Faak 1o A I = Vol. 44 No. 10
2017 4 10 A COMPUTER SCIENCE Oct. 2017

B A 2 ¢ E OpenFOAM B S 4L

HER XEHE FEX Mg
(LR BAZERETEFS 20024001 (ATl k2 £ 152-8550)%

i E ARKHAIAZRN—H Top500 A% L4 % — ey A %3+ F AL, % 48 125. 4 PFlops, &3t 4t H £
Z)azh T H * SW26010 A4 %, OpenFOAM (Open Source Field Operation and Manipulation) 5 %4k /1 &
ABER RS ZHTFREMC, A TEATF CHH S0, 5 R Kb L6 F M A2 E SW26010 49 %475
BRER, ALK ERAEZEM LA RIELT, LT SW26010 89 4/ MK & ZEMBHET OpenFOAM #9433t
AR, FRRRAETRHBREANT KRB RBEREEGRA, Wb, BLFHBBE @ FLANEFFHA
F B, R ARG B EBRARE T 8. 03 45,4 Intel(R) Xeon(R) CPU E5-2695 v3 # % 47 AT 4L 5
T L1845, Aud, ¥ 2B LAY BRI THRKAZ LG XIMAREH L, FHFTRTY REMNK,256 Mza b
RILT 184, 9 fthmik, RAMBHF XL FRLTASEME L CHHR2F AR R X AZ L Loy B A RE
FEEE AR A %, OpenFOAM, F-H#) % 44052 5 , 4% A8 23T L

hEESEE TP317 TERERIRES A DOI 10. 11896/j. issn. 1002-137X. 2017. 10. 012

Porting and Optimizing OpenFOAM on Sunway TaihuLight System

MENG De-long" WEN Min-hua’ WEI Jian-wen' James LIN"?
(Center for High Performance Computing, Shanghai Jiao Tong University, Shanghai 200240, China)!
(Tokyo Institute of Technology, Tokyo 152-8550,Japan)?

Abstract The Sunway TaihuLight supercomputer based on the Chinese-designed many-core processors is the world’ s
fastest system with a peak performance of 125. 4 PFlops. OpenFOAM (open source field operation and manipulation) is
one of the most popular open source computational fluid dynamics (CFD) software which is written in C+ -+ and not
fully compatible with compilers on the heterogeneous many-core processor SW26010. This paper ported OpenFOAM
based on SW26010” s MPE (management processing element) /CPE (computing processing element) cluster architec-
ture. To overcome the compilation incompatibility problem, we adopted the mixed-language application design. We also
applied several SW26010” s feature-specific optimizations on the hotspot of OpenFOAM to deliver high performance,
such as the register communication, vectorization, and double buffering. The experiments on SW26010 using real data-
sets show that the single-CG (core group) code runs 8. 03x faster than the well-tuned version on the MPE, and the per-
formance of single-CG is 1. 18x higher than the serial implementation of Intel(R) Xeon(R) CPU E5-2695 v3. We also
optimized the parallel implementation of OpenFOAM and yielded speedups of 184. 9x on 256 CGs. The porting methods
and optimizations presented can also be referenced for other complex C+ + programs to achieve high performance on
SW26010.
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