
Scientific Journal of Astana IT University 
ISSN (P): 2707-9031 

ISSN (E): 2707-904X 

Sources: sj.astanait.edu.kz, idaacs.net, embc.embs.org, jyi.org, mdpi.com, nature.com, sjsu.edu 

DOI: 10.37943/21HIVR6985 
 
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 
Gulzhan Soltan  
Candidate of Technical Sciences, Director of the Department of Academic Affairs 
gulzhan.soltan@astanait.edu.kz; orcid.org/0000-0002-1603-7524 
Astana IT University, Kazakhstan 
 

CONSTRACTION OF DISTRIBUTION MODELS  
OF THE UNIVERSITY EDUCATIONAL WORK VOLUME 

 
Abstract: With the advent of new time requirements for the quality of educational 

services, which is influenced by management in functioning business processes, existing 
research in the field of resource allocation in the management of complex processes, namely the 
calculation of the teaching load of university teaching staff, was studied. The purpose of the 
research in this article is to develop functional and mathematical distribution models of the 
university educational work volume, as well as an algorithm for optimizing the generation of 
educational flows and initialization of academic groups, taking into account the specifics of 
disciplines and classroom fund. The algorithm is based on the construction of all business 
processes implemented during the formation of educational streams and groups. The functional 
model described for the process of distributing the volume of educational work includes the 
definition of the main functions, their relationships, input and output data, as well as the criteria 
and restrictions that govern this process. The mathematical model is based on the representation 
of all types of educational work of departments of educational programs as a discrete set of 
resources that must be distributed between educational departments in accordance with the 
assumptions and restrictions accepted at the university. Data mining and operations research 
techniques were used to write the functional model. Empirical and quantitative methods were 
used to write a mathematical model. Thus, a new methodology has been developed for solving 
complex optimization problems that arise when modeling and optimizing the distribution of the 
volume of educational work of a university. It should be noted that comparative experiments 
under labor-intensive and time-limited conditions confirm the effectiveness of this technique in 
solving problems of distributing the amount of educational work among departments of 
educational programs, which in turn contributes to the implementation of high-quality software. 

Keywords: functional model, mathematical model, decision support algorithms, teaching 
load; educational work; types of educational work; educational flows, educational process  

 
Introduction  
Planning the teaching load at Astana IT University, being one of the responsible, complex 

and time-consuming tasks solved at the stage of preparing the educational process at the 
university, is carried out by the departments of educational programs. When planning work, the 
Department of Academic Activities strives to improve the quality of work in order to achieve the 
best results for the types of educational work: classroom and extracurricular. This paper 
discusses a system for distributing the volume of academic work between university departments 
for further distribution of the teaching load of teaching staff within educational departments.  

The solution to the problem of quality of education, its optimization was described in the 
works [1], [2]. The working model for optimizing the distribution of the teaching load of 
teaching staff is especially relevant in the following conditions [3], [4]: 

• when forming new educational programs at the request of the labor market or introducing 
new disciplines into existing educational programs, or closing outdated educational 
programs; 

• with a dynamically changing student population (transfers from other universities, 
expulsion of students, academic leave); 
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• with a variety of forms of education (full-time education, distance learning, academic 
mobility, dual education, training in a double-diploma program). 
Based on comparative analysis we note that when forming the volume of educational 

work of departments of educational programs, the key factor is the formation of educational 
streams and groups involved in calculating the teaching load of teaching staff. The working 
model for optimizing the distribution of academic groups among academic streams is especially 
relevant in the following conditions: 

• depending on the specifics of educational programs; 

• when distributing the classroom fund, taking into account specialized rooms and 
laboratories;                                                                                   

• when distributing specialized disciplines between teachers; 

• depending on the specifics of the disciplines taught; 

• with a dynamically changing student population, including changing academic groups 
within one educational program or two different ones; 

• with a variety of training formats (online lectures, video lectures, dual training). 
Previous studies in this direction [5] showed that all of them, to one degree or another, 

describe the mechanisms for distributing the teaching load of university teaching staff, but 
practically do not pay attention to the methodology for distributing academic work. It is 
considered several methods based on the following criteria: 

а) determination of the qualification level of the department of educational programs, 
with each discipline assigned to several departments; 

b) approval of the average teaching load of the university teaching staff, while the load is 
uneven across all educational departments; 

c) increasing the efficiency of the scientific potential of the educational department, while 
there is an uneven distribution of classroom and extracurricular work.  

