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Machine Learning has emerged as one of the most transformative forces in contemporary science and
technology. In this lecture, | will discuss Machine Learning through the lens of applied mathematics, highlighting
its connections with control theory, partial differential equations, and numerical analysis. The presentation will be
organized around three central goals: representation, generalization, and generation.

We begin by revisiting the historical and conceptual links between Machine Learning and systems control
(cybernetics). This viewpoint allows us to reinterpret representation and expressivity in deep neural networks in
terms of ensemble (or simultaneous) controllability of neural differential equations. Within the same framework,
generalization naturally appears as a stability property with respect to perturbations in the data and the model.

Next, we discuss neural-network architectures as tools for numerical approximation. As a guiding example, we
consider the classical Dirichlet problem for the Laplace equation, formulated as an energy minimization problem
under neural-network constraints. Particular attention will be paid to the lack of convexity and coercivity in the
resulting optimization landscape. We will demonstrate how relaxation techniques can restore convexity, albeit at
the expense of losing coercivity, and discuss the mathematical implications of this trade-off for both analysis and
computation.

Finally, we present a PDE-based perspective on generative diffusion models. Their convergence can be
reinterpreted through the asymptotic behavior of Fokker-Planck equations driven by the so-called score field. We
will explain how classical tools, such as Li-Yau-type differential inequalities for positive solutions of the heat
equation, shed light on the regularization and convergence properties of these models.

We conclude with a discussion of open problems and promising research directions at the interface of control
theory, PDEs, numerical analysis, and modern Machine Learning.
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