
Towards a Mathematical Theory of

Foundation Models

Large foundation models have demonstrated remarkable capabilities in language

understanding, reasoning, content generation, and scientific discovery. In particular, they

exhibit emerging learning paradigms beyond classical supervised learning, including learning

from context during inference and generating data through iterative denoising. Despite their

empirical success, the theoretical understanding of how these models learn, adapt, and

generate remains limited. In this talk, I will present a series of theoretical studies aimed at

establishing mathematical foundations for foundation models. Based on the feature learning

and training dynamics analysis of nonlinear Transformers, first, I will introduce our recent

theoretical works on how foundation models can acquire and manipulate task-relevant

knowledge by In-Context Learning, Chain-of-Thought, and task arithmetic. I will then present

how Transformer-based diffusion models can converge to the Bayes-optimal denoiser by

gradient descent.
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