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Annotation

The course is intended for second-year master students. It introduces main concepts of game theory, especially
about static, dynamic and cooperative games and various equilibrium notions in these frameworks. Several
special topics are also included.

1. Study objective

Purpose of the course

To acquaint students with the basic concepts and results of non-cooperative and cooperative game
theory. The central place in the course is occupied by the concept of Nash equilibrium, sequential
equilibrium, and also the concept of a kernel in cooperative games with side payments.

Tasks of the course
* students mastering basic knowledge (concepts, concepts, methods and models) in game theory;
» acquisition of theoretical knowledge and practical skills in game theory;

» providing advice and assistance to students in conducting their own theoretical research in game
theory.

2. List of the planned results of the course (training module), correlated with the planned results of the
mastering the educational program

Mastering the discipline is aimed at the formation of the following competencies:

Code and the name of the competence Competency indicators

UC-4 Use modern communication tools in the |UC-4.4 Use modern ICT tools for academic and
academic and professional field, including those |professional collaboration
in a foreign language

Gen.Pro.C-2 limprove upon and implement new |Gen.Pro.C-2.1 Assess the current state of mathematical

mathematical methods in applied problem research within professional settings

solving

Gen.Pro.C-3 Develop mathematical models and |Gen.Pro.C-3.2 Employ research methods to solve new
conduct their analysis in the processes of problems, and apply knowledge from various science and
professional problem-solving technology fields

Pro.C-2 Understands and is able to apply Pro.C-2.1 Demonstrate expert knowledge of research basics
modern mathematical apparatus and algorithms, |in the field of ICTs, philosophy and methodology off
the basic laws of natural science, modern science, scientific research methods, and apply skills to use

programming languages and software; operating [them
systems and networking technologies in
research and applied activities

3. List of the planned results of the course (training module)
As a result of studying the course the student should:
know:

[J fundamental concepts, laws, game theory;
[J modern problems of the relevant sections of game theory;
[J concepts, axioms, methods of proof and proof of the main theorems in the sections included in the
basic part of the game theory cycle;
[J basic properties of the corresponding mathematical objects;
[J analytical and numerical approaches and methods for solving typical applied problems of game
theory.
be able to:

[J understand the task;

[J use your knowledge to solve fundamental and applied problems;

[] evaluate the correctness of the problem statements;

[J strictly prove or disprove the statement;

[J independently find algorithms for solving problems, including non-standard ones, and conduct their
analysis;

[J independently see the consequences of the results;

[ accurately represent mathematical knowledge in topology orally and in writing.



master:

[ skills of mastering a large amount of information and solving problems (including complex ones);
[J skills of independent work and mastering new disciplines;
0 the culture of the formulation, analysis and solution of mathematical and applied problems that
require the use of mathematical approaches and methods for their solution;
[ the subject language of topology and the skills of competent description of problem solving and

presentation of the results.

4. Content of the course (training module), structured by topics (sections), indicating the number of
allocated academic hours and types of training sessions

4.1. The sections of the course (training module) and the complexity of the types of training sessions

Types of training sessions, including independent work
Ne Topic (section) of the course
. Laboratory Independent
Lectures Seminars .
practical work
What is a game? Games in normal form.
1 ) : . 6 6 9
Matrix and bimatrix games.
2 Mixed Nash equilibria. 6 6 9
Dynamic  games  with  complete
3 . . . 6 6 9
information, asymmetric case
4 Repeated games. 6 6 9
5 Basics of social choice theory. 6 6 9
AH in total 30 30 45
Exam preparation 30 AH.

Total complexity

135 AH., credits in total 3

4.2.

Content of the course (training module), structured by topics (sections)

Semester: 2 (Spring)

1. What is a game? Games in normal form. Matrix and bimatrix games.

Dominance in static games. Pure Nash equilibria

2. Mixed Nash equilibria.

Algorithms for finding Nash equilibria. Dynamic games with complete information, symmetric case

3. Dynamic games with complete information, asymmetric case

Dynamic games with incomplete information Signaling games.

