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Lecture 18:  Clustering, Mixture Models, 
Expectation-Maximization (EM) Algorithm 

Many figures courtesy Kevin Murphy’s textbook, 
Machine Learning: A Probabilistic Perspective 



K-Means Algorithm 
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K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 



K-Means Algorithm 

C. Bishop, Pattern Recognition & Machine Learning 
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Reconstruction Error versus Iteration 
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Test Error versus K 

For compressing new data, more codewords is always better. 
Cross-validation fails for unsupervised learning! 

Data from a 
mixture of 3 
1D Gaussian 
distributions 



Gaussian Mixture Models 

Mixture of 3 Gaussian 
Distributions in 2D 

Contour Plot of Joint Density, 
Marginalizing Cluster Assignments 



Gaussian Mixture Models 

Surface Plot of Joint Density, 
Marginalizing Cluster Assignments 



Fitting Gaussian Mixtures 

C. Bishop, Pattern Recognition & Machine Learning 

Complete Data Labeled 
by True Cluster Assignments 

Incomplete Data: 
Points to be Clustered 



Posterior Assignment Probabilities 
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Posterior Probabilities of 
Assignment to Each Cluster 

Incomplete Data: 
Points to be Clustered 



EM Algorithm 
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Singularities: ML for Gaussian Mixtures 

C. Bishop, Pattern Recognition & Machine Learning 

We are hoping EM will find a good local optimum… 



Density Shape Matters 

Mixture of Gaussians Mixture of Student t Densities 



Real Clusters may not be Round 

Ng, 
Jordan, 
& Weiss, 
NIPS02 


