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Fig. 1. The schematic diagram of the quantum circuit for preparing the quantum state |¢) .
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Fig. 2. The quantum circuit for preparing the quantum
states |p) and |¢).
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Fig. 3. The quantum circuit schematic diagram of the IPQS.
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Fig. 4. The quantum circuit diagram of the IPQS.
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Table 1.  Comparison of the inner product results between the quantum scheme and the classical method.

Classical
Result of 0 Result of 1 .
SN Data group calculation Error rate/%
Inner product value
(2.942485, 4.977398, 3.176513)
1 29.679279 29.679279 30.299795 2.05
(7.551510, 1.580030, 0.067732)
(0.341367, 3.894998, 3.929515)
2 19.255815 19.255815 19.296989 0.21
(7.139979, 2.329896, 1.981083)
(6.080573, 0.418886, 1.33507)
3 57.284265 57.284265 57.501870 0.38
(9.205805, 0.586480, 0.958476)
(0.870296, 3.609952, 3.851484)
4 33.501898 33.501898 33.441993 0.18
(3.536555, 3.964960, 4.16744)
(0.926310, 4.564359, 5.114204)
5 13.805552 13.805552 13.417987 2.89

(8.102154, 0.603875, 0.617218)
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Abstract

In order to improve the training efficiency of the support vector machine, a quantum circuit training
scheme based on the inner product of the quantum state for the support vector machine is proposed in this
work. Firstly, on the basis of the full analysis of the computational complexity of the classical support vector
machine, the kernel function which is the main factor affecting the computational complexity of the algorithm is
primarily analyzed. Based on quantum mechanics and quantum computing theory, the training sample elements
in the kernel function are quantized to generate the corresponding quantum states. Secondly, according to the
quantum states of the training sample elements, the types and quantities of the required quantum logic gates
are derived and calculated, and the quantum circuit that can generate the corresponding quantum states of the
training sample elements through the evolution of the quantum initial ground states and the quantum logic
gates is designed. Then, in the light of the relationship between the inner product of the quantum state and the
quantum logic gate SWAP, the quantum circuit is designed to complete the exchange operation of the
corresponding quantum state amplitude. The inner product of the quantum state is realized by exchanging and
evolving the amplitude of the quantum state in the quantum circuit. Finally, by measuring the quantum state
of the controlling qubit, the inner product solution of the kernel function is obtained, and the acceleration effect
of training support vector machine is realized. The verification results show that the scheme enables the support
vector machine not only to complete the correct classification, but also to operate the quantum part of the
scheme on the real quantum computer . Compared with the classical algorithm, the scheme reduces the time
complexity of the algorithm for the polynomial degree, greatly shortens the training time of the model, and
improves the efficiency of the algorithm. The scheme has certain feasibility, effectiveness and innovation, and

expands the training idea of the support vector machine.
Keywords: quantum circuit, inner product, quantum state, support vector machine
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