Lecture 24: Exact Inference in Bayesian
Networks



Last Lecture Takeaway

Bayesian Networks allow a compact representation of Joint
Probability Distributions.
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e X - Query Variable
e E - Evidence Variables

e Y - Remaining Unobserved Values

P(Xle) = aP(X,e)
= az P(X,e,y)
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Variable Elimination Algorithm
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fs(A) = (P(mla), P(m|=a))
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Variable Elimination Algorithm

P(B|j, m) = afi(B Z R(E) Y f(A, B E) x fy(A) x f5(A)

f6(B7 E) - Z f3(A7B7E) X f4(A) X f5(A)

= (f3(a, B, E) x fa(a) x fs(a))+
(f3(—a, B, E) x fa(—a) x fs(—a))



Variable Elimination Algorithm

P(B‘.jv - Oéfl ZfZ X f6 B E)

10



Variable Elimination Algorithm

P(Blj, m) = afi(B ng ) x (B, E)

10



Variable Elimination Algorithm

P(Blj, m) = afi(B ng ) x (B, E)

Zfz ) x f5(B, E)

10



Variable Elimination Algorithm
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P(Blj, m) = afi(B) x f7(B)
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Variable Elimination Algorithm

Pointwise Product

f(A, B) x (B, C) = f(A, B, C)
A B C f(AB,C)
A B AMAB) | B C A5 T T T 03x02
T T F 03x08
T T 03 |T T 02 T F T 07x06
T F 07 | T F 0.8 T F F 07x04
F T 09 |T T 06 F T T 09x02
F F 0.1 F F 0.4 F T F 09x08
F F T 01x06
F F F 01x04

12



Variable Elimination Algorithm

Summing Out
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Variable Elimination Algorithm

Summing Out

Z@ ) % f3(A, B, E) x f3(A) x fs(A)

= f4(A) x f5(A Zfz ) x f3(A, B, E)
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Variable Elimination Example
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Variable Ordering

P(Blj, m) = afi(B Z H(E) ) (A, B, E) x fa(A) x f5(A)
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e Exact Inference in Bayesian Networks
e Inference by Enumeration

e Variable Elimination algorithm
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