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x86 server: Xeon 8268 (2.9GHz x 24cores) x2
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FrontIiSTR

FrontISTRICDW\C

[e®)
nand A MITSUB®SHI FUJITSU

FrontISTR (34 —T>Y —AD KRR SIEEETFEMTOI S ATHD. KZEHZ, ¥t RIBIFRIM RN SORAL BIFRAZER T L5 5B L TR

RI(EITTES.

FrontISTR (3 FrontISTR Commons (https://www.frontistr.com/) (L&D TRREBLIVEMIN TS, Ffz. A64FX EIFDF1—=>% 11— R% github.com

(https://github.com/fujitsu/FrontISTR) M AF IR ENTEDB,

PRSI
7,600 R BERDITHHHERSTILAET IV ZAVT. 8
ECBVWTEAK1600./—RETOFrontISTR DA —3
BV =R U,

o5 ideal .~
o o
Q
= b
o
3 :
34 ; ~930sec@1600nodes
E 3 ~ 1298sec @800nodes
o o
2 o
E; 7 2447sec @400nodes
»n 1l o
0 4368sec @200nodes

0 200 400 600 800 1000 1200 1400 1600 :
# of nodes

FrontISTR OO 2T —)VIkRE (KRB RUMBBHR2E R,
RIZTY 13538 SSORAIUB(TECGIE. J— Répfzh4p12titiFil)

SEITOFvL>o*

ZYEAN MRS ROIGBHEC ST ACE I AT ZE @I IR
BEBUREINIL MRV 258 ERC S T A OHIRYRF142 5140 95 z8b(C.
ARUEFATDNBEESN TS, MEROFTARE T, [IEAEHEPD
FRFERESR I BEUNTERN O,

K4 (F200n5ERA1600F TOEEDTE)— F2EAL. 7,600 &R0
AR ET VDR AN RN TSt E DT RE THH L =R UL,

S, BROT - ATRBHEL S TAOFIZRITIBCLICLD, K&, S0, BLRFSDELL OIAEHR
HEAEIRARE . ARV IEOBIMRZBASNCLTLK,

| IR 2mm x Imm x 1mm area, single case | | B#=: 5mm x 5mm x 1mm area, multiple cases

3007
B

Scale up

with Fugaku XN

e

SO 7,600 &3
300 &%

*ZDETEI(FE 7357 REIFI B O @I TZIEBA-FOCUS-VINASOH B FAB TRt en st & &R FI AL TETUE
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https://www.frontistr.com/
https://github.com/fujitsu/FrontISTR

OpenFOAM FUjiTSU

O OpenFOAM(CDW\T
v Open-source Field Operation And Manipulation (OpenFOAM)($A—T>Y)—ZDCFDYINIIT T, BB OELRARTE L Oe B ERRITILEEZ T
93, (https://www.openfoam.com/).

O ERes
/ SHERERZOBETSELNER, I~ RKF1- T2 [CEDBRIEEN TV, )b~ THBECSI BRI NALOIBEIC Lo TABIFX DSt ERE A AN ET S,

v 2RO FIY-IET I EFEITUR. 1D(FZEH AT DmotorBike(LES)ET )L T HI1DEIERAKRARATDmultiRegionHeater (RANS)ET )L T, motorBike®T )L
Tl(d. PCGEGAMGD2FEFADITHIVILINZER Uz,

RIOFI-DETIUCHTBERE FX1000 A64FXDEEAT -l
§D _ FX1000 A64FX TUNED ~ ESSG_—_—— 1.2 1 3000 CierBike GAMG TUNED 30M colls
(]
multiRegionHeater €5 FX1000 AB4FX ASIS 0.89 2500 | —®—moterBike PCG TUNED
! : I .
2 x86 IS 1.00
200.0
o FX1000 AG4FX TUNED IS 1.6 "
FR a
e rBik 52 FX1000 A64FX ASIS 0.92 S 1500 AN
motorbike o O
£ x86 IEEE— 100 e
100.0
© FX1000 A64FX TUNED I, | 33 20M cells
Lo 50.0
5 O FX1000 AG4FX ASIS 0.99 oM cells
£ X386 I 1.00 0.0
OpenFOAM: v1812 0 2 4 6 8 10
0.0 0.5 1.0 1.5
Benc,:‘xn;;(r;';?z;g?; 2GHz % 48cores) Computation speed normalized by x86 Nodes
ZX cores N — — e — — = —
: o o e . — = motorBikeETILDIERT —SEUT—%RY , ITVEICLEBILTETILAR
x86: Xeon 8268 (2.9GHz x 24cores) x2 HBADNSFN—TEFVERITUIL, FX10000HVTASISEF1-—> T I-RER s eminacts 003, Fx2000IBABIGE VRS — SEUSAEBST N,

ljjj_'—g muItiRegionHeater&')‘J:UmotorBike WTWBo F1—Z2J(CE0T. x86LLEERU TETERE [FFRICARH TV,
(multiRegionHeater: 15M cells, motorBike:10M cells)
19 © 2022 Fujitsu Limited


https://www.openfoam.com/

WRF

WRFICDWT

The Weather Research and Forecasting (WRF) Model (X E DXV T — VBB R FIRS AT LATHD. KRBOHRHBLUVRRFIRICGERINS, COY

