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INTRODUCTION
Course Training Program on «Mathematical Methods of Modeling and Optimization of
Transport Systems and Processes» is developed based on the "Methodical guidance for development
and paperwork of the subject course training program for full and extramural training ", approved by
the orders Ne 246/0x dated 29.04.2021 and corresponding normative documents.

page 4 of 10

1. Explanatory notes

1.1. Place, aim, tasks of the subject

This subject is the part of the theoretical basis of knowledge and skills for the technical disci-
plines study for training in the field of transportation.

The aims and goals of discipline teaching are to develop skills of scientific research and their
further application in the preparation of master's thesis, in writing scientific articles.

Subject objectives are:

- gaining knowledge on modern approaches to the optimization of logistics processes in air
transport;

- mastering modern methods and approaches to creating mathematical models of complex sys-
tems and processes;

- mastering modern methods and approaches to optimize complex systems and processes.

1.2. Learning outcomes as results of mastering the discipline

- Develop new and improve existing transport systems and technologies, define development
goals, existing constraints, efficiency criteria and field of use;

- Develop and analyze graphical, mathematical and computer models of transport systems and
technologies;

- Manage complex technological and production processes of transport systems and technolo-
gies, including unpredictable and those that require new strategic approaches;

- Use specialized software for analysis, development and improvement of transport systems and
technologies;

- Analyze scientific recommendations and justify the feasibility of modern methods of control-
ling the movement of vehicles (aircraft).

1.3. Competences as results of mastering the discipline

- Ability to search, process and analyze information from various sources;

- Ability to develop and manage projects;

- Ability to conduct research at the appropriate level;

- Ability to conduct research within a narrow specialization, identify problems, set goals and
solve them using appropriate research methods;

- Ability to identify and apply promising aproachs of modeling of transport processes;

- Ability to use modern technologies of transport and forwarding activities;

- Ability to manage supply chains and logistics centers;

- Ability to manage traffic flows;

- Ability to use specialized software to solve complex problems in the field of transport systems
and technologies;

- Ability to apply modeling and optimization methods to study and improve the efficiency of
aviation transport systems and their management processes.

1.4. Interdisciplinary links

This discipline is based on knowledge of such discipline as "Supply Chain Management and Lo-
gistics Centers" and is the basis for the study of disciplines: "Undergraduate Practice”, "Unified State
Qualification Exam", "Qualification Work".
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2. ACADEMIC CURRICULUM OF THE SUBJECT

2.1. Content of the subject

Training material is structured according to a module principle and consists of one edu-
cational module «Mathematical methods of optimization and modeling of systems and process-
es», that is logically complete, relatively independent, holistic part of the subject, learning of
which provides module test and analysis of its performance.

A separate second module (educational component) is a term paper (TP), which is per-
formed in the second semester. TP is an important component of consolidation and deepening
of theoretical and practical knowledge and skills acquired by students in the process of master-
ing the educational material of the discipline.

2.2. Modular structuring and integrated requirements for each module

Module 1. “Mathematical methods of optimization and modeling of systems and
processes”

Integrated requirements for module Nel:

Know modern approaches to the optimization of logistics processes in air transport;
methods and approaches to creating mathematical models of complex systems and processes;

Be able to use modern methods and approaches to optimize complex systems and
processes.

Topic 1. Introduction. Objects and type of models. Classification of systems and
processes. Schematization and description of the object.

Objectives and methods of systems and processes modeling. Classification of models.
Deterministic and stochastic systems and processes. Continuous in time and space processes,
systems with discrete independent variables and quantized states. Deterministic and stochastic
models, static and dynamic models. The principle of the "black™ box. Model description.
Regression models of systems and processes

Topic 2. Statistical (simulation) modeling

Monte Carlo method. Models of random processes, their characteristics. Statistical
simulation errors. Random process distribution parameters. Random variables obtaining.

Topic 3. Identification of mathematical models of systems and processes

Parametric and structural identification of deterministic and stochastic models of systems
with concentrated parameters. Methods of setting experiments to elaborate mathematical
models. The concept of experiment planning. Reconciliation of experimental data using
analytical relationships. Estimation of adequacy of mathematical models.

Topic 4. Neural networks

Mathematical modeling of biological neural networks. Neuron, a layer of neurons, the
structure of a network as a whole. Types of networks. Network training. The problem of
overlearning and its solution. Software for work with the artificial neural network.

Topic 5. Mathematical models based on queuing theory

Theory of queuing. Markov’s and semi-Markov’s processes. Graph theory and its basic
concepts and definitions. Game theory.

