
Markov
, Bayes, and Viterbi
-

•
One might be interested in deciding , among multiple
Markov chains

,
which one is more likely to have produced

a given observation
.

•
For instance

,
consider two Markov models for a coin .
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•
Given an observation X. Xz . . . Xn ,

which

coin (Markov chain) is more likely to have generated

the sequence .

P (fair Ix ,
. . - xn) v.s . P (Biased Ix . .

. - Xu)

• Pffairlx ,
. . - Xn ) x P (x, . . . Xn / fair) PCFair )

• Using Markov Property
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where Px
, ¥ ,

is the transition prob . from Xi to Xi+ ,

in the " fair
" Markov chain .

•
What is Pcx,) ? It's part of the model .



Modeling a starting state
-

Note :( but not relevant)
Q R Not irreducible !
① ②

But equivalent to an

Po
,

go
Po,

irreducible chain when

→ initial probabilities
we always
start here [ Po, Roz]

Stationary distr [ 0, ¥g ' pig ]

Question : What if the sequence X
, Xz . . - Xu was

generated by different coins at different times ?



Hidden Markov Model
-

•
A Hidden Markov Model ( HMM) is given by :

- A Markov chain with a set of States & transition probabilities

-

An alphabet E ( set of symbols )
-
Emission probabilities :

- en Cb) = prob . of emitting symbol be -2 in state K

- I ek Cb) = 1

•The observations X
, Xz . . . Xn are now symbols in I .

• The states emitting these symbols are unknown (hidden)

• Markov Property : (men)

P(Tn = j / Xo . . . . . Xm , Ito , . . -Im = E) =P(Tn =j/ITm=i)
where In = state at time n .



Example HMM "
Dishonest casino

"
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• Consider all possible paths

• Compute above probability for each path
• Identify the one with largest probability
• Correct , but Not efficient .

•
There are exponentially many path , e.g .

2
"

for our example .

Solution : Viterbi algorithm .
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Define Vici ) = prob . of OPTIMAL path IT, . -
- Ti

that generates Xi . . - Xi and

ends in state K ( Iti = k)

X
, Xz Xz Xi

9 3 3 3
→④→ . . . ¥



Ve (i- i)

I

→
Xi- I

inns ④B.¥,

•

Vd4=ekCxi)ma[VeCi-D.Pe##
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Viterbi
-

r÷%÷.÷i÷÷::return
mix Yin)

Init

for k = 0
.
. .
K for k= 0

. . .

K

for i = I
. . . n

do Vckio]=o
✓ [k, i]= ek ( x ; ) . meat [ Vcd , i-D. Paid✓[0/0]=1
-

for loop to find max



Vo (O) = 1 Vk (o) = O for K¥0
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Ya Ci) needs the previous column to be computed .

Time needed proportional to n II , IT, = # States .



Example : Assume Pop = Pops = Iz , 8--8=0.1
-
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