PRML Cha pter & Gmp/x,‘m[ Moole |

Me rit
) Prav't()[e 2 Simpfe Wof 7o v}Sua/'rZé’, A /Jrobqb?/iSTiC }%Ob/&/
2 ) _T.I\SIJ}\TS inlo  the ,DrO/DErTfes' o{’ fhe mw/a/
) cmr/cx Compy A Tionz can be ex/nwed e terms of
quafhiawl mam‘f?ulm‘ion&.

GVQ}\}C\ ( MOD(L‘L, Of__)
- 17

o Bayesen Meturrk,

MSefFu' «ﬂo,. exrressfeﬁ Ca d;al m[aﬁon,
befween irundom uvariaples

— S M&rLU\I R&hé’l)m F(G[p[ O’AO—O
USBFMI PD'” e)ci;yc.cgb\é_ .Ca"L'T C}?
00’1517&[';\1’3 be"fwee,r» Y‘analam &»—-O

variable

8.1 Bayes?am Ne t works
+ plo.b,e)s fCCla,b)f[a,/L)-— f(cja,b)f[f/ztj/om)




§ 1.1 Pol\/nomiql rq(jre,s.sivn
W

= W
t[d/’?\bu i @ -

;{' we want Stvchastic vaw‘dﬁ/eﬁ 7o ég ex/)éa("’(.

N
plt, w X, %)= plwl) _ll_r[tnlup,x,\,d‘“)
pe

j\

D

¢ — %<

]

A
I;urfo.oe : ]orea[(‘m“ t

X
)
)
@>-represents o r'veé(,
P pb se |

N A :
P(-E t/Wl 3?/ X . “l@i)‘ [—[—'—F[t" lxﬂ/w, G‘QJJ f(Wlﬂa)ﬂtll/Wﬁj




8. |2 Genemﬁv& mode s

Some fimes e want %o drow samples "Frorr\ (ffiven {?fo/%bf/ﬁy istrilypin.
L"Q(OIESAMS {aTCr- ¢ C/\df'fet- X )
o Ancestra| sampling

ex) images sbieet Creact]
‘ 06 \) o Ob eC'f quf/PK Oﬁé’nﬂt’/lm

\?/

'86
« The Jmf}\wa[ fnodel ¢ m?re&em‘y e (’aué‘ﬂ/ pioceLs

b )
Colled ~ generntive meled s

§.1.8 Discrete variabes

o Ne want & choose w@lC[S’ so that farﬂ,wTS and o/wJ/a/J‘ ove_
C'Dkvugaufe

@ fml’abﬂTT\/ dr'S"l'T‘\’ékTZl)W ’@V‘ a Sflﬁle d?S CVE'EE voq/[»b[& X Mv}a__K
/bos’.sv'lé/c STate

Koo
/7(35 l/u‘)‘ {:[,)1 //{IQ

(30&/8}"\-&0( j)’%)(é/ﬂacl \



Su{/)/za.se, that We have M J@cveie mrg}_b/e., @AC/L o'p W)\?a/t, s l< 5‘747‘53'
/oammcfé’h? : [QM-—?

i ﬂ\t?» ~LhZ_ fvw{ofew(eh‘[‘, M(K~]) wan] fo "@/WC—

: How'fo reduce the nwméer- of fhd’f’;bendﬁnf' 717amme'f€r5

. delete ke
OQ\O//:)@ = ooe > 0—0s - OO
J
Q -~ D
Z.Y-)\aﬁ

/Q \fv\ (shave PAra mefers)
R

3 USe P&r&"ﬁffﬁZ&D( mede /s

N /0

M
e F(Eﬂlx. ~Awm )= S (WOZ_J WCL,)
4 Y =
/ e =5 (WTX)
M Cup 3t ofmenct ne |

v~e,c[r~_)



8 )L,' ]_The.dr - Cra nSSian 7%00/8/4‘

o Jow a multivartia fmumm % ;8 6X/1ef¢9ee[u &C?rkﬁjtféfs/

m@/e,/ w}\ZQ/\, carmgymna/f 1, /fhm;m gaumiw\, Woé//

Z’_\ WU@"FJDLH{)

