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ABSTRACT

Reversible Markov chains are a simple stochastic model for dynamical systems whose

equations of motions are invariant to a sign change in time. In the field of molecular dynamics

simulation, they have been applied with much success to model conformational transitions in

proteins and nucleic acids. Diaconis and Rolles introduced a conjugate prior which greatly

facilitates the inference of reversible Markov models from time series in a finite space.

I will discuss two generalizations of this analysis. In the first part of the talk, I will

introduce a three-parameter extension of the prior by Diaconis and Rolles, defined via a re-

inforced random walk with certain exchangeability properties, which guarantee a de Finetti-

style representation as a mixture of Markov chains. This random walk also generalizes two

well-known exchangeable urn schemes whose de Finetti measures are the Dirichlet process

and the Pitman-Yor process. The extra parameters yield desirable flexibility and facilitate

sharing statistical strength between transitions from different states. In addition, the process

is defined on infinite spaces, which makes it possible to treat the problem of species sam-

pling from a reversible Markov chain nonparametrically. I will discuss why this is relevant

in applications through examples.

In the second part of the talk, I will discuss a generalization of the analysis of Diaconis

and Rolles to variable-order Markov chains, which preserves much of the computational

tractability of the original. This extension allows us to apply and compare reversible models

with different lengths of memory without sacrificing all statistical parsimony.
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