|6-70] J‘Zco’hx’[\'aﬂ ( ” /" /é) jmyanf Kﬂfghﬂamur’f’}\y

_—

Jopics

1. Undirected @fqpﬁﬁm! 'Marlcl;

’JT_. Tn Ferente 1N RMg

A. Vorlolle  Ellvalngption

B. Conplexity of Vertelle El'wminetion

(.D-[- L_-@oxfnalne\ In BUj

A Lem}'fwng C PDg gifta o BN silucture

of
2. Leo\fﬂfﬂb BN <troefure 1 (PDs.

)




. U{\(_I?P(C‘TQJ éfqin!r\ilfﬂ[ MOJQ,(Q ( mwké"\f Romo)om Fl.‘el(;s )

i T -

e

e

\...

2 C«D

X . -
\(@/ \@ P(pB¢D) — '1}; /;1 z/\ U

*Distrbotion j5 wrtren as e prodeet of

also called moxima| cligee in Tl 0 loph,

1
I|
POTCP\‘TMI& ‘1’| 5 oatentils ""' eack one  ascocioted with  a
l
|
T

Logtote. * Potentio f5 (j,‘nJc_J !—_)\_', f1ofm™ q[ I'viae  canstant

\

2 {olso called e pw"ff'ffron fﬁ«\c'f:ﬂn 1o

ensort  te PrOL)D\('_)!lIIITf‘Cﬁ tum  To 1.

2—— 2 q’ (Q. LJ-(_.E-’“[D( cjc[) & ij‘cqff:f L\ard’ 1o Compute.

G;b,c,d

( ) ° Cofldr"\'r‘ona! F‘AJ‘QPCAJC”“"- ' _-MRFFS

two  vearfables X, y:  arc  tonditioaally
} T

g

in e pgm/dn‘r Qiven St © F variables X €

e "5 ng Pq‘f‘n [ac‘ru/@c.a o am) AL

‘CDW\PO‘.}CJ ) ev‘\'fr'ff(*'/ c:n_c ur\obS(fucc} \/axr’&\olts .

Ex'!
®  ® ALB |c '
Rogmcn TR o
DI Bl F | (b (™ ]
\5/ 1y ) BE B

', Mot “ree

AL D |B




e call -

- BN 05 (oneist  wey of €ﬂ{ac[r'g_____0}___“ d vstr'bution
Ex: - —

____@_ @ P(FAS, B }U)

N L e e (s 1A K P (HIs) POL]S)

e )" - R —

A
) ®

" Do-seperation lexs 05 reod the  gonditioas| [nde pendenc
0 S5 mtiony [n  4he BN - —(Inc‘l“"!‘W‘Jf‘_*P"’%“‘T’L"?—
. I R Jables
Tod.ay s Tadercace Tn Bis, - i
Clotven o BN ke He onc  above, aad s (P how
,  Can We  owswr/ quenss  |ke: o
( i~ ( H True I M = ‘i(ﬂ"'i % A{Ea{uhts V"lafa,ma} m’frm e \
| » P (8- ”ﬁ’ﬁ) Somminy o0f  Ale otles ‘,rm-‘au.r;\ ‘

ga;c! Mews "_'I(\‘F?ff-rttz( 15_ /UP L\G\/‘c}, r'_/_m___ %,—Mm/_

( Reduetion -___{f?_v:\___ _3-5A T)

) R 7

@
/

,-——

" Nl .
Co) ——=

L

l ey

s -;‘;1@] e— C{".':’-?E?....‘._’_'fl_‘-_vé”':‘.'“""
e

A

C

POy; = tme )= Vo, (¢ .-L..(__Xa V A '_L}";.((.__B JA Loy

£ detecwministic  fuaction ol pets,

kil iy fiae jo BM

P, =t) > © (=7 ontgiaal 13- SAT  formaula

s catio fable, o o




| GoaJ pews :  Lafeceac ffequemfl\f pa%*;-'}g/er.

. . I -
de pe.«\an:\J on e grépk ctrvetvre o fle  EBM.

