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Kyoto Univ. 23 0HF
416 nodes (61.2TF) / 13TB %
Linpack Result Univ. Tokyo Univ. Tsukuba

Rpeak= 61.2TF (416 nodes) 952 nodes (140.1TF) / 31TB 648 nodes (95.4TF) / 20TB
Rmax = 50.5TF Linpack Result: Linpack Result
Rpeak= 113.1TF (512+256 nodes) Rpeak= 92.0TF (625 nodes)

Rmax = 83.0TF Rmax = 76.5TF
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FY13 14 29 30
| | | |
HA-PACS Cray Cygnus NEC
802 TFLOPS+364 TFLOPS Intel Xeon SKX + NVIDIA \é1 00G+ Intel Stratix10
2.4 PFLOPS + 64 FPGA
‘ COMA Cray [r—
1 PFLOPS ... Pegasus NEC
T2K Intel Xeon SRP + DCPMM + NVIDIA H100
Tsukuba 6 PFLOPS
N Oakforest-PACS (OFP) Fujitsu
b | ] | | ] | ] | ~ ' I (P S S e = . IR T W " W = ] |
T2k Intel Xeon Phi GFP-il
Adae 25PFLOPS, 919.3TB (6 years)
itachi
40TF, 31.3TB . .
" Wisteria-Mercury (4yrs)
Oakleaf-FX: Fujitsu PRIMEHPC FX10, Intel Xeon SPR + NVIDIA H100
SPARC64 IXfx e ——
1.13 PFLOPS, 150 TB isteria - ujitsu,
. FX1000+(Intel ICX+NVIDIA A100) BDEC-02
Oakbridge-FX Integration of “Simulation, Data, and Learning” 150+ PF
136.2 TFLOPS, 184 TB 33.1 PFLOPS

Oakbridge-CX Fujitsu

Intel Xeon CLX
6.61 PFLOPS

Reedbush-U/H, HPE
Intel BDW + NVIDIA P100
1.93 PFLOPS

Reedbush-L HPE
1.43 PFLOPS
mdx Fujitsu

SNESRE A~ /A “Data platform” 11
TR I =111
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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Seven Benchmarks

A: Benchmark for General CPU = GPU
B: Already GPU-enabled

Parallelization |GPU___|Category

3-D Poisson’s Equation by Finite

Volume Method : OfpEilE MR
GeoFEM/ICCG Finite Element Method Fortran OpenMP, MPI  N/A A
H-Matrix Hierarchical-Matrix calculation Fortran OpenMP, MPI  N/A

Quantum-Chromo Dynamics

QCD . . Fortran OpenMP, MPI CUDA

simulation
N-Body N-Body simulation using FDPS C++  OpenMP, MPI CUDA B
GROMACS Molecular Dynamics simulation C++ OpenMP, MPI g\l(Jgf\ RIP,
SALMON A - MIECERLCE] Fortran OpenMP, MPI  (OpenACC) A

simulator for optics and nanoscience
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* NVIDIA JapanD B/
« 3,000 ALA_EDOFPFHIAZE : 2 DDHZEE
- [EC#HE(Self Porting) 1 : ¥k R RA T3
- LWBRED/NYNDY (I =X+ 2T), 357 8IC1E], 75142 INA TV E, Slackif A
- BEESNSMBZS](Zoom, IE1—F—EBEHRHICSINTES)
- RS USTEELEIBITR—YILTMb], {EEES
* https://jcahpc.github.io/gpu porting/
[t} iR—bM#24E (Surpported Porting) 1, 2022510 ARi44
- ZLD1——ZFITBDIAI1=-71+I1—F (17584, ’XH), OpenFOAM(NVIDIA)
- NFDHDFEELHEERCGENANY—DEHTIFE)
— [FIR—FBHEIT V=T A IN—(FE[CEF) X\ AY D - {HHREICEREBRICSIN
HARHJ(ZOpenACC/StdPar(Standard Parallelism) 32
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Category Name (Organizations) Target, Method etc.

