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Study on Performance Improvement of Open Source CFD Code SU2 on
Linux Cluster through Compilation Optimization

YANG Fujun'?
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Abstract: In recent years,SU2, an open—source CFD software developed by Stanford University, receives increasing attention and application

in the field of high—performance computing (HPC). Therefore, it is important to explore how to improve the parallel computing efficiency of the

software. Based on HPC cluster named “Magic Cube 1117,

the study investigates the impact of the type of compiler and MPI, compilation opti-

mization parameters, and combination of MPI and OpenMP on the parallel computing efficiency of the SU2 by solving DLR-F6 model. The re-

sults indicate that the ICC/ICPC compiler and Intel MPI perform better; O3 level optimization, specifying CPU architecture,, using MKL librar-

ies, and a combination of mixed precision options can significantly improve parallel computing efficiency ; For multi-node computing

, hybrid

parallel mode with proper OpenMP threads setting can further improve computational efficiency than only MPI mode.

Key Words: SU2 software; Linux cluster; parallel computing; compilation optimization
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®1 “BA-IVEETETREER
CPU Ml 45 N AP

Al CPU#LS CPUMK
/GHz /GB
PR R
Intel Xeon 6142(16 cores) 2 2.6 192
(32cores)

1.2 HRERE

CRE T =37 RTINS RAE R G R CentOS
Linux release 7.5.1804, & 4t A 47 GCC 4w X 4% , A 5 K
4.8.5, K IBM Spectrum LSF 10.1 /LA R 55 .

2 SU2EMEIFENE

2.1 HRIFREER
ASCAHH SU2-7.5.1 IRAREARAS o IR AR LT CH+5

5, 2 HF GNU GCC/G++ i 1% 2% . Intel ICC/ICPC % 13 #i 11
Apple LLVM (Clang) i % %% o 45 Jit 15 2 iUAS 2R R : GCC>
=v4.7 . Clang>=v3.0 5§ Intel C++>=v12.01"¢", J4h, SU2 Ffili
FH Python3 iz AT 4m PEIIAS o 2P SCHREIFAT I Y SU2 K i
w9 B4 MPL T H . SU2 32 5 4f Fl OpenMPI''7) | MPI-
CH'"™) IntelMPI'"'4 MPI T H.,
22 HEFMRAER

SU2 S R AL 2 | SR B0 BN [A) B d 16 4 L R PR AR
BN MPL 2 S 3 AT 9 155 . ARBFSR A T SU2' B
HIFAL VLA, R TR A2 2R A4 185 e R B0,
BT B PR R B I ) AT AR DA R A A5 D T
IPEAL o B R F B g PR AL T an 3% 2 i . Horh g i
FROT I TS K ARAL T B AR 2, St A S R AL
H K o A SCH 5 3 B 0-3 AN R A Ak i i) 4 45 1 Ak
Tt A PR R S T VE T A 3 T DL K ) o Ak T
LA T, A DGR I, 23 XoF SR figh 25 1) PR e 7 AR H Y
Wi, 7 3C%F T MKL R OpenBLAS FE RO RE2E 5, DL J 2
75 R FHIR ARG HE % SU2 SR i g ME BB B9S2 R . MPT 28 7Y
77 1 , SU2 37 5 B zii MPI A1 MPI+OpenMP B9 & 4715
1 o T A N Y G PR R T, X OpenMPT ,MPICH Al IntelMPT
= b MPIZE I MPI+OpenMP JF A TR R AT 0T 5%

Table 2 Compilation optimization options of SU2
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Fig.1 The impact of OpenMPI and GCC/G++ versions on SU2 per-
formance
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Fig.2 The impact of MPICH and GCC/G++ versions on SU2 perfor-
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Table 3 Computing performance comparison of SU2 benchmark solv-

ers

#x3 SU2EAERMEFITE MRS

S PF B ANRRA MPIZERY AR A IHEFRERT /s
GCC/G++-11.4.0 OpenMPI-4.0.7 810.6
ICC/ICPC-2021.10.0 OpenMPI-4.0.7 691.4
GCC/G++-11.4.0 MPICH-4.0 1036.3
ICC/ICPC-2021.10.0 MPICH-4.0 866.7
1CC/ICPC-2021.10.0 IntelMPI-2021.10 675.5
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Table 4 The impact of compiler optimization level on the computing
performance of SU2 solver
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Table 5 The impact of compilation optimization options on the com-

puting performance of SU2 solver
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Table 6 The impact of linear algebra compilation options on the com-

puting performance of SU2 solver
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Fig.3 The computation time varies with the number of threads in

each MPI process (2 sockets 32 cores per node)
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