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Performance Evaluation of ThunderX2 Arm Processor for the Fiber
Miniapp Suite

Abstract: Recently, the Arm architecture, which has been widely used in embedded and mobile devices, is
now also adopted in HPC systems such as the Marvell’s ThunderX2 Arm processor in the Astra, the Fu-
jitsu’s A64FX in the supercomputer Fugaku. The ThunderX2 Arm processor is the most efficient Arm-based
processor available today. This paper shows the result of mini applications evaluation on the ThunderX2
Arm processor. The effects of the simultaneous multithreading and thread affinity are also investigated.
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112 Marvell ThunderX2 @ 7 tv v 3 O %2R .
1/—=FiE2VYr7y 2620, 1 V7 v MZIX Armv8.1
A7M32 ATERINTVWE, KEATE TN - AT -
A=K (000) EFDHEETH Y, 12HLLIE4 ALY R
DR VFAL Y T4 V2 (SMT) 2% R—+95. 7z
7ZU, ARTHWEZ7 2y YTk, K2ALVY RET
DO SMT DAEYR-PFTHEIFEINTWS. AR
XK T 2.5GHz £ CTEHEBOA TV a vdib 503, KfET
w7 axy 313 22GHz CEIfET S, AEVIE8F ¥
)L @D DDR4-2666 TH b, Zld 256GB/F v 7, fixikdl
X 320GB/s TH 5. Vv Mk, Cavium Coherent
Processor Interconnect 2 (CCPI2) THifia N TH O, &
KELEHE X 600Gbs (25Gbs x 24) THD. / — FlEDil
{1% Infiniband EDR T& 5.

212, ThuderX2 Fv 7ONEED 7oy 7 X1 ¥
JI LhERT. £I3ATIE2 DD 128-bit NEON {FH)/NK
Raz=y b, BLUENZEN 32KB O L1ID/LIL v v ¥ =,
256KB D L2 ¥ v v ¥ aiRl%FED. 427 T1 70w Y
EERL, £78 Y 213 2MBx2 A7 1 ADL3Fr v a
RO, 1Yy MI8 TRy I 3R aATNR6REDT, V
Ty RHEODOLIF Y vy aldGFHTI2MB THS. 7
gy 2k, EEOae—=Lv k- Y r Ay X—a%
J hCEREENTWS. YU IAICE, CCPI2 1> &a
227+, DDR4, I0 2> b —=FNAANDY VI D7=HD
AR— IPEETS. PCle 1 Gen3 TH 5.

2.2 SMT & Affinity

AHiTlX, ThunderX2 ARM 7ot vy 324 R—-rT3
AVY R TIA4ZT4— - AVR=T A AIDWTH
R3. ARETHWEZY AT AT, KMP_AFFINITY £
BEEHRETHILT, FVEALIZ0penMP AL v K
ZIT7X SMTIZNA Y RT 52 ENARETH 5.

KMP_AFFINITY BREZZEB DI T TH 5 -
KMP_AFFINITY=[<modifier>,...]<type>\

[,<permute>] [,<offset>]

AR TIIBHEADEMTH S type BELUOA TV avTh
5% modifier @ granularity IZ2WT, NTA—XEEZT
MPEREZ BTN L 7=, type T, compact 3 & O scatter 234
X7z, compact ldn+1 ALYy REn ALy KDAS
NGEIZEID YT, scatter &Y AT LA2RIZHZ-T
ALy NEWEIZHET 5. granularity Tld, fine B LT
core DB I NIz, core lFAL Y REFRWLR)LTHB O
TIWINAYERLU, fineldALVy R (FFR—-—hINhTWVWBE
B SMT) 1231 >~ R 5.