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
E”Q'?Se)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
BIOp(g))/SICS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
, MUTSU/iHalIMHD3D (NIFS) Turbulent MHD, FFT Fortran
Ph(yss)'cs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4)  hbi_hacapk (JAMSTEC, U.Tokyo)Earthquake Simulations, H-Matrix Fortran

sse_3d (NIED) rcccomaidbauake.Science, BEM (CUDA Fortran)  Fortran
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Category Name (Organizations) Target, Method etc.

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
Eng'?se)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
BIOpQ)/S'CS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
, MUTSU/iHalIMHD3D (NIFS) Turbulent MHD, FFT Fortran
Ph(yss)'cs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4)  hbi_hacapk (JAMSTEC, U.Tokyo)Earthquake Simulations, H-Matrix Fortran
sse_3d (NIED) roccradbepiake Science, BEM (CUDA Fortran)  Fortran
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Category Name (Organizations) Target, Method etc. Language

_ . FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
E”Q'?Se)e””g FrontFlow/blue (U.Tokyo) CFD, FEM Fortran
FrontFlow/red (Advanced Soft) CFD, FVM Fortran
_ . ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
BIOp(g))/SICS UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
, MUTSU/iHalIMHD3D (NIFS) Turbulent MHD, FFT Fortran
Ph(yss)'cs Nucl TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo)  Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4)  hbi_hacapk (JAMSTEC, U.Tokyo)Earthquake Simulations, H-Matrix Fortran
sse_3d (NIED) roccradbepiake Science, BEM (CUDA Fortran) | Fortran




B FEM-based incompressible/compressible Flow Solver
B Developed for Industrial Applications of WR-LES
B Features Automated Mesh Refinement and Overset Method

Marine Propeller

Automobile Wake

[c/o Prof. C. Kato (UTokyo)]



H Porting of a main kernel GRAD3X completed |

ust by adding directives

DO 1000 IP = 1 , NP
FXBUF=0.0EOQO
FYBUF=0.0EOQO
FZBUF=0.0EOQO

po 1100 I =1 , 8
IE=IENP(I,IP)
SWRK = S(IE)
FXBUF=FXBUF-SWRK*DNXYZP(I,1l,IP)
FYBUF=FYBUF-SWRK*DNXYZP(I,2,IP)
FZBUF=FZBUF-SWRK*DNXYZP(I,3,IP)
1100 CONTINUE
FXYZ(1,IP)=FXBUF*CM(IP)
FXYZ(2,IP)=FYBUF*CM(IP)
FXYZ(3,IP)=FZBUF*CM(IP)
1000 CONTINUE

| $acc kernels
DO 1000 IP = 1 , NP
FXBUF=0.0EO
FYBUF=0.0EO
FZBUF=0.0EOQ
| $acc loop seq
PO 1100 I =1, 8
IE=IENP(I,IP)
SWRK = S(IE)
EXBUF=FXBUF=SWRK*DNXYzZP(I,1,IP)
FYBUF=FYBUF-SWRK*DNXYZP(I,2,IP)
FZBUF=FZBUF=SWRK*DNXYZP(I, 3,IP)
1100 CONTINUE
FXYzZ(1l,IP)=FXBUF*CM(IP)
EXYZ(2,IP)=EYBUF*CM(IP)
EXYZ(3,IP)=EZBUF*CM(IP)
1000 CONTINUE
| $acc end kernels

Original code [c/o Prof. C. Kato (UTokyo)] Code with directives




UP is good

* FFB is memory bound
* Reasonable performance for peak

GFLOPS

memory bandwidth

Performance per CPU or GPU

Performance of FFB

* High GPU utilization by using GPU Direct to
reduce communication time
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Halo exchange by GPU Direct

PRES3E [122.235 ms]

bl D Deeansogpn | 1 |0 Cesenor o b T T Dareanasogpu | [ (I Cemenorgon b D) [ T gaoncase.

