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for SPAM Particle Simulation on SMP-PC Clusters
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There are few cases that hybrid parallelization using message-passing and shared-memory
models simultaneously outperformed pure message-passing model on SMP clusters. To study
this behavior, we evaluate our MPI+OpenMP hybrid model for the SPAM (Smoothed Particle
Applied Mechanics) particle simulation on an SMP-PC cluster. As a result, pure MPI model
outperformed hybrid one. Our performance analysis showed that low performance of our
hybrid model was caused by high L2-cache miss-hit ratio. Also, we discuss issues of OpenMP
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on such a problem.
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Fig.1 Initial velocity in x-direction.
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Table 1 Breakdown for the execution time per step.
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!$0MP paralleldoprivate(i,j,xij,yij,rr,rij,w,wp)
do ij=0,npair-1
i = ipairs(1,ij)
j = ipairs(2,ij)
xij = x(1) - x(j)
yij = y@) -y
if(yij.gt.+0.5*%ny) yij = yij - ny
if(yij.1t.-0.5*ny) yij = yij + ny
rr = xij*xij + yij*yij
if (rr.1lt.rlucy*rlucy)then
rij = sqrt(rr)
call pot(rij,w,wp)
'$0MP critical
fx(i) = £fx(i) - wp*xij/rij
£x(j) = £x(j) + wp*xij/rij
fy(i) = fy(i) - wp*yij/rij
fy(§j) = £fy(j) + wpkxyij/rij
'$0MP end critical
endif
enddo
02 0000O0OO0O0O0O0OOOOOoo
Fig.2 Core part of force calculation code.
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Table 2 Conditions for the simulation.
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Table 3 Load balancing with cell mapping.

0000 ID | flat mapping
366,719
387,360
1562,349

1535,350

cyclic mapping
972,417
974,227
962,881
954,058

W N = O

'
i

1node(flat) —&—
1node(cyclic) —=—
2node(flat) - 4
2node(cyclic) -
4node(flat) -
4node(cyclic) ---
8node(flat) -
8node(cyclic) -
12node(flat)
12node(cyclic)

i
N

b e

=
o

[4
L

o«
xteo

Elapsed Time / step (sec)

Number of Processors
03 0OO0O0O0oOooooo
Fig.3 Effects of cell mapping methods.
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Table 4 Effects of thread scheduling methods.
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Table 5 Load balancing with thread scheduling.
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Fig.6 Execution time for MPI-Only and Hybrid codes.
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Fig.7 Force calculation time for MPI-Only and Hybrid
codes.
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Table 6 L2 cache miss-hit ratio in force calculation.
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Fig.8 Data access pattern in force calculation.
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