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2001-2005 2006-2010 2011-2015 2016-2020 2021-2025 2026-2030

Hitachi SR8000

1,024 GF J1, J2

5.35TF, 18.8 TF

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

T2K Todai
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Hitachi HA8000

HEa [ MPTIEER

Hitachi SR11000 Hitachi SR16K/M1

Yayoi
549 TF

Fujitsu FX10

Oakleaf-FX
1.13 PF

Oakforest-
PACS (Fujitsu)
25.0 PF

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

3.36 PF

OBCX
(Fujitsu)
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100+ PF

250+ PF
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2001-2005

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

MRZEE T

Hitachi SR11000

2006-201
|

J1, J2
IBM Power5+

Hitachi HA8000
T2K Todai

AMD Opteron

SPACRG64 IXfx

Hitachi SR16K/M1
Yayoi

IBM Power7

Fujitsu FX10
Oakleaf-FX

Oakforest-
PACS (Fujitsu)

Intel CLX

(012109 4
(Fujitsu)

1.13 PF

~ Accelerators

0 2011-2015 2016-2020 2021-2025 2026-2030

Reedbush- Intel Icelake+
VLNETRTS)N | NVIDIAAT00
3.36 PF ‘
Intel BDW + L
NVIDIA P100 Ipomoea-01 25PB o3
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L ‘ ‘ Ipomoea-02
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Shared File
System Data/Learn

800 Gbps

External I
Resources

External Network

Simulation Nodes

_(Odyssey)

Simulation Nodes:

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

(SFS) Nodes: Aquarius (FFS)
25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100 1 PB, 1.0 TB/s

7.20 PF, 578.2 TB/s

Platform for Integration of (S+D+L) el = v E = 5 —_
Big Data & Extreme Computing %Rj{ $E—tﬂn‘l——7/ 9

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Fast File
ing System

Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
« 20194 7H ~2023%F6 AKX (FE)
E’étsegzi':es « 6.61 PF, #110 in 58t TOP500-June 2023 (Plan)
Wisteria/BDEC-01 (Fujitsu)
o« 2al—33ar/—FE (Odyssey) : A64FX (#17)
« T—43-2E/—FE (Aquarius) :Intel Icelake+NVIDIA A100) (#106)
« 33.1 PF, #13 in 571" TOP 500, 202155814 B EHEHR
o & -T—42-2F (S+D+L) IS D=HD TSy T+ — L
o EHFHIVIL T EREh3-Open-BDEC]
(RIAFEEBE(S) 2019 E ~20234FF)

Data/Learnir)q Nodes
(Aquarius) e = v Oakbridge-CX
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2021 E 53 EAFCPU, BGPU
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NICAM: NIROC-A:
Semi-Unstructured @rid FDM/Structured Grid

NICAM-
Agrid
NICAM-
ZMgrid

Atmospheric Atmospher i
Mode -1 Model-2

1L 1L

J-cup

Coco

Regional COCO
Matsumura-
model

*+Grid Transformation
ppOpen—MATH/MP * Multi-Ensemble
Coupler 10

+Pre- and post-process

*Fault tolerance

*MxN Post-Peta-Scale
System
~System S/W
-Architecture

COCO: Tri-Polar FDM Regional Ocean Model
Non Hydrostatic Model

’Tﬁta-packing
into a buffer

3. Data-packing after the
interpolation process

[

App. A

AsbER

=alb—y3ay
T, EREFERMERISE

* Also applicable to full coupling,

multiple applications

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

e

:MPI_E#&

4. Data extraction
from the buffer
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T~

VEDY ST (185 48) ETIL SST(6B5R4E)

CEE IR L - 1 ik IE At 4% -
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(a) Tokyo Bay Model
—Large scale hydro-geological model-

Injection

/ 30 million DoF et

Yamamoto et al. (2009) 10km

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

Reservoir Local-scale
Model

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

$XDOF: degrees of freedom
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< August 2019 November 2019
F
=
E Bug
3 ¢ MPI communicator
H Optimization
L Very stable! « Obs pre—processing
¢ Visualization
* NWP model setting
PO FHEMERED M E, EBITT — Ak, TEIE305 THRIZ D Do T RERI(FD)
DYUY—7 71— _ .
- 15:30:00 15:40:00 15(;8%%019ﬁ58ﬂ (E)2018£Eﬂ"ﬂv%mln FT=10min FT=20min
dBzZ
PAWR F a8z R
Obs Obs
SCALE- SCALE
LETKE Forecast
Analysis
BRI 1 EIEE L \
\%-24 20194E8 24 H O EFI ST DT 2 R EER, ¢ 9T WlﬁfﬁﬁéaT)SCALEzo‘gESH 28HOFHIOVTOT A MR, (1) b—5—l & (F)SCALE-
(IE;I: j'bFﬁ')] LETKFIZ X AT T b7 L — & — K8 E(dBZ) 7~ T, LETKFIZ L5 FHITH DAL L= X = [RATHRIE(dBZ) &7 T
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[COVID- 191&155HPC|EEH%A§%EE

214D5L6REN R KRR T LZEFIA (20205F E

HEOOFOAIROEETOTT7—EICET ST
ST AN FEESTE

COVID-19;8E D {x4#ZE: chloroquine.
hydroxychloroquine. azithromycin®D A~ 2"
R DFFHImESUICZE DR KRICET S8R

HAOOF D4 I)LARED A /NI B ENIFELE T8I

ST EHARMTIZ L ASARS-CoV-21E5EEEL S D
ER

ERBEIZBITAIDMILAFKRLZD TR EZFD
XK B ERBEGNTICEIT = — AR 32T«

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

28 #hE
(ALEKFE)

AH #ZBHEXEHUT-
HeartffZEFT / I K)

