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Performance Evaluation of A64FX Arm Processor
for the Fiber Miniapp Suite

Abstract: In this paper, we have evaluated the performance of A64FX processor in supercomputer Fugaku
using Fiber miniapp suite. We have ingestigated various numbers of MPI processes, OpenMP threads as
well as different methods to assign MPI processes and OpenMP threads. Moreover, we have compared the
performance of A64FX with those of Intel Skylake and Marvell ThunderX2. Whereas the performance of
A64FX is not good for some applications with small data sets, it better than or compatible with the Intel

Skylake for others.
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® 1 A64FX Overview

TV = a VERITL, MREFIET o 7.
2. A64FX
2.1 N—FRUITHRT

AECTIX, RIFMICH WS ABIFX 7rt v ¥ [3] O

MEIZOWTIRR B, AG4FX 1E, Armv8.2-A gt v b
7 —% 77 F v —% HPC ©FIZHE5E L 7= Scalable Vector
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B 2 The block diagram of the internal architecture of the A64FX

Extension (SVE) IZEDOWTEHKGEI SN T oty ¥ TH 5.
K 112 AG4FX Tat v b OMER, B 2 17 E RS
1/7=FE1Y7ry b»oib, 1 V7 vy ME4DD Core

Memory Groups (CMG) EFHIN S L2 ¥ v v ¥ aB XY

HMB2 XEVaryru—S2#G52a771—-7ns

%%. ICMG IZIF 12D HEa7 15 LA 0OED 7

SRR arhEENE. CMGIEY ¥ ED Network

On Chip (NOC) i X #EfiishTWwa. H5 CMG I8

T5a7h, MO CMGIZHBEL2F vy PaPeXEVIZ

77 RATB5AX, NOCERBEL T 72235, LV

R—aA3 7 bADT 7L ZADWT BRI NOC ZREHT

3. CMGHDa7EZ7uaAN—%2ALTL2Fvyvy>a

EHAELTWS.

%2 71% 512bit SIMD @ Fused Multiply Add (FMA)
DHERER P/ NGBS T 2 oFo. SEE0LE 1
A ZNVTEITEINZFENREEBIIRKT32TH S
Po, 1B 1 7 — RBETT 238/ MNGREERIE R
KT

32 x 12(cores) x 4(CMGs) x frequency

Th3. BEIF/ —~NLE—F (20CGHz) /7 —Z FE—
F (2.2GHz) @ & 5 1T EZEIR T Z 2205, JABRED
2GHz D&/ — KH 7= D 3.072TFLOPs TH 5. %2
FIX64KIB DO L1 ¥ v v 2 %#H5, CMG AD 12 a271%
SMiBD L2 ¥ v v¥aZzHfFT2. & CMG I 256GB/s
T7 7t ZAA[hE% 8GiB @ HBM2 X EYAD X EY a ¥
=S %KD, J— FREDXEYFRIT 32GIB, XE
VNV FIEE 1024GB/s TH 5.

22 AYNALS

A—=—NR—a Y a—REETIRLUTDa v 4 Z5FH
ARETH 5 :

o Etizar {7 (C/C++/Fortran) trad €— N
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FA=TV=ADAY A T4 TFA T 7F % T
% LIVM/Clang 2D 2 E @B L7z a v 8
4 7. trad E=FXDFHLVWEBLHRRZ Y R— T3

e Clang/LLVM (C/C++)
F =TV —RADAVNRL T

e GCC (C/C++/Fortran)
A =TV —RADAVNRL T

e Arm Compiler (C/C++/Fortran) * — 7 ¥ Y —
ADAYRATFGAVYITIARANIZFXTDHD
LLVM/Clang/Frang IZH-20 % Arm AFFE L7233 >~
A2

AfETlE, FICE @A %4 F (C/C++/Fortran) trad

E-FZRDOFS bDLT 5.

2.3 Affinity

ARETIX, AGAFX 7Rty 3B R—-+FT 5Ly
Re774=274—AYE =724 RAZDVTHANR
3. Bt@ar 4 Ftrad E—RTaryfranl
OpenMP 70275 AZBWT, EFRKICarze ALy
RZNAL 2 B3 5120%, BREZAE FLIB.CPUAFFINITY %
L < & FLIB_CPUBIND % f{\»%. FLIB_CPU_AFFINITY T
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FLIB_CPU_AFFINITY="12,14,15,22,...,59" D X 57
¥ 3. %FDHE, FLIB.CPUAFFINITY="12-59:12"
X2 DRI EILR TS, ZOHITIE 1ICMG1 AL v
FOAZE DB TTWVWE. & CMGITA X — LT 5
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FLIB_CPU_AFFINITY="12-48:12,13-49:12,14-50:12,

15-51:12,16-52:12,17-53:12,18-54:12,19-55:12,

20-56:12,21-57:12,22-58:12,23-59:12" ¥ § 3.