As it 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 increase the success of distributing the teaching 
load at a university is an algorithm based on deep learning, which presented in the works [6], [7]. 
The implementation of the conceptual provisions of the theory of educational process 
management is impossible without the use of modern tools based on automation and the use of 
process management principles for optimizing the teaching load. For example, in the works [8], 
[9], integer linear programming (ILP) model was proposed for various formulations of the task 
defined in this paper. In this regard, a synthesis of the studied methods was carried out and a 
generalized method for planning the teaching load was proposed, which is based on models and 
a decision support algorithm [10]. In this work, it is also a linear programming model for solving 
problems related to the generation of the educational streams and groups at the university.  

Let us present the concept of the teaching load of a university. The volume of academic 
work of teaching staff at the university is divided into types: classroom work and extracurricular 
work. Classroom work includes the following:   

• lectures; 

• practical/seminar sessions; 

• laboratory classes; 

• office hours; 

• studio/review classes; 

• checking written work; 

• midterm, endterm; 

• consultation; 

• exam 

• and others; 
extracurricular activities include the following: 
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• management of coursework (projects); 

• supervision of the diploma theses (projects); 

• supervision of master's theses; 

• supervision of doctoral dissertations; 

• management of students' research works (SRWM, SRWD); 

• management of educational, pedagogical, industrial (professional), research, pre-graduate 
practice; 

• work in the State Attestation Commission (participation in the state/complex exam, 
participation in the defense of theses/master's/doctoral dissertations); 

• groups advisory; 

• employment of graduates; 

• management of educational and methodological work; 

• and others. 
To effectively write business processes for load optimization, it is necessary to create an 

algorithm and models. The initial data in the distribution of the volume of educational work of 
university departments according to Fig. 1 are: a working curriculum (WC) for the planned 
academic year, compiled on the basis of individual curriculum (IС) of students with mandatory 
components and components for choosing disciplines, a student population and classroom fund, 
as well as criteria and restrictions.  

 

Fig 1. Input data of the distribution problem 
of the university educational work volume 

 

 
The introduction of e-learning systems leads to the emergence of large information arrays 

that are studied by the method of educational data analysis (EDM) to information produced by 
the university. The problems and challenges facing the EDM are analyzed in the work [11], [12]. 
Here we also use these methods of analyzing educational data and consideration of the processes 
as a whole of the following information arrays, namely statistical, correlation and regression 
analysis.  

An individual curriculum (IC) is drawn up for each student after completing the 
registration procedure for the disciplines. Then a curriculum is formed for one academic year, 
which reflects the volume of credits for each discipline in terms of trimesters and classroom 
hours for each discipline. As the trimesters progress, the academic workload tends to increase 
gradually. Thus, in paper [13], 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 
[14]. In this paper an analysis of the structure and content of competence-oriented curricula is 
conducted, taking into account the definition of a compromise of interests of all social groups 
participating in the educational process. Namely, the compliance of all prerequisites and 
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postrequisites of disciplines, the compliance of related educational programs in the construction 
of educational streams, and so on. 

The student contingent reflects the number of students, master's students, doctoral 
students registered in the disciplines of the planned academic year in the context of each 
educational program and each course of study. 

The classroom fund is divided into types of classrooms and the number of seats in each 
classroom available for classes.  

After analyzing the initial data, learning flows for lectures and study groups for 
practical/seminar or laboratory classes are formed, which is the basis for calculating the total 
teaching load for the university and for each department of educational programs.  

The criterion determines the decision-making rule for assessing the optimal formation of 
educational streams and groups in them.  

Constraints form the rules according to which learning streams should be formed and 
groups should be assigned to streams. Restrictions can come from both the academic department 
and educational departments in accordance with the university development strategy and the 
department’s strategic development plan. Restrictions and criteria may include regulations, 
internal regulations of the educational institution and other regulatory documents. 

