LING572
Hw1 solution
1. (20 pts) Prove that for any probabilistic FSA with no useless states,  the probabilities of all strings sum to 1; that is, 
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See Pages 4-7 in Dupont et. al. (2004) for proof. In that paper, a probabilistic FSA is called a semi-PA (see Def. 4 on Page 3), and a probabilistic FSA with no useless states is called a probabilistic automaton (see Def. 9 on Page 6). Problem 1 is the same as Proposition 2 on Page 7.
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2. (20 pts)  In an HMM, the following holds: 
                          Prove that for any HMM, and for any given integer n, the probabilities of all strings with length n sum to 1; that is,
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                    (Proof)
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                     When the length is 0:

                      When the length is n:
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3. (20 pts) Prove that for each state-emission HMM, there is an equivalent arc-emission HMM.

(a) Given a state-emission model HMM1=
[image: image1.wmf])
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      be the equivalent arc-emission HMM. Show how to build HMM2?
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(b) Given a path X1, X2, ..., Xn+1 in HMM1, what’s the path in HMM2?

The path is X1, X2, ..., Xn+1.
(c) Prove that for any output sequence O, P1(O |HMM1) is equal to P2(O|HMM2).

Let the path be X1, X2, ..., Xn+1
[image: image17.wmf])
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4. (20 pts) Prove that for each arc-emission HMM, there is an equivalent state-emission HMM.

(a) Given an arc-emission model HMM1=
[image: image3.wmf])
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       be the equivalent state-emission HMM. Show how to build HMM2?
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(b) Given a path X1, X2, …., Xn+1 in HMM1, what’s the path in HMM2?
The path is X1_X1, X1_X2, …., Xn_Xn+1
(c) Prove that for any output sequence O, P2(O |HMM1) is equal to P1(O|HMM2).
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5. (20 pts) Modify the Viterbi algorithm (see slide #30) so that it can handle HMMs that allow ε transition: i.e., an arc can produce nothing with a probability.
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       %%%%%% calculate the epsilon-cost function:
      Cost(i, j) is the max prob for a path from i to j which produces nothing.
      To calculate cost(i, j), let 
[image: image6.wmf])
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 is calculated in the following way:
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  where N is the number of states in HMM.
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