L
FUJITSU

TIP3, 2ABFEDEFRIIFN - R T IR AT A WHFTEOYR— LU 2T AOBEWMESRMENFETHS,

(https://www.mmm.ucar.edu/weather-research-and-forecasting-model)

VLR ST

TRIFARFI—IETIVCONUS 2.5KmDFHIFER THD (CZTIFR2/—RFIAALTWD) »
AGAFXS AT WCBIFTDWRFOZEITIHEE(L. A6AFXDE VAT RIBIC L TRDMMD S AT ALDEIERITIZH>TUVS,

WRF v3.9.1.1, CONUS 2.5km 2 Nodes
Fx1000 Ac4Fx [ | -
FX700 AG4FX 1.72
EPYC 1.66

xg6 NN 1.00

0.00 0.50 1.00 1.50 2.00
Computation speed normalized by x86

EITIRE (T Seconds / timestep” TEHHILIZ,

WRF: version 3.9.1.1 (F1—=>41—R)
Benchmark platform
FX1000 A64FX (2.2GHz x 48cores)
FX700 AG64FX (2.0GHz x 48cores)
x86: Xeon P8260M (2.4GHz x 24cores) x2
EPYC : 7742 (2.25GHz x 64cores) x2

ANh7-4
CONUS 2.5km
- 1501x1201x35

-3 BFfE Pk

(https://www2.mmm.ucar.edu/wrf/bench/benchdata_v3911.html)
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https://www.mmm.ucar.edu/weather-research-and-forecasting-model
https://www2.mmm.ucar.edu/wrf/bench/benchdata_v3911.html

LAMMPS

LAMMPSICDOWT

L
FUJITSU

Large-scale Atomic / Molecular Massively Parallel Simulator (LAMMPS) (344 #3525 T2 BREUCR B D FEINF D21 —230 01— RTH . COYIH
(&, FFCAFNETEMETERITIBLIIGERETEN TS, (https://www.lammps.org/)

FERE T

FX1000DZE1TIRE (Ix86(M1.134ZL 2oz, SIMDALET =TI ZDZNZRAB(C LT, FX1000L FX7000 14 REN E_EUTE.
ROFI—=JETIVOCHUTER SHMC AU, BRIV — T D90%FEE & LsHBPAIREMODIDYDERSIHSIMDALE S XEDNY RIR(C L TEWEREE 2Tz,

LAMMPS 7Aug19: CHUTE, 1 node

rx1000 Acarx N KT

FX700 A64FX

X86

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Computation speed normalized by x86

STELRE (3 “Loop time” ZRITELTLVS,

LAMMPS: version 7Augl9 (Tuned code)
Benchmark platform

FX1000 A64FX (2.2GHz x 48cores)

FX700 A64FX (2.0GHz x 48cores)

x86: Xeon P8260M (2.4GHz x 24cores) x2
AHDF—4: “CHUTE” Granular chute flow

12,800,000 atoms (/node) for 100 timesteps

21

Computation speed

LAMMPS 7Augl9: CHUTE, 557 =)l

10
9
8
7
6
5
4
3 —— FX1000 A64FX
2 /I FX700 AG4FX
1 [] —HE—x86
0
1 2 3 4 6 7 8

Nodes

STEEE (I “atom-timesteps/s” TRITEL TH. x86M1.)— RDIZGE THRAZLL TS,

FX1000L FX700(3(F(FIBAEM R 2 —SEUFT1ERO TS,
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https://www.lammps.org/

QUANTUM ESPRESSO FUjiTSU

QUANTUM ESPRESSOI_DU\T
QUANTUM ESPRESSO(3 56— [RIBET B AV B F IS T B L ADRT — VBB BERETOIDDOA—-T V-V ITNIT 7 TH D,

(https://www.quantum-espresso.org/).