W fia
(BE R ZRFR)
25 BR
(FEXF)

A B
(HEA)

Marco Edoardo Rosti
(OIR]) ot
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EMiRlt - ZRAHTHER (IHEKXP)]

Oakbridge
CX

CERHRM ISR (P XE) )
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EHHFET O S — BEEORELGELZCEITENET,

s TREKXKFIFHREBREI—FrvoRIL
https://www.youtube.com/channel/UC2CHaGp1AO-vgRIV7/wmUQO-w

2022/10/12

Wisteria/BDEC-013 X T L §B7
https://www.youtube.com/watch?v=S XjYtatzo-
4&list=PLobjSv ny85IW030OAPUJIODWJoHhNiIQgVvY &index=3&t=104s

£10EJCAHPCtEZF—

https://www.youtube.com/playlist?list=PLobjSv ny85mfPTuCC2i7r sPQYKZvy2e
I AY & LN

https://www.youtube.com/playlist?list=PLob|{Sv ny85kr1lg2m-bUiMC2a9W6k53u
https://www.youtube.com/watch?v=q-0QtU70ps4&t=116s

JCAHPCHEIF—: T NfELMBkAESAR—/\—aVE 1 —T 127 ]
https://www.youtube.com/playlist?list=PLobiSv ny85I-z-VJCy690Zi|IAA04xCRA

3:3 *L?jjrb/l‘ognﬁg'& MPIJ:
https://www.youtube.com/playlist?list= PL \7%5kXY2Mtnhn1k7pM epQaD2y



https://www.youtube.com/channel/UC2CHaGp1AO-vqRlV7wmU0-w
https://www.youtube.com/watch?v=SXjYtatzo-4&list=PLobjSv_ny85lW03OAPUJ9DWJoHhNiQgvY&index=3&t=104s
https://www.youtube.com/playlist?list=PLobjSv_ny85mfPTuCC2i7r_sPQYKZvy2e
https://www.youtube.com/playlist?list=PLobjSv_ny85kr1Ig2m-bUiMC2a9W6k53u
https://www.youtube.com/watch?v=q-0QtU7Ops4&t=116s
https://www.youtube.com/playlist?list=PLobjSv_ny85l-z-VJCy690ZjlAA04xCRA
https://www.youtube.com/playlist?list=PLobjSv_ny85kXY2Mtnhn1k7pM-epQaD2y
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— FHEF =, FHE T % Simulations

L KIRET — SRR SR
ol A 32 T3 CPU Cluster GPU Cluster 7 SHe 7 s
_ AL W
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2 5 F s N+

A Hﬂ%
AVITARTAIOR -

T miF #ﬁﬂ% FILTY X L
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F &) R &>Society 5.0%18(ZH

3N, 2015FEMNSEYHA

— T4 HINVERIEHAN—ZERDORE
« S:¥2al—23aY (FTHE) (Simulation)
» D:7—%(Data)
e L:Z2& (Learning)

=,simulation + Data + Learning =

S+D+L

EE R MPILR
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(¥2alb—ay (5tE) +T7—42+%E) M4 (S+D+L)
« HAIFHMER L I—TIL, 2015FEMNSI (S+D+L)
MEINEZHITEEL, TNEREITH-0D/\—F
D17, V20T, TTVr—ay, PILOY X LIC
B9 OMERFEZTHIR
— BDECETi# (Big Data & Extreme Computing)
—IF7—42+Z28FI2&b, FUYEERILIaL—30 )
« Al for HPC
— EBRKFE R ETIXBALGEE (T TIZTE RSN TLND)
« 202185 I2ERZFAIGLT=I Wisteria/BDEC-0111&T
BDECETIE 1D 151#
— Reedbush, Oakbridge-CXI&IBDEC D7 ORI T EALE
Dltbonsd
~ 518 -7—4%-F8H (S+D+L) IR E&%XEHT 5, tHETHY)
&')’C037°3“JI~77J-—A HEL MPILM
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Wisteria/BDEC-01 BDEC:#18 + F—% - #8 (S+D+L)
e 20215814 ERAKIE MED=-HDOT75vhI4+r— LA

(Big Data & Extreme Computing)

- HRAKEMEIFv/ X
¢ 331 PF, 838 PB/SGC. , Eiﬁ% Platform for Integration of (S+D+L)
— ~45 MVA(:DEEH :‘IAJ%) ~360m2 Big Data & Extreme Computing
» Hierarchical, Hybrid, Heterogeneous (h3) I ayeny
RS Fujitsu/Arm A64FX
([ — 25.9PF, 7.8PB/s
ZEﬁGD/ IN ﬁ . Shared File Fast File
RN~ — s — . Syst : Syst
¥2alb—av/ K2 (S, SIM) : Odyssey CON ey CT0N
° ‘ﬁEﬂEG)X/ Nz :/(SZ;;‘)I“ Aquarius :/(?I?S--)L\
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25.8 PB, 500GB/s e 20PF. 578.2TBls 1PB, 1.0TB/s
— 7,680/—F (368,640 O7), 205v4, Tofu-D

800 Gbps

- T—%5-F8/—F# (DIL, DL) : Aquarius I Extermal
. TS, WREE e
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF External Network i

. NERrRYRT—5
— 45/—F (Ice Lake: 90, A100:360%), IB-HDR

» —ERIESEBYY—R (RPL—S, —/8—, £ Y —
FurT—oth) 1B
— TD7AINVVRT L HE (KT E) + 532w
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Wisteria/BDEC-01 BDEC:#18 + F—% - #8 (S+D+L)
e 20215814 ERAKIE MED=-HDOT75vhI4+r— LA

(Big Data & Extreme Computing)

