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ANR, 2010-13)

« HIAEXRZAT Ik, TIK(T2K+EIK)
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] & {HETE (2020F11 A 5)

HITACHI SR16000/M1(172TF, 22TB) High performance inter cloud
HOkkaIdO ‘ ) Fujitsu CX2550 M4, CX400 M4 ¢3.08PF, 377TE) 4 2PF 35PF (UCC +
Data Science Cloud / Storage  HA8000 /WOST7000 ujitsu L
ChoTe 1 gepe) G s oy | A CFL-M) 2MW
LX406e(31TF), Storage(4PB), 3D Vis, 2MW SX-Aurora TSUBASA(1.5PF 46.11B, 910.7TB/s)
eE1TT). Storage(dPB), 35 Vis ”[";ZOGRZ TR SoragePB) } 1.8PF, 0.5MW _/
Tsukuba | | Cygnus 2.4PF (TPF) 0.2MW )| PACS-XI 100PF (TPF) }
= M | COMA (PACSIX) (1001 TF) /OakforestPACS (OFP) 25 PF Post OFP 100+ PF 4.5-6.0MW
! - Fuftsa PX10 (Osié aqu— ) (1 27PFcpe, 168TiB, 460 TH) I (UCC * TPF) 3.2 MW (UCC : TPF)

T0ky0 Im , _|‘ —— FE(FAG) E].?M’V(ReedbusLU[J?U?UﬂHK& ~';Oakb”dgecx e / mdx 17+ PF (FAC/UCC+ TPF) 2.0MW (FACHTPF

Fhschi SRIGOM (319 TF, 108 TiB, 267 B /[ ResdbustrCT 4 PF(FAC) 0-Z T | BDEC 30+ PF (FAC/UCC+ TPF) 4.5MW 6_5.8_)0MW
Tokyo Tech. '*‘ S— TSUBAME 3.0 (12.15 PF, 1.66 PB/s) 0.9MW TSUBAME 4.0 (30 PF, 4PB/s)

(STPF,ND+-TB,HEDTBJ’5‘|‘MMV\' _/ (UCC"'TPF"'CFI—'D) 09~1 5MW

Fujitsu FX100 (2.9PF, 81 TiB) )
- : 100+ PF (FAC/UCC+CFL-M)
Nagoya M’ Fujfsu CX400 (T74TF, 71Ti8) | 7 > ~20 PF (FAG/UCC + CFL-M)  up to 3MW > 1D 10 3MW >
2MW in total
ul L | Cray XCAO(5.5PF) + CS400(1.0PF - o100+ F
Kyoto g e A > ol PF (FACITPF + UCC)
o [ - (FACITPF + UCC) 1.7 MW or
Osaka -— NEC SX-ACE NEC Express5800 \| 10~20Pflop/s, 1.0-1 5MW (CFL-M) 256 PBJs, 50-100Pflop/s
423TF)  (22A4TF (TPF) 1.5-2.0MW
P | (423TF) ( ) OCTPUS 1.463PF (UCC) J OCTOPUS NEXT 5Pflopls

HAB000 (712TF, 242 TB) .

K UShu X SRIB000 (82TF 6TF) ) mm> Fujitsu PRIMERGY CX subsystem A + B, 10.4 PF (UCC/TPF) 2.7MW 100+ PF ~3MW
y FX10 (2724TF, 36 1) ‘--‘“"“> (FAC/TPF + UCCITPF)

X400 (966.2 TF, 183TB) FX10(90 8TFLOPS)
JAMSTEC -_ SX-ACE(1.3PF, 320TiB) 3MW ~100PF, ~3MW >
ISM UV2000 (98TF,

128TiB) 0. 3MW > 2PF, 0.3MW

BHIERHIGE (ZHVATLED)
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FYill 12 13 14 15 16

17 18 19 20 21 22 23 24 25

| | | | |
Yayol, Hitachi SR16000/M1
IBM Power-7
549 TFLOPS, 28.7 TB/sec.

I I
T2K Tokyo, Hitachi
AMD Opteron

140.0 TF, 38.1 TB/sec.
| |

SPARCG64 IXfx
1.13 PFLOPS 408.0 TBlseC

SPARCG64 IXfX

RRKXFIRREMHE

-Izz’;‘l DAR/\>

| A& 2,600+4
55%(:]:—?9*

Oakleaf-FX, Fujitsu PRIMEHPC FX10

136.2 TFLOPS, 49.0 TB/sec.

Oakbridge-CX, Fujitsu

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

I
Oakforest-PACS (OFP) (JCAHC) OFP-II
Fujitsu, Intel Xeon Phi (JCAHPC)
25.0 PFLOPS, 8.51 PB/sec. 100+ PF ?

