 2021, Japan
AIST

Wisteria/BDEC-01 (Odyssey), 2021,
Japan ITC, University of Tokyo

16

17

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

IBM Power System AC922, IBM POWER9 22C 3.07GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand

IBM Power System S922LC, IBM POWER9 22C 3.1GHz,
NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand

Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway

HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz, NVIDIA
A100 SXM4 40 GB, Slingshot-10

NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C
2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR
TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 12C 2.2GHz, TH
Express-2, Matrix-2000

Bull Sequana XH2000, AMD EPYC 7402 24c 2.8GHz,
NVIDIAA100, Mellanox InfiniBand HDR

Dell C4140, Xeon Gold 6252 24¢ 2.1GHz, NVIDIA Volta
GV100, Mellanox InfiniBand HDR

ND96amsr_A100_v4, AMD EPYC 7V12 48C 2.45GHz,
NVIDIA A100 80GB, Mellanox HDR Infiniband

Fujitsu PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C
2.4GHz, NVIDIAA100 SXM4 40 GB, InfiniBand HDR

Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu

intarcaonneact D

7,630,848

2,414,592

1,572,480

10,649,600

761,856

555,520

4,981,760

449,280

669,760

253,440

504,000

368,640

442,010
(= 442.0 PF)

148,600
94,640
93,015
70,870
63,460
61,445
44,120
35,450

30,050

22,208

22,121

537,212.0

200,795

125,712

125,436

94,750

79,215.0

100,679

70,980

51,720

39,531

54,341

25,952

29,899

10,096

7,438

15,371

2,589

2,646

18,482

1,764

2,252

1,600

1,468



GFLOPS (E—/14%8E) Z37=U H|,
GFLOPS/W (Green 500)

Svstem JPY/GFLOPS
y Small is Good

Oakleaf-FX/Oakbridge-FX (Fujitsu)
(Fujitsu SPARC64 1Xfx)

Reedbush-U (HPE) (Intel Xeon Broadwell (BDW))
Reedbush-H (HPE) (Intel BDW+NVIDIA P100x2/node)

Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node)
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL)

Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake)
Wisteria-Odyssey (Fujitsu/Arm A64FX)
Wisteria-Aquarius (Intel Xeon Ice Lake + NVIDIA A100x8)

IR (

125

61.9

15.9
13.4
16.5

20.7
17.8
9.00

) :

i

EX

i

GFLOPS/W

Large is Good

0.866

w

0
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CPU, BGPU
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IZ-5MD<KY
HhEkE - FEHEE
MEREE

IRIILT— YiEE
EIRFIEORT L
FHEZE:7ILTYX L
FER Al

EYRE-EAKDE

INFATAITAIR
n #AERE-BESE

T—a%%E-T—4R1t



A 4E)

e Z\
=0T E

Odyssey, Aquarius(&8 A LI, RB-H, RB-LI&11 A XK R

l

II'I'

5l (12 A KB

=T II\\) . IJ:LJ

#HEE
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CPU, BGPU

m ITE-HDDOKY
m HERFF-FEEZE
m MR E
B IR/ILF—
m FHREE VAT LA
m HEHREE . 7ILTUX L
» EEHREEF A

EMHE-ERNF
INAFADTARTADR
HEFF-REF
T—ARFE-T 2R

HEKE - FEHEF
B TCIXOFP =
Wisteria/BDEC-01
~DFBTHIER I
ATLYS

Aquarius
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AEESEFHN(12AXEFAR) BAFCPU, BGPU
Odyssey, Aquarius(&8 A LI, RB-H, RB-LI&11 A XK R

II'I'
==
1

mIE-1LDDY
m HEKEIZF-FEHEFE
- hnns

B IR/ILF—

m BFHREE . DRTLA

p BEHREZ.7ILTUX L
» BEREE A

INF
12747

EMHE-ERNF
INAFADTARTADR
HEFF-REF
T—ARFE-T 2R

R - SRR R
SETIXOFP =
Wisteria/BDEC-01
~DFITHINERIZHE

ATLYS
R

Aquarius



1

Bl B B & *+? Wisteria
« Odyssey ¢ ¢ BDEG-01

— SVE (Scalable Vector Extension)
o ArmVB8-AT S YN —FTUFvER—/A\—a E 1 —FRIFIZHiR

~ FP16
— EWEE-AlD—y0—F~DiEA
« Aquarius

— HPC- S E R A DB
— CPU:Intel Xeon Ice Lake
« 34 Generation Intel Xeon Scalable Processors
o HEiE, HMTORATHLLA
— GPU:NVIDIA A100 Tensor Core
» Tensor Core + Tensor Float [TF32]
« Odyssey-Aquarius
— InfiniBand-EDR



Oakbridge-CX (OBCX)

https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

ETas

Intel Xeon Platinum 8280 (Cascade Lake, CLX) (28a7) x2

— &4%11,368/—F, Omni-Path Architecture (OPA)

HEI74IL X T L (Lustre)

128/—KIISSD#ESE;, A E200TBOERI7A I ATLELTERT

— SSD#E&128/—FD>616/—FIINE RV T—VICEEEHEL TEY (S EbiEft/
—R), HE)Y—R (H—/\, ARL—D, B 3—2RwhD—0F) LD @EIEFEE

E—2718e6.61 PFLOPS, TOP500 694z (20204F118)

BIZHEI R YR —OICE#EEGEL, OBCXZEHE/—FLEET HGPUY

—/\GEFRMini-DP, Wisteria/BDEC-01DIT—4% & /—KJIZHEH) %5

FATl &



Oakbridge-CX (OBCX) : BeeGFS on Demand (BeeOND)
BDECIzfAI1-£8L 27 EIEIEE.,,, B
. é1,368/_|:0)5-6128/_P[:SSD( 16TB  16TB 16TB  16TB e

Solid State Drive) 15 & I seee 1

— Intel SSD+BeeGFS
« A=:1.6 TB/node
o SEAEEMEE: 3.20/1.32 GB/s/node

» BeeOND (BeeGFS-on-Demand) [Z&->T&E&t Total: 1,368 nodes
200+TB (128 x1.6) DEmBEI7A IV AT LELT
{2 FH AT HE
— F—ARETIYr—ay e
« YIMIIT7HEELERE with SSD

— RT—=U20, FvoRAk
—128/—F®M>1B16/—FKILSINETH B TH B gﬁgjﬁ%{gﬁ;ﬁ%%ﬁg%ﬁ%%;%
1)) — R (Y—i/\—, AL—Y, £ —FRyEk BDchiizfslTév‘g—na-#E‘l—"lf%il_tlﬁl&‘oj

T—) ICHEEEG S G/ —F i




Oakbridge-CX "= | )

Chassis: PRIMERGY CX400 M4 x342 <4node / Chassis>

(O B CX) Node: PRIMERGY CX2550 M5 x1,240, CX2560 M5 x128

- EimEETERE: 6.61PF /—Fﬁﬂ: -
2021 J:—11 ﬁ IE,‘I:I: I‘H‘Stﬁziﬁ 256.5TiB AR LA 4 8384 TF
&, —_'—'-?;Hr

H SR E 1104

PEVAWAN =¥ 385.1TB/s
Ak 21592
SSDEEL: 128./—F

FiLlEB=: 192GiB
AEYINURIE: 281.6GB/s

it & /—FR+ vk —% (Omni-Path Architecture)
EIEERE 100Gbps

WRNTF LI AT L

FUJITSU Server FUJITSU Server

PRIMERGY CX2560 M5x 10 | PRIMERGY RX2530 M4 X 15 zhL—# 8  DDN ES18KE x24y~
Fujitsu PRIMERGY CX400 M1 (a7, ER. #EE. Web, 774 LY AT Ls: DDN ExaScaler

S — Y- CX2550 M5 x 415 & ¥ TsOT7RE) (LustreN—R 774 JLL AT L)
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ZANAVHBIZHT->THIEEH(1/3) /=

|:||:|IE|I:|EH-H|:|I:

OBCX, Odyssey, Aquarius \/ s "
o EARMIZIKX BEI—F A—TV—RDFIAZERTR
— OpenFOAM (Fifk) Z h3- unggg“gmqgg
« OBCX, Odyssey ///
- SHHELT(FEEMES) :OpenFOAMEAEF 21— 7L
— FrontISTR, FrontFlow, ABINIT (SR K4 &) ’ : _
— ppOpen-HPC, h3-Open-BDEC (R Kt %2—) ) Alta” HVDE‘[WO[kS
. BEEa—R il 1| i

— Altair HyperWorks GRFACAEa—F)

* https://www.altairjp.co.jp/hyperworks/

« OBCX, Aquarius(—%&p)

- ERKEHEE -FEDHFIFHTTRE

- HRHEE, BEDZESIIANETA O ARENDLE
— MATLAB(EAZEjEH)

