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Ch3-part5

EM-Mixture Model
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Adopted sildes from:

Prof. Bebis
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Mixture of Gaussian Data - Example
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Mixture Parameters
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Fitting a Mixture Model to

a set of Observations Dx

• Estimate the mixture parameters that best describe 

the data Dx (i.e., ML problem).

• Two fundamental issues

– Estimate mixture parameters

– Estimate number of mixture components
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Mixtures of Gaussians

• Each p(x/θk) is a multivariate Gaussian.

• The parameters θk are (μk,Σk)
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Mixtures of Gaussians (cont’d)
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Data Generation Process 

Using Mixtures of Gaussians
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Estimating Mixture Parameters 

Using ML – difficult!



9

Estimating Mixture Parameters 

Using EM:  Case of Means

• Assumptions
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Introducing hidden or unobserved variables
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Main steps using EM
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Derivation of the Expectation Step

don’t get

confused by 

notation
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Derivation of the Expectation Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Derivation of the Expectation Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Derivation of the Expectation Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Derivation of the Maximization Step
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Summary of steps
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Estimating Mixture Parameters 

Using EM:  Case of Means (cont’d)

• Summary of steps (cont’d)
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Lagrange Optimization
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Lagrange Optimization (cont’d)

• If x is d-dimensional, we have d+1 equations and d+1

unknowns!

• Example: find the stationary point of     f(x1,x2)=x1x2

subject to the constraint g(x1,x2)=x1+x2-1=0
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Estimating Mixture Parameters 

Using EM:  General Case
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Involving hidden variables 
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Derivation of the Expectation Step 
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Derivation of the Expectation Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Derivation of the Expectation Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Derivation of the Maximization Step
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Derivation of the Maximization Step (cont’d)
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Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Summary of Steps



29

Estimating Mixture Parameters 

Using EM:  General Case (cont’d)

• Summary of Steps (cont’d)
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Estimating the Number 

of Components K
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Estimating the Number 

of Components K (cont’d)


