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Abstract: To address the limited expressive capability of the standard quantum approximate optimization algorithm
(QAOA) in shallow circuits and the increased noise sensitivity caused by deeper quantum circuits, an improved QAOA,
termed MA-RY-QAOA, was proposed by integrating parameter multi-angleization and an RY-assisted structure. In the
proposed algorithm, edge-parameter multi-angleization and RY expansion were incorporated into the problem layer,
while qubit-parameter multi-angleization was introduced into the mixing layer. Simulation experiments were conducted
on the Max-cut problem of random graphs, complete graphs, 2-regular graphs, and 4-regular graphs with circuit depth
(» = 1) and node sizes ranging from 4 to 12. The average approximation ratio was adopted as the evaluation metric. The
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rior to those obtained by the standard QAOA, RY-QAOA, and QAOA+ algorithms. In particular, MA-RY-QAOA exhib-
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shallow circuit structure and provides a useful reference for the design of QAOA variants on noisy intermediate-scale
quantum (NISQ) devices.
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