
Factor
go aphs ,

cont'ch
-

BP on IGs : Input 6 : (VUE,E) ,T
Output 9 P(xi)3i=w

Initialize
9 (mita , mazilcicalet" A o random

[]31x
For t=1

...

T

update mati :7 ⑮

I

Update Mizai B
->①-->

mita(xi) = sinsaazi(xi) ⑮-

Mati(xi)=isfalxs) Hmjzaxi) o 2 i

j=8cGiD 0-
T- O

o

Compute Marginal
: mi(xi) :

es :
Mati (vi)

miis exact if FG is a tree & TS TW

Pairwise MRF O(/-) F60
I

fie "fin * fa= fiefiss BP is exact- BP is apx, d ↳ &

23

fende!
the loop I b 0 (N/max-degree)

fas causes issues

d ↓



Example : Decoding LDPCs /low density parity Check) Codes W BP

Lef [LDPC] are a family of codes defined as

6 = (VUF , E) Variables Factors
⑭-with factors for parity checking ⑲-fa(Xga) = #(x ,* x*x, =0) -

x
I

⑮ bb
XOR -

Def ⑭
-

A codebook EXEYY satisfy all parity checks?
Kodebook) = 21-11 : = 2π ↳

-

S
29, 9 3en I 2 0

To transmit , one Xe Codebook sent over
110 I

a noisy channel whose behavior is defined as P(YilX :]
o we need to recover Xi from Yi

. 41
EniUseBD to estimate P(Xi)Y ....... Yn] Vit(n] Itp put = /sign(log +1) : Y + 50

, 13



Next
;
how to convert a BN into a FG easily
· How to include observed vars in inference +modeling
Example Yy(y) < P(X , y) = + 410xa=0]x 44(yilX ; ]
. Z iEV

atF
Xi -
9:- O -X I Singleton

I look only for Factor

- sent code word

9 0 X2 ,X3 08 0 1 10I ·t- xT
a

fa= xio O 0 I- L y27 x3
Xi O L L O

9

.3
15-0 I

o .
7 - 0-

b

O I
144 = 0
- x4

f =

Yu
*

,[09]1 . 3 0

mit a (Xi)= PLYil ;] . Ibei (xi)
b +balsi

mat : (Xi) = E I
Xavis Itzalziz"j za(j)

#[8X2n=02



Mit a update
· Normalization within

message doesn't
-> termal

~

· Num
, stability den

better if normalize

after each update

-
-> Mar((x,) = I I

x 2a1913 jedakii+
alxj)[(# x20]

-

X2, 3

=[X2= xz=0] 03 ·o7:1(4x =0]

[X2=xg=1]+ ·
7 .. 3

· 1[xnex:

(x2 = 1 , xy
= 03 + 07. .7 x,=0]

(x3 =
1
,
x

=0]t .

3 .. 1 y=0)

-
-37.2 = - 42



-b = z(xz)Meta(x2) = P(yz(X]-821303
-

M2+ b(x2) = 4[ye/x]2219b3ma + z(x2)

↓

->

Codebook output 0000

500 name7Received 0100



inTree Als
:

Elim on A junction eye
-
exact

·

Fixing
the tree

,
inference is easy using most methods

· Similar to elimination alg (exacti ordering]
· the data structure is meant to support Efficient elimination

⑧· MRF -> Clique tree ⑪-Inon-unique] I2
②-b

One example clique tree for M
P(X) < fien fasfits-create c joint mode for each aligne

· each mode has a local
copy of

its wars

YesYiz = (x
, xz , x5) ⑩O/ I

a /⑧Mess = (x2 , xy , xy) x , x2Y3 ⑦ xsoo- Va X3O
Yus = (x s , x" , xs")

· Assign eaiges to form atree ⑲D ensure consistency across ver capies / 1/
x ' x 4 Xy



* X 1
,

*
23s ,Yang) = finz(Yis) : fess( *zs) faus(ang) ·

#)[F] = (3)) #(( Yis]s=/Yess]e) · #) (5233] = [Y34s])
#)(I3s71 = (x2353) I

Consistency
· = Falic , ess) · f (*us checks across edges

$ If all local vars cambe
made consistent

,
we have glob

-me T(X)= & <(Fien)
X separater

- ** faxxX ,
x24]Oxas ⑰X123

O
x
s

, x "
,
x's

(X 1, x2, 43)

-

This tree has X'2x'x' This I
suff edges to

tree Cannot

ensure Xs = xs"⑭guarantee global consistency (the factors/edges x2
,
x
, x's

atc are separated]



Q : When will a tree be globally consistent

-Def Junction tree properly.
For a MRF G: /V , E) with & the set of maximal cliques

a tree T over -.
,
mode it satisfies TYP if

all cliques containing : form a connected subtree T
.

Met Tis a j
tree

, if View it has JTP
.

⑦ :

When will 6 have a JT ? <existence]
A : When o is chordal lang =

4 loop has a chard)
& How to find a IT for 6? & Iconstruction]
Q If G isn't chordal , is all hope lost? &
① Algo Sketch to Pind JT given G : /V

, E) , t the set of max cliques
Consider m on

&
-

Assign weights on edges base on shared wars I cliques[- Find max-not
spanning tree [using , eg , Frustal's all]

Alaim A dique tree T is a junction tree -) it's a max not spanningtree

w(T] = 2 |r()
↳e, xx) =TFreest
-La

(it(erie(k)



= I E #[ie(edie(k]
iEr Ye,4) T

- # of cliques containing
- EI Mi-1

mode I

T Since cliques containing :I is a subtree/forest
y on mi nodes

-Ew(mi-1) D - onl when subgraphy
on is cliques is connected

=) T is a junction tree => Fachieves max

not D

② If G isn't chordal
, what can yess

do?

Sketch
Choose an elim ordering
<Find reconstituted graph [chardal]

=> Junction tree

L exact
L Construct complete clique graph We can run

any algo on thisFind max-nt spanning tree IT and get cyact inference .

Dif elim orderings - different [max clique sizes]/[complexities
2 best O(/ Neewidth)



How good is B4 for IX/0 ?
· When G is a tree

,
it's exact

[Weiss
· I5 exactly I loop , it converges

but might be wrang zones
· Max -nt matchingprob

- converges
↑exact

[Buyati , Shah , Sharma zo
· In the limit of a large graph

density estimation provides
-

an asymptotic perf est .

Useful Fer
~Analysis of com pressed sens in,

e
min

Xt Red -↳
Underdetermined system sparse

·

Analysis of LDPC decoders
,first provable Stuby'98]
capacity -achieving codes

· Analysis of near-opt crowdsourcing (karger on
snak /201


