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INTRODUCTION 
 

The relevance of the course and its necessity and role in the training of 

specialists. Modern business and production processes are characterized by a large 

number of variables, complex relationships and significant limitations. Operations 

research allows you to find optimal solutions for complex tasks, such as resource 

allocation, logistics, project management and production processes. Optimization 

methods help companies reduce costs, increase productivity and use resources 

efficiently, which is critically important in conditions of competition and limited 

resources. Thus, the course “Operations Research and Optimization Methods” is an 

integral part of modern education and practice, contributing to solving current 

problems of business, economics, and technology. 

The study program for the mandatory course “Operations Research and 

Optimization Methods” is compiled in accordance with the educational and 

professional program for bachelor's training in the specialty 075 “Marketing” of the 

study programme “Marketing”. 

The object of the course is systems, processes, and phenomena related to 

decision-making in complex conditions, optimal use of resources, and achievement of 

set goals. 

The subject of study of the course is a set of methods for developing and 

implementing optimal solutions in conditions of limited resources. 

The purpose of teaching the course is to form a system of theoretical knowledge 

and master the skill of mathematically formulating an extreme problem and studying 

the conditions and possibilities of applying methods for solving such problems in real 

conditions. 

The main objectives of studying the course are to master the basic concepts of 

optimization theory, master practical decision-making skills in the process of planning 

economic activity under conditions of limited resources through the use of optimization 

methods, algorithms, and software tools. 

The learning outcomes and competencies formed by the course are defined in 

table 1. 
 

Table 1 
Learning outcomes and competencies formed by the course 

Learning outcomes Competencies  

LO6 GC3 

LO8, LO12 GC4 

LO2, LO4 GC8 

LO12 GC11 
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where LO2. Analyze and forecast market phenomena and processes based on the application 

of fundamental principles, theoretical knowledge and applied skills in implementing 

marketing activities; 

LO4. Collect and analyze the necessary information, calculate economic and marketing 

indicators, justify management decisions based on the use of the necessary analytical and 

methodological tools. 

LO6. Identify the functional areas of marketing activities of a market entity and their 

relationships in the management system, calculate the relevant indicators that characterize the 

effectiveness of such activities. 

LO8. Apply innovative approaches to conducting marketing activities of a market entity, 

flexibly adapt to changes in the marketing environment. 

LO12. Demonstrate skills in independent work, flexible thinking, openness to new 

knowledge, and be critical and self-critical. 

GC3. Ability for abstract thinking, analysis and synthesis.  

GC4. Ability to learn and master modern knowledge. 

GC8. Ability to conduct research at an appropriate level. 

GC11. Ability to work in a team. 

 

COURSE CONTENT 
 

Content module 1  

Methodological foundations of operations research 

 

Topic 1. Operations research as a scientific approach to the analysis of 

economic objects and processes.  

1.1. History of the formation of operations research (OR) as a science. Object, 

subject, goal and objectives of operations research. Sections of operations research. 

Prominent scientists in the history of the formation of the science of operations 

research. Scientific societies, scientific publications on operations research. Purpose, 

object, subject, tasks of operations research. Sections of operations research. 

1.2. Direct and inverse operations research problems. 

Definition of direct and inverse problems. Formulation of questions answered 

by direct and inverse problems. General statement of the problem of operations 

research in deterministic and non-deterministic cases. Deterministic problem, problem 

under risk conditions, problem under uncertainty conditions. 

1.3. Basic concepts of operations research.  

The concept of an operation, an operating party, an external environment. The 

concept of an operation goal. The concept of an operation efficiency. An indicator of 

an operation efficiency. A structural diagram of an operation. Examples of economic 

operations.  

1.4. Stages of operations research.  

Defining goals. Forming a project development plan. Formulating the problem. 

Building a model. Choosing or developing a method. Verifying and adjusting the 

model. Implementing results. 

1.5. Basic concepts and classification of optimization problems. 
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Basic concepts of optimization modeling. Classification of optimization 

problems. Separate classes of mathematical programming problems. 

1.6. Basic types of optimization problems. 

Main types of optimization problems. General formulation of the optimization 

problem. The problem of optimal use of raw materials. The problem of mixing (ration). 

The problem of optimal equipment loading. The problem of cutting. 

 

Topic 2. General linear programming problem and some of the solution 

methods 

2.1. Formulation of a linear programming problem. Basic concepts. 

The concept of linear programming. General, standard and canonical linear 

programming (LP) problems. Equivalence of LPP forms. Reduction of linear 

programming problems to standard form. Additional variables.  

2.2. Properties of the basic linear programming problem.  

The concept of a support and optimal plan, basis, basic solution, degenerate and 

non-degenerate plan. Theorems on the set of plans of the basic LPP. The relationship 

of the properties of LPP with the properties of convex sets. 

