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Abstract — This paper presents a Reynolds equation solver for hydrostatic gas bearings, implemented to run on
graphics processing units (GPUs). The original analysis code for the central processing unit (CPU) was modified
for the GPU by using the compute unified device architecture (CUDA). The red-black Gauss-Seidel (RBGS)
algorithm was employed instead of the original Gauss-Seidel algorithm for the iterative pressure solver, because
the latter has data dependency between neighboring nodes. The implemented GPU program was tested on the
nVidia GTX580 system and compared to the original CPU program on the AMD Llano system. In the iterative
pressure calculation, the implemented GPU program showed 20-100 times faster performance than the original
CPU codes. Comparison of the wall-clock times including all of pre/post processing codes showed that the GPU
codes still delivered 4-12 times faster performance than the CPU code for our target problem.
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Fig. 1. Schematics of (a) CPU and (b) GPU.
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Fig. 2. Schematic of analysis model.
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Fig. 3. Flow chart.
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2-2. Red-Black Gauss-Seidel
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Fig. 4. Schematic of (a) Gauss-Siedel and (b) Jacobi
iterations.
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Fig. 5. Red-Black nodes in Red-Black Gauss-Seidel
iteration.(red: empty, black: filled)

// Red-Black Gauss-Siedel iterative pressure solver structure
void Pressure_CUDA:iterate(){

dof
redblack = 0; //1st pass
iteratePressure_kernel< < <blocks, threads, Mem_size>> > (-, redblack);
cutilSafeCall(cudaMemcpy(..., cudaMemcpyDeviceToHost));
redblack = 1; //2nd pass
iteratePressure_kernel < < <blocks, threads, Mem_size> > >(--,redblack);
cutilSafeCall(cudaMemcpy(..., cudaMemcpyDeviceToHost));
// ... Error calculation
}while(error>criteria);
}
__global__ void iteratePressure_kernel(int *d_MeshType, -,
int ildx = threadldx.x;
int jldx = blockIdx.x;
if(((ildx+jldx)&1) == redblack) { // Red or Black node
// ... Coefficient calculation

int redblack ) {

// ... Pressure update

// ... Error calculation

}

Fig. 6. Part of implemented code.
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Table 1. Timing results of three mesh sizes
Mesh
size
CPU/ CPU CPU+ CPU CPU+ CPU CPU+
GPU only GPU only GPU only GPU
17.7 08 1354 23 2861.6 26.8
IterateP
(86%) (16%) (92%) (14%) (93%) (10%)
Iterate 2.2 2.6 6.0 4.9 722 334
pocketP (11%) (52%) (4%) (29%) (%) (13%)
Mem i 0.8 i 3.7 i 54.1
Copy (16%) (21%) (21%)
0.7 0.8 5.7 6.0 1406 1419
B3%) (16%) (4%) (36%) (5%) (56%)

Total 206 5.0 147.1 169 30744 2562
(sec.) (100%) (100%) (100%) (100%) (100%) (100%)
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