- — — |
mainloop  50[180.787 ms]

RCMELM [120.518 ms]

RCMELM 3[24.431 ms]

BCGSXE [19.654 ms]

Y

8 A100-40GB GPUs used

iGN GDCIO 11 kol i ik o ooloogofiot RDB

One Iteration

sresse122... || VEL3D1 [55.099 ms] PRES E[12 235ms] Wl vecsoriss....
REMELM [12...] | BIEREE e cas. accs.. [pecs... | RCM! M1 2518 ms] e [
e, . DINENE 0 |, TR, |
Lacesiel || A Hwhl “ocosiisa...|sce i 6. [|ocosie o | beoveiss. |

lj:. | bbb ,llﬂll\ [Ulﬂ[]] lll It B [[ 0U ierme inerema |
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i B PP S A T P L T R T L T T T T T A PN T PR T

/ BCGSXE  5[1.867ms] [pcesxe 6.
| | CALLAP [764.560 pis] ] CALLAP [765.518 is] ] | [caappers..
i T ]
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/ SEENE./— 1 78.2 PFLOPS, 5.07 PB/S\, [ - SUECPU/—R: 1.3 PFLOPS, 608 TB/)

T - I
| Supermicro &8 PRIMERGY Server
CPU+GPU: NVIDIA GH200 Superchip ° —an.
CPU: NV&%‘Q}S“;S Gz, 117MB L3 Cache) CPU: Intel Xeon CPU Max 9480 x 2V Swe70
. Z acne
L ! 567, 1.9GHz, 112.5MB L3 Cache) x2
Mem: 111 GiB (LPDDR5X, 512 GB/sec) X 1,120 Merm: 1(28 GiB (HBMZZE 35 T8/se0 ) X X 190

GPU: NVIDIA H100 k

(66.9 TFLOPS, NVLink C2CH##t 450 GB/sec)

Mem: 89.4 GiB (HBM3, 4.022 TB/sec)
InfiniBand NDR200

\C J
InfiniBand NDR200
(200 Gbps) (200 Gbps)

InfiniBand NDR (400 Gbps), Full-bisection Fat-Tree

g

pN=iEE
V—%

Ethernet

1.0 TB/s /T OTAY =R+ TR RDMA

-~ ¥ 3 0 M Y, e A N

K >
HEI7MIVIRT A [

Lustre FS | ﬁfﬁ*ﬁ#&i@%;’f U
10.3 PB SLACPU/—R TN ) R VAT LERRK)
All Flash +TURZ A AR IR/ — R i Ipomoea-01

O ——— : Lustre FS

NVIDIA Grace
wtel Xeon 8480+ x2 _CPU é!,%grﬁh!g / .. 26PB
2DDNIESA00 NVX2 x10 PCCCZ3THPCERIME LKA o=
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« Group-A: JJLFHCPU./—[: Intel Xeon Max 9480 (SPR) g

— =& _/—R: Intel Xeon Max 9480 (1.9 GHz, 56¢) x 2
« 6.8 TF, 128 GiB, 3,200 GB/sec (HBMZ2e only)

_ A§-|-
HnpR
- 190 ./—F, 1.3 PF, IB-NDR 200
« 372 TB/sec for STREAM Triad (Peak: 608 TB/sec)

- Group-B: JEHIE/—F: NVIDIA GH200

— 5TH./—F: NVIDIA GH200 Grace-Hopper Superchip
* Grace: 72¢, 29 TF, 111 GIB, 512 GB/sec (LPDDR5X)

« H100: 66.9 TF DP-Tensor Core, 89.4 GiB, 4,022 GB/sec (HBM3)
— CPU-GPUEIEF+yade—L Uk

* NVMe SSD for each GPU: 1.9TB, 8.0GB/sec, GPUDirect Storage
- &%t (CPU+GPUMD & ETHE)
« 1,120 /—IF, 78.2 PF, 5.07 PB/sec, IB-NDR 200

PCCC23 NHPCE B2+ fiff & 4 RRAI

-

\

LPDDR5X
111.7 GiB
(120 GB)

512 GB/s

GRACE
CPU
72¢, 2.6 GHz

Z0 S/

450 GB/s

PCle Gend
x4
NVMe SSD
\ 1.92 TB

PCle Gen5

x8

IB NDR HCA
ConnectX-7

IB NDR200
(200 Gbps)

