


' Exact Inference
Want to query the conditional probability Pattie)

pis /E-e) = PY;¥-¥,

let W=X -7¥ Where are all variables in the network

popes = I Ply, e.w)

pies = y-zply.es

' Variable Elimination : Intuition

☒ → B → c → D
p (B) = Ia pedal ' plat

DIA = EPIC / b) . plbl

PI D) = EPIDK ) - pic )

✗ ,
→ Xs -

✓ → ✗n

PIX:* ) = ¥ Pain / A. I
-

pail

suppose each Xi has K Values
.
the CPD Plk:* / Xi) has K values

pike , = E. plx.HN ' PM sum over t Possibilities
} µ operations for calculating PIX:-D jam MH

] o(µPIX- =D -
r - PIX. = b)

PHD PHD . - punt

Plxn ) = IE - IE PHD PLAIN -- plxnlxn.it OIKY

Using the chain rule
.
we did the inference over the joint distribution without generating it explicitly

Pld

'
Did

PI D) = FBIplAI.pk/AJ-PL4BJ.plDkJ--EplDHT3PldB).IplBKJpiA1



' Variable Elimination

Factor Marginalization :

41×1=70/4.4)
the farm 4 is the farm marginalization of } in 4, denoted Is ¢

Factor product : $-0k = of - A Hotfoot = 4.

- lot . 4,1

Factor summation II. if = -7¥ ¢

if ✗ ¢ scope-40. ] , then 41 . -24. = IN . OH

past- II. I PH.B.CH The form ¥ ¥04 is called "

sum - product
" inference task

= EE.IO/is%0b0r
= EI ¥0k ¥14k - old

=-3 41> % -0k¥ Prior

those equal signs are justified by the limited scope of the CPD factors

let ✗ be some set of variables . E be a set of factors such that 4016-20 sapid] EX

Let YCX be a set of quay variables and 2- = XT

¢+44) = I ¥04

for a Bayesian network D= { PIX:/ pax:)

for a Markov Netunk 4. is a digne potential

g. compute PHI Plc. D. 16.5.41, A) = PIC) - PIDH-pm.PCGthdj.pk/Dpl4b1Pbk.s).plH1G.Jj
Coherence

= did - HID.cl/0zl2)4alG.1.D4sls.HchLLlG10tslJ.L.sl-0HlHis. ] )
&

i eliminate¥ h -
f 4. eliminate ItDifficulty Intelligence Ti

"D=I4dd4;¥?%¥# Tula.D=.IO/xlH.GiD%ade/"
SAT EPIHK.tt --1

TIGH falls .1D) - THI tE. PIG / 2.D) - PM = EPCG.DK)|¥ t
trust =P"¥iJob

BIG. 5) = -22/4121%(6.21%12.5)
Happy plus)= -2

,
Pitt plan - PISH

(526/2) Ém%
1. ( T.L.sj-FTalb.DOHLHBlb.SI
µ, ,

,µµµ
=
Ttd - Isn Tsp,↳).tk/J.l.s)EPlLDPH14s)



def eliminate
-

variable 120 : set of fears , Z : variable to be eliminated ) :
'

= { 41-20 : Z c- soopetots } 11 factors that contains the target variable

20
"
= Z - Z

"

4 = FEE 4 11 factor product
T = ¥4 Arenormalize

return
"

VET }

def sum
- product - variable - elimination ( B : set of facts , Z : set f- Variable to be eliminated

.

< : onday of Z )
fm 1=1

,
-
- k 11 Zing iff Kj
D= eliminate

-
Variable LEZ:)

4*=¥•t
tetum ✗*

> Variable Elimination : Semantics of factors

✗

↳
✗

↳
,/ i

←
• B

E-{ PIN PLAID PIBHDPKIB.in } E- { pad , PLAN PHB.nl
eliminate X eliminate ✗

Tl A. B. c) = E PHI PLAIN ' PICIBND PLD.B.lt E PIN PHD RAID PKIBXI

TIA, B. c) does not correspond to any probability =p(B) - EPIH PLAIN PHAN

p TIA , B. A cannon be PLBI - - - ) since PIBIAI Is not multiplied : .
EPH> PLAN PHAN = PIA , 413)

N TIA,Bil - E PLAN ) PKIB.HFPLK.cl B)



> Dealing with Evidences

coherence PHI-i.hn ?

