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Porting Algorithm and Optimization of Incompressible Solver for

Multi-heterogeneous Platforms
MA Wenpeng'* , LI Ruiying' . YUAN Wu’"’, GAO Lingyun®’, ZHAI Huanxin'
(1. College of Computer and Information Technology, Xinyang Normal University, Xinyang 464000, China;
2. Computer Network Information Center, Chinese Academy of Sciences. Beijing 100083, China;
3. Chinese Academy of Sciences University, Beijing 100049, China)

Abstract: The parallel algorithm of icoFoam, a typical incompressible solver of open-source Computational
Fluid Dynamics software OpenFOAM, on heterogeneous platforms was studied. A multi-heterogeneous
platforms compatible data storage structure was designed for OpenFOAM, and a scheme for porting icoFoam on
two mainstream heterogeneous platforms was proposed in conjunction with the Heterogeneous-Computing
Interface for Portability (HIP). Meanwhile, an efficient matrix format conversion algorithm was proposed when
using the Krylov subspace linear solver in icoFoam, and the coupled hipSPARSE and hipBLAS libraries were
implemented to solve the pressure and velocity equations efficiently. Experimental results showed that this
unified porting scheme improved the computational efficiency of the icoFoam solver more substantially on both
AMD and NVIDIA heterogeneous computing platforms, obtaining 20. 5 and 38. 4 times acceleration compared
to the CPU, respectively.

Key words: heterogeneous computing platforms; computational fluid dynamics; Heterogeneous-Computing
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Fig. 4 Interpolation of grid cell center data
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Fig. 7 Example model of Cavity
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Tab. 1 BlockMesh setting of Cavity
S TR SRR
scale 0.1
movingWall wall
fixedWalls wall
front symmetryPlane
back symmetryPlane
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Tab. 2 Comparison of serial and parallel computation

time of surface field

tepu/ troem/ ROCm  teupa/ CUDA

5] \
L AL/ ms  MEEH/f

ms ms

20X20X20  83.0 22.5 3.7 15. 4 5.4
40X40X40  669.6 83.1 8.1 56.3 11.9
60X60X60 2 780.9 112.0 24.8 81.3 34.2
80X 80X80 7 247.5 173.4  41.8 124.8  58.1
100>X100X100 14 981.1 227.1 66.0 171.7 87.2

R 3TN [ RS RS T 2H 2 AR MO [ A
F B L. MR 3 KR E R, LB
GPU By 41347 0 S 38R W 88, 76 ROCm
WHS-& LR ek 2. 6~43. 3 5, CUDA #15
V-5 BRI LR 5. 4~66. 4 1%, (HAFEEHE,
B 2 FE AT LDU % U M R B 3emd i T
KUK BE J5 7 # A RS Qe . AR L T CPU A9 I ]
JEFHRAE I S B AR A BRI AT I3, X F 245
g T IR BARE DI & LA B,

®3 EHEARBTMFTIHERE L
Tab. 3 Comparison of serial and parallel computation

time of matrix assembly

tepu/  troew/ ROCm  teupa/ CUDA
ML /fE ms  IE L/
20X20X20 42.8  16.2 2.6 7.9 5.4
40X40X40  360.3 38.3 9.4 23.1 15.6
60 X60X60 1691.4 91.6 18.5 63.6 26.6
80X 80X80 4 450.6 120.0 37.1  72.0  61.8
100X100X100 9 796.5 226.4  43.3  147.5  66.4
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I 6 25 H T 4 948l PCG il BiCGStab >R figt—
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SR [ A X 4 I 1] (20 ms 2245 ) M G TSR R —
LR M 2R B8 B B AL IFAS (5 3 R T e e 2
AN SR Sife 0 R AR — U T A B ] 25 #0  ER fi
— ARG, L, B 4 B 1) AR 6 TR AN I
B AR A 100 ASEHEL L AR 1% A 4, I
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Tab. 4 Conversion time statistics of PCG algorithm LDU
format to CSR format

I % /1N I Rocm /TS tcupa/ms
20X20X20 0.8 1.3
40X40X40 3.8 2.1
60X 60X60 10. 8 6.2
80X 80X 80 20. 3 11.6

100X100X100 22.1 21.3

%5 MR 6 LA R KWL I T hipSPARSE
1 hipBLAS SZH 59 > Krylov T 25 [0 B9 £k M i
WL AR RE S I B S RF ROCm Ml CUDA ¥ &, I 3K
418 A5 A 37 A AR AR . TR R 4L
AT B AR 23 I ), DX T icoFoam , %
PRTE S 47 15 B I 23530 24 20. 5 %51 38. 4 A .
x5 ETPCCHENZEREAR
BT AT I E W E X B
Tab. 5 Comparison of serial and parallel computing time

of linear equations based on PCG algorithm

f(‘m‘/ ZR()(*m/ ROCm I(*UDA/ CUDA

A KN
I/ ms /AR

ms ms

20X 20X 20 4.2 13.3 0.3 4.7 0.9
40X40X40 38. 1 14.9 2.6 6.8 5.6
60X60X60 152.1 17.8 8.6 8.8 17.
80X 80 X80  343.2 23.8 14.4 12.7 27.
100 X100 X100 753.6 34.8 21.7 20.1 37.

