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I. Goals and Results of Mastering the Discipline; Prerequisites 

 

The objective of the discipline "Probability Theory" is to lay the foundation of probability for all 
courses that follow in the “Master of Applied Statistics with Network Analysis” program.  
 

As a result, students should: 

 

Know: 

- the role of probability theory in the sciences, communicate the ideas and results of proba-

bility; 

- joint probability distributions, expectation, variance and covariance of random variables; 

- the basic principles of using probability for using analytic models 

 

Be able to: 

- define and apply the concepts of sample space, events, probability, random variables and 

their distributions, 

- formulate and apply theorems concerning functions of random variables and the moment-

generating functions, Chebyshev’s theorem, the Central Limit Theorem and the Law of Large 

Numbers.  

- formulate and apply the definitions of convergence in distribution and in probability, 

formulate scientific problems involving randomness in mathematical terms 

- use probability in future courses and analytical career overall 

 

Have: 

- an understanding of the basic principles of probability and lay the foundation for future 

learning in the area. 

- the skill to meaningfully develop an appropriate model for the research question, using 

probability theory  

- the skill to work with statistical software, required to analyze the data 

 

Basic knowledge of mathematical analysis and linear algebra are required for this course. 

 

The basics of this discipline should be used in all the courses of this program. 
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The course is strongly related and complementary to other compulsory courses provided in the 

first year (e.g. Applied Linear Models II, Contemporary Data Analysis) and sets a crucial pre-

requisite for later courses and research projects as well as for the master thesis. The course gives 

students an important foundation to develop and conduct their own research as well as to evalu-

ate research of others. 

 

 

II. Content of the Course 

SESSION ONE: Axioms of probability 

The first session will cover several topics: sample space and events. Axioms of probability. Clas-

sical probability: finite sample spaces having equally likely outcomes. Probability as a continu-

ous event function. Probability as a measure of belief. 

SESSION TWO: Conditional probability and independence 

Conditional probabilities. The multiplication rule. Formula of total probability. Bayes’s formula. 

Independent events. Bernstein example. 

SESSION THREE: Discrete Random Variables 

Random variables. Discrete random variables. Expected value. Expectation of a function of a random var-

iable. The Bernoulli and binomial random variables. The Poisson random variable. Other discrete proba-

bility distributions. Expected value of sums of random variables. Properties of the cumulative distribution 

function. Generation functions for positive integer-valued random variables. Branching processes. The 

probability of ultimate extinction for branching processes. 

SESSION FOUR: Continuous Random Variables 

Probability density function. Expectation and variance of continuous random variables. The uniform ran-

dom variable. Normal random variables. Exponential random variables. The continuous distributions. The 

distribution of a function of a random variable. 

SESSION FIVE: Jointly Distributed Random Variables 

Joint distribution functions. Independent random variables. Sums of  independent random varia-

bles. Conditional distributions: discrete case and continuous case. Joint probability distribution 

of functions of random variables. 

SESSION SIX: Properties of Expectation 

Covariance, variance of sums. Correlations. Conditional expectation. Conditional expectation 

and prediction. The continuous Bayes' rule. 

SESSION SEVEN: Limit Theorems 

Chebyshev’s inequality and the weak law of large numbers. The central limit theorem. The strong law of 

large numbers. Monte–Carlo method. Other inequalities. Bounding the error probability when approxi-

mating a sum of independent Bernoulli random variables by a Poisson random variable. 
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SESSION EIGHT – Additional topics in probability 

(will span over several sessions) Discrete-Time Markov Chains. Classification of States. Steady-

State Behavior. Uncertainty and entropy. 

III. Grading 

Course grade will be completed as follows: 

Course Element % Towards Final 

Grade 

Final Exam 30% 

Final In-Class and/or Take-home exam (at the 

discretion of the instructor) 

30% 

Participation and responsibility grade 70% 

Class participation 

3 home assignments, each assignments x 20% 

each 

10% 

60% 

10% 

Extra credit As assigned 

Total 100% 

 

If the final grade is non-integer, it is rounded according to algebraic rules. If has a half (.5) at the 

end, we are rounding upward. Rounding of cumulative grades and other rounding issues are per-

formed according to the HSE rules. 

