CPS:Medium:Collaborative Research:

Certifiable reinforcement learning for cyber-physical systems.
Sam Coogan (Georgia Tech), Sam Burden (University of Washington); Lillian Ratliff (University of Washington)

L
\ / ' \
~',O,uadcopters Interest

vL

Figure. A multiagent team of quadrotors learns
how to maneuver through suspected hoops to
achieve complex objectives (e.g., green hoop
always before blue hoop)
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Societal-scale systems as multi-agent games  Construction with collaborative robotics Teleoperation of dynamic robots

CPS have non-classical costs/dynamics: ¢ Hybrid or nonsmooth dynamics F

 Multiple decision-making agents with incomplete
information (humans and autonomy)

Thread A: Consistent credit assighment. Thread B: Metrics and measures for Thread C: Scaling to high dimensions with
assessing convergence. value and policy gradients.
Challenge: RL requires a solution to the credit Challenge: RL algorithms must satisfy: 1) for fixed Challenge: Differentiability is key to scale RL
g g
assignment problem in which the value of states and approximation scheme, convergence to some limit;  algorithms to high dimensions by computing value or
actions must be determined based on future rewards. 2) as parameters increase, this limit converges to policy gradients. However, trajectory outcomes
In CPS, nearby trajectories may behave differently. optimum. Convergence is currently guaranteed fora generally vary non-smoothly with respect to states,
Recent work: Extending contraction theory to hybrid  very limited class of dynamics. parameters, and control inputs in CPS.
systems enables comparison of nearby states [1]. Recent work: Convergence guarantees for multi-agent Recent work: Offline state estimation for hybrid
Multiagents systems can learn complex tasks with the systems including human/machine interaction [4]. systems [5].
right cost functions [2,3].
Broader Impact: Broader Impact: | o -Refe.renc-es | |
[1] Burden, Libby, Coogan "On infinitesimal contraction analysis for hybrid systems" arXiv:1811.03956
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