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VYyeOnast nporpamma coctaBiieHa Ha ocHoBe OCBO 7-06-0533-04-2023 yyebHOrO
mana Ne M52a-5.4-113/y4. ot 11.04.2023.

COCTABUMTEJIN:
NBanumko Us AnexkcanapoBHa, TOIEHT Kadeapbl MHTEIEKTYaJbHBIX METOJIOB
MOJEIUPOBAHUS MEXaHUKO-MAaTEMAaTUYECKOT O bakynbTeTa benopycckoro

rOCYJapCTBEHHOTO YHHMBEPCHTETa, KaHAMJIAT (PU3MKO-MAaTEeMAaTHUYECKHX  HAYK,
JIOLICHT;

Baxtun Bukrtop HBanoBu4Y, npodeccop kadeapbl HMHTEIUICKTyaIbHBIX METO/OB
MOJICITUPOBAHHSI MEXaHUKO-MAaTeMaTHIECKOTO dakynbreTa benopycckoro
rOCYJapCTBEHHOTO  YHHUBEPCHUTETa, JIOKTOp  (U3MKO-MATEeMAaTHYECKHUX  HayYK,
npodeccop.
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JIbikoB KoHcTanTun BiaaamMupoBu4 , JOKTOp (U3MKO-MATEMATHUYECKHX HAYK,
BEIyIINI HAYYHBIA COTPYAHHUK OT/EJIa HEJIMHEWHOIO0 M CTOXAaCTHUYECKOro aHalIn3a
Nucturyra Matematuku HanmonaneHoit Akanemun Hayk PecryGiuku benapych
KporoB Benumamun [I'puropweBud, mnpodeccop xadeapsl Tteopun ¢GyHKIHMA
MeXaHHKO-MaTeMaThuueckoro  ¢dakynpreta  bernopycckoro  rocynapcTBEHHOTO
YHUBEPCHUTETA, TOKTOP (HU3MKO-MaTEMATUIECKUX HAYK, Ipodeccop

PEKOMEHJIOBAHA K YTBEPXX/IEHUIO:
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(mpotokon Ne 5 ot 19.12.2024)
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HOACHUTEJIBHASA 3AIIMCKA

esn 1 321244 y4eOHOM TUCHMIIJIMHBI

Henb yueOHOUM nucuumuuHbl «Teopus MNPUHATHA pEUICHUI» SBISETCS
MOATOTOBKA  CHEUUAIMCTOB,  CIOCOOHBIX  MCMOJB30BaTh  (PyHIaMEeHTaIbHBIC
MAaTEMAaTHYE€CKUE 3HAHHUS B KAyeCTBE OCHOBBI MPU MPOBEACHUM MPUKIIATHBIX
HCCIIEIOBAHUM.

3agaum y4eOHON TUCIIUTUINHBI:

O3HakoMJIEHHE CTYJICHTOB MarucTpaTypbl C METOAaMHU pEIICHHS MpodiIemM
ONTUMU3AIMK B Pa3IWYHBIX cdepax TPYIOBON NESITCIbHOCTH, C OCHOBHBIMHU
cmocobamMu  MareMatudeckod  dopmanuzaiuu  KOH(DJIUKTHBIX  CUTyallMid B
PKOHOMUYECKON M COlMalbHON cepax U NMPUHIUIIAMH UX pa3perieHus, o0yueHue
paznuuHbiM 3G (PEKTUBHBIM crioco0aM paspenieHuss KOHQPIUKTHBIX CHUTyaluid C
y4eTOM MHTEPECOB KOH(IMKTYIOIIMX CTOPOH, TOBBIMICHHUE OOIIET0 YpPOBHS
MaTeMaTUYEeCKOM KYJbTYpbl M COBEPIICHCTBOBAHME HABBIKOB HCIIOJIb30BAHUS
MaTEeMaTHYECKUX METOOB JJIsl PEIICHHS TPUKIIATHBIX MPOOIIEM.

Mecto y4yeOHOH AUCHUIUIMHBI. B cucTeMe MNOJATrOTOBKM CHEIUAIMCTA C
yTIIyOJICHHBIM BBICIIMM 00Opa30BaHUEM.

