
 
 
 Time series generated by a dynamic system  

 
 A sequence generated by a spatial process 
 
 
 
 
 Classic Approaches 

o Linear Models : Regression 
o NonLinear Models: Neural Networks, Decision Trees   

 
 Problems with Classic Approaches 

o Data dependency is not incorporated in the 
prediction of the future 

 
 State Space Model 

o A state space is a description of a configuration of discrete states 
used as a simple model of machines. Formally, it can be defined as a 
tuple [N, A, S, G] where: 

 N is a set of states 
 A is a set of arcs connecting the states 
 S is a nonempty subset of N that contains start states 
 G is a nonempty subset of N that contains the goal states. 

 
   

 
 
 
 
 
 
 
 
 

The Problem of Modeling Sequential Data 

The Solutions



 
 
 

 
 
 
 

 
 
 
 
 

Markov Process

Markov Models



 

 
 
 
 

 
 
 
 

Example of Markov Model 

Calculation of Sequence 



 
 

 

 

Hidden Markov Models



 

 

 
 
 
 
 

Word Recognition 



 

 
 
 
 



 

 

 

 
 
 
 
 
 

Example of HMM

Calculation of Observation Sequence Probability 



 

 
 
 

 

 

Main Issues with HMM

Evaluation Problem



 
 

 
 

 
 
 

Forward Recursion for HMM



 
 

 
 
 

 
 

Example

Forward Recursion for HMM



 
 

 
 
 

 
 

Example

Decoding Problem



 

 
 

 
 

Viterbi Algorithm



 

 
 

 
 
 

 
 

Example

Learning Problem



 
 

 



 

 



 
 


