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57th TOP5OO List ( June 2021) Rmax : Performance of Linpack (TFLOPS)

«ak. Peak Performance (TFLOPS), Power: kW

Power
ma eak
I— compuierear fendor CO'S_| (TFLGPS) | (TFLOPS) | _(MW)

6
7
8
9

10

Fuqaku 2020, Japan
R-CCS, RIKEN

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

Sierra, 2018, USA
DOE/NNSA/LLNL

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

Selene, 2020, USA

NVIDIA

Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou
JUWELS Booster Module, 2020,
Germany Julich (FZJ)

HPCS5, 2020, ltaly

Eni S.p.A.

Frontera, 2019, USA

Texas Advanced Computing Center

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 S922L.C, 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,
NVIDIA A100, Mellanox InfiniBand HDR

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

Dell C6420, Xeon Platinum 8280 28c 2.7GHz, Mellanox
InfiniBand HDR

7,630,848

2,414,592

1,672,480

10,649,600

706,304

555,520

4,981,760

449,280

669,760

448,448

442,010
(= 442.0 PF)

148,600

94,640

93,015
64,590
63,460
61,445
44,120
35,450

23,516

6

http://www.top500.0rg/

537,212.0

200,795

125,712

125,436
89,794
79,215.0
100,679
70,980
51,720

38,746

29.899

10.096

7.438

15.371

2.528

2.646

18.482

1.764

2.252
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57t TOP500 List (June, 2021) ™ o Parormance (L0

«ak. Peak Performance (TFLO
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Fuqaku 2020, Japan
R-CCS, RIKEN

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

Sierra, 2018, USA
DOE/NNSA/LLNL

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

Selene, 2020, USA

NVIDIA

Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou
JUWELS Booster Module, 2020,
Germany Julich (FZJ)

HPCS5, 2020, ltaly

Eni S.p.A.

Frontera, 2019, USA

Texas Advanced Computing Center

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 S922L.C, 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,
NVIDIA A100, Mellanox InfiniBand HDR

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

Dell C6420, Xeon Platinum 8280 28c 2.7GHz, Mellanox
InfiniBand HDR

7,630,848
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4,981,760

449,280
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57th TOP500 List ( June 2021) Rmax : Performance of Linpack (TFLOPS)

«ak. Peak Performance (TFLOPS), Power: kW
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Power
ma eak
I“ compuieriear fendor CO'S_| (TFLGPS) | (TFLOPS) | _(MW)
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| YayI 0i, Hitelichi SR|16000/I\|/I1 Oakbridge-CX, Fujitsu
IBM Power-7 Intel Xeon Cascade Lake

54.9 TFLOPS, 28.7 TB/sec.

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

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

Oakbrldqe FX FUJltsu
SPARC64 IXfX
136.2 TFLOPS, 49.0 TB/sec.

RRKFIEHERR

2 RA—DAR/\a

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

Fujitsu, Intel Xeon Phi
25.0 PFLOPS, 8.51 PB/sec.

*.* Wisteria
¢ ¢ BDEC-01

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

Reedbush-L, HPE
Intel BDW + NVIDIA P100

6.61 PFLOPS, 385.2 TB/sec.
Oakforest-PACS (OFP) (JCAHCQC)

1.43 PFLOPS, 197.2 TB/sec.

OFP-Il
(JCAHPC)
100+ PF ?

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

Integrated Supercomputer System for
Simulation, Data & Learning

|1 | | |
Data Platform (mdx), Fujitsu
Intel Ice Lake/NVIDIA A100 etc.
8.50 PFLOPS, 0.665 PB/sec.
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Simulation Nodes: Reedbush (HPE, Intel BDW + NVIDIA P100 (Pascal))
Tk s « THRIT-VIaL—LavER—/\—avEa—4
25.9PF, 7.8 PBIs « 2016F7A ~2021E 11 AR (FE)
Shared File : o « EKRITCHIDGPUYSRA, t"—’ﬂ‘_i_ﬁas.se PF(Reedbush—H{L)
System Data/Learning System Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))
e o e Nodes: Aquarius WL | - JCAHPC (JUEACCS-BAITC), 2016410 ~2022&3 A% (F7F)
7.20 PF, 578.2 TBIs « 25 PF, #32 in 57t TOP 500 (June 2020)

— 800 Gbps — Oakbridge-CX (OBCX) (Fuijitsu, Intel Xeon CLX)

’’’’’ . 2019478 ~2023%6 Bk (T )
@R eernal . 661 PF, #97in 570 TOPS00 o

: wResources h3 npen BDEC
// ........................

