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1.	Intro	to	Bayes	Nets
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Representing	Multivariate	Distributions
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X i Õs

P(X 1, X 2, X 3, X 4, X 5, X 6, X 7, X 8)

= P(X 1)P(X 2)P(X 3|X 1)P(X 4|X 2)P(X 5|X 2)

P(X 6|X 3, X 4)P(X 7|X 6)P(X 8|X 5, X 6)

X i Õs P(X i |á) = P(X i )
P (X1, X2, X3, X4, X5, X6, X7, X8)

= P (X1)P (X2)P (X3)P (X4)P (X5)P (X6)P (X7)P (X8)



Notation
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Representation
-- example	by	Eric	Xing
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Representation
-- example	by	Eric	Xing
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Knowledge	Engineering
-- example	by	Eric	Xing
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Knowledge	Engineering
-- example	by	Eric	Xing
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Knowledge	Engineering
-- example	by	Eric	Xing
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Hidden	Markov	Model
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Bayesian	Network
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Bayesian	Network
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P(X ) =
!

i =1: d

P(X i |X ! i )

X ! i X i



Bayesian	Network
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P(X 1, X 2, X 3, X 4, X 5, X 6, X 7, X 8)

= P(X 1)P(X 2)P(X 3|X 1)P(X 4|X 2)P(X 5|X 2)

P(X 6|X 3, X 4)P(X 7|X 6)P(X 8|X 5, X 6)
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Specification	of	a	Bayesian	Network
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2.	Local	Structure	and	
Independence
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Local	structure
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Why	a	graphical	specification?
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I (A?C|B )

I (P! (A, B, C )) ! I (A" C|B )



I-maps
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I-maps
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From	I(G)	to	local	Markov	assumptions	of	BNs
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X1, . . . , Xn

Let PaXi denote the parents of Xi in G and NonDescendantsXi denote

the variables in the graph that are not descendants of Xi. Then G encodes the

following set of local conditional independence assumptions Il(G):

Il(G) : {Xi?NonDescendantsXi |PaXi : 8I}

In other words, each node Xi is independent of its non-descendants given its

parents.



Graph	separation	criterion
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Active	trail	condition
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X ! X Y ! Y



Global	Markov	properties	of	BN
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Quantitative	specification	of	P
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For a graph G,
Let D1 denote the family of all distributions that satisfy I (G).
Let D2 denote the family of all distributions that factor according to G

P(X ) =
!

i =1: d

P(X i |X ⇡i )

Then D1 ! D2.



Specification	of	BNs
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Specification	of	BNs
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Summary	of	BN	semantics
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Summary	of	BN	semantics
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Soundness	and	completeness
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Soundness	and	completeness
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Soundness	and	completeness
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Soundness	and	completeness
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Uniqueness	of	BNs
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I-equivalence
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Simple	BNs
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Simple	BNs
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Simple	BNs
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Summary
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