VYyebHas IUCHUIUIMHA OTHOCHUTCS K MOayito «CTaTUCTUYECKUW aHalu3 |
UCCJIEOBAaHUE ONEpalii» TOCYJapCTBEHHOTO KOMIIOHEHTA.

CBsi3m ¢ JpyruMud  y4eOHBIMH  JTUCUMIUIMHAMH, BKIIOYas y4yeOHbIC
TUCIUIUIMHBL KOMIIOHEHTa YUYPEXKIEHHUs BBICHIETO0 00pa3oBaHUS, IUCHUTLIIMHBI
crienuanu3anuu 1 ap.

N3yuenne JVCLUUTUIAHBI Oazupyercs Ha  3HAHUAX TVCUUTTAH
«MaremaTtnueckuii  aHanm3», «Anrebpa u Teopus uucen», «JluckperHas
MaTeMaTuka», « DyHKIIMOHAIBHBIA aHAIIN3», « Teopus BEepOATHOCTEN.

VYyeOHasi MUCHUIIMHA CBS3aHA CO CICAYIOIIMMU y4€OHBIMHU JUCIMILUIMHAMHU:
«Marematrnueckasi U MIPUKIIaIHAS] CTATUCTUKAY.

TpeOoBaHus K KOMIIETEHIUAM

OcBoenue y4eOHON IUCHUIUIMHBI «Teopus MPUHATUS PEIICHUI» TOJIKHO
obecrieuuTh GOPMHUPOBAHUE CICAYIOMNX KOMIIETEHIIHIi:

yenybaenuvle komnemenyuu (YK):

VYK bBbIThb  cHOCOOHBIM K  IPOTHO3UPOBAHUIO  YCIOBUM  peaau3aiuu
npodeccuoHanbHONW MEATeTPHOCTH | PEHICHUI0 MPOPECCHOHATBHBIX 3a/1ad B
YCIIOBHSIX HEONIPEAECIEHHOCTH

yenybneunvie npogeccuonanvhvie komnemenyuu (YIIK):

VIIK IlpuMeHsTh CHIOCOOBI MAaTEMAaTHUYECKOW (opMann3anui KOH(PIMKTHBIX
CUTYaIllii B 5)KOHOMUYECKOU 1 COMMAIIbHOM cpepax v MPUHITUIIAMHU UX Pa3pEIICHHUS.

B pesynbTaTte ocBoeHus y4eOHON AUCITUTUIHHBI CTYICHT JOJIKEH:

3HATH:!

— OIpeJeieHUsT HEOPUEHTUPOBAHHBIX IpadoB, NE€PEBbEB, OPUEHTUPOBAHHBIX
rpados;

— ONPEICIICHUE CETEBOW MOJICIIH;

— OIpeJesieHUue Urpbl B Pa3BEepHYTOM W HOpMalbHOM Qopmax, ux
B3aHMOCBSI3H;



— MUIPBl C COBEPLICHHOM NAMATBIO, COBEPLICHHOW U HECOBEPLICHHOU
uH(popmarmei;

— JIOMUHUPYIOLIKE U HEJOMUHUPYEMbIE CTPATETHH;

— OCTOPOKHbBIE CTPATETUH;

— onTuManbHbie 1o [lapeTo ucxossr;

— MAaTpUYHble U OMMATPUYHBIE UTPHI;

— CMEILIaHHbIE U MOBEJIEHYECKUE CTPATEeTUH;

— CeJIJIOBbIE TOUKH U paBHOBecus Homa;

— WUTPBI C HEMOJIHOM MH(pOpMaLIHEl;

yMeThb:

—  TPUMEHSTh METO/bl TEOPUM NPUHATHS PEIICHUH Jig peleHus
NPAKTUYECKUX 3a/a4;

— COCTaBJISITh CETEBBIE MOJIEIIH;

— (opmanu3oBaTh UTPy B HOPMAJIBLHOM U (UJTK) pa3BEpHYTOM PopMme;

— HaxoJIWUTh PABHOBECHUS METOJOM TMOCIEIOBATEIBHOIO HCKIIOUECHHUS
JTOMUHHUPYEMBIX CTPATETUH;

— HaxXxoAUTh PABHOBECHUS B CMEIIAHHBIX PACHIUPEHUSIX MATPUYHBIX M
OMMaTPUYHBIX UTP TpaOaHATUTUHIECKUM METO/I0M;

HMeTh HABBIK:

— OCHOBHBIMHU TOHSATUSMHU PALlMOHAJIBHOTO IMOBEACHUS UTPOKOB B YCIOBMSIX
00I11er0 3HaHUsI CTPYKTYPbI UTPHI.

