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Abstract

With the rapid development of artificial intelligence technology, many frontier fields such as ma-
chine learning, reinforcement learning, and deep learning all rely on the mathematical basis of prob-
ability theory and stochastic processes. This disciplinary development trend provides important in-
spirations for the research of modern control theory: Based on the knowledge framework of proba-
bility theory and stochastic processes, and integrating modern data analysis techniques, this paper
conducts in-depth and more precise research and analysis on the dynamic behavior of the system
and the statistical characteristics of matrices from multiple perspectives. Through this method, the
accuracy and systematicness of understanding the evolution laws and random structural character-
istics of complex systems have been enhanced. Furthermore, based on statistical theory and com-
bined with the powerful fitting and generalization capabilities of neural network algorithms, pre-
cise identification and modeling of stochastic nonlinear dynamic systems have been carried out. By
integrating traditional statistical methods with modern intelligent computing technologies, the
ability to capture complex dynamic behaviors and the modeling accuracy have been further en-
hanced. The proposed method not only helps the system to deeply understand the basic framework
and core ideas of modern control theory, but also significantly improves the ability to apply control
theory to analyze complex problems and propose solutions.
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