THEXNZ A 7HDBAL y REE D ADRVEE, ALy
FREMICHESNa7H/ZICRES. Z2TarEans
12050 F 3 2 8 ICHEREINZWL,

FLIB_DIENIZ, GOMP_ % FWBRIREHIED H2H, &K
TUEIHDIR .

BETIE, 1ICMG A1 r€ R 12 ALy RELH
FE1F % OpenMP/MPL N4 7V w RS0 75 37T
ODEFAZHREL WD 8] 28, Lo X511 /7 —F
W13 ALy FUEZRFRHT 258 CMZT, Xbd
BRWRLy FEPBE L7 TV r—>a>volkzoic,
MPI 7ut 20D CMG NOE D ¥ TEIERT 2 BREAEK
OMPI_MCA_plm_ ple memory_allocation_policy 2SHE X
NTW3. UTOFTY a v A[EETH 5 :

e simplex : CMG % IMPI 7Rt A THEET %

e share cyclic: CMG Zfthio 7t H$2. 7
> 7 &S DIEIZ cyclic T MPI 7ut 2% CMG #b
BT, TRTOCMG EID Y TR SEHD CMG 12
R

e share band : CMG Zftio7mnt 2 53 3. Hlig
PadRrZ )T EEEINS ) — FEORKMPL 7
0t 2Hp 6 CMG BORK T o ABEPEL, 7
Y IERESDIEIC vt 212 CMG 2Eh Y T3, CMG
Hizh DRI ZBUTE L ERD CMG I2E]
DYT3.

K 312, MPI 7utXB LU OpenMP AL v KDE|
DEToORERT. ZOFITIEL //—FRig, 4HLLIES
MPI 7uat 2, &7+t 25 3 OpenMP XL v K Z{ffH
¥ % OpenMP/MPI DA 7V R7u25 307 Th
%. MPI 7ot 2 E| D HTFEIC simplex Z4EE L 7235
&, 17 —FiIC4B ko MPI a2 2 4T3Z i
TERW.

3. 1EREFTME

ARETIEHERMES XUCERERICOVWTARS. 72
B, BEHARGHIRICE T 2B RIE, R——a>
Va—& TE&E) OMHBRROMRER ¥ O R 2 AT
2HDTEREWV. F2, IRTOT7 IV r—ravix, A
A INZ a4 FRGELA TS a MUz E
T AsIs Tav 84 LL, AGAFX KM} 7eFa—=v 2
BEToTwiWw, Dy 27 A TOBERICOWT I
HTH 3.

3.1 Fiber miniapp suite

Fiber miniapp suite[6] {%, Feasibility Study on Futre
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HPC Infrastractures [2] @7 7'V 7 — a VERRTHETE
NITINT TV r—arpofiftEhicI =77V r—
Tarvo®BAETHS. R 1S, Fiber TEENZI=T T
Vr—aryeZOMEELRT.

CCS-QCD[1] 1%, #8FQCD Z R —nN+ 7 2L I A VYL
NTH5. FFVC-MINIL &, =RKICIEEH IEEMEIEETR IR
¥3al—¥arEfi5. NICAM-DC-MINI[9] iX, FE&H
2E1E 20 HRFS T K& 7V Non-hydrostatic ICosahedral
Atmospheric Model (NICAM) K bh#EH L7z =771
TH5. mVMC-MINI i&, BEFROIEEREZRHT 2
IRAR B B 2 WA 3 % & & T E T R OV BV RE
MM F 5. NTChem-MINI i, 55— FH & L5t
BIZEXO D FRETOMEZEIHRT 5. FrontFlow/blue
(FFB)-MINI &, BREREC X 220 EHEHT 71 272 A
ThHb. ZhoD7 TV r—>avnds, 5/ hy—7
Y ADMENIEITD 7TV — a > ThH B NGS-Analyzer
i, 1/OA YTy TTHEIePHoNTWSED, 1
v PO Z EARE LARERTIEINRIC LD o7,