CtpykTypa y4eOHOH IMCIUTLIHHBI

HucruruinHa uzydyaetcss B 2 cemecTpe. B cooTBeTCTBUM ¢ y4eOHBIM IJIAaHOM
BCEro Ha M3y4eHHEe Y4eOHON MUCHUIUIMHBI «Teopus npuuamus peuienuil» OTBEACHO
JUISL OYHOM (OPMBI MOTyUeHHUsI BhICIIEro oOpa3oBanus — 216 4acoB, B TOM 4ucie 72
ayIMTOPHBIX Yaca, U3 HUX: JICKIIUHA — 36 4acoB, JabopaTopHbIe 3aHATHS — 36 yaca.

TpynoeMKocTh yd4eOHON JUCITUTUTMHBI COCTABISET 6 3a4E€THBIX €IUHUII.

dopMma IMPOMEKYTOYHOU aTTECTALNHU — SK3aMEH.



EXPLANATORY NOTE

Aim and tasks of the discipline

Aim of the discipline — to provide master’s students with fundamental
knowledge of basic and essential mathematical concepts and methods, which are
necessary for solving the problems of research, analysis and for conducting applied
research.

Tasks of the discipline:

1.  to familiarize master's students with methods for solving optimization
problems in various areas of work, with the main methods of mathematical
formalization of conflict situations in the economic and social spheres and the
principles of their resolution;

2. to teach various effective methods of resolving conflict situations
considering the interests of the conflicting parties, to increase the general level of
mathematical culture and to improve the skills of using mathematical methods to
solve applied problems.

Place of academic discipline in the system of training a specialist with higher
education.

The academic discipline is part of the module «Statistical Analysis and
Operations Research» of a state component.

The study of the discipline is based on knowledge of the disciplines
Mathematical Analysis, Algebra and Number Theory, Discrete Math, Functional
Analysis, Probability theory.

The academic discipline is related to the following academic disciplines:
Mathematical and Applied Statistics.

Requirements for competences

Mastering of the academic discipline Decision Theory should provide the
formation of the following advanced and advanced professional competences:

Advanced Competencies. To be able to predict the conditions for the
implementation of professional activities and solve professional problems in
conditions of uncertainty.

Advanced Professional Competencies. To possess the basic methods of
mathematical formalization of conflict situations in the economic and social spheres
and the principles of their resolution.

As a result of mastering the academic discipline, the student is expected to:

know:

- definitions of undirected graphs, trees, directed graphs;

- definition of a network model;

- definition of a game in extensive and normal forms, their interrelations;

— games with perfect memory, perfect and imperfect information;

— dominant and non-dominated strategies;

— cautious strategies;

— Pareto optimal outcomes;

— matrix and bimatrix games;



- mixed and behavioral strategies;

- saddle points and Nash equilibria;

- games with incomplete information;

be able:

— apply methods of decision theory to solve practical problems;

- create network models;

- formalize a game in normal and (or) expanded form;

- find equilibria by the method of successive elimination of dominated
strategies;

— find equilibria in mixed extensions of matrix and bimatrix games by the
graph-analytical method;

have skills in:

— the basic concepts of rational behavior of players in conditions of general
knowledge of the structure of the game.

Structure of the academic discipline

The discipline is studied in the 2 semester. In total for the study of the
discipline Decision Theory is allocated for full-time higher education — 216 hours,
including 72 in-class hours of them: lectures — 36 hours, laboratory classes — 36
hours.

The labour intensity of the discipline is 6 credit units.

Form of certification — is an exam.



CONTENT OF THE STUDY MATERIAL

Topic 1. Graphs for decision making
Oriented and not oriented graphs, vertexes, edges, paths, examples.

Topic 2. Trees
Trees, number of different trees on n vertices, minimum spanning trees,
Kruscal and Prim algorithms.

