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Acceleration of Uniform Grid-based SPH Particle Method using CUDA

TaxaDpA Kiser! OnNO KAzUHIKO!

Abstract: SPH particle method is widely used in various physical simulation fields such as fluid analysis.
However, the demands for higher accuracy and larger problems increase the computation cost enormously.
Thus the acceleration of the method have been studied. Recently, applying General Purpose computing on
Graphics Processing Units (GPGPU) has achieved higher performance than using traditional CPU. High per-
formance computing on GPU requires hand optimizations using low-level code considering the GPU hardware
features. However, the recent advance on the GPU architecture and the optimization techniques enabled
further improvement on implementing the method.

We implemented SPH particle method using space partitioning based on an uniform grid. Increasing coalesced
accesses on GPU largely reduces the memory access cost and improve the performance. For this purpose,
we introduced an array-based hash grid data structure with particle sorting and AoS(Array of Structure) to
SoA(Structure of Array) conversion. As the result of evaluation, our scheme improved the performance of
SPH particle method.
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struct Particle{
float posx, posy, posz;
float velx, vely, velz;

float density;
float pressure;
float force;
}particles[N];
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struct Particles{
float posx[N], posy[N], posz[N];
float velx[N], vely[N], velz[N];

float density[N];
float pressure[N];
float force[N];

}particles;
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