&

Difficulty Intelligence pyfi.hy-PHPIY.hn?-
Tirade/ "

SAT

/ teeter - 1
Job

Happy
=

PH.D, I G.s.L.J.lt/--/Ql4-HlD.d-4zl44alG.ZD)0sls.I1lhlhG1/0-lJ.lid4*lHisi)

ptc.D.fi, G. S.L.J.H-hil-odd-W.cl/0zEL--iTl1-0oiLI--iTlG.D)4sEL--iIls1 0/446) . 4, t.L.SI . Hilt-4716.11

eliminate King
TCD)=E4H¥lD | TILT.LK-3/0512=1%1 |eliminate D to 0h11.LI)

TIME

T.NO/z-LI--iTl1.4aI2--iTlG.#.*gTslliD=aIIla)lhlhGJ-%[H=hJ
-

01%1=-2%11.4-014114-1311 , E-
'

i. H=hD

PLI-ii.H-til-IPLJ-j.2-ii.H-tilptstt-i.H-hj-PCJ.2-ii.lt-til / pttii, H=k )

def conditional
- probability - variable - Elimination 1k : A network ovens , 4 : set of grey variables .

-1=-1 ! Evidence ) :

= Factors parameter izty K

Replace each 4£20 by lottie]
select an elimination ordering <

2- =D - Y - F-

4¥ = sum - product - Variable - Fdiminatim It , < , E)

✗ =-3 pays

return 4*12



'

Complexity and Graph structure : variable elimination

The variable elimination algorithm does not care whether the graph is directed . Undirected or partially directed

The algorithm's input is a set of factors , the only relevant aspect to the computation is the scope f- the factors

can define the notion of an undirected graph associated with a set of factors

Let be a set of factors . scope -102] = UsageEH 10£20

define Ho to be the undirected graph whose nodes corresponds to variables in scopeEEI ,

and 7120 has an edge Xi -11g Tff 7- lotto s.t.fxi.ly} E scope -120]

Coherence coherence
to

Difficulty Intelligence
E- { ¥ . Hit . Difficultyg- tyntdligona,Tindel Iggy ¥1b. Html. grade SAT

this.tt#lG.4

/ letter→ t
olds.si . waits / b- !

Job

Happy
#

Happy

let P be a Gibbs distribution PH)=¥¥zo4 , then the is the minimal 2-map fmp ,
and the factors ② are a parameterization of this network that defines P

Coherence

Difficulty Intelligence Intelligence
grade gµ,Difficulty - Intelligence\ I \ Ismael '

SAT Gradel \SAT
•mde "" →

µew☒ I he! / etm.in#htMy.bµ! /
eliminate a

Job

Happy

%
Happy
✓

Happy
/

"b

Happy
-

let ☒ be a set of factors oven D={Xi . . - Hit and < be an elimination ordering fm some ✗ EX

The induced graph Iok is a Undirected graph over X .
Where Xi and Xj are connected -f- Hi

, xp appear some intermediate faction 4

generated by variable elimination USYL as an elimination ordering

For a Bayesian Network G. Zone = Ids when 20 ate CPD

Fon a Markov Network H
,
2m = 20k Where 20 am potentials in Fl



Coherence 71B¥ hid His elimination ordering :

Difficulty intelligence
,

Flail) -_ I look. D. G) . T.in c

Grade - SAT
Blas)= -3%(6,4/86,2) did p

I

Thais) - ¥191b.D H

µ¥ TSLJ.li/--ETxlG.Jl/QlL.G)Tslb.s) §
To ( JL) = -3%111,5) 01,11451 L

Happy

let Tae be the induced graph fm a set of factors 20 and some elimination ordering < , then :

The scope of every faction generated dung the Variable elimination is a clique in Tok

Evey maximal clique in 2%2 is the sap if some Intermediate factor in VÉ

Coheyena maximal cliques :{ GD }
{D.2.63Difficulty intelligence
{ 2.6.53

Grade - IAT
{ G.T.li }

{ G. His }

Happy