3.2 YRTLET

te D 7o DITARERETIX, 1A RTFAIRE AL F—
Ff (CEA) @ Inti A—,8—a >y ¥ a—&%EMHW. Intil3,
TIVr—2alR AT ALY TNV ITRERIEX
FRIRAT LATHFE LGS 2720 DEEHN S AT AT,
SKL, KNL BXU VI00 R EDHELZ7—FT 7 F %+ D
NR=T 4 >arh»bixd. KT, Arm ThunderX2 7
oty (LUF, TX2 tI8S) o2 8—7T 4> ay
&, Intel Skylake Bt v ¥ (LIF, SKL LH&3) 22 o7%
B—F 4 a vV
BEEEDIEIATLADBILER 21T LD/,
HREDIBICBWTIX, RL7 )V r—yay, 7—X&
ty NTHoTHHFHING ) — R a 7B ER 2 2
EWHBZY, AGAFX X/ —Fd7=h 1V 7y bzl
TTX2¥Y SKLIZ2Y v FTHB ¥, TX21Z 128bit
SIMD T& % DZxf LT SKL ¥ A64FX 1% 512bit SIMD
THaZY, IRTOTaty FTRBEIPERSZ L,
WHEEINW.

3.3 CCS-QCD

CCS-QCD[1] 1%, #%F QCD Z @ —,N -
IWNTH 5.

REERTIE, | 3ITRT LT, classl BX W class2 D
2ODERIZYA XDTF—RERNRL LT

X 412, CCS-QCD classl % A64FX d 1 J — R THEAT
L7fERZ7RY. MPI 7ot 2803 1 ICEEI ATV,
OpenMP AL v R#lE 1 ~48 2 L, AL v FRMEHHEE
ZXEz. Mhs, ALy FEPRKD 48 D& ZITHRK
DHRERR L. T2, ALy FEBAIEWESI XD 5

Tz IVIAVY
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3 Examples of MPI rank and OpenMP thread assignments. In case of 4/8 MPI
processes and 3 OpenMP threads. simplex and 12-59:1 (top, left), share_band and
12-59:1 (top, right), share_cyclic and 12-59:1 (bottom, left) and share_cyclic and

12-59:2 (bottom, right)

# 1 Fiber miniapp suite

Application  Area

Characteristics

CCS-QCD 1.2.1
FFVC-MINI 1.0.1
NICAM-DC-MINI 1.0
mVMC-MINT 1.0
NGS-Analyzer-MINI 1.0.1

thermo-fluid analysis
climate

material science

next-generation genome sequencer

NTChem-MINI 1.1
FFB-MINI 1.0.1

quantum chemistry

thermo-fluid analysis

Quantum chromodynamics

analyzes output data generated by a

structured grid Monte Carlo

3 dimensional cavity flow

structured grid, stencil

many variable variational Monte Carlo
workflow of multiple tasks

I/O intensive

dense matrix calculation

finite element method, unstructured grid

WHEBER TR L7223, ZIXMENTH - 7. 512, CCS-QCD
class2 % AG4FX D 8 BX 116 / — R TET LR %
RY. MPL a2 28l3vwiind 64 THD, OpenMP X
Ly FERIZ6 BXUF12THS. RXToa7Bfifah
7%, ALy FEBIIEHEIC1TH3. OpenMP AL v K
B 6 Dr =, 1ICMGIZ 2MPI Yt an#EfTEhs. 7
1t 2 DALE /57U share_band B & O share_cyclic % FL#
L7273, ZhnilkrBWVWXIZIIR OO o72. Tz,
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J — FED 25D MEREIX 1.5 BRE L R o7z,

612, CCS-QCD @ classl & class2 # TX2, SKL B
XU AGAFX THEITLEHBREZRT. ALy FEB XU
Affinity 3202 7aty - THRbEVIEREEZRL 7
HDHEINT. MOFRED L ZD TX2 BL K SKL 0
BEICDOWTIE, #FHE B2 X BB [13] IR STV 5.
D7 TV r—arbEETH S, classl DL =& SKL
N1 /7—F48a7h24 ALy FEHAWVWTS - & b &0



