2 06 Scientific Journal of Astana IT University
ISSN (P): 2707-9031 ISSN (E): 2707-904X
VOLUME 22,JUNE 2025

DOI: 10.37943/22VHYR8574

Diana Chigambayeva

PhD, Associate Professor, Department of Computational and Data
Science

d.chigambayeva@astanait.edu.kz; orcid.org/0009-0009-4577-5081
Astana IT University, Kazakhstan

Makar Goryakin

Bachelor’s Degree student, Computer Engineering Department
221345 @astanait.edu.kz, orcid.org/0009-0004-3153-7668
Astana IT University, Kazakhstan

Polina Batova

Bachelor’s Degree student, Computer Engineering Department
222316@astanait.edu.kz, orcid.org/0009-0000-5423-4548
Astana IT University, Kazakhstan

EDUCATIONAL FLOWS DISTRIBUTION SYSTEM
OF UNIVERSITY ACADEMIC GROUPS

Abstract: Planning of educational flows and academic groups by the Academic department
is one of the responsible, complex and labor-intensive tasks solved at the stage of the ed-
ucational process preparation in the university. When planning the work, the Academic de-
partment strives to improve the quality of work in order to achieve the best indicators for the
types of educational work. One of the main tasks of the IT educational programs is the data
analysis and construction of an automated system. Wide opportunities for the implementation
of this goal are provided by the topic of scientific research, which is relevant both for the Ac-
ademic department, which makes up the teaching load of the university, in which educational
flows are involved, and for the university as a whole, for the teaching staff of all educational
departments. The problem under consideration is really relevant in each higher educational
institution and is of scientific interest due to the fact that insufficient attention is paid to
mathematical modeling in software development. The aim of the paper is the development
and software implementation of the automated system in Python to optimize the business
process of distributing educational flows. For the efficiency of writing business processes for
optimizing the formation of educational flows and academic groups, the architecture, algo-
rithms and functional model of the software product are described. The functional model of
the business process of forming educational flows and academic groups participating in the
teaching load calculation at the stage of the educational process preparation at the university
is considered. Moreover, the innovative product prototype has been created, which allows us
to distribute educational flows evenly and quickly to a large extent, while fulfilling the accept-
ed criteria and limitations of the model. The paper describes the architecture, algorithms and
functional model of the software product, which corresponds to the IT field. The development
of this innovative program will be useful both for beginners in Python programming and for
developers creating their startups.

Keywords: educational flows, educational process; educational work, types of educational
work, teaching load, functional model, automated system, program.

Copyright © 2025, Authors. This is an open access article under the Creative Commons CC BY-NC-ND license
Received: 19.05.2025 Accepted: 27.06.2025 Published: 30.06.202



DOI: 10.37943/22VHYR8574 207
© Diana Chigambayeva, Makar Goryakin,
Polina Batova

Introduction

Generation of educational flows and academic groups by the Academic department is one
of the important and labor-intensive tasks solved at the stages of the educational process
preparation in the university. For the efficiency of writing business processes for generating
and optimizing educational flows, it is necessary to form an optimal model. It should be noted
that when forming the teaching load, the formation of educational flows and groups plays a
major role. The initial data in the distribution of educational flows and academic groups ac-
cording to Fig. 1 are: the working study plan (WSP) for the planned academic year, compiled
on the basis of individual study plan (ISP) of students with mandatory components and com-
ponents for choosing disciplines, the students contingent and classroom fund, as well as the
criteria and restrictions.

The work study plan is developed for one academic year, which specifies the volume of
credits for each discipline in terms of semesters or trimesters and classroom hours for each
discipline.

The students contingent contains the total number of students, master’s students, doctoral
students in the context of each educational program (EP) and each course of study in accord-
ance with each academic group, as well as the number of students registered for the disci-
plines of the EP for the planned academic year.

The classroom fund is divided into types of classrooms (flow lecture room, computer room,
seminar room, laboratory room) and the number of seats in each classroom available for con-
ducting classes.

The criterion defines the decision-making rule for assessing the optimality of forming edu-
cational flows and groups in them. For example, the criterion can be the maximum available
distribution of the students number in each educational flows, and others.