Vorrelle  Elimination

| * :ﬂf'c\ot\'+LM o morginalizing  ovt  verells ‘A &
= —t

BN  To OGNSt Guenes ke Ale two  plCvibvs onts
i}

Bes e rch\f :‘Tffa'lul\/é:{\! mo\fj tralize oot va/ o ble s
Eccrufre;s )5 to ID‘; Sywmeiny v e  Terms Co/\'ro.;'n.'u\:}
C\oose  an  order The  varielsle .
1o 4um  out  eack
Vori'able Ey s
F) (B __P(RA M 0T
N A P T '
| = (57 P = TIPSR A 5 (D50
| N (B
7 1 -
| il (,0"‘1;701“{, F (NJ A - ) ]23\-’,! Varioble elim (A6 on o
| P(D A1) = Z P4 a1 o b Dt
| ; £t B
Say I choose — :a POL)PAYP(L) £ PCsl£a))P(Wls) Plp]et)
&) Jt =

To Com| ¢ out

~ S P(OP(ADF) = 9(F b o t)

fut L |

S ;5 Lome [un{'h'o-’l OF_

T variables ﬁq”eJ a factsr
4 _may be o CPD, byt 't

ctlee ey net  be.

1

| T

Pla)Y P() S P(t) £ - al £ boat)
y T h -

Dvsl [&ceP cia;'nj tle Suwne g
C(uqJ (‘fﬁ&\'rl‘f\_‘\} '(%Targ To C{_C"[

Npulr anguw el




CC’M_PLC_K!TE{ 9£ l/&\flc\{gl_‘( El ‘minction

)s = e

Order of €liminatiay Variables  mattes |

 Different orders  fead o Jiffere

| (an__we n‘e’rf/m'nc "H~e_ (,cfszL_xf“w

_eliminotion T

= Ves, Usiny TreLwak ;r[ “H\L

- €Xp0f\tr\'f-af ‘n_ The ¢12c of The [ow\f‘:'i foctor .

‘ = ""/.['.‘_“I? Bf(a-u‘;vc; ﬁ_a_«fq‘ofs {onfa’a on C;mpoﬂfﬂ‘t'o\l

S________ | nuwber of  table entries . (Eq. 3 (£byat)

| from e predoss example lhas 27 Valves,
- s5oumiay  The varialles owe Eﬂﬂdy )_ [

a1l oized  Lactors.

oft  varialle

qrqpff\

Uge, th's process:

deg_ Letween pareats  whe

| Moralize qroph * Deaw  oa

undicected

clhtld.

]

— 1 2. Re Mt;va CJ@L _ J_ /\C.CT!Oni - -
___AS!-C.}C : TL\;‘S vudl tected &{_{(pln )¢
, T Now o Morkov Metwork bl
@_/%/ ) refpfﬁstﬂfs ’r—["\f« Showne 4 Tfl L.Ju"h'om
r - - as the origiel BV, ((assominy
[E— S — the  factors _orc  Clhosen ﬁfa@.eﬁfﬂ:l;gi_l_,
(I % ,RU " \/Jxrﬁa_gg_[ﬁ E ’|'.a_v!_.‘.r’lak"' 1OA . Fach. Time o o -

voliable |4 efu'mfﬂa‘{’e)}_. 4..&1“" o

all of i41s neighbors  tlen cemove tle yveriable

from e qlaph.

clique  between




( Answer Guery  PL 1) )

EX £ Ell‘m’.(\a'TI‘Of\ Of'd:f : 5, F,. H, Tf. A&
@_‘@) El PR . (E T@j\ l:;trmnqmﬂ, @ . @_
Nl = T TR /

-—-_.,_,____

' M’ - S I |
B VoS N T

® W —0O (H—O)

In duce,.nj (9%1-\ ) T"\IC( UV o0 OP 60"'—‘, es, lffdﬂ’l

the <egueace of Graphs Yyou Creafe.

(T this (ase , we get Tle Com plete gfn_plq

oNn C[” 6 vellebles. )

) —£ Note ' Tadoced O{WL\ clerJs

“‘i\%\ ----- on el V"'l“"ﬁ‘tfof\ OfAe(‘

]A\W .5c¢ Exemple log_]f_f«_-/_;_

O—a

Tedvied nirdrh. Cioe of ,W3ee’f C}F‘Cpua
[ A +he 1"\J¢/(¢,J % 4 OUO}'\ 4 Minvs  OAE.