External
Resources

*,* Wisteria
+ ¢ BDEC-O1

" *,* Wisteri
_— e BDEC-01

Simulation Nodes Data/Learning Nodes 4 e I
i —(Aquarius) Reedbush Oakforest-PACS Oakbridge-CX
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—Large scale hydro-geological model-

Yokohama

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

CO, Plumes

Reservoir

Groundwater Head (m)

Natwe Grounawater [Brio}

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)
Qi et al. (2009)
Aurigane et al.(2011)

Tokyo Bay

€0, behavior

- Yamamoto et al. (2013) (No upscaling) 7
(a) ZREPMEMEN T (b) PRSEMEAN T i — =
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FYy1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
| YayI 0i, Hitelichi SR|16000/I\|/I1 Oakbridge-CX, Fujitsu
IBM Power-7 Intel Xeon Cascade Lake

54.9 TFLOPS, 28.7 TB/sec.

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

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

Oakbrldqe FX FUJltsu
SPARC64 IXfX
136.2 TFLOPS, 49.0 TB/sec.
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FFA%&2,600+4
55% (&4}

Fujitsu, Intel Xeon Phi
25.0 PFLOPS, 8.51 PB/sec.

*.* Wisteria
¢ ¢ BDEC-01

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

Reedbush-L, HPE
Intel BDW + NVIDIA P100

6.61 PFLOPS, 385.2 TB/sec.
Oakforest-PACS (OFP) (JCAHCQC)

1.43 PFLOPS, 197.2 TB/sec.

OFP-Il
(JCAHPC)
100+ PF ?

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

Integrated Supercomputer System for
Simulation, Data & Learning

|1 | | |
Data Platform (mdx), Fujitsu
Intel Ice Lake/NVIDIA A100 etc.
8.50 PFLOPS, 0.665 PB/sec.
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® ¢ Wi i Platform for Integration of (S+D+L)
” * %‘Esct_?ﬁla Big Data & Extreme Computing

S2ab—av/—FE
Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8PB/s
Shared File
System
xE{FI7AL
AT
(SFS)
25.8 PB, 500GBI/s

Fast File
System
EEIFAIV
AT L
(FFS)
1PB, 1.0TBIs

T—5EE8/—FH
Aquarius
Intel Ice Lake + NVIDIA A100
7.20PF, 578.2TB/s

NERA T —2
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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
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¢ DANAY %;n'?;.\ Aquarius ‘/(?F-,S—‘)L\
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25878, 5006B/s M "7500F s7eotEi 1PB, 1.0TBs
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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
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Data/Learning Nodes

Aquarius
7.20 PF, 578.2 TB/s
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Simulation Nodes
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7th TOP500 LlSt (June 2021) Rmax : Performance of Linpack (TFLOPS)

. Peak Performance (TFLOPS), Power: kW
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http://www.top500.0rg/

Power
max eak

7

8

13

93

Fuqaku 2020, Japan
R-CCS, RIKEN

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

Sierra, 2018, USA
DOE/NNSA/LLNL

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

Selene, 2020, USA

NVIDIA

Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou
JUWELS Booster Module, 2020,
Germany Julich (FZJ)

HPC5, 2020, Italy

Eni S.p.A.

Frontera, 2019, USA

Texas Advanced Computing Center

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

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

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 S922L.C, 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,
NVIDIA A100, Mellanox InfiniBand HDR

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

Dell C6420, Xeon Platinum 8280 28c 2.7GHz, Mellanox
InfiniBand HDR

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

Fujitsu PRIMERGY GX2570 M6, Intel Xeon Platinum 8369Y
36C 2.4GHz, NVIDIAA100 SXM4 40GB, Infiniband HDR

7,630,848

2,414,592

1,672,480

10,649,600

706,304

555,520

4,981,760

449,280

669,760

448,448

368,640

42,120

442,010
(= 442.0 PF)

148,600

94,640

93,015
64,590
63,460
61,445
44,120

35,450

23,516

22,121

4,425

537,212.0

200,795

125,712

125,436

89,794

79,215.0

100,679

70,980

51,720

38,746

25,952

7,269

29.899
10.096
7.438

15.371
2.528
2.646

18.482
1.764

2.252

N/S
1.468

0.784



7th TOP500 LlSt (June 2021) Rmax : Performance of Linpack (TFLOPS)

. Peak Performance (TFLOPS), Power: kW
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Power
max eak
I“ computerear fendor CO'S | (TFLGPS) | (TFLOPS) | (kW)

Fuqaku 2020, Japan
R-CCS, RIKEN

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

Sierra, 2018, USA
DOE/NNSA/LLNL

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

Selene, 2020, USA

NVIDIA

7 Tianhe-2A, 2018, China

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 S922L.C, 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

National Super Computer Center in Guangzhou Express-2, Matrix-2000

JUWELS Booster Module, 2020,
Germany Julich (FZJ)

HPCS5, 2020, Italy

Eni S.p.A.

