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- Weight function
- RY Rotation
- Von Neumann Entropy



How to measure efficiency?

• Prediction Accuracy
• Margin
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Advanced Quantum Kernel ②
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𝑆(𝑥#) 𝑆"(𝑥!)2-Step Angle Embedding
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Von Neumann Entropy

• Entropy (Information Theory) 
: Average amount of information,

Uncertainty under certain conditions

• Mutual Information
: Interdependence information of 2 random variables



Von Neumann Entropy

• Von Neumann Entropy
: Average amount of the information in a quantum system,

Uncertainty in a quantum system

• Quantum Mutual Information
: Interdependence information of 2 quantum systems



• Mutual Information Kernel
à Correlation between 2 system

No Need to embed or project the data
As long as you have a density matrix

Advanced Quantum Kernel ③

𝑴𝒖𝒕𝒖𝒂𝒍 𝑰𝒏𝒇𝒐𝒓𝒎𝒂𝒕𝒊𝒐𝒏 𝑲𝒆𝒓𝒏𝒆𝒍 𝑨, 𝑩 = 𝑴𝑰 𝑨,𝑩
= 𝑰 𝑨:𝑩
= 𝑺 𝝆𝑨 + 𝑺 𝝆𝑩 − 𝑺 𝝆𝑨𝑩
= 𝑻𝒓(𝝆𝑨log 𝝆𝑨) + 𝑻𝒓(𝝆𝑩log 𝝆𝑩) − 𝑻𝒓(𝝆𝑨𝑩log 𝝆𝑨𝑩)



• Implementation (Using density matrix)

Advanced Quantum Kernel ③



• Implementation (Using State Vector)

Advanced Quantum Kernel ③
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Discussion

• Comparison overall results

Method Accuracy Margin MAX KERNEL MIN KERNEL

Conventional 1.0 0.923745312129494 1.0000000000000009 1.0131121012964852e-07

Weight(Exponential) 1.0 0.9456780466706409 1.0000000000000009 3.727031891869874e-08

Weight(Sine) 1.0 0.9384953288568477 1.0000000000000009 1.6122592705159323e-14

Weight(Tanh) 1.0 0.9478802930649102 0.9962720762207509 3.224518541031769e-14

RY Rotation 1.0 1.0707388882260818 1.0000000000000018 8.309033480143277e-07
Mutual Information

(Density Matrix)
0.28 0.5403325828707691 0.17037340414085358 -0.1922055902288949

Mutual Information

(State vector)
0.56 0.23570226039551587 0.5759711818598134 -2.6645352591003757e-08



• Research Significance

Ø Design a way to increase the margin of the quantum kernel function.

Ø Increase the weight by multiplying the function value one more time.

Ø Suggest a more quantum mechanical method by calculating the density matrix.

Discussion
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