-(o/rtsPoan to Tl s-\Ze OP "i“Lg_ (aﬁ;c <t fa('f‘of'
created durins  varialle €l/mination (a"re/ f"lafﬁ,'m":-'c_;-)

— - -
( ‘Ln This Case, £-] = gf, for  factor 5({.&1.‘??['\.“)3

Teee widtl © W nlmum sl ized L«/"(-I"T!'\j— ove/  all

pessiLle elimlaatlon orders.  Provides o

’ﬁwtr Laun:) &N ‘o MP(F;(,"T!}/ c9£ Jwr’a(o{e
f‘l‘w\:(\&ﬂ‘(ﬁﬂ- I

( En  thii Lase Tree i d 4L, ’rs 2 17y

'TLQ C!k“m}‘r\#\"'!‘oﬂ afC!({‘ J F A H S \

N E—A) A
\_/ Rt

z W
/@\ i

/ o N T
& RO o




jp_c)u(,uj__ r’:\Jfa?L, Lot O4 Offgl‘ﬂ.&l cj(rqp[/\}

(onc ‘_(!_550{\__5.___“_/]&6-_'.\. 15

i .."./_W'auf:...,-ﬁl Lwnation 1[4‘-5"" 7

- Poly trees = & afagh with 410 v
(T e. rewmove edac directions, Fhen

- S — CYe e
- test  for <yeles.)
- _— B /g\\ e —
olutree ! /o 2y Tree ! ? aetie
. . ﬁ_P_;L&%KL.\%_ o Mot Polyteeer \?ﬂok/ \; / T
- I [ZL/\ R | \ \“0{'
— grelly

y chain  sttvetyres

‘ T_.meer«raxr Spec.'a' s 1%

——

(Llee  Hepsl) -

| Learnine_ jn
h g

—

we SetTings S
CPDs (¢ /)

. (o ven %f&p"\t learr CPDs (e

2. | earn .-%.@«49_‘.\__.._5.:t£vc’rur€_

{rom  deta ( hardes ) s

| Learny (PDs: -
S Dost vse MLE or MAP  estimate - _f
. f : E‘ - [} o n
a8
= L e e, e — e L) (- S S .
I . = AT AR & .ﬂ-— :—J- i o/ t.. l £ \
T L 2 IG’S F(Xs J Farents {7y ] ) ¥y )
B © = j:} J
. ore_max o & ¢
s P i—%—%ﬁ%@ﬁr{—ﬁ A E—
——— T I ;::i
o ———,—— % = -
[
B __ Soms Suwiteled . o o

MLE estimate
Lor eackh (on di110aa]

cl 5T r Lu‘h"ﬁ,n N clc Pen dcmH\/ }

—(or q (ep W 5 Se Mgl\,} M_LE______——_

S




LJCLFm"nj (Dfaqo]r\ Strueture g CPDs

MLE ect wate fLor %f‘fwl\ biad g)m--»\e'i‘ers

qiven _dota D= § x! ... K-
— _d— . I . . £
a0 (< o
j )! / ) Z ‘z lae\_ P (X\l: Xi l xn z-\: %MI\ )
j';‘ =) = o = i e to f 1
) = =
Let P (x,: . 0% LI g s tThe  indiates
| =] L d / __\Cl/'lc-'f on
| ———foont [ % E?\\
A L) /

(P 15 TLC eMDIFI(O\’ CJJ‘S'r/"L:UTI'ﬂm C)F '/‘/e_ _-;f]G\"’“ﬂu)

Thea we  can  wii'te’

Y :: | m‘-t’) Y ( D } 8 G } > 5 (oomt ( Xo= % _Xn,r;\ f'__xpd,-l) k
' § Kel) YAV
Yot 7C-~Te SoiA — ‘@j P (f(_x Ad \ Y;Dv"v:;'. 2 XT:,_U%.’\‘

