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Figure 1 General multi-layered parallel computing models for numerical simulation
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3 FOR (i=1, ..., 9) DO in parallel
4 9 4 9 fill in the ghost zones for
neighbor subdom. using the
5 5 ) 5 general para. prog. models.
8 8 ENDFOR
FOR (i=1, ..., 9) DO in parallel
i 6 ; 6 call number. kernels for subdom.
ENDFOR
9 subdomains Ghost zones for 5-th subdomain Parallel algorithm template

2 FXEHRBIBEHA halo-exchange HITEERIRE

Figure 2 Subdomain data structures and halo-exchange parallel algorithm template
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Figure 3 Domain-specific multi-layered parallel computing models for numerical simulation
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T0Z Nt S XN A8 X TR 25 9 B TR SR A 7 R 1 1 X, A1 XA 25 B B S R R &
JRJE T XN <M (Patch)”, FrA WA T “MH6 )2 (Patch Level)”. MA% 2 H1 iR 4% 7 43 BC 2
CPU #%, AL LIHA 1 AN AWK . AR5 XIRAEE & 70 2 8], WA AN Z AN Z R
g, UL T RAUA RGN 2 R R E, 1T 2 Huifr ik, HAl, JASMIN HEZE 5]\ 1 P4~ [E]
2, 53 IR R p AL CPU, BATKSR AT LA Patch Al PatchLevel K7€ Y. 752 X5, F1a] 2k
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Structured mesh 1-th level partition 2-nd level partition 3-rd level partition

Mesh-machine Subdomain-node Subdomain-CPU Subdomain-core

4 WHERXEEEHMIEN 3 BHRERIDRE

Figure 4 Three-level partition for structured mesh of computational domain
Multi-layer nested
architecture [ Node ]‘[ CPU H Core ]—[ Cache ]—[ ILP ]
Multi-layer nested 1-th level 2-nd level 3-rd level
data structures [ Patch H Patch H Patch Patch Data Cells Cycle

pg?mldzﬁi‘gtlik [ MPI H DSM ]—[OpenMP J—[ Prefetch ]—[ SIMD, Vect.]

5 JASMIN #ERK % RREHRLSIITE
Figure 5 Multi-layer nested data structures for JASMIN framework
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BB FE KRR AE M HE PR AR B 55 ), 05 DU Fourier A8 (FFT). PRIE 2 W 75005 16 5551
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R RO AT BT EATTR] DA A T 25054 CPU R se sl A/ 2R e KL
FACKRET B EEAR Y, SEBL 1 5 T A U ML PR A . PR TR, X AN 51 H X S
L ILAEREAR, AN 1ES % JASMIN HEALRTT 281 K JL W BT b 41 s (1 AH 9% 2 2% SR

5 51

MR ENAE R R <455 —CPU— #% —Cache—ILP” 112 Z R E A 7 A I 1 = 1 Ag
FRUE. 52 MG, BT w0 20 “MPT-—DSM-—OpenMP— {4 L —SIMD 8¢[7]
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ST MRS AT, HER MRSV, T ORANE AT AR A 5 T EA LS brig 47 RS 2 (]
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ac.cn/jasmin/index.php?page=lareds.
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Research on the components and practices for domain-specific
parallel programming models for numerical simulation

MO ZeYao*, ZHANG AiQing, LIU QingKai & CAO XiaoLin

Institute of Applied Physics and Computational Mathematics, Laboratory of Computational Physics, Beijing
100094, China

*E-mail: zeyao_mo@iapcm.ac.cn

Abstract This paper analyzes general parallel programming models and identifies the general parallel pro-
gramming models stack used for high-performance numerical simulation. Then, on the basis of this analysis,
domain-specific parallel programming models are presented and their main constitution, including data structures,
computational patterns, component models, and programming frameworks, discussed. The inherent relationship
among these elements is also analyzed. The J Adaptive Structured Mesh application INfrastructure (JASMIN)
framework is used to verify and validate the possibility and effectiveness of these models. Domain-specific parallel
programming models will significantly improve the development efficiency of parallel application software.

Keywords numerical simulation, application software, domain-specific parallel programming models, parallel
computing models, JASMIN
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