Restrictions form the rules according to which educational flows must be formed and groups
in flows must be assigned. For example, there are restrictions on the maximization of academ-
ic groups number in educational flows depending on the name, component and format of the
discipline, the maximization of students number in the classroom, and so on. Restrictions can
come from the Academic department, educational departments according to the university
development strategy and the department's strategic development plan. Restrictions and cri-
teria can include regulatory documents, internal regulations of the educational institution,and
other regulatory documents.

After analyzing the initial data, the educational flows for lectures and academic groups for
practical/seminar or laboratory classes are formed, which is the basis for calculating the total
volume of teaching load for the university as a whole and for each department of educational
programs (Fig. 1).

Criteria

Work study plan ————»

- Classroom fund

Students contingent >

Constraints

Figure 1. Initial data for the problem of distributing educational flows
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The basic concepts concerning the formation of educational flows are presented. Educa-
tional flows at the university are formed according to the types of educational work:

e lecture session;

e practical lesson;

e laboratory lesson

and are distributed depending on the name of the educational program, disciplines, stu-
dents contingent and type of classrooms.

For each educational program, the required set of course modules is approved. Then, the
ISP is compiled for each student individually after completing the registration procedure for
the disciplines. Then, the WSP is formed for one academic year, which reflects the volume of
credits for each discipline in terms of semesters and classroom hours for each discipline. As the
trimesters progress, the academic workload tends to increase gradually. Thus, in paper [1], the
academic workload is shown to be evenly distributed between semesters and courses within
the program. The algorithm for designing personality-oriented educational programs based
on the analysis of educational process data is presented in the work [2]. In this paper an anal-
ysis of the structure and content of competence-oriented curricula is conducted, considering
the definition of a compromise of interests of all social groups participating in the educational
process. Namely, the compliance of all prerequisites and postrequisites of disciplines, the com-
pliance of related educational programs in the construction of educational streams, and so on.

Each discipline of the WSP in turn has the following components:

e compulsory component (CC) - a list of academic disciplines and corresponding minimum
volumes of academic credits, studied by students on a mandatory basis according to the
university program;

e university component (UC) - a list of academic disciplines and corresponding minimum
volumes of academic credits studied by students depending on the educational program
of the university;

e elective component (EC) — a list of academic disciplines and corresponding minimum
volumes of academic credits, independently chosen by students in any academic period,
taking into account their prerequisites and postrequisites.

In addition, each discipline has the following training formats:

e offline format;

e online format;

e« MOOC - Massive Open Online Course - a training course with mass interactive participa-
tion using e-learning technologies and open access via the Internet.

The main objective of the research work is the development and software implementation
of an automated system in Python for optimizing the business process of distributing educa-
tional flows.

To achieve the main goal, it is necessary to complete the following tasks: development of
a functional optimization model for the distribution of educational flows and groups, as well
as the software product that solves the key problem. The model must take into account all
existing restrictions and criteria to ensure uniform and effective distribution of educational
flows and groups, which, in turn, will improve the quality of the educational process and job
satisfaction of teachers.

The scientific novelty of this paper is expressed in the development of the optimization
model for the educational flows and academic groups distribution at the university with giv-
en restrictions and criteria using the modern Python programming. Also, the development of
the software product is applicable in any university, using acceptable restrictions and criteria,
which will certainly speed up the educational process.
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The scientific and practical significance of the research lies in the development of the inno-
vative product prototype that allows solving the key task of business processes for distributing
educational flows in accordance with the university development strategy. The development
of this innovative program will be useful both for beginners in Python programming and for
developers creating their startups.

Literature review

The research of the education quality problem, its optimization are described in the works
[3], [4]. The functional model of optimization of distribution of the teaching staff workload is
especially relevant [5], [6]. This paper examines the system of distributing educational flows
and academic groups between educational departments. Note that when forming the teaching
load of educational departments, the key factor is the educational flows and groups formation
involved in calculating the workload. The working model for optimizing the distribution of
academic groups across educational flows is particularly relevant under the following condi-
tions:

e in case of a dynamically changing teaching load;

e in case of a shortage of classroom funds;

e depending on the disciplines components (CC/UC/EQ);

e in case of a dynamically changing contingent of students;

e depending on the course format (online, offline, MOOC);

» depending on the specifics of educational programs [6].

