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High Performance 3-D FFT in CUDA Environment

AKIRA NUKADA, 12 Yasuniko Ocara, 12
TosHio ENDOTH2 and SaTosHr MATsUuOKATL 1213

CUDA environment, which is supported in latest NVIDIA GPUs, allows data
sharing between threads using shared memory, and also provides more flexible
memory accesses. We propose a high performance 3-D FFT algorithm for the
CUDA environment. Using GeForce 8 series GPUs, we achieved a high per-
formance up to 79.5 GFLOPS at 3-D FFT, which is from 3.1 to 3.3 times the
performance compared with the performance of CUFFT library 1.1.
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0 1 NVIDIA GeForce 80000000
Table 1 Specifications of NVIDIA GeForce 8 series GPUs.

SP Memory
Model MP  # clock GFLOPS Capacity Interface Clock Bandwidth
8800 GT 14 112 1.500 GHz 336 512 MB 256-bit 1,800 MHz 57.6 GB/s
8800 GTS 16 128 1.625GHz 416 512 MB 256-bit 1,940 MHz 62.0 GB/s
8800 GTX 16 128 1.350GHz 345 768 MB 384-bit 1,800 MHz 86.4GB/s

02 00000000O00O0OO0OO00O0

Table 2 Number of streams and achieved memory bandwidth.

Bandwidth (GB/s)
# of streams 8800 GT 8800 GTX

1 48.1 71.7
2 47.6 71.9
4 47.4 71.8
8 36.4 65.4
16 27.8 43.7
32 25.7 37.5
64 20.2 32.3
128 22.6 35.4
256 18.4 30.7
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__global__ void
cuda_memcpy (float *s, float *d)

{
int index = __mul24(blockIdx.x,blockDim.x)
+ threadldx.x;
int step = __mul24(gridDim.x, blockDim.x);

int n = 256 * 256 * (256 / STREAMS);

float2 srcl = (float2 *)s, dstl = (float2 *)d;
float2 src2 = srcl + n, dst2 = dstl + n;
float2 src3 = src2 + n, dst3 = dst2 + n;

for (int i = index; i < n; i += step) {
dst1[i] = srci[il;
dst2[i]

src2[il;

dstSTREAMS[i] = srcSTREAMS[i];
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for 71,Y2,Y1,X
WORK (X, *,Y1,Y2,Z1)=FFT256_1(V(X,Y1,Y2,Z1,%))
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for Y2,Y1,72,X

V(X,Z2,*,Y1,Y2)=FFT256_2 (WORK (X,Z2,Y1,Y2,%))
for Y1,21,Z2,X

WORK (X, *,22,Z1,Y1)=FFT256_1(V(X,Z2,Z1,Y1,%))
for Y2,Y1,Z2,X

V(X,Y2,%*,22,21)=FFT256_2 (WORK (X,Y2,22,Z1,%))
for 71,Z2,Y1,Y2

V(*,Y2,Y1,Z2,Z21)=FFT256 (V(*,Y2,Y1,22,Z1))
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Table 3 Definition of memory access patterns.

(256,*,16,16,16)
(256,16,*,16,16)
(256,16,16,%,16)
(256,16,16,16,*)

gaQwr

(© 2008 Information Processing Society of Japan



235 CUDAOOOOOOOODO 300 FFT
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Table 4 Achieved memory bandwidth (GB/s) with each memory access pattern for input and out-
put on 8800 GT. The number of thread blocks is 42, and the number of threads per thread
block is 64.

Output

Input A B C D
47.4 47.9 46.8 47.1
48.2 48.3 46.8 47.1
47.3 471 344 333
45.6 45.2 326 27.8

oaQwr
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goooooooooD 64
Table 5 Achieved memory bandwidth (GB/s) with each memory access pattern for input and output
on 8800 GTX. The number of thread blocks is 48, and the number of threads per thread
block is 64.

Output

Input A B C D
71.5 715 67.7 66.8
71.3 713 67.6 67.0
68.7 68.5 51.3 50.4
67.5 66.7 50.0 43.7
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Table 6 The configuration of the system used for performance evaluations.

CPU AMD Phenom 9500, 2.2 GHz, Quad-Core
Chipset AMD 790FX

RAM DDR2-800 SDRAM 1GBx4

Oos Fedora Core 8, linux 2.6.23

Driver NVIDIA Linux driver 169.04

Software CUDA SDK 1.1
CUDA Toolkit 1.1
GCC 4.1.2
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Table 8 The elapsed time and achieved bandwidth in each step of our implementation.

Step 2&4

Step 1&3
Model Time (ms) GB/s  Time (ms)
8800 GT 6.89 38.9 6.78
8800 GTS 6.31 42.5 6.29
8800 GTX 4.52 59.3 4.84

Step 5 Total
GB/s Time (ms) GB/s Time (ms) GB/s
39.5 7.24 37.0 34.57 38.8
42.7 6.00 44.7 31.20 43.0
55.3 6.92 38.7 25.64 52.3

07 00000 CUFFT 00000000 256° 0300 FFTOOOOOO
Table 7 Performance of 3-D FFT of size 256°.

Our implementation CUFFT3D
Model Time (ms) GFLOPS GFLOPS
8800 GT 34.4 58.5 18.6
8800 GTS 31.2 64.6 20.6
8800 GTX 25.3 79.5 23.4
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Table 9 The performance of 65,536 sets of 256-point 1-D FFTs.

Our Implementation CUFFT1D

Model Time (ms) GFLOPS Time (ms) GFLOPS
8800 GT 7.24 92.7 13.7 49.0
8800 GTS 6.00 111.8 11.4 58.9
8800 GTX 6.92 97.0 13.2 50.8
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Table 11 The performance of 3-D FFT of size 256° including the data transfer time between host and device.

Host-to-Device 3D FFT on Device Device-to-Host Total

Model PCI-Express Time (ms) GB/s Time (s) GFLOPS Time (ms) GB/s Time (ms) GFLOPS
8800 GT 2.0 x16 26.3 5.11 34.4 58.5 26.9 4.99 87.6 23.0
8800 GTS 2.0 x16 25.9 5.18 31.2 64.6 26.2 5.12 83.3 24.2
8800 GTX 1.1 x16 47.5 2.82 25.3 79.5 39.4 3.40 112 17.9

012 FFTWOOOOD 3.2alpha2 0000000000 CPUDDD 256° 000 300 FFTOOO

Table 12 The performance of 3-D FFT of size 256> in single precision using FFTW library 3.2alpha2 on CPUs.

Compiler Time (ms) GFLOPS

Processor Clock Socket/Core
AMD Phenom 9500 2.20 GHz 1/4
Intel Core 2 Quad Q6700 2.66 GHz 1/4
AMD Opteron 880 2.60 GHz 8/16

195
188
220

10.3
10.7
9.15

gec 4.1.2
gec 4.1.2
Intel Compiler 9.1.45

0 10 64°0128%0256° 000 300 FFT 0000GFLOPSO
Table 10 The performance (GFLOPS) of 3-D FFT of size 643, 1283 and 256°.

CUFFT3D Our implementation
Model 64 128% 256% 64® 128%  256°
8800 GT 5.33 115 18.6 37.0 49.1 585
8800 GTS 3.80 12.3 20.6 422 55.6 64.6
8800 GTX 5.11 153 234 465 675 79.5
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