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Shortcomings of HMMs 



Generative vs. Discriminative 
Classifiers 



Structured Conditional Models 



Conditional Distribution 



Conditional Random Fields 



Conditional Random Field 



Conditional Random Field 



CRFs Inference 



CRF Learning 



A CRF Example 

Fair Loaded 

Output the maximum number of three dice throws 

Edge features? 
Node features? 



Edge Features 
Yi Yi+1 Xi-1 Xi Xi+1 

F F 0 1 1 

F F 1 1 1 

… … … … … 

L F 1 1 1 

L F 2 1 1 

… … … … … 

Yi Xi-1 Xi Xi+1 

F 0 1 1 

F 1 1 1 

… … … … 

L 1 1 1 

L 2 1 1 

… … … … 

Node Features 



Evaluation & Decoding 

• Model parameters: weights for features 

• Calculate P(Path | Obs). Y = FFLF. X = 1216. 

• Edge features: FF (012), FL (121), LF (216) 

• Node features: F(012), F(121), L(216), F(160) 

 

 



Learning – Gradient Ascend 

Yi Yi+1 Xi-1 Xi Xi+1 

F F 0 1 1 

F F 1 1 1 

… … … … … 

L F 1 1 1 

L F 2 1 1 

… … … … … 

Yi Xi-1 Xi Xi+1 

F 0 1 1 

F 1 1 1 

… … … … 

L 1 1 1 

L 2 1 1 

… … … … 

Fit the weights of the features 



Comparison on Synthetic Data 

MEMM: maximum entropy Markov models 



CRFs: Some Empirical Results on 
Speech Tagging 



More References 

• Collection of papers and tools: 
http://www.inference.phy.cam.ac.uk/hmw26/
crf/ 

• Tutorial:  H.M. Wallach. Conditional Random 
Fields: An Introduction 

• Paper: J. Lafferty, A. McCallum, F. Perreira. 
Conditional Random Fields: Probabilistic 
Models for Segmenting and Labeling 
Sequence Data 
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