—~ HRERKFHIFr2 /R
 33.1 PF, 8.38 PB/sec. , E 18 &l Platform for Intec of (S+D+L)
— ~4.5 MVA(ZEZfiA ), ~360m? oy SR G, i
» Hierarchical, Hybrid, Heterogeneous (h3) T ey
> Fujitsu/Arm A64FX
o — 25.9PF, 7.8PB/s
ZE%GDI// - Fﬁ/ pi*(s S|M) Od ShSared File _ Fast File
— wvIab—yvar/— : :Odyssey it i Syt
. RERDR/T gyl el
+ Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF | CRREIDY Ihrrauuiial (i
— 7,680/—K (368,640 O7), 2054, Tofu-D

800 Gbps

- T—%5-F8/—F# (DIL, DL) : Aquarius I Extermal
. TS, WREE e
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF External Network i

. NERrRYRT—5
— 45/—F (Ice Lake: 90, A100:360%), IB-HDR

» —ERIESEBYY—R (RPL—S, —/8—, £ Y —
FurT—oth) 1B
— TD7AINVVRT L HE (KT E) + 532w
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Wisteria/BDEC-01 BDEC:#18 + F—% - #8 (S+D+L)
e 20215814 ERAKIE MED=-HDOT75vhI4+r— LA

(Big Data & Extreme Computing)

- HRAKEMEIFv/ X
¢ 331 PF, 838 PB/SGC. , Eiﬁ% Platform for Integration of (S+D+L)
— ~45 MVA(:DEEH 5&3%) ~360m2 Big Data & Extreme Computing
» Hierarchical, Hybrid, Heterogeneous (h3) I ayeny
> Fujitsu/Arm A64FX
([ — 25.9PF, 7.8PB/s
ZEﬁGD/ I\ ﬁ . Shared File Fast File
RN~ — s — . Syst : Syst
¥2alb—av/ K2 (S, SIM) : Odyssey CON ey CT0N
° ‘ﬁEﬂE@X/ Nz :/(SZ;;‘)I“ Aquarius :/(?I?S--)L\
* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF 25.8 PB, 500GB/s e 20PF. 578.2TBls 1PB, 1.0TB/s
— 7,680/—F (368,640 O7), 205v4, Tofu-D

800 Gbps =

- T—%5-F8/—F3 (D/L, DL) : Aquarius I Extermal
. TSR, WREE e
* Intel Xeon Ice Lake + NVIDIA A100, 7.2 PF External Network i

. NERrRYRT—5
— 45/—F (Ice Lake:90%, A100:360%), IB-HDR

« —BIENEBIY—R (R —, —/\—, L H—
FurT—oth) 1B
— T7AINWNVRT L HF (KT E) + 5 32vwrin
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> AT LRk X FUJITSU

¥2ab—->3>/)—-Fk: 7,680/)—F (iHEsmEEMERE 25.9 PFLOPS, f8XEUN> N&E 7.8 PB/s)

F=4-FB)—R:45)—F (RHEREEZEEE 7.2 PFLOPS. #AEU)NY RIE 578.2 TB/s)

A EB¥ERT)L—4 (Ethernet) RSBy NI —F
HRFr> )R
‘Mdx> AT L

OJ4> )= REBIFIVS AT

=

oJ4>)—R

FUJITSU Server

>2ab—-23>/)—REf

PRIMERGY RX2530 M5 x 20./—R FUJITSU Server
IR EE MR (S15E) | 96TFLOPS PRIMERGY RX2530 M5 x 2
BXEYSS : 7.5TiB ETERNUS DX60 S5 x 1

FUJITSU Server BWFAEE : 14.4TB

PRIMERGY GX2570 M6 x 45/—F

FUJITSU Supercomputer « ) 2Z1lb—-33>/)—-RfE (J—R&Ib Intel Xeon Platinum 8360Y
PRIMEHPC FX1000 x 7,680./—F (203w9) xwkhJ—% P 2.40GHz, 3637) x2
(TR REERE(FEHBE) - 25.9PFLOPS  (Tofu>5—3#71D) (U=t NVIDIA 100 x oy XD
fEXTURE ; 240TIB JHEoa N 13TB/S | gsmsgmsEee (fEHERE) © 7.2PFLOPS

XTI 8 : 7.8PB/s F0EUSE : 36.5TiB, AXEY/VKIE : 578.2TB/s

= T—4-28)-RErvhD—7 & - REHES®RYEI—2 (InfiniBand EDR/HDR)
I [
s S Iy kD7) &y hI~7 (Ethernet)

=R I AT HBIFAVZRAT A BBy /(B EBIEY—/BFRy NI —JAN -2

MDS,MDgt\yl\ 0S5,0ST x16tzyh MDS'MDTXIt‘yh e "‘ “ @

FUJITSU Server

PRIMERGY RX2530 M5
x 13 FUJITSU Server

TIPSR : FEFS TIPSR : FEFS L e e
AR =37 —SERRE : 1.0TB/s AN =37 —SERRRE : 0.5TB/s e a2, E?%ﬁ%@o&ﬁ%ﬁ&mf ’
MDS : PRIMERGY RX2530 M5 x 2 MDS : PRIMERGY RX2530 M5 x 4 abx2, Webm=F)lx2, R - X
MDT : ETERNUS AF250 S3 x 1 MDT : ETERNUS AF250 S3 x 1 tF1)7109%2) SHFAEE  420TB

0SS, OST : 2VM/CM, DDN SFA400NVXE x 16 0SS, OST : 1VM/CM, DDN SFA7990XE x 16

23 BAR  MPIL#R



weers- (Otyssey)

IR mEE %R 25.9 PFLOPS
A 7,680
MEERERE 240.0 TiB

FybT—ohROo— 6 RyxArvoa/b—32R

Wisteria-A (Aquarius)