4. Repeated games.
Cooperative games. Stable matchings
5. Basics of social choice theory.

Fair division. Basics of auction theory.



5. Description of the material and technical facilities that are necessary for the implementation of the
educational process of the course (training module)

A standard classroom.

6. List of the main and additional literature, that is necessary for the course (training module)
mastering

Main literature
1. Jleknuu 10 TEOPUHU UTP U IKOHOMHUYECKOMY MojienupoBanuio [Teker] : [yue6. mocobue st By30B] /
N. C. MenpmukoB .— 2-¢ u3., ucnp. u gon. — M. : Konrakr [Tiroc, 2010 .— 336 c.
2. Teopust Urp ¢ mpUMeEpaMu U3 MaTeMaTuieckoit skoHoMukH [ Tekcr] : [yue6. mocobue aiist By30B] / O.
Mynes ; iep. ¢ ¢p. O. P. MenbmmkoBoii, Y. C. MenpmuxkoBa nop pea. H. C. Kykymkuna .— M. : Mup,
1985 — 199 c.

3. Teopus urp [Tekct] : yue6. mocobue 1ist By30B : pek. M-BoM o011 u tipod. oopazosanus PO / JI. A.
[Terpocsn, H. A. 3enkeBuy, E. A. Cemuna .— M. : Breicmas mikomna, 1998 .— 304 c.

Additional literature
1. Urpsr nnst pa3Butus cucremaoro meimuienus [ Tekcr] / JI. byt Ceunm, /. Menoys; nep. ¢ aar. E. C.
Oranecsn; nox pen. H. I1. Tapacosoiid - M.BMMHOM. Jlabopatopus 3nanuii,2014

7. List of web resources that are necessary for the course (training module) mastering
http://dm.fizteh.ru/

8. List of information technologies used for implementation of the educational process, including a list
of software and information reference systems (if necessary)

Multimedia technologies can be employed during lectures and practical lessons, including
presentations.

9. Guidelines for students to master the course
1. It is recommended to successfully pass the test papers, as this simplifies the final certification in the

subject.
2. To prepare for the final certification in the subject, it is best to use the lecture materials.
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1. Competencies formed during the process of studying the course

Code and the name of the competence

Competency indicators

UC-4 Use modern communication tools in the
academic and professional field, including those
in a foreign language

UC-4.4 Use modern ICT for academic and

professional collaboration

tools

Gen.Pro.C-2 limprove upon and implement new
mathematical methods in applied problem
solving

Gen.Pro.C-2.1 Assess the current state of mathematical
research within professional settings

Gen.Pro.C-3 Develop mathematical models and
conduct their analysis in the processes of
professional problem-solving

Gen.Pro.C-3.2 Employ research methods to solve new
problems, and apply knowledge from various science and
technology fields

Pro.C-2 Understands and is able to apply
modern mathematical apparatus and algorithms,
the basic laws of natural science, modern
programming languages and software; operating
systems and networking technologies in
research and applied activities

Pro.C-2.1 Demonstrate expert knowledge of research basics
in the field of ICTs, philosophy and methodology off
science, scientific research methods, and apply skills to use
them

2. Competency assessment indicators

As a result of studying the course the student should:

Kknow:

[J fundamental concepts, laws, game theory;
[J modern problems of the relevant sections of game theory;
[J concepts, axioms, methods of proof and proof of the main theorems in the sections included in the

basic part of the game theory cycle;

[ basic properties of the corresponding mathematical objects;
[J analytical and numerical approaches and methods for solving typical applied problems of game

theory.
be able to:
[J understand the task;

[J use your knowledge to solve fundamental and applied problems;
[] evaluate the correctness of the problem statements;

[J strictly prove or disprove the statement;

[J independently find algorithms for solving problems, including non-standard ones, and conduct their

analysis;

[J independently see the consequences of the results;
[ accurately represent mathematical knowledge in topology orally and in writing.

master:

[ skills of mastering a large amount of information and solving problems (including complex ones);

[J skills of independent work and mastering new disciplines;

[ the culture of the formulation, analysis and solution of mathematical and applied problems that
require the use of mathematical approaches and methods for their solution;

[ the subject language of topology and the skills of competent description of problem solving and

presentation of the results.