¢ ¢ - - BDEC: Wisteria/BDEC-01, Fujitsu
¢ Wisteria Fujitsu A64FX (Odyssey) +

¢ ¢ BDEG-01 Intel Xeon Ice Lake/NVIDIA A100

(Aquarius)

Oakbrldqe FX FUJItsu 33.1 PFLOPS, 8.38 PB/sec.

Integrated Supercomputer System for
Simulation, Data & Learning

-

-
-

-

Data Platform (mdx), Fujitsu

Intel Ice Lake/NVIDIA A100 etc.
8.50 PFLOPS, 0.665 PB/sec.

Reedbush-U/H, HPE
Intel BDW + NVIDIA P100
1.93 PFLOPS, 258.6 TB/sec.

Reedbush-L, HPE
Intel BDW + NVIDIA P100
1.43 PFLOPS, 197.2 TB/sec.
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« Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal)) (A<4})
— T—REM -3 AL —avER—/\—arEa1—4
— 3.36 PF, 20165E7H ~ 202111 A X (F5F)

e Reedbush-U(CPU only, 202046 A30H G:E%)
e Reedbush-H(2GPU’s/n), Reedbush-L (4GPU’s)

— BRITCHIGPUYS A% (20174838 &Y), DDN IME (Burst Buffer)
e Qakforest-PACS (OFP) (ZE=13&, Intel Xeon Phi (KNL))
— JCAHPC (BAEKRCCS&HEKITC), 2022%3AKERFE
— 25 PF, TOP500T324i (A A514) (202156 8)
— Intel Omni-Path 7—=7% 7+ (OPA), DDN IME (Burst Buffer)
« Oakbridge-CX(OBCX) (ZE=T3&, Intel Xeon Platinum 8280) F
_ KB R —/ N\ —a 1 —2 AT A
— 6.61 PF, 20195 7H ~ 2023%6H, TOP500T974z (202146 H)
— £1,368/—FMA128/—FKIZSSD#*# &, OPA




Wisteria/BDEC-01

° 20211—5ﬁ 14EL1 ﬁﬁtlb‘ .
- RRKEMI -#-JV// Y 4
« 33.1 PF, 8.38 PB/sec., E1 @& -

_ ~4.5 MVA(ZEZ8:A ), ~360m? .
* Hierarchical, Hybrid, Heterogeneous (h3)

« 21D/ —FE
— Y2alb—3av/—F#(S, SIM) : Odyssey
o HEEXDR/NOY
- Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF

TOP500 134 (B A34E) (20214E6 H )
— 7,680/—K (368,640 A7), 205v4%, Tofu-D

_ F—A-23 ) RE(D/L, DL) :Aquarius
o THREN, BHEE
* |Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF

TOP500 O34 (HAR3I) (202146 H)
— 45/—FK(lce Lake:90&, A100:360&), IB-HDR
o —ERMINER)Y—R(RL—, H—/\—,
oY —RybT—H4th) I-I_Tﬁ?ﬁﬁn_._
— D7AIVRT L HEBE(KRABE) +5&E

BDEC:T&t& -7 —%-F& (S+D+L) |
AEDT=HD TS5y TA—L (Big
Data & Extreme Computing)

® ¢ Wi i Platform for Integration of (S+D+L)
¢ W|SI_EI'IH Big Data & Extreme Computing
¢ ¢ BDEC-01

YEalb—dav/—FE
Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8PB/s
Shared File Fast File
System : System
£HI7AIL Fg T R =EI7AIL
SRF L Aquarius SRTF L
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

800 Gbps

- External
S99 Resources

~ External Network i “11 SRR Y — 2R

NER YT —H

’,’ Wisteria
¢~ ¢ BDEG-01
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+ BX v NR (B EHFR) ‘I ﬁ?;%:%#géﬂjﬁ__'_ SR
e 1F : Oakbridge-CX P *fﬂ*“”‘;i \ ﬁj
« 2F : Oakforest-PACS ‘t /=3
° 4‘5“:\:’\”\//\0Z \ Eérﬁﬂflﬂﬁ P
. BIREEL Y & — (2021F48 ~, EIEREEA & A \ i
. HITEEARE S Y kT — 2 B R AR E R 2 O
@7 %%%1}_ \ RE7— 551 0