7.2 PFLOPS
45
36.5 TiB
Full-bisection Fat Tree

VAT LA FEFS (Fujitsu Exabyte File System)
HET7A)L #—/3(0SS) DDN SFA7990XE
$RF L H—/3(0SS)%k 16

ANL—UBR=E 25.8 PB

ARL—D T —FEREEE 504 GB/s

VAT LA FEFS (Fujitsu Exabyte File System)
=o)L H—/3(0SS) DDN SFA400NVXE
S RTF L H—/\(0SS)# 16

ANL—UBR=E 1.0 PB

AM— T —RERE R E 1.0 TB/s

24 #EE R :MPIE#R
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Wisteria-O (Odyssey)
FUJITSU Supercomputer

Wisteria-A (Aquarius)

FUJITSU Server PRIMERGY

N E PRIMEHPC FX1000 GX2570 M6
5 . Intel Xeon Platinum 8360Y
JREyYA AB4FX (B2 —Fk 4 :Ice Lake)
JOtyHE @7 | 1 (48+7IRAURIT2 0or 4) 2 (36+36)
CPU ERE 2.2 GHz 2.4 GHz
HamEE R 3.3792 TFLOPS 5.53 TFLOPS
AEYBE 32 GB 512 GiB
AE) i 1E 1,024 GB/s 409.6 GB/s
Jatyy 4 NVIDIA A100
SM#k (B 1K) 108
AEBE (BIK) 40 GB
AE) NG (BAK) 1,555 GB/s
GPU HamE E e (BK) 19.5 TFLOPS
EEE 8
+ PCIl Express Gen4 x 16L-—2/
CPU-GPUR % (AIL—> =Y B 532 GB/s)
N NVLink x 124
GPUR i (1A H1=Y B A [25GB/s)
AA—aRTk TofuARz&~mrEt 7 D InfiniBand HDR(200Gbps) x 4
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YOO TEE

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

OS Red Hat Enterprise Linux 8 (aarch64) Red Hat Enterprise Linux 8 (x86_64)
AN GNU O /15 GNU a2 /15
Intel 2> /\45(Fortran77/90/95/2003/2008.
C. C++)
ELTEAR OVINMT NVIDIA HPC SDK
(Fortran77/90/95/2003/2008. C. (Fortran77/90/95/2003/2008, C. C++,
C++) OpenACC 2.7)

NVIDIA CUDA SDK
(CUDAC, CUDA C++)

Ayt—TaE(E

dopd = 5@ At ‘
5951 @ EMPI Intel MPI, Open MPI



7
Wisteria-O (Odyssey) Wisteria-A (Aquarius)

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++,

SA4T5 mpiJava

Eti@# 85475 (BLAS, CBLAS
. LAPACK. ScalLAPACK)

Intel#1 #5475 (MKL)(BLAS. CBLAS. LAPACK.
ScalLAPACK) . NVIDIA# 854 751)(cuBLAS,
cuSPARSE. cuFFT. cuDNN. NCCL). MAGMA

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,
7V Tr—ray LAMMPS. CP2K. NWChem, DeepVariant, Paraview, Vislt, POV-Ray. TensorFlow, Chainer,
PyTorch, Keras. Horovod, MXNet

Theano

autoconf, automake, bash. bzip2. cvs. emacs. findutils, gawk. gdb. make. grep. gnuplot,
J1y—yJkmx 7  9zip. less. m4. python. perl. ruby. screen. sed. subversion. tar. tcsh. tcl, vim, zsh, git 7&&

Globus Toolkit, Gfarm, FUSE
a TR Singularity Community Edition

BmA7 7 sz MATLAB (New!)
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June 2022 (ISC22)DEES x4
Wisteria/BDEC-01MD < 3aL— /EI// 2f (Odyssey) &ET7—42 %8 /—F
2% (Aquarius) [$ 5 < [ZBI7E -

TOPS00 | Greens00 | HPCG | Graphs00 | HPL-A

:‘“' E_L—kjﬁi‘t J__L ij'h‘t

Oakbridge-CX 119 62 71 - -
Wisteria/BDEC-01 20 34 10 3 10
(Odyssey)

Wlsterl.alBDEC-01 115 21 62 i i
(Aquarius)

2022/10/12 e = MPILER
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59th TOP500 List (Jun., 2022) ¢

1

10

19

20

Frontier, 2022, USA

DOE/SC/Oak Ridge National Laboratory
Fugaku, 2020, Japan

R-CCS, RIKEN

LUMI, 2022, Finland
EuroHPC/CSC

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

Sierra, 2018, USA
DOE/NNSA/LLNL

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

Selene, 2020, USA

NVIDIA

Tianhe-2A, 2018, China

National Super Computer Center in Guangzhou

Adastra, 2022, France

GENCI-CINES

ABCI 2.0, 2021, Japan

AIST

Wisteria/BDEC-01 (Odyssey), 2021,

Japan ITC, University of Tokyo

Computer/Year Vendor

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C
2GHz, AMD Instinct MI250X, Slingshot-11

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

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C
2GHz, AMD Instinct MI250X, Slingshot-11

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

HPE Cray EX235a, AMD Optimized 3 Gen. EPYC 64C
2GHz, AMD Instinct MI250X, Slingshot-11

PRIMERGY GX2570 M6, Xeon Platinum 8360Y 36C
2.4GHz, NVIDIA A100 SXM4 40 GB, InfiniBand HDR

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

max. Performance of Linpack (TFLOPS)
.. Peak Performance (TFLOPS), Power: kW

Rpeak
(PFLOPS)

