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Abstract 

A wide range of fundamental problems in science—including the determination of equilibrium states in 

physical systems and the training and analysis of neural networks—can be cast as optimization problems. 

However, the intrinsic complexity of these systems, particularly near critical points and phase transitions, often 

renders the computation of even approximate solutions highly demanding. Methods originating from statistical 

physics, especially those developed for the study of disordered and complex systems, have contributed 

significantly to the development of more efficient computational strategies for such tasks. In this review, we 

review key concepts and algorithmic approaches inspired by classical and quantum statistical mechanics, with 

an emphasis on recent theoretical developments and practical applications. Particular attention is devoted to 

reinforcement-based optimization methods and their role in improving solution quality, as well as the 

implications of reinforcement mechanisms for noise mitigation in quantum systems. We conclude by outlining 

several open challenges and promising directions for future research. 
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