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Big Picture 

 



Big Picture – Single Output 

 



Big Picture – Sequence of Output 

 



HMM: Motivation 

 



HMM: The Model 

 



Inference & Parameter Learning 

– Inference 

 

 

 

 



Inference: MPA 



Inference: Viterbi 

 



Inference: Viterbi (Cont.) 

• The math 

 

 

 

 

 

 

• Also: keep track of the maximizing i 



Learning: Observed 

 



Learning: Observed (Cont.) 

 



Learning: Observed (Cont.) 

 



Learning: Hidden State 

 



Application: Named entity Recognition 

• CoNLL 2002 named entity 
recognition task 

– 3144 sentences from a Spanish 
news wire archive 

– 9 label types  

• B-PER, I-PER, B-ORG, I-ORG, B-
LOC, I-LOC, B-MISC, I-MISC, O 

– approximately 22000 tokens in 
the dictionary 



Application: Named entity Recognition 

• Features 
– Word itself 

• Learning 
– Observed: counting 

• Inference 
– Viterbi decoding 

Naïve Bayes HMM 

Accuracy 70.77% 91.44% 



Resources for HMM & CRF 

• HMM toolbox for MATLAB 
– Written by Kevin Murphy 

– http://www.cs.ubc.ca/~murphyk/Software/HMM/
hmm.html 

• Conditional Random Fields 
– One of the most popular machine learning 

algorithms 

– Test of Time Award, ICML 2011 

– http://www.inference.phy.cam.ac.uk/hmw26/crf/ 

http://www.cs.ubc.ca/~murphyk/Software/HMM/hmm.html
http://www.cs.ubc.ca/~murphyk/Software/HMM/hmm.html
http://www.inference.phy.cam.ac.uk/hmw26/crf/
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Short Questions 

 
 

• False 

• E-step (slide #24, lecture9): computing the expected value of the sufficient 
statistics of the hidden variables (i.e., z) given current est. of the 
parameters 

• A statistic T(X) is sufficient for underlying parameter θ if the 
conditional probability distribution of the data X, given the statistic T(X), 
does not depend on the parameter θ 

 

 

• Another example: z^2 should be replaced with <z^2>, not <z>^2 



Short Questions 

 

 

 
• False 

• You can always increase the log-likelihood by having a higher K; thus, will 
have K=N 



K-Means and EM 

 
 
 
 
 
 
 
 
 
 

• K-Means: hard assignment 
• GMM: ‘soft’ assignment, will consider the effect of all points 



Classification 

 

 
 

• Answer: L(θ)-λ| θ | 

• Common mistake:  
– L(θ)+λ| θ | 

– L(θ)-λ| θ |_2 



Neural Network 

 

 
• Answer: # features > # data  overfitting 

• Insight:  
– Representation power of NN 

– Another popular approach to model non-linearity: support vector 
machine  implicit feature mapping using kernels   