BRLIEFRHERRS

Vol.2021-HPC-178 No.5

IPSJ SIG Technical Report 20213715
& 2 Arm & Intel SKL partitions in the Inti supercomputer
and the supercomputer Fugaku
Arm Cluster Intel Cluster Fugaku
CPU | Marvell ThunderX2 | Intel Xeon Platinum 8168 (Skylake) A64FX
# of cores / socket 32 24 48
# of sockets 2 2 1
SMT 2 2 1
CPU GHz 2.2 GHz 2.7 GHz 2.0 GHz
Peak performance / node 1126.4 GFlops 4147.2 GFlops 3072.0 GFlops
Memory DDR4 DDR4 HBM2
Capacity / node 256 GB 192 GB 32 GB
Bandwidth / node 320 GB/s 1024 GB/s
# of nodes 28 22 158,976
Compiler | arm-compiler 19.0.0 intel/17.0.6.256 | tcsds-1.2.28a tesds-1.2.29
MPI library openmpi 2.0.4 mpi/openmpi/2.0.4 | tcsds-1.2.28a tesds-1.2.29

%3 CCS-QCD OF—X+t v b r EERHEE

£ 5 mVMC O7—&Xt v b & EBRE

classl class2 tiny middle
Lattice Size 8x8x8x32 32x32x32x32 NSplitSize 1 4
J — R | 1 (48 cores) | 8 (384 cores) 16 (768 cores) J —F¥ | 1 (48 cores) | 4 (192 cores) 8 (384 core)
MPI 7ut 2 1 64 64 MPI Fut2# 1 64 64
OMP AL v F¥ 1~ 48 6 12 OMP AL v F¥ 1~ 48 1~3 1~6

& 4 FFVC OF—&tv b & EEBRRE

256 1024

Global Domain | 256x256x256 | 1024x1024x1024

J—F¥ | 1 (48 cores) 8 (384 cores)

MPI 7'm+ 2% 8 64

OMP 2L v FE 2~6 1~6

HEZR/RT—F, class2 Tl A64FX ¥ SKL 2% - & dEW
HEEZ R L. 7271, class2 Dy &, TX2134/—FT
HBDIHLT, SKLIZ6 ./ —F 288 a 7D 256 a7
PHEALESE, AGAFX 18/ —F 384 a7 #fHLT
W3, ¥/, SKLO®H7=H D/ — F¥— 7R A64FX
DI 4/3ETH 5.

3.4 FFVC

FFVC-MINI &, =XXJuIFEHIFEMMERATRAS I 2
L—>aye{T57 795 —=>a v ThHs.

R4, REBTHOIET—XBIURT XA —XER
T, T—RT A4 XF 2563 BRU10243 & L.

M7BXU0E 8ICF—&ty b 2563 B &K 10243 12
W3 2EBHERETT. WThOEEd, ALy FEOHE
e L TRIFR RS — ) Y 7% RL, IRTOaAT%
FRALEGEND o bR EI o7z, Fiz, ALy
REID Y TA X =B MPI Pt 28 h Y CTF
HBIC X B HRED ZIZ/NE Do 7253, share_band H3ME DT
share_cyclic % _L:[A] - 7z.
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K 9WCRLTF—&ty Mizxtd % TX2, SKL, BX U
A6AFX DOMRELLEZ /R T . RIFIETRT1 / — KR TOH
RTH 2, BETIETX2 2 SKLA 4 ) — FEHAWEN,
AGAFX TE 8 / — FEMAWVWE., ZhiE, Zo7F—Xtvy
b2, AGAFX D 4 / — FTOFHAEXEV EEHTH
WERAIZXEVEZDEL Li/dTHE. 7—XEy b
10243 1I2BWVWT, AGAFXIEEA /7 — FEIE TX2 % SKL D
GETHZDOOMREIZ 2.7 TH D, EOEREEZRLTWY
BZehbhsb. FFVC X CCS-QCD & b %K BF 255
< [11], AG4FX D@y PSRN TH 072 EZX S
na.

3.5 mVMC

mVMC-MINT i%, BTFROIEEIREE % RT3 2 AR E)
BIBE MRS 2 & & CHMHBE ROV Iz i3
3. RECAEBRTHOWET =21y b 2iliF7 X—%
R

K 1012, —&Xt v b tiny ® AGAFX D 1 J — FTH
fFLEMRERT. ALy FEUIZ1~48 2L, ALy ¥
B2~24 D ZFEHRDORAL v FRIFETHHE L7223, 8 2
Ly &1 TETLEE EXRARDFITHIRERL .
U, T—&ty bAIEEINEL, ALy FiIiF{bD
F ==Y RDIEIDBKRELREZDPOLTHIEEZ LN
%, F—&+tv b ting KELTIE, o> 257 ATHFEE
OMEmER LR [13]. FHALy REDBRALE S, ALy
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interval 1 -
35- interval 6 M. R
interval 12
30+ interval 24— -