« OBCX, Aquarius

— /—FEEATLavIZLBEBINARS2< A XATEE




AN\AVFRAIZHT=>TDFEE (2/3)
OBCX, Odyssey, Aquarius

HERE- KRR S aL—ax(S)
T—A3FEZ (D)

M E - AlCL)

[S+D+LJFEE

£THI AT L (OBCX, Odyssey, Aquarius) NEFNFNDIEB [Zxt i
A HE

— Aquarius(7—43FE /—F) TH2aL—avIETES

T—3HZE(D), #mEE-AIL)

— A>T FH{RAE1E (Singularity) [ &Y 5t i
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ANAVFIAIZH=>TDEE (3/3)
OBCX, Odyssey, Aquarius

ATEEE ©
T—AEE @ @ © _
Al @) O © -
[S+D+LI@t& O O © ©
BEFAa—-
X ~A =
MATLABZ: O O
+ Intel Xeon CPUMD = « AB4FX(Arm) « CPU(lce Lake): & -+ O-AE#IZDLY
OEBKEF1—=2Y o Fa——UJ WA UNEER TS TIEYIbox7
[IHELGL £ « FP16 « GPU(A100): BAFE Hh (h3-
FD D 4H DiEEEN S . BHREI—RADORE Tensor Core + Open-BDEC,
o S\ ER¥ERE/—F, SSD MNOPENTLNDS Tensor Float [TF32] WaitlO)

i/ —K

« BREEIIaL—

avIZlE A mE



KAEHLBEANL— O X T LlTpomoeal

A—/N\—aVE1—3DNEBEE DR EIZ{EFEWD, 5 T—2=HEND—
HRKEA—TIFIREAN —DERE VAT LICHMBELTEASN, H£VRT
INOYINVEEITF Y hva

ZDEIERRGE: ANL—U N AT LEITIHA) IXFBEIZZ KEAE
ZFENAZEIZHY, B Rt AR— @é/ZTAh\b77tZ_IﬁE7&-JH5 BAR
L— DEADEKOH LN TLN -

BUORTLMNST IR TESLI KRR

Hi@ERFL— (Ipomoea) 1B ARTE

— OFPER#R T H 2H#

— 1V RTLEHI5-6 F£FEAL, FHISEILIC
LR —C L R T L (25+PB) &8 A
L, ANBZSEFHEELTLNS

41
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KAEHLBEANL— O X T LlTpomoeal

A—/N\—aVE1—3DNEBEE DR EIZ{EFEWD, 5 T—2=HEND—
HRKEA—TIFIREAN —DERE VAT LICHMBELTEASN, H£VRT
INOYINVEEITF Y hva

ZDEOITWRCE: RN—U N R T LEIZTHI) TP BABICZ KGR E
ZFENAZEIZHY, mREVAR— @észAia\bT/th‘IﬁE&é% BAR
L—U DB ANERO N TULV =

BORT LT IEATESIKIFER

Hi@ERXFL— (Ipomoea) 1B ARTE

— OFPER T h 2%

- 1Y RATLZERS-6 F£FEAL, FIBEI LIS
HFHLWARN—UD R TL(25+PB)ZFE A
L ANBZAZEEXREELTNS




Hitachi SR8000
1,024 GF

Hitachi Hitachi
SR2201 SR8000/MPP
307.2GF 2,073.6 GF

RIEKFIEHRE

T Z—D A/

FIFA&2,600+4
55% (L4}

g

2006-2010

Hitachi HA8000

Lo A4

Yayoi
549 TF

T2K Todai
140 TF

L]
Fujitsu FX10

Oakleaf-FX
1.13 PF

2016-2020
I
Hitachi SR16K/M1

OBCX
(Fujitsu)
6.61 PF
[

Oakforest-
PACS (Fujitsu)
25.0 PF

2026-2030

OFP-II
100+ PF

¢ ¢ BDEC-D1

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

JFRE H
|~ —_
NRT L

. =
*+* Wisteria
33.1 PF

Fujitsu

28

S

Ipomoea-01 25PB

Ipomoea

Ipomoea 02




Ipomoea-01

« 202251 R ERMIE T E, 25+PB
- ELEH
« 2022 ££6 A RZFE TIZOFP®Lustre
HIBOWLEIFAILOBITRET
. BlNEE
— BRKEA—DVARATLOWWT I
FAEBEES FHEBEMNA BEEKROZE
595586
« ZFHEEBEBZEIZSTB

o BIN—TTELIZEFRATLTHRHESN
TWABAEDI5%EEETHE

- BMEEE (EREITOD2EIEL)
- 7,200F/TB/4E, 2,100,000/4/PB/4

— Ipomoea-01®D # D FI| A A A £ A 5E

- SINETS

100G

M

100G x4 868 Oakforest-PACS (JCAHPC)
. 4=F 4

bary

arey -
L I=F I
- 25p8 |
—_— 1
2 !
e omoea-
= 714

Wisteria/BDEC-01
NES EEALL—F

Ho 25.8 PB, FEFS
¢ —— = Odyssey
i 1.0 PB, FEFS

KEE
ABHE ARl=
755 b 16 PB, Lustre
ZbL— —_——
10 P8, S3/Lustre melx

RN
ENF v XX A VE (BRERE Y &2—)



s RREFHREABEI—DR/NAVRE
— Wisteria/BDEC-01
— Oakbrige-CX (OBCX)
— lpomoea-01 (KFREE BB R —)
* h3-Open-BDEC
— Bi=
- EFE-BEESREEE BERIL
-BEYT—4RET7TIo—F
o BUAlT—REMEICKARBEEAER) 7 IL A LT
« [81&-T—5-F28F |fEa RT3 &
. FEAEEE
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(FtE+T—32+FEB )REICLKATIOYRy—IL
%1t0>$¥ﬁﬂ419511/—93>5.55£ (1/2)

http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC/

. I7*ﬂ'Z’7‘ IW(EETISR)DRA/NAVIZELAFEHERDOEHGEED
=8, TERZIZT 28 ZE, BBEBEDTATAT7=EALE-(GTE+T—
’5‘+$%" (S+D+L) ) BB ICKBEFHMI I L —a V0 FEFIRE
— (FE+T7—2+FE )M EBICEBT IV RT—IILRBROEHMNII2L—aVFiE (F

MEREES KFX . PEME(EXFEERL), 2019FE~2023FF)

b |

llllllllllllllllllllllllllllll

Z h3-Open- BDEG
//’ e i e Lansiie

?+? Wisteria
¢~ ¢ BDEG-01
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(FtE+T—32+FEB )REICLKATIOYRy—IL
%ﬁ@i%ﬁﬂ’wslu—&ay%i;i (2/2)

http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC/

« BEHMYIrz7EAEh3-Open-BDEC | DB : W ABDECY XT L (

Wisteria/BDEC-01), [BEI1E#/S+D+LIBME TSV I+—LERMEDIT,

ANAVDENZHRREBEEIZHL, R/IDFAEE-HEENTOFEERTE

KT H-HIZ, TE2EEBZHIDIZHHZE

- EHRERE -BERIL- B F1——J ICK AT EREBICE DCEFHMIMIEREE

— BB AT —48FE) 7 JO0—F (hDDA: Hierarchical Data Driven Approach) £ (& 5<
BIRIEREE FiE

— Hierarchical, Hybrid, Heterogeneous = h3

?+? Wisteria
¢~ ¢ BDEG-01

b |

llllllllllllllllllllllllllllll

Z h3-Open- BDEC
//’ e i e Lansiie




h3-Open-BDEC II:Ilielcl;a_lélchical,
(HE+TF—5+ 2B IMAEERTSEHNY I TEE Heterogeneous

HUTEEEHZR (S) QUI9FE~23FE, KR P EHE)

_ Big Data &
https://h3-open-bdec.cc.u-tokyo.ac.jp/ Ex%reme
. - Computing
O EEEEESE - BERI-
_EE)H’-:L—:/? [Z&DH h3-Open-BDEC
SRR H S S
ﬁﬁﬁﬁg:ﬁ New Principle for Simulation + Data + Commgnications+
4 Computations Learning Utilitias
@ Blés F) = HU - _9 %EE’J?j O Numerical Alg./Library App. Dev. Framework Control & Utility
—F (h DDA : Hierarchical . rfA'Ilgs:J-rghF:r?{: \_:;":ghil-ll;l_!_;lhl;_l_ h%%iﬁg;ﬁap: . ht3-(|)&pt|a|1t-SYSt_
Data Drlven Approach) ;Mci}:(r:(:'g%ea,ptil\?e Pr‘:eé?silo'rtty Application Development SIS
b | — < s ' _ h3-Open-UTIL
% ' = % 9 < E;ﬂ? E"J *g%mi Verif?csalﬁﬁeor}fgzﬁracy hs-ogztg_ggzlﬁ;enata Hilities for Large:Scale
% $ :f Computing
l —————eeeeeeeeeeee===—————————= — — N
. . . B h3-Open-DDA:
v' Hierarchical, Hybrid, et el Learning