IV. Grading Tools 

This class contains several assignments that test student knowledge and understanding through-

out the course.  

 

Homework assignments 

There will be several homework assignments that will provide additional hands-on practice for the con-

cepts we’ve learned in class and practiced during the seminar. Homeworks will be assigned as needed 

throughout the semester. All homework submissions must be done by the stated deadline via the LMS 

system. 

 

Final Exam 

There will be a comprehensive exam that will test the acquired knowledge. The exam will be open-book, 

but individual effort. Additional instructions will be provided during the course. 

 

V. Resources 

5.1  Main Literature   

1. Rohatgi, Vijay K., and A. K. Md. Ehsanes Saleh. Introduction to Probability and Statistics, Wiley, 

1994. ProQuest Ebook Central, URL https://ebookcentral.proquest.com/lib/hselibrary-

ebooks/detail.action?docID=818930. 

2. Bauer, Heinz. Probability Theory, De Gruyter, Inc., 1995. ProQuest Ebook Central, URL 

https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=928950. 

https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=818930
https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=818930
https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=928950
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3. Venkatesh, Santosh S.. The Theory of Probability : Explorations and Applications, Cambridge 

University Press, 2012. ProQuest Ebook Central, URL 

https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=1057524. 

4. Meester, Ronald. A natural introduction to probability theory. Springer Science & Business Me-

dia, 2008. URL https://proxylibrary.hse.ru:2176/book/10.1007/978-3-7643-8724-2. Springer 

Link. 

5. Pakshirajan, R. P. Probability theory: a foundational course. Vol. 63. Springer, 2013. URL 

https://proxylibrary.hse.ru:2176/book/10.1007/978-93-86279-54-5. Springer Link. 

 

 

5.2 Additional Literature 

 
1. Lefebvre, Mario. Applied probability and statistics. Springer Science & Business Media, 2007. 

URL https://proxylibrary.hse.ru:2176/book/10.1007/0-387-28505-9. Springer Link. 

2. Schay, Geza. Introduction to probability with statistical applications. Birkhäuser, 2016. URL 

https://proxylibrary.hse.ru:2176/book/10.1007/978-0-8176-4591-5. Springer Link. 

3. Parthasarathy, Kalyanapuram Rangachari. Introduction to probability and measure. Vol. 33. 

Springer, 2005. URL https://proxylibrary.hse.ru:2176/book/10.1007/978-93-86279-27-9. Spring-

er Link. 

4. Courgeau, Daniel. Probability and social science: Methodological relationships between the two 

approaches. Vol. 10. Springer Science & Business Media, 2012. URL 

https://proxylibrary.hse.ru:2176/book/10.1007/978-94-007-2879-0. Springer Link. 

 

 

5.3  Software 

№ 

п/п 

Name 
 

Access conditions 

  

 1. 

 MicrosoftWindows 7 Professional RUS 

MicrosoftWindows 10 

MicrosoftWindows 8.1 Professional RUS 

From the university’s internal network (contract) 

2. Microsoft Office Professional Plus 2010 From the university’s internal network (contract) 

3. R, R studio Open access. URL: https://www.r-project.org/ 

 

5.3 Material and technical support 

Classrooms for lectures on the discipline provide for the use and demonstration of thematic illus-

trations corresponding to the program of the discipline, consisting of: 

− PC with Internet access (operating system, office software, antivirus software); 

− multimedia projector with remote control. 
 

https://ebookcentral.proquest.com/lib/hselibrary-ebooks/detail.action?docID=1057524
https://proxylibrary.hse.ru:2176/book/10.1007/978-3-7643-8724-2
https://proxylibrary.hse.ru:2176/book/10.1007/978-93-86279-54-5
https://proxylibrary.hse.ru:2176/book/10.1007/0-387-28505-9
https://proxylibrary.hse.ru:2176/book/10.1007/978-0-8176-4591-5
https://proxylibrary.hse.ru:2176/book/10.1007/978-93-86279-27-9
https://proxylibrary.hse.ru:2176/book/10.1007/978-94-007-2879-0
https://www.r-project.org/

