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Outline 

 
  Expectation Maximation Algorithm (Background) 
  Convexity 
  Jensen’s Inequality 
  EM Algorithm Formulation 
  Short outline of Proofs 
  Summary 
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   Convex Functions 
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Definitions 
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Jensen’s Inequality 
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  Proof follows by Induction (Trivial for n = 1, n=2  
follows from convexity, demonstrate for n+1 assuming 
theorem true for n). 

 
 



  

 

EM Algorithm Overview 
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EM Algorithm (Derivation) 
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EMAlgorithm (Continued) 
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EM Algorithm (Derivation) 
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EM Algorithm - Summary 
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Key Points: 
• Iteratively converges to a local maximum 
• Detailed Proof done later demonstrates convergence may not be only to 
Maxima (e.g. saddle points) 
• Method  is a unified principle for a number of estimation problems with 
Hidden variables and/or missing data. 
• Several methods followed addressing computational speedups of algorithm 



Basics of Optimization 
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 From Appendix B – Prince’s Book (2012)  



Optimization: Line search 
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Optimization – via Steepest Descent 
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Optimization (Newton’s method) 
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Newton’s method: Derivation 
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Newton’s Method 
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Line Search Using Bracketing 
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