Data Driven Approach

Heterogeneous = h3
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IL

B-ZEREERICLOHARREOLHEN

« K-EENFEER

— SR E-STEERE-EEE N - ATISE-/OHIR

Bl TET E DO Z<IIERE (64bit) TEESNTLNSD, FHEDBEULVERET
dNIX, BEFEE (32bit) - FFFE (16bit), /EESFEE THUIEE

— BRI EICEREEGHEICKYETLGBEOIRILF—FEEKICLTLNS -
FES, IRFFEEEDERIEEA

- BEAREBEDOHE, 77)~ADOERIZERIZITHNATLNVS

— Approximate Computing: &E D= DHZE
o TRILEZNE
 FPGAZEL/N—FDx7, VRTLYIRDT, V(5
— IRARL—TBHRARIT-EELGHEMTD—D

BEXHBETHE, EREEECREZNFIONGMGENH D,

- FICHFREERIZHOERNRESNA-HEIENVETHY, FEDERINKG
WRIEEFILEFICER T HNETH S,
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ERTAYERTYVHEKX ICCGE
FHEB(AM,) ERER-FHHER OB R
g% (FP32) /{5 ¥5 & (FP64) M I : D1\ EEFP32iEL), Intel BDW

3.00 r
[ ® |terations A Sec. ®
21 2.50 |
E +20%
/?2 200 —— HIEEEEICKS
o [ REEHEM °
21 = 150 o
= ® et ¢ ¢ A
1.00
V-(/IV¢)+ f=0 : A
Reedbush: 0.50 4 - - - =
Intel Xeon Broadwell-EP | -50% HFEREEE(CLSEERBED
Slngle NOde 0.0(‘7.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

18 cores x 2 s0C’s Lambda-1/Lambda-2 [KN et al. 2018]



Results on Intel Xeon BDW A= A4,
N=1283, m: CPU,

400.00

300.00

Power Consumption (W)

0.00

200.00

100.00

Power: Watt

/0

FP64
Double

Sec.

{1 1.60
1 1.20=

> L

i (%) |
0-80 & 300.00 |
8 i
10603 !
2200.00 |
1 0.40Y i

180 700.00

1 1.40

c

1 1.00 400.00 |

S

| 020 100.00 |

000 g0 &

600.00 [

500.00

: Memory, @ :Time

Energy: Joule |

FP64
Double

Sec.

51

[Sakamoto et al. 2020]

1.80

1 1.60

4 1.40

1 1.20

4 1.00

1 0.80

1 0.60

1 0.40

1 0.20
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IL

B-ZEREERICLOHARREOLHEN

K-ZREES

- T EE-FTERE-EEE N - ATUBSZ=-/OHIR

Bl et E D Z<ILEFEE (64bit) TEESNTLDD, FHDODBEUVERET
hnlL, BEFFE (32bit) - FHFE (16bit), [ESHFE THAIEE

— BRIV EICERELGHEICKVEELGRBOCIRILEF—ZEEIZLTWS---Hd
ES, EREEFEDOERITEA

- /hbm*irglﬁﬁo):ﬁﬁ 77')’\0)JEFH‘¢EE‘:’??*)*L—CL\%)

— Approximate Computlng BENDE-HDOME

o TRIFEGRLE

« FPGAZEL/N\—FIx7, YRATLYILITT, AVIN(F
— IRAL—TERANRITE-EEZLEMTO—D

EXMHETIE, BEREEETIEENEONGWGENHS,

— BICFRBREEE R ZEHOEHEISIBRESNS-OFENDLETHY, BEDERING
WREZFTUEBEIERTAIRETHS,
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E-ZBREEEDER, KERL
- X8 (BRARHE) TIRERIENER
— S F D Approximate Computing| 2B I 2B E T, FHRERIEICETILL A>1=fl37%
LV ETRETENILOK
¢ INFTORERIEMREITIELLTEITIIHR
— BT -HIT A DB I D0 0 RO R D
— —IRICKERLICIIREOHEDOREEERET S
« AR TEEITRERLTFE (KR BEITHI, HITH)
— &R - IR - BRI
- BEF1 =7 ISR AmERBEER
» KEAFICKDEEFFIEAGKHE % KX4G 2001]
— MITSIRT (RHEDRULMTE, 2B A0LUT, EEFEDRERHIE)

- WROGEE CTRERIENTRAI LIRS, BEAMERTICXYIFE
BEENDEQUBEE) =>XYRERLGTFEDEHRE (20195 E)
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h=n

= DFEERIEF % (Ogita & KN 2019](1/2)
BERALIZ K> TSN 8 — IR TR Ax=b i X, 1561 7=
TR E £ &5

BN —IR G Ay=e (e IZTTXTOHEZED 1 OXT ML) & fiF
. BONTEEREY § &5

@D $ % AV TIREATII A D M ATHIEDEEE 54T 9

B r=b— AR & RS PEIRARN X TR L, BAEORRIEE 7, 855
[BAR % e &9 5.

BN — R R Az = F AR, TR E 2 & T .

DL T ORETHH ORI DN T, B N A O b T —
ROZEHE 28 EEEH LA b, #iE7e ERE R 2 (455045 2 18
DN 0 LU RIS 72 o 72 BB 13RS B (R3S i) y

el @l of a

|p-A(5+2)
1-[e— A9

(o)

2

: Hx—fcoos _+

o0



AT DR ERIITF£(Ogita & KN 2019](2/2)

« ICCGEDREDEILSEH
— ICCGEDNDRERIZHEINSARNTOHRENIMLEZFER

Ax=Db,|b— Ax

Ay=e,|e—

Ayl

r—AzZ

: /Hbu2 <& (=107"7)

<&,(=107?)

, /Hf”2 <&,(=107)

« ERRMERRELR-HEXZRE/ILL

x . /\
max
1<i<n

X.

l
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E) :NX=NY=NZ=128

A

A
A

V-(AV@)+f =0

1.E+00

FY.2018

—e—Improved error bound

1.E-02 H—m—Maximum relative error

—A- Relative residual norm
1.E-04 /
1.E-06

1.E-08

better 10 4 7‘/ | |

1.E-10 e lb — Ax||,

1.E-12 Ib]]

1.E+0 1.E+1 1.E+2 1.E+3 1.E+4 1.E+5 1.E+6
lambdai / lambda2

Computed error bounds are significantly improved!

[Ogita & KN 2019]



P3D: Steady State 3D Heat
Conduction by FVM

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

A

A

CRS ELL Sliced ELL V. (ﬂv¢) +f=0
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System Oakforet- Oakbridge- Oakleaf-7
’ 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
fé?fgﬁg%”l%?e oF) 3,046 4,838 2,765
('\geg;)l\g d%apacﬂy MCDRAM: 16 192 -
(héeg;ség)?g?riglrgt?riad o e 202 809
Compiler Intel Parallel Studio 2019 Ut

FCC 4.0.0



Ratio of Performance: FP64

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

[KN et al. SWoPP 2020]

CRS
Medium: 1283 Large:2563
1 EOFP, MOBCX, MFX700 | l EOFP, MOBCX, MFX700

Large is Good

ELL Sliced ELL

Large is Good

2.00 I 2.00 L

Relative Performance

Relative Perfo

1.00 I 1.00 L

0.00 L 000 L
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Mixed Precision Computing of ICCG Solver

for P3D on FX700

Vectors for

SpMV, DAXPY,| o conditionin
Dot Products |

P PO O

L WIIw

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

1$omp parallel r|vate(|c ip, ip1, I, WALSs, k)
P go ic=1, pNCOLO tot P 1P
1$omp do
do ip= 1, PEsmpTOT
ipl= (ip- 1)*NCOLORtot +
do i= SMPindex (ip1-1)+1, SMP|ndeX(|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
enaao
1$omp end parallel
(Backward Substitution)
1$omp parallel do rivate (ip, i)
P go ip=1, p mpTOT P
do i= SMPlndex((lp 1) #*NCOLORtot) +1, SMPindex (ip*NCOLORtot)
W(I,2)= Ws(I,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

1$omp 5ara||e| prlvate(lc ip, ip1, i, WALs, k)

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 garalle{ do private(ip i)
o ip=
do i= SMP|ndex((lp—1)*NCOLORtot)+l SMPindex (ip*NCOLORtot)
Ws(i,Z)= W(i,R)
enddo
enddo

1$omp parallel private(ic, ip, ip1, i, WALs, k)
P go ic= 1,pNCOLORtot P 1P
1$omp do
do ip= 1, PEsmpTOT
ip1=_ (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 o
D-H/S-H do not converge at A,/ A, =106 " | Az‘ A

]Z. O —— '\ T
Relative Error 1.00E+01 ¢ X

g/fl?)c@grgpared to 1.00E+00 Error=0 for @ (D-S) & O (D'H)

vz

o
S
m
Q

Relative Error (%)

