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Parallel Implementation of SIMPLER by Using Domain Decomposition Technique

H 3 AH)
Ho Sang Kwak

A parallel implementation is made of a two-dimensional finite volume model based on
the SIMPLER. The solution domain is decomposed into several subdomains and the
solution at each subdomain is acquired by parallel use of multiple processors.
Communications between processors are accomplished by using the standard MPI and
the Cray-specific SHMEM. The parallelization method for the overall solution procedure
to the Navier-Stokes equations is described in detail. The parallel implementation is
validated on the Cray T3E system for a benchmark problem of natural convection in a
sidewall-heated cavity. The parallel performance is assessed and the issues encountered
in achieving a high—performance parallel model are elaborated.
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Hyun[7]o] €% R4 E A2 AAAE A28t SIMPLER[6] #4e f3A3 wmdo|th xjujw
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Holl ojs A4t} o] de AZte} WA E 11, F0 dEiA s 2318 FB/EE 71z
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HAAE o] 43 YL Rayleigh £ Prandtl $& 2tz 10°, 0712 TAA AT 9 &5 27| 2
AegHY 29 2x FAAZAEL AHANA FEHE #53Y 224 Adsd 9E 5=
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g wdsiy AN ARG ARE (5.l [Mfiops) length 5%} [Mflops]

Table 1°] A=At Ay AFHA 32x32 3876 1989 29.63 14.11 54.64
Cray CO0AM = A4t BEF ¥ Lozt 64%X64 1074 3054 6125 8727 37.58
71% dojQl 1280 ZHYTE £& A% 96X96 2149 3502 89.68 209.7 35.89
& Ho|x Yt Cray T3ES A S Az 128X128 3564 3790 1200 3745 36.07
271 32x3291 AS 7HY T Ayl m 160X160 6102 3480 7710 5873 36.17

o BAls st AAEE gase  192X192 8270 3712 9263 8522 3602
Ararh X6 olold Ao maw | 24X24 1099 3812 1065 1207 3471
T < 256256 140.1 3915 1217 1534. 3576

Aeel dEdn Al eldF BRAT 436 2848 3867 1153 3220, 3401
Cray T3E9 &=dojy EFAd 71A¢
Aol RISC %9l Cray T3ES CPUE Table 1 Performance of the original sequential model.
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A FAsE FHH A4 Akl 9@ arithmetic overheadst WA 37} Fdsts T2 AL A
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3) B4 vxd wae xWE FAFEZ 12879 PEE 71Ax 9u. 4 PEE A3 4% 09 Gflops® DEC
alpha RISC chip CPU$} 128 Mbytes ¢ "2z 2 FA€ch Aa PEE 324 torus 722 dEH dxn
PEZF Aurer digZ ¢ 500 Mbpselth ¢l A3 A%< 115 Gflopselth.
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oq71d) 23d.
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By o] ¥y zgadg AT

ol# 3 HAL A MPIS SHMEM F 71x] @73 & ol&/1%s ¢ 8 Z=E M3t 44
2 Zzahe 3 A8 FAAHHUEC Ao F(define statement)S AHEste MPIs SHMEM %
g 7tz EASHES HEE 5+ 9EF 349t PE $(NPE)E 43¢ 938 d9d9 7A+z =3
V58S sl on NPE=10Jd £4% Q& £y Edo] HEZE 3]}

dutd oz A mde HES Y Yo HAF PAHol HE AL P el [3]. Y&
F=d A= AlEE TDMAE 9Htd o2 o] AlLEHR Qe diger on o8 yeje WA
wilo]l o=z ¢tk [3812] = Ysyb MDMPM(Multi-Domain and Multi~Partitioning
Method)2 $9¥ TDMA 71¥3 F8Hoz Aistxez g4A3 dXsts HPHYolAN 48
FZ=d WF digHgd £He] 8FHE Heol wHelrt, & sy SGEA(Substructuring
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Gaussian Elimination Algorithm)& 5% #3 ¥ 538 TDMAE ¥He #HZsid A44SR
02 X#ste WYYl FdHo2E TDMASH Y3y 4 whdo] g A4std #AHA
T & dyoltt. 2y YE TDMAo FA4T o] F 714 YL vtz FAEL Fuksly A
AZE s 7HA RG] Roldlx] gL EFF 99L JlAE S H 487 o oy @
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(Solver ¥ LTDMA(Solver I)9] % 71A 88 P& &3t
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Fig. 2 Results of parallel performance tests.
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#H gl 29 el +H4E ns o ot compuing e Soer )
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S 83lqd 8 F¥ % Iteration & Table 29

Azlstglct Solver 119 3% £aF side Algsle total number
%131} 97t iteration F7F F7MEm oy AA) NPE of iteration
2 AL v Aoz o o T 2 Solver I Solver 1I
e Bgdez 49stsd Aoz ARy 1y 1 13042 13042
= o= I o 4 13481 14804
EAo] Az ASLE Adsuns oA T 9 13042 13527
subdomain9] 37]7]' %ﬂﬂ' %ﬂa %Agéol‘% X 16 13480 14423
g8 & de Afoe ol Solver II 9 & 2%5 13263 14645
A g3 TDMAS &L AAZF sidol ¥ 36 13265 14679
o] E AolE RHojA] Yy WEojth 53 E A 43 13265 14708
Fo dad 34 Ade Fele 2 Rzt 64 13264 14726
H% 228 Aotk Solver II7]-TSolver Id w3 81 13264 14530
Troasss s 100 13262 14550

A9 F wje] ke H%e BeFE A A
W Ao Solver I8 Hwe] H8HYL Table 2 Total number of iteration required
A A gt} for convergence
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