1 2 4 8 12 24
# of threads

4 CCS-QCD classl, A64FX for thread interval 1, 2, 4, 8, 12,
48. Y-Axis is GFlops, X-Axis is the number of threads

600 T
share band m—
share cyclic mm—=
500

N16P64T12

N8P64T6

5 CCS-QCD class2 on A64FX. 8/16 nodes.
Y-Axis is GFlops, In the X-Axis, N is the number of
nodes, P is the number of processes and T is the num-

ber of threads

100 400
TX2 N1P1T32 TX2 N4PGATS M
SKL N1P1T24 350 [SKL N6P64T4 mmm |
g0 [A64 N1P1T48 AB4 N8P64T6
300
250
o o
k5 00
O] O]
40 150
100
20
50
0 0

B 6 CCS-QCD classl(left) and 2(right) on TX2, SKL and
AG4FX. NHlD N &/ — F#, Pix MPI mt 2%, T
¥ OpenMP 2L v F%

FRBEANZIWIEI DEVERER/RL, AL v FIERDZE
WXk BHREEDMDO T TV r—a v Db RED T

B 1112, 7—&%t v I middle Z A64FX D 8 / — F
THEFLRERERT. F—&+v F middle i20VTIE,
F—&XL v b tiny DFEREIZIFEFZTRAL v FREREIZTRT
12 L7, ¥/2, MPI v+t 2E|24 25\ T share_band
¢ share_cyclic ® 2 3@ D Z## L 7223, share_cyclic DIZ5
HEWIERER R U7z,
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band interval 1 m—
band interval 2w
250 band interval 3

cyclic interval 1
cyclic interval 2 m—
cyclic interval 3w

(%]

Q

Q150
o

100

50

0

1 2 3 6
# of threads

K 7 FFVC 2562, A64FX for each thread interval
Y-Axis is GFlops, X-Axis is the number of threads

2200 T T
band interval 1 m—
2000 band interval 2w
L band interval 3
1800 cyclic interval 1 m—
1600 cyclic interval 2 m—
cyclic interval 3 mm—
lI}400
o
8200
Q
1000
800
600
400
200

# of threads

8 FFVC 1024*, A64FX. 8 nodes for each thread interval
Y-Axis is GFlops, X-Axis is the number of nodes, pro-

cesses and threads.

300

TX2 N1PST8 mmmmm 2000 [TX2 N4P64T8 mmmmm
SKL N1PSTG
[AG4 N1PSTG M

SKL NAPGATS mmmmm
A64 NSPGATG s

# of threads

# of threads

9 FFVC 2563(left) and 10243(right) on TX2, SKL and
ABAFX. MO N &/ — F#, P X MPI ut 2%, T
¥ OpenMP 2L v F#

K 1212, TX2, SKLEB XU A64FX D4/ — R TTF—
KXty b middle #FEfF Lz EDLKERT. MPI 71
£ 21X FTNT 64T, OpenMP XL v FEIZZNZNED
EVWHREER R L7z — REEIR L7z, TX2 38, SKL 2%
6, AGAFX 233 TH3. ZIT, TX2 ¥ SKL iZNA 8—
ALy T4 YITWEHTHY, 1arblzh2 ALy R
MEID Y THATWS. SKL2d o dEmWRERRL,
AG4FX 13D o & HREDRWERER R L 7.

3.6 NTChem
NTChem i, F—RHEEFLEHEICEI DD TFRE
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interval 1 -
interval 2

6 interval 4
interval 6 m——
interval 12 m—
interval 24

1 2 4 8 12 24
# of threads

10 mVMC, tiny, A64FX for each thread interval
Y-Axis is GFlops, X-Axis is the number of threads

500

éhare band —
share cyclic

450+

400
¢B50
2
300

250

200

150
# of threads

‘share ban(LJ —
900+ share cyclic

400 -

300

200

1o ML ‘ |
1 2 3

# of threads
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13 NTChem, H20, A64FX. Using 4threads (top) and 8
threads (bottom) in a single node. Y-Axis is GFlops,

X-Axis is the number of processes
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B 14 NTChem taxol, A64FX. Using 4 threads (top) and 8
threads (bottom) in 4 nodes.
Y-Axis is GFlops, X-Axis is the number of processes
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B 17 Performance Analysis (PA) of NTChem, H20. Tran3cl is shown at left and

RMP2Engergy is shown at Right.
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