3. List of typical control tasks used to evaluate knowledge and skills

The course grade consists of two components: home assignments and written exam (In the case of
online learning it may be replaced by an online test). There are three home assignments on three parts
of the course: static games, dynamic games and cooperative games. Each assignment consists of 7
problems, and each problem gives 10 points. The sum of points is divided by 5. The exam consists of
one problem in which one should determine whether given statements are true or false, and 3 problems
in which one must write down a solution. While solving the exams, the students may use there notes

and textbooks.



Example home assignment problems

1. A mattrix of a static game is given. Sequentially exclude dominated strategies and then solve the
remaining game 2xN.

2. Find all equilibria in a stone-scissors-paper-like game with given number of figures and gicen
rules of figures beating each other.

3. 50 pirates ordered by rank are dividing a big treasure by the following procedure. The captain
offers a division. If at least half of the crew (including the captain) agree then the division is applied.
Otherwise the captain is thrown overboard and the second-ranked pirate offers a division, and so on.
Formalize the situation as a dynamic game and find a subgame perfect Nash equilibrium.

4. Find the core and the Shapley value in some cooperative game.
5. Find all stable matchings at some matching market.

Examples of true/false statements from the exam

Determine whether these statements are true or false. The right answer gives +3 points, the wrong
answer gices -3 points, no answer gives 0 points.

L.If two strategies are both weakly dominant then they yield the same outcome for any choice of
other players' strategies.

2. In a dynamic game with complete information any two subgame perfect Nash equilibria have the
same payoffs.

3. In the setting of cake-cutting every envy-free division is also proportional.

Examples or ordinary problems from the exam

1. Consider the following game with one heap of stones: every player may take either 3 or 5 stones
from the heap (but not 1, 2 or 4). The player unable to make a move (because there are less than 3
stones) loses.

a. Find the winning and losing numbers of stones in a heap if there are less than 20 stones.
b. Guess the law and prove it.

2. At some country a law is adopted if either more than half of the members of the parliament vote
for it and the president approves it, or more than 2/3 of the members of the parliament vote for it. The
parliament consists of several parties of known size, all members of a party vote in the same manner.
Formulate the situation as a cooperative game and find the core and the Shapley value.

4. Evaluation criteria

Questions for the exam:

1. The definition of the game in normal form: strategy, player, utility. Nash equilibrium in pure
strategies. Examples. Prisoner's dilemma. The game "rock-paper-scissors."

2. Definition of a mixed strategy. Nash equilibrium in mixed strategies.

3. Brauer theorem. Sperner's lemma. Kakutani theorem. Nash's theorem on the existence of equilibrium
in mixed strategies.

4. Dominant strategies. The consistent exclusion of highly dominated strategies. Minimax and
Maximin. Zero-sum games. Saddle point.

5. The expanded form of the game. Equivalence with normal form. Equilibria committed in sub-games.
Examples.

6. Weak and strong sequential Nash equilibria. The faith of the players.

7. Introduction to the theory of cooperative games. The concept of equilibrium. The concept of the
kernel. Vector Shapley.

8. Dynamic games. Finite and endless repeating games. The prisoner's endless dilemma. The principle
of a single deviation. Popular theorem. Duels. Simultaneous Truels.