B 312, zhZhd KMP_AFFINITY Q&I L T,
B ATIZ2SMT 2¥R— T 25512, 4 DD OpenMP
ALY RBEDLIIINAS VY REINENERT. KRVAT
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LTI, 1 7aty ¥z 32 a7FEL, SMT DALY K
IDIEZ7>RaEYTHLYTOoNS D, TT 0I12IF
0B&U320, 27 110IF1HLU3B3DAL Y FID A
DY TH5NT WA, granularity T core Z1EE L 72545,
OpenMP Z L v FiX, Mad ¥ a7 LAV y R
Ty MIRNA Y FEINE. FRITHLUT, fine ZFEL T
WAIZiE, %4 OpenMP ALy Ri%, 1 DDAL v RiZNA
v REINB. type il compact ZIBEL72HE, ALY RO
1, BLOALVY F2L3RALaTIZED Y TSNSD.
Z D& F, granularity A* core TH AL, OpenMP AL v R
01ZAL v FID{0,32} 12, OpenMP AL w K 1AL v
R ID{0,32} 1Z#Ib 24T 51, granularity 2° fine TH UL,
OpenMP AL » K 0IEAL vy KID 0 IZ, OpenMP AL v
F1EALY FID 32 128 b Y THNDB. type H' scatter
DIFEIZIE, granularity 25 core TH UL, OpenMP AL v
R0 EA Ly FID{0,32} iZ, OpenMP AL v K 1iZAL v
R ID{1,33} iZ#Ih T 5N, granularity ° fine TH UL,
OpenMP AL » R 0IEAL vy FID 0 IZ, OpenMP AL v
F1iEALy FID 1iZEbhEToHN5.
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2 The block diagram of the internal architecture of the ThunderX2 chip
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(Process) (Process)
© ® 0 6 ® 0 e
Thread 0 Thread 2 Thread 0 Thread 1
Thread 1 Thread 3 Thread 2 Thread 3
fine, compact EFIELD fine, scatter JEFECLD
(Process) (Process)
Thread ® Thread 1 Thread 2 Thretad 3 Thread @ Thread 2 Thread 1 Thread 3
3 OpenMP Thread Affinity, 2SMT, # of OpenMP threads = 4
T—REXNRE Uz, BTHIADSE, BRYIOZIRTD Rz 2T 756D GFlops ZFAE L. TXTOE

& F-1% 8x8x8 DO EEFI M X 5.

B 4712, TX2 BLUSKL 27 7 ARIZHBIT 5 EROKE
R2mRT. XAV Y Nz, Y #insEstae (GFlops)
ZRT. MPILO 70 & 2ABUZTF — XY 1 ZEBIZEETH
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% 1 Fiber miniapp suite
Application  Area Characteristics
CCS-QCD 1.2.1  Quantum chromodynamics structured grid Monte Carlo
FFVC-MINI 1.0.1  thermo-fluid analysis 3 dimensional cavity flow
NICAM-DC-MINI 1.0  climate structured grid, stencil
mVMC-MINI 1.0  material science many variable variational Monte Carlo
NGS-Analyzer-MINI 1.0.1  analyzes output data generated by a  workflow of multiple tasks
next-generation genome sequencer I/0 intensive
NTChem-MINI 1.1  quantum chemistry dense matrix calculation
FFB-MINI 1.0.1  thermo-fluid analysis finite element method, unstructured grid
% 2 Arm & Intel SKL partitions in the Inti supercomputerz
Arm Cluster Intel Cluster
CPU | Marvell ThunderX2 | Intel Xeon Platinum 8168 (Skylake)
# of cores / socket 32 24
# of sockets 2 2
SMT 2 2
CPU GHz 2.2 GHz 2.7 GHz
Peak performance / node 1126.4 GFlops 4147.2 GFlops
Memory DDR4 DDR4
Capacity / node 256 GB 192 GB
Bandwidth / node 320 GB/s -
# of nodes 28 22
Compiler | arm-compiler 19.0.0 intel/17.0.6.256
MPT library openmpi 2.0.4 mpi/openmpi/2.0.4
%* 3 CCS-QCD OF—&+tv b & BB x4 FFVC D7 —Xt vy b &R
classl class2 256 1024
Lattice Size 8x8x8x32 32x32x32x32 Global Domain | 256x256x256 | 1024x1024x1024

J — F# (Arm TX2)
/ — F# (Intel SKL)

1 (64 cores)
1 (48 cores)

4 (256 cores)

6 (288 cores)*!

