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Parallelizing Particle-based Simulation on Multiple GPUs

TAKAHIRO HARADA, ! IssEl MAsaIg, 213
SercHr KosHizuka? and YoicHIRO KawaGuUcHI ™2

This paper presents a method to parallelize particle-based simulations on
multiple processors. The computation model that puts a processor managing
computations of all the processors is not ideal for parallelization because the
managing processor can be a bottleneck of the simulation because it cannot be
parallelized. Therefore, we propose another strategy wherein all the processors
manage their own data, respectively. When parallelizing a particle-based sim-
ulation, the transfered data between processors have to be calculated in each
time step because particles moves freely in the computational domain and this
can be an overhead of parallelization. In order to avoid additional computation,
we used the grid constructed to improve the efficency of neighboring particle
search to compute the data have to be send. The present method was used to
implement Distinct Element Method (DEM) on multiple Graphics Processing
Units (GPUs) and the computational times are measured.
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Fig.1 Decomposition of the computation on 2 processors.
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Fig.4 Particle data sent to the neighboring processor. The gray region is the ghost region in the

computation domain of p0 and the colored particles are the particles sent from p0 to pl in
the left figure. The distribution of these particles at time ¢ is shown in the right.
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Fig.5 Parallel and serial bandwidth test on 5 GPUs.
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Fig.6 Compuation geometry. Computation domain is divided into four domins. A GPU is

responsible for a domain.
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Fig.7 A screenshot from a simulation using 500,000 particles.
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Table 1 Comparison of calculation time (in milliseconds).

1GPU 2GPUs 4 GPUs

N of P Sim Total Sim Total Sim Total

200K 17.57 | 17.57 | 10.56 | 11.31 6.22 7.06

400 K 33.53 | 33.53 | 17.23 | 18.44 9.68 13.97

600 K 53.82 | 53.82 | 24.98 | 27.09 | 13.89 | 18.31

800 K 71.96 | 71.96 | 31.17 | 37.75 19.99 | 24.49
1M 93.76 | 93.76 | 44.45 | 46.59 | 23.19 | 30.69
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Fig.8 Computation time using 2 GPUs.
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Fig.9 Computation time using 4 GPUs.
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Fig.10 Number of transfered voxels.
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Fig.11 Ratio of the data processing in transfer time.
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Table 2 Comparison of rendering framerate (frames per second). In solid, all the particles are
rendered. In surface, only surface particles are rendered.

N of P Solid Surface
10K 151 181
20K 123 177
30K 99 164
40K 80 160
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Fig.12 Rendering of surface particles. The top figure shows a rendered image and the bottom is an
image in which a clipping plane is set to show the cross section.
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