(SN ]

[@2]

® 6 ETF BiCGStab EiiH&MFRRA
BT AT E R E X
Tab. 6 Comparison of serial and parallel computing time

of linear equations based on BiCGStab algorithm

TR & F /)N teru/ troem/ ROCm  teupa/ CUDA

ms ms  JEE/AE ms  EE/ AR
20X20X20 4.0 11.7 0.3 6.3 0.6
40X40X40 36.6 13.0 2.8 7.6 4.8
60X60X60 154.9 17.0 9.1 9.4 16.5
80X 80X80 411.3 24.5 16.8 15.1 27.3
100X 100X 100 698. 2 37.8 18.5 18.9 37.0

5 #ig

ARSCH ] CPU+ GPU A 4% Ak 31 %% 4 AT 7%
MR B S 6 4 11 (HIP) 2L T A 1] JK 46 oK i 2%
icoFoam 7E i 28 F Ji 7 #4°F- 5 NVIDIA 1 AMD
B RE AR, BT SR A% I #03TA (] A R
BONM K i 28 IR AT Bk b e, &8 5



SO AR A L S K A T 1 20 5 RSP 65 RS T TROR i i A2 AR R ik A

OpenFOAM BRATFEF AR L 047, JE T 36 520 BE4RTE OpenFOAM MYTHFLRCR  RKMBIFAT 5T
T B BRI SIF TR BOT BB I BEI IR T Bk 20, 5 50 38. 4 f% .

2 & k-

[1] ZHANG Y, LU X B, ZHANG X H. An optimized Eulerian-Lagrangian method for two-phase flow with coarse
particles: Implementation in open-source field operation and manipulation, verification, and validation[ J]. Physics of
Fluids, 2021, 33(11): 113307.

[2] VAN PHUC P, CHIBA S, MINAMI K. Large scale transient CFD simulations for buildings using OpenFOAM on a
world’s top-class supercomputer[ CJ]//The 4th Annual OpenFOAM User Conference 2016, Cologne: ESI Group.,
2016 1-61.

[3] LINJ, WEN Minhua, MENG Delong, et al. Optimizing preconditioned conjugate gradient on Taihulight for OpenFOAM
[C]//2018 18th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (CCGRID), Washington.,
DC, USA: IEEE, 2018: 273-282.

[4] REN Xiaoguang, ZHOU Wenhao, CHEN Juan. Collective communication optimization for solving linear algebraic
equations[ J]. Advanced Materials Research, 2014, 989: 4934-4939.

[5] ROJEK K., WYRZYKOWSKI R. et al. Al-accelerated CFD Simulation Based on OpenFOAM and CPU/GPU
Computing[ C]//International Conference on Computational Science. Springer, Cham, 2021: 373-385.

(6] RZEW. HIl. BEN. 5. 1 OpenFOAM H 45 PETSc F 56 3E K MBI ATRRC//EHIUm b EE R h Y
A AR RS E L, KR PRSI NEELYRURIG FL N ZE RS, 2019: 99,

WU Jiaming, YANG Kai, LI Zhanpeng, et al. Integrate PETSc in OpenFOAM and verify massively parallel
efficiency[C]//The 19th China Aerodynamics Physical Gas Dynamics Academic Exchange Conference, Zhangye:
Physical Gas Dynamics Professional Committee of the Chinese Aerodynamics Society, 2019: 99.

(7] FhEtml, BRE e, 55T OpenFOAM (1R B = M 7 H M A K BT of 20 BOEAE B 4 BT, T E AR5, 2022, 17
(S1) . 43-51.

SUN Shili, CHEN Xuelong. Numerical investigation on water-entry slamming load of large trimaran connecting
bridge using OpenFOAM[]]. Chinese Journal of Ship Research, 2022, 17(S1): 43-51.

[8] HE Ping, MADER C A, MARTINS J R R A, et al. An object-oriented framework for rapid discrete adjoint development
using OpenFOAM[C]// Aerodynamic Design: Analysis, Methodologies, and Optimization Techniques III, San Diego:
American Institute of Aeronautics and Astronautics, 2019 1210.

[9] SIANO M . GELONI G , PAROLI B, et al. FOCUS: Fast Monte Carlo approach to coherence of undulator sources
[J]. Journal of synchrotron radiation, 2023, 30(1): 217-226.

[10] WANG Penfei, JIANG Jinrong, LIN Pengfei, et al. The GPU version of LASG/IAP climate system ocean model
version 3 (LICOM3) under the heterogeneous-compute interface for portability (HIP) framework and its large-scale
application[ J]. Geoscientific Model Development, 2021, 14(5): 2781-2799.

[11] KEHL C, NOOTEBOOM P D. KAANDORP M L A, et al. Efficiently simulating Lagrangian particles in large-scale
ocean flows-data structures and their impact on geophysical applications[J]. Computers &. Geosciences, 2023, 175
105322.

[12] BOROLE A, THIAGARAJAN K B. Numerical study of effects on vortex shedding patterns due to unsteady free
stream around cylinder[J]. AIP Conference Proceedings, 2020, 2311(1): 030035.

[13] BOUMZOUGH K, AZZOUZI A, BOUIDI A. The incomplete LU precondittoner using both CSR and CSC formats
[J]. Advanced Mathematical Models and Applications, 2022, 7. 156-167.

[14] TSAIY M, COJEAN T, ANZT H. Sparse linear algebra on AMD and NVIDIA GPUs: The race is on[ C]//High
Performance Computing, Cham: Springer international publishing, 2020. 309-327.

[15] HOP CJ W, JANSEN R. BESTEN M, et al. Hydrodynamics of a rotor-stator spinning disk reactor: Investigations
by large-eddy simulation[ J]. Physics of Fluids, 2023, 35(3): 035105.

RERBE R

639