_._.nf *II'LL.
to lo(, e

a
_values _of _eack - N _gmﬂ%@i@_umb

'j_'rMn..

variable

. Obeerve +hat ﬁ:l./en a %faPL\ (7; e L‘mﬁ_w ’H~e_
I MLE et imadte Lor & 5eTs cacln CPD tot

I
P(X_:,i.! Apaggy ) = Coont (%5 Xy \) < depends on (o
- (ovn’rﬁx%,)}) € Eqauc_,.,, o £
Pocents K{/n(?f}}n lpol {-)

p"”ﬁﬁ:‘nj 'HM‘ﬁ ?6‘1’r‘maT& I A ’fD_ "f'LL l:"ff’}-'_!:_mﬂr){ twe Gel

& B
____J‘j gf‘p‘/é\'—‘é‘\ =—# N ("_____—'__ {': VA _____,l_r | . S -
- L &= TV Reyy) 3 F(YJ-IYP«Q‘))‘
J L et

Uor]—e '-1‘\'\“5 on }\; A-pruJﬁ AN e _‘j fq,o,'\ S Trvelv e C’J ]




( |
- o sflV‘\Pl\- \[\:“'.ﬁj O [9"7__}, e 0_1&1_'_ -
o B 2 .
O EXSEES 5 I TSI 05
T g e —_— 2__ S J-l x} Xﬁ’c(.i.) o ) {X “h r \\
—— s ( b oy
- B Noy ML . o B
v 3 —XP&O) (y )P(XF«:&(JJT
. RO—— o
—— T P.(X XP&,{}.)) Qﬁj P(.X.J)____
o I o <f:_—. _A_. . —— N
_ N =T X,_.,m} H
— 4 s J-' S PSSR S N SN EEEES—
S __,.____L‘_LL%{E: T e the mU-r.,ml !A?ldfm&x‘f-e-’l I
RN SR S S
- AL A CRY AT O ) -
NS S Plx) ply)
o ond | s tle  eatropy
H( XLz____r__;.,__2_(?3).__1.623____}'2_&;’)____ e
Nete  that  H(x) deesn deped o Ale
o %f"\pk. Se o fiad e L)c‘o_’l'gi"\;:h &, o
e Simply Maximize Tle  mvtval 1nformeton
6.‘%.‘.5 = arg mex  leg P(D] é;/ G)
_____ & ]
c A
= Gf‘ﬁ MG '{‘-;- I / N2 N ’\
¢ & TR )
_\J"'l
L Ta Gewnl, this deesat work | (ope iy tle
N C@MP’C"{'& le’“‘q‘pk; G add“ﬂj ol peveats +o
B o yeriable  Never  decrerses vviyal o formetion.
B : Pessille  gelotions  are to  pesalize  Cormplex'ty o€
| 4 roph (6.5. voing o MAP esT"M-&Tt); of |imit Greph type



_C:L""" o] s ﬂj o6l

o Find  He Leet gigh G that s o
T ree

l. Mote  thert Eo,'ﬁa directioas "" ‘H"Q Tree  don't
rmattel Ea,(,[r n'oclt I/\a.b anls}; J_ pwe,n‘f" o

, V= sdructvres  ore 1'-/“',9@56,'&{.:

yn dinceted
| 2. Create , oroph  on  vertices X, .. X;
| where _edge (Yo X)) hog  werght T (A X))
| .
l@ 3 Cc?vﬂ,.pu'fc Wio x Y Mo Sfﬂﬂn.'nj +tree o 1[- é‘_fof L
| [ Caun Be Poim's of € cosleal ’< clgorith . }
o L’)~ (,Lvoosb anf velter as /ao'f’{: ‘\I:o:'f\'f ct ”
edges, awey {frowm tle ro0

rr / 1/\\ Edﬁe.s chosen 1'n order orel”
I - (A, ()

\ 0. Di ey ( A,D)

§ (8 s (¢,8)

X R b '
\}':_I

SOL}; e Clﬂﬂdsa A as, He loe’ . W e @L’f +le @Ligl"’

il

[ g L\>B

._ N

i