Frontera, 2019, USA

Texas Advanced Computing Center

ABCI 2.0, 2021, Japan
AIST

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

8

12

13

Bull Sequana XH2000, AMD EPYC 7402 24c 2.8GHz,
NVIDIA A100, Mellanox InfiniBand HDR

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

Dell C6420, Xeon Platinum 8280 28c 2.7GHz, Mellanox
InfiniBand HDR

7,630,848

2,414,592

1,672,480

10,649,600

706,304

555,520

4,981,760

449,280

669,760

448,448

EIZ|S2LL fi=h ko (E%Efﬁ%‘“ﬁﬁnlﬁ RlFr/RR)

B 1;3{1 . *EZE-L FX1000, A64FX 48C 2.2GHz, Tofu

HNILCIVUIINICUL L

368,640

442,010
(= 442.0 PF)

148,600

94,640

93,015
64,590
63,460
61,445
44,120

35,450

23,516

22,208

22,121

537,212.0

200,795

125,712

125,436

89,794

79,215.0

100,679

70,980

51,720

38,746

54,341

25,952

29.899
10.096
7.438

15.371
2.528
2.646

18.482
1.764

2.252

N/S
1.600

1.368
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B Big Data & Extreme Computing . = —_ =
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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
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*.? Wisteria

o ¢ BDEC-01

Shared File
System
(SFS)

25.8 PB, 500 GB/s

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

Simulation Nodes:
Odyssey
Fujitsu/Arm AB4FX
25.9PF, 7.8 PB/s

Fast File
System

(FFS)
1 PB, 1.0 TB/s

Data/Learning

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

Simulation Nodes

*,* Wisteria
+ ¢ BDEC-O1

H 5K RRAFIERER TS —

(;’ THE UNIVERSITY OF TOKYO INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

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

s TR - AL—avBER—/N\—arvEa1—4
e 2016FE7HA ~2021FE11BX(FFE)
« BKITCHIDGPUYS RS, E—4148E3.36 PF (Reedbush-H/L)

Oakforest-PACS (OFP) (Fujitsu, Intel Xeon Phi (KNL))

P

(Odyssey)

« JCAHPC (K KCCS-®KITC), 2016410A ~202243A XK (FE)
« 25 PF, #32 in 57t TOP 500 (June 2020)

Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)

w Resourees Wisteria/BDEC-01 (Fujitsu)

« 2019478 ~2023%F6 AR (FE)
+ 6.61 PF, #97 in 57" TOP500

||||||||||||||||||||||||||||||||||

nnnnnnnnnnnnnnnnnnnnnnnn

Wisteria
0 4 BDEC-01

Data/Learning Nodes

(Aquarius)

/
o 3alL—33> /—FK# (0Odyssey) : A64FX /’

- T—4%-%8 /—FE (Aquarius) :Intel Xeon Icelake + NVIDIA A100)
- 33.1PF #13in 57" TOP 500, 2021458 14 B i@ FBIA
= o [ E - 74228 (S+D+L) IMED =D T b TA—L

o BV I 7 E#Eh3-Open-BDEC]
(BRI EEBR(S) 20194F E ~20234F )

Reedbush

™

Oakbridge-CX

Oakforest-PACS




GFLOPS (E—/1488) 71U H,

Oakleaf-FX/Oakbridge-FX (Fujitsu)
(Fujitsu SPARC64 IXfx) (20125F E-201745E ) : R I A%

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 (Fuijitsu) (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 (

1) B

GFLOPSH7-YEX K (M) : /4
INSWNFEESEM

125

61.9

15.9
13.4
16.5

20.7
17.8
9.00
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h3-Open-BDEC Il:lliegq';lcmcal’
[HE+TF 5+ E 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 ZEREEER - FBERL-
_@ @J?‘J—:‘/? (KD h3-Open-BDEC
SHEREICE SCEHM S
#ﬂﬂ'ﬁﬁg :£ New Principle for Simulation + Data + Commgnications+
4 Computations Learning Utilities
@ Blés F) = HU - _9 %EE’J?j O Numerical Alg./Library App. Dev. Framework Control & Utility
—F (h DDA : Hierarchical . rfAtllgi-rgh':ne{ &%hﬁl{gh&r h%&)&g;ﬁ?‘m . ht3-(|)&p¢|a|1t-SYSt_
Data Drlven Approach) ;M?;r:(:'g%ea\,ptil\?e Pr‘:e::?silolrtty Application Development SIS
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% $:£ Computing
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Data Driven Approach

Heterogeneous = h3
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Observation Network for Earthquake: O(105) Points

Z2al—i3y
/—FE, Odyssey

Wisteria/BDEC-01
BiFE DDA P A

Aquarius

SEIV—R

Server, Storage, DB, Sensorsfit

J

Originally
developed in
ERIMU . Tokyo

50s Case N

Real-Time Data/Simulation Assimilation

Real-Time Update of Underground Model ['ﬁ*—l—?;%ﬁjé : EH%EE#&E
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