As a result of the process of optimizing the distribution of the university’s teaching load, 
two key output elements are formed: the distributed teaching load across the university and the 
assessment of this distribution. Distributed teaching load is the volume of teaching load for all 
types of classroom and extracurricular work by courses and trimesters. Assessing the distribution 
of teaching load is a process or mechanism for monitoring how effectively the distribution was 
carried out, with the possibility of making adjustments to optimize the educational process. 

 
Functional Model 

A functional model is a representation of a process or system that focuses on the 
functions or operations performed by the system under various conditions. It describes what the 
system does or should do, without specifying exactly how those functions are performed. 
Functional models are used to analyze requirements, design systems, and document system 
functions [15], [16]. The structural diagram of information flow management in the information 
and analytical system in the university management circuit is described in the work [17], [18]. 

The functional model described for the learning load distribution process includes the 
definition of the main functions, their relationships, input and output data, as well as the criteria 
and constraints that govern this process [19], [20]. This model helps you understand what tasks 
need to be completed, who is responsible for them, and how they interact to achieve the end goal 
[21]. The short description of functional model was presented in [21], here all block concepts of 
created functional diagram are created.  

In Fig. 2 shows the initial level of the functional model “Form the teaching load of the 
department” with the flows of incoming and outgoing information, mechanisms for performing 
the specified action, and elements of control and management on the basis of which it is 
performed.  

Functional diagram presented in Fig. 3, is a decomposition of the context diagram A0 
“Form the teaching load of the department” and consists of four blocks: block A1 “Enter/modify 
source data”, block A2 “Form the number of group streams by disciplines”, block A3 “Calculate 
the academic workload for the university”, block A4 “Approve the teaching load for each 
department.” 

 



Scientific Journal of Astana IT University 
ISSN (P): 2707-9031 

ISSN (E): 2707-904X 

Sources: sj.astanait.edu.kz, idaacs.net, embc.embs.org, jyi.org, mdpi.com, nature.com, sjsu.edu 

 

Fig 2. Context diagram А0 

 
Each of the blocks A1-A4 represents separate sub-stages within the overall process of 

distributing the teaching load. They reflect the overall appearance and function of the system. 
Block A1 is the starting point in the process of optimizing the distribution of the teaching load, 
where the collection of information is organized, including the curriculum and WC of 
educational programs, IC, data on the student population and the classroom fund. The prepared 
data serves as the foundation for subsequent analysis and optimization of load distribution, 
which allows the university to more effectively manage the educational process and use its 
resources. At this stage, the academic department enters initial data or adjusts planned data that 
will be used to compile group flows. Initial data may include the name of the discipline, the 
name of the educational program, the number of students, the number of academic groups, the 
number and type of audiences. The process requires attention to detail and precision, as the 
initial information serves as the basis for all subsequent load balancing operations. After entering 
the data, a procedure for their verification and approval follows. This ensures that all critical 
parameters are taken into account and that the data is ready for use in the automated system for 
the subsequent stage - generating training flows and initializing groups.  

 

Fig. 3. Context diagram decomposition А0 

 
In block A2, the key stage of load optimization occurs. Here, the required number of 

educational streams for conducting lectures, practical, and laboratory classes is established based 
on the provided data on disciplines, the number of students, as well as types of audiences, taking 



Scientific Journal of Astana IT University 
ISSN (P): 2707-9031 

ISSN (E): 2707-904X 

Sources: sj.astanait.edu.kz, idaacs.net, embc.embs.org, jyi.org, mdpi.com, nature.com, sjsu.edu 

into account various criteria and restrictions. It is important to take into account the availability 
of classrooms, the type of discipline taught and other factors. The goal of the process is to form 
the optimal number of educational streams and groups for the efficient use of resources and 
classroom fund. It is important to achieve a balance between available resources and the 
educational needs of students and teachers so that each discipline is subsequently adequately 
represented in the schedule. Automated systems help the university effectively structure the 
educational process, adapting it to the needs of students and the capabilities of the educational 
institution. Assigning a certain number of educational streams and groups to disciplines is 
critical for ensuring the quality of the educational process, as it directly affects the schedule and 
workload of classrooms. 

At stage A3, the total volume of academic work is consolidated at the university level. 
The block for assigning the teaching load of a university details the distribution process, 
including the assignment of lecture, practical, laboratory loads, independent and control work of 
students, exams and other types of classroom educational work, as well as extracurricular types 
of work, such as the management of coursework, dissertations, and so on for all departments. 
Here decisions are made on the distribution of the total teaching load between various 
educational departments, taking into account the goals of the educational program. This stage 
underlies the further distribution of the teaching load at the level of each department, and then 
teachers. 

