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HES AZ AN Pl °olF &% 4 AFH ALt o= Bl FAS ThestAl g
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1. ME &3t WEYAE 8402 FAste, 4 AFNA
FA AFEHE VE AFEHE ol &3 HZa] oHe A9 w5 AA F4E + de 78 olHE e
A dig AR gter FEya . 4
AFE = F 3 (superposition) ¥} 4 & (entanglement) ¥} 72
ERlgt AAE &8, qubite] HEAHdoE =& AS5S
Asgtt olelg 5 Yol tgd duEE A<
w2 EokelA S HFE RIS AL ATt
g3l HMPHz vk, 3] Variational Quantum 1x1

Q Convolution

Eigensolver(VQE)®} Quantum Approximate Optimization
Algorithm(QAOA) = EJ3 FAE s4dstc AN=E
HHoz F&EWy QY{l]l. Quantum Convolutional
Neural Network(QCNN)E  ¥x  #AFHS F&3}o
oy LAE MAsHE AT T StHE, B =82
71& QCNN| d5 Fds Hx= 2]

2. H otst= Hy 3. A8 ¥ ¥sHI}
Deep Neural Network(DNN)& UESF ] zlo|u} U H] 3.1 Ag =4

g SUVMA AHAese FEE 5 du gxHed o= +9A A= Ubuntu 20.043 LTS, CUDAE 11.267,
GoogLeNet9] inception =& ©| ‘”5}[3] A orsteE WS cuDNN&  81.0, Tensorflows 280, Python& 3.8.10
inception EES] 4 ZAAFH ASS S AEFA A HAS AlE3th. CUDAE <H|tjole] GPUES &3
o2 g Aste] HENAE }gﬁls}tﬂ ol 7t wHz & GPGPU ZH#FHY 7]¥°lH, Tensorflows  Artificial
B HWao EAES 7|vteR stk FE Hxe HA A Intelligence(AD) ¢ud]E& A Zygdeac. 1 9
g i FxE2 Fu AN ZEAE FUdEEts Aol Tensorflow®t &2 AFE S A3 ¢ Tensorflow Quantum
o]2 93] Hebbian? & & &&3}3, multi-scale A8 & Pz, $A AFH ZEagy 2 AEFolA
ok oo} T JFILHOoE UEYAY zlolg vHE & golBd g CirgeE AFEdth AMEE AZESo] ¥
et AL &S A FAE & AU Ald E 19 2o

e Bdo M= 29 13 2o %A inception RES &
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(¥ 1) Software versions

Software Version

Operating System Ubuntu Linux 20.04.3 LTS

Programming Language Python 3.8.10

GPGPU CUDA 11.2.67

DNN Library cuDNN 8.1.0

Al Framework Tensorflow 2.8.0

Quantum Al Framework | Tensorflow Quantum 0.6.1

Quantum Computing Library Cirq 0.14.1

3.2 Hlolgl ME T

fashion MNIST dHo]lH AEx= |4 olo]dleo] o]
2AYd BgoR  Zalandool A AT o=
E2A oA e MNIST digte = F=3th 60,0007 2]
- oMt 10,0002 HAE omAR FAAHM,
olm A Z7]E 28x 28 pixelolth. ZF oW A= 10719 FHA
ofoldl F~ F R BEHAC FAAHA ARE &
29} 2.

ol m) #|

(& 2) Summary of fashion MNIST dataset information

Dataset Information

Number of Images 70,000

Image Size 28 X 28 pixels

Image Channels Grayscale(1 channel)

Number of Classes 10

T-shirt/top, Trouser,

Pullover, Dress, Coat,

Sandal, Shirt, Sneaker,
Bag, Ankle boot

Class Labels

Training Images 60,000

Testing Images 10,000

33 A8 o
H2E o] &3}o] error rate, loss,
durations ZF8ow, AFE vH FoflA &7 HES
H7rsl7] 98 2 AFE8t= fl-score= AeH7 AEZ
&gt

¥ 394+ fashion MNIST HoJE AlEZ FH¥ ol
mdo XS HIEsY. F 2 error rate®t loss, fl-score
of FHE ® A/t AF, Atste Edo] 12.07%E error
rate’t 74 Wk, loss® 0.3478% 7bg vrokt) thE B
A5 o9t Hugs W v v gd5S B
fl-score GA] A¢tsl= o] 88%=E 7F =k 2&

Ao 2, durations Ae|stH Atete Edeo Aol 7+

(¥ 3) Compare the performance of various models on
the fashion MNIST dataset in terms of error rate, loss,

and duration

Model | Error Rate | Loss | Fl-score | Duration
FC 1551% 0.4426 | 84% 0:00:12
CNN | 1322% 0.3733 | 87% 0:00:34
QCNN | 16.61% 0.4681 | 83% 0:22:36
Ours | 12.07% 0.3478 | 88% 0:05:33

AletatE R QCNNETE §-4
2} inception EES &&o] FH AT Il 7o
A etsl = A% A Fully Connected(FC)<}
Convolutional Neural Network(CNN)R.t} 2 A5& B
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