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2006-2010 2016-2020 2026-2030
Hitachi SR16K/M|1
Yayoi
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Hitachi SR8000
1,024 GF
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SR2201 SR8000/MPP (Fujitsu)
307.2GF 2,073.6 GF

6.61 PF
[
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Fujitsu FX10
Oakleaf-FX
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University of Tokyo

# nodes = 952 Rpeak = 140.1TFlops Memory = 31TB

full-bisection interconnection for _'
128nodes = 640GB/s
256nodes = 640GB/s

S56nodes = 140GB/s

full-bisection interconnection for

512nodes = 2.56TB/s

Center for Computational Sciences

University of Tsukuba ——

Information Technology Center

University of Tokyo

\
Academic Center for Computing and Media Studies \\

Kyoto University ————

storage
1PB; 15GB/s

University of Tsukuba

# nodes = 648 Rpeak = 95.4TFlops Memory = 20TB

storage

96078, 14GB/s
full-bisection interconnection

5.1TB/sec

Kyoto University

# nodes = 416 Rpeak = 61.2TFlops Memory = 13TB

fat-node subsystem
# nodes = 7 # coresfnode = 128
Rpeak = B.98TFlops memory = 7TB

full-bisection interconnection

3.3TB/s

storage

883TB; 16GB/s

Open e

Hardware Architecture

OpSo?er'e .Stack. |

Open__ .

to User's Needs
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BENERAH RE BT E ZE (Greenhouse gases Observing SATellite: GOSAT)
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396 PF (UCC +CFUM) 09MW |
0.16 PF (Cloud) 0.1MW L

35 PF (UCC
CFL-M) 2w

Hokkaido im
Tohoku .

Tsukuba ? o
f_COMAPACS0g

Tokyo |§]ls
Tokyo Tech. " ..

Nagoya ’w’ 1 mrF
Ce xcw 3% - cll =

Kyoto “-- | ‘ 20-40+ PF 1 80150+ PF
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00200P85
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Down is Good

“Tiny” Cases: Significant Improvement by

IHK/McKernel and AM-hCGA [KN ScalA19]

Computation time is normalized by that of hCGA
+20% by IHK/McKernel, +10% by AM-hCGA

1.10

1.00 |

0.90

Ratio

0.70

0.60 L

0.80

O
N4 N4

+20%
by McKernel
L= oM
-O-hCGA
—-AM-hCGA v
-O-hCGA+McK

- AM-hCGA+McK

4096

8192 16384

32768 65536 131072 262144

Core #

O hCGA (=1.00)
& AM-hCGA

O hCGA+McK

& AM-hCGA+McK

K. Nakajima, B. Gerofi,
Y. Ishikawa,

M. Horikoshi, Parallel
Multigrid Methods on

+10%: AM-hCGA Manycore Clusters with

IHK/McKernel, ScalaA
19 in conjunction with
SC19, 2019
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FY11

12 13 14 15 16 17

20

18 19 20 21 22 23 24 25

| |
T2K Tokyo, Hitachi
AMD Opteron
140.0 TF, 38.1 TB/sec.

N B

2 RA—DAR/\a

FFA%&2,600+4
55% (&4}

[ [ [ [
Yayoi, Hitachi SR16000/M1
IBM Power-7
54.9 TFLOPS, 28.7 TB/sec.

I
Oakleaf-FX, Fujitsu PRIMEHPC FX10
SPARC64 IXfx
1.13 PFLOPS 408 0 TB/SeC

Oakbrldqe FX FUJltsu
SPARC64 IXfX

25.0 PFLOPS, 8.51 PB/sec. 100+ PF ?

136.2 TFLOPS, 49.0 TB/sec.

Oakbridge-CX, Fujitsu

Intel Xeon Cascade Lake
6.61 PFLOPS, 385.2 TB/sec.

Oakforest-PACS (OFP) (JCAHCQC) OFP-II

Fujitsu, Intel Xeon Phi (JCAHPC)

BDEC: Wisteria/BDEC-01, Fujitsu
Fujitsu A64FX (Odyssey) +
Intel Xeon Ice Lake/NVIDIA A100
(Aquarius)
33.1 PFLOPS, 8.38 PB/sec.

Data Platform (mdx), Fujitsu
Intel Ice Lake/NVIDIA A100 etc.

8.50 PFLOPS, 0.665 PB/sec.

Reedbush|&
2021 F11AKT
EAKT




Q’Q Wisteria P!atform for Integration of (S..-I-D+L) % :Ii—{‘ j( %{, %:ﬁx$,lﬁﬁﬁgﬂ.§ty§_

¢ ¢ 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)

- | o 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
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SRR -BFIaL—aV (R R[R)

RARNZBEWRR, RREFRURRF

T
276 280 284 288 292 206

300 304
1 e 1 | E— [
100 120 140 160 180 200 1.3 26 ae
WiCAM MRC-AC
‘Somi -Unstructur od 6r id FIW/Structured 6 id

NICAM- ' e N [MiRoCA
Agrid : |

NICAM-
ZMgrid

and postpr
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THE EL NINO PHENOMENON