Previously conducted studies on the teaching load distribution [7] have shown that all of
them to one degree or another describe the mechanisms of teaching load distribution, but at
the same time practically do not pay attention to the distribution methodology. Here, when
calculating the teaching load in the educational flows distribution, several criteria can be con-
sidered by analogy:

a) homogeneity of academic groups, when groups from only one educational program being
seated in one educational flow;

b) the average number of groups in educational flows distribution, with uneven distribution
of groups across different educational flows;

€) maximizing the educational flows of each discipline of each type of study work, taking
into account the quality of the learning process.

As can be seen, these decision-making criteria are quite ineffective, which in turn causes
the urgency of the problem. Currently, one of the possible ways to improve the success of the
educational flows distribution at the university is an algorithm based on deep learning [8], [9].

The implementation of the conceptual provisions of the management theory in the educa-
tional process is impossible without using the modern tools based on automation and using of
management principles at the processes of the teaching load optimization, as well as research
of operations and optimization of numerical methods [10],[11]. In this regard, the synthesis of
the studied methods was carried out and the generalized method for generating educational
flows was proposed, which is based on models for supporting decision-making.

Thus, the obtained model combine the advantages of existing models, and their application
will allow finding "optimal” solutions to the problem of initializing educational flows in an ac-
ceptable time. In addition, the created model will be the basis for developing special software
products for automating business processes for generating educational flows at the university.
Thus, the problem being solved is considered as a problem of best approximation, which is
reduced to the minimax problem. The results of the study can serve as a basis for further re-
search in this area and be useful for the development of a modern education system.
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Functional model

A functional model of a business process is a representation of a process or system that
focuses on the functions or operations performed by the system under various conditions [12].
It describes what the system does or should do without specifying how exactly these functions
are performed [12]. Functional models are used to analyze requirements, design systems, and
document system functions [13]. The mathematical model for optimizing resource allocation
was developed to reduce the time required to make management decisions on resource allo-
cation problems in the work [14], [15].

The construction of functional and mathematical models for the distribution of the edu-
cational work volume at the university can be found in [10] (block A3, Fig. 2), as well as the
teaching load distribution among university teachers can be found in [11] (block A4, Fig. 2).

The functional model described for the process of distributing educational flows contains
input and output data, the main functions, their interrelations in business processes, as well as
the criteria and constraints that control these processes. The model indicates the key tasks of
the entire business process, who is responsible for them (“holders”) and how they interact to
achieve the final goal.

Fig. 2 shows the initial level of the functional model AO “Form the university’s teaching load
for the departments” with flows of incoming and outgoing information, procedures for com-
pleting the specified tasks, and control and management elements on the basis of which it is
carried out.

The model consists of four blocks: block A1 "Prepare/modify source data’, block A2 "Form the
number of group flows by discipline’, block A3 "Calculate the teaching load of the university’,
block A4 "Approve the teaching load for each department”. Each of the blocks A1-A4 represents
separate sub-stages within the overall process of the teaching load distributing at the univer-
sity (Fig. 2).

Work study
lan .
Stﬁdents Prepare / Modify
contingent source data
Classroom A1
fund -
14
Form the number
of group flows by
discipline
Constraints —
Automated system ‘
Calculate the |
L Registrar's Office »| teaching load of
the university
A3
—  Approvethe | . Teachingloadof
*| teaching load for he deguimnt
= Azzeszment of the
each departmentu — quality of load
. distribution

Figure 2. Functional model AO

Next in Fig. 3 the context diagram A2 “Form the number of group flows” is shown.
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Figure 3. Context diagram A2

The functional diagram shown in Fig. 4 is the decomposition of the context diagram A2 and
consists of the following blocks: block A21 “Enter/modify initial data”, block A22 “Assign a num-
ber of group flows to disciplines” and block A23 “Control the quality of formation”.

The process of entering and modifying the initial data (A21) is the initial stage in the system
of educational flows and academic groups forming. It precedes the educational flows formation
(A22) and is directly related to the quality control of the educational flows formation (A23). At
this stage, the Academic department or the Registrar's office enters the initial data or adjusts
the planned data that will be used to form the educational flows and groups.

