
HMM	formula	collection	

Standard HMMs 

Hidden Markov Process: ��� = ��, … , �� 

Observed process: ��� = ��, … , �� 

State space: � = {
�, … , 
�} 

Initial probabilities: 
� = ���� = ��, � = 1, … , � 

Transition probabilities: ��� = ������ = �|�� = ��, �, � ∈ � 

Emission probabilities: ������������ = ����|�� = �, ������ 

����� , ���� = 
� �� ���� ∏ ��"# ,�"��"���|��������$%   

Forward Algorithm &��'� = ����� , �� = ��  

Initialization: &��0� = 
�, � = 1, … , � 

Tabular computation: &��'� = ∑ &��' − 1���������|�����)�∈+ , � = 1,… , �, ' = 1,… , , 

Termination: &�(, + 1) = ∑ &�(,)����∈+ , � = 1,… ,� 

Backward Algorithm .��'� = ������� |��
�, �� = �)  

Initialization: .��, + 1� = 1, � = 1, … , � 

Tabular computation: .��'� = ∑ .��' + 1�����������|���)�∈+ , � = 1,… ,�, ' = ,, , − 1,… ,0 

Termination: none 

The Viterbi Algorithm /��'� = max� "# ����� , �����, �� = ��  

Initialization: /��0� = 
�, � = 1, … , � 

Tabular computation: /��'� = max�3�3� /��' − 1���������������� , � = 1, … , �, ' = 1, … , , 
                                        5��'� = argmax�3�3� /��' − 1����������������, � = 1, … , �, ' = 1, … , ,  

Termination: /��, + 1� = max�3�3� /��,���� , � = 1, … , � 5��, + 1� = argmax�3�3� /��,���� , � = 1, … , �                                                           
Traceback: ����∗ = 5��, + 1� 
                     ��∗ = 5�"9 ∗ �' + 1�, ' = ,, , − 1, … ,0  

  



The Baum-Welch Algorithm :��'� = ���� = ������ = ;<���=<���∑ ;>���=>���>∈? , � � 1,… ,�, ' � 1,… , ,  

@���'� � ���� � �, ���� � ������, � � 1,… ,�, ' � 1,… , ,  

Initialization: pick arbitrary model parameters 	
�, ��� , ��: �, � � 1,… ,�� 
Recursion:  

1. E-phase: calculate the forward and the backward algorithms for the current parameter 

settings. 

2. M-phase: produce new parameter estimates using the re-estimation formulas below. 

Re-estimation formulas: 


B� � :��1�  
�B�� � ∑ C<>���D# "E ∑ F<���D# "E   

�G��H� � ∑ F>���D# "E ,I"EJ∑ F>���D# "E   

Pair HMMs 

 

State durations: 

�KL , ML� � N�1,1�	if	�L � Q�1,0�	if	�L � R		�0,1�	if	�L � S   

TL � UKVW
V$� , XL � UMVW

V$� 		 



TY � XY � 0, TW � ,, XW � Z 

The Viterbi algorithm for PHMMs 

Initialization: /��0,0� = 
�  /��', 0� = /��0, [� = 0, ' > 0, [ > 0 

Tabular computation: 

/]�', [� = �]��� , ^_������, ^�_��� ⋅ max N/]�' − 1, [ − 1��]]/a�' − 1, [��a]           /b�', [ − 1��b]          
 /a�', [� = �a��� , −������, ^�_� ⋅ max c/]�' − 1, [ − 1��]a/a�' − 1, [��aa            
 /b�', [� = �b�−, ^_���� , ^�_��� ⋅ max c/]�' − 1, [ − 1��]b/b�', [ − 1��bb         
 

Termination:  

/M�, + 1, Z + 1� = max N/]�,, Z��]]       /a�,, Z + 1��a]  /b�, + 1, Z��b]
 

 /a�, + 1, Z + 1� = max c/]�,, Z��]a     /a�,, Z + 1��aa  

 /a�, + 1, Z + 1� = max c/]�,, Z��]b      /b�, + 1, Z��bb    