100E-03 b

1.00E-04 2 ® D-S, O D-H
: A S-S, A S-H

1.00E-05 : : : :
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/ Ay
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Mixed Precision Computation [KN et al. SWoPP 2020]
D-H/S-H do not converge at A,/ A, =106

3.00

Number of . | @ D-S
Iterations 250 [ |O D-H A
(Normalized by . - |A S-S
that of D-D) g 20 [AS-H 5
®~0O~D-D, A g I |
e 3 : A A A -

g 100 b o O O O o | ®
Results of (D-S, ¢ i
D-H) agree with 050 |
those of D-D (if '
Ll/ 7\’2 §105) Ol?.%O.E+0IO | 100IE+01 | I1I.I0I(I)I.IE+O2 1.00.E+03 1.00.E+04 1.00.E+05 1.00.E+0¢

Al Ay



Data formats [Kawai, KN HPC Asia 2022]

Considering following data formats

o 1e?<|;t) 11bits frac 52bits
FP64 A i
exp 11bits frac 30bits
FP42 LU
exp 8bits frac 23bits

FP32 UL

exp 8bits e Adaptive precision
FP21 “IIIIIIII'I (Not standardized by IEEE754)
exp 5bits frac 10bits

Feis [ [TNNNNNANE

Use FP21 and FP42 reduces data transfer between memory and CPU to 2/3 compared with FP32
and FP64.
For computing FP21 and FP42, it require data casting because of unsupported by FPUs.
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Performance improvement by low/adaptive precisions

Computational time [s]

Computational time [s]

Low/Adaptive precision shows reduce computational time.

40 | [~—FP64-FP64 —e—FP42-FP64

—-FP32-FP64 —e-FP32-FP32 B FP16-FP32 was the fastest within the good condition.
30 [FP2LR32 A ® 17.3% compared with FP64-FP64
' B FP21-FP32 was the fastest within the good condition.
on OFP and OBCX.
® 18.4%(0OFP), 18.6%(0OBCX)
OFP B FP32-FP64 was the fastest in intermediate conditions.
0 B FP21-FP32 was faster in worse condition, again.
1.00E+00 1.00E+02 1.00E+04 17.30E+O6 1.00E+08 1.00E+10 ® 12.6%(0OFP), 13.7%(OBCX)
60 [~e—FP64-FP64 —e—FP42-FPE4 _ %0 [~-SCSFP6aFP6s —5CS FP32FP6A
—e—FP32-FP64 —=—FP32-FP32 = SCS FP32-FP32 SCS FP16-FP64
. —e—FP21-FP32 Féé:; E15 | —+-SCSFP16-FP32 N }V//S
E Va4
_:% 10
20 é— .
OBCX S WO
0 0

1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 1.00E+10 1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 1.00E+10

A2

[Kawai, KN HPC Asia 2022] 12
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h3-Open-BDEC II:Ilielcl;a_lélchical,
(HE+TF—5+ 2B IMAEERTSEHNY I TEE Heterogeneous

HUTEEEHZR (S) QUI9FE~23FE, KR P EHE)

_ Big Data &
https://h3-open-bdec.cc.u-tokyo.ac.jp/ Ex%reme
N . N - Computing
@ EENREEHE - FREREL-
BEfFa1—=—2T(2&5% h3-Open-BDEC
STERIEICE DCEHRIER _
1_5 Z3 New Principle for Simulation + Data + Integrgtlor) *
Lﬁ*/ﬁ P . Communications+
Cor_nputatlo_ns Learning Ufilities
@ Bl:b iT_QEEEJTjD Numerical Alg./Library App. Dev. Framework Control & Utility
F (hDDA :Hierarchical [ et Bl h3-Open-SYS
Performance, High Reliability Control & Integration

Data Driven Approach) & Mixed/Adaptive Precision | Application Development .
Z(Z XD &0 e h3-Open-VER h3-Open-DATA: Data Utiliri:s-?c?rel?a-gz-lécale

i a Verification of Accuracy Data Science Computing
Fi

) _ " . ~ h3-Open-DDA:
v' Hierarchical, Hybrid, s i Learning

Data Driven Approach
Heterogeneous = h3



R T—48RE770—F:

hDDA B Sy,

o DIl —lavIlEMFEETEALTE
18BINTGA—RTDEETRT HT—2EF
g7 7 0—F (DDA, Data Driven
Approach) TIZ, stEZ#YRL THED
T—RERTIDENHD,

- [EEEIDDA(hDDA) I, HEi#E%1, MOR
(Model Order Reduction), UQ
(Uncertainty Quantification), X/\—XE
TV, B FEDEKETERMELT,

Various types of simplified models are generated by ML, and they are

1IR-- =1 s L s == b e : e - : 3
ECEACSIDZER - 8 i O - P AUy i i 5[l iized for generating iraiing data zets and forsimulations i

%:E?)[/é, *%W$EI ‘:ct [,) g E}JEE‘Z, #5‘( Model Order J Uncertainty J ?25‘}£§§i"§32‘r‘:e" }Fﬂ%]

Reduction (MOR) Quantification (UQ) Modeling etc.)

Detection

BT —A2% B AETILELTHAT S l l N ]
v’ X452 #7%Surrogate Model Romete

Visualization

Observation
Information

Results




BHFEEICLIEEEHERMAENFI I aL—arERIE
(G(t&E+7—

—5+FE (S+D+L) ) A & D E 4

Flow around a
Circular Cylinder

)

Simulation by LBM
Expensive

—

Datasets filz + At t + At) = fi(z,t) + iz, t)
Q;i(z,t) = f%(,f,-(:;ez. t) — fi%(z,t))
Training

Prediction

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

Prediction of Time
Evolution

CNN to predict simulation results

NN may become “faster simulator”

(ERizdt: T2

D AR (RAKPHEREB L 5]

h3-Open-APPL | h3-Open-DATA h3-Open-UTIL

h3-Open-DDA/hDDA

>
Detailed P SiMplified B Simplified

Various types of simplified m nerated by ML, and they are
utilized for generating training data sets, and for simulations in
hierarchical manner + Prediction of Unsteady Problems

Model Order Uncertainty E();:G:I:ts"g::li‘rl:: FAMR ]
Reduction (MOR) Quantification (UQ) Modeling etc.) Dn:::‘:lr:n
Visualization | Observation | Num erical

Information | Results Results

AT




CNN & IR5RAIEIC & 2 EBHBABMICE T 5 FHFE

mE—FHFA  ZRICAVWERBYA XOFHLHLTELGL, GPUXTEY FEICHIR
B EREEEENERERICHEI L, ERNERICE DS ab—ra ViERETFE

. i_%ﬁ-’@z(/:;@ L??EI:] [/ 7!—: Z‘\ S l\ ] — 7 357——‘)[,’(\%\4\%/512&0)%:5%%%@]

o ERONERETTFAECESEZER O/ D. BHiET 20 BIHERE THEAE L.
HwmL. FAENMNRTSET, INZigYIRYT

£z DE|E N RO NGEL

A7

______________________ J

o )

éj\

OHi

[T. Shimokawabe (ITC/U.Tokyo)]

S5

L ST SEREBERIE (MR
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BRI K B2 RTTEAE D FHIER

CNNIZ & % FAl CNNIZ & % F 8l ” e )
(R AE (IR#%) LE# 223 = | CNN - LBM |

300 1 u 300 4
100 100 4
0 - 0 .
0 200 400 600 0 200 400 600
300 A \Vj 3004 \/ (yﬁ[’zﬂ@ﬁf}‘%) 300 4 vV 300 4 Y
100 100 A 100 A 100
0 T T : 0 T : : 0 ; ; : 0 T T T
0 200 400 600 0 200 400 600 0 200 400 600 0 200 400 600
-15 -1.0 -05 00 05 1.0 15 -1.5 -1.0 -05 0.0 0.5 1.0 15 -15 -1.0 -05 00 05 1.0 15 -15 -10 -05 00 05 10 1.5

TR A X 1 748x364(5 E%409)

Y9585 3.89% ) =EAOSREEICTRTAE

ATERE  :3.82s
[T. Shimokawabe (ITC/U.Tokyo)] 70



IFEIFERFRICNNET IV

Input / IREZECNNEFIL \

Prarameters ~

( j
BALARTYT
n~n+4
- RAEER
- ENED
58 . xE

.