Block A4 represents the stage at which the volume of academic work is distributed 
between the departments of the university. The Academic Activities Department organizes and 
coordinates this process, taking into account the specifics of each department, such as area of 
specialization and availability of resources. 

At the final stage of optimizing the distribution of teaching load, the quality of load 
distribution is monitored and assessed. An analysis is made of the distribution of workload 
between departments, its compliance with the goals of the university and the needs of students. 
The data obtained is used to adjust the process of distributing the teaching load in the future. An 
important part of this stage is feedback from process participants to discuss the results of the 
assessment and develop recommendations for improving the process. This stage plays a key role 
in ensuring the effectiveness of the educational process and maintaining a high level of 
education. Assessing the quality of the formation of study streams and groups is a 
comprehensive check, which can lead to a return to previous stages to correct data or change the 
restrictions of educational streams and groups. This ensures continuous improvement of business 
processes and maintains a high standard of the educational process at the university.  

 
Distribution algorithm 
An overview of the main algorithms used in resource allocation problems is presented in 

[22], [23]. The modified algorithm for searching paired combinations in a graph is proposed, 
which allows solving the problem of optimal distribution of workload between teachers in the 
work [22]. In this work we consider the description, input and output data, and features of the 
created algorithm for generating educational streams and initializing academic groups. The 
modified algorithm has been proposed, which allows solving the problem of optimally 
distributing the workload in the future between the teachers and the disciplines that this division 
is required to implement in the academic year. 

Input data: information about disciplines, educational programs, academic groups, 
students and groups, classroom fund. 

Checking input data: checking the correctness and completeness of the entered 
information (Fig. 4). 
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Fig. 4. Algorithm for generating educational streams and initializing academic groups 

 
Determination of criteria and restrictions: determination of criteria and setting restrictions 

for the formation of educational streams and groups. The first criterion for optimizing the 
formation of streams is to minimize the number of streams due to the limited availability of 
classrooms and vacancies, the second is the maximum available distribution of the number of 
students in each stream, the third is the maximum use of available classrooms, the fourth is the 
uniform distribution of students across educational streams. Restrictions on the formation of 
streams are the connection of the classroom fund to a particular discipline, as well as the number 
of eligible students per academic stream by type of academic work. For example, each classroom 
for a math block stream contains a maximum of 60 seats (the stream classroom is filled with a 
maximum of 3 groups), the remaining disciplines are distributed by a maximum of 40 to 120 
local classrooms, depending on the number of students and distribution groups.  

Generation of streams: formation of educational streams and initialization of academic 
groups for each discipline, taking into account established criteria and restrictions. 

Checking criteria and restrictions: checking the compliance of all criteria and restrictions 
for each educational stream, adjusting educational streams and groups if necessary. 

Final check: checking the final result to ensure there are no conflicts and optimal use of 
resources. 

The result is the best option from a set of comparable feasible options for the distribution 
of educational flows.  

The need to modify the algorithm is justified by the unevenness and variability of 
educational flows, the multi-criterial nature of the distribution of flows and the need to take into 
account the subjective characteristics of the distribution decision. 

 
Mathematical Model 
The mathematical model for optimizing resource allocation was developed to reduce the 

time required to make management decisions on resource allocation problems in the work [24]. 
Let us present the main provisions of the mathematical model for distributing the teaching load 
of the university educational departments. 

Generating input data. 
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The organization and conduct of training sessions is carried out in the context of 

academic groups and streams. Let the university be assigned 𝑠 educational programs (EP), for 

which classes should be conducted:  𝑆𝑛 = {𝑆1, 𝑆2, … , 𝑆𝑠},     𝑛 = 1, 𝑠⃗⃗⃗⃗⃗⃗ . 

