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Abstract: A parallelization of the bi-conjugate gradient solver for the pressure equation of the CUPID
(component unstructured program for interfacial dynamics) code, which was developed for analyzing the
components of a pressurized water-cooled reactor, was studied in a symmetric multi-processing system. The
parallel performance was investigated for three typical parallel programming models (MPI, OpenMP, Hybrid)
by solving incompressible backward-facing step flow at various grid resolutions. It was confirmed that parallel
performance was low when problem size was small or the memory requirement for each thread was
considerably higher than the cache memory. Furthermore, it was shown that MPI was better than OpenMP
regardless of the problem size, and Hybrid was the best when the number of threads was relatively small.
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Fig. 1 Structure of SMP parallel computing system

Fig. 2 Partitioned mesh for backward-facing step
flow problem
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Fig. 3 Streamline of backward-facing step flow
problem

st Hapde = FHo] EA]¥ Intel(R) Fortran
Composer XE 2013 for linux™E ARE3IITE 2
Tl A AREEE AMF =Z3E IntelR) Xeon CPU
E5-2670 A% 2709} 64GB2] vl wlEel = A
o] 9lt} Intel(R) Xeon CPU E5-2670 A& 29
F7F 2.60GHzQ! 2d| =7 g7/= A E] lom,
7} 2 e 20MBo] SHAQl A4 WEYE B

Har
Sl QITh Fig 12 & Aol A ARE-3 sMP 84
o N2El GRS UBhITh AREARS PEAE wE
of Agstel A B AREE AR =W A4S
TR AR Y o B89 e v
Aol AT wr] Agje] Eupar At sl
A AR e Adshd EAE T8 3 A
Hell g&atel Aagh dolHS Al =re Hil

1
Mzelz BAskn AL SRRk

22 CUPID Z=

A4E JAAFAN Y A5 AFe ol F
% 2 BAR /155H GHER AR oS0

o

83t ¥y CUPID Ft9 Aesia 73

Table 1 Memory requirement for each problem size

Number
23,000/100,283 [144,000| 288,305 (1,472,000
of cells

Memory
requirement 12 36 40 120 480
(MB)

* CPU E5-2670(Cache memory of 1 thread : 20MB)
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Fig. 6 Schematic of hybrid parallel computing using
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Fig. 8 Comparison of parallel performances of Bi-CG algorithm in CUPID code for the three meshes
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