
AISM (2007) 59:727–740
DOI 10.1007/s10463-006-0079-z

Toric statistical models: parametric and binomial
representations

Fabio Rapallo

Received: 21 February 2005 / Revised: 1 June 2006 /
Published online: 12 October 2006
© The Institute of Statistical Mathematics, Tokyo 2006

Abstract Toric models have been recently introduced in the analysis of
statistical models for categorical data. The main improvement with respect to
classical log-linear models is shown to be a simple representation of structural
zeros. In this paper we analyze the geometry of toric models, showing that a
toric model is the disjoint union of a number of log-linear models. Moreover, we
discuss the connections between the parametric and algebraic representations.
The notion of Hilbert basis of a lattice is proved to allow a special representation
among all possible parametrizations.
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1 Introduction

In the past few years, the application of new algebraic non-linear techniques to
Probability and Statistics have been presented. Here we follow the polynomial
representation of random variables on discrete sample spaces as introduced in
Pistone et al. (2001a) and we study some algebraic and geometrical properties
of a class of models introduced as toric models in Pistone et al. (2001b), showing
the links between toric models and log-linear models. See also Diaconis and
Sturmfels (1998), where algebraic techniques were used for the first time in the
analysis of contingency tables.

The polynomial Algebra is used here to describe the geometrical structure
of the statistical toric models on finite sample spaces. The first works in this
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