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•  From a 291829 base sequence 

•  Expected value 0.0625 
•  CG is 7 times smaller than expected 

AA 0.120214646984 GA 0.056108392614 

AC 0.055409350713 GC 0.037792809463 

AG 0.068848773935 GG 0.043357731266 

AT 0.083425853585 GT 0.046828954041 

CA 0.074369148950 TA 0.077206436668 

CC 0.044927148868 TC 0.056207766218 

CG 0.008179475581 TG 0.063698479926 

CT 0.066857875186 TT 0.096567155996 
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But, all coin exchange 
combinations are not 
equally likely. What coin 
exchange combination 
has the highest 
probability of generating 
the observed series of 
tosses? 
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• When is a sequence equally likely to have come 
from the Fair or Biased coin? 

  P(x|Fair) = P(x|Biased) 
1/2n = 3k/4n  

2n = 3k 
n = k log23  

• when          k = n / log23      (k ~ 0.63 n) 
•  So when the number of heads is greater than 63% 

the dealer most likely used the biased coin 
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x1 x2 x3 x4 x5 x6 x7 x8 … xn 

Consider a sliding window of the outcome sequence.  
Find the log-odds for this short window. 

Log-odds value 
0

Fair coin most likely Biased coin most likely 

Disadvantages: 
- the length of CG-island (appropriate window size) is not 
  known in advance 
- different window sizes may classify the same position 
  differently 
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HHHTHTHHTTTTHTHTHTHHHTHTHTHT 
BBBFFFFFFFFFFFFFFFFBBBFFFFFF? 



4/18/16 Comp 555   Spring 2016 17 



4/18/16 Comp 555   Spring 2016 18 



4/18/16 Comp 555   Spring 2016 19 

A Fair Biased 

Fair 

Biased 

E Tails(0) Heads(1) 

Fair 

Biased 
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F B 

T H T H 

9/10 9/10 

1/10 

1/10 1/2 1/2 1/4 3/4 
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4 hidden 
states 

6 output observations 

Path with
 greatest 
probability 
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•  Each vertex represents a possible state at a given 
position in the output sequence 

•  The observed sequence conditions the likelihood of each 
state 

•  Dynamic programming reduces search space to:  
|Q|+transition_edges×(n-1) = 2+4×5 from naïve 26 
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•  Solves all subproblems implied by emitted 
subsequence 

• How likely is the best path? 
• What is it?  
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•  Solves all subproblems implied by emitted 
subsequence 

• How likely is the best path? 
• What is it?  
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BBBBBB 



0.0058 BBBBBB !
0.0046 FFFFFF !
0.0013 FBBBBB !
0.0012 FFFFBB !
0.0009 FFBBBB !
0.0008 FFFFFB !
0.0006 FFFBBB !
0.0006 BBBFFF !
0.0004 BBBBBF !
0.0004 BBFFFF !
0.0003 BBBBFF !
0.0003 BFFFFF !
0.0001 BBBFBB !
0.0001 FBBFFF !
0.0001 FBBBBF !
0.0001 BBFFBB !
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0.0001 BBBFFB !
0.0001 FFFFBF !
0.0001 FFBFFF !
0.0001 FBFFFF !
0.0001 FFBBBF !
0.0001 BFFFBB !
0.0001 FBBBFF !
0.0001 BBFFFB !
0.0000 BFBBBB !
0.0000 BBBBFB !
0.0000 BBFBBB !
0.0000 BFFFFB !
0.0000 FFFBBF !
0.0000 FFBBFF !
0.0000 FBBFBB !
0.0000 BFFBBB !

0.0000 FFFBFF !
0.0000 FFBFBB !
0.0000 FBFFBB !
0.0000 FBBFFB !
0.0000 FFBFFB !
0.0000 FBFFFB !
0.0000 FBFBBB !
0.0000 FBBBFB !
0.0000 BBBFBF !
0.0000 FFBBFB !
0.0000 BBFFBF !
0.0000 BFFFBF !
0.0000 BFBFFF !
0.0000 FFFBFB !
0.0000 BFBBBF !
0.0000 BBFBBF !

0.0000 FBBFBF !
0.0000 BFBBFF !
0.0000 BFFBBF !
0.0000 BBFBFF !
0.0000 FFBFBF !
0.0000 FBFFBF !
0.0000 BFFBFF !
0.0000 BFBFBB !
0.0000 FBFBBF !
0.0000 BFBFFB !
0.0000 FBFBFF !
0.0000 BFBBFB !
0.0000 BBFBFB !
0.0000 BFFBFB !
0.0000 FBFBFB !
0.0000 BFBFBF !

•  The “most likely path” may not be a lot more likely than a 2nd or 3rd 
most likely paths (more so in more realistic cases than this one). 

•  Actual probability of the “most likely path” is not that high. 
•  Are there better questions we could ask? 



•  Are there common aspects of the most likely solutions? 
•  Which coin was I most likely using on the 4th  roll 
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•  How do we get at these other questions about an HMM? 
•  What if my observations are corrupted (i.e. there is noise

 in my observed sequence)? 
•  What if I don’t know the parameters of my HMM model

 (emission, transition, and observation noise
 probabilities)? 

•  Leave the Casino to find a biological application  
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