2.3. Graphical method for solving linear programming problems. 

Graphical method of solving a linear problem. The concept of a polyhedron and 

a polygon of solutions, a gradient, a level line. Examples of regions of admissible 

solutions. Algorithm for finding the optimal plan of a linear problem based on its 

geometric interpretation.  

2.4. Simplex method.  

Theorems on the optimality of the reference plan. The general concept of the 

simplex method and its steps. The simplex algorithm and its stages. The simplex table.  

2.5. Artificial basis method.  

Extended problem. Artificial variables. Artificial plan. Theorem on the 

optimality of the plan of the extended problem. Algorithm of the artificial basis 

method. 

 

Topic 3. Duality theory and analysis of linear models of optimization 

problems 

3.1. Formulation of a dual problem.  

Basic concepts: dual problem, dual pair. Rules for constructing a dual problem. 

Asymmetric and symmetric dual problems. Properties of a pair of dual problems. 

Duality theorems. Economic interpretation of dual problems. Example of finding the 

optimal plan of a dual problem based on the solution of a direct problem.  

3.2. Stability analysis of dual estimates. 

Stability analysis of dual estimates. 

3.3. Dual simplex method.  

The concept of a pseudoplane of a direct problem. Theorems (criteria for 

optimality of a pseudoplane). Algorithm of the dual simplex method.  
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Content module 2.  

Separate linear and nonlinear optimization methods 

 

Topic 4. Transport problem. Statement, methods of solution and analysis 

4.1. Mathematical model of the transport problem. 

Formulation of the transport problem (TP) and its mathematical model. Open 

and closed TP models. Conversion of an open model into a closed one. Reference plan 

of the transport problem.  

4.2. Methods for constructing initial reference plans. The method of potentials.  

Northwest corner method. Minimum cost method. Double advantage method. 

Degeneracy condition of the transport problem plan.  

The essence of the potential method. Potentiality condition. Optimality criterion 

of the solution. Algorithm for solving the transport problem using the potential method.  

4.3. Modifications of the transportation problem.  

Finding the optimal plan for a transportation problem with complications in 

formulation. Finding a solution to some economic problems that are reduced to a 

transportation problem. 

 

Topic 5. Integer programming 

5.1. Formulation of an integer programming problem.  

Formulation of an integer programming problem. Economic and geometric 

interpretation of an integer programming problem. Examples of economic integer 

programming problems. 

5.2. Methods for solving integer programming problems. 

Gomori method. Compilation of additional constraints and their geometric 

meaning. Disadvantages of the Gomori method.  

 

Topic 6. Parametric programming problems 

6.1. Parametric programming problem statement.  

Mathematical formulation of the parametric programming problem. Economic 

and geometric interpretation of the parametric programming problem.  

6.2. Methods for solving parametric programming problems. 

Methods for solving parametric programming problems. Solving a problem 

whose objective function has a parameter. Solving a problem whose right-hand sides 

have a parameter.  

 

Topic 7. Nonlinear optimization models of economic systems 

7.1. Formulation of a nonlinear programming problem. 

Formulation of a nonlinear programming problem. Economic and geometric 

interpretation of nonlinear programming problems.  

7.2. Methods for solving nonlinear programming problems. 

Unconditional optimization. Numerical optimization methods. Problems with 

constraints on variables. Lagrange multiplier method.  

7.3. Convex programming problems. 
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Convex programming problem statement. Examples of convex programming 

problems. Quadratic programming. Kuhn-Tucker theorem. Quadratic form. Algorithm 

for finding a solution to a quadratic programming problem. 

7.4. Gradient methods for finding solutions. 

Gradient methods for finding solutions to nonlinear programming problems: 

Frank-Wolf, penalty functions, Arrow-Hurwitz. 

7.5. Separable programming problems. 

Statement of the separable programming problem. Piecewise linear 

approximation method. 

 

Topic 8. Elements of game theory 

8.1. The subject of game theory, basic concepts. 

Conflict situations. The concept of a game. Player strategy. Pair game. Zero-sum 

game. Payoff matrix. Maximin and minimax strategies. Lower price of the game. 

Upper price of the game. Saddle point games. Mixed strategies. 

8.2. Reducing a matrix game to a linear programming task. 

Reduction of the matrix game to the task of linear programming. 

8.3. Games with nature. 

Games with nature. Decision-making problem under risk. Decision-making 

problem under uncertainty. Wald criterion. Hurwitz criterion. Savage criterion. Bayes 

criterion. 

 

The list of practical studies in the course is given in table 2. 

