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Abstract Cloud computing is generally used to perform deep learning on IoT devices. However,
its application is associated with limitations such as connection instability, energy consumption for
communication, and security vulnerabilities. To solve such problems, recent attempts at performing deep
learning within IoT devices have occurred. These attempts mainly suggest either lightweight deep
learning models or compression techniques concerning IoT devices, but they lack analysis of the effect
when it is performed in actual IoT devices. Since each IoT device has different configuration of processing
units and supported libraries, it is necessary to analyze various execution environments in each IoT
device in order to perform optimized deep learning. In this study, performance and energy of IoT devices
with various hardware configurations were measured and analyzed according to the application of the
deep learning model, library, and compression technique. It was established that utilizing the appropriate
libraries improve both speed and energy efficiency up to 13.3 times and 48.5 times, respectively.
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rations and support

Raspberry Pi 3 | ODROID XU3 | Jetson TX2
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Cortex-Al15 Cortex-A57
Cortex-A53 (quad core) (quad core)
CPU
(quad core) Cortex-A7 Denver2
(quad core) (dual core)
. Mali T-628 256—core
GPY MP6 Pascal
NEON v v v
OpenCL v
CUDA v
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Fig. 1 Various CNN modules

3x3 Conv
(Expand)

=t} Squeeze do]ojollA= 1x1 convolutionS E3f
A= dolHEG AL Ad £5 7R 3 dHolHE
WSO 24 o]F convolution 3ol B3 Axe] 4
=2t} Expand #ololellA= F7F dHlolHE 1xl,
3x3 convolutions F3 23} HolHE F7MAIZIH.
% 1(b)+= MobileNetol|A] AFE-%+= DSC (Depthwise
Separable Convolution)?|t}. DSCE depthwise convo-
lution® pointwise convolution® & FAH T} Depthwise
convolution 7z} 2drlt} convolutionS F33te] A

AFES- 291t} Pointwise convolutionS 1x1 convolution

=

=

7} 2o depthwise convolution® ZAIES X7
fE gtk DSCE AHEE A9 71E€% Bty
Artge o 2 AE 4A "ok
KnX Ky XCXHXW+CXNXHXW 1 1 1
Ky XKy XCXNXHXW TN KpKy  KnKy
(2)

o] 2ol N depthwise convolution®] #d9]
371R1 Ky, Ko B0t A o2 =27] " FA] 7Fs
3t} =, DSCE depthwise convolution®] #Ad< 3x3
o7 AFEEYES wl, 719 convolution®} Hlw3le] A
Jbefol oF gul ZhAatA| HTh

ZHAd = convolution #lolo] AAAAE FHAs)sl=
Al=7b A f117] W&o, convolution #o]olE &
st7] s F=2 HHsE & Holl= BLAS el
2]¢] GEMM(GEneral Matrix Multiplication) €3
AREEETE 29 29 o] §1E dlelE el im2col A
3 & GEMME $33H convolutionZ 7+
BE 4 5 Uk H2 | HYES g AA8T g
B
3

H
2

fo rx o

o

ot

olmele)5o] ALEUA BLAS eholnelels AH&aH]
1% Ave} wlmatel o W2 Fa Ak A3

s},

4



222 AR AT =8A A467 A3S(2019. 3)

W KyKnC
H
—>WH N
C im2col w
H
Input (1) ——WH| —
K GEMM reshape N
Kn 5 m=WH
C@ @ =K, KiC J k=K Output (0)
reshape n=N
N
Weights (K)

28 2 GEMM= AFE-3F convolution 4F
Fig. 2 Convolution operation using GEMM
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Fig. 3 Software stack for deep learning model execution
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Fig. 6 Comparison of power consumption according to CNN

model execution for different device-library pairs
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// G: number of groups
void ConvolutionLayer::Forward_gpu() {
for (int g = 0; g < G; g++) {
im2col_gpu(g);
cublasSgemm(g);

}

void CuDNNConvolutionLayer::Forward_gpu()

{
for (int g = 0; g < G; g++) {
cudnnConvolutionForward(g);
}

}
a9 7 Caffe ZddY=2] Convolution 7+&

Fig. 7 Convolution implementation in Caffe framework
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