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Abstract:

In this talk, we study methods based on reproducing kernel Hilbert spaces (RKHS) for estimating
the value function of an infinite-horizon discounted Markov reward process (MRP). We analyze
the error of this estimate in the SLA2(\mu)S-norm, where S\mu$ denotes the stationary
distribution of the underlying Markov chain. We use empirical process theory techniques to
derive a non-asymptotic upper bound on the error with explicit dependence on the eigenvalues
of the associated kernel operator, as well as the instance-dependent variance of the Bellman
residual error. In addition, we establish minimax lower bounds, showing that our rates are
optimal in terms of sample size SnS$ and the effective horizon SH = (1-\gamma)?{-1}S. While
existing worst-case results predict cubic scaling in SHS, our analysis reveals a wide range of
possible scalings, with only parametric cases reaching the worst-case cubic rate.

Our analysis relies on a critical inequality that captures the trade-off between variance and
bias, while accounting for the dynamic structure of the system. The theory reveals an interplay
between the curse of horizon and the curse of dimensionality, providing new insights into
policy evaluation in reinforcement learning.
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