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Abstract: Recently, product development processes often employ numerical simulations of physical phenom-
ena, which is performed by solving the partial differential equation (PDE) describing the physical phenomena.
Thus, a technique to solve PDEs as quickly as possible with less memory is necessary to reduce the time
required to perform numerical simulations, increasing their scales. The present study focuses on the Poisson
equation which is the most fundamental PDE, and discusses the vanishing gradient problem, which is known
as the common problems in the variational quantum algorithms. Several numerical experiments showed that
the vanishing gradient can be avoided at the early stage of optimization, without decreasing the accuracy of
the solutions, by setting the initial parameters of a parametrized quantum circuit so that the fidelity of a
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Solving the Poisson equation based on variational quantum algorithms

parametrized quantum state and the input of the Poisson equation could be 1.
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Fig. 1 Quantum circuit of the shift operator.
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Fig. 2 Quantum circuit of the ansatz (for the case of 4 qubits).

L is the number of layers.
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the Dirichlet boundary condition is imposed on both
edges (o« = 0,80 = 1,B8n—1 = 1). Plots of ‘Random’
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the result based on the use of Eq. 19 and 20.
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