 

Table 2 

The list of practical studies 
 

Title of the topic 

and/or task 

Content 

Topic 1. Solving practical tasks related to the mathematical formulation of 

optimization problems 

Topic 2. Solving practical tasks on finding the optimal plan of a linear system using 

the graphical method 

Solving practical tasks on finding the optimal plan of a linear system using 

the simplex method 

Topic 3. Solving practical tasks regarding the determination of dual estimates, 

solving linear programming problems by the dual simplex method 

Topic 4. Solving practical tasks related to finding the optimal transportation plan, 

solving a transportation tasks with a complicated formulation 

Topic 5. Solving practical tasks regarding the mathematical formulation and 

finding the optimal plan of integer programming problems 

Topic 7. Solving practical problems regarding the mathematical formulation and 

finding the optimal plan for individual nonlinear programming problems 

 

The list of laboratory studies in the course is given in table 3. 
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Table 3 

The list of laboratory studies 

Title of the topic 

and/or task 

Content 

Topic 2. Performing laboratory work on solving linear programming task 

graphically in the GLP application. 

Finding the optimal production plan 

Topic 3. Solving practical problems on finding the optimal plan for a direct and dual 

linear programming task. 

Finding the optimal solution to a dual problem, and investigating the 

stability of the resulting solution 

Topic 4. Finding the optimal transportation plan. 

Topic 5. Finding the optimal investment plan for the development of industry 

enterprises 

Topic 7. Finding the optimal plan and analyzing the stability of solutions to 

individual nonlinear programming problems 

 

The list of self-studies in the course is given in table 4. 

 

Table 4 

List of self-studies 

Title of the topic 

and/or task 

Content 

Topic 1. Search, selection and review of literary sources on a given topic. 

Solving practical problems on the mathematical formulation of optimization 

tasks 

Topic 2. Search, selection and review of literary sources on a given topic. 

Solving practical problems on finding the optimal plan for a linear 

programming task using the graphical method. 

Solving practical problems on finding the optimal plan for a linear 

programming task using the simplex method 

Topic 3. Search, selection and review of literary sources on a given topic. 

Solving practical problems on finding the optimal plan for a direct and dual 

linear programming task. 

Finding the optimal solution to a dual problem, and studying the stability 

of the obtained solution 

Topic 4. Search, selection and review of literary sources on a given topic. 

Solving practical problems regarding the search for an optimal transportation 

plan, solving a transport problem with a complicated formulation 

Topic 5. Search, selection and review of literary sources on a given topic. 

Solving practical problems on mathematical formulation and finding the 

optimal plan of integer programming problems 

Topic 6. Search, selection and review of literary sources on a given topic 

Topic 7. Search, selection and review of literary sources on a given topic. Solving 

practical problems on finding the optimal plan of nonlinear optimization 

problems using various methods. 

Topic 8. Search, selection and review of literary sources on a given topic 
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The number of hours of lectures, practical, laboratory studies and hours of self-

study is given in the technological card of the course. 

 

TEACHING METHODS 
 

In the process of teaching the course, in order to acquire certain learning 

outcomes, to activate the educational process, it is envisaged to use such teaching 

methods as::  

Verbal (lecture (Topics 1-8), mini-lecture (Topic 3)). 

Visual (presentations and cans of visual accompaniment (Topics 1-8)). 

Practical (practical work (Topics 1-5, 7), laboratory work (Topics 2-5, 7), work 

in small groups (Topics 1, 2, 4, 7)). 

 

 

FORMS AND METHODS OF ASSESSMENT 

 
The University uses a 100-point cumulative system for assessing the learning 

outcomes of students. 

Current control is carried out during lectures, practical, laboratory classes and 

is aimed at checking the level of preparedness of the student to perform specific work 

and is assessed by the sum of the points scored: 

− for disciplines with a semester examination (exam): the maximum amount is 

60 points; the minimum amount that allows a student to take the exam (exam) is 35 

points. 

Final control includes semester control and certification of the student. 

Semester control is carried out in the form of a semester exam (exam). The 

semester exam (exam) is taken during the examination session. 

The maximum score that a student can receive during an exam is 40 points. The 

minimum score at which an exam is considered passed is 25 points. 

The final grade in the course is determined by summing the points for the 

current and final control. 

The following control measures are used during the teaching of the course: 

defense of individual calculation tasks (28 points); 

conducting current testing (18 points); 

colloquiums (14 points). 

Semester control: Exam (40 points). 

More detailed information on the assessment system is provided in technological 

card of the course. 

 

Example of an examination card and assessment criteria for a course with a 

semester examination form (exam). 

 

  



10 

An example of an examination card 
 

SIMON KUZNETS KHARKIV NATIONAL UNIVERSITY OF ECONOMICS 

Study cycle Bachelor 

Semester __ 

Specialty 075 «Marketing» 

Course «Operations Research and Optimization Methods»  

Examination card №1 

 

Task 1 

The goal is to assess the student's cognitive knowledge of the course, which allows 

determining the level of mastery of the educational material. 

