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Hidden Markov Models

Name the three central problems that can be solved with the help of Hidden
Markov Models (HMMs)? Describe each issue and explain how it can be solved.

Instruments are tracked during a minimally-invasive surgery. In total, four dif-
ferent objects can be tracked. Depending which objects are visible during the
procedure, the surgery is in a different state. A Hidden Markov Model (HMM)
can be used to model this.

Given an HMM with four hidden states and five visible symbols vg...v4 € V, as
well as the transition probabilities from state S; to S; € S are given by
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and the output probabilities for symbol £ at state S; by
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The priors for the initial state are given by
7 = (0.25,0.25,0.25,0.25)" .

(a) Draw the HMM.
(b) What is the probability that this HMM generates a sequence Sy, Sz, Sa, So7
(¢) What is the probability that this HMM generates a sequence vy, v3?



Exercise 3 The evaluation of an HMM can be done using the forward or the backward
algorithm. Suppose an HMM transitioned through a sequence qq,...,q, € S of
hidden states and produced the sequence xq, ..., z,, € V of observed variables from
a set of observable events.

(a) Derive the forward algorithm to compute p(gx, zo...xx), which is the joint
probability of observing the sequence zy, ..., ), and reaching hidden state gy.

Hint: Express p(qx, zo...xx) by the emission probability of z; and the tran-
sition probability from g, — 1 to g to find a recursive formulation.

(b)  Write down the forward algorithms in pseudocode.