8,730,112

7,630,848

1,110,144

2,414,592

1,572,480

10,649,600

761,856
555,520
4,981,760

319,072

504,000

368,640

Rmax

(PFLOPS)

1,102.00
(=1.102 EF)

442,010
(= 442.0 PF)

151.90

148.60

94.64

93.01

70.87
63.46
61.44

46.10

22.21

2212

1,685.65

537,212.0

214.35

200.79

125.71

125.44

93.75
79.22
100.68

61.61

54.34

29:99

29

http://www.top500.org/

21,100
29,899
2,942
10,096
7,438
15,371
2,528
2,646

18,482

921

1,600

2023{tH
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326

315

319

304

105
363

115

Green 500 Ranking (Jun., 2022)

TOP 500 HPL Rmax Power

Frontier TDS, ORNL, USA
Frontier, ORNL, USA

LUMI, EuroHPC/CSC, Finland
Adastra, GENCI-CINES, France

MN-3, Preferred Networks, Japan

SSC-21 Scalable Module, Samsung,
Korea

Tethys, NVIDIA, USA
Wilkes-3, U. Cambridge, UK

Athena, Cyfronet, Poland

Phoenix-2022-, U. Adelaide, Australia

Wisteria/BDEC-01 (Aquarius), Fujitsu,

Japan

AMD Instinct
MI250X
AMD Instinct
MI250X
AMD Instinct
MI250X
AMD Instinct
MI250X

MN-Core

NVIDIAA100
80GB

NVIDIAA100
80GB
NVIDIAA100
80GB

NVIDIAA100

NVIDIAA100

NVIDIA A100

120,832
8,730,112
1,110,144

319,072

1,664
16,704
19,840
26,880

47,616

20,160

42,120

http://www.top500.org/

19.20
1,102.00
151.90
46.10
2.181
2.274
2.255
2.287

5.05

2.07

4.425

21,100
2,942
921
53
103.01
71.50
74.26

147

69

183.93

30

62.684

52.227

51.629

50.028

40.901

*33.98

*31.54

30.80

29.926

29.924

24.06

2022/10/12
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HPCG Ranking (Jun., 2022)

Computer

HPL Rmax

TOP500
Rank

31

HPCG

w

AN

© 0 N O O

Fugaku
Summit

LUMI

Perlmutter

Sierra
Selene

JUWELS Booster Module

Dammam-7
HPC5

Wisteria/BDEC-01 (Odyssey)

7,630,848
2,414,592

1,110,144

761,856

1,572,480
555,520
449,280

672,520
669,760

368,640

(Pflopls)
442.010
148.600

151.90

70.870

94.640
63.460
44.120

22.400
35.450

22.121

20

(Pflopls)
16.004

2.926
1.935

1.905

1.796
1.622
1.275

0.881
0.860

0.817

http://www.hpcg-benchmark.org/

2022/10/12
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Gra P h500 BFS ] June 2022 http://graph500.0rg/?page_id=942

Fugaku 2020, Japan

R-CCS, RIKEN Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D 7,630,848 102956

Sunway TaihuLight, 2016, China
National Supercomputing Center in Wuxi

3 Wisteria/BDEC-01 (Odyssey), 2021, Japan Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu

Sunway MPP, Sunway SW26010 260C 1.45GHz, Sunway 10,599,680 40 23755.7

ITC, University of Tokyo nterconnect D e et
4 Toki-Sora, 2021, Japan PRIMEHPC FX1000, A64FX 48C 2.2GHz, Tofu interconnect 276 480 36 10813
JAXA D
LUMI-C, 2021, Finland .
) EuroHPC/CSC Cray EX, SlingShot-10 190,976 38 8467.7
6 Summit (CPU Only), 2018, USA IBM Power System AC922, IBM POWER9 22C 3.07GHz, 2 414592 40 7665.7
DOE/SC/Oak Ridge National Laboratory NVIDIA Volta GV100, Dual-rail Mellanox EDR InfiniBand T '
7 Sl,llp(.arMUC, 2018, Germany ThianSystem SD650, Xeon Platinum 8174 24C 3.1GHz, Intel 196.608 39 6279.47
Leibniz Omni—Path

8 Lise, 2021, Germany Bull Intel Qluster Intel Xeon Platinum 9242 48C 2.3GHz 121,920 38 5493.94
ZIB Intel Omni—Path
DepGraph Supernode, China

9 National Engineering Research Center for DepGraph +GPU Tesla A100 128 33 4623.379
Big Data Technology and System

10 Cori - 1024 haswell partition, 2017, USA Cray XC40 32768 37 2562 16

NERSC

EE4S MPIEHK
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https://icl.bitbucket.io/hpl-ai/results/

H PL'AI (J une 2022) Rimax: Performance of Linpack (TFLOPS)
EfREESFAICKLSMREMR L

HPL-AI HPLR,.,

Frontier, 2022, USA HPE Cray EX235a, AMD Optimized 3 Gen. EPYC

L DOE/ORNL 64C 2GHz, AMD Instinct MI250X, Slingshot-11 8,730,112 6.861 1102.00
Fugaku, 2020, Japan Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C

2 R-CCS, RIKEN 2 2GHz. Tofu-D 7,630,848 2.0 2 442,010 4.5
Summit, 2018, USA IBM Power System AC922, IBM POWERS9 22C

3 DOE/SC/Oak Ridge National 3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox 2,414,592 1.411 4 148,600 9.5
Laboratory EDR InfiniBand
Selene, 2020, USA NVIDIA DGX A100 SuperPOD, AMD EPYC 7742 64C

. NVIDIA 2.25GHz, NVIDIA GA100, Mellanox Infiniband HDR 555,520  0.630 8 63,460 9.9
Perimutter, 2021, USA HPE Cray EX235n, AMD EPYC 7763 64C 2.45GHz,