Topic 3. Single person decisions

Single person decision tree. The shortest paths problems. Single-sourse shortest
paths, Dijkstra’s algorithm. All-Pairs shortest paths, the Floyd-Warshall algorithm.
Traveling Salesman Problem, branch and bound methods.

Topic 4. Network planning
Network representation, real and dummy activities, network model, critical
path, construction of the time schedule.

Topic 5. Ways to formalize conflict situations

Mathematical interpretation of conflict situations. Types of games. Games in
normal and explicit form, their relations. Strategies, payoff functions. Game trees.
Information sets. Games with perfect information. Matrix and bi-matrix games.
Examples.

Topic 6. Strategic dominance

Dominant, strictly and weakly dominating and non-dominated strategies.
Elimination of dominated strategies. Cautious strategies. Relations between different
types of strategies. Pareto optimality.

Topic 7. Pure and mixed strategies. Mixed extension of a game
Pure and mixed strategies. Mixed extension of a game. Mixed behavioral
strategies.

Topic 8. Nash equilibrium
Nash equilibrium. Mixed-Strategy Nash Equilibrium. Relations between
equilibriums in pure and mixed strategies. Computing Nash equilibrium.

Topic 9. Zero-sum games
Zero-sum game for two players. Payoff matrix. Upper and lower price of a
game, Minimax theorem, saddle points.

Topic 10. Coalitional games
Coalitional games. The core. The Shapley value



TEACHING AND METHODOLOGICAL MAP OF THE DISCIPLINE

Full-time form of higher education with the use of distance learning technologies

(DLT)

Title of section, topic

Title of section, topic

Number of hours
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Interview
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Test
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Total

36
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INFORMATION AND METHODOLOGICAL PART

List of basic literature

1. Cormen T.H., Leiserson C.E., Rivest R.L., Stein C. Introduction to Algorithms
3rd Edition. — MIT Press, 2009. — 1312 p.

2. Charalambos D. Aliprantis, Subir K. Chakrabarti Games and Decision Making.
Oxford University Press; 2nd edition, 2010. — 480 p.

3. Myerson R. Game theory: analysis of conflict. — Harvard University, 1997. —
600 p.

4. Owen G. Game Theory 3rd ed. — Academic Press, 1995. — 447 p.

List of additional literature

1. Taha H. A. Operations Research: An Introduction 10th Edition. Global
Edition — Pearson Education Ltd., 2017. — 848 p.

2. Peterson M. An Introduction to Decision Theory Cambridge: Cambridge
University Press, 2009. — 328p.

3. Bahtin V.I., Kovalenok A.P., Lebedev A.V., Lysenko Y.V. Operations
research. — Minsk, BSU, 2003 (in Russian) — 200 p.

List of recommended diagnostic tools and methodology for final mark formation

Monitoring the master's student's work takes the form of an interview, a test in
the classroom and practical exercises in the classroom, as well as independent work
outside the classroom with the submission of a report with its oral defense.
Assignments for tests are compiled according to the content of the educational
material.

The exam for the discipline Decision Theory is held in oral or written form.

A rating system of the student knowledge is used for the final mark formation,
which makes it possible to trace and evaluate the dynamics within the process of
achieving learning objectives. The rating system stipulates the use of weighting
coefficients for current and interim certification of students in the academic
discipline.

The final mark formation in the course of control measures for current
certification (approximate weighting coefficients determining the contribution of
current certification to the mark for passing interim certification) includes:

— interview — 25%;
— test — 50%;
— written reports on laboratory work — 25%;

The final mark for the discipline is calculated on the basis of the mark of
current certification (rating system of knowledge) — 30 % and exam mark — 70 %.

Approximate list of laboratory classes

Task 1. Find a solution for the game
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Task 2. Find the set of non-dominated strategies of a player A, if the set of his
strategies X = [—4,0], if the set of strategies of a player B is Y = {0,1}, and the
payoff function of player 4 is

uy(x,y) = 10y cosx + 5(1 — y) sin x.

Task 3. Find Nash equilibria in pure and mixed strategies in a bimatrix game

(2;2) (5; 1)]
(9;3) (4;4))

Task 4. A bimatrix game is being given. Find:

a) Nash equilibria in pure strategies; b) Pareto equilibria; c¢) cautious strategies of
each player; d) non-dominated strategies of each player. Calculate the minimum
guaranteed payoffs of each player.

