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Parallelization of Direct Simulation Monte Carlo Cade Pstc_2d
Norio KISHIDA®, Mitsuo YOKOKAWA, Tadashi WATANABE and Hideo KABURAKI

Center for Promotion of Computational Science and Engineering
Japan Atomic Bnergy Research Institute

Nakameguro, Meguro-ku, Tokve

(Received February 8, 1996)

Pstc 2d code which simulates the two-dimensional Rayleigh-Bénard flow using the
direct simulation Monte Carlo (DSMC) method has been parallelized on Intel Paragon
XP/S15-256. The parailelization was carried out by employing message passing method.
1t has been made clear that parallelization efficiency is considerably worse when
the number of processor elements becomes large. It is because the number of message
passing increases in O(n?®), A new algorithm which decreases the number of message
to 0(n) is proposed, and it gives a little affect on physical accuracy of calculated
results. It was found that parallelization using the NX [ibrary is three times faster
than parallelization using the PVM, Utilizing a large memory space of the Paragon, the
Rayleigh-Beénard system in the cavity of 44.8 mm in width and 5.6 mm in height with 1.28
million particles has been computed. The number of rolls agrees with that obtained by
macroscopic hvdrodynamic models. From this result, it is found that the DSMC method is

applicable to simulate a continuum flow in a large scale system

Keywords: Parallel Programming, Paragon, DSMC, Rayleigh-Bénard Flow, Monte Carlo Simula-

tion, Calculation, Pstc 2d
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Table 1

Execution time on Paragon.

Number of PE’s

Execution time (s)

Speedup Ratio : S,

Efficiency : Uy (%)

1 920.2 1.00 100.0
2 497.5 1.85 92.5
4 260.5 3.53 88.3
8 142.6 6.45 80.6
i6 114.9 8.00 50.0
32 97.4 9.45 29.5

Table 2 Execution time for every time step with various aspect ratios.

Aspect ratio

Number of PE’s

Execution time (s)

2 32 3.36
4 64 3.60
8 128 3.63

Table 3  Execution time ratios of PVM to NX library for every 50 time steps.

Number of PE’s | NX (s) | PVM {(s) | PVM/NX
2 497.5 1407.1 2.82
4 260.5 745.0 2.86
8 142.6 390.7 2.74
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(a) A domain decomposition
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(b) A cell decomposition

Fig. 1 Schematic diagrams of a domain decomposition (a) and a cell decomposition (b). A
simulated area is divided into 30 cells and five PE’s are used. Each PE calculates a flow in an

area surrounded by the thick solid lines.
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PEO PE1 PE2 PE3 PE4

Fig. 2 Small rectangles represent sampling cells. Large rectangles surrounded by thick solid
lines represent domain decomposition arcas. From the principle of DSMC method, data transfers
between PE’s are needed because a particle in a cell can move to any cell after a collision.
However data transfers between two neighboring PE’s are only needed, because a particle can

move within a mean free path at each time step.
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(a) Serial
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(b) Parallel

Evalved velocity fields of the two demensional Rayleigh-Bénard flow with aspect ratio

Fig. 3

of two. The upper figure shows a result of a serial programming and the lower figure shows a

result of a parallel programming. Both results are in good agreement.
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(b} Cyclic boundary conditions

Fig. 4 Evolved velocity fields of the two demensional Rayleigh-Bénard flow with aspect ratio
of four. The upper figure shows a result of the reflecting boudary conditions and the lower figure

shows a result of the cyclic boundary conditions. The positions of the roles are different.
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Fig. 7 Speedup ratio vs. number of PE’s is shown by the solid circles and solid line. The

broken linc shows the theoretical maximum speedup ratio.
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1482 Pstc2d T—F2ADYTIL—F 2 : datain

subroutine datain

include ’./cmdsme kis’
character parms(7)*16

¢ Input the data

read( 5, ¥ } npex, npey, irstrt, Istbgn, lstend, ran, aspect, dir

ny = 20

nx = ny*aspect
vlen = 0.0056

xten = ylen*aspect
dx = xlen/real(nx)
dy = ylen/real(ny)
npcint = 400

ntrack = 100

preini = 200
tmpini = 80.0
tmfetr = 0.9
louter = 100

linner = 2

lequil = 0

¢ Output the data
write(6,6100) nx, ny, ran, aspect, Isthgn,

& lstend, louter, linner, lequil, npcini,
& tmpini, preini, tmfectr, irstrt

6100 format(// 5x,’=== | Input Data ; ==="52("="),//
& 10x, Number of Sampling Cells 0,
& 15, *,i5//
& 10x,'Rayleigh Number ;7 f15.2/
& 10x,” Aspect Ratio 21527/
& 10x,’Statisticss file starting number : ’,i10/
& 10x,’Statisticss file ending number @ ’,i10/
& 10x,"Number of Quter Ierations : 110/
& 10%,"Number of Inner lerations : 7,310/
& 10x,’Number of Iterations of Void Loop : ',i10//
& 10x,’Number of Particles in a Cell ~ :"110//
& 10x, Initial Temperature [K] :7,eld.5/
& 10x,’ Initial Pressure [Pa] :7,el5.5/
& 10x,"Time Step Factor 1 ,el15.5//
& 10x,'Restart or Not ( 1 : Restart ) :,il0//
& 5x,75(=")//)

¢ Data check
ngcell = nx*ny
npe = npex*npey

ncellp = ngcell/npe
nomols = ncellp*npcini
if( ncellp .gt. maxcel ) call errorp( 1001, ncellp )

if( nomols .gt. maxmal ) call errorp( 1002, nomols )
if( npe .gt. maxpe ) call errorp( 1003, npe )

return
end