2 DOE/NERSC/LBNL NVIDIA A100 SXM4 40 GB, Slingshot-10 761,856 0.590 7 70,870 8.3
JUWELS Booster Module, 2020, Bull Sequana XH2000, AMD EPYC 7402 24c 2.8GHz,

6 Germany Julich (FZJ) NVIDIA A100, Mellanox InfiniBand HDR 449,280  0.47 1 44,120 10
HiPerGator, 2021, USA NVIDIA DGX A100, AMD EPYC 7742 64C 2.25GHz,

4 U. of Florida NVIDIA A100, Infiniband HDR 138,880 0.17 30 17,200 9.9
Christofari Neo, 2021, Russia  NVIDIADGX A100, AMD EPYC 7742 64C 2.25GHz,

E SberCloud NVIDIA A100 80GB, Infiniband HDR 98,208 0.123 43 11,950 10.3
Polaris, 2021, USA NVIDIA DGX A100, AMD EPYC 7532 32C 2.4GHz,

. DOE/SC/Argonne National Laboratory NVIDIAA100, Slingshot-10 259,840  0.114 12 23,840 4.8
Wisteria/BDEC-01 (Odyssey), 2021, Fujitsu PRIMEHPC FX1000, A64FX 48C 2.2GHz, 368,640 0.10 17 22 121 45

JaQan ITC, UniverSity of TOkyO Tofu interconnect D ETa . MPI LK



Shared File
System Data/Learn

800 Gbps

External I
Resources

External Network

Simulation Nodes
2022/0Hy8sey)

Simulation Nodes:

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

P!atform for Integration of (S.+D+L) %,‘Rjﬁ"""*ﬁﬁ%ﬁ%t/@-

Big Data & Extreme Computing

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

Fast File

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

= - Nodes: Aquarius AR | - JCAHPC (i ACCS-EKITC), 20164108 ~20224E3 A K (F &)

Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TBIs « 25 PF, #39 in 58" TOP 500 (November 2021)

Oakbridge-CX (OBCX) (Fujitsu, Intel Xeon CLX)
« 20194 7H ~2023%F6 AKX (FE)
E’étsegzi':es « 6.61 PF, #110 in 58t TOP500-June 2023 (Plan)
Wisteria/BDEC-01 (Fujitsu)
o« 2al—33ar/—FE (Odyssey) : A64FX (#17)
« T—43-2E/—FE (Aquarius) :Intel Icelake+NVIDIA A100) (#106)
« 33.1 PF, #13 in 571" TOP 500, 202155814 B EHEHR
o & -T—432-FF (S+D+L) IRE D= DTSV T4 —L
o EHFHIVIL T EREh3-Open-BDEC]
(RIAFEEBE(S) 2019 E ~20234FF)

Data/Learnir]q Nodes o
(Aquarius) A8 = - MPLEi Oakforest-PACS Oakbridge-CX
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Oakbridge-CX(OBCX)

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

- BT EH

Intel Xeon Platinum 8280 (Cascade Lake, CLX) (287) x 2
— 5%1t1,368/—F, Omni-Path Architecture (OPA)

« XFDI7AIL AT L (Lustre)

« 128/—FIESSDEHE:, LB =200TBOSHEI7MILV AT LELTERT]

— SSDEEH128/—FD 5516/ —RIEHER YT —IC E?ﬁ?ﬁ‘f»b’(%b)(91~ﬁﬁ?§ﬁ/
—R), S8V —R (H—\, ARL—D, B R—RbT—9%F) EDEIEFEE

« E—1%8E6.61 PFLOPS, TOP500T691i (20205118
» HI[HERYNT—VICEREERL, OBCX&ZEE /—FEEIET HCGPUY
—/\(GB#FRMini-DP, Wisteria/BDEC-01D [ 7—%-F& /—F1IZFH) & F

FAA] gE

EE4S MPIEHK


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

2022/10/12

Oakbridge-CX
(OBCX)

R E1194L
2022F6 AR

Fujitsu PRIMERGY CX2550 M5

Fujitsu PRIMERGY CX400 M1
S — i-LJCX2550 M5 x 432 &

EE4S MPIEHK

36



Oakbridge-CX(OBCX) : BeeGFS on Demand (BeeOND)
BDECI=FI 1 1- KB X7 Ls
1.6TB 1.6TB 1.6TB 1.6TB 1.6TB
Solld State Drive) 155 o000
T 16 e T ST
o FEAEZEE: 3.20/1.32 GB/s/node
« BeeOND (BeeGFS-on-Demand) IZ&>TEET
{EFA A gE
- TARET IV r—ay
— RT—=U29, FvORAk with SSD
— 128/ —FM>B16./—FIZSINET#H T4 2R
—ZE e Mt/ —F ER TN BT R CEEER,
I—7) ISE#Ef&iE=5h /=F Sgggff;s(%?g%tg%gﬂfﬁ%gw

SSD SSD SsD ssp @00®  ssp
« £1,368/— |~®’)'5128/ K[ZSSD(
- "=:1.6 TB/node
200+TB (128 x1.6) DEREI7AI AT LELT Total: 1,368 nodes
« YOOI THEELRE 128 nodes
) ) —R(H—/\—, ARL—2, 2P —2 U [OBCXD16/—F (5L Eb s/ —F
&