Each EP, in turn, has academic groups: 𝐺𝑦
𝑆𝑛 = {𝐺1, 𝐺2, …𝐺𝑔},    𝑦 = 1, 𝑔⃗⃗ ⃗⃗ ⃗⃗  , where 𝑦 – group serial 

number, and 𝑔𝑛 – number of groups per EP, calculated by the formula 
 

𝑔𝑛 =
𝑁𝑛

20
              (1) 

 

according to the occupancy of one academic group of the university, where 𝑁𝑛 − number of 

students in one EP. 
According to the WC, in one academic year at the university, disciplines are taught in the 

following components: compulsory/university component (CC/UC): 𝐷𝑖 = {𝐷1, 𝐷2, … , 𝐷𝑣},     𝑖 =

1, 𝑣,⃗⃗ ⃗⃗ ⃗⃗  ⃗  optional component (OC): 𝐷𝑟 = {𝐷1, 𝐷2, … , 𝐷𝑤}, 𝑟 = 1,𝑤⃗⃗ ⃗⃗ ⃗⃗  ⃗, depending on the discipline 
cycles. 

We will define the following types of educational classroom work (lectures, practical 

classes, laboratory work, office hours, exam/defense), for which classes are planned: 𝐹𝑗 =

{𝐹1, 𝐹2, … , 𝐹𝑘},     𝑗 = 1, 𝑘⃗⃗ ⃗⃗ ⃗⃗ . 
 

Then the number of students enrolled in the 𝑖, 𝑟-th disciplines: 𝑁𝑖 = ∑ 𝑁𝑛
𝑖

𝑛=1 ,   𝑁𝑟 =
∑ 𝑁𝑟

𝑖
𝑛=1 . 

 
Generating the streams number of lecture classes with CC/UC/OC components of 

disciplines. 
Note that lecture classes are conducted in educational streams with a contingent of 20 to 

120 students, depending on the specifics of the academic discipline. For disciplines of the 
mathematical block, the maximum number of students in one stream is taken to be 60. 

Let's calculate the number of streams for lecture classes with CC/UC/OC components of 
disciplines: 

𝑃𝑖𝑗 = ⌈
𝑁𝑖

𝑍
⌉ ,      𝑃𝑟𝑗 = ⌈

𝑁𝑟

𝑍
⌉ ,      𝑗 = 1,              (2) 

 

where ⌈ ⌉ – denotes rounding a number up to a whole number, 

Z – available number of seats in one stream, calculated using the following formula 
 

  𝑍 = {
100 𝐵𝑙    𝑖𝑓  𝑙 = 1,
60 𝐵𝑙      𝑖𝑓  𝑙 = 2,

              (3) 

 

where 𝐵𝑙 =  {𝐵1, 𝐵2}  ∈ {0, 1},     𝑙 = 1,2⃗⃗ ⃗⃗  ⃗ – belonging of the 𝑖-th or 𝑟-th discipline to the general 

𝑙 = 1 or mathematical block  𝑙 = 2, determined by a Boolean variable. 
Note that 

𝑃𝑖𝑗 = 1 (𝑗 = 1) ⇔ {
20 ≤ 𝑁𝑖 , 𝑁𝑟 ≤ 120, 𝑙 = 1
20 ≤ 𝑁𝑖 , 𝑁𝑟 ≤ 60, 𝑙 = 2.

           (4) 

 
Let us set the following limit on the number of allowed students for one stream of lecture 

classes. Let there be a classroom fund for conducting training sessions with the following 
number of available seats: 

 

𝐴𝑚
𝑙 = {40,60,80,100,120}, 𝑚 = 1,5⃗⃗ ⃗⃗  ⃗, 𝑙 = 1, 

𝐴𝑚
𝑙 = {40,60}, 𝑚 = 1,2⃗⃗ ⃗⃗  ⃗, 𝑙 = 2.                         (5) 
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Then the restrictions on the students number in academic groups of different EPs for 
lecture streams with CC/UC/OC disciplines are as follows:  

 

∑ 𝑁𝑛
𝑖𝑗

≤ 𝐴𝑚
𝑙

𝑛 , ∑ 𝑁𝑛
𝑟𝑗

≤𝑛 𝐴𝑚
𝑙 ,    𝑗 = 1.            (6) 

 
 
Generating the streams number of practical classes with CC/UC components of 

disciplines. 
The streams number of practical classes with CC/UC components of disciplines coincides 

with the number of academic groups of all EP for which the 𝑖-th discipline is taught: 𝑃𝑖𝑗 = 𝑔𝑖 ,  

𝑗 = 2, where 𝑔𝑖 = ∑ 𝑔𝑛
𝑖

𝑛=1 .  
 