*

Output
- Prarameters -

timestep
n+5~n+9
- A ‘
 EBEH K s WEE /
. R
5/'1‘91

Datasets:
OpenFOAM simulation results (50 cases)

[T. Shimokawabe (ITC/U.Tokyo)]



BRNSERICK 5 FER (RER)

| | T T

0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6

[T. Shimokawabe (ITC/U.Tokyo)]



Wisteria/BDEC-01_L|

h3-Open-BDEC% &,

L—3>

— RAKRSUEEH, HEif, EiLREMD
» U7 LRHE+=RTHEE EJJ*/

— 3y
— B KHED (&h)

¢ YT AL LKESI2L— /a/'f;ff

- I/s7ky Ii/&

N oy ~ - > 1. Data-packin
« BiIfFTZal—2aa—Fm(S+D+L) Rk L

BICLSEEL
— OpenFOAM

BITS

1L7T- (S+D+L) HEA |

e UL —LavéT—ARMEDELE
— BRI (S+D+L AL E

° /3_?_\.1@;' —\.%O)T'&')O)j(—\.iﬁ/$ E‘X_./\:L

* Also applicable to full coupling,

multiple applications
ures

interpolation process

Model procedures

Put dats
EEEI _____ e ] 2. Send-data extraction from
E. the buffer, and data sending
a to the buffer tadecid Hl
Send data time
Recv data
= adas El J 4. Data extraction

A
3. Data-packing after the q

*hﬁ from the buffer

== 1|
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Challenges on Wisteria/BDEC-01(1)

Multi Detailed-level +Ensemble coupling

Low-resolution Ensemble High-resolution

Coupling

ﬁ

Nudging large-scale (low-
wavenumber) states

Good at large-scale atmospheric
state and climatology Faster than high-resolution ensemble data assimilation!

(S+D+L) workshop, 2021.12.3



s RREFHREABEI—DR/NAVRE
— Wisteria/BDEC-01
— Oakbrige-CX (OBCX)
— lpomoea-01 (KFREE BB R —)
« h3-Open-BDEC
« BT —ARMEICKSREEHAER) 7IL 21 LT
o« [FtHE-T—%-FZF IfEa M= H
- FrEREEF




MEICEHTAIal—iay : FNETNITEMFE

REEAIRE)
s MMERLHYAY)L v EUVEH E

- JL—rER MBS HhEE v Frid ‘ =~
~ L tAR KETRYERERIEDT

_BRERE BRENE v J&@T“ﬁﬁ?é
* EJJE,]E&iE _____ V:Jb—vayﬁfﬁﬁéﬁ@(lsﬂ)

200~ #aw — .
—- BHEE=>BIR, hEDY—RE3—L4 e TR

- B+~

- RRERE BRESE
- KEGiE

— WRREEE, R

- B+~

- ARERZE, E0E

50+

Response Spectrum, Velocity [em/s]
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EZaAL— 3y
T EEM (Uncertainty) &
fY) EhHtE

s MMELIAL—1arv (EMEEIVIaAl—3Y)
— S HEREBE>BMNR> M ERENGRE GREE
c MTHEE>TAHE -THERE
e VAl —ar-HAMELNTAR
« (GG AL — 3y
- LWhpBZT+T—FETILY
— [ AH=XLDERF | DFEHLL
o« T—ARRHE-UTILZALEBAERMEL-FED
RN NE
— 2al—33>(Simulation) : 8l + &8 - T —4
Bt (Data Assimilation) : f§1E (EfRLH: B EEHR (R - RH) )




=B GREED)

Salb—i3ay

Foumueetal]
[Furumura et al.] Seismology : i =

s RN FREX(ERTESHFERX)ZERD
;% (Finite Difference Method) [Z&> T#&<

1 ao.n—I/Z ao.n—I/Z ao.n—I/Z
v,'§=vz1+;( o ay; + azz ]At (p=x.y.2)
o ERES>ERZHENWDEF (Ava) I2hEl
EKC)
- BEAK- AR GRAELNY =AY D
— DEIDNHNNRE, BEIFLEASNHREENE
ABDRNAVHNILE =
— SEM2007FE Gtk P ETIFIE TN AV 2% (EGRE: M EERRERX-EH) ]
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EMERANT—2RBERYFT—2TIDXnet

- EBRAfE EE/E'I,“O)EE/EIIT—Q(?'JZ 0002, 100Hz, 3731]) ZSINET#HT
)7 ILEAA LIZEISF A §E

- [RT, RAMES, BHARZH, FKF

- 1BOT—%E:100GB#k

&

. NIED . o g LS V=4
| [ | UniVCI'Sity’S
oray LW // - =
ERI/U.Tokyo j:t p

(BErHR M BRI SAEZIR (RX - HEH) ]



[YPILERALTF—2FEE+> T 2aL—ayv] @a (KB, R

=K - —_ — .
- mEARIEEICE BT —2[EL (A) Pure S (B) A+S
Assi C Ob Residua(l: n: Time Step
ssim. Lomp. S- OMP-  /: Weighting Matrix
a
xn_xn+w(yn_Hxn) AAL\A AAAA
10sec. | 22a,s" ad,%a"
Comp. Assim. A\A 2 2 A o 2 2
A
T Fx% F: Wave Propagation % A =
simulation
(A) PureS: A) A+S
fEREY Tal—vay PlalL—var+7—4R@Efk Lt . e
§ - 20 sec. A suge s Aﬁa“
(BRBERE) "
A A A 5

N O
N A

& . A
AL A

1.0s 5.0 5.05 80




[YPILERA LTF—2FEE+> T 2aL—ay] Ba (KB, HR)

=R - —_ — -
- RIBEAEEICK BT —X[F1L (A) PureS (B) A+S
Assi C Ob Residua(l: n: Time Step
ssim. LOomp. S- OMP-  /: Weighting Matrix
a _ _ .
Xy = x, + W(y, — Hxy) g il g
10sec. | 24a,2 ab LA
Comp. Assim. A Caa A AL
— F a = iﬂ T 2A
xn+1 — xn F: Wave Propagation %
simulation 10.05
(A) Pure S: (A) A+S
kB T2l -3y YIal—vary+7r—ZEML L Ba i
S ] 20 sec. A suge s Aﬁﬁ
AN <2 h: )= (BRIBERAE) 4 k-
©) - 2
A A -y -
A A
“a N r Sa,a [D
A N A N A A A h
A LA N \\ =N
A AA, N 30 sec. EALTN afm
V¢ A A A AN A éAA A./_\. X
= * A n -
)E/)? -
1.0s 71.0s
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ReS|duaI n: Time Step

rA+S: |E| 1b + :/E:L [/_ g‘;g'mz (;’ i W((;';S' B Hx ) W: Weighting Matrix
23> |=TPure S:> 32 o s
lz-*‘za‘/%iﬂllj Tnin = Pl it povosate
——

e
- forecasred E3T] assrmtl'uted r]ﬁ’t (blint £ step _forecasted as:mrlatd

Bl E DikE

residual from obs

observation 1

|yn+1

| Optimal
weight

weight W

[c/o Prof. T. Furumura, ERI/U.Tokyo]
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SRal-sa )7 IVEA LT —3RE1E/ER
Sty JDXnetDEA T —4EF ALY 7 ILEA
Wisteria/BDEC-01 LT —4AE1E/ER Al

w3 ooA NN

Aquarius Observation Network for Earthquake: O(105) Points

HEHFI—F w

HEpIVY—R

Server, Storage, DB, Sensorsfit

J

Originally
developed in
ERIMU . Tokyo

z
g
i
v

50s Case N 70s

Real-Time Data/Simulation Assimilation

Real-Time Update of Underground Model [ﬁ*-l—?,t{ E*T%,L,\%d%
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Filtering using Experimental Environment
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PBREEIEY IL—TERK (A
INERBIIRTE . BIEIRE)
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WaitlO-Socket(Z & 538

E (Aquariusfil)

call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
call
enddo

endif

end

program dmy_filter
<HEE: BEES>

call mpi_
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr)
call mpi_comm_rank (MPI_COMM_WORLD, myrank,
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr)

init (ierr)

if (myrank==0) then
open(100,file="./obsfile_list.txt’, form=‘formatted’, status=‘old’, iostat=ierr)
do i=1,300
<HBE: obsT—HFEHAAHNIE>
print *,"Send obs data

WAITIO MPI_ISEND
WAITIO MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO MPI_ISEND
WAITIO MPI_ISEND
WAITIO_MPI_ISEND
WAITIO MPI_ISEND
WAITIO MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND
WAITIO MPI_ISEND
WAITIO MPI_ISEND
WAITIO_MPI_ISEND
WAITIO_MPI_ISEND

WAITIO_MPI_WAITALL (15,req, status, ierr)

sleep(1)

close (100)

finalize (ierr)

(NTMAX1_o,
(DT_o,
(NST_o,
(AT_o,
(Te_o,
(ISO_X_o,
(ISO_Y o,
(IS0_Z o,
(ISTX_o,
(ISTY o,
(ISTZ_o,
(STC_o,

M

M

>

1
1
1
1

M

1,
NSMAX,
NSMAX,
NSMAX,
NST,
NST,
NST,
6*NST,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,
WAITIO_MPI_FLOAT,

WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,

2
2
2
2
2
WAITIO_MPI_INTEGER, 2,
2
2
2
2

1, WAITIO_COMM_UNIVERSE,req(1,1), ierr)
2, WAITIO_COMM_UNIVERSE,req(1,2), ierr)
3, WAITIO_COMM_UNIVERSE,req(1,3), ierr)
,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr)
,5, WAITIO COMM_UNIVERSE,req(1,5), ierr)
6
7
8
9