Name of the

discipline
% - Enter/modify the
ame o
= source data
Number of — A2l
students
Number of —p. .
groups Assign the number
Classroom — L of group flows to
Criteria — 0 i s
type the disciplines
Limitation — A22
T . — Flows of groups
Automated Control the quality A .
syst . ssessment of the
sysiem of the formation > quality of flows
Registrar's Office ——p A23 generation

Figure 4. Decomposition of the Context diagram A2

The initial data may include the name, component and format of the discipline, the name
of the educational program, the number of students, the number of academic groups, and the
type of classrooms. The process requires attention to detail and accuracy, since the initial in-
formation serves as the basis for all subsequent operations of teaching load distributing. After
entering the data, the procedure for their verification and approval follows. This determines
that all critical parameters are taken into account and the data is ready for the automated sys-
tem using in the next stage - the educational flows and academic groups formation.

The process of forming the number of educational flows and academic groups (A22) fol-
lows from the stage of input and modification the initial data (A21). This process is engaged
in the structuring educational flows and academic groups of students based on the provided
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data. The purpose of the process is to form the optimal number of educational flows for the
efficient use of resources and classroom fund. The process takes into account certain criteria
and restrictions, which include not only classroom capacity, but also the requirements of ed-
ucational programs. It is important to achieve a balance between available resources and the
educational needs of students so that each discipline is adequately represented in the course
schedule in the future. This requires consistency of the data entered in the previous stage and
a clear understanding of the current academic and strategic goals of the university.
Assigning a certain number of educational flows and academic groups to disciplines is crit-
ical to ensuring the quality of the educational process, as it directly affects the teaching load,
the course schedule and the occupancy of classrooms. This forms the basis for a flexible and
effective schedule that can be easily adapted to changes in the educational process.

Quality control of the educational flows formation (A23) is the final stage in the cycle
of managing educational flows. This process is necessary to ensure the effectiveness of the
educational flows formation and compliance with all established criteria and restrictions. At
this stage, the results of educational flows formation are assessed, which allows identifying
any errors or inconsistencies that have arisen in the process. The quality assessment of edu-
cational flows formation is a comprehensive check that can lead to return the previous stages
to correct data or change the restrictions of the educational flow. This ensures continuous
improvement of business processes and maintains a high standard of the educational process
at the university.

Prototype of innovative product

The Python programming language was used to develop the program. Python was chosen
due to its conciseness and the presence of convenient built-in Llibraries for working with .xlsx
documents.

The program consists of 5 .py extension files, linked together and used for different parts
of the application, and an image file for a shortcut with the .ico format. These files form the
monolithic application, wrapped in the .exe format, which allows you to easily run it on any
personal computer without additional installation steps.

Input data:

» Excel table "Formation of educational flows". From this table, for each discipline, the
number of academic groups of which educational programs is taken, the total number
of students, the number of educational flows for various types of educational work (lec-
tures, practical classes, etc.) are then calculated.

e Excel table "Students contingent’, from which the number of students in each academic
group for each educational program is also then calculated using the program.

e Excel tables "Selection of elective disciplines for the 2nd year”, "Selection of elective dis-
ciplines for the 3rd year’, containing the information on the elective disciplines choicen
by students. Elective disciplines are available only for students in the 2nd and 3rd years
of the bachelor's degree programs.

The program initializes and seats educational flows for lectures and practical classes of
undergraduate students of all courses in all disciplines, including disciplines of the elective
component (EC). One educational flow can consist of one or several academic groups of one
or different educational programs depending on the discipline (general block, mathematical
block), discipline component (CC/UC/EC), course format (offline, online, MOOCQ), types of aca-
demic work and other criteria. Information about disciplines, academic groups and the contin-
gent of students is taken from Excel tables (three input files). The results of the program are
saved in a separate Excel file. For ease of use, a simple graphical interface has been developed
that accepts input data.
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WN

Description of the program
The application window is launched. The user needs to load the required initial data via
the graphical interface and click on the button "Create educational flows and groups” (Fig. 5).

an
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Bbibepute excel-cain Tabnuuy "KOHTUHreHT cTyaeHToB"
Buibepute excel-tpaiin Tabnuuy "Beibop KB aucumnnuH anAa 2 kypca'

