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Forward Algorithm

A C G

State 1 0.32
State 2

b1(A) = 0.4

α1(1) 

Build a dynamic programming table for these calculations 

A C G

α1(1) = π1 × b1(A) = 0.8 × 0.4 = 0.32

π1 = 0.8



Forward Algorithm

b2(A) = 0.1

A C G

State 1 0.32
State 2 0.02

α1(2) 

α1(1) 

Build a dynamic programming table for these calculations 

A C G

α1(2) = π2 × b2(A) = 0.2 × 0.1 = 0.02

π2 = 0.2



Forward Algorithm

A C G

State 1 0.32 0.0404
State 2 0.02

α1(2) 

α1(1) α2(1) 

b1(C) = 0.2

= 0.6 𝑎11

Build a dynamic programming table for these calculations 

= 0
.5 

𝑎 21

A C G

α2(1) = [α1(1) × a11 + α1(2) × a21] × b1(C)
= [0.32 × 0.6 + 0.02 × 0.5] × 0.2
= 0.0404

α1(1) 

α1(2) 



Forward Algorithm

A C G

State 1 0.32 0.0404
State 2 0.02 0.069

α1(2) 

α1(1) α2(1) 

Build a dynamic programming table for these calculations 

α2(2) 

= 0.4 

𝑎
12

= 0.5 𝑎22
b2(C) = 0.5

α3(1) 

α3(2) 

A C G

α2(2) = [α1(1) × a12 + α1(2) × a22] × b2(C)
= [0.32 × 0.4 + 0.02 × 0.5] × 0.5
= 0.069

α1(1) 

α1(2) 



Backward Algorithm

A C G

State 1 0.28 1
State 2 1

β3(1) 

β3(2) 

Build a dynamic programming table for these calculations 

β2(1) 

β2(2) 

β1(1) 

β1(2) 

b1(G) = 0.4

= 0.6 𝑎11

= 0.4 

𝑎
12

b2(G) = 0.1

A C G

β2(1) = β3(1) × a11 × b1(G) + β3(2) × a12 × b2(G)
= 1 × 0.6 × 0.4 + 1 × 0.4 × 0.1
= 0.28

β3(1) 

β3(2) 



Backward Algorithm

A C G

State 1 0.28 1
State 2 0.25 1

β3(1) 

β3(2) 

Build a dynamic programming table for these calculations 

β2(1) 

β2(2) 

β1(1) 

β1(2) 

b1(G) = 0.4

b2(G) = 0.1

= 0
.5 

𝑎 21

= 0.5 𝑎22

A C G

β2(2) = β3(1) × a21 × b1(G) + β3(2) × a22 × b2(G)
= 1 × 0.5 × 0.4 + 1 × 0.5 × 0.1
= 0.25

β3(1) 

β3(2) 



HW8 questions?



Transition probs

Emission probs

HMM

Hidden:

Observed:

y1 y2 y3

X1 X2 X3

P(y, X) =
N

∏
i=1

P(yi |yi−1)P(Xi |yi)Joint probability

Transition probs Emission probs

pron . v . n .

I eat pizza



Limitations

Hidden:

Observed:

y1 y2 y3

X1 X2 X3

Transition probs

Emission probs

P(y, X) =
N

∏
i=1

P(yi |yi−1)P(Xi |yi)Joint probability

Transition probs Emission probs

pron . v . n .

I eat pizza

• Static transition/emission probs

time

• Limited dependences



Conditional random fields

• Hidden markov model

P(y, X)

• Conditional random fields

P(y |X)



Conditional random fields

Hidden:

Observed:

y1 y2 y3

X1 X2 X3

A more general frameworks to capture the 
dependences between hidden states and 
observed states.

Hidden:

Observed:

y1 y2 y3

X1 X2 X3

Linear chain CRF



https://pages.cs.wisc.edu/~jerryzhu/cs769/CRF.pdf

Conditional random fields


