Hidden Markov Models

Leonid Zhukov

School of Applied Mathematics and Information Science
National Research University Higher School of Economics

07.11.2013

Leonid Zhukov (HSE) Lecture 1 07.11.2013 1/1



Markov chain parameter estimation

For Markov chain transition matrix estimation
P(X1,..Xa|0) = POX2) [T [ P = Lip)
i

Maximum likelihood MLE estimate:

_ My
pPij = -
Zj njj

njj - number of times in sequence X, followed X;, i.e. transition i — j
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Hidden Markov Model
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Hidden Markov Model

HMM formal definition

@ Desrete states

Observable signals

Transion probabilities matrix ANV, Aij = P(qt+1 = Sjlg: = Si)
Emmision probabilities matrix BM*N| B; = b;(0;) = P(Oj|g: = S;)
Initial states vector m, m; = P(X1 = 1)

HMM Model A = (A, B, )
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Three fundamental problems in HMM

@ The Evaluation problem.
Given:

o Observable sequence O = 0;0,0;3...01
e model A = (A, B, )
Find: P(O|))
@ The Decoding problem.
Given:
o Observable sequence O = 0;0,0s...07
e model A = (A, B, 7)
Find: Q* = g19293..q7 = argmaxg P(Q|O, \)
© The Learning problem (training).
Given:
o Observable sequence O = 0;0,0;3...07

Find: \* = arg max, P(O|\)
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Left-to-right HMM

Qm 1 Ql’zz QPH Qprm
P P P: P.
@ Ps1 5 12 B 23 5 34 5 4E @

2 Hidden States
&(v) dy(vy) $a(v3) ba(vy)

Observations
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