Bbibepute excel-caiin Tabnuuy "Beibop KB aucumnnuH ana 3 kypca'
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BuibepuTe nanky, Kyaa coxpaHuTb pesynsTaT 3arpy3utb
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Figure 5. Appearance of the program

Then the program reads data from Excel files, calculates the number of students in each
academic group and the number of students who have chosen certain elective courses, and
processes each sheet for the 1st, 2nd and 3rd years in turn from the table of educational flows
formation. Thus, for each row, the number of academic groups for each discipline and each
educational program is determined. Based on this, using the genenerate_groups and genener-
ate_groups_kv functions, the names of the academic groups that take this discipline are creat-
ed. Then it is checked whether the discipline belongs to the EC component and, depending on
this, educational flows with groups are formed using the generate_streams functions for CC/UC
disciplines or the generate_lecture_streams_kv and generate_seminar_streams_kv functions for
EC disciplines, respectively.

Let's describe the generate_streams function.

The function accepts the following parameters:

e lecture_streams_count - the number of educational flows into which academic groups

need to be distributed;

e all_groups - a list of all student groups by educational programs;

e number_of students - a dictionary, where the keys are groups and the values are the num-

ber of students in each group.

The software process operates according to the following algorithm:

1. Sorting the EPs by the number of groups in descending order to distribute the most nu-
merous EPs first;

2. Calculating the average number of groups per educational flow (groups_per_stream);

3. Dividing the groups of one EP into educational flow.

From the sorted list, equal flows from groups_per _stream groups are created from each EP
in turn. The remaining groups of each EP are saved in a separate list. Thus, the "ideal” flows
are obtained, consisting only of groups of one EP. For example, SE-2201, SE-2202, SE-2203,
SE-2204, SE-2205 (Fig. 6):
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groups in all_groups:
streams = split_list(groups, groups per_stream)
stream

(strean roups_per_stream:
result streams.append(stream)

remaining groups.append(stream)

Figure 6. Fragment of the program code

4. Calculating how many undistributed groups and unfilled educational flows remain;

5. Distributing the remaining EP groups among educational flows taking into account max-
imizing the number of students in one educational flow.

For unallocated groups, each EP checks whether they can be made into a separate educa-
tional flow, depending on the number of students in these groups (Fig. 7):

max = -
max_stream = []
remaining_group in remaining_groups:
remaining_streams != remaining groups count % remaining streams == len(remaining group):
num = calculate number of students(remaining group, number of students)
num > max:
max = num
max_stream = remaining_group
(max stream) > 0:
result s ms.append(max_stream)

remaining groups.remove(max_stream)

Figure 7. Fragment of the program code

6. Dividing the remaining groups into educational flows: remaining groups are sorted by
number of students in descending order and combined into one common flat list. This list is
again split into subgroups of size groups_per _stream, which are added to result_streams.

7. Reducing and merging "extra” educational flows: if the number of resulting lecture flows
exceeds the required number of lecture flows lecture _streams_count, the least populated lec-
ture flow is removed and its groups are distributed across other lecture flows to balance the
number of students (Fig. 8):

(result_streams) > lecture streams count:
sorted streams = (result_streams = stream: calculate number of students(stream, number of students)
= )

result streams.remove(sorted streams[-1])

sorted streams[-1]= (sorted streams|[-1]

i (len(sorted streams[-1])):
group = sorted streams[-1].pop(-1)
least stream_index = result streams.index(sorted streams[-2 - i])
result streams[least stream index].append(

Figure 8. Fragment of the program code

8. Checking integrity: checks if the total number of groups in the original data and the re-
sulting training flows match. If not, an exception is thrown.

Thus, the generate_streams function generates and returns educational flows of lectures for
one CC/UC discipline. In a similar way, this function creates educational flows for practical
classes. Since the number of educational flows for seminar classes of CC/UC disciplines coin-
cides with the number of groups taking this discipline, then in each educational flow of seminar
classes there is exactly one group.

Next, the code for the functions generate_lecture_streams_kv and generate_seminar_streams_
kv is written.
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After initializing the educational flows, the results are formed as a nested dictionary nested_
dict, which is then converted to a DataFrame df. In this DataFrame, the rows containing the Llists
are expanded, and information about the number of students in each educational flow is added.

The result is written to a new file “Initialization of educational flows for undergraduate stud-
ies 2024-2025% and a separate sheet is created for each course in one table (Fig. 7-9).