J — F# (Arm TX2)
/ — F# (Intel SKL)

1 (64 cores)
1 (48 cores)

4 (256 cores)
4 (192 cores)

MPI 70 & A% 1 64 MPI 70+ 2% (Arm TX2) 8 64

OpenMP Z Ly N4 (Arm TX2) 1~ 64 1~38 MPI 70 £ 2# (Intel SKL) 8 64
OpenMP Z L v F# (Intel SKL) 1~ 96 1~8  OpenMP ZLv F# (Arm TX2) 2~ 16 1~12
OpenMP Z Ly F# (Intel SKL) 2~8 1~6

PIEL a7 IZRR2 ALy F2EID Y TLH720MMH a7 25)
RINZHHTE R WD TH 5.

classl Tl¥, Arm TX2 1% 32 AL v KN % fine,scatter T,
Intel SKL Tld 24 AL v K % fine,scatter TH W7z RS,
HEo BN ED o, ZDEE, TNEFNLI YT Y b
DEATIZL ALY RARED LTSN TNS.

class2 TlE, TX2 X 8 AL v K% fine,scatter T, SKL
Tld 4 AL v R % core,scatter THW/ZID, o b
HEDSE H o 72,

PERELE I, classl Tl TX2:SKL=1:1.85 T SKL DI >
D <, class2 Tk 1:1.28 T, SKL DIE 5 A3/ — R
MNENWZ L 2ZEZNIFIFIERETH o772, ik, classl
X, /= KIPEDDF—RENNIVWI NS, Frv
Y aIANAL, mREEEENETYRIIEEELL5 RS
WolE D, class2 1/ — NdH 7z b OSBRI L T»
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ARHEERT, granularity OFEITEMERRIZ K E s
2302 ehbrorzzo, MUBEDOSERTIX granularity
IZDOWTHRE LR\,

3.4 FFVC

FFVC-MINI I, =iRycIEEHFEEMERRAKRY I 2
L—2avafFi7 7 0 r—varThsb.

R4, REMCTHW:ZT =X BIUNRNTA—=R%ERT.
B 8-9 IZEBMOMEEAERT. XA L v NE%E, Y il
MFEIFIERE (GFlops) TH 5. TX2 1k, FFVC-256 T,
T AH7=0 8§ AL w K% scatter TH| DY Tz& &3,
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W core,scatter Mfine, scatter M core, compact W fine, compact

5 CCS-QCD classl, SKL
Y-Axis is GFlops, X-Axis is the number of threads

1 2 4 8

W core,scatter M fine, scatter M core, compact ™ fine, compact

7 CCS-QCD class2, SKL
Y-Axis is GFlops, X-Axis is the number of threads

D 16 AL v N% scatter B U < 1% compact TH| D 4T 7/-Hf
HIZIFFAMOMERE R L. FFVC-1024 TlX, 7HE A
H72H 8§ ALy N#% scatter THID Y THLED, o8&
EEWHEREER L. 20k E, /- RANDTRTOYH
A7 T2ALY RPEFINTVWS (FFVC-256 L1/ —
RH7-0DTa AHPES ZLIZER) . MUK 8 7
& A% compact CTEID YT &, BLXUP4 ALY N%E
scatter THEID YTz EHIZIFEFDOHEREZR L.

SKL 1%, FFVC-256 TlX, Yot AH77~=H 6 AL v K
% scatter TH|D Y TIGA, o2 bEVMREEZR L.
FFVC-1024 Tl¥, 7avxH7-0 3 AL v K% scatter T
HoUTREERE S EEVEREEZR L. WIhb,
OpenMP O 1 ALy KW, 1 20O a7 Z2{HL T
LGETH5.

FFV(C-256 Tl&, TX2 & SKL D& KETRILD L
# ¥, TX2:SKL=1.0:1.57 T» - 7=. FFVC-1024 &,
TX2:SKL=1.0:1.43 TH > 7=.

