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Outline 
 Generative models 

 Refer to Prof. Ho Tu Bao’s slides 25-26 
 Naïve Bayes 
 EM 
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Naïve Bayes 
 A simple but important probabilistic model for 

classification.  
 First consider maximum-likelihood estimation in the case 

where the data is “fully observed” 
 Then consider the expectation maximization (EM) 

algorithm for the case where the data is “partially 
observed”, in the sense that the labels for examples are 
missing. 
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Naïve Bayes 
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Maximum Likelihood Estimation 
for NBMs 
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ML Problem for NB with Missing 
Labels 
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EM Algorithm for NBMs 
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EM Algorithm for NBMs (cont) 
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EM Algorithm in General Form 
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Guarantees for the Algorithm 
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Proof of Theorem 4 
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Applications 
 Applications 

 Machine translation (word alignment) 
 HMMs 
 PCFGs 
 … 

 Limitations 
 Local optimum 
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Key Points 
 A parameter estimation method  

 maximum likelihood  
 applicable to generative models in case of incomplete 

training data 
 local optimum 
 efficient in practice 
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Thank you! 
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