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Abstract: This article deals with the problem of optimal resources allocation in reference to the area that is currently
relevant in the Republic of Kazakhstan, the educational system and management issues in educational organizations in
rapidly changing economic and social conditions. A model for the optimal resources’ allocation in the management of
business processes that exist in educational organizations has been developed using the example of one of the key
business processes. Such research methods as search, survey, Fishbone diagrams and heuristic methods were used. A
computational algorithm was developed and the testing results on the suggested example were presented. Comparative
analysis shows that the developed computational algorithm based on the application of the linear programming method
results in the optimal resources allocation in the considered business process. The analysis of existing methods reveals
their limitations, particularly in dealing with dependent operations. The research findings and approaches have practical
implications for improving the management system and enhancing the quality of business processes in educational
organizations. The algorithms and models developed in this study can be applied not only to solve load distribution
issues among teachers but also to address resource allocation problems in other areas of educational institutions.

Index Terms: Management of Business Process, Educational Process Planning, Information Flows Management,
Algorithm for Optimal Resource Allocation, Distribution of Discipline Credits.

1. Introduction

The optimal resources allocation in various control systems with a given set of constraints is a common problem
and is considered in various areas of human activity. For many years, such application areas of these problems as
economics, transport, mechanical engineering and radio communications have been the most relevant. Currently, due to
the topic relevance of the formation and development of human capital, the educational system and the educational
organization in general are attracting much attention [1]. It is suggested to consider the qualitative development of the
educational organization as a process that requires innovation management. A wide scope of tasks defined by this
problem, the optimal resources allocation for organization management, planning and preparation of the educational
process, a qualitative system for information flows organization and management, is of interest.
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To this date, intensive computerization of various areas of modern society largely determines the introduction of an
information approach to the study and solution of educational problems. At the same time, it is important to build a
strategy for management of business processes in the structures of the educational system, as well as the quality of the
implementation of the information approach to solving such problems. Business processes modernization in the existing
educational system through the introduction of innovative technologies involves the integration of key principles of
educational systems management and their subsequent improvement with the use of an institutional approach, which
makes it possible to timely identify and determine the ways to change the norms and rules of behavior of subjects of
production and consumption of educational services [2]. The resources allocation in the management of business
processes that take place in the modern educational system largely depends on the effectiveness of the innovative
technologies implementation in the educational sphere.

Two areas of human activity have become crucial for the social and economic development of society: the wide
dissemination and use of information technologies in improvement of business processes and the perception of higher
education as a key component of the social and economic basis for the development of the whole society. Regular and
relatively stable transformations in the public area, which are more often based on the obtained information, require
careful study and consolidation of information and competencies already obtained by specialists, and then the study of
the following ones [3]. This implies an increase in the scale of demand, accessibility, and openness of the higher
education system, including the need to master specific competencies throughout life.

Regular changes in social arrangements, which are based on new knowledge and competencies, involve the
correction and adjustments of existing ones, as well as the acquisition of missing ones [4]. This means the need for
further improvement of the higher education system, including the need for training in specific competencies
throughout the entire working activity. This allows saying that a new paradigm, a new model of the higher education
system, which differs significantly from the classical, generally accepted model is being created. New needs of social
development set such fundamental tasks for the higher education system, which have no analogues in the past, since the
solution of such tasks requires a fundamental revision of the teaching strategy, and hence the principles of the higher
education management system [5].

The main objective of this research is to