Complexity and Information in Data

J. Rissanen

IBM Almaden Research Center DPE-B2/802

San Jose, Ca, and

University of London, Royal Holloway

Egham, Surrey TW20 OEX, UK

jormarissanen@msn.com

In this talk we describe recent results in model building and selection based on a formal definition of complexity and information in a given data sequence, relative to a class of parametric models. These define a universal parameter free model for the class, which factors into two parts, one that has (asymptotically) all the useful information in the data that can be extracted with the class of models and the second defining noninformative noise. For the exponential classes the factorization separates the noise perfectly for any amount of data, defining a universal sufficient statistics decomposition in generalization of the usual factorization of the likelihood function for the exponential family. In particular, for the normal family in the regression problem this decomposition provides a powerful and natural denoising algorithm, where noise is defined as the portion in the data that cannot be compressed with the model class selected.

The universal model can be computed as the solution to a minmax problem, which is to find a code whose mean length is closest to the mean of the ideal target, defined by the negative logarithm of the maximized likelihood, where the mean is taken with respect to the worst case data generating model lying outside of the parametric class. Moreover, for the exponential class the minmax value is the norm, which can be beaten only for a vanishing fraction of the best data generating models. When Akaike’s quest for the model in a parametric class, which is closest in Kullback-Leibler distance to the data generating model outside the class, is changed into finding the closest universal model, the criterion becomes the MDL criterion rather than the inconsistent AIC.