INSS JOURNAL Vol. 32 2025 NT-12

TR EFHE I3 1 288 =7 VO
(B EIEFEE BT 5B biEIc B4 2 mat)

Application of Machine Learning Models for Statistical Safety Evaluation
(Investigation of Optimization Methods of Quantum Circuit Learning)
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Abstract To reduce the computational demand in the best estimate plus uncertainty (BEPU) analysis, an
accurate and inexpensive machine learning model is expected to be used to replace the high-fidelity RELAP5
code for rapid determination of the uncertainties on the figure of merit of interest. Quantum circuit learning
is an algorithm that can work on NISQ (noisy intermediate-scale quantum) computers. In this paper, the
applicability of optimization methods that are popular in deep learning to quantum circuit learning was
investigated in order to construct a model that is effective even with the hardware limitations of NISQ
computers. Quantum circuits were defined as a custom layer in PyTorch, and SGD and Adam were used as
optimization methods. Incorporating quantum circuits into the deep learning network resulted in improved
generalization performance, even for shallow quantum circuits. When SGD was used, convergence on
training data was slow, but generalization performance on non-training data was good. On the other hand,
when using Adam, convergence on the training data was fast, but generalization performance deteriorated. It
was concluded that by appropriately selecting the algorithm and the hyperparameters of optimization method
of deep learning framework, a learning process can be achieved with good generalization performance and a
learning model can be constructed with good prediction accuracy for the 95% cumulative probability value.

Keywords Best estimate plus uncertainty (BEPU), Quantum circuit learning, Optimization method, Uncertainty
analysis
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