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Abstract

Recently [1] a new family of Markov Chain Monte Carlo algorithms which exploit the Riemann
geometry of the parameter space of the target density have been proposed. The algorithms employ the manifold’s metric tensor to automatically adapt the proposal mechanisms of Hamiltonian
Monte Carlo (HMC) and Metropolis adjusted Langevin Algorithm (MALA) and achieve efficient
sampling. For density functions a natural metric is the Fisher information which is derived by the
KL divergence. The authors in [1] however, also stress the fact that the algorithms are applicable for
any metric defining a manifold over the parameter space. Moreover, for many practical models the
Fisher information matrix can be degenerate [2] or not analytically defined [3].
The Integrated Square Error (ISE) metric is a special case of the power divergence family [4] which
has been used in several applications since it allows for robust estimation of parametric models [5]
and induces sparsity in kernel density estimation [6]. Moreover, the ISE provides an analytic metric
tensor for mixtures models. The ISE for a density p(x|θ) with parameters θ is defined as
Z

∇θ p(x|θ)∇Tθ p(x|θ)dx

X

In this work we study sampling efficiency in terms of Effective Sample Size (ESS) of Riemann
manifold Metropolis adjusted Langevin (MMALA) and Hamiltonian Monte Carlo (RMHMC) algorithms defined on the manifolds induced by the Fisher information and Integrated Square Error
metrics. We consider a logistic regression model and apply it on five real world datasets comparing
our results with a component wise adaptive Metrpopolis-Hastings algorithm. Moreover, we experiment with mixtures of univariate Gaussians on five synthetically generated datasets and compare
with a standard Gibbs sampler. For mixtures of Gaussians the Fisher information is not analytically
defined and thus an empirical estimate is utilised.
Our results show that for the logistic regression model the ISE metric is not as efficient as the Fisher
information although results are significantly better than adaptive component wise MetropolisHastings. For mixtures of Gaussians however, ISE allows more efficient sampling since its analytical expression is less computationally expensive as compared with the empirical estimate of the
Fisher information.
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