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*The meaning of the “potential functions” Y
*Markov properties
*The Elimination Algorithm

*The Junction Tree Algorithm
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What are the “potential functions”

p(x,x,x;) = p(x, | X,%5) p(x,X;)

p(xx,x3) = p(x; | x,) p(x, | x3) p(x;)
p(x,x,) p(x,x;) p(x,)

P(x,x,x;) = Where
p(x,)  p(x;) o
X X
W, (xx,) = Pt
p(x,,%,) = p(x,x,) p(x,x;) p(Xz)
o p(x,)
P(xx,x3) = ¥, (0, ) Wy (1, %5) Fas (.X2X3) - p(x2x3)
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Think of the potential function Y _as the “likelihood” of the
assignment X,

(since they are not necessarily probabilities)
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Example:

The potential function of a pair of neighbouring pixels can be
HIGH if the pixels have the same label or SMALL if they have
different labels

¥,,(0,0)=10

| 0 W, (0.1) =2
\111,2 (x5, ) 0 10 2 Y ,(1,0)=2
2 |10 ¥, (L1) =10
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Pairwise Markov property:

X, LX |[V\{X,X}
Local Markov property:
X L(WM\{X,Ubd(X,)} | bd(X,)

Global Markov property:
X, LX,|X,
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Now we have smaller tables
How to take advantage of the Markov structure of the graph to

perform inference?

Elimination algorithm
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How to compute

(x| %) @
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POT) = 5 3553 S W 5 e W 55 55,085 )
POT) = 5 S 00 T ) (35 () T (3 5, 5O )
p(xl,fa=%XZWI,x2>xzw(xl,xg)xZ«//<x2,x4>xZw<x3,x5>m6(x2,x5)
p(xl,@):%xzw(xl,x2>XZw(xl,x3>m5<x2,x3>x2w<xz,x4)
p(xl,a@):%XZw(xl,x2>m4<x2>xzw(xl,x3>m5<x2,x3>
p(xl,@)=%xZw(xl,x2>m4<x2>m3(xl,x2>

1

p(x;, %) :Emz(x1)
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pP(Xg)=—= Zmz(x1 p(x;, %) =— ! m2('xl)

N/

n,(x,)

p(xl |f6) — Zm (X)
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What if now we want to compute

p(x; | X) @
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(x5, %) :%ZZZZZ‘//(xlaxz)W(xlax3)l//(x29x4)l/(x3ax5)‘//(x2ax59x6)5(x633_56)

XX, X, X5 Xg

_ 1 _
PO = Ty (6 ) T 05 5 D0 (5 ) D0 (531 (55,500 5, )

(x5, %) :EZW(’%’%)Z’//(’CDxz)zl//(xzax4)zl//(x3a!{S)mé(xzaxs) )
X, X, X, X5 ~ ’/

e

_ 1 - =
L NG WA AN NACAEN

’.x4

. 1 - T N
p(x3, %) = EZW(XI’X3)Z l//(xlaszm4 (x2)m5 (%, x3)

_ 1
p(x;,X) :Ezmz(xnxs)

_ 1
(X35, %) :Eml(%)
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Repeated Computations!!

p(xl | X) p(x; ] X)

p(x;, X ZZZZZV/()CI X)W (o, X)W (X5, X)W (X5, X5)W (X5, X5, %6)0 (X6, X)) p(x), %) =— ZZZZZy/(xl,xz)l,z/(xl,x3)t//(x2,x4)t//(x3,xs)l//(xz,xs,xG)é'(xﬁ,XG)

XX, X, X5 X, X, X, X, X, X,

p(x;, %) =—Z t//(xpxs)Z ‘//(xwxz)z r//(xz,x4)2 t//(xg,xs)Z W (X, %5, %)0 (X6, %) p(x,,%,) =— Z:,/(x1 xz)ZI//(xl x3)2l//(x2,x4)2l//(x3 x5)zv/(x2 X0 X )8 (X, %)

f _—— f -
p(x;, %, ZV/(X1 x})z w(x, xz)z v (x,, x4)z v (x5, ()me(xz xs)\ p\xl,x6)=?wm%%)mﬁ(%,xs)s
-

[ - X, X5 X4 Xs L
P(x3,a?6)=E§ l//(xl,xg); l//(xl,xz{nsfz,m; Y (o) Immhv)ms(xz%)zi//(%,xn
_ 1 - . 1
p(x;, %) = Eg '//(xl,xg)g ‘//(xpxzf'h_(fz)”sWu p(xl,x6)= 1,me4(xz}Zl//(xl,x3)m5(x2,x3)

(x f)—LZm (x,,%;)
P Sz - B p(xn)_%):EZ‘//(xnxz)m4(x2)m3(x1ax2)

_ 1
p(xpr)_Eml(x}) p(xn)_%):%mZ(xl)

How to avoid that?
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The Junction Tree algorithm provides the definitive

answer on how to perform exact inference in Graphical
Models

It does not repeat computations

WWW. hicta.com.au



The imagination driving Australia's ICT future ( E )NATIONAL O
ICT AUSTR&JI;I!Q

-u |\ rith m
N

(1) Triangulate the graph (if it's not triangulated)
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(2) Create a Junction Tree

@ X, X, H X, X, X

2 3 5

el
e
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(3) Initialize clique potentials (nodes and separators)

LI"1,2,3 | X, Xy — ‘Pz,3,5
Directly int
\IJC irectly introduced !
@, =ones(S,S)
D, ; =ones(S,S) > X, X
@, =ones(S,1)
Initiali 1
@ Initialized to ‘ J ’
Y3 — X, — V)56
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(4) Message passing

ok
(D 2,3 *ok ok X X L
\P**l,2,3 = —"Pl 2.3 @ 23 = Z\P 2,3,5 2 3 X2 X3 X5

*

2,3

LP*z,4 %‘PzA D, = ZT*2,5,6
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Once the algorithm has finished:

potential in each clique node is equal to the marginal in
that node

Marginals for singletons can then be computed by
brute force
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