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Acceleration Technique of Computational Fluid Dynanics on GPGPU
— Over 60GFLOPS Himeno Benchmark Performance on 1 GPU —
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We present the acceleration technique of CFD (Computational Fluid Dynamics) on
GPGPU, that needs high memory bandwidth. The memory bandwidth and latency of GPU
are measured on various conditions, and it is clarified that following techniques are required
to achieve high memory bandwidth on GPU: synchronization among threads, locality of mem-
ory accesses and appropriate number of threads. We’ve applied these techniques to Himeno
benchmark program which is the kernel routine of CFD. Our accelerated code runs 69%
faster than the existing implementation and attains 69.7 GFLOPS on GeForce GTX280, that
corresponds to 115 GB/s in memory bandwidth.
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Table 1 CUDA GPU specification

8800GTX GTX280
Core G80 G200
# SP 128 240
# MP 16 30
# registers /MP 8,192 16,384
shared memory /MP (KB) 16 16
max active threads /MP 768 1,024
Mem. size (MB) 768 1,024
Mem. I/F (bits) 384 512
Mem. freq (GHz) 1.800 2.214
Mem. peak BW (GB/s) 86.4 141.7
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__global__ void mcopy(float *dst, float *src,

int size, int n_copy)

{

int id = blockIdx.x*blockDim.x+threadIldx.x;
int step = gridDim.x*blockDim.x;

int n_total = size/sizeof (float);

int n_each = n_total/n_copy;

for (int i=id; i<n_each; i+=step)

for (int j=i; j<n_total; j+=n_each)
dst[j] = srcljl;
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Fig.3 gpu memory copy routine
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Table 2 memory latency in case of PTC hit and miss

(unit:ns) | 8800GTX GTX280
L1 PTC hit | 366 (64KB) 388 (S8MB)
L2 PTC hit | 392  (SMB) 424 (32MB)
PTC miss 550 582
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Table 3 results of himeno benchmark (model:M)
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Table 4 testing environment

CPU  AMD Phenom 9600 (2.3GHz)

M/B  Gigabyte GA-MAT90FX-DQ6 (AMD 790FX)

Mem 4GB (2 x 2GB DDR2-800 DIMM)

GPU  Leadtek WinFast PX8800 GTX (8800GTX)
Leadtek WinFast GTX280 (GTX280)

Os CentOS 5.1 (x86.-64, kernel:2.6.18-53.el5)

SW nVidia Linux driver 177.67
nVidia CUDA 2.0 (x86_64, for RHEL5.1)
gee 4.1.2

0. N Ty 4L 224MB*D GTX280 DEAE
B RAEV N RIET 120GB/s TH Y. EERAER
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6. ¥ & ®

CNET, GPU D ATV 7 74z AR RBER &
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