JEPG

plz: | paz) = (Xf
Ipﬁ;; parent mo de_

=2
\-/'\/\/-N—’_/::\/\/—V
bz u_a.a[h&f?@ 'gu\c’,huu_
N obtx) s a multivarate
*( ﬁ—mus.rém.
Flx;]- 22 W’;j EEZJ_]vbbi

Jepoi

Cov Exir'){]-]’ Z; Mﬁ[: Cov E).Ti,rl:l ’f.ZU %{J

kefd{
o /05 M
e%%g

X X+ Xy



8.2 Conditiona| L rdependence.

)3(0-/1” C J = l’[ﬂ“’/c)Fﬂ"l c..)
O (S Cor\d?ﬂonall‘/ mdepehdcr\f O'Pb Jivenc = p()c) F(b)c)

alLblcC Fcalb,c):FCQm)

* \'Jrow fo exaamine ?nole\:veno(cncy?
\> sudge from the shape of graph.

§.2.1 Three eample graph
T. fai] - fo -fot |

C

/O\ F(a,b,c)rffalc)P[Llc)f[c)

a M\ b
(j Q i mqrj‘fqahze with respect fo ¢

plasb): Zplale)pChle)ple)

NS cant Ractorize into
pta)-plb)

> alb| g

- dtPEndenc,e,
\ ,D(a/b,c).- plalc) F(b[cjlo[c)
& b \I/C"’"Olfﬁm on +the varisble C
- ECA,E,CJ;
f(a,bl(‘,) 7C0) Ib(a}c) plhlc)
Lﬁ’ o bfain &l b | ¢

coen J'«‘HDM I tn ﬂependenﬂ-b

(i C ischsorved - |



plab.cd=pla) F(c[&) )D(blc)

'} J/ m(AFJ'ma hze,
X Fﬁ&/b)= pla) ZFCCIQ) )be)c) 2 P(a) }0(,.6]&»)
(‘ = &—l{blﬁ

G- c b \

DH@SQ \\L cond;ﬁm on the vaHa.L/e C
_ pla,b.c) (a)plla)p(ble)
pa-blc) = /DP(C) <L i

PCc)
= plaleoplbic)
L= allh|C

J. }\&Ml‘f'o- heod
,”0~ b P(a,b,c): FC&JP[,b)lD[CM/L_)
)

’/ CR‘O{O X l margino. fize

( | ptasbyc pla)plb) — alb) g
\ independent

\

\ \]!/COI\J}"LEOYI on the vG-?‘l'DJ)/f’, C

_pta) ptb) plcla.b)
p(awblc%F pte)

L5 X b)c

K GxFl@?n l‘% wa. y

S b

(K ﬂ £ b s svsered P,,;,q[,;[m/afa /2 PA‘“@@’/
.



9.2.2 ﬁ”S@farﬂﬁm
Any padh, s sard 1o be blocked, if i+ in cludes 4 node such
Fhat
( B the QrrewS on the PG-I-R Meet e“t-H\e;~ }\ea_o{-fo '}all or
toil - fo- tail ot fhe node L ond zode s In C

(b) e qrroms mee+ head ~to—heag at the node, angd neither
the node., Nor any o1 1ts descendants, s in O .

(Q) Chy
DRI A N

ofle I\ —! >
A C

I{ Al paths are Bocke o, A is said 7o be al—refaracfeol from B by C.

,.’——\

”?)VON >
o1 Ny ©

—— T o—

ALB|C
Py 85
2y
ERE o and ° behawe as obsurved nodes
l) /éw L are fail 7o Tfail.
G‘*ﬂé.ﬂ V% F[&\/ ne role ?nd-s‘ef@rm‘/'om.
U\“’hx‘(l-'('v—'TMl

N
tl | W

N
L5 conditioned on the W, t s

Tndl epe nelent o'P It




Naive Bayes
%

Conofiﬁoned on A, X are as‘sumaz 7o
be fndt?)DE’V\dE’hT.

The graph. - represents a specifte deconposition of o jomt probability
distribution info & product of conditional probailities.