A B [ D E F G H [} | i K L M N 0 [+
! Trimesteri i K Format | Streams_Count Stream Type |Number_of ‘epartmenl L1
2| 1 Business Administration 2 ITM-2301 practice 17 School of Creative Industry
3| 1 Business Adm ration 2 1TM-2302 practice 17 School of Creative Industry
4| 1 Business Administration 1 ITM-2301, ITM-2302 lecture 34 School of Creative Industry
S| 1 Calculus 11 MT-2301 practice 19 Department of Computational and Data Science
6 | 1 Calculus 11 MT-2302 practice 19 Department of Computational and Data Science
2Al| 1 Calculus 11 MT-2303 practice 19 Department of Computational and Data Science
8 | 1 Calculus 11 MT-2304 practice 19 Department of Computational and Data Science
9| 1 Calculus 11 MT-2305 practice 18 Department of Computational and Data Science
10| 1 Calculus 11 MT-2306 practice 18 Department of Computational and Data Science
1| 1 Calculus 11 MT-2307 practice 18 Department of Computational and Data Science
12| 1 Calculus 11 ITM-2301 practice 17 Department of Computational and Data Science
13| 1 Calculus 11 ITM-2302 practice 17 Department of Computational and Data Science
14 1 Calculus 11 DJ-2301 practice 22 Department of Computational and Data Science
15| 1 Calculus 11 ITE-2301 practice 22 Department of Computational and Data Science
16| 1 Calculus 4 MT-2301, MT-2302, MT-2303 lecture 57 Department of Computational and Data Science
17) 1 Calculus 4 MT-2304, MT-2305, MT-2306 lecture 55 Department of Computational and Data Science
18| 1 Calculus 4 DJ-2301, ITE-2301 lecture 44 Department of Computational and Data Science
19| 1 Calculus 4 ITM-2301, ITM-2302, MT-2307 lecture 52 Department of Computational and Data Science
20| 1 Calculus 1 59 SE-2301 practice 20 Department of Computational and Data Science
21ﬂ 1 Calculus 1 59 SE-2302 practice 20 Department of Computational and Data Science
22| 1 Calculus 1 59 SE-2303 practice 20 Department of Computational and Data Science
23| 1 Calculus 1 59 SE-2304 oractice 20 Department of Computational and Data Science [-]
Taype | 2pc | 3mpc | @ K1l ] [

