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Problem 3: Learning - é
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Simple Case: Fully Visible Markov Mode
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Observation Probabilities



GivenO={1,3,1,2,3,1,...}
and the set of possible hidden states {H, C'},
find the T" and B matrices.

Observation Probs
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[ Key: Expected number of times in state j ]




A Side Problem

You are the admissions coordinator for your department. You are
trialing an office assistant robot that your colleague has requested
you to test. You have to send offer letters to candidates who
recently took the admission test. You ask the robot to do the task.

Unfortunately, there was an error in the visual perception so the
robot randomly inserted the letters into envelopes (instead of the
correct letter into the correct envelope) and posted them.

[ Out of the N accepted candidates, how many got their offer letter? J




Letter Envelope Matching Problem

_ 7 1 if the ith letter is in the correct envelope
" 10 otherwise
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Learning the Observation Prob. @ @
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Learning the Observation Prob. @ @
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Finding Gamma S ()10 = ox)
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Backward Probability p(oir, st = J)
p(OlzT, St = j) — P(01:t, st = J, Ot+1:T)

675(7’) :p(0t+170t+23 ..., 0T l St = Z)

plorr, st = 3) = a(j) - Be(J) [ Why is this true? ]




Finding Backward Probability ~ 5:(i) = P01, 0142, ..., o1 | 5t = i)

1. Initialization:

2. Recursion

N

Bi()) = aijbj(0r41) B1(j), 1<i<N,1<t<T
j=1

3. Termination:

P(O|A) an (01) Bi(J [ Why is this true? ]

Source: SLP, Dan Jurafsky



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

Back to the Big Picture

plorT, st = J) = as(j) - Be(J)

1(J) = p(se =7 | ovr)

_ p(st =j,ovr)
p(ol:T) [ How do we find this? ]
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Transition Probabilities



GivenO={1,3,1,2,3,1,...}
and the set of possible hidden states {H, C'},
find the T" and B matrices.

Transition Probability
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expected number of transitions from state ¢ to state j

Learning the Transition Prob.

expected number of transitions from state ¢

ft(i,j) = p(st = 1,841 =] ’ 01:T)

almost-&:(7,j) = p(s; =1, 8441 = 7, 01.7)

almost-&:(¢,j) = a4 (2) - aij - bj(04+1) - Be1(J)

[ Why is this true? }
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expected number of transitions from state ¢ to state j

Learning the Transition Prob.

expected number of transitions from state ¢

ft(i,j) = p(St = 1,841 =] ’ 01:T)

T—1 g (0 i
a,i — TE_:lt:I Et(la.] ) [ Why is this true? ]
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expected number of transitions from state i to state j

Learning the Transition Prob.

expected number of transitions from state ¢
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