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The EM Algorithm —an Old Folk-song Sung to a Fast New Tune
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SUMMARY

Celebrating the 20th anniversary of the presentation of the paper by Dempster, Laird and
Rubin which popularized the EM algorithm, we investigate, after a brief historical account,
strategies that aim to make the EM algorithm converge faster while maintaining its
simplicity and stability (e.g. automatic monotone convergence in likelihood). First we
introduce the idea of a ‘working parameter’ to facilitate the search for efficient data
augmentation schemes and thus fast EM implementations. Second, summarizing various
recent extensions of the EM algorithm, we formulate a general alternating expectation—
conditional maximization algorithm AECM that couples flexible data augmentation
schemes with model reduction schemes to achieve efficient computations. We illustrate
these methods using multivariate -models with known or unknown degrees of freedom and
Poisson models for image reconstruction. We show, through both empirical and theoretical
evidence, the potential for a dramatic reduction in computational time with little increase in
human effort. We also discuss the intrinsic connection between EM-type algorithms and
the Gibbs sampler, and the possibility of using the techniques presented here to speed up
the latter. The main conclusion of the paper is that, with the help of statistical con-
siderations, it is possible to construct algorithms that are simple, stable and fast.

Keywords: DATA AUGMENTATION; EXPECTATION-CONDITIONAL MAXIMIZATION ALGORITHM;
EXPECTATION-CONDITIONAL MAXIMIZATION EITHER ALGORITHM; GIBBS SAMPLER;
INCOMPLETE DATA; MARKOV CHAIN MONTE CARLO METHOD; MISSING DATA;
MODEL REDUCTION; MULTIVARIATE ¢-DISTRIBUTIONS; POISSON MODEL; POSITRON
EMISSION TOMOGRAPHY; RATE OF CONVERGENCE; SAGE ALGORITHM

1. PROLOGUE: HISTORY AND POPULARITY

1.1. Who First Developed the EM Algorithm?

With the ever growing popularity of the EM algorithm, especially with its various
deterministic and stochastic extensions (e.g. the data augmentation algorithm of
Tanner and Wong (1987)), those of us who do research in this area find ourselves
being asked more frequently the question who first developed the EM algorithm?
Although it is easy for us to direct the inquirer to Dempster et al. (1977) where the
term EM appeared for the first time, the question is really not easy to answer. In fact,
the issue of the origin of the EM method was raised by several discussants of
Dempster et al. (1977). For example, Hartley opened his contribution with

‘I felt like the old minstrel who has been singing his song for 18 years and now finds, with
considerable satisfaction, that his folklore is the theme of an overpowering symphony’.
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