Single and multiple choice test questions "Exam tests" are located in the root directory of the 

course "Operations Research and Optimization Methods" on the website of the distance learning 

system https://pns.hneu.edu.ua/ 

Task 2 

The goal is to assess the student's ability to apply the acquired knowledge in practice to solve 

a wide class of problems of managing various socio-economic objects (processes). 

The meat processing plant has four plants, each of which can produce three types of sausage 

products. The capacities of each plant, the daily needs for sausage products, and the cost of 1 ton of 

each type of product are given below. 

Input data 

Plant 
Types of sausage products 

Capacity, t/day 
В1 В2 В3 

А1 1 3 4 40 

А2 2 1 8 25 

А3 8 3 6 30 

А4 4 2 1 25 

Needs, tons 45 50 35   

 

Find such a distribution of sausage production between factories that minimizes the total cost 

(in US dollars). How will the optimal plan change if it becomes known that the demand for the second 

and third types of sausages must be satisfied in full? 

 

Task 3 

The goal is to assess the student's creative thinking, his ability to integrate the acquired 

knowledge to select and apply optimization methods and models for assessing, analyzing and 

planning socio-economic processes. 

The company specializes in the production of furniture for residential premises. It can produce 

two types of furniture sets “Oksana” and “Stella”, which requires different labor costs at each stage 

of production. The initial data is given below. 

Input data 

Production site 

Work volume (person-hours) for 1 

furniture set type: Time reserve 

(person-hours) 
«Oksana» «Stella» 

Sawmill 3 2 190 

Assembly shop 2 3 160 

Finishing shop 0,5 0,1 100 
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Revenue from the sale of 1 

furniture set (UAH) 
8000 9000 

  

Production cost of 1 furniture set 

(UAH) 
7250 8120 

  

 

It is necessary to draw up a weekly plan for the production of furniture sets in order to 

maximize total profit, as well as to formulate a dual problem and determine its optimal plan. Draw 

economic conclusions. 

Approved at the meeting of the department Economic Cybernetics and Systems Analysis. 

Protocol №__ of ________ . 

 

 

Head of the Department________  / Tetiana SHABELNYK                                                                                                        

  

Examiner ___________/ Svitlana PROKOPOVYCH 

 

Assessment criteria 

The examination card includes one stereotyped, one diagnostic and one heuristic 

task, which are assessed in accordance with the Temporary Regulation “On the 

procedure for assessing students learning outcomes using the cumulative point-rating 

system” of the S. Kuznets KhNEU. 

The first task is aimed at assessing the student's cognitive knowledge in the 

course, which allows determining the level of mastery of the educational material. The 

maximum number of points is 10. The following criterion is used for evaluation: 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 =
𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑐𝑜𝑟𝑟𝑒𝑐𝑡 𝑎𝑛𝑠𝑤𝑒𝑟𝑠 ∙ 10

100%
. 

 

The second task makes it possible to determine the student's ability to apply the 

acquired knowledge in practice to solve a wide class of problems of managing various 

socio-economic objects (processes). The following criteria are used when assessing 

this task: 

15 points – for a completely correctly solved task, with full justification of the 

conclusions obtained and the student's explanations; 

12 – 14 points – in the presence of a correctly solved task, with insufficiently 

complete justification of the conclusions obtained and the submission of explanations 

by the student; 

9 – 11 points – if there is a correct solution, but in the absence of its justification 

and explanation;  

5 – 8 points – if the task is partially solved, i.e. there are no final conclusions or 

a technical error was made during the solution; 

1 – 4 points – in case the student has demonstrated only knowledge of the general 

course of the solution or the basic relationships of the proposed model;  

0 points – if the task is not solved.  

The third task is aimed at identifying the student's creativity of thinking, his 

ability to integrate the acquired knowledge to select and apply optimization methods 
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and models for the purpose of assessing, analyzing and planning socio-economic 

processes. The following criteria are used when assessing this task:  

15 points the student receives for a completely clear and logically consistently 

solved task, with a full justification of the chosen course of solution and the conclusions 

obtained, a meaningful economic interpretation of the obtained results and the formed 

management decisions.  

13 – 14 points – the student receives for a completely logically and consistently 

solved task, with insufficiently complete justification of the chosen solution and the 

conclusions obtained; 

10 – 12 points – if the task is not fully solved, the economic justification is not 

complete, the conclusions are not complete; 

7 – 9 points – if the research of the proposed model was not complete and there 

is no justification or clear logical conclusions are not drawn;  

4 – 6 points – if a logical error was made during the research that affected the 

course of the solution and the final findings; 

1 – 3 points – if the student was only able to suggest some solution, but was 

unable to conduct a model study or had only just begun such a study;  

0 points – in case the task is not completely solved. 

The points obtained are rounded according to general rounding rules. 
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