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Abstract: The inference of gene regulatory networks is a fundamental problem in systems biology, with the goal of understanding and predicting the global dynamical behavior of complex biological systems. This talk presents a mathematical modeling framework in which network inference is formulated as an inverse problem in high-dimensional dynamical systems. The objective is to reconstruct network structure and characterize system-level dynamics using state variables, model functions, experimental conditions, and observational data. A central challenge in this setting arises from the nature of biological data, which is typically sparse, noisy, and subject to uncertainty. Together with the inherent ill-posedness of the inverse problem, this motivates the development of robust mathematical models and efficient computational algorithms. To address these challenges, appropriate machine learning techniques are integrated into the modeling pipeline to support parameter estimation, enhance data-driven structure identification, and improve model selection in complex environments. The framework’s effectiveness depends on choosing a model class that ensures parameter identifiability, captures key biological features, and is consistent with underlying processes [1-4]. By combining mathematical modeling, inverse problem theory, and machine learning, this work provides a unified and systematic approach for analyzing gene regulatory dynamics and improving the reliability of network inference.
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