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Background
ÅGraphical models

ïrepresent statistical dependencies 

between random variable nodes.

Å Inference 

ïto compute marginals of single hidden nodes or subsets of 
hidden nodes, given observed nodes.

ÅMessage passing algorithms

ïBelief propagation

ÅMany applications

ïBayesian networks, Error-correcting codes, CDMA, image 
processing.
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Background

ÅBP fixed-points = Stationary points of Bethe free energy

ÅKikuchi free energy is an extension of Bethe free energy.

ÅCCCP (A.L. Yuille, 2001)

Convergence Computational cost

Belief propagation (BP) Not Guaranteed Moderate

Concave convex Procedure(CCCP) Guaranteed High

CCCP
ÅObjective functional

ÅRecursive equation

Å It follows that

)()()( rrr cavevex FFF +¹

( 1) ( )( ) ( )t t

vex caveF F+Ð =-Ðr r

( 1) ( )( ) ( )t tF F+ ¢r r

+

convex concave

( )F r

Bethe and Kikuchi free energies
ÅBethe free energy

ÅKikuchi free energy

CCCP iterative algorithm
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NCCCP for minimizing 
Bethe and Kikuchi free energies

Åfeature

ïincludes CCCP for Bethe and Kikuchi.

ïis guaranteed to monotonically decrease Bethe 
and Kikuchi free energies.

ïcan reduce huge computational cost.

ïmore stable.

NCCCP for Kikuchi (Key Idea)

ÅTrivial Pair Creation

ÅProposal of NCCCP

ïSpecially
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Decomposition with parameters

ÅConvex part

ÅConcave part

ÅFeasible set  
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CCCPU

ccu -= max

NCCCP algorithm for Kikuchi

ÅAlgorithm (NCCCP)

ïOuter loop

ïInner loop
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Outer loop

Inner loop

Outer loop

Outer loop

NCCCP algorithm

: Approximate marginals

CCCP
U u ccu -= max
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NCCCP algorithm

: Approximate marginals
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Remark
Even if free vector      is changed within      at every outer loop, 

NCCCP is guaranteed to monotonically decrease Kikuchi free energy.
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Example (Gaussians)

ÅBethe free energy

ÅFree vector:   constant 

Å Two different iterative methods w.r.t. inner loop.

ïAsynchronous

ÅUpdate  oneparameter at every inner loop.

ïSynchronous

ÅUpdate all parameters at every inner loop.

1+tt 2+t
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Numerical Results (Asynchronous)

)5,1.0,10( ⁷⁷S )5,2,10( ⁷⁷S

)10,1.0,10( ⁷⁷S )20,1.0,10( ⁷⁷S

CCCP

Numerical Results (Synchronous)

)4,1.0,10( ⁷⁷S )5,1.0,10( ⁷⁷S

)5,2,10( ⁷⁷S )10,1.0,10( ⁷⁷S

CCCP

Summary

ÅNCCCP algorithm for Kikuchi is presented.

ïmore general than conventional CCCP.

ïgeneral concave and convex decomposition.

ïReduce expensive computational cost.

ïmore stable not depending on synchronous or 
asynchronous.