24
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| (I

PCCC23 THPCE R fil7

|

EAERAL

» Supermicro ARS-111GL-DNHR-LCC
—1U 2/ —R BfKS

o

—

LPDDR5X
111.7 GiB
(120 GB)

512 GB/s

GRACE
CPU
72¢, 2.6 GHz

N AN LX y

PCle Gend
x4

PCle Gen5
x8

NVMe SSD IB NDR HCA
\ 192 TB ConnectX-7 /
IB NDR200
(200 Gbps)

25
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« D71V AT /Ls: DDN EXAScalar, Lustre FS
— 10.3 PB (NVMe SSD) 1.0TB/sec, “Ipomoea-01” (26 PB) £ FI|FHAIRE

« Group-A/B DZ2./—FIETIVINMtE o3IV RiigFat Tree Tk
— (400Gbps/8)X(32X20+16X1) = 32.8 TB/sec

» 202551 HEFHRR. Group-A/BRIMDESIE
h3-Open-SYS/WaitlO [C kYW EIR

IB-NDR (400Gbps)
IB-NDR200 (200)

Ipomoea-01
o -

REBRNL—D
26 PB

Group-A Group-B File System

e o Ma  NVIDIAGH200 1,120  DDN_EXA Scaler

1(_3 PF 6(%8 TB/sec 78.2 PF, 5.07 PB/sec = 10.3 PB, 1.0TB/sec
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_
H— )\ Supermicro FUJITSU Server
fg;‘ﬁit‘)_O'l‘EﬁE 78.2 PFLOPS 1.29 PFLOPS ARS-111GL-DNHR-LCC PRIMERGY CX2550 M7
J—R# 1,120 190 IOt L L i L
BEtXTEUBRE 220.0 TiB 23.75 TiB JOtEvTE A7) 1(72) 2 (56+56)
AN BRI = C ERE 2.6 GHz 1.9 GHz
':'f'JrXJE AT 5'97_ AEyEEe S Veysee E SRR E AL 2.9952 TFLOPS 6.8096 TFLOPS
’fJ?ZIi’\QI\ Inf|n|Band.NDR.200 (200 Gbps) NE) LPDDRGX HBM2E
MR AUl HolEEEen (Rl 1702 XEBE 111.7 GiB (120 GB) 128 GiB
XTSI 512 GB/s 3.2 TB/s
—/\ DDN ES400NVX2 B 1
M SM#X 132
D H—/\E#(vm) 1(4) G EmEE AR 66.9 TFLOPS
> inodeZX appx. 23.5 B E XE HBM3 -
H—/\ DDN ES400NVX2 ~EL g% _ 89.4 GiB (96 GB)
O -\ 10 set B — NVLi |<4c°gzc ZBS/OSGB/
+ IN secC
. &8 10.3 PB (Al Flash) CPU-GPUREE Frvzade—=LUk
fggﬁ/\‘y I\\\[I]E 1.0 TB/sec NVMe SSD 1.92 TB, PCle Gen4 x4 -
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« OFP-IIDFEET T BAN
—~ JEJ -I%ﬁiz‘* 202518 (137 A1%). EAEH B8
SREGFT RRAF HEV /WX (OFPé:HLﬁ‘BE a“oé:/J\ﬂ\)

— Group A: JNFHCPU./ —F, Intel Xeon Max 9480
5H8./—NR: 6.8 TFLOPS, 128GiB, 3.2 TB/s (HBM2e only)
- &5t 190 /—F, 1.3 PFLOPS, 608 TB/s

— Group B: J@EIME./ —R, NVIDIA GH200 Superchip

« CPU: Grace, 2.99 TFLOPS, 111 GiB, 512 GB/s (LPDDR5X) +
GPU: Hopper, 66.9 TFLOPS, 89.4 GiB, 4.02 TB/s (HBM3), F++v= 10—l 2, 1.9TB NVMe SSD

« 5%t 1,120 node, 78.2 PFLOPS, 5.07 PB/s
— OFP- ||0>A=--'|$ 79.5 PFLOPS : OFP (25 PFLOPS)MD#43.2{=M4RE

— GH200Z AT 3ERVIDI AT L
e A1 —)l

2022 2023 2024
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