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GPU Acceleration of Neural Network Model
for Handwritten Digit Recognition

TAKATOSHI IKEDA, T HIROYUKI MI1YAMOTO, 2
FuMminiko INof! and KenicHr HAGIHARAT!

Neocognitoron is a neural network model for handwritten digit recognition.
Although Neocognitoron is robust to shifts and deformations but it asks very
high calculation cost, therefore an improvement in the speed is required. While
the improvement in the speed is expectable by parallel computing, there is a
problem which calculation of 3D convolution requires many memory accesses.
In this research, we accelerate the S layer response calculation of Neocogni-
toron using the GPU, which occupies more than 95% of processing time. We
also found that the speedup over a CPU implementation ranges from a factor
of 8 to that of 20 by minimizing write to global memory and by increasing the
efficiency of shared memory.
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Fig.1 Structure of neocognitron network.
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Fig.2 Connections of excitatory cells and inhibitory V-cells.

ooobooooo200b00bc00ooooo0ooobooooooooooooooo
oobooooooobo

0200000000000000000000000000D0004As?000000
goooobooouooooooooooooboooboboooooobooboOoooboOoboOoDboboo
gooboooooooooobooobooooooboooooooboooboboOoobooobooboo
O00000o0000S10o00o0o00oooooo0ooooos400o0oooooo
gooooooboooooboooo

(© 2011 Information Processing Society of Japan



91 000000000 DO0OOOOO0DOOO0OO0OO0O0 GPUODOOODOO

02 00000000
Table 2 Size of each cell-layer.
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Fig.3 Scatter structure of CPU implementation F.
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Fig.4 Gather structure of GPU implementation T.
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S-layer response calculation kernel execution time (usec)
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Table 4 Experimental environments.

Core2 Duo 2.33 GHzO 4 MB L20
CPU FSB 10.6 GB/s

G33 chipset Memory Bandwidth 17 GB/s
PClI-e x16 8 GB/s

Main memory 1 GB DDR3 dual channel
nVIDIA GTX 280

CUDA Core 240

Graphics Clock 602 MHz

GPU Processor Clock 1296 MHz
Memory Clock 1107 MHz
Shader Memory 1 GB

Memory Bandwidth 141.7 GB/s
oS Linux
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Table 5 The result of S-layer response calculation kernel execution of GPU implementations.

t000o0oo0o tr/t
S1 S2 S3 S4 S1 S2 S3 S4
GPU OO T1 | 346 | 1,340 | 1,980 | 2,220 - - - -
GPUDDO T3 | 388 | 769 721 | 1,270 | 0.891 | 1.74 | 2.74 | 1.75
GPUDDO T4 | 177 | 573 667 847 1.96 | 2.34 | 2.97 | 2.62
GPUDOD T5 | 168 | 547 627 736 2.06 | 2.45 | 3.16 | 3.02
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Table 6 Computation time at S-layer response calculation procedure by CPU implementations.

t0o0ooo MOMB/sO FUOMFLOPSO
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4
CPU S 29.7 116 144 32.9 | 586 | 555 | 532 | 543 179 | 194 | 145 129
CPU F 3.33 | 6.91 | 9.98 | 6.01 | 600 | 551 529 | 570 181 189 147 | 206
CPU G | 23.0 | 72,5 131 46.0
ts/tr 8.9 17 14 5.5

07 GPUODOO CcpPUOOOOO
Table 7 Comparison of GPU and CPU implementations.

ts/t tp/t ta/t
S1 S2 S3 S4 S1 S2 S3 S4 S1 S2 S3 S4
GPU T 177 | 213 | 231 44.9 19.9 12.7 | 15.9 | 8.2 137 133 | 209 | 62.7
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Table 8 True ratio of Cye.

Carr | Cs1 Cs2 Cs3 Csa
True ratio of Cy. 5.7% 7.8% | 4.6% | 5.2% | 6.3%
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