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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
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#)[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

-
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x24] **
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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



Work through dens i estimation for binary crasure channel (B)ty
of analyzing perf of BP on largesSparse R6S][gives an example

Binary erasure channel : x Exagel y Goal : est
..... Bu from ...

Yu-

-nput 1 - E
0 OXi 0
-8 Yit 50 , 1 ,53 Perf : Peer- i P(:F xi)

- -

T

· "
Output

I If we don't encode (01001)
=> (0180k)

1-E Message Ien k= S
len n

= 5

↳ is= E = 1 Per =

a timesweaplicateIa
for

I



Start w . a random factor graph for a LDPC
-

degree
xie 90

,132, 33serasure- RG(n, m
,
Fe

....en),

P(yi = /xi] = -> r= Cr
,, . . - , rm))

P(yi = x , (xi]
= 1- Py(x) = #P(y , /xi]. (* Xa=D

to esthe
i
= 3

-Entitithe error rate ofBP?
channel XOR Parity

checks

LDRC

BP on LDPC's w erasures

mi = a(xi)
= 4(yi)xi]π

betila
*
b = :
(i)

i - i(xi)
= [4π
Xalis jezalsiz

*
j + alx ;

)3 #[0Xya= 0]
-

Claim ; mi t a(xi) -> 3 [d] [i] []} -> discrete
Vita = 1

,
0
, A

-
-
Proof by
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init mbei(xi) = 42
(E] <(E) 2:

= x

I

maxis-El =1
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Induction (O - : (xi)- I
-

Case 1 : all
incoming mags are E36] , [i]}

O 90I
or i

l
then

It 20(me(xe= 0) + m /xe=1)
M
-

a+ i(xi) =Lmy(Xj
= a)m(Xe= 2) + my(xj=1)m(xe = 0)

#[X : Yanxi 0] -
--

exactly 1 of these I would be1
,

other O

=[E] or [I]
Case 2 1 incomin msg is $/[?] mi = a = [Y]-

then (t) ↑

....

M~a+ i = 24 (xi * xj =a * Xra(xi
, jz) -(i)X j-at 11

then
* Yo
,

Or

-ni)=#moti(xil
b -bi123

Else
14 If all incoming mb-si = (i) , Ya - : -* Ithen mati(xi) = (n] x

- i
=

Maxi -(47(8]
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O 3 ⑧
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decoding success,

x XzY6
= 0 0110 5 S<(n] not

4)
4) resolved .

0 Design goal for
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6
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Density evolution

design



strategy under RFG , myn-
a

(1) Follow BU strategy

L
Update &Mis 3 I- Draw fresh R6 Analyze this

- Update Ema-il process
- Draw fresh R6

t = + + /

② Justify it's accurate if FG is randam
,
m
, n-
o
, talog ?
-

I Look & computation tree fom mita (xi) mag from itoa after + B4 iters
EI mi->a(X

,)
= [0] xi

=a
= 0

mi = ic(x2) = 2"] X- = b =A
Histogram of ExaI : =

"
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Yi = E Xi w , p . = ,
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to be detIn general
(1)

we need all r-1 incoming I
for Xa->i to be determined

I
>P(xy= = 1) = q- PrYYnzz =&] = 1- /1- g)

*

-it =2

DLMGel
P(Ya

;
= 9) = q -> P(x !a= 57 = -(g): = q(z)

B+ -D
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ma: (xi)

⑮ I
r
- 1 Xat i - E
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Depending on t
,
1
, r , q(

%)
-> O or not

[perfect [constant error rate]
decoding]



/Gaussian GMSI
-

so far , worked with PCX , ] xiex <finite
· Any factor falx ....,Xe) can be written as a IX)t-table
·

Algs used only +,
A
, look-ups

Let's start talking about continuous R
.
U
. 's/dist in RK .
-

· A cametric family allows us to store factors
compute messages

Hef X = (X , .
.

., Xu) is Gaussian N(M
, 2) if

-I

P(X) = - = exp(-Yz . (x -u)
+

[(X -x)) ④

-> A
-- DE

PDF determinant

where M= *[x] = 2 = car(X) = &S(X -M)(X -MT]