>
>

>

, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
, WAITIO_COMM_UNIVERSE,req(1,7), ierr)
, WAITIO_COMM_UNIVERSE,req(1,8), ierr)
,9, WAITIO COMM_UNIVERSE,req(1,9), ierr)
,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr)

>

>

WAITIO MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr)

WAITIO_MPI_CHAR,

(VxA11_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,
(VyAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,
(VzA11_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,

call WAITIO FINALIZE (ierr)
call mpi_

2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)
2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr)
2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)
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WaitlO-Socket|Z &k 51815 (Odyssey{il)

\ 4

BA LRTYT

obsT—%
15

OPEN(40,

<B&>

FILE=trim(IN_OBS), FORM="UNFORMATTED',
STATUS='0OLD",

IOSTAT=IER)

READ (4@) NTMAX1_o, DT_o, NST_o
READ (40) AT o, T0_o
READ (40) ISO_X_0,ISO_Y_0,ISO_Z o,

ISTX 0,ISTY 0,ISTZ 0,STC o

READ (40) VxAll_obs
READ (40) VyAll_obs

READ (40) VzAll obs

WaitlO-socket|ZZ &

call
call
call
call
call
call
call
call
call
call
call
call
call
call
call

WAITIO MPI_IRECV (NTMAX1_o,

1
WAITIO_MPI_IRECV (DT o, 1
WAITIO_MPI_IRECV (NST_o, 1,
WAITIO_MPI_IRECV (AT_o, 1
WAITIO_MPI_IRECV (Te_o, 1
WAITIO_MPI_IRECV (ISO_X_o,
WAITIO_MPI_IRECV (ISO_Y_o,
WAITIO_MPI_IRECV (ISO_Z_o,

B

3

El
NSMAX,
NSMAX,
NSMAX,

WAITIO_MPI_IRECV (ISTX_o,  NST,
WAITIO_MPI_IRECV (ISTY o,  NST,
WAITIO_MPI_IRECV (ISTZ o,  NST,

WAITIO_MPI_IRECV (STC_o,
WAITIO_MPI_IRECV
WAITIO_MPI_IRECV
WAITIO_MPI_IRECV

6*NST,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,

WAITIO_MPI_INTEGER,

WAITIO_MPI_FLOAT,
WAITIO_MPI_FLOAT,

WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,
WAITIO_MPI_INTEGER,

WAITIO_MPI_CHAR,

(VxA1l_obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,
(VyAll_obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,
(VzA1l_obs,NST*NOBS_LEN,WAITIO MPI_FLOAT,

-
-

- [P [
'_\®\. e e e e .
-

-

®®®®®®®p®®®®®®®
R RPRRRPRPRRPROUOOCNOOUVTD WNER
-

E)

WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE,...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE, ...
WAITIO_COMM_UNIVERSE,...
WAITIO_COMM_UNIVERSE, ...
,WAITIO_COMM_UNIVERSE, ...
2,WAITIO_COMM_UNIVERSE, ...
3,WAITIO_COMM_UNIVERSE,...
4,WAITIO_COMM_UNIVERSE, ...
5,WAITIO_COMM_UNIVERSE,...

e N N S N N N N N N N S
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FTEFER (A+S:607), Pure S:240%))
Odyssey with A64FX:E(ZOBCXKLY/ALELY, OFPif

e (A+S) (Pure S)

256 61.1 134.6
512 61.6 84.12
1,024 62.1 62.95

2,048 60.1 27.84
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& -SRDETESE
h3-Open-SYS/WaitlO-Socketz FIF 9 52 &IZ&K>T, Aquarius&Odyssey
EVSERBBT7—FTIFvIZ&D/—FEBIDRESEELZMPIEZZERICA
VRITT—ATEETESHIEERLT-, Wisteria/BDEC-01&h3-Open-BDEC
EALEIGHE -T2 2E ME~MITTERGHMR A FGoNnT=,

IR TIE, T4ILB)2 T FHDFERZEAquariush 50dyssey~NES>TLNVS
M, SRITEBT—IZE, T2 T NEBLEHTERET SV RATLE
, REERNZBEITHESE

— ZHEEENTSh3-Open-UTIL/MPDER & ST

SHEER S D FREIE on Odyssey with AG4FX

— 5t E+BEIA—N—7v7T

— |OHEIR, BIEMEL

DT ILAA LAE IR EE#EZ - - - TRREHED AN RIZILDOMD

— BRMETRITNIEE ST -
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Sl —av D= DHT5— B
(), J\4K) il
’ \/ , a"
. HEEDHTS—(Coupler) : ppOpen-MATH/MP
— BHGEE2D: K& (NICAM) +i#% (COCO)) D7 U4r— 3> D E5:ER
(Weak Coupling) Z=HHR—
— BT TN —aV I JEEHDHEERDS

(im

R G s multiple applications
“‘_ App A Model procedures

e e | I Settime | /| 2. Send-data extraction from
the buffer, and data sending

I

Coupler procedures
Copy data to the buffer

1. Data-packing
into a buffer

Coupler procedures

time

Draw data from the buffer H

4. Data extraction
= =_ fromthe buffer

3. Data-packing after the
interpolation process

Model procedures

| ——
276 280 284 288 292 286 300 304

I ————
100 120 140 160 180 200 1.3 2.6 3.9

* Also applicable to full coupling,
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FE-I_E T 9+$%JEE%§X*' RS 2 i-l3--'|“iBEH-BDEc
% HEEH T 5—h3-Open-UTIL/MP e

« BLOMBETIVEBRDT7UOY VI IVETEXIE-HETH-HDHEE

— MPLEE. BZIRHE . R FRETVEL T SO EEBHEEED M., XD HTS—IZ(XEL
EROBEERESSaAL— /3/@7/"1‘/7)1@"&?‘? FRAIOETILOHFET Y
7)1/%?7'6'%)%*11 DS ERKE S H AT EE

— ANV LT, EBRRK[BFER D IAL—2a v TR > TEMERIEEH
 Fortran/Ca—K (EET /L) EPythona—F D55 E R EEIR 3 HH#EEE
— Fortran®®C Tt t=70455

LEITDERGEICR>THEZ
1o TEHTS5—% . Pythonl=&

of%ﬂﬁéhf:Al *ﬁ%#ﬁk?%ﬂ E.WE Bl) 5% SBREFIL
1tmiﬂ72ft02'7—7ﬂ—|:75\%%5§ . ——]
FATE DL OREREIRTE . Fortran/C77°'J&Python77°'JODEEZ#%:O)*ETI
o O-AFIF:WaitlOLmEHE [J\#E-3)11 2020)




Multi Detailed-level Coupling [Yashiro et al ]

Low detailed level High detailed level

Coupling

hi3-Open-BOEC

(S+D+L) workshop, 2021.12.3 %”9"




The process components (solvers) are resolution-dependent

Low-resolution High-resolution
Atmospheric model ‘ Atmospheric model

* Clouds and convections are parameterized
* Poor to reproduce heavy rainfall

* Climatology is well-tuned to the real world
* Light workload

* Clouds and convections are solved more explicitly
* Reproduce detailed meteorological phenomena

* There is non-negligible climatological biases

* Heavy workload (more than x1000!)

[Yashiro et al.]

hi3-Open-BOEC

Z
(S+D+L) workshop, 2021.12.3 rf’

s




Multi Detailed-level Coupling (low->high) [Yashiro et al.]

Low-resolution High-resolution
Atmospheric model Atmospheric model

Coupling

Faster simulation time Good at detailed local weather

Nudging large-scale (low-
wavenumber) states

¢ |f low-res simulations have some additional value in climatological reproducibility, it can be
helpful for covering the weakness of high-res simulations

hi3-Open-BOEC

(S+D+L) workshop, 2021.12.3 ﬁ'?,,, :




Ensemble Coupling [Yashiro et al.]

Application A (e.g. Atmosphere Model)

App Al App A2 App A3 App Al App A2 App A3

Ensemble
h30-U/MP h30-U/MP h30-U/MP Execution h30-U/MP h30-U/MP h3o0-U/MP
Management
Coupling Ensemble Reduction/Broadcast

w/ Grid Remapping

h3o-U/MP

h30-U/MP h3o-U/MP h3o-U/MP

App B1 App B2 App B3 App B1

Application B (e.g. Ocean Model)

M x ( A + B ) execution (MxA) + B execution

ﬁ i3-Open-BDEC
/’/”?g‘ iy amn & Gntram Compmny

(S+D+L) workshop, 2021.12.3




Challenges on Wisteria/BDEC-01(1) [Yashiro et al]

Multi Detailed-level +Ensemble coupling

Low-resolution Ensemble High-resolution

Coupling

ﬁ

Nudging large-scale (low-
wavenumber) states

Good at large-scale atmospheric
state and climatology Faster than high-resolution ensemble data assimilation!