EE4S MPIEHK



A FASIE DFE

« —Hi%H

« RF - REMEBICEREDT (REREIZRFREFLLTIRLADILEA)
« EXVUHIREOHNHAEEEIWHHE

- MM
« BRICTEFEDT
- MABEEIE—ARAHEDORL. 205

c BEH- TV VIEEDHY, RERBRE (BF) £HHY

- HF - XA
« RF - RHEMEBEICEFREDT

« AF1HIRTFE4IORMUATOETF, F/-Il3LMHE, F/-IEFEHE

- MABHEELRL
- SHEEHY, MRBERTDHY

. BEAREERERARIA - LEH

* HPCIZEEAN DREH S

WL (JHPCN) ~DEIREHREE
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— g FAHI—X

https.//www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/course.php

» TI—TaA—RUAFLFENULNGERENGT IL—T)
— Wisteria/BDEC-01M il /8—YF )La—X JIEBELE

- RRBFIXRE- A EEEAFREE
M=o (/—FERED ZEEA

. OdySSGy, Aquarius’&*l_ﬁﬁ’é‘é%) Platform for Integration of (S+D+L)

Big Data & Extreme Computing

— OIATEFNENHERBMINELS

Y2alb—dav/—FK#
n | __Odyssey
|2 I Fujitsu/Arm A64FX
25.9PF, 7.8PB/s

N : -
° /— I\ E /:E Shared File Fast File

System System
: o HET7A g e BET7A
— Aquarius®1/—F (8GPU) & AL THIA [Nl |Iamarmill oo
_mEFY(ETFYLHY) 255, so00ms W "meoamne™ A 1es oter
° GPU IJ—:lﬁ 800IGbps
External
— Aquarius®1-2-4GPUZ 5 BL THIFE Resources
- EE; EL EER MPILSR Efﬁ{%ﬁ;tﬁ%k A



https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/course.php

o795 &

https.//www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

o ABFUTAI

» NyFTad

o TIRAK

» IRYKTIFOdyssey, AquariuslZEIEF|RIFZTE4LN

« Wisteria-O (Odyssey):2al—i3>/—RE
— XXX-0
— priority-0: % F¥a1—, b—UVEHBE1.5E
 Wisteria-A(Aquarius): 7T—% %% /—F§t
— XXX-a /—FEL
— share-XXX  GPUBH{i
« MIG (Multi-Instance GPU) [Z&kY, GPURZEIZHEIR[RE M, ROXATLTIIEHEREY

40


https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/job.php

R—/XN—aAyv b a—XL T LD

‘ TELIEET W0
- MHABFELE
« BEAFR
- REAER
« MAADFF| &

- FMIATHIEFRHES (10/8) DER



https://www.cc.u-tokyo.ac.jp/guide
https://www.cc.u-tokyo.ac.jp/events/seminar/20211008.php

HREHRERE L I—DR/N\AVE
Wisteria/BDEC-01

Ipomoea-01

h3-Open-BDEC
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KRB EBRAN—D P X T Llpomoeal

« X—/N\—aVE1—3DNEBREADR LEIZEHE, IO T—2=BEMD —

¢« BRELUVA—TIIHREXRAN —VIEZIRATLIZHMELTEAIN, ERT
LDARL—F 3T

e ZDEIHIKRCGE-RNL—U NV RTFTLEIZHHA) TR HEIZZ KEGAE

ZRWNAZEIZHY, EREVA—DEVAT LN T OEAR[RELG L @R
L— DEANEKROHNTULV:

o« BURTLMWOTIRATESIKIFIR
HBRAL— (Ipomoea) | EARTE
— OFP:ER#R T H 1%

— 1R T LZEH5-6 FEFAL, H3FEZ LIS
HLWRRL—UO R T L (25+PB) & A
L, ANEZAZEEZHEELTLNS

I

EER MPILERR
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Hitachi SR8000

1,024 GF

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

REXFIFRER

I A—D AR/

FIFAE2,600+4
55% &4}

2006-2010

Hitachi HA8000

T2K Todai

Hitachi SR16K/M1

Yayoi
549 TF

Fujitsu FX10
Oakleaf-FX

1.13 PF

2016-2020 [2021-2025 2026-2030
|

OBCX
(Fujitsu)

Oakforest-
PACS (Fujitsu)
25.0 PF

OFP-lI
100+ PF

250+ PF

Reedbush-

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

Ipomoea

01 25PB || 'Pogge™

Ipomoea-02

EER MPIERR




Ipomoea-01

o 2022 F1 B ERABIE, 25+PB
s BB

2 FIJDéOI)Lustre BIEOMNET 7AILDBITTE T, 2022FE68 H

° El \/%Q\E

KR =D AT LONTNAICH BAEEE
%ﬁ?ﬂ D) AAY BE
°§Jm%:t§58 fH5xn
. TIN—T T ENZEER AT LT TWARED
A o

- BiN&EE (DEFZD2EHEL)
e 7 ZOOI:'H/TB/fIE 2,100, OOOF'?/PB/E
 Ipomoea- -010 & 0 F| 7 e 7\56“*07

HE v /X oAy ) — R

BERAY — N

- 3
124 PB .o
Lustre

25.9 PB
Lustre

l|
"

\_ Ipomoea-01 ) \ Oakbridge-CX /
\ mmemmMOE \ B2 ETIE 1 /
L e e — - = = e
2022710712 =B VP

FallF v > /8%

NERHH
F7xcU b

AhL—v
10 PB,
S3/Lustre
S3ENVMe
enlm XL —D

1.0 PB, Lustre

P |
/ L% |

25.8 PB, FEFS 1.0 PB, FEFS

Aquarius Odyssey/ — F&f

/~% \isteria/BDEC-01

-

45
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Wisteria/BDEC-01

Ipomoea-01

h3-Open-BDEC




(FHtE+ T2+ )RMEICKS TIOHRT—)L
R DEFMSaAL—oaVFik

« IVHYRT—IL(BETITR)DA/NAVIZLHEEHFERDFHRMEEDT-
B, SARERZRICT—IHE, BRFEDTATA7Z2EALE-GIE+T—4
+F 5 (S+D+L) ) BB ISR AR I L —U a3V FRERSE