Figure 7. The result of the program for the 1st course

A B € D E | F G H 1 H
1 |Tri ! iscipli K Format |Streams_Count Stream Type | Number_of Dep
2 1 Accounting & Financial Management 7 ITM-2201 practice 17 School of Creative Industry
3 1 Accounting & Financial Management 7 ITM-2202 practice 17 School of Creative Industry
4 1 Accounting & Financial Management 7 ITM-2203 practice 18 School of Creative Industry
5| 1 Accounting & Financial Management 7 ITM-2204 practice 20 School of Creative Industry
6 1 Accounting & Financial Management 7 ITM-2205 practice 18 School of Creative Industry
7 1 Accounting & Financial Management 7 ITE-2201 practice 18 School of Creative Industry
8 | 1 Accounting & Financial Management 7 ITE-2202 practice 20 School of Creative Industry
9 1 Accounting & Financial Management 2 ITM-2201, ITM-2202, ITM-2203, ITM-2204  lecture 72 School of Creative Industry
10 | 1 Accounting & Financial Management 2 ITE-2201, ITE-2202, ITM-2205 lecture 56 School of Creative Industry
1| 1 Advanced Programming (Python) KB 29 CS-2206 practice 20 Department of Computer Engineering
12 1 Advanced Programming (Python) KB 29 CS-2203, CS-2239 practice 21 Department of Computer Engineering
13 | 1 Advanced Programming (Python) KB 29 Cs-2213 practice 19 Department of Computer Engineering
14 1 Advanced Programming (Python) KB 29 CS-2228 practice 19 Department of Computer Engineering
15 1 Advanced Programming (Python) KB 29 Cs-2229 practice 19 Department of Computer Engineering
16 1 Advanced Programming (Python) KB 29 CS-2210 practice 18 Department of Computer Engineering
17 1 Advanced Programming (Python) KB 29 CS-2201 practice 17 Department of Computer Engineering
18 1 Advanced Programming (Python) KB 29 CS-2202 practice 17 Department of Computer Engineering
19 1 Advanced Programming (Python) KB 29 CS-2207 practice 17 Department of Computer Engineering
20 1 Advanced Programming (Python) KB 29 Cs-2227 practice 17 Department of Computer Engineering
21 1 Advanced Programming (Python) KB 29 Cs-2215 practice 16 Department of Computer Engineering
22| 1 Advanced Programming (Python) KB 29 CS-2222 practice 16 Department of Computer Engineering
23| 1 Advanced Programming (Pvthon KB 29 €S-2208, €5-2233 oractice 21 Department of Comouter Engineering [
Tiype | 2kype | 3kype ® < O]
Figure 8. The result of the program for the 2nd course
4 A D E F G H | ﬂ
1 Trimester| iscipline K Format | Streams_Count Stream Type humber_oi_ .! Dep I
2 | 1 3D Modelling MOoOoC 5 MT-2101 practice 18 School of Creative Industry
3| 1 3D Modelling MOOC 5 MT-2102 practice 17 School of Creative Industry
4| 1 3D Modelling MOoOoC 5 MT-2103 practice 17 School of Creative Industry
5| 1 3D Modelling MOOC 5 MT-2104 practice 21 School of Creative Industry
6 | 1 3D Modelling MOOC 5 MT-2105 practice 17 School of Creative Industry
74 1 3D Modelling MOOoC 1 MT-2101, MT-2102, MT-2103, MT-2104, MT-2105  lecture 90 School of Creative Industry
8 | 1 Academic Writing 26 BDA-2101 practice 20 Department of General Educational Disciplines
9| 1 Academic Writing 26 BDA-2102 practice 19 Department of General Educational Disciplines
10| 1 Academic Writing 26 BDA-2103 practice 18 Department of General Educational Disciplines
1 1 Academic Writing 26 BDA-2104 practice 17 Department of General Educational Disciplines
12| 1 Academic Writing 26 BDA-2105 practice 17 Department of General Educational Disciplines
13| 1 Academic Writing 26 ITM-2101 practice 17 Department of General Educational Disciplines
14 1 Academic Writing 26 ITM-2102 practice 19 Department of General Educational Disciplines
15| 1 Academic Writing 26 ITM-2103 practice 18 Department of General Educational Disciplines
16 | 1 Academic Writing 26 ITM-2104 practice 17 Department of General Educational Disciplines
17| 1 Academic Writing 26 ITM-2105 practice 17 Department of General Educational Disciplines
18 1 Academic Writing 26 MT-2101 practice 18 Department of General Educational Disciplines
19 1 Academic Writing 26 MT-2102 practice 17 Department of General Educational Disciplines
20| 1 Academic Writing 26 MT-2103 practice 17 Department of General Educational Disciplines
2| 1 Academic Writing 26 MT-2104 practice 21 Department of General Educational Disciplines
22| 1 Academic Writing 26 MT-2105 practice 17 Department of General Educational Disciplines
26 1T-2101 practice 21 Department of General Educational Discioli ]

1xype | 2kype | 3 kype ® < O]

Figure 9. The result of the program for the 3rd course
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The program “Initialization of educational flows and groups” when distributing the teaching
load of the university is a full-fledged application for personal computers. Users can download
the program to their computer and interact with it through a graphical interface. Thus, this
program helps to optimize the process of distributing the teaching load between the univer-
sity teachers, ensuring effective and fast uniform initialization of academic groups. Using the
program allows to reduce the workload of the Academic department employees several times,
automating this task.

Methods and Materials

The objects of the rersarch are business processes for the distribution of educational flows
academic groups of Astana IT University.

To write the functional model, data analysis methods and operations research methods were
used [16]. Empirical and quantitative methods were used to write the program [17]. As empir-
ical methods, an assessment was made of the analysis of the questionnaires of teachers and
the university administration to optimize the calculation of educational flows and groups, as
well as their uniform distribution. As quantitative methods, methods of mathematical analysis
and discrete mathematics using finite sets series with Boolean variables, as well as function
approximation methods were used [18]. For writing this innovative program for educational
flows distribution we use the mathematical model and calculations of the university educa-
tional work volume distribution which were described in detail in the work [18]. Note that the
presented models were tested on the basis of university data in the Excel environment accord-
ing to the intra-university scientific project of Astana IT University for the 2024-2025 academic
year [19],[20].