(5;7) (5;4) (6;5)
(5:3) (2;4) (43)
(3;3) (85) (3;2)f

Task 5. Find equilibria in pure and mixed strategies, as well as corresponding payoffs
in a bimatrix game

(6,5 (1,2) (2;7)
(3;-4) (6;1) (=3;-DI[

Description of innovative approaches and methods for teaching discipline

The following approaches and methods can be used in organizing the
educational process: heuristic approach, practice-oriented approach, project-based
learning method, method of educational discussion, methods and techniques for
developing critical thinking, group learning method. which involve:

- students making significant discoveries;

- demonstrating the diversity of solutions to most professional problems;

- creative self-realization of students in the process of creating educational
products;

- individualization of learning through the ability to independently set goals,
reflect on their own educational activities;

- mastering the content of education through solving practical problems;



- acquiring skills for effectively performing various types of professional
activities;

- focusing on generating ideas, implementing group student projects;

- using procedures and assessment methods that record the formation of
professional competencies;

- student acquisition of knowledge and skills to solve practical problems;

- analysis of the situation, using professional knowledge, personal experience,
additional literature and other sources;

- a method of organizing students' educational activities that develops the skills
of planning, self-organization, and cooperation that are relevant for educational and
professional activities and involves creating one's own product;

- acquiring skills for solving research, creative, social, entrepreneurial and
communication problems.

All results and achievements are grouped based on the main types of students'
activities: educational, research and other. The methods provide a new level of
understanding of the topic being studied, the application of knowledge (theories,
concepts) in solving problems, and determining ways to solve them. They also
represent a system that forms skills in working with information in the process of
reading and writing; understanding information as a starting point, not an end point of
critical thinking and are an organization of students' educational and cognitive
activities that involve the functioning of different types of small groups working on
both general and specific educational tasks.

Methodological recommendations for the organization of independent work

When studying academic discipline, it is recommended to use the following
forms of independent work:

- search (selection) and review of literature and electronic sources on the topic
being studied;

- homework;

- work that involves solving problems and doing exercises;

- studying the material submitted for independent study;

- preparation for practical seminars;

- research work;

- analysis of statistical and factual materials on a given topic, calculations,
drawing up diagrams and models based on statistical materials;

- preparation and writing of abstracts, reports, essays and presentations on
given topics;

- preparation for participation in conferences and competitions.

Approximate list of questions for the exam

1. I'padpl. MapuipyTsl, 1enu, IUKIBI, CBS3HbIE KOMHOHEHTHL. / Graphs.
Routes, chains, cycles, connected components.
2. OinepoBsl rpadel. Teopema Diinepa. IlocTtpoenue sinepoBa nukia. /

Euler graphs. Euler's theorem, Euler cycle.



3. JepeBbs u ux cBoiictBa. / Trees and their properties.

4. OctoBHble nepeBbs. Anroputmsl IIpuma, Kpackana. / Spanning trees.
Prim's and Kruskal's algorithms.

5. Ywucno nepeBbeB Ha n BepumnHax. Teopema Kanu. Koael [prodepa. / The
number of trees on n vertices. Cayley's theorem. Prufer codes.

6. JlepeBo mnpuHsTHS pemieHuil. Meron o6patHoit muHaykuuu. / Decision
trees. Backward induction method.

7. OpueHTHpoBaHHbBIE Tpadbl, MAPIIPYTHI, IIEMH, ITyTH, [IUKJIBI, KOHTYPHI. /
Oriented graphs, routes, chains, paths, cycles, contours.

8. Kparvaitiune nyty w3 3aaHHOM BepUIMHBIL. AJTOPUTM JIUHKCTpBI. /
Single-sourse shortest paths, Dijkstra’s algorithm.

9. Kparuaitime nytu Mexay nodoi napoit BepimuH. AnroputMm dnoizaa. /
All-Pairs shortest paths, the Floyd-Warshall algorithm.

10. Haxoxnenue KOHTYypoB oTpuuatenbHoi JiuuHbl. / Finding contours of
negative length.

11.  Merona BetBeii u rpanull. / Branch and bound methods.

12.  3amaua kommuBosikepa. Asnroputm Jlurrna. / The traveling salesman
problem. Little's algorithm.

