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1. Course Description 

a) Pre-requisites : Basic courses of analysis and linear algebra 

b) Abstract : Markov chains form the simplest class of random processes 

for which the future does not depend on the past but depends only on the 

present state of the process. Being rather simple, at the same time Markov 

chains have deep and very beautiful mathematics. They are known as 

probably the most important class of random processes, in particular, 

because of the numerous applications in mathematics, physics, computer 

science, biology, economics, etc. Indeed, once a stochastic process is 

given, it is natural to simplify it by assuming that the future does not 

depend on the past, and often this approximation works well. The present 

course is the introduction to the theory of Markov chains. It will concern 

with their most important properties and the most known applications. 

The course is aimed at the 3rd and 4th year students, but is also possible 

for 1st and 2nd year students. The only required knowledge is the basic 

course of analysis and linear algebra. 

2. Learning Objectives 

Learning the audience what are the Markov chains with finite number of 

states and the corresponding basic technique. Learning possible types of 

large-time behavior of the Markov chains with finite number of states. 

Learning some applications of the Markov chains technique to various 

examples arising in different areas. 

 

3. Learning Outcomes 

After the course the students are expected to understand what is a Markov 

chain with finite number of states, to know its basic properties, possible 

types of its large-time behavior and possible topological structure. The 

students are expected to be familiar with a number of examples of Markov 

chains with finite number of states and to be able to recognize if a given 
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discrete stochastic system with finite number of states is a Markov chain 

or not and apply the Markov chain technique to study this system if the 

system forms a Markov chain. 

 

4. Course Plan  

1. Markov chains with finite number of states. 

2. Examples. 

3. Stationary states and their existence. 

4. Ergodic theorem for Markov chains with ergodic transition probability matrix. 

5. Applications of the ergodic theorem. The law of large numbers for Markov 

chains. The Google’s Page Rank. 

6. Perron–Frobenius theorem. 

7. Topological structure of Markov Chains. 

8. Periodic Markov chains. 

9. Aperiodic Markov chains. Ergodic theorem for irreducible aperiodic Markov 

chains. 

 

5. Reading List 

a) Required 

B.V. Gnedenko, Theory of probability, 6th ed., Boca Raton, FL: CRC 

Press (1998). 

L.B. Koralov, Ya.G. Sinai, Theory of probability and random processes, 

2
nd

 ed., Springer (2012). 

https://www.springer.com/gp/book/9783540254843 

b) Optional 

W. Feller, An introduction to probability theory and its applications, 

Vol. 1, 3
rd

 ed., Wiley (1968).  

A.N. Shiryaev, Probability, 2nd ed., Springer, New-York (1995). 

            6. Grading System     

  (C + E)∕2, where C denotes the current grade and E denotes the exam grade. 

 7. Examination Type  

  written 

8.  Methods of Instruction 

  lectures, problem solving sessions 

9.  Special Equipment and Software Support : no requirements 

https://www.springer.com/gp/book/9783540254843
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          10. Further reading 

     J.G. Kemeny, J.L. Snell, Finite Markov chains, Springer-Verlag (1976). 

 

 

 

 

 


