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Bayesian Networks

· A succinct representation of the joint probability distribution table.

· The probabilities are usually more easily obtained than for the whole joint probability distribution.

( P(A) = P(A,B) + P(A,(B)

( P(A,B) = P(A) ( P(B|A) = P(B) ( P(A|B)

( P(B|A) = P(B) ( P(A|B) / P(A)

( P(B|A) = P(B) ( P(A|B) / (P(B) ( P(A|B) + P((B) ( P(A|(B))

( P(A|Pa(A),X) = P(A|Pa(A)) if X is not a descendant of A.

Examples:
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P(T,(F,(A,S,(L,R)

= P(R|(L) ( P((L|(A) ( P((A|T,(F) ( P(T) ( P((F) ( P(S|(F)

= 0.01 ( 0.999 ( 0.15 ( 0.02 ( 0.99 ( 0.01

P(S) = P(S,F) + P(S,(F)

  = P(S|F) ( P(F) + P(S|(F) ( P((F)

P(F|S) = P(S|F) ( P(F) / P(S)

Causal Inference (evidence above):

Solve causal inference by introducing parents.

P(L|T,F) = P(L,A|T,F) + P(L,(A|T,F) // introduce A (i.e. L’s parent)

= P(A|T,F) ( P(L|A,T,F) + P((A|T,F) ( P(L|(A,T,F)

// used P(A,B) = P(B) ( P(A|B), treating L as A and A as B.

= P(A|T,F) ( P(L|A) + P((A|T,F) ( P(L|(A)

// used (, both T and F are not descendants of L

Diagnostic Reasoning (evidence below):

Solve diagnostic reasoning by “reversing” the conditionally probability.

P(F|L) = P(L|F) ( P(F) / P(L)  // used (
  = P(L|F) ( P(F) / (P(F) ( P(L|F) + P((F) ( P(L|(F)) // used (
P(L|F) = P(L,A|F) + P(L,(A|F) // introduce A (i.e. parent of L)

  = P(A|F) ( P(L|A,F) + P((A|F) ( P(L|(A,F) // used (
P(A|F) ( P(L|A,F)   = (P(A,T|F) + P(A,(T|F)) ( P(L|A)

// introduce T (i.e. parent of A) and F is not a descendant of L.

P(A,T|F) = P(A|T,F) ( P(T|F)

// used P(A,B) = P(B) ( P(A|B), treating A as A and T as B.

= P(A|T,F) ( P(T) // F is not a descendant of T.

Mixed Inference:

Solve by first “reversing” the conditionally probability as in diagnostic reasoning and then treat it as a causal reasoning problem.

P(A|L,F) = P(A|F) ( P(L|A,F) / P(L|F) // used ( and treat L as A and A as B.

These methods work well on poly-trees. A poly-tree is for any two nodes, there exists only one path.




























