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HW8 Overview
Start with:
 Initiation probabilities
 Transition probabilities
 Emission probabilities
  (Arbitrary)

 Nucleotide sequence
  (Data)  

Goal:
 Find better estimates of said 
probabilities!



HW8 Overview
Goal:
 Find better estimates of HMM probabilities!

Viterbi strategy:
 Find the most likely path through the graph (remember: what 
does a path correspond to?)

 Using that most likely path, update the emission, 
transmission, and initiation probabilities.



HW8 Overview
Goal:
 Find better estimates of HMM probabilities!

Another strategy:
 Simulate taking many paths through the DAG, then using all of 
those possible paths, update the transmission, emission and 
initiation probabilities, weighted by how likely a given path is.



HW8 Overview
Goal:
 Find better estimates of HMM probabilities!

Baum-Welch:
 Calculate how likely I am to be in a given state at a given time. 
(considering all paths!) Then: update transmission and emission 
probabilities, weighted by how likely you are to be in that state!
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end

initiation probs: π1 , π2
transition probs: a11 , a12 , a21 , a22
emission pobs:
e1(A), e1(C), e1(G), e1(T)
e2(A), e2(C), e2(G), e2(T)
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F(node) = sum of all paths that end at that node

F 	𝑆!2 𝑡 = 12 	 = 𝐹 𝑆!2 𝑡 = 11 ∗ 𝑎11  + 𝐹 𝑆"2 𝑡 = 11 ∗ 𝑎21) 	∗ 𝑒1(“𝐶”) 
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F(node) = sum of all paths that end at that node

F 	𝑆!2 𝑡 = 12 	 = 𝐹 𝑆!2 𝑡 = 11 ∗ 𝑎11	 ∗ 𝑒1(“𝐶”) + 𝐹 𝑆"2 𝑡 = 11 ∗ 𝑎21	 ∗ 𝑒1(“𝐶”) 
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B(node) = sum of all paths that start at that node

B 	𝑆!2 𝑡 = 12 	 =	?
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F 	𝑆!2 𝑡 = 12 	 ∗ 	B 	𝑆!2 𝑡 = 12 	 =	? (with words?)
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𝐹(	𝑆!2 𝑡 	) 	∗ 𝐵 	𝑆!2 𝑡 	 =	? (with words?)
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∑!"#,%"“'”) 𝐹(	𝑆#2 𝑡 	) 	∗ 𝐵 	𝑆#2 𝑡 	
∑!"#) 𝐹(	𝑆#2 𝑡 	) 	∗ 𝐵 	𝑆#2 𝑡 	

=	?

updated probability 
of emitting a “T” from 
state 2

∑!"#,%"“*”) 𝐹(	𝑆+2 𝑡 	) 	∗ 𝐵 	𝑆+2 𝑡 	
∑!"#) 𝐹(	𝑆+2 𝑡 	) 	∗ 𝐵 	𝑆+2 𝑡 	

=	?

updated probability 
of emitting a “C” 
from state 1
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𝑎+# = 	𝐹 𝑆22(𝑡 = 12) ∗ 𝑎21 ∗ 𝐵(𝑆11(𝑡 = 13))
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𝐹 𝑆#2(𝑡 = 12) ∗ 𝑎#+ 	∗ 𝑒+(“𝐴”) 	∗ 𝐵(𝑆+2(𝑡 = 13))

how do we update transition edges?
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4𝐹 𝑆#2 =
𝐹(𝑆#2)

𝐹 𝑆#2 + 𝐹(𝑆+2)

𝑐##

𝑐!"#+ =
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𝐹 𝑆#2(𝑡 = 12) + 𝐹(𝑆+2(𝑡 = 12))

𝑐#+ 𝑐#,

4𝐹 𝑆+2 =
𝐹(𝑆+2)

𝐹 𝑆#2 + 𝐹(𝑆+2)
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4𝐹 𝑆#2(𝑡) = 7
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𝑐- ∗ F 𝑆#2(𝑡)

𝑐## 𝑐#+ 𝑐#,
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4𝐵 𝑆#2(𝑡) = B 𝑆#2 𝑡 ∗ 𝑐!
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4𝐹 𝑆#2 𝑡 ∗	 4𝐵(𝑆#2 𝑡 )
𝑐!
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updated probability 
of emitting a “A” from 
state 1



Scaling

st
ar

t

… …

end

t = 12 t = 13t = 11
C AG

S11
e1(C)

S12

S21 S22
e2(C)

a 21

a
12

a22

a11

𝑐##

𝑎#+ =
∑!"#)/# 4𝐹 𝑆#2 𝑡 ∗ 𝑎#+ ∗ 𝑒+ 𝑠𝑒𝑞 𝑡 ∗	 4𝐵(𝑆+2 𝑡 + 1 )

∑!"#)/#
4𝐹 𝑆#2 𝑡 ∗	 4𝐵(𝑆#2 𝑡 )

𝑐!
	

𝑐#+ 𝑐#,


