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Positive operator-valued measure (POVM)
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EH3

Algorithm 1: QML Framework for Multi-Class Classification

1 Notation. Processing data X, Processed data X’, stride s,
kernel size &, and the number of QNN depths D;
2 Image Processing(X):

3 X 5 X:

4 for w € {0,5,2s,--- ,W — s} do

5 for h € {0,5,2s,--- ,H — s} do

6 Initialize quantum state, |1) + |0);

7 force {1,2,--- ,¢i,} do

8 Prepare data, X + X T
’ - ¥) « U(6e) - U(X) - |9);
10 furcE{l,?,--- . Cout } dO

11 Measure through POVM and collects

outputs, ﬁﬂ,ﬁ,c +— {O:)x.0:

12 Get intermediate feature, X 5{;

13 Output: Extracted feature X:

14 Prediction(X):

15 Initialize p + 0;

16 Prepare the pure density matrices,
(L] o)l - - (29 2

17 for me {1,--- ,29} do

18 Obtain prediction value of class ¢;

19 P PpUp:;

20 Output: Prediction p;

Q-q:-J bits

Classical Data
X
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i~ QNN
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g-qubits
Extracted Features
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N

Binary Cross-Entropy Loss

Priy =2%)

Prediction
p(y|X; 8)

Probability Amplitude

__ : Regularizer
:é\ i“"”" ------ sEmEEmn -_.
o = :
© : :
2 E :
o 2
§ Prediction of true label T
.ll'lll'l}x_l

True Label

Unused Labels }

Observable Index
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E08
TABLE 1
EXPERIMENTAL SETTINGS
Dataset Input size  # of classes # of qubits (g)
MNIST 28 x 28 x 1 10 4
FashionMNIST 28 x 28 x 1 10 4
CIFARI10 a2x 3253 10 4
EMNIST-letters 28 x 28 x 1 26 6
EH9
0.8
)
£06
=
8
< 0.4
a =
o 0.2 == =Train
= —Test

o]

0 200 400 600 BOO

Epoch
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EHI0
08
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[ ]
£o6
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< 04
802
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0 .
0 200 400 600 800
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=911
-. 0.4
Q2
o3
8
<p2
a
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E913
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08 F b c B
>
@ 06 1
|-
3
o
< 04 d e 1
'g_ 0.2 1
2 0.
0
Method (Dataset)
EH]14
W —— W/ Lyap (CIFAR10)
3 o WiO Lpap (CIFAR10)
Y —— wi Ly (EMNIST-letters)

Top-1 Accuracy

Z == W0 Lpar (EMNIST-etters)
04f T

0.3

0.2

0.1

0
Loss Function (Dataset)
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