LR

QUANTUM ESPRESSO 6.4.1% FA\\TAG4FXDEITIREZRITEUI. BERELSZ1L—2as(CHUT, A64FXIEx86 (2.9GHz x 24cores) x2 LLEERL
-~ S T, 1L.31BEEER,
BBUEAE High ©QET BUEUNY MBESIMDRRICEST, LAMERMOT.
F FFT BEBIROILALSIMDESIET. LIEEBR
L © BLAS w3 10FIFICL T, BAZEOEE LR,
s . f-' Low ) 1.2
DFIEIE EFEETE 0 0 1.0
EQ
- N Z 3z 0.8 QE ™
QEF benchmark(CHWT. A64FX(Ex86 (2.4GHz x 24cores) x2 EEEERL T, 2% 06 \%}
1.5ZFEE R, S8 - QE
Computation speed normalized by x86 g £ 04 FFT 138 FFT
0.0 0.5 1.0 1.5 2.0 8 2

o - B '-
0000 .
PSIWAT 0.0

x86 (2.9GHz x 24cores) x2 FX1000 A64FX
GRIR443 e — * A\ 35 —4: Structural Optimization Simulation (SCF calculation),
QEF/benchmarks/small-benchmarks/test_1.in, 224 atoms%{§F
W FX1000 A64FX M x86 (2.4GHz x 24cores) x2 *1: ELPA Z[EB{E5TE TfF M (https://github.com/fujitsu/elpa)
) . . *2: FFTW3 (FE B TF1— =>4 Ul bM% {68 (https://github.com/fujitsu/fftw3)
PSIWAT: QEF/benchmarks/PSIWAT/p5|Yvat.|n., 8 nodes *3. FUNTSU SSL T LibraryZ{s5Fg
GRIR443: QEF/benchmarks/GRIR443/grir443.in, 8 nodes
Benchmark platform Benchmark platform
FX1000 AG4FX (2.2GHz x 48cores) FX1000 A64FX (2.2GHz x 48cores)

x86: Xeon 8268 (2.9GHz x 24cores) x2

x86: Xeon P8260M (2.4GHz x 24cores) x2 22 © 2022 Fujitsu Limited


https://www.quantum-espresso.org/
https://github.com/fujitsu/elpa
https://github.com/fujitsu/fftw3

AG64FXTDOSSHIAERIFIEH/Y—ILORH  rirsu

SpackZFBVEA Y A R=ILAA REEILRRIUT

J—
—

=R b F 1> BERE) Y F

() oss-patches-for-264fx/Spack X |

< C (0 @ github.com/fujitsu/oss-patches-for-a64fx/tree/master/Spack

Build Apprications with Spack on A64FX

Spack

Spack is a package manager for supercomputers. See Spack About for detail. With Spack, following apprications an
dependencies can be easily built on A64FX.

FrontiSTR
LAMMPS
MPAS
OpenFOAM

« e e s .

Quantum Esoresso

ELEI/SHBE

< C {d @& github.com/fujitsu/oss-patches-for-ag4ix B v M . 3

€) GitHub - fujitsu/oss-patches- x [

O Why GitHub? -~ Team Enterprise Explore - Marketplace Pricing Signin | Signup |

& fujitsu / oss-patches-for-a64fx L Notifications ¥ Star | 3 Yrok 0
<> Code Issues 1 4 Pull requests () Actions Projects (] Wiki Security | Insights

P master -} ibranch ©0tags Go to file About

“oss-patches-for-a64fx” is a set
a5 kinagaki-fj Modified description about spack c134886 on 15 Mar  §0) 4 commits of patches for A64FX for various

w
open source software.
FrontiSTR Added patch files
[0 Readme
LAMMPS Added patch files
MPAS Added patch files 4 months ago
Releases
OpenFOAM Added patch files 4 months ago . TN
ELEI/1IHnE

O XFERDOSS

OpenFOAM FrontISTR ABINIT SALMON
SPECFEM3D m LAMMPS QUANTUM ESPRESSO

O JFERMOSS

OpenFOAM FrontISTR SPECFEM3D QUANTUM ESPRESSO

O BHRYAD (Spack* TigfH)

https://github.com/fujitsu/oss-patches-for-a64fx/tree/master/Spack

O 1BEYA S (BELEOARGithub)

https://github.com/fujitsu/oss-patches-for-a64fx

*Spack : Lawrence Livermore National Laboratory CBIFSENIZ0SS/ W — SR —Sv —Thrd. 1R 4 RETEMIREE - 7)o —2a L SEEENZE I RROVT M RSN THD.

