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General Purpose computing on Graphics Processing Units (GPGPU) is be-
coming popular in HPC because of it’s high peak performance. However, in
spite of the potential performance improvements, it might not necessarily per-
form better than the current high-performance CPUs, especially with recent

trends for increases in their number of cores on a single die. This is because
the GPU performance can be severely limited by such restrictions as memory
size and I/O bandwidth. For this reason, we can expect that performance
is improved by using CPU and GPU simultaneously. In heterogeneous envi-
ronments, we need to find optimal load distribution ratio. We implement a
2D-FFT library that uses heterogeneous CPU-GPU computing resources. To
find optimal load distribution ratios, we construct a performance model that
predicts execution time of 2D-FFT that captures the respective contributions of
CPU vs. GPU. The model parameters are determined by pre-stage performance
profiling; based on this, we predict the overall execution time of 2D-FFT for
arbitrary problem sizes and load distributions. Preliminary evaluation shows
that the performance model can predict the execution time of problem sizes
that are 16 times as large as the profile runs with less than 15% error, and
that the predicted optimal load distribution ratios have less than 5% error;
performance overhead caused by this error is less than 1%. We show that the
resulting performance improvement by such heterogeneous parallelization can
be 1.19 to 1.55 times compared to using only a CPU core or a GPU.
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Fig.1 Execution flows of the CUFFT based and GPUFFTW based libraries.
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Table 2 Evaluation enviroment.

CPU | Core 2 Duo E6400(2.13 Ghz*2)
Memory | PC6400 4 GB
Chipset intel 975X Express
HDD | 250GB
GPU | Geforce 8800GTX
GPU Mem. | GDDR3 768 MB
OS Linux kernel2.6.18
Driver | NVIDIA Display Driver ver97.46
CUDA ver0.81
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Fig.5 Performance comparison with existing 2D-FFT libraries.
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Fig.7 Performance of GPUFFTW-based our library with varying distribution ratios.
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Fig.8 Performance of CUFFT-based our library with varying distribution ratios.
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Table 3 Learned model parameters using either 512-length or 8192-length profile runs.

0oooooo | 8,192 512
Kirans 1.47 x 1078 1.11 x 1078
Kgma 6.93 x 107! | 5.95 x 1071°
Keayg 5.92 x 107° | 6.16 x 107°
Kgoe 5.09 x 107° | 5.68 x 107°
Kgp 2.83 x 10710 | 2.73 x 107!
Kypp 2.46 x 107° | 7.28 x 10712
Kerrr 3.21 x 1072 | 2,61 x 107°
Kyrpr 1.88 x 1070 | 1.65 x 1071
Kgumy 6.08 x 1071% | 3.01 x 107°
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Fig.9 Comparison of the real performance of 8192-length 2D-FFT with the predicted performance
using profile runs with the same data size.
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Fig.10 Comparison of the real performance of 1024-length 2D-FFT with the predicted

performance using 512-length profile runs.
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performance using 512-length profile runs.
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