- (n+;%i+-r—9+q=E) MEIZEKBDIIHRr— )lxﬁﬁ@i%ﬁﬂ’]/\lb avFEE (#
& EAES, KX . PEAE(EXEELY), 2019FEEF ~2023FEF)

- EHMNYVI Y7 EARIh3-Open-BDEC |DFAFE: R ABDECY X T L (
Wisteria/BDEC-01), [EE&1&E%[S+D+LIRAE T oV TIA—LEFEDIT,
ANAVDEENEFEHRRESIZTHL, /N0 EE-HEEB NI TODHEETH
EIHTH7-HIZ, TEE2IBBZHIDIZHE
- R EEE - BERI- B Fi—— V&5 ERBICE DEFHIBERRE %

— [EE R T —42EFE)7 7'O0—F (hDDA: Hierarchical Data Driven Approach) ZIZ& <
BB TE FIE

— Hierarchical, Hybrid, Heterogeneous = h3
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h3-Open-BDEC
R+ T 2+FB IS ERBRAITSE5HNVY IV 7T ER
https://h3-open-bdec.cc.u-tokyo.ac.jp/

@ ak@]*iixu\ﬁ *$1x1%§IE'
Fa —/7f J:é%ﬁ

E+§J§IE'~¢ Tj(i%ﬁﬂl‘] New Principle for Simulation _+ Data + Colr:trﬁg:rai'::i:tri‘o;y

40 18 Compuatons oG Utities
2 HERTF—4ERE 70O

—F (hDDA: Hierarchical

Data Driven Approach)

F(ITEDEFIBHE

B F Ik

v' Hierarchical, Hybrid,

Heterogeneous = h3 HES VP



https://h3-open-bdec.cc.u-tokyo.ac.jp/

HITFShORREER

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

SAERZFOEMFROAST(S+D+L)EETARZIZER

— B EOEMAROYR—,ERELLAL
Y—AXO—F, Y7 IIVEHEOT—RICAEH, %RRGEIIOSRA5—ILI X
TLTHDERZFBIEYT

— RAFNEELEDHF-RANL—TEADREE
h3-Open-BDECHIAIZLSH( S+D+L )G 2 al—LavIZkURERFiEE
H%fl_ﬁﬁééﬁéﬁo KEGHE=E HESHEIBEZBET (105701
MNEEZE

DAL — a3 BB INSA—BRRIT A DT —AZEH|FTES
TP IAALEEDIAL—IaVFEADEF
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1. Data-packing

into a buffer

3. Data-packing after the
interpolation

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

Al for HPC

Odyssey
Fujitsu/Arm A64FX

I 1 E 25.9PF, 7.8PB/s
% Shared File Fast File

System System
KBTI P B EEI7AIV
SRF L Aquarius SZF L
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s
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e O-AZEWLWTMPIZ O S LIFEIMNEEL External Network HERY=2
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« IB-EDR#ZH (WaitlO-Socket)
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File)

_ %J%ﬁgﬁjoa— : h3-Open-UTIL/MF’ggg%;mm& 51
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1. Data-packing
into a buffer

3. Data-packing after the
interpolation process

4

App. A

-

* Also applicable to full coupling,
multiple applications

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

App. B

4. Data extraction
from the buffer
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AGAFX(E L&)
— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/a64fx/
— https://old.hotchips.org/hc30/2conf/2.13 _Fujitsu_HC30.Fujitsu.Yoshida.rev1.2.pdf

FUJITSU PRIMEHPC FX1000

— https://www.fujitsu.com/jp/products/computing/servers/supercomputer/

3d Gen Intel Xeon Scalable

— https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-intel-xeon-scalable-
video.html#gs.zb3uOm

— https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-xeon-scalable-
processors.html#qgs.zb4d00

— https://www.hotchips.org/assets/program/conference/day1/HotChips2020 Server Processors Intel Irm
a ICX-CPU-final3.pdf

NVIDIAA100 TENSORO”7” GPU

— https://www.nvidia.com/ja-jp/data-center/a100/
— https://www.hotchips.org/assets/program/conference/day1/HotChips2020 GPU NVIDIA Choquette vO1.pdf
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https://www.fujitsu.com/jp/products/computing/servers/supercomputer/a64fx/
https://old.hotchips.org/hc30/2conf/2.13_Fujitsu_HC30.Fujitsu.Yoshida.rev1.2.pdf
https://www.fujitsu.com/jp/products/computing/servers/supercomputer/
https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-intel-xeon-scalable-video.html
https://www.intel.com/content/www/us/en/newsroom/news/3rd-gen-xeon-scalable-processors.html
https://www.hotchips.org/assets/program/conference/day1/HotChips2020_Server_Processors_Intel_Irma_ICX-CPU-final3.pdf
https://www.nvidia.com/ja-jp/data-center/a100/
https://www.hotchips.org/assets/program/conference/day1/HotChips2020_GPU_NVIDIA_Choquette_v01.pdf
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Wisteria/BDEC-01F| A7 <

— https://www.youtube.com/watch?v=1bbZV0O6-UQg
h3-Open-BDEC: AL xzUFHP (T E )
— http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC/

Wisteria/BDEC-01 & h3-Open-BDEC#A A& E (A AE)

— https://www.youtube.com/watch?v=CsJ 9aGNXCg

— https://www.pccluster.org/ja/event/pccc20/exhibition/itc-u-tokyo.html

Wisteria/BDEC-01 & h3-Open-BDEC#B 4 i& & (g
— https://www.youtube.com/watch?v=]X51NF2LniE
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