Moreover, according to the maximum occupancy of academic groups, each academic 
group of each EP can have no more than 23 students: 

 

𝑁𝑖
𝑦

≤ 23.              (7) 

 
Generating the streams number of practical classes with OC components disciplines. 
The streams number of practical classes with OC component disciplines coincides with 

the number of academic groups of all EP for which the 𝑟-th discipline is taught: 𝑃𝑟𝑗 = 𝑔𝑟 ,  𝑗 = 2,  

Where 𝑔𝑟 = ∑ 𝑔𝑛
𝑟

𝑛=1 . 
 
Moreover, the number of students in the stream does not exceed the maximum possible number 
of students from different EP: 
 

∑ 𝑁𝑛
𝑟𝑗

≤ 23𝑛 , 𝑗 = 2.              (8) 

 
Generating the streams number of laboratory classes with CC/UC/OC component 

disciplines. 
The number of laboratory streams coincides with the number of academic groups of all 

educational programs for which the 𝑖-th and 𝑟-th disciplines are taught:  𝑃𝑖𝑗 = 𝑔𝑖     𝑃𝑖𝑟 =

𝑔𝑟 ,   𝑗 = 3. 
 

Generating the streams number of Office hours with CC/UC/OC components of 
disciplines. 

The student’s independent work under the guidance of the teacher is carried out 
according to the teacher’s office hours schedule. The number of streams according to Office 
hours coincides with the streams number of lecture classes with CC/UC/OC components of the 

disciplines: 𝑃𝑖𝑗 = 𝑃𝑖1 , 𝑃𝑟𝑗 = 𝑃𝑟1   , 𝑗 = 4. 
 

Criteria for initializing academic groups according to study streams. 
1. Maximizing the distribution of classroom fund. 

Let 𝐿𝐴𝑚 be the  number of distributed classes of taught disciplines by type of classrooms, 

𝐴𝑚; 𝑄 is the number of classrooms for each type, 
 

𝑅 =
𝑇𝑒−𝑇𝑠

𝑇
∙ 𝑋 = 36               (9) 

 

is the amount of using one available classroom for all types during one study week, where 𝑇𝑠 is 

the start time of students' classes (8:00), 𝑇𝑒 is the end time of classes (20:00), 𝑇 is the  duration of 

one type lesson (2 academic hours), 𝑋 is the number of study days (6: Monday-Saturday), 
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𝑄𝐴𝑚 ∙ 𝑅             (10) 
 
is the amount of using the classroom fund for each type. 

Then the maximum distribution of the classroom fund is determined by the objective 
function: 

𝐿𝐴𝑚  → 𝑄𝐴𝑚 ∙ 𝑅.           (11) 
 

2. The maximum available distribution of the students number in each stream, namely 
minimizing the deviation of the students number from the number of distributed available places 
in the stream, is determined by the following objective function: 

 

        |𝑁𝑖 − ∑ 𝐴𝑚
𝑃𝑖𝑗
 | → 𝑚𝑖𝑛.                       (12) 

 
3. Uniform distribution of students across all streams of one discipline, namely, the 

maximum difference in the classroom fund should be minimal: 
 

       𝑚𝑎𝑥 |𝐴𝑚
𝑝 − 𝐴𝑚

𝑃𝑖𝑗| → 𝑚𝑖𝑛,          (13) 

 

where 𝑝 = 1, 𝑃𝑖𝑗
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗  is the serial number of stream of 𝑖-type discipline by 𝑗-type of academic work. 