(S+D+L) workshop, 2021.12.3



Multi Detailed-level Coupling (high->low) [Yashiro et al.]

Low-resolution High-resolution
Atmospheric model Atmospheric model

Coupling

Ligh kl
. Ight wor oac.I . _ Good at detailed local weather
Suitable to long-term simulation

Can we use the results of high-resolution
simulations to further reduce uncertainty?

—Let's train parameterized component models!

(S+D+L) workshop, 2021.12.3



Multi Approach Coupling [Yashiro et al.]

Coupling

Physics-based model ﬁ

e Provide teaching data on-the-fly
e Plug-in to target component of the application
e To make the surrogate model in the component-level

e Gradual transition from physics-based models/legacy
application

Data-driven model

(S+D+L) workshop, 2021.12.3



Multi Approach Coupling

-- '\ Expensive, since it involves many

= =7 simulation runs

Cheap, since training and employing
a surrogate model is not expensive

Jcup modules

jcup_mpi_lib.fo0

[Yashiro et al.]

)
Simulations
" Fortran APP Python APP
- 3 ~
Design o= y=f(X)] 2 ~a _—_ (NICAM) (PyTorch)
parameters < ” i \ / sl utpu
X ’S it (@', f(z")
1 analysis | /@) | | Training -
X5 + Optimization : Y2
. * Risk lysi: .
: i h3open modules
mode! a YN open modules
y~ f(X)

Jcup modules

jeup_mpi_lib.f90

by Shuai Guo https://towardsdatascience.com/

e Coupling with a legacy fortran application and a modern python ML library

ﬁ i3-Open-BDEC
Dty e

(S+D+L) workshop, 2021.12.3




Challenges on Wisteria/BDEC-01(2) [Vashio et al
Multi Detailed-level + Multi Approach

App (Fortran)

High Resolution Low Resolution

Atmospheric Model
(Convection-Resolving Mode)

Atmospheric Model
(Convection-Parameterization Mode)

e Extract input/output datasets of the cloud microphysics component from high-res simulation
e Transfer datasets from high-res to low-res with spatial remapping

e Train NN with the coarse-grained high-res input/output datasets

e Then, trained NN is used as a cloud component (surrogate model) in low-res simulation

hi3-Open-BOEC

Z
(S+D+L) workshop, 2021.12.3 ?’/wy"



200000 0.0030
75 Water vapor
5 190000 0.0025
- 180000 0.0020
0 170000 0.0015
States
259 160000 0.0010
~50 4
’ . 150000 0.0005
75 (e | Noedlud
e b I — ——— 140000 0.0000
0.100
75 4 0.6 75 ors
50 04 |
e 0.050
21 = 251 0.025
Tendency
01 00 . 0 0.000
(reference from high-
-25 1 -0.2 -25 =0:025
res)
-50 1 —0.4 —504 -0.050
=157 -0.6 ~75 1 -0.075
~0.100
0.100
75 06 75 | o
1 04
B 20 0.050
251 . 251 0.025
0 00 Tendency 0 0.000
-25 1 -0.2 (predicted by NN)  § 5 1 -0.025
=50 1 -0.4 —50 -0.050
—75 b e -0.075
; -0.100

[YaSher et al] -150 -100 -50 0 so 100 150 -150 -100 -50 0 50 100 150

i13-Open-BDE

(S+D+L) workshop, 2021.12.3 F@,ﬁ it




h3-Open-UTIL/MP (h30-U/MP) + o
h3-Open-SYS/WaitlO e

ARM: A64FX IceLake+A100
|
€ Analysis/ML Model
HPC App

F<->P adapter
S EEE e mathte h3o0-UMP h30-U/MP Statistics
simulation data

output - >
Coupling

B-EDR
‘ ¢ Wisteria ' *.* Wisteria
AN 1 T x 7 l Odyssey JCIQ 1=l Aquarius

[Arakawa et al.]

(Python)
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h3-Open-UTIL/MP- %, Jid-Onn BOEC
h3-Open-SYS/WaitlO;E
+ h3-Open-UTIL/MP

— (BR)MPIZKBOVR—RUMEEE: 131, EEEE ¢ ¢ Wisteria

— Odyssey-AquariusfliZMPIIZ & 2@ S [E R = %o BDEC-01
h3-Open-SYS/WaitlO-Socketl = &Y O-AfEE RE RN | Aquarius |

Fortran APP Python APP
(NICAM) (PyTorch)

h3opp.py

Fortran APP Python APP
{NICAM) (PyTorch)

h3opp.py

IB-EDR

=)

h3open modules
h3open modules

h3open modules : >N_Py-T=£
h3open modules
Jcup modules Jcup modules

jeup_mpi_lib.f90 jeup_mpi_lib.f90

Jcup modules Jcup modules

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

© Jeup
; Jeup

jcup_mpi_lib.fo0 jeup_mpi_lib.f90

B MPLE{E AT A R BT




Blg- 2MHEDRA 72—

h3-Open-SYS/WaitlO-Socket

— 20218 % (Odyssey+Aquarius, EHEE{
h3-Open-SYS/WaitlO-File

— 20228 (7 IV AT LFER)
h3-Open-UTIL/MP (HPC+Python)

— 2021F10H (OO #)
h3-Open-UTIL/MP+h3-Open-SYS/WaitlO-
Socket

— 20221 A ~4R (O+A, EEE)
WHAERT !

)

Il

— 20224 Al for HPCib & e
output

*.? Wisteria @ i3 dpen-BoEc
o% BOECO1 QT

r +*+ BOEC-01

® * Wi i Platform for Integration of (S+D+L)
” * g#iscl:-%!l'la Big Data & Extreme Computing

2alb—av/—FR

¢ _* Wisteria

Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8PB/s
Shared File ; Fast File
System E System
#*H 771 n EE?T-}: )|
AT Aquarius VA7
(SFS) Intel Iice Lca‘ke + NVIDIA A100 (FFS)
25.8 PB, 500GBIs 7.20PF, 578.2TB/s 1PB, 1.0TB/s
800 Gbps
! e =XTENA
9997 Resources

A
External Network
nEprvbI—2

Sl 52—

Surrogate
Model

Statistics

P
i >
[
e

Analysis/ML
N~
(Python)

F<->P adapter
h3o-U/MP

HPC App
(Fortran)

Coupling
IB-EDR

¢ _* Wisteria
Odyssey ,’, BDEC-01 m 127



Al for HPC:Society 5.0I{ ~[[](+7- A\ T&0&E-
T—AREZICKLFAERZOEER G1T) (1/2)

https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/

e (FTIE+T7—2+FE (S+D+L))MEER, T—28 =, #HEE, A4
BEICKDETEMFZNEELZBETIEEZSS

« RANELT, HEMFLIAL—2ay (BEFERIFA—TOV—XR)%, 7—43
Bl NI, #BHEFEFICE-TEEL, S1RIETHIEEXBRETS
— KT —42RMEENTHEEERA T ALILHRLZIHT I+,
— TAYSLERERDF1—=24, PILTVRLEERLEE XHENTTH, BEF1—

ZUFIZESTRETIILTYRLEERT BEOLEEFEDN-LET,

c SEEFETIL—T -t oA—HEDOHRHATELTER
- REREF BEE(KE-HIE&E-0%), Aon— EREESML AR
— REEJHPCNE R R REGEFBisd

128



129

Al for HPC:Society 5.0I{ ~[[](+7- A\ T&0&E-
T—AEEZICKLFAERZOEER 1T (2/2)

https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/
- [REIF1EISEE

— 202252 A28 A#t], 202254 A R ) F 4 Wisteria
. EHEME RS EIETIRE (BES505 ML) ¢

Python APP
(PyTorch)

— OFP(2021% &), OBCX, Wisteria/BDEC-01
(NICAM)
— Wisteria/BDEC-01 (Odyssey-+Aquarius) F F HE ,

h3opp.py

h3open modules

UTIL/MP

h3open modules

« Wisteria/BDEC-01[] TV bz 7#H DO HRRFF
— h3-Open-BDEC

. R | . '
\ | Jwato] wm |
- HEE(C21—ALE—~DFER), BES

Jcup modules Jeup modules

h3-Op
‘ Jeup

jeup_mpi_lib.f90 jeup_mpi_lib.f90
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SBEET
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Oakforest-PACS

Wisteria/BDEC-01
(Odyssey)
Wisteria/BDEC-01
(Aquarius)

Wisteria/BDEC-01
(Aquarius)
Oakbridge-CX

h3-Open-BDECD RT3
Odyssey-AquariusiE#>5 1
TS DOREICHLERLTY
53FE
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* h3-Open-BDEC
« BT —REMEICKARBEAMER) 7 ILIA LT
« [81&-T—45-F28F e ~mIT=E#&
- FEEEF