ELNINO
YEAR

e |

gy

Copy data to the buffer

—t
Draw data from the buffer

Send data

* Also applicable to full coupling,

multiple applications

Model procedures

&

RS

s [~ = —_
b} M 5

w\l.i iy 3

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

Coupler procedures

time

1. Data-packing
into a buffer

COCO
Regional COCO
Matsumura-

model

COCO: Tii Folar F DM Regional Ocean Model
Mon liydrostatic el

Coupler procedures

3. Data-packing after the
interpolation process

Model procedures

Recv data

Copy data to tha buffer

from the buffer

4. Data extraction

Wiy £ ol |
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|
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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

24
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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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06 UTC

Bndaobs
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- e forecast
m mesh} ensemble forecast
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| 12:00
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] My panr ot
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2En7—7 70—
15:30:00
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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
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» ot yctemocecats

g

]

30-min forecast (s)
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)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(:letluieum “ * “

i o TR (),
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Foder rufctity 3048 .
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sERER (BN

Corhinitation ira {1835 Widan]

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

64 DA cycles + 50 forecasts
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assimilation

Data assimilation cyeie (5)
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il Bug
g = MPI communicator
il Optimization
i Very stable! « Obs pre-processing
i + Visualization
= = NWP model setting
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[COVID-19 5 IS ERRS /A SE IR IR EERE 7 COVID-1928
SEIEIZKXRFEZEDORA/NNAVIZLDETE HPCI COVID-19 Urgent Call
E1ADSL6RENE R AT LEZF FH (2020F E)

= “:7_ A&"
@ EFH/Z ~ 3T
R == (TR) @Tu ) f»t
f
P

‘,..,..4

FEIAFTIANINRADERETOTT7—EICET ST ZA this N

ST AN FHEHE (STHAE) e - gl sed b,

COVID-19;A B D IR4#ZE: chloroquine. . 7% FE L ERN

hydroxychloroquine. azithromycin® 4~ #fk'J Hﬂefrt{;&;fﬁi(ﬁ?/ﬂi%j?):UT OFP e
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Ipomoea-01

« 202251 A EMRIRTE, 25+PF
- EtTaz

« 2022 &£6 A RZE TICOFP®M
Lustre nEﬁ@M\E?T*ﬂMJ)L\
T#1T

. Eﬁﬁ’/Z?‘A (2021FE3AXK)
— OFP 0{E774)L 11 PB
— OBCX 8.51.%'\774”/ 2.6 PB

_ SINETS

1006

100G

255G/ J—F, ’M/ —— = Wisteria/BDEC-01
2 ) NES EEALL—F

\ EHAS 10 PB, S3/Lustre
AnF p ¥ ARAVE (BRERL>E—)

s 25.8 P8, FEFS
Odyss
EEAL—2 VEREY
1.0 PB, FEFS
FEEHoD

AEET Khl=32
FFOL T b 16 PB, Lustre’
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18

2 A—D R/

19 20 21 22 23 24 25 26 27 28 29 30

Oakbridge-CX, Fujitsu

OFP-ll (JCAHPC)
100+ PF ?

Wisteria-Mercury

BDEC: Wisteria/BDEC-01, Fujitsu
Fujitsu A64FX + BDEC-02 ?
Intel Xeon Ice Lake/NVIDIA A100

33.1 PFLOPS. 8.38 PB/sec.

Data Platform (mdx), Fujitsu
Intel Ice Lake/NVIDIA A100 etc.
8.50 PFLOPS, 0.665 PB/sec.

Intel Xeon Cascade Lake
6.61 PFLOPS, 385.2 TB/sec.

'T ﬁfﬁ*ﬁ#ﬁZH/—w
e “/XTAﬁ pomoea)

Ipomoea-03
Ipomoea-02

Ipomoea-01
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2 A—D R/

FYie 17 18 19 20 21 22 23 24 25 26 27 28
Oakbridge-CX, Fujitsu I ( )
Intel Xeon Cascade Lake OFP1 IC:OJEI»:M’;IPC
6.61 PFLOPS, 385.2 TB/sec. e
Wisteria-Mercury '
BDEC: Wisteria/BDEC-01, Fujitsu
Fujitsu A64FX + BDEC-02 ?
Intel Xeon Ice Lake/NVIDIA A100
33.1 PFLOPS 8.38 PB/sec.
Data Platform (mdx), Fujitsu
Intel Ice Lake/NVIDIA A100 etc.
8.50 PFLOPS, 0.665 PB/sec.
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- 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 FRIA 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
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« OFP-11:2024454 A EFBHIRF E
— Oakforest-PACS (OFP) 0 1% fik 1
— JCAHPCELTHRIBERFEERTEA, ERADFE
— E—21%8100+PF(B#E{E), IEFFE/—FHEZED
— 51 &-T—32-FE IMERREH#HRA (FE)
- Wisteria/BDEC-01 (Mercury) : 202344 A E AL T F
— 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-IOZ7ARATELTORE S THH5
— E—V1%8E6+PFREEZEE (128+ GPU’s)
— 20224 ¥)EEIZ & HHBER A
- BDEC-02:202844 A EHBIIETE




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/BDE(
01 are shared

— Login Nodes, HW for Management

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

— SFS, FFS, Job Management System etc.

Operation starts in April 2023
— Intel SPR, AMD, Arm + InfiniBand

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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