Thus, the formalized task of generating educational flows for each discipline of each type 
of academic work will have the following form: 

 

𝑃 = 𝑚𝑎𝑥|𝑃𝑖𝑗
𝑚𝑎𝑥 − 𝑃𝑖𝑗

𝑚𝑖𝑛| → 𝑚𝑖𝑛,           (14) 

 
classroom selection will be calculated using the formula: 
 

𝐴𝑚
𝑝 = ∑ 𝐴𝑚

 ∙ 𝛼 ∙ 𝛽 ∙ 𝛾5
𝑚=1 ,           (15) 

 
where all criteria for initializing groups by streams are specified by the following functions: 
 

𝛼 = {
1,   if the condition (11) is satisfied,
0,                                          otherwise,

 

 

𝛽 = {
1, if the condition (12) is satisfied,
0,                                               otherwise,

 

 

𝛾 = {
1, if the condition (13) is satisfied,

0,                                               otherwise.
          (16) 

 
Calculation of the teaching load of academic work. 
Let the following loads (number of academic hours) of disciplines be determined 

according to the WC: 

𝐶𝑖𝑗 – load for each 𝑖-type discipline of the CC/UC component and the 𝑗-type of academic 

work (𝑖 = 1, 𝑞⃗⃗⃗⃗ ⃗⃗ , 𝑗 = 1, 𝑘⃗⃗ ⃗⃗ ⃗⃗ ); 

𝐶𝑟𝑗 – load for each 𝑟-type discipline of the OC component and the 𝑗-type of academic 

work (𝑟 = 1, 𝑢⃗⃗ ⃗⃗ ⃗⃗ , 𝑗 = 1, 𝑘⃗⃗ ⃗⃗ ⃗⃗ ). 
The number of hours required to conduct an exam in the CC/UC/OC components of the 

disciplines is calculated by the formulas: 
 

𝐶𝑖𝑗 =
𝑁𝑖

10
, 𝐶𝑟𝑗 =

𝑁𝑟

10
,   𝑗 = 5.           (17) 
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The load of CC/UC/OC components of disciplines is the number of streams for each type 

of academic work multiplied by the load for the corresponding type of work in a given 

discipline: 𝐶𝑖 = ∑ 𝑃𝑖𝑗𝐶𝑖𝑗
 
𝑗=1 , 𝐶𝑟 = ∑ 𝑃𝑟𝑗𝐶𝑟𝑗

 
𝑗=1 . 

 
Calculation of the teaching load of extracurricular work. 
We will define the following types of educational extracurricular work (advising, practice 

management, supervision of theses/master's theses/doctoral dissertations, membership in the 

State Attestation Committee):  𝑉𝑑 = {𝑉1, 𝑉2, … , 𝑉𝑞},     𝑑 = 1, 𝑞⃗⃗⃗⃗ ⃗⃗  . 
The load of extracurricular types of work is the number of academic groups for each type 

of extracurricular work, multiplied by the load for the corresponding type of extracurricular work 
for each educational department: 

 

𝐶𝑑 = 𝑔𝑑
ℎ ∙ 𝐶𝑑𝑗          𝑑 = 1,2⃗⃗ ⃗⃗  ⃗     𝑗 = 5,          (18) 

 

where 𝐾ℎ = {𝐾1, 𝐾2, … , 𝐾𝑡},     ℎ = 1, 𝑡⃗⃗ ⃗⃗  ⃗,  is the set of the educational departments/faculties 
carrying out extracurricular activities for relevant educational programs.  

The workload for supervising and defending theses, master's and doctoral dissertations, 
and working at the State Attestation Commission is calculated depending on the number of 
students using the following formula: 

 

𝐶𝑑 = 𝑁𝑑
ℎ ∙ 𝐶𝑑𝑗      𝑑 = 3,4⃗⃗ ⃗⃗  ⃗     𝑗 = 5,          (19) 

 

where the number of students enrolled to the 𝑑-th type of extracurricular work: 𝑁𝑑 = ∑ 𝑁𝑛
𝑑 .𝑛=1  

 
Thus, the average annual teaching load for the university is calculated using the formula: 
 

𝑈𝐿 = ∑ 𝐶𝑖
 
𝑖=1 + ∑ 𝐶𝑟 + ∑ 𝐶𝑑

 
𝑑=1

 
𝑟=1 ,          (20) 

 
average annual teaching load for the educational department is: 
 

(𝑈𝐿)ℎ = ∑ 𝐶𝑖
ℎ 

𝑖=1 + ∑ 𝐶𝑟
ℎ + ∑ 𝐶𝑑

ℎ 
𝑑=1

 
𝑟=1 ,          (21) 

 
annually approved by decision of the Academic Council for the corresponding academic year. 

