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Abstract

“Inference”problemsarisein statisticalphysics,computervision, error-correcting
coding theory, andAI. We explain the principlesbehindthe belief propagation(BP)
algorithm,which is anefficient way to solve inferenceproblemsbasedon passinglo-
cal messages.We developa unifiedapproach,with examples,notation,andgraphical
modelsborrowedfrom therelevantdisciplines.

We explain thecloseconnectionbetweentheBP algorithmandtheBetheapprox-
imation of statisticalphysics. In particular, we show that BP canonly converge to a
fixedpoint thatis alsoastationarypointof theBetheapproximationto thefreeenergy.
This resulthelpsexpainthesuccessesof theBP algorithm,andenablesconnectionsto
bemadewith variationalapproachesto approximateinference.

The connectionof BP with the Betheapproximationalsosuggestsa way to con-
structnew messagepassingalgorithmsbasedon improvementsto Bethe’s approxima-
tion introducedby Kikuchi andothers.Thenew generalizedbelief propagation(GBP)
algorithmsaresignificantlymoreaccuratethanordinaryBP for someproblems. We
illustratehow to constructGBPalgorithmswith adetailedexample.
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