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Def. [Graph Separation]
BCV separates A.CCV if every path from any AEA to CGC

passes through B . *I will casually write⇐
sta - B-C
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Def. [Global Markov Property CG) )
A distribution pox) satisfies Global Markov Property CG)
if for any A - B- C we have

XAIXCIXB
punchline : factorization ⇒⑨ ICG)s÷¥y%
G. give an example of Bayesian Network that cannot be represented by
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G. give an example of MRF that cannot be represented by a BN .
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Def. [ local Markov Property ( L) ]
PCD satisfies CL ) arne G if

X ; I Xreselxoi
2-i = neighborhood ofnode i ⇐ { JGV I ↳DEE}
rest -- VICE :3 u

agog#%
Def [pairwise Markov Property CPJ]

Pex) satisfies Cp) v. re Gi if
Xi I Xj IXrest for all neonneed

.

rest--VIE 3

oqJf%
claim : CG ) ⇒ CL) ⇒ CP)

proof 1 : Ed ⇒ Cb ) Ed : XAIXCIXB

follows from T- Zi - Aest (D
'

- XII Xreselxzi
are sepaled in Graph. Cp) : XII Xs IXrest

props : Ch )
⇒ Cp,

so Xi Is

Xviq.eisuQyXiaaysn.eiaaiIIgFkExiIsxv@eui1xviei.n
,

face't'The '⇒ A 4- x.flxmei.es Eep)54-2 ;

(a) follows from 1/141 E ⇒ X ILY ICE, hey,) trauthas
(b) follows from XI 's Iz ⇒XI had I z for any has
2 Data processing Inequality. X - hey)



I PME : PCH >o
*
X--ah . . -Xu]

④⇒a)⇒ cp) Exn
claim : If pcx) > o ex , then Lp) ⇒ CG)

Lemma [ intersection lemma]

For PCA>0 , if XAILXBICXC,XD
=

XAIXCI Xb,
]⇒XAI↳Xd His

proof of claim?MIX, Kree ⇒ XAITXCIXB
show by induction , on all B of size IBI - n-2 , n-3, - r - n

① Initially, IBI - n-2 .
A -- sis

,
C -

- EJ}
true by CP)

② suppose by induction that (G) holds for all IBIZS .

we will show for B - tape IBHS- I Ln-2

suppose a.boy . IAI 22
.

A - B - C separated in Graph .

⇒ Avi } - Bu - C also separated.

4An size Stl
Br Xc# Atheist XB t)

%;gzgE% ⇒ s :3 - BUAIE :3 -C also separated ②
IS A stage>s Xo# Xi ICXB, taxis)

A B
C

IAI22
.

Apply intersection lemma : C)&

Xc Is XAIXB
.

b- A.B. C St. A- B- C separated & IBKS . a

* If P YO , then we can construct a counterexample se.
(G) #LP )

.

EHWIJ
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Def. [ Factorization
.

CF ) )

we say Pcx) factorizes vent G if

Pex) - tz
e
fccxc)

"

maximal atque set

claim : (F) ⇒ CG )

proof : pox, a efccxc) . &An.factor hasa FACBCXA,XD . Esc CXB
.
Xo)

both AEA
,
CEC

Hut- X*IXclXB,¥#→
claim :@⇒ (F)

, if pa,>o
A B C

' [ Hammersley -Clifford theorem] .

implication : for PCA>0 , (F)⇐ (G) s⇒@K⇒④)

counterexample : If Pasko ,
then ⑥#(F)








