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APPROXIMATE INFERENCE 
IN BAYESIAN NETWORKS
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Monte Carlo
• Sampling algorithm
• Law of large number 
• Useful when exact inference is intractable
• Applications:

– Optimization (simulated annealing)
– Numerical integration (posterior probability)
– Sample generation 
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[Wikipedia] The modern version of the Monte Carlo method was 
invented in the late 1940s by Stanislaw Ulam, while he was working 
on nuclear weapon projects at the Los Alamos National Laboratory. 
It was named, by Nicholas Metropolis, after the Monte Carlo Casino 
in Monaco, where Ulam's uncle often gambled.



Direct Sampling (Ancestral Sampling)
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An example of an event from a Bayesian network
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Rejection Sampling
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Likelihood Weighting (Importance Sampling)
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Example

Prof. Songhwai Oh Introduction to Intelligent Systems 9



Prof. Songhwai Oh Introduction to Intelligent Systems 10



Markov Chain Monte Carlo (MCMC)

• Generate samples by executing a Markov chain
• Algorithms:

– Metropolis
– Metropolis-Hastings
– Gibbs Sampling

• General structure of MCMC
– Iterate 

• Propose a new state
• Go to a new state with some probability, otherwise, stay at the 

current state, i.e., it simulates a Markov chain.

– Output desired sample means
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Gibbs Sampling
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Markov blanket



Some Facts about Markov Chains
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Why Gibbs Sampling Works
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