
• 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)
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Vd4=ekCxi)ma[VeCi-D.Pe##
We can compute Vici) if we have

Vo Ci- i) , V
,
Ci- i) , . . . V
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li- D where IF = # States

Finally , we need Max Fdn)
K



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
-

Qin
,
as

⑦ ③
if I ↳ EBCH) -- 0-9EFCH)= -2 If# ↳ CT) - 0.1efft)={ oooo

O

B 0.9×1×1
B 2

I;,¥!÷ ' " - mail !"¥I÷÷÷÷; " oxo.

µ 10.2025 B
B 0.9×0×0.1

L

0.45 0.0405
← f. CHI Voll ) Poe - tzxoxtz

VF(2) = Max f. CH) Vpi) Pee =lzx 0.25×0.9|
e CH) PBF = { x 0.45×0.9F



Practical consideration
-

•
Probabilities get too small so for large n .

•
Problem with precision

•
Use log space

Vk Ci) = log vi. Ci)

Ek (b) = log ek Cb)

Pek = log Pek

the"
Vk Ci ) = Ekcb) + imax [ Veli

- 1) + Per )

Volo) = 0 Vk (o) = - Oo for k¥0



What if we want the most probable state for a given e.

In general
P (Iti = K / X . . . - xn ) = P(×i---Xn,ITi-

pcx, . . - xn)

First
, let's consider P Cx. . . - xn) and focus on PCxi---XylTi=k

Then P (x. . . . Xn ) = I PCX , -. - X n , Tn -- K)
K-

Fk Cn) Fdi)
Probability of generating

Xi . . - Xi and ending in state K .

Similar recurrence to VK.li) : fetid = 9. (Xi) § te Ci - t) Pek

-

Replace max with I



::÷:÷::÷::::pcx. . . . xn) = I f. (n)

Now
,
let's look at P ( x

, .
. . Xn

,
Itis K)

re = ne re
P(X, . . . Kiki

,;
- Xn , Ti =

K) =P (Xi - - - Xi , Iti = K) P (Xia . . - Xn / Xi . - -Xi ,Tink)
- -

✓ A J = Fk Ci) . P(Xi +, . . . Xn / Iti = K)
- Marko

br.li)
property

bkci) is the probability of generating Xie , .. .x. given we are

in state K at time i .



bkfi) = Ees like ee (Xia) be Citi)

" backwards
"

we need beCiti) for all l to compute bkci)

÷÷:÷:÷:÷÷:÷÷i÷⇒÷÷÷.=

Finally PCIi.ie/x....xn)--f*HbkCi)IfkCn)=boG)


