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BAYESIAN NETWORKS
Chapter 13. Probabilistic Reasoning
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Bayesian Networks

• Probability theory + Graph theory
• Compact representation for a complex probability distribution 

(cf. full joint distribution)
– By taking advantage of independence and conditional 

independence
• A Bayesian network is a DAG (directed acyclic graph)

– Node = random variable
– Node Xi has a conditional probability distribution 

P(Xi|Parents (Xi))
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Example: Burglar Alarm
• A new burglar alarm at home

– Fairly reliable at detecting a 
burglary, but also responds to 
minor earthquake

• Two neighbors, John and Mary, 
who calls you at work when they 
hear the alarm
– John nearly always calls when he 

hears the alarm but sometimes 
confuses the telephone ringing 
with the alarm

– Mary likes loud music and often 
misses the alarm

• Given the evidence of who has 
or has not called, what is the 
probability of a burglary? 
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Semantics of Bayesian Networks

• Two views on the semantics of Bayesian networks
– A representation of the joint distribution
– An encoding of a collection of conditional independence statements
* Two views are equivalent

• Full joint distribution for a Bayesian network:
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Constructing a Bayesian Network
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Compactness of Bayesian Networks
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Effects of Node Ordering
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{ MaryCalls, JohnCalls, 
   Alarm, Burglary, Earthquake}

{ MaryCalls, JohnCalls, 
   Earthquake, Burglary, Alarm}

Compact representation if causes precede effects (causal model) 



Conditional Independence

a. Each variable is conditionally independent of its non-
descendants given its parents (recall P(Xi | Parents(Xi)) )

b. A node is conditionally independent of all other nodes in the 
networks, given its parents, children, and co-parents 
(children’s parents) - Markov blanket

Prof. Songhwai Oh Introduction to Intelligent Systems 9



EFFICIENT REPRESENTATION OF 
CONDITIONAL DISTRIBUTIONS
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Noisy-OR Model
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Noisy-OR Model
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Hybrid Bayesian Networks

• Representing continuous variables in a Bayesian network
– Discretization (may requires large CPTs)
– Parametric model (Gaussian, Gamma, Beta, etc.)
– Nonparametric model 

• Hybrid Bayesian network
– A network with both discrete and continuous variables
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Discrete Continuous



From Discrete to Continuous
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From Continuous to Discrete
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