Exam ticket examples

Ticket number 1

1. Brauer theorem. Sperner's lemma. Kakutani theorem.

2. The concept of equilibrium. The concept of the kernel. Vector Shapley.
Ticket number 2

1. Definition of a mixed strategy. Nash equilibrium in mixed strategies.



2. Dynamic games. Finite and endless repeating games.

Assessment “excellent (10)” is given to a student who has displayed comprehensive, systematic and
deep knowledge of the educational program material, has independently performed all the tasks
stipulated by the program, has deeply studied the basic and additional literature recommended by the
program, has been actively working in the classroom, and understands the basic scientific concepts on
studied discipline, who showed creativity and scientific approach in understanding and presenting
educational program material, whose answer is characterized by using rich and adequate terms, and by
the consistent and logical presentation of the material;

Assessment “excellent (9)” is given to a student who has displayed comprehensive, systematic
knowledge of the educational program material, has independently performed all the tasks provided by
the program, has deeply mastered the basic literature and is familiar with the additional literature
recommended by the program, has been actively working in the classroom, has shown the systematic
nature of knowledge on discipline sufficient for further study, as well as the ability to amplify it on
one’s own, whose answer is distinguished by the accuracy of the terms used, and the presentation of
the material in it is consistent and logical;

Assessment “excellent (8)” 1is given to a student who has displayed complete knowledge of the
educational program material, does not allow significant inaccuracies in his answer, has independently
performed all the tasks stipulated by the program, studied the basic literature recommended by the
program, worked actively in the classroom, showed systematic character of his knowledge of the
discipline, which is sufficient for further study, as well as the ability to amplify it on his own;
Assessment “good (7)” is given to a student who has displayed a sufficiently complete knowledge of
the educational program material, does not allow significant inaccuracies in the answer, has
independently performed all the tasks provided by the program, studied the basic literature
recommended by the program, worked actively in the classroom, showed systematic character of his
knowledge of the discipline, which is sufficient for further study, as well as the ability to amplify it on
his own;

Assessment “good (6)” is given to a student who has displayed a sufficiently complete knowledge of
the educational program material, does not allow significant inaccuracies in his answer, has
independently carried out the main tasks stipulated by the program, studied the basic literature
recommended by the program, showed systematic character of his knowledge of the discipline, which
is sufficient for further study;

Assessment “good (5)” is given to a student who has displayed knowledge of the basic educational
program material in the amount necessary for further study and future work in the profession, who
while not being sufficiently active in the classroom, has nevertheless independently carried out the
main tasks stipulated by the program, mastered the basic literature recommended by the program, made
some errors in their implementation and in his answer during the test, but has the necessary knowledge
for correcting these errors by himself;

Assessment “‘satisfactory (4)” is given to a student who has discovered knowledge of the basic
educational program material in the amount necessary for further study and future work in the
profession, who while not being sufficiently active in the classroom, has nevertheless independently
carried out the main tasks stipulated by the program, learned the main literature but allowed some
errors in their implementation and in his answer during the test, but has the necessary knowledge for
correcting these errors under the guidance of a teacher;

Assessment “satisfactory (3)” is given to a student who has displayed knowledge of the basic
educational program material in the amount necessary for further study and future work in the
profession, not showed activity in the classroom, independently fulfilled the main tasks envisaged by
the program, but allowed errors in their implementation and in the answer during the test, but
possessing necessary knowledge for elimination under the guidance of the teacher of the most essential
errors;

Assessment “unsatisfactory (2)” is given to a student who showed gaps in knowledge or lack of
knowledge on a significant part of the basic educational program material, who has not performed
independently the main tasks demanded by the program, made fundamental errors in the fulfillment of
the tasks stipulated by the program, who is not able to continue his studies or start professional
activities without additional training in the discipline in question;

Assessment “unsatisfactory (1)” is given to a student when there is no answer (refusal to answer), or
when the submitted answer does not correspond at all to the essence of the questions contained in the
task.



5. Methodological materials defining the procedures for the assessment of knowledge, skills, abilities
and/or experience

During examination the student are allowed to use the program of the discipline.



