Bulletin of Networking, Computing, Systems, and Software — www.bncss.org, ISSN 2186-5140
Volume 8, Number 1, pages 45—49, January 2019

Fast Algorithm of Unified Layer Performing
Convolution and Average Pooling on the GPU

Hiroki Tokura, Takahiro Nishimura, Yasuaki Ito, and Koji Nakano
Department of Information Engineering, Hiroshima University
Kagamiyama 1-4-1, Higashi-Hiroshima, 739-8527 JAPAN

Akihiko Kasagi, and Tsuguchika Tabaru
FUJITSU LABORATORIES LTD.
4-1-1 Kamikodanaka, Nakahara-ku, Kawasaki, Kanagawa 211-8588, JAPAN

Abstract—Recently, Convolutional Neural Networks (CNN)
have made a major contribution in the field of recognition. CNN
has multiple convolution layers and convolution operations are
needed large number of floating-point operations. So, convolu-
tion operations are bottleneck of CNN. The main contribution
of this paper is to present new methods for convolution and
average pooling computation on the GPU. First, we present
fused filter method. An average pooling can be considered as
a kernel. A convolution kernel and an average kernel can be
fused. In fused filter method, convolution using fused filter
reduces floating-point operations for convolution and pooling
computation. Also, we present direct sum method. Convolution
and average pooling computation are commutative. In direct sum
method, switching convolution and average pooling computation
reduces floating point operations for convolution and pooling
computation. Experimental results using NVIDIA V100 show
direct sum method attains a speed-up factor of up to 1.8
(single precision) and 4.4 (half precision) over cuDNN naive
implementation.

Index Terms—Deep Learning, Neural Network, Convolution,
Average Pooling, GPU
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TABLE 1I
NVIDIA V100 % A\ 72 & Tk O ol IR B/ NBUSEUC & 2 FATIRM [us] & IFBI/INSEGH AL

FEATIRFH] [s) FENSURBURRAR (x10°)
Input Output Channels Output Channels
Channels 32 64 128 256 512 32 64 128 256 512
cuDNN (Naive, Winograd) 44 42 42 43 64 177 354 705 1410 2820
cuDNN (Fused Filter) 35 33 33 36 39 84 168 336 672 1343
32 cuDNN (Direct Sum) 70 70 70 70 70 99 99 194 383 762
cuBLAS (Fused Filter) 35 33 35 34 41 85 170 338 676 1351
cuBLAS (Direct Sum) 34 32 30 33 35 58 112 195 386 768
cuDNN (Naive, Winograd) 57 57 57 60 86 355 697 1400 2801 5566
cuDNN (Fused Filter) 40 40 44 47 56 168 336 671 1343 2686
64 cuDNN (Direct Sum) 102 102 102 102 102 197 197 387 765 1521
cuBLAS (Fused Filter) 35 33 35 34 41 175 338 682 1364 2694
cuBLAS (Direct Sum) 35 37 38 37 43 104 200 388 768 1528
cuDNN (Naive, Winograd) 88 88 88 104 133 694 1388 2773 5547 11094
cuDNN (Fused Filter) 43 46 53 68 104 336 671 1343 2685 5370
128 cuDNN (Direct Sum) 131 135 134 135 157 206 394 772 1527 3038
cuBLAS (Fused Filter) 44 45 54 76 104 339 678 1353 2707 5413
cuBLAS (Direct Sum) 44 44 43 52 61 208 397 783 1549 3046
cuDNN (Naive, Winograd) 147 146 153 175 223 1424 2769 5538 11076 22151
cuDNN (Fused Filter) 405 60 83 145 174 671 1342 2685 5369 10739
256 cuDNN (Direct Sum) 191 195 196 215 246 411 789 1544 3054 6075
cuBLAS (Fused Filter) 411 62 83 146 181 718 1357 2714 5427 10854
cuBLAS (Direct Sum) 51 53 61 91 118 425 817 1555 3076 6118
cuDNN (Naive, Winograd) 256 266 285 322 387 2797 5546 11030 22061 44121
cuDNN (Fused Filter) 417 106 133 273 327 1342 2685 5369 10738 21476
512 cuDNN (Direct Sum) 399 415 405 411 419 822 1577 3087 6108 12148
cuBLAS (Fused Filter) 426 106 135 271 324 1389 2730 5398 10796 21591
cuBLAS (Direct Sum) 421 80 98 180 212 1121 1644 3095 6123 12179
TABLE III
NVIDIA V100 % JAN 72 875D A48 LS T B/ NSRRI & B SEATIEM] [ps] & R B/ NSURBIB ST
FATIEH [ps] FEINSURBURAR (x10°)
Input Output Channels Output Channels
Channels 32 64 128 256 512 32 64 128 256 512
cuDNN (Naive) *49 *50 *50 *50 *54 *2 *3 *6 *11 *22
cuDNN (Fused Filter) 194 190 200 200 198 336 336 336 672 1343
32 cuDNN (Direct Sum) *49 *49 *49 *49 *50 *9 *9 *10 *11 *13
cuBLAS (Fused Filter) *91 *83 *84 *84 *85 *1 *1 *1 *3 *5
cuBLAS (Direct Sum) *33 *34 *35 *33 *31 *8 *8 *8 *9 *12
cuDNN (Naive) 133 133 138 137 136 1511 1511 1513 3025 6056
cuDNN (Fused Filter) 283 284 291 291 294 671 671 671 1343 2686
64 cuDNN (Direct Sum) *70 *60 *60 *62 61 *18 *18 *18 *20 1531
cuBLAS (Fused Filter) *83 *88 *90 *96 *88 *2 *3 *3 *7 *5
cuBLAS (Direct Sum) *36 *38 *39 *40 *40 *15 *15 *15 *16 *19
cuDNN (Naive) *101 *81 *82 224 231 *4 *4 *7 6045 12090
cuDNN (Fused Filter) 467 468 477 477 475 1342 1342 1343 2685 5370
128 cuDNN (Direct Sum) 215 221 218 219 92 789 789 789 1544 3055
cuBLAS (Fused Filter) *104 *95 *96 *120 *117 *4 *4 *4 *9 *17
cuBLAS (Direct Sum) *48 *48 *48 *61 *59 *30 *30 *30 *33 *32
cuDNN (Naive) *164 *126 *126 412 413 *5 *5 *8 12085 24170
cuDNN (Fused Filter) 839 837 854 856 856 2684 2685 2685 5369 10739
256 cuDNN (Direct Sum) 405 415 408 408 218 1577 1577 1577 3088 6108
cuBLAS (Fused Filter) *102 *109 *113 *146 *153 *62 *15 *5 *9 *21
cuBLAS (Direct Sum) *55 *61 *60 *98 *99 *58 *58 *58 *62 *71
cuDNN (Naive) *206 *211 *202 774 830 *5 *9 *11 24164 48329
cuDNN (Fused Filter) 1573 1578 1604 1606 1606 5369 5369 5369 10738 21476
512 cuDNN (Direct Sum) 767 768 777 778 408 3154 3154 3154 6175 12215
cuBLAS (Fused Filter) *256 *148 *141 *231 *229 *62 *15 *5 *10 *21
cuBLAS (Direct Sum) *203 *82 *78 *179 *188 *169 *122 *112 *118 *128
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