. Nllt%j@z/ﬁ— (z/\":y v b7 —=7) ICLBMEFERK

e mdx: T — X ERMSEIRR T Ty b 7+ — L (2021F3 A
B FE)

o Wisteria/BDEC-01> X7 L (2021F5 8 EHBE)
e MEIZAL MR CHEB

BRRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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GFLOPS(E—271t4gE) ZF-VYFAAE (M) - ESK K
GFLOPS/W (Green 500)

Svstem JPY/GFLOPS GFLOPS/W
y Small is Good Large is Good

Oakleaf-FX/Oakbridge-FX (Fujitsu)

(Fujitsu SPARC64 IXfx) 125 0.866
Reedbush-U (HPE) (Intel Xeon Broadwell (BDW)) 61.9 2.310
Reedbush-H (HPE) (Intel BDW+NVIDIA P100x2/node) 15.9 8.575
Reedbush-L (HPE) (Intel BDW+NVIDIA P100x4/node) 13.4 10.167
Oakforest-PACS (Fujitsu) (Intel Xeon Phi/KNL) 16.5 4.986

Oakbridge-CX (Fujitsu) (Intel Xeon Cascade Lake) 20.7 5.076
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A=4AT VS RA
Intel Xeon Phi
(Oakforest-PACS)

TILVFIAT IS RAE
Intel CLX
(Oakbridge-CX)
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GPUY3SX% (2GPUs/node) | GPUYS X% (4GPUs/node) T—AHZ-T—42R1t

Intel BDW + NVIDIA P100 Intel BDW + NVIDIA P100
(Reedbush-H) (Reedbush-L)
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THE EL NINO PHENOMENON (s} -
NOI‘}I\Q:; = = o R =

Equatorial

winds gather
warm water pool
toward the west,

EL NINO
YEAR

Easterly winds _
weaken. Warm
waker to move

eastward,

100 120 140 160 180 200 1.3 2.8 3.9

NICAM: NIROG-A:
Semi—Unstructured Grid FDM/Structured Grid

s * Also applicable to full coupling,

NICAM- Put_data App. A multiple applications

Agrld I : Model procedures

NICAM- I e || e I | | 2. Send-data extraction from

ZMgrid Hnsorc 7 oter : the buffer, and data sending

P data to the buff Draw data from the buffar T Goupler procedures
opYy a to the buffer
+Grid ’_I‘ransformation
J-cu " :Il\é[ultrEnsemble / Y time
J-cup e s s e — "
“MXN E;:E;:eta—Scale 1 Data_pack|ng ecy da
' . Systen S/ into a buffer
-Architecture ’ 1] T om the buffer
s j Goupler procedures ’/r o Draw data from the buffe
. 1 : A —Cooy dats to th bt . 4. Data extraction
Coco 3. Data-packing after the :
Regional COCO interpolation process |-t ——=—===== {t-—s=—=>_ from the buffer [E{%?ZE‘IE 1;:[\: . 1EH*§IE*§;]'$&1:§ .
Matsumura- et time ! . L
COCO: Tri-Polar FDM Regional Ocean Model Model procedures kY S 337 V— ’ﬁ ‘$ ]

EE - FABERE GEA- ASEEH)




MESaL—I 3 - R EE B

RAMENZRAT, RAEZFRURESF

O 5 — % (K-NET, KiK-net 446 5) (a) [FLEEN (b) TR S
"Byme L i R 5 A

N5 =

OO REAMEE FRER
IFHt_._’!‘-:Q‘I TKY.1120 (SK-net, #EH) N-S

W0s

Distance fom|

TER (]

wa

Distance fim]

o 50 “‘N |50 250 300
B8 (5]

IBERRY PLFHEER

TKY. 1120

Os

E 5
5 2
& —
£ s
.
x v
s 1
05
- ™
H 1 02
g B o
i B 008}
0.02
| IR N I LIS
o W 2 W o EHRE (5]
Dustance [km|

(EHRIRAL : B 2 H 2R

TR KR (AR

Sedimen\t

> 2

Source
10-
20km | |

a) Earthquake wave propagation

Sedimentary Roc!:/

-

Bedrock )h-»" ol
L ..37

W
-]

