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Abstract Recent years have seen distributed quantum computing become essential for implementing complex
calculations and large-scale tasks, as quantum computer performance heavily depends on the number of available
qubits. However, fidelity, which indicates the quality of quantum states, degrades with communication distance
and poses a serious challenge, especially in long-distance communications. Existing quantum networks use fixed
routes without considering dynamic changes in fidelity during route selection, leading to issues with guaranteeing
end-to-end fidelity. Additionally, quantum states are vulnerable to environmental noise causing fidelity degradation,
which necessitates the use of distillation techniques, a form of purification, to maintain fidelity levels. In this paper,
we propose a dynamic route selection method that utilizes both fidelity-based path exploration and the Multi-Armed
Bandit (MAB) algorithm to address these challenges. Specifically, we compare three approaches - e-greedy MAB,
Thompson Sampling, and Round Robin - and present an optimal route selection method that considers both fidelity
and delay time for each path. In evaluation experiments using a Waxman random topology consisting of 50 nodes,
Thompson Sampling achieves higher fidelity and lower delay times compared to other methods, demonstrating stable
performance even in dynamic environments with changing arrival rates. These results indicate that our proposed
method contributes to more efficient dynamic route selection in quantum networks.
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