Hitachi SR8000
1,024 GF

Hitachi Hitachi
SR2201 SR8000/MPP
307.2GF 2,073.6 GF

RIEKFIEHRE

T RA—DO X /N
FIFA#E2,600+4
55% (L4}

g

2006-2010

Hitachi HA8000
T2K Todai

Lo A4

2016-2020

|
Hitachi SR16K/M1
Yayoi
549 TF

140 TF
L]
Fujitsu FX10

Oakleaf-FX
1.13 PF

25.0 PF

3.36 PF

SNRT LE

0]2109 ¢
(Fujitsu)
6.61 PF
T
Oakforest-
PACS (Fujitsu)

2026-2030

OFP-II
100+ PF

¢ _* Wisteria
’0‘ BDEC-01 Fulltsu,

33.1 PF |

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

R E
|~ ——

Ipomoea

Ipomoea-01 25PB

Ipomoea 02




R E

- OFP-Il:2024F4 A EAFIE T E

— Oakforest-PACS (OFP) 0 & ## #

— JCAHPCEL TR RFEEERBITEA, EHDFE

— E—J148E100+PF(BEE), MZEFFE/—FEHZED

— 515 - T 53-8 1MERREH#HRA (FE)

. Wisteria/BDEC-01 (Mercury) : 202344 5 sE FRA T
— Wisteria-Mercury
— H9IFAquariusz=fEBI T HCPUDAH D /—FEEL TETEISN TULV =AY, IRIKTIX
KRR IMRFEREH LD AT LELTRETE

« El[&MMessengeri&lySlcelake 6/ —Rh LRSS Mercury IO TAR AT XERIZH S
« OFP-IO7OR AT ELTOREDITLHS

— E—JMaE6+PFIEEZREE (128+ GPU’s)
— 20224 ¥)EEI- B FHTERAIA
- BDEC-02:202854 A EARBFE




R E

« OFP-I1:20244 A& ARRIR T 5E
— Oakforest-PACS (OFP) 0 1% fik 1
— JCAHPCELTHRIBERFEERTEA, ERADFE
— E—71%EE100+PF(BEE), MZEFRFES/—F#HZED
— 51 &-T—32-FE IMERREH#HRA (FE)
- Wisteria/BDEC-01 (Mercury) : 202344 B & AR F E
— Wisteria-Mercury
— LFITAquariusZ @B 5CPUN A D /—FEHEL TETEISN TLV=AY, IR TIX
KRR IERBEEH L= AT LELTHETH
« E[IMMessengeri&lrSicelake 6/—F Mg SN S Mercury IOT BN A TIELERIZH 5
« OFP-IOFORATELTHOME S TLHS
— E—V1%8E6+PFREEZEE (128+ GPU’s)
— 2022F MIEEICEFHAGERR £ H2I3 CEAFBHAEPOYET
- BDEC-02:202844 A EHIIE T E




Wisteria-Mercury
Winged Messenger

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

Supporting “Aquarius”

— 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 2023
— Intel SPR, AMD, Arm, NVIDIA + IFB

Fast File System
(GE)
1PB, 1.0 TBls

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 ™




Wisteria-Messenger
Prototype of “Mercury”
CPU Only

* Intel Xeon Gold 6348 (lceLake)
— 2.6 GHz, 28 cores/socket
— 2 sockets X 6 nodes
— IB-HDR
 Directly working with “Odyssey” for
supporting “Aquarius’
— e.g. “Filtering” in the Earthquake Simulation
— h3-Open-SYS/WaitlO-Socket
» Under Operation
— Public use after January 2022
— Various types of investigation for “Mercury”

Fast File System
(GE)
1PB, 1.0 TBls

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
Resources

S
= - SNOSHA _—)

External Network
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BA, ERRRR
— BHHEEY T+ HTF7Th3-Open-BDEC |FAFE D EE
— HEkFE FZPIDELIZERR TG B~ DILF=Society 5.0~D &k
— B AT Al for HPC: Society 5.0 IEA~M 1FF= A T&IgE- T—2FF(2&D
HERFOEE]
« Wisteria/BDEC-01I& 5t & - T—42 - FE IMEZEHTH, ATADT
RGORATLELTIEEATENOHTOLD
— HPCI, JHPCN#E B LM AL TIEHE - 7 —2-F 8 | RS HEXRKTT S
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D BFE

[Form]<JCAHPC>Survey of program for

consideration of successor to Oakforest-
PACS.

Purpose of he suvey 1 JCAHPC

Dear Users of Oakforest-PACS
Greetings and requests from the Jaint Center for Advanced High Performance Computing (JCAHPC) .

First of all, thank you very much for using our supercomputer systems.
We hope our systems have been useful for your research and development,

The Cakforest-PACS [OFF) system, which is our former Flagship system operated by JCAHPC
(http:/ficahpciplengfindex.htmll under collaboration with University of Tsukuba and the Information
Technology Center, The University of Tokyo , will be shut down in the end of March 2022, The Post-
OFP [QOFP-1I) also by JCAHPC is scheduled to start its operation in April 2024, and we are now
discussing about the design of the OFP-1l. Currently, we plan to introduce accelerators such as GPU to
the OFP-Il, for maximum perfarmance of computing under limitation of electric power and footprint.

We understand that many of you are NOT necessarily familiar with GPU computing. Therefare, it is
needed that we support you for porting your application codes to GPU's, Thus, all of you can start to
use the OFP-Il WITHOUT any problems on April 1st, 2024,

As @ preliminary survey, we would like to know about the application codes, which you are using now
on our supercomputers, Your surveys will help us far decision of CPU's and GPU's on the OFP-Il system,
Please fill out the following form, Please make sure "One Form for One Code’,

If you have multiple application codes, please submit multiple forms,

Mareover, we are also asking the possibility of further collaboration with you (e.g.
developing/providing benchmark programs based on your application programisjl, If you can kindly
collaborate with us on this issue, we will give priority to services for supporting GPU porting, We
really appreciate your cooperation in this survey.

We also understand the necessity of Mon-GPU nodes, because some applications are not suitable for
GPU, Because we plan to consider the results of this survey for decision of GPU/Non-GPU ratio in the
OFP-Il, please answer the survey even if ¥OU DO NOT USE GPU's.

MName of your program, *

Please answer “Mone” when the program does not have a name becsuse it is self-made program, etc

EfEE AN

Executable filename on the computer,

EEEANILT

Type of code *

What is the current situation of porting your program to the GPU? *

NMRAT—EEREUANAT (.

ZOTSF AT S — LOFRE MR L EOT Y. EELET — ST - LORERICERENE Y. Micowftil, a4 —h
EER GUETEOT TS — 1 UF s GIOENIC L T OlEEROERA. 2T — FAR R 1A

SOERGEIC N TOT S /S — M SRS RAL TUEE A, BAMEETREETRL
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2022F E [ I+ F,

EBRBAR (5 12)

« 2021E10H8H () 1300-1500 (£ #%, HPCIsi(»)
— https://www.cc.u-tokyo.ac.jp/events/seminar/20211008.php

« 2021411 A25H (K)1300-1500 (JHPCN)
— https://www.cc.u-tokyo.ac.jp/events/seminar/20211125.php

« 202241 H21H (%£)1300-1600(1E %, HF &%, Al-for-HPC)
— https://www.cc.u-tokyo.ac.jp/events/seminar/20220121.php

« 2022%7R (F®) (%, HF &%)

. B

- &F -k https://www.cc.u-tokyo.ac.jp/guide/young/

- 1 FH https://www.cc.u-tokyo.ac.jp/quide/company/

— Al-for-HPC https://www.cc.u-tokyo.ac.jp/quide/exploratory/AlforHPC/
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YouTubeFv> R ILDZ#37 323 BOEC-01
MEZEFREAO. BT — BB EOREGETCEICGNET,

« [REXRFPRBEBLI—1F ORI

https://www.youtube.com/channel/lUC2CHaGp1AO-vgRIV7/wmUQ-w

— Wisteria/BDEC-013 AT LB
https://www.youtube.com/watch?v=SXjYtatzo-
4&list=PLobjSv ny85IW030APUJI9DWJoHhNiQgVvY &index=3&t=104s
— ¥10BlJCAHPCEZZH—
https://www.youtube.com/playlist?list=PLobjSv ny85mfPTuCC2i7r sPQYKZvy2e
R VA Et NS
https://www.youtube.com/playlist?list=PLob{Sv ny85kr1lg2m-bUiMC2a9W6k53u
https://www.youtube.com/watch?v=g-0QtU70Ops4&i=116s
— JCAHPCHZF— T AL Bk FE LR —/\—a Ea—T12 Y |
https://www.youtube.com/playlist?list=PLobjSv ny85I-z-VJCy690ZjlIAA04xCRA
- BHLTHOUDOEEES
https://www.youtube.com/playlist?list=PLobjSv ny85kXY2Mtnhn1k7pM-epQaD2y