- expsses 4. Set o a)neli’r}onql mdefendence Statemenrks
Obfainea( Thml{jh ol-se’barafion criferion

— — - — —_— — — — - S

X5 id X dre ol (same prboblistie disfributiore Joy

f,{/{ — uig ofserved (we alrsady new) s (probaplistic disrribazion > )
: @ /‘nd’efendenT)

— — — e —— —

—_— o~

P

Markoy blan ket conaider fhe SITUfin where
@ el/e,V')/ nade QK&E?’( XLy wos o):it?maﬁ

o 1o
o

Tfkalpag

pKe X atg) - =
| Tp 0% Jpax) d,
TR
1]

/") )~ (1) Ave ABF&VW( on A~
(9 ®\ e Sl 48 i+ [ 1= Mgrkoy blanket

(L)



83 M&f“L‘OV Randam Ffe(dg

8«3,1 Candiﬁona[ indefenolence Froperﬁes

Y o
@’* O\@@@ @«-ov@‘ D‘@
x 9

Warksv blanket

8.3.2 foctorizatfion properfes

How fo e X press %h@,damf desdr‘/bufr‘om f[*) 2s a an/“a‘ DJ'
{’wnaﬁum de{)med over sefs of variables

Concliﬂona) ino[epenclence, Praf)erﬁes can b exf;emeal as
P(Z".')Sjlx\h‘,ﬂ) : ]’()C'i)%\[f.ﬂ ) ]D(XJ | Xty )

et 2y aad Xy not appear in fhe some {acter



Cligue
A Subset of the nodes in g J-raph such that there exjsts a

[ink  between all pairs of nodes in the subset.

Lef C be a C/f}ue,
( ,_J... c
Pixp =~ CH Ye (Xe)

\'}\0"0{ fo calcwlate

Hw Con we ole'fihe }/d 2
L> v':ewiﬂa Pofenﬁav, 'ﬁ&nc:rzon as exf;e.seiﬁ which
coh{’mmﬁm of fhe looa! varighles are prefepreal

fo other.

()LC (%= 8)([’ [’E(%d)j (Oﬂ.use VXC. . VC‘ (X%)>o0 )



8.3 4 Relafion o directed groph

XL 2 'Iﬂ./
dieeted goph - O—O—= -« —0
Unolihecfeo[ d\mr}\." O———-O’—‘ e — O
Z, ~ X
pUX)=p ()P ) p(Ls12s) oo+ p(lalZo~)
P07 YT Pay ) s P, (o i)
XL, x X5 X¢ .Tj
Q Cj Q ?nora,[?ac; *LO
\ i / > ‘xe
Q)Cc,

Ty
Hﬂw‘fo Cap verT cfir&Cfed’ @rap\ o undf'&CfCJﬁVﬁP}v

1) add ao(al?iéonal uh o crectel Laks be fwoen all Foim aa‘l‘parontr

1) drop the  arrows

8) mittalize all oT the c[igiue Fofenﬂafs 75|

4) ﬂu|fi}>l)r each oonditiona| fistribation “/Zcfor\ mfo one
of the c}?(;"_ue, fﬂfﬁ’hﬁ&[&\



oL Tnderence in Graf?ﬁf(‘a/ Models

Bayes’ theorem

IO x 2 * gl‘)

4 % y v @
Pz.4)< pLyi) plx) Yis observes] direClion chappe
ply12) prx)

pleigy- s

U1 Inference on a chain

Can&‘rdev' chain of nedes > which will [ay the owrdadion ﬁr‘denm@)uf}w.
\
/’(%): -—Z%ba [1‘,)1,_)'%,3 [1’4/,(‘3) - "'yN-I,N (Itv—r,zy) @

(mgeler- #he. inferonce problm of 'ﬁﬂoll.a. mﬁm/ diutr bution Pl )
Ftﬂtn) i LL» """ %f@@ | @)

)¢,

L5 Aajre (m f/emanfaféon . hard fo o{o
L d’m}’}"ﬂ“’l Wd&/cf/ms cLS @f-f\(‘u‘eni- 0k/7°bf+m‘

Trom @ 2and @
plxa)- _IZ [%’1 Vo (nr, 2 ) .‘...[‘;:1;@,3(&1,)[{7 fratre)]- ]

-
/u,(la) [Z: 75'\/'\”@(“/)(”, : ):.@ Vo, v (J‘t“,v—r /?‘(\/)I ]

€|

X Kea -1 X
- VS

<

JINES M) ey




i ‘fel‘/”’e—f//x (Iu) a5y a wja(je Xn-t 7o Xn

/“o[ [)Cn}-‘Z: }/n-l,h (I"'l /Jn)‘/a“ [)fn-t )
Xn -1
" duetive!l — p(k

?ne.o_o@e IIMS&‘% lan &\/90 Aeaﬁp/}u/ To tree Sfrusfuna.

