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HeYd €18]E T DCNN(DeConvolutional Neural Network)2 o|u]| %] d2Adgh 3y -2 5
kst EofolA Hold A5S RoFa . DOCNN2 #2 49 dHolgHE #Edz AHad & 3
7] w&el st=dol®z AAs= Aol f&sith. HZ DCNNO st=dlol Fx AFdAs
overlapping sum wAlE 237 ¢ deconvolution ZE]E  convolution ZEZ W3}
TDC(Transforming the Deconvolutional layer into the Convolutional layer) &ilz]&o] A|<HE S
32w TDCE CPU(Central Processing Unit)® <33}7] wj&o] dAAbe] HZH 371 o 9, ]—r
22 & ARgsl7ldl F7HAQ1 Aol AR oo & m=FolAe AMHEOLR F5H F AU
FPGA 7|% TDC 3st=9o] x5 Atett. Agtste st=glo] Fx2E A Ab&Fo] Ao A7
o2 FE5 Jted ¥y olyd, tg‘jé’ A FEE AAE wE A HE £EF HATL

1. M2 2. 28
Held dudE F CNN(Convolutional Neural TDC+= 2¥ 13 o] =77}
Network)Z 9772 Bt e vl wofel Hof deconvolution ZEE = 7|7} S(stride)e] #|#F 7H 9]

AME EEHoE AHYst

Zo]t}3]. H&¥ convolution EELS
3 9QUH1, 2. CNNE 283 ojuxE d-Ad

A717F KZ<Q convolution ZE 2 Wgals

Aol gloem=z TDC AA4re WaAz 3=

@ 3l+= DCNN (DeConvolutional Neural Network)-=

GAN(Generative Adversarial Network), SR(Super o
Resolution) 5ol thstA &&= ATH3, 4].
A2 A7t DONNG SEsoz 7@ A EW
WA slE= overlapping sum +AS | ZAE7] 9 &l J ?ij I:I
deconvolution ZHE convolution ¥H=Z W5t oecorgaten %
TDC(Transforming the Deconvolutional layer into
the Convolutional layer) €ig]&o] Aot A3 i
a3 AekE DCNN 3=9o] F+FoAE TDCE (98 1) TDC ¥¢xug&
CPU(Central Processing Unit)® <335}7] wj&ol
Arke] HA3ErE offrh ole] # =FolA= TDC BHom=fo A AotslE TDC st=¢lo] 7%= 1
+< on—chip HolA &40 F3st= o d 29 #onm, F4 A4 7|(Address Generator), Y
Z9o] FXE A Q) 2 Iy W EZ g (DeConv Filter Memory), 3 ZH
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W 2] (Conv Filter Memory)® T4 %
A7l Kpst SOl Wi sav e s

FAox AdE A4 H#xEE F3 convolution
e o] 7FsAe dis FAE AAksith 98 2
w22l = deconvolution ZEHE A3y, ALtw
convolution ZE 9] F4e] 3|33 deconvolution
e Faoh 7t7F vigeitt ¥ 3y vikyes
s E $270¢] convolution ZEE & @atE F49
w &) ol] A 7ggktt.

. Conv Filter Memory
ko =T Address Memory_Sel

Generator

[—> Conv_data

00—
InRead_Addr
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Write_En ||
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Write_Data ——{

| — Read_en
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(19 2) AgtelE= TDC st=9go] 7+

3. A8 ¥ Z3t
B =FdA Atd®a TDC 747+ TDCO A&
He Kpst S #s 47 Ao 9, A AR
=2 AAsc AAg sl T
xo] A A8 A5e 918l Xilink AFe] Vivado
& AME3te] xc72020clg484-1 chipg 7]wke @ A
stgow, 4 Axe 3 13 goh m3 Aord
st=dlol 7z de #HSS sl CPUgte]l TDC
T3 AIFE vustg oy wuw Ades x 29 #
t}. CPU+= Python®
g 4A9d AFtog EE%3)

He
clock period®} (cycle+1)9d #H&

59 =Esra
A sFEdo] 2= AU AFE o] Aol AxdH
o2 F& 7t ¥k ofye HE A Fx=E A
Algol Aibel L8 =& Alko]l Wi A2 RS g
A & vk,
<% 1> Vivado ¥4 A3}
Estimation
Resource LUT 29
FF 9
Static Power 0.104 W
Power Dynamic Power 0.003 W
Total On-Chip Power 0.108 W
Clock Period 5.000 ns
Timin Arrival Time 6.822 ns
g Required Time 7.270 ns
Slack 0.448 ns

<X 2> CPUS Algtst sl=9of 7+ &= v

TDCO A28 5H+= A7+
CPU(Python) 850 us (3.4 GHz 715)
Al <kt 2| 10 ns (5=04 =)
seelol  [Ho 130 ns (K,=9, 51 )

2

|
B =R FPGA 719 TDC 714712 A

ko
-
il
rlr
g
@)
Z,
Z
oo

o
>
[>
juit)
2

ACKNOWLEDGMENT
# A= IDECOIA EDA Tools A uto} =3

[1] Y. Ma, Y. Cao, S. Vrudhula and J.-S. Seo,
“Optimizing the convolution operation to accelerate
deep neural networks on FPGA,” IEEE Trans.
Very Large Scale Integr. (VLSI) Syst., vol. 26,
no. 7, pp. 1354 - 1367, July 2018.

[2] Y.-H. Chen, T. Krishna, J. S. Emer and V.
Sze, “Eyeriss: An energy-efficient reconfigurable
accelerator for deep convolutional neuqral
networks,” IEEE J. Solid-State Circuits, vol. 52,
no. 1, pp. 127 - 138, Jan. 2017.

[3] J.-W. Chang, K.-W. Kang and S.-J. Kang,
“An energy-efficient FPGA-based deconvolutional
neural networks accelerator for single image
super-resolution,” IEEE Trans. Circuits Syst.
Video Technol.,, vol. 30, no. 1, pp. 281 - 295, Jan.
2020.

[4] A. Radford, L. Metz, S. Chintala,
"Unsupervised representation learning with deep
convolutional generative adversarial networks,”
CoRR, arXiv:1511.06434, pp. 1-16, 2015.

- 458 -





