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Graphisforprobsdist
A way to define high dimensional prob dist

Factor Graphs an example first
Ex Medical diagnosis

I if I have a cold
O O W

S s I if I have a sore throat
0 O W

I if I have a runny nose
0 O W

p f 1 if
there is pollen in the air

O O W
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Assume Ya 4h ind unless told ow
2

is Prob c O 5 0 rsl Pst 63 i3 09
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2 normalization constant

In our example
1 I l l 10.3 03
I 110 ol 2 002 Such be 25 states
00 I t 3 3 09
0010 3 2 r06 The remainingonesare 0prob
0001 6 el 06
0000 6.4624

25.50g
View as agraph factor graph
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In general's Factor Graph is a bipartite 3

The graphwill have
1 variable nodes V's

2 factor nodes a's da s ne ig of a
where da variables of Ya

3 For eachfactor a map

Ya 10,130 At

Tasks Given a factor graph G

1 Computer marginals ie PIX D
2 Compute conditionals ie PIXEL Xj O

3 Same from dis t

4 Find mode ie argmax PHI
I



Claim For general factor graphcomputing any 4
of the above is NP hard

We will show 3 SAT Ep Marginal
the others are similar

Reale 3 CNE is a Boolean formula with
3 literals per clause

3 SAT p e 3 CNE p has a satisfinginstance

es F fx.vxivxz.nl zvIyVX s c 3 CNF

Note X vXIvXz is false iff x stg F I Xa'T

Suppose p C 3 CNE
with clauses G cm

for each clause e let 4C be the factor
S t Yo 1 if true

0 OW

In our example

k th Xa B 1 if true
0 O W

Ye Ye
1
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Consider uniform dist over 10,135
5

Pla Xs Talk KAI 4GHzXxXs
When 2 to Pio uniform dist over satisting

assignments

Thus pail O iff Fis satisfiable
Thus computingmarginals is NPHard

Note Computing Z is P Complete



FactorGraphsthataretr.es 6
We restrict factor graphs to a tree

Toshony For trees factor graph tasks
D 4 are poly time

We will solve the unnormalized prob

xe.E.sna9Yalxoa
m

2Exists E TI YalXo a
XeEo 13h as i
Xi b

Note PEX s b 2Exists z

mpWZ xib
We root 6 at vertex Xi
Subproblem Rooted subtrees ofG
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Let Tw be subtree rooted at W l var n fact

two types of subtrees
1 Variable rooted a Factor rooted

Tya be subtree of Tx with child q

Vw be all varietals in Tw Twa

Fw be all factors in Tw Twa

Childlwlschildrentwly
FO iWohd

Hi e Int Vbed0,13

compute Vi
qq.ogju.la

4alYda



For factor rooted trees 8

tfielnlf Vbelo.BR VE c child Xi

Compute

Vila b EY.atoallT.YalYoa
yeeon3maeFi9Yi

b3

R nes

For variable rootedsubtrees

Vilb qq.fi asb3xinotleaf
I O W



For factor rooted subtrees 9

Vilasb qq.EEyoaYfYoal wa
VilYifnotIeaf

Ya b if leaf

TCorrectionimpleinduction
I

called the sum Product Alg


