
⒔S Factor graph + sum-product algorithm .

①

⑭↳
Converting to factor graph

What is factor groph ?
· Bipartite graph of two types of modes

- variable rodes V and

- Factor nodes F

Random valiables : round model
Factor modes : Squarenodes

Given a DAG
, G= (VIE) Convert

it to a factor graph
G = (V I F,)



Every mode in the original graph L

remains as a valiable in 6

For each variablerEU create a factor
- = PCV(pa(r)) < conditional prob distrj

The factor connects to V and Pair) .

① For Variable who

parent factor fr↳ connects only tor-

If the resulting
factor graph
has no cycle,
we can

perform
exact inference



VEF Message

M= Mhz
henc 1553

Myxxb=Ef(x) #T Myef(y)
YEME1923

n(f)
, nb) : neighbors of fixe

Bass(

D #DD

↳ =Efp(D) iT(y)
Yfn(3d]

n(tp13oz= 0
YP = fo(d) =P(d)

· ⑮
similarly
My (i)=P(i) , Ma=fa

=A



② Data
,
1fta

,
It is

Mazd = imhea(d)
hen(asfa?

ncd) = Sto
. fas so

ncd)\Sta3 = Efp3

Moecald) =m =Pl

mytG(i) = Menili) = P(i)

Mztfs(i) = Pli)

③ tatG aftal\EG3 = ED, 13

M fuldig)-m
-E PlgIdi) P(DPL
= P(g)



fsts ncfs)= S2 , 93
m(f) (Ss] = StY

m[fsiM
- S

= [p(sli) pci) = P(s)
Y

& Gett n= Sta ,3
n(G)(5623 = 5 ta?

mp-f (g) =
Montg(g)

= peg)

Atte nCAIStr] = Stat

matfr(a) = MELA(a) = P(a)

⑤ tit L ·n(ft) = EG
,

A
,
23

Mfntchel = Eflg ,alMatth
-L

= -HR(g ,9) p(a) P(q)
Gra

= p(l)



To handle observations
, we will

add a univariate factor for
each observed varichle

D

D⑲
-↳

D-
·-Dhr

These factors will be indicator

functions
h(l) = 1[l =e

*

] set e*h
*

ng(s) = 1 [S = s
*] deveend

Obes



⑥ It he niha3= 3823

Mutalei = Mat(e)
= P(l)

Sehs

Msengs)
= P(s)

Essentially ,nodes gather message
by taking the product

factors perform marginalization
via summation.



Class2

(e) D
hatL

↳= hull) =1[l =e
*]

Musts()= als =s*] YP Y
& ⑭

② Lett , Sets

Mctfli= hull = &[e=+*]

Msefs = Us (s) = 1[s=s
*

]

③ futG netlG= SL , A3

Mad = [fr(g , 9 ,1)mem-

g

= 2 p(119 ,9)e]p(a)a
,
l

= ple
*

(g)



④ G-fG

Ma+ fa() = M ++ n() = ple
*(g)

⑤ fatI , JgtI

Masteli= Efa(id, g)mCm
= Ep(g(d, 2) p(d) p(&* (g)
--,9 P(g , d, (i) = P

*Ii)

Mfstq(i) = Esp(Sli) #S= s
*]

= r(s
*(i)

-Compute p(ill*, S
*

)

= p(e*, s* i)/ ple*, S
*

)
Combine messages

Mfzty(i) +MM
= P(i7 - D*T) p(s

*
It)=*) I-



Belief propagation
first proposed by Judea Pearl
-

in the 80's for trees/poly trees

sun-product algorithm
is exact it the right ordering is
used

otherwise, we get loopy belief
propagation ,

MMas message passing

ototo
↓ Choose aroot⑪

obs (leaf)RoMessaga

to root



Felsenstein as BM
I
roof

⑫

a
Leaf to roof.