5

Earthquake

Basement-l BU‘ding
(enginearing
/ classification)
(FEM-mesh)

Sascmc\u-
(seismologic:
classification)

Sediment

Se Fsmig o
1

Sedimentary Rock
(FDM-mesh)

S

¢) Resident evacuation

18

10-50m

Two million agents evacuating to nearest safe site
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FTss

Tokyo

Yokohama

Point G

CO, Plumes

Groundwater Head (m)
-1‘- -

11021131:405050?05&10{:

Bd-4 CO, EAZSOHTARE

(A ER T oardE (100 H£5)

3 o4 of 1.7 I8 F F4IA

100 years

Tokya Bay

Yokapama S e =
e Ll

. ® ; huctan Sile
[ Touya Bay 5

(a) PRGBS T (b) i%aEaRe T

B-5 EHERROFEZN (RS G OMS, AR S 100 Fi)

19

(E &=
A 8+ (KRS

%) ]

(a) Tokyo Bay Model
—Large scale hydro geologlcal model-

Injection
Well

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

Local-scale

Reservoir Gy

Native Groundwater (Brine)

6 million DoF

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

Producer

t 3.3 million DoF

Injector

Original
Reservior Model

Christie and Blunt (2001)
Qi et al. (2009)
Audigane et al.(2011)

CO, behavio

Yamamoto et al. (2013) (No upscaling) Seor

J<DOF: degrees of freedom
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Several kinds of allotropes

A new material which has special properties
Inside:insulation Outside:Conduction
electron

) et

Topological

insulator
Source:Telescope magazine

Sample of the topological insulator (SmB6)

Conductor

Battery with graphen
— ;15_:% m?retcap:city ; .
2EAFRELOEB-ERE SATT Samsurg) .. _.
REODFTIHOMRH ~® %%
- S

Source:Nature

DFT-MDICKHEEMAHE
ERAEDI/OYIEAEA

(E {1214t : Gerhard Wellein#iZ (FAU, Germany) ]
RIT—OEBEHEOLDOLRTF AETFLF—HE

o «mqaaf Gl

=R '-E/V—c._t@ : ™ 1777..:

Nature Energy 2016 Nature Energy 2018 Chem. Mater. 2020 g

(Efgisft WEHEEEAT), LT —T (i) ) "~ Macromolecules 2020 - (ERIR R RS (RK))

:
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3o ) an
# of cycleiforecasts # of cycle/forecasts

P o = £ SR iy
QEE}"‘BM&DM @E}iBnd&Obs @EE}’Bnd&Ohs (@EE}F - * d
.na uTe ‘cs uTe ‘12 ute ‘SU“— g o August 2019 50 November 2019
[ ) > ) = 2
D1 (18-km D1 (18-km mesh) DA = 5° E°
Mesh) ensemble 1, Ei, T A
D2 ( 6-km st @ ¢ i
“M mesh) en @ i,
semble forecast s 2
D1 (1_'s§|;m'mm 8 ay .
D3 (1.5-km mesh) . 3
] &nsembl& fOl'eCast 100 100
e 200 200
o =
Q2 g Bug
g fu g e MPI communicator
5™ g3 Optimization
L E £
g w0 890 Very stable! « Obs pre-processing
: e oy « Visualization
. e o e NWP model setting
& PAWR obs el ) ) ® % @ 1 E3 [
via JIT-DT

HEMEEomLE, ERIZT—4EME. TERIZ30DFHRICH D - BB (),

ESCNOLY A/ 715':35:00 5%2)%0195%}? . (H)2018EF 1 Brmin FT=10min FT=20min

Rodr refictivty 3048 =
201 P

raflactivty 1048 Rodor reflectity 3048 m
20150024 133000 UTC (FABR sba) 2015,/08,24 134000 UTC (PARR sba)
e - — =

i

[T

Rodor raflectiity 1=3048 m Rasdor ruflectivity 1=3048 m

Toodor refisctivRy D84 154000 UTE (FT=060081 0150824 155000 T (FT=120081 30
IOTBAAATS 154000 UTC tnssa) = s g ‘af—}P
\ e 4 e T h A= 25
- - L

LETKF ! i il
Analysis <

2019488248 DEF>VT DT X kR, (L)L — 4 —88 & (F)SCALE-

= 2019F8R24 Ei%%@o WTHT R bmff%%o B)L— &~ & (F)SCALE2 o~ . _
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