The Python programming language was used to develop the program. Python was chosen
due to its conciseness and the presence of convenient built-in Llibraries for working with .xlsx
documents.

The following libraries were used to write the program: Pandas (used for data process-
ing), Tkinter (provides functionality for writing the interface), Pylnstaller (collects the necessary
modules and libraries into one executable .exe file).

The development of this program and methods of applications will be useful both for begin-
ners in the Python programming and for professional developers creating their startups.

Results

The program for initializing educational flows and groups when distributing the education-
al workload provides the following functional capabilities:

1. Receiving input data from the user: using a convenient graphical interface, the user can
easily upload the data necessary for the program to work.

2. Processing input data: the program counts the number of students in each academic
group, links disciplines to the list of groups for each course and generates the names of aca-
demic groups by educational flows based on the data uploaded by the user.

3. Distribution of groups by educational flows for each discipline depending on the disci-
pline component: special algorithms have been developed for initializing educational flows
and groups by disciplines and different types of academic work (lectures and practical/labora-
tory classes) depending on the discipline component.

4. Outputting the result in an easy-to-read form: the program writes the distribution result
to a new Excel file, concisely placing information about each educational flow on the separate
line. The resulting file is open to changes and adjustments by the Academic department and
the Registrar's office.
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Discussion

It should be noted that it is importance of modeling the key task of business processes for
optimizing educational flows formation, by means of which the automated system is built.
The following achievements were selected as criteria for the optimal formation of educational
flows and groups: maximizing of the classroom fund distribution; the maximum of available
distribution of the students number in each flow; uniform distribution of students across all
flows of one discipline; minimization of educational flows of each discipline for each type of
educational work, taking into account the distribution of all remaining vacancies and due to
the limited classroom fund. All input data, criteria and restrictions are described by context
diagrams of the functional model. This approach ensures the fair distribution of educational
flows, as well as the effective use of the potential for educational departments for its further
development.

Note that thanks to the developed program, the response time to the request was no more
than 5 seconds and more than 4700 lines of educational flows were generated. The applica-
tion has successfully passed testing and implementation at the university has been launched.
Moreover, it is expected that thanks to the implementation of this innovative product, the uni-
versity will be able to increase the optimization of educational flows thanks to the developed
algorithm. It is important to note that the results of the research were achieved during the
intra-university scientific project of Astana IT University for the 2024-2025 academic year, a
copyright certificate for the software product was received. The results of the paper can serve
as a basis for further research in this area and be useful for the development of a modern
education system.

Conclusion

In this research work, the new methodology for solving complex optimization problems
that arise when modeling and optimizing the educational work volume distribution at the uni-
versity has been developed. It should be noted that comparative experiments under labor-in-
tensive and time-limited conditions confirm the effectiveness of this methodology in solving
the problems of distributing educational flows and academic groups of educational programs,
which in turn contributes to the implementation of high-quality software. Thus, the proposed
algorithm for planning educational flows of the university will allow not only to take into ac-
count the tasks that must be performed in a strictly defined period (for example, planning for
the next academic year), but also to carry out an even distribution of educational flows during
the academic year for dependent and independent reasons. And the functional model of busi-
ness processes built on its basis will be able to carry out an optimized distribution of educa-
tional flows in an automated mode, which will significantly reduce time, eliminate errors, and,
if necessary, quickly make amendments in the future to the plan of the university teaching load
and the academic schedule.

Based on the optimization model, the software product was written for initializing educa-
tional flows and academic groups for Astana IT University, facilitating the work of the Academ-
ic department in distributing the teaching load of the university teachers by automating one
of the stages of this process. It should be noted that the program is effective and applicable
for any universities, observing the criteria, specifics and limitations of the university itself. The
main application belongs to the field of higher education.

A graphical interface has been developed for the application on the computer, which is one
main window that accepts input data and starts the algorithm. The program supports process-
ing of .xlsx files, the result is also written in .xlsx format, which is the Excel table.
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