8§ 43 Facfor@mphs

PO =fa (2,,2) B, %) e (2, ) £y (25 )

4

Xy Xs DCS

’?& 1QI> 'Pc. ’[Zo{



"Paofor@ mp}» Q@ hot m\}@u&

H—®
% 7
NP R
(X3) \@ | \Z) ; \@
\é/ @\@/
bt there & an a(jamkm that conyert undirected graph
info 0 cfor ﬁrq,vk :

SUH The sumfpmalud’ a[qorh‘l\m

T~

Assume that Or‘gimldmfﬁ/ 9 an unolirwieo/ tree ordirected tree o
polytree .

CC:VQS}wndia 'Jpﬁcfor- é’mfk /Lﬂd Tree StTrucfure

Goo | = (1) 7o obfaln an e%aienf ,exact infergnee @@or#ﬁm v@b
pinolf% MU‘M“IJ’

(2) in Situations where Severa| 'ma[‘jinal_r Ave ¢ ulred| 7
ollow compuftitions o be chavee| e%ﬂia,ienﬂ)/



“How 7o evalugte maginq/ P(*)
7 view He variable nede xc as the rot of the ?Pﬂcfwdrccf}b.

2. injtiate message at the leaves of él\mf/\ hSing

Mesfx)y =1, Meox (X)= 1)
3. the me&&ad\es 0- re— ragi‘eel. ﬂ\hogﬁl\,

Presty n) T My 20y, (X )
Lenelrady -

/A-Pse;q (¢ )= L 2 'ﬁ(x)xu” ‘ '//TMJ l] /Ml‘»wa-{’, (ZM’)
Xy S WE e (fs) \X

a/?}”iu[ r&curr'rw/,y bUlfi[ ?13-990&;6‘? /de_ ﬁe@m/’f{j“’éol dﬁg

€V€"'/ lm!:) g,;w( f/(‘i mo{* 7100{6 /La& m;eiM
me,py@es ‘P!bm, 0-// O’p T/\G‘(V‘ %Qd'j’/\.lvrd‘.

4. /mc)- W /I/‘?sex@(’)

SENC(x )

— — *——'_—’

pro) 2T F(r s )

x\\Zrn Se&heflx)

U

[ sy (xc) :_;z%}%(r, K




—_—
~ ~— —

:'Fs (I/‘)LI ot s L )é)(prS/)
<o G (QCM;X;;M )



S S max ~cum 4 liorith m

in orczer-:" to trd a settipg o7 variables thot has the (aygest />r015-/
- 7 find the wlue of that )orobALiI;Ty,

a s Mmax ---.
MxQX ]D@() r‘x mxadir ID&()
Consioéer the CMNL hodﬁg -

MOx F[X) = 'Zl: mox ---«-- ™A x DI/\/& (.I[/}.z)-..-.. ‘}ZN'Yrﬂ/ Q/V"I,Xc\))j

N T Loy
=—Zl—3 m:gx mﬁf l:%’“ (X0 ) [ - Mo Yot 0 (2n-, N)] J}
4 C
| "7 .
/*faée A !"mss < §. 4'% /— Pt)o \/;\ X
F mekxt YMX [ /l/{-fg —x (X ):I )E.
/ senelx)
){'M ‘FS%Z( D():(
/ y < Argh & TR
PMM FW is max value of (%)
( (
| l

7’;.*(x\ Il v - "

N/

Every node exc opT foot Is
10T <Ure.

&
& may not be un}%ac..

\ v ¥

L Menov 2¢ (Tl*&[[]s ﬂ{;‘@m"‘/\’>




< = ) )

9 % .
0 i — ®
> ° D

M - B () v ekt

2 -l

T apg max [fqe voxo ()|

memoriz@,/@/:

55[2,\ )54@ max Eﬂn’fn-l, n (yr{/rn;)'f‘/lzn,,_,gn_,,,‘ (.I',, — JJ ‘
. L

(N
Lo g ach ﬂ\ﬂf haximize @ 7116590\76



