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Abstract

Donald R. F. Harleman Lectureship

This work describes how machine learning may be used to develop accurate and
efficient nonlinear dynamical systems models for complex natural and engineered
systems. We explore the sparse identification of nonlinear dynamics (SINDy) algorithm,
which identifies a minimal dynamical system model that balances model complexity with
accuracy, avoiding overfitting. This approach tends to promote models that are
interpretable and generalizable, capturing the essential “physics” of the system. We
also discuss the importance of learning effective coordinate systems in which the
dynamics may be expected to be sparse. This sparse modeling approach will be
demonstrated on a range of challenging modeling problems in fluid dynamics, and we
will discuss how to incorporate these models into existing model-based control efforts.
Because fluid dynamics is central to energy, transportation, health, and defense
systems, we will emphasize the importance of machine learning solutions that are
interpretable, explainable, generalizable, and that respect known physics.
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with dynamical systems to model and control systems in fluid dynamics, biolocomotion,
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and the Presidential Early Career Award for Scientists and Engineers (PECASE).
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