BB R A AN TER, TV -2 THREBRMKIFSAI3VE, 120X FTEH%(%;)LF“C%ZDO https://spack.readthedocs.io/en/latest/
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Open-Source Oil & Gas 7 I UI—33>
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Al - HADED7IVICHITEA64FXDIFE FUjiTsu

v MEIEERRIT (Seismic simulation) (3 HIEBICEAN3IEERMITHD
vV KIAER3IDT —HDBRATIC LD A - A AN B T A B E AT TS

v AGAFXDIINEIHAT - A N SEEIHEAS(SVE: Scalable Vector Extension) CEIR(CETERIEETHD

> MIEFRERETOEIEX > AGAFXICHIT DM EBIRE T OFTEIRE DA
; 8t order in space & 2" order in time,
» 15 Devito GIZ ’521. H w/o temporal blocking
n
B m A64FX (48cores) % m A64FX(48cores)
8. m EPYC (48cores) 520 = Epyc(128cores)
L 10 & W Cascade Lake + &
E e (48cores) OM15 + m Cascade Lake(40cores)
L 8
10
5
. . )
@evito https: i i 0 0 .
L ps://www.devitoproject.org/ )
Acoustic SO4 Benchmark O

m https://github.com/ecrc/girih

25
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https://www.devitoproject.org/
https://github.com/ecrc/girih

=G
FUJITSU

Devito

O Devito [CDUL\T
VAIRYPI ALY O R+ TRRSNEBRAT IO S AMERL - RITRIL— LTI TH3
VR VEEEETERENBTTOI S A0S, BECREEURETRAI- REBINICER - BT MEER R 4 BHPCRIE TEER
WEtE%EITTES
v G- I 2R A(CRID 3RS E O OO 7 LR DA IRE R ERENTERCIRZ 2

* Imperial college London https://www.devitoproject.org/

fi#

© IMEfET—5 Devito
V' A64FX DIEEEI. MDCPUZIEEEL THD, o »n15
$F(CAcoustics SO4(ZERIAR DE IR ERAT) TEDIBEEINEEE Tdrd 5 m A64FX (48 cores)
v HBM (High Bandwidth Memory) & SVE (Scalable Vector a5 m EPYC (48 cores)
Extension) ' EnEsTBOHEE1RD D Q 10 L m Cascade Lake (48 cores)
v BEXk: = 2
https://www.youtube.com/watch? a rm FU] ITSU - %
v=--2LrXL6Y2g&list=PLcsG4X8Zn UAdbYQODr5PQLCcdCo sovO& LL
index=36&t=61s
* A64FX: 2.2GHz 48cores 32GB HBM2 5
12 threads x 4 MPI process to fit A64FX Core Memory Group
® Xeon 9275CL: 2.4GHz 24cores x 2 sockets I I
* EPYC 7R32: 3.3GHz 48cores 0 Ll
Acoustic SO4 Acoustic SO12 TTI SO12
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https://www.devitoproject.org/
https://www.youtube.com/watch?v=--2LrXL6Y2g&list=PLcsG4X8Zn_UAdbYQODr5PQLCcdCo_sovO&index=36

o)
FUJITSU

O GIRIHICDWT
VHOSTSET  PIRSEIIRERAMAE (KAUST*) TRRSNEERZATVVIIEEIOISLATHS
v'MWD3%  (Multicore Wavefront Diamond tiling; temporal blocking) & (ENZIMEDsTESRIETIECIZ. WREOZERIT—7IOvMEFE

(spatial blocking) H'ZEFREENTL\D

* KAUST: King Abdullah University of Science and Technology .
GIRIH performance A64FX scalability
HEBE=_ m AG4FX(48cores) —e—Spacial Blocking
© TERET—Y . . i o 25 m Cascade Lake(40cores) 25
V' AG4FX (3. BFERZERIT - Oy ML FAICL Bt ET L d
BHEFULLSHEMSSNTED. COMEEE. [ S
Cascade LakeDMWDE(IC LB 4EEZ D L [ELTULVS 820 % 20
v HBM (High Bandwidth Memory) tSVE (Scalable Vector 8 o
Extension)h'ERTEDIEERRD
15 15
- 8" order, domain size 1024x1024x512, 10 10
Single precision (benchmark 0)
* A64FX: 2.2GHz 48cores 32GB HBM2 (Tuned code) 5 5
1/3/6/9/12 threads x 4 MPI process A64FX CMGI[a)|}(CiE%&
(CMG=Core Memory Group) 0
* Cascade Lake (DTEBENB(IKAUSTHSC20DBR(CABAL Tgithub Spatial Temporal 0
https://github.com/ecrc/girih D{E% 5| FH 0O 10 20 30 40 50
Blocking Blocking #cores
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Thank you