Topic 6. Problems of mathematical optimization of the object. Optimization with
constraints

Optimization criteria. Optimization problem: methods of unconditional optimization and
optimization methods with constraints. Basic optimization problems of mathematical
modeling. Solving problems of mathematical optimization of the object. Constraint
optimization methods. Linear modeling: allowable area, constraints, objective function, search



Quality Management System. Document QMS NAU
Course Training Program
on Code CTP 19.01-01-2021
«Mathematical Methods of Modeling and Optimization of 6 of 10
Transport Systems and Processes» page b o

for the optimal solution. Features of integer and Boolean modeling. Software for solving linear
programming problems.

Topic 7. Unconditional one- and multifactor nonlinear optimization without
restrictions

Stepwise method, method of half division, method of golden section. Unconditional
multifactor nonlinear optimization without restrictions. Hook and Jeeves’s algorithm, gradient
methods, the fastest descent method. Study of methods of unconditional nonlinear optimization
without restrictions. Software for solving nonlinear optimization problems

Topic 8. Bayesian method and method of risk minimization

Methods of pattern recognition. Bayes' theorem and formula. Information required for
Bayesian optimization. The main dependencies. Taking into account losses from incorrect
forecast and the probability of its occurrence. Risk minimization method. Mathematical
modeling of natural selection. Basic terms. Search for the optimum of a multidimensional
function using genetic algorithms. Software for working with genetic algorithms.

Module Ne2 (educational component) " Term paper"

Term paper (TP) is performed in the second semester, in accordance with the approved
methodological recommendations.

Name of the term paper is "Mathematical methods of optimization and modeling of
systems and processes"

The purpose of the TP is to create a mathematical model of the process and its
optimization.

Execution, registration and defending of TP is carried out by the student individually
according to methodical recommendations.

The time required to perform the TP is 30 hours of self-study work.
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2.3. Topic plan

OO0csr HaBYAIBHUX

3aHsTh (TOA.)

Jenna ¢popma HaB-

No YaHHA
r[o_p Topics title (thematic section) _ g 2|3
© =23
S|2| 8|2
EEIEar
1 2 3 |4 5|6
Module M1 «Mathematical methods of optimization and modeling of systems and processes»
2 cemecmp
L1\ Introduction. Objects and type of models. Classification of systems and processes. 2
Schematization and description of the object. 13 |22 |7
1.2 | Statistical (simulation) modeling 13 |2 g 7
1.3 | Identification of mathematical models of systems and processes 13 |2 g 7
2
1.4 | Neural networks 13 |2] 97
1.5 | Mathematical models based on queuing theory 13 |2 g 7
1.6 | Problems of mathematical optimization of the object. Optimization with constraints 14 |2 g 8
1.7 | Unconditional one- and multifactor nonlinear optimization without restrictions 14 |2 g 8
2
1.8 | Bayesian method and method of risk minimization 18 2128
21 2
19| Module test 1 9o |27
Total by the module Ne1| 120 |18 36 |66
Module Ne2 «Term paper»
2.1 \ Mathematical methods of optimization and modeling of systems and processes 30 | - |-/30
Total by the module Ne2 30 | - |~ |30
Total by the Subject 1°0 | 18 |36| 96

2.3. List of examination questions

The list of questions and the content of the tasks for the examination are developed by the
leading teachers and approved by the minutes of the department meeting and delivered to the students.
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3. BASIC CONCEPTS OF GUIDANCE ON THE SUBJECT

3.1. Teaching methods

The following teaching methods in subject guidance are:

- explanatory and illustrative method;

- method of problem presentation;

- reproductive method;

- research method.

The implementation of these methods are carried out during lectures, demonstrations, self-study,
work with the educational material, analysis and solving problems in assessing of mathematical
models approaches.

