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Abstract

This paper tackles the challenge of linear quadratic zero-sum games within dynamic systems that
evolve over time. In contrast to previous methods that heavily rely on system models, this paper
introduces a novel model-free reinforcement learning algorithm to determine Nash equilibrium
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solutions. To begin, the paper employs the singular perturbation theory to transform the time-
varying dynamic game problem into two separate time-invariant dynamic game problems. Then,
by leveraging a model-free reinforcement learning algorithm, it identifies Nash equilibria for
these two time-invariant systems, effectively approximating the Nash equilibrium solution for the
original time-varying system. The algorithm framework proposed in this paper introduces a fresh
perspective for addressing robust control problems in dynamic systems with time variations. Ad-
ditionally, it opens up new possibilities for robust control problems in time-varying systems or
achieving resilient control in cyber-physical systems by harnessing the power of reinforcement
learning.
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