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Towards Autonomous Systems That Leverage First
Principles and Black Boxes
Abstract
This talk will focus on the opportunities and challenges associated with settings that consist of
things we ``know'' (for example, closed-form equations based on first principles from physics)
alongside of things we ``don't know'' (e.g. purely data-driven models that are challenging to
characterize in a straightforward way, such as deep learning). Furthermore, in the context of
safety-critical systems such as transportation, aviation, and many others, it is vital to have
assurances that the planning and control systems will behave appropriately, in all settings. Given
this context, we will then present a data-and model-driven predictive controller that can handle
control and planning problems in which some of the constraints or parts of the objective
function are known, while others are entirely unknown to the controller but can be predicted
with black-box deep learning models. The talk will try to make the connection between some
aspects of control theory and the formal treatment that is inherent in this field, with machine
learning more broadly and reinforcement learning in particular. Finally, we will discuss trajectory
prediction in the context of dense, multi-agent settings and how a few simple observations
about physics can help deep learning systems to learn social rules and norms.
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