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Abstract

This dissertation aims to advance the mathematical foundations for scientific machine

learning approaches to problems in fluid dynamics, molecular simulation, and multiscale

systems. In this work, I bridge rigorous numerical analysis with modern machine learn-

ing architectures, guided by a breadth of projects ranging from classical analysis to novel

model development. These projects aim to address the question regarding the efficacy of

machine learning-based models over classical mathematical methods by enhancing the

understanding and interconnections between these two approaches for fluid and molecu-

lar dynamics modeling, facilitating the development of new methods that integrate the

advantages of both.
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