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Efficient and Safe Online Learning for Physical Systems

Abstract:  With the rapid development and deployment of sensing and communication technology, real-time data is booming in physical systems. The recent exciting news of online machine learning (ML) and reinforcement learning (RL) stimulates a growing interest in developing learning-based methods that harness real-time data for better system performance. However, direct application of learning methods to physical systems may not be ideal for two reasons: (1) it does not fully take advantage of the beneficial properties of the physical systems, such as domain information, and (2) it does not directly address the challenges of the physical systems, such as safety. 
 
In this talk, I will discuss my work on designing online learning algorithms that utilize the properties and address the challenges of physical systems. Firstly, I will discuss online learning for time-varying environments and focus on the role of future predictions in improving system performance. Specifically, I will provide fundamental limits on regret for online convex optimization and online optimal control with predictions, then introduce fast online learning algorithms to nearly achieve these fundamental limits. Next, I will present my work on safe online learning for controlling dynamical systems with a focus on how to balance the exploration-exploitation tradeoff under safety constraints. I will introduce online learning-based control algorithms with both safety and regret/optimality guarantees. I will also provide a novel bound for the safe exploration rate. Lastly, I will briefly mention my work on addressing other challenges in online learning for physical systems and discuss my future research directions.
 
Bio:  Yingying Li is currently a postdoc researcher at the Coordinated Science Laboratory (CSL) and the Department of Industrial and Enterprise Systems Engineering (ISE) at the University of Illinois Urbana-Champaign (UIUC). She received her Ph.D. at Harvard University in 2021 and her B.S. degree at the University of Science and Technology of China (USTC) in 2015, both in Applied Mathematics. She was also a summer research intern at MIT-IBM Watson AI Lab in 2020. Her research interests lie in the intersection of control, machine/reinforcement learning, and optimization, with applications in smart grids, smart cities, and robotics. Her work was selected as the Editor’s Choice by Automatica. She was also selected as a Future Digileader by KTH Royal Institute of Technology in 2019.
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