
* Equivalence of inference tasks .

• Suppose we have a black- box tool that Computes the

partition function Eq of any graphical model G .

then we can compute Marginal IPC# O) & Eq =D
Fiske graphical model
conditioned m Xi king
O.

* we will focus on the task of computing Z given a graphical model.
for
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. we are given feed KXJ but not E
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- we focus on computing capproximately) the log parole'm function

TEE IF E - k8{E*n Head CX)}

- Def. Variation of log pareieiou function .

Is to represent as a solution of
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an optimization problem .
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• Def . Gibbs free energy defend Cb) .
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* PG) =# exp(- Ha)) : low energy state is more likely.
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claim : -Gua, Cb) is strictly concave(
sgp Gaea, Cb) = #
\
RE ont MY Gitai lb ) .

⇐ more key breakseed.
Interpretation: joys pcx, minimizes average energy while

maximizing entropy.
f- more # of sarees)

proof : Gy¥) = I bcxslgtrai Cx) -Eben, btbcx)

= I bus { logZtbfzftoaicx,} - I buy bfbcx)
-
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. From information theory , we know
DKL (blip ) to

Dial blip ) so iff b-P .
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.

then
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is a concave maximization
.

but in 1AM- I dtuenstons .

• Strategy have-1 * we instead search over

BK a small dimensional space,
and find approximate solution.
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* Def . Naive Mean Field approach .
Consider Nature Mean field factorization

Sma = { bed*my :b = be xbzcxssx -- xbncxu)}
with a slight abuse of notations , Lee b = bcxhsx - - xbn

,

and plug into Gibbs free energy to get
Finite (b) = Gfw Cbixbsrx. - non)
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* bio ) 's play the role of approximate marginal distribution
bicx.DE PCX:)
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* but now the objective is no longer concave : bi CX:3 . b; Hgs -

- bilinear
.

* we look for a local maxima

stationary point of Naivebeaut-6kt is characterized by Lagrangian.
L c b

.
d) = FFmpeg ) -E Thi {I biKitt} (we done indeed posterity
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taking the derivative , went bicx:)

IF¥ = Is, ¥,* bgcxsslgfi.sc,xD - I
-bylaw -d; -o

Det. Naive Mean field equation

bi ex-D X exp { Is, T.ge#tgtisCksXdbscBTg
is a fixed pointof: b a Fmp lb)

searched
which can be solved by

gleet = Fait Cb )

one can think of this as having a belief at each node (as opposed
to edges)and update by aggregating us neighbors.

Iq pls
similar to Gossip algorithms.
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*this gives a very poor approximation .
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* Bethe free energy
- account for pairwise correlations induced by edgedfactorsL exact on desert button p on trees

. parameters ? bi CA) : approximates PLA)

to (Xi, Xj) : approximates PCA,
use b = { hot, big} notation went G

.

Def Ideally we want to search over Globally Consistent marginals.
MARG ⇒ Eb --Hikes

. ¥!? ? EY' "" )bis LAX;) = PG) , II.JE E
'

brue checking it b GWANG is NP-hard.

want CT

Def. Instead we propose searching over Locally consistent marginals.
Lo CCG) E { b s-t
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,
bi CA)-1 . ti EV
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a Local consistency does not Imply Echobat consistency
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. for general graph G . /mART①µ
' for G that is a tree.

*

Locally consistent b - Ebi, big} , ⇒ pcx) there is globally constant
for b

.
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proof : by induction.
a-I FCX , ) = bcx, ) is globally consistent.

suppose it is true for a tree when a nodes
,
then we

consider a tree with 1 more node there Is connected to node n.
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Def. Bethe free energy on a tree
.

Recall
,
Gibbs free energy for general bcx) is defined as

G-
feed Cb

) = - kbEbgtaakXDtE5L- bgbbcxs]
--

Energy Entropy .

CT discs,we evaluate ie o "
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claim . if G Is a tree then
,

sup IF Cb) = Sup Gelb) = TE n
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this is called Beebe variational problem .

if you apply ebb formula Ecb) and sponge for a non-free G , then
ee is called Bethe approximation.



*From Beebe free energy to belief propagation .
claim

. fixed pines of BP are one-toone correspondence with

stationary points of Bethe variational problem.
Further

,
BP messages { Miss CA)} are simple exponentials of
Lagrangian variables { This; His} .

proof.
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LagrangianCb .d) = Fcb) - 7. di { E. boxes -I} -¥, I, Rio; {IbisKiki)
-bi B

eating the derivative,
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big ) - fi, He,XD exp{ -I -Rusca) -Ager Cg)}
sick. ) a exp { - d÷, T.sc#aiycxiB
§
,

stick
,xD = sick)

we change variables as : Minaj CX;) x e
-Arrick)

b Hi
,XD A Miss Uli) tis LEXIMjoicxj)

b't ca, a T.io, { em ..⇒ cat¥-13
I
,

bijcxi,x; ) = 5¥, ca)



To show esoeicvobue btw BP us. Bethe free
.

we Start uheh.
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we once at BP update.