 
Methods and Materials 

Data mining and operations research techniques were used to write the functional model 
[25]. Namely, the methods for finding optimal solutions based on mathematical modeling. 
Empirical and quantitative methods were used to write a mathematical model. The results of a 
survey on the enormous influence that the university administration has on the academic 
community were examined in the work [8]. In this work the survey analysis of teachers and 
university administration was assessed to optimize the calculation of the educational work 
volume in the university were taken as empirical methods. The methods of mathematical 
analysis and discrete mathematics using a number of finite sets with Boolean variables, as well 
as methods of function approximation were taken as the quantitative methods. The rationale for 
choosing these methods is a systematic approach to the problem and analysis.  

Note that the presented models were tested based on university data in Excel according to 
the 2023-2024 academic year. The data sample included tables of the working curriculum, the 
student contingent, the auditor fund and the staffing schedule. Optimization methods, in 
particular linear programming, were used as methods of operations research in software 
development. The Python programming language was used to develop the program.  
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Results 
The functional and mathematical models and decision support algorithm considered in 

the work make it possible to optimize the process of solving the distributing problem of 
educational work volume between educational departments in the university. At the same time, 
the algorithm makes it possible to create a decision support system for generating educational 
study streams and initializing academic groups based on the using the human-machine 
procedures. A mathematical model implemented in the form of a discrete set of equations and 
systems makes it possible to obtain, according to given criteria and restrictions, a variety of 
acceptable options for the formation of study streams and groups, as well as calculation of the 
teaching load of a university, from which the decision maker (department of academic activities) 
selects the most optimal option distributions. The following achievements were selected as 
criteria for the optimal formation of study streams and groups: maximizing the distribution of 
classroom funds; the maximum available distribution of the students number in each stream; 
uniform distribution of students across all streams of one discipline; minimizing the study 
streams of each discipline of each type of educational work, taking into account the distribution 
of all remaining vacant positions and due to the limited classroom fund.  

The program for generating educational streams and initializing academic groups was 
developed (Fig. 5). The testing results in the summary table showed the high efficiency of the 
models, their compliance with the established criteria, restrictions and a significant reduction in 
the time for the planning process. The new model showed significant advantages, namely it 
allowed: 

• To reduce labor costs for the process of planning the volume of educational work; 

• To minimize the likelihood of errors; 

• To optimize the use of teaching potential. 
 

 
Fig. 5. Summary table of the program for generating educational streams and initializing academic groups 

The program initializes and seats educational flows of lectures and practical classes of 
students of all courses in all disciplines, including disciplines of the elective component. One 
flow may 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/OC), types of academic work and other criteria. 

This approach ensures a fair distribution of the teaching load, as well as the effective use 
of the potential of educational departments in the interests of its further development. 

 
Discussion  
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This paper has developed a new methodology for solving complex optimization problems 
that arise when modeling and optimizing the distribution of the academic work volume at the 
university. It should be noted that comparative experiments under labor-intensive and time-
limited conditions confirm the effectiveness of this technique in solving problems of distributing 
the amount of educational work across departments of educational programs, which in turn 
contributed to the implementation of high-quality software. Thus, the resulting algorithm 
combines the advantages of already existing algorithms, and its use will make it possible to find 
“optimal” solutions to the problem of generating educational flows in an acceptable time. In 
addition, the proposed algorithm allows us to qualitatively and rationally solve the problem of 
finding the best solution, taking into account a number of criteria and restrictions. Next, a 
functional and mathematical model is created, which served as the basis for the development of 
special software product for automating business processes for distributing the teaching load at 
the university. Thus, the problem being solved is considered as a best approximation problem, 
which reduces to a minimax problem. Moreover, it should be noted that the developed 
mathematical model is unique, since at the moment there are few presented mathematical models 
for the distribution of the volume of university educational work. The results of the study can 
serve as the basis for further research in this area and be useful for the development of a modern 
education system. 

 
Conclusion  
The proposed functional and mathematical models for planning the university's teaching 

load will allow not only to take into account the tasks that must be completed in a strictly defined 
period (for example, planning for the next academic year), but also to implement an even 
distribution of the teaching load during the academic year.  

The considered technology served to create automated planning of the volume of 
educational work of the university, which will significantly reduce time, eliminate errors, and, if 
necessary, quickly make amendments to the plan of the teaching load of the university. 
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