13. CeteBoe 1uaHupoBaHue. PaboThl, COOBITHS, aNTOPUTM TOCTPOCHUS
ceTeBor Mojenu, pamwxupoBaHue coObiTuil. / Network planning. Works, events,
algorithm for building a network model, events ranking.

14. MuHUMaQJIBHBIA U MAaKCUMAJIbHBIM CPOKM HACTYIUICHUS COOBITHH, HX
cBoricTBa. Kputnueckuit myTh. CBOOOIHBIN M TOJIHBIN pe3epB BpeMeHH. / Minimum
and maximum timing of events, their properties. Critical Path. Free and full time
reserve.

15. Onrtumwuzaius pecypcoB B 3ajlaye ceTeBoro mianupoBaHus. / Optimiza-
tion of resources in the problem of network planning.

16. JlepeBo urpbl, KOPEHB, MMyTh UTPHI, ATBTEPHATUBHI, KOHEYHBIC BEPIIUHBI.
/ Game tree, root, game path, alternatives, end nodes.

17.  Urpsl B pazBepuyToit popme. / Explicit form of games.

18. Urpsl B HOpManbHOU (hopme. bumatpuunbie urpsl. / Games in normal
form. Bimatrix games.

19. UYwucrtele, cMmelmaHHBIC, IOBeJCHUYECKHE cTparerun. / Pure, mixed,
behavior-al strategies.

20. [omuHHpyromue, HEAOMHHHPYEMbIC, HKBHBAJICHTHBIE CTpaTeruu. /
Dom-inant, non-dominated, equivalent strategies.

21. TlocnemoBarenbHOE MCKIIOYCHUE NOMUHUPYEMbIX ctpaTteruid. / Elimina-
tion of dominated strategies.

22.  OcrtopoxHbie cTparernu. Muanmakc u MakcumuH. / Cautious strategies.
Minimax and maximin.

23.  Onrumywmsl o Ilapeto. Teopema 06 ux cymiectBoBanuu. / Pareto opti-
mals. Existence theorem.

24. IlpaBuna npuHsATUs peuieHuid u paBHoBecus: Hama. / Decision rules and
Nash equilibrium.



25. Teopema Hnma o cymectBoBanuu paBHoBecuid. / Nash's theorem on the
existence of equilibria.

26. Ilouck paBHoBecuili Hama B maTpuunbix urpax. / Nash equilibrium in
ma-trix games.

27. T'padoananmuruyeckuii Meron mnoucka paBHoBecuil Homa./ Graph-
analytical method for searching Nash equilibrium.

28. AHTaroHUCTHYECKHE M MaTpUuHble Urphl. / Matrix games.

29. HwxHss u BepxHsis neHa MatpuuHoit urpsl. / Lower and upper price of a
matrix game.

30. CennoBple TOYKM, HMX CBSI3b C LEHOM UIPbl U OCTOPOKHBIMU
ctparerusimu. / Saddle points, their connection with the price of the game and
cautious strategies.

31. Teopema pon Heiimana o cemyioBoii Touke. /Von Neumann's saddle point
theorem.

32. Ilouck cemioBoil TOYKH METOJIOM JIMHEMHOTO NPOrpaMMHUpPOBaHUS. /
Finding a saddle point using linear programming.



MPOTOKOJI COTJIACOBAHUSI YYEBHOM ITPOIT'PAMMBI YO

HazBaunwue HasBaunwue [Ipenmoxenuns Pemenue, npunsitoe
yueOHOI Kadenpsl 00 M3MEHEHMSIX B COIEPKAHUU kadenpoit,
JTVCLATUIVHBI, y4eOHOM nmporpamMmsl pa3paboTaBiiei

C KOTOpOi YUPEXKJIEHUS BBICIIETO y4eOHYI0 IpOrpaMmy
Tpedyercs o0Opa3zoBaHus 10 y4eOHOU (c ykazaHueMm J1athl U
COTJIACOBAHUE JUCIUILIMHE HOMepa MPOTOKOJIA)
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JTOMOJIHEHUS U UBSMEHEHUS K YYEBHOM MPOT'PAMME 11O
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