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Outline

● Consolidation: Observation Prob. and Transition Prob.

● Baum-Welch Algorithm

● Introducing Decisions into the Markov Model: MDPs

● Example MDPs



Consolidation

TransitionObservation

Expected state occupancy count Expected state transition count

Does this require knowing 
transition and observation? Can’t we just use alpha?



Consolidation

TransitionObservation



Baum-Welch Algorithm



Baum-Welch Algorithm

Source: SLP, Dan Jurafsky

Alert: Use of q for state

Expected state occupancy and state 
transition counts

Re-estimate the transition and 
observation probabilities

https://web.stanford.edu/~jurafsky/slp3/A.pdf


Finding Forward and Backward Probs

Initial State Distribution?



E-Step and M-step: Gamma and Obs Prob 



Baum-Welch Properties

● Each iteration changes the parameters in a way that is 
guaranteed to increase the likelihood of the data

● Anytime algorithm: Can stop at any time prior to 
convergence to get an approximate solution

● Converges to a local maximum



HMM: Three Fundamental Problems
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DecodingLikelihood



Trellis: Forward vs. Viterbi

Source: SLP, Dan Jurafsky

https://web.stanford.edu/~jurafsky/slp3/A.pdf


Why HMMs?

● Uncertainty: Zone of probabilistic reasoning

● Constructs: Sequences of states, a.k.a. trajectories

● Algorithms: Dynamic Programming, Expectation Maximisation

● States, Transitions and Observations



Markov Decision Processes
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HMM: State Evolution

Source: Sutton & Barto

http://incompleteideas.net/book/the-book-2nd.html


MDP

Richard Bellman, Source: Wikipedia

Lev Pontryagin, Source: Wikipedia

Difference from HMM?

https://en.wikipedia.org/wiki/Richard_E._Bellman
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.wikidata.org%2Fwiki%2FQ451319&psig=AOvVaw1IlRG0e0WlmbLgoyO4H1ie&ust=1722318747133000&source=images&cd=vfe&opi=89978449&ved=0CBQQjhxqFwoTCOibhcHHy4cDFQAAAAAdAAAAABAE
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oTMDP: State Evolution
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