3.2. List of references (basic and additional)
Basic literature
3.2.1 Li, C, Xing, Y., He, F., & Cheng, D. (2018). A Strategic Learning Algorithm for State-based Games.
ArXiv.
3.2.2. Billings S.A. (2019), Nonlinear System Identification: NARMAX Methods in the Time, Frequency,
and Spatio-Temporal Domains, Wiley.
3.2.3. Thomas Kuhn . Stanford Encyclopedia of Philosophy. 13 August 2010. Retrieved 15 January 2019.
3.2.4. Thornton, Chris. "Machine Learning Lecture”. Retrieved 2019-02-06.
3.2.5. Pyke, G. H. (2015). "Optimal Foraging Theory: A Critical Review". Annual Review of Ecology and
Systematics. 15: 523-575.
3.2.6. BacuibeB B.B., Kpau I0.M., Kupkau K.B. MaremaTruni MeTOIM MOJEIIOBAHHS Ta ONTHMI3allil
cucreM i mporieciB: Hapu. mocionuk. — K.: HAY, 2012. — 270 c.
3.2.7. OcHoBH Teopii 1 meToniB ontuMizamnii: HaBuansamii mocionuk. Yepkacu: bpama-Ykpaina, 2015. —
608 c.
3.2.8. Onrrumizaniiini metoan ta mojeni.: [linpyunnk. — K., 2014. — 372 c.
Additional Literature
3.2.4. Tnpopmaruka, OCHOBM CUCTEMOJIOTII Ta mporpaMyBanHs: Jabopartopuuii npaktukyM/ MOH VYkpai-
uy; Hanionanwuuii asiauiiiamii yaisepcurer; Topommiit O. B., Tpym O. I, Umxkepcknii M. ®., ykman —
Kuis: HAY-npyk, 2015. — 48 ¢.— CD
3.3 Internet Information resources
3.3.1 Caiir po3poOuuka Matlab (MathWorks.) / [Enextponnuii pecypc]. - Pexum gocrymy:
www.matlab.com
3.3.2 ABTOpCHKi KEpiBHHUIITBA Ta JIOBIIKOBI Marepiaiu mo poOoTi 3 npoaykramu MathWorks [Enextpon-
HHil pecypc]. - Pexxum moctymy: http://matlab.exponenta.ru
3.3.3 Caiir po3poonuka Mathcad / [Enextponnwuii pecypc]. - Pexum goctymy: www.mathcad.com
3.3.4 KepiBuuursa Ta 10BinkoBi marepianu no po6oti 3 MathCAD / [Enexrponnuit pecypc]. - Pexum
noctymy: http://old.exponenta.ru/soft/mathcad/Users Guide/0.asp
3.3.5. ®opym, mpucBsuenuii pobori y MathCAD / [Enextponnuii pecypc]. - Pexum nocrymy:
http://www.cyberforum.ru/mathcad
3.3.6. Cropinka caiity M®TI, npucsueHa MaTeMaTHYHOMY MOJCIIOBAHHIO TPAHCIOPTHUX MOTOKIB /
[Enextponnuit pecypc]. - Pexxum goctymy:
https://mipt.ru/education/chair/computational _mathematics/upload/22b/Book-arpglktefbb.pdf
3.3.7. Caiit Ta 6i0mioTeka, mpucBsUeHi npodiaemam sorictuku / [ Enextponnuii pecypc]. - Pexxum
noctymy: https://logists.by/



http://users.sussex.ac.uk/~christ/crs/ml/lec03a.html
http://www.lib.nau.edu.ua/search/Details.aspx?id=222935&lang=uk-UA
http://www.lib.nau.edu.ua/search/Details.aspx?id=222935&lang=uk-UA
http://www.lib.nau.edu.ua/search/Details.aspx?id=222935&lang=uk-UA
http://www.matlab.com/
http://matlab.exponenta.ru/
http://old.exponenta.ru/soft/mathcad/UsersGuide/0.asp
http://www.cyberforum.ru/mathcad/
https://mipt.ru/education/chair/computational_mathematics/upload/22b/Book-arpglktefbb.pdf
https://logists.by/
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4.1. Assessment of certain kinds of student academic work is carried out in accordance

with table 4.1.
Table 4.1

Maximum Grade Values

Kind of Academic Work

Module Nel
2 semester
Module Nel «Mathematical methods of optimization and modeling of systems and processes»
Carrying out labs (7g x 8) 56 (total)
For admission to complete module test Ne/, a student .
must receive not less than 34 points
Module test Nel 24
Total for the Module Nel 80
Semester Examination 20
Total for the subject 100
Module Ne2 “Term Paper”
Kind of Academic Work Maximum Grade Values
Carrying out of the TP 60
TP defending 40
Carrying out and defending of the TP 100

4.2. Completed kinds of academic activities are credited to the student, if he received a positive
rating.
4.3. The sum of rating assessments received by the student for certain types of completed
education work is the current module rating assessment, which is entered in the module control paper.
4.4. The final modular rating obtained by the student based on the results of fulfilment and defense
of the TP in grades, in the national scale and ECTS scale is entered in the module control, as well as in
the study card, individual student curriculum and the Diploma Appendix, for example: 92 / Excellent /
A, 87/ Good /B, 79/ Good / C, 68 / Satisf./D, 65/ Satisf./E, etc.
4.5. The Total Semester Grade is entered into the Examination Register and into a student’s record
book in values, National Scale grades, and ECTS Scale grades.
4.6. The Total Semester Grade is entered into a student’s record book, for example: 92/Ex/A,
87/Good/B, 79/Good/C, 68/Sat/D, 65/Sat/E, etc.
4.7. The final rating of the discipline is equal to the final semester rating. The specified final rating
assessment for the discipline is entered in the Diploma Appendix.
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