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Abstract

Against the backdrop of advancing research in complex system modeling and control, optimal control problems for nonlinear
stochastic systems have emerged as a pivotal research frontier. Traditional approaches demonstrate limitations when addressing large-
scale individual interactions and uncertain disturbances. The mean-field theory provides a novel analytical framework for control
strategy design by incorporating population-level statistical characteristics. By constructing nonlinear stochastic system models based
on this theory and transforming optimal control problems into coupled systems of HIB equations and Fokker-Planck equations, we
elucidate the interactive relationship between individual decision-making and collective distribution patterns. Through analysis of
representative models, we verify the existence and stability of control strategies while employing numerical methods for solution
computation. The study demonstrates that the mean-field approach enhances system control robustness and scalability, exhibiting
significant practical value in complex networks and multi-agent systems.
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