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Abstract of Thesis

Name ( Xiaolin Song)

Efficient Markov chain Monte Carlo methods based on the Haar measure
Title (N ABIEEIZ S & DWERR R~ L 3 T EEHE T 1L k)

In this thesis, two new efficient MCMC methods are introduced. Both use the Haar measure strategy,
but with completely different motivations.

The first proposal aims to construct a class of non-reversible Metropolis kernels as a multivariate
extension of Gustafson’s guided Metropolis kernel. This main goal is achieved by introducing a projection
that map the original state space to an ordered topological group. By combine the Haar measure with a
reversible Markov kernel, a bridge is provided between the original state space and the ordered topological
group. Under certain conditions, defining directions in the group enables us to construct a symmetric
kernel on the original state space. With the symmetric property, we can build the A—guided Metropolis.
The proposed non-reversible kernel is at least 10 times better than the random-walk Metropolis kernel
and Hamiltonian Monte Carlo kernel for the logistic regression and a discretely observed stochastic
process in terms of effective sample size per second.

The second proposal combines the idea of a gradient based deterministic transformation and the Haar
measure. We carefully select a density-preserving deterministic transformation, and use the deterministic
transformation to create a Markov kernel, the Weave Metropolis kernel. By combining the Haar measure,
we also introduce the Haar-Weave-Metropolis kernel. In this way, the Markov kernel can exploit local
information of the target distribution using deterministic proposals, and thanks to the Haar measure, it can
exploit the global information of the target distribution. Finally, we show through numerical experiments
that the proposed method has superior performance outperforms other methods in terms of effective
sample size and mean square jump distance per second.
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