3.5 mVMC

mVMC-MINT (%, & RDEEIRIEZ KB 2 (AL E
B2 WER S 2 2 & CHEMHBIE TR O WA 2 0
5. REICAEBRTHW T =Xty b &liFINTA—%
ERY.

K 10, 1112, EBROEREZRT. X#A AL v N,
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£ 6 NTChem OF—Xt vy b &EREBE

tiny

middle

h2o

taxol

NSplitSize
J — F# (Arm TX2)
/ — F# (Intel SKL)

1
1 (64 cores)
1 (64 cores)

4
4 (256 cores)
4 (192 cores)

MPI 70t 2# 1 64
OpenMP ALy F# (Arm TX2) 8 ~ 128 2~8
OpenMP Z L v Nt (Intel SKL) 8 ~ 96 2~6
20
15
10
. | 1
8 16 32 48 64 96 128
W TX2 compact ™ TX2 scatter ® SKL compact = SKL scatter

10 mVMC tiny, Arm TX2 & Intel SKL
Y-Axis is GFlops, X-Axis is the number of threads

1200
1000
800
600

400
ol |
0
2 3 4
B TX2 compact M TX2 scatter

SKL compact

6

11 mVMC middle, Arm TX2 & Intel SKL
Y-Axis is GFlops, X-Axis is the number of threads

8

SKL scatter

Y A3 FERMBE (GFlops) TH 5. TX2 1k, T—&X & v
b tiny TlX, 16 AL v R % scatter TEI D YTz & EH

BRADFETRIEZR L.
B T L ATPEREDME N U 7.

DALy Pl &<
N, TEMWNITET,

OpenMP HMiFHLIZE £ D F —N=~w RDIZI DK E L
RoTWaeEZXLNE., T—X Y b middle T, 8 &
L'y R % scatter TH| D YTz & SITHmADETHERE R
U7z, ZHETRTOIT7TH2SMT 2ET L TWAIRET
H%5. 8 AL w K% compact THI D Y TGS, 4 ALy
R % scatter TEID YU TYE6H, RiFRMEREEZ R U,
SKL i¥, 7—&% v b tiny Tl&, TX2 & HAKIZERAD
I7ME VDN 16 ALy K% compact TEID BTz
bbb EVWHEREER L., T—X &Y I middle T
X, 6 AL v K% compact THI D XM TR K DFETH)
KERL, AUL 6 AL v K% scatter THWZKRHIFIE

A% D MERE
TH2SMT #EfFLTW5,

AUz, TX2 LAEREIZ, T ETRTHO

BRARFETNROERIZ, tiny T TX2:SKL=1.0:1.45 TH
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J — F# (Arm TX2)

/ — F# (Intel SKL)

MPI 7o+ 2%

MPI 71+ 2%

OpenMP AL v F# (Arm TX2)
OpenMP Z L v F# (Intel SKL)
BLAS library (Arm TX2)
BLAS library (Intel SKL)

1 (64 cores)

1 (48 cores)
2~ 16

2~ 12

8

8

armpl-19.0.0
mkl/17.0.6.256

4 (256 cores)
4 (192 cores)
16 ~ 64

4~ 48

8

8

armpl-19.0.0
mkl/17.0.6.256

400
350
300
250
200
150
100

50

2 4 6
B TX2 compact M TX2 scatter

oMl 1

SKL compact

12 16

12 NTChem h2o0, Arm TX2 & Intel SKL

Y-Axis is GFlops, X-Axis is the number of processes

5000

4000

3000

2000

1000 I I ‘
) I

4 12 16 24 32 48 64

W TX2 compact M TX2 scatter ™ SKL compact ™ SKL scatter

13 NTChem taxol, Arm TX2 & Intel SKL

Y-Axis is GFlops, X-Axis is the number of processes

D, middle Tl TX2:SKL=1.0:1.59 TH > 7-.

3.6 NTChem

SKL scatter

NTChem &, 2 —HHEFFFHREIZL D D FPE

DHEEZEFHE T 5. NTChem TIHAT5ID

AREE L <17

THY, BLAS 74 77V OMAEN, NTChem DETRIH
WCRELSHETEZZ MO NT WS,
R EOIZAERTHWAZT =Xy b &AH T A -
BRT. INEFTOT IV r—varvkid® iy, ALy
REZEEL, MPLAIEMBZE(LTWE Z IZERET N

7Z0.

K 12, 13 IZEBROFERZRT. XA TOERE, Y i
MEMMRE (GFlops) TH 5. TX2 1%, 7—X& h20 T,

16 7a & A, compact DA EADMERE

~U, 16 7R

L AB LV 8 T B AD compact B IEIXFAZEDMAE % R
U7z, T—2X taxol i, 64 7B X, compact DRI EK

DMERE

RU, 32 70X 2D scatter & IFIXFAZE D MRE
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£ 7 NICAM-DC

gl05r100z40
J =¥ 1
MPI 7ot 2% 10
VI M 1~2
30
25
20
15
10
5
0
1 2
mTX2 mSKL # of sotkets

14 NICAM gl05rl00z80, Arm TX2 & SKL
Y-Axis is GFlops, X-Axis is the number of sockets

RUTz. E£72, mKDOFEFTRHEIL 2860GFlops THH, Z
NWIFHEER Y — 7 MRED 63 83—k > N TH 5.

SKL 1%, ¥—4& h20 Tl%, 12 7Bt A, compact D&
ERAKDOMREEZEZR LU, T—X taxol Tl 24 7o+ A,
scatter D & TR KDMREZ R LUz, ZD & ZDFETL)
¥, 4695.49GFlops TH O, ZidMimy — 2 MERED 28
N—k U +TH5.

TX2 & SKL & DM:fELLIE, h2o T TX2:SKL=1.00:3.54,
taxol T TX2:SKL=1.00:1.64 T&® - 7=.

3.7 NICAM-DC

NICAM-DC-MINI[4] 1%, FE# 17 1E 20 MifRM 7 K5
% 7 )l Non-hydrostatic ICosahedral Atmospheric Model
(NICAM) kW {kEHLZI=7 SV TH5.

AREBRTHWEZT =Xy N2KR TITRT. RERKRT
W7z NICAM &, OpenMP % &2 X 557 ALy Rilfi
b EF->TE ST, /— FRII V81 Z0HENRESML
HEEEIZ L B, Lo L7ads, TX2, SKL & b2, BiFkA
Ly R a— RE2HERT A ENTERproT0,
ZTIMPLfFIOAEZEL, 1 /—FD1V Ty, 8
FO 2V Iy bEHCTHREGHE 2T o7z, 1Y Ty bD
Y&, £ MPI 7ot A3 R GEBOYHE O 7IZE D
LMTHN, 2V Ty FOLEIEMPI 7t AE 5 Lidkb
AL HEL THIE L 7.

K 14 ([ZEBROMER%E 9. NICAM (%, T3k BF O
TV r—=arvThdblenrs, TX2BXUSKL &%
2, 2V 7w ERWESEDEREWEREERLEZ. h
FHOMRELIX 1 Vv b D& X TX2:SKL=1.00:1.25,
2V 7y hDEAIE1.00:1.47 TH - 7=,

3.8 FFB
FrontFlow/blue (FFB)-MINT (%, AREZHRIEIC L 5B
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% 8 FFB
sample
J— R 1
MPI 7ot 2% 8
Vry |l 1~2
30
25
20
15
10
|
0
1 2
W TX2 mSKL # of sotkets

15 FFB, Arm TX2 & SKL
Y-Axis is GFlops, X-Axis is the number of sockets

R9 HIZT TV TCHRROETNFEELGA AL Y FEL Affinity

Application Data | Procs x threads, SMT/core Affinity
CCS-QCD classl 1p x 32t, - scatter
class2 64p x 8t, 2t scatter

FFVC 256 8p x 8t, 1t scatter

1024 64p x 8t, 2t scatter

mVMC tiny 1p x 32t, - scatter
middle 64p x 8t, 2t scatter

NTchem h2o 16p x 8t, 2t | compact
taxol 64p x 8t, 2t | compact

KM 7075 L THB. NICAM L HERIZEER AL Y K
WAL TN TWiWwized, MPI W5 DA %EHEEL, 1
=KD 1~2YV7 vy bEAWTHRETMEZ 1T - 7=,
FFBO7—&ty hei&ELK 8, fBHREZE 15 1T
3. FFB $ NICAM & FERIZER BF OEWY 7Y 7 —
avThy, 2V NEAVEIEIBPEWEREERL
7-. MEREEEIZ 1 V7 v P DA TX2:SKL=1.00:1.94, 2
VI w hDGEIF1.00:1.84 TH - 7-.

39 F&o

* 912, CCS-QCD, FFVC, mVMC & & ¢~f NTChem
T, ADEFHNETH 72 ED, ALY R T 7 1=
T4 ERT. Ko, ZLDOHAT, 13712 2SMT %zl
DETHI L TRROMEZEKLTWDS., 7714274
& LTI, NTChem BAJME scatter & D @E\WERER R L
7-. ZHiE, NTChem D% < % D2 HEHE T 1 75
U, compact FIFIZE D Fa—=vTENTWERSLT
X nwhreEZ6N5. 777U, 3.3-3.6 TERZLDIZ,
1 37 2SMT T compact, 1 37 1SMT T scatter, 1 37
2SMT T compact DIZIE K E 2 MERED 2L D > 72,

R1I0ZEI=T TV r—vavizwd s TX2 & SKL
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% 10 Comparison of Arm TX2 and Intel SKL
App QCD FFVC mVMC NTChem NICAM FFB
Data 1 2 256 1024 | tiny middle h2o taxol | gl05rl00z40 | sample
TX2 GFlops | 52.2 271 154 531 | 12.6 736 103 2859 18.3 13.9
TX2 % of Peak | 4.64 3.01 | 13.7 11.8 | 1.12 16.3 | 9.14 63.5 1.62 1.23
SKL GFlops | 96.8 347 241 760 | 18.3 1172 363 4695 26.9 25.6
SKL % of Peak | 2.22 1.39 | 5.83 4.58 | 0.44 7.07 | 8.78 28.3 0.65 0.617
SKL/TX2 | 1.85 1.28 *2 | 1.57 1.43 | 145 1.59 | 3.54 1.64 1.47 1.84

DMEEZE F L 7. SKL IXFETMRET TX2 % ER5—4,
TX2 3R — 7 MRETCL D EWEBUEE R L 7=,

4. BBbHYIC

AFETIE, Fiber 3 =7 ) r—Yarvey h2HAVT,
Arm ThunderX2 71t v ¥ OMEREFH % 17\, FIKF~IL
FALVYTAVIRAVY FT 7427 1 DFRIZONT
HMREEL 7=, OpenMP 12 & BiFl{bA3E T Wiz 7'V
r—vav®, TRV AL ARVNITECELEH AT TOE
FZADPRWGEERE, FLAEDOT TV r—vay -
T —XT, SMT2 ALY N+ 774 =7 « scatter CfH
L7z EDd o0 @m0 IREZRLEZ. L, SMT2 A
Ly K+ 774=74 compact BL T, SMT1 AL v K -
7 74 =F 1 scatter HIFIERFOKRERLZ. Thb
5, Arm TX2 QR BRHHD7DITIE, T TOYH
721 DLAED OpenMP ALy REHEIDYTEHZ LT
EHThbO, SMTIZEY ALy FEEHEX L THMERENE
ISENLTH - 72,

F 7z, Intel Skylake 71 & v ¥ & OMRELE %17 >
7. BRIz W2 SKL & TX2 & D#Mime — 7 MRt
1%, TX2:SKL=1.00:3.68 THDH, 7SV r—a VERF
SIROLEHRIE, 1.00:1.43 ~ 3.56 (/ — NEZE R A 72 L%
L T\ CCS-QCD-class2 k<) TH-o7z. SKLIXT
RTOT TV r—yay - 7—=X2TTX2 &0 & EWVIERE
ERT—H, E—2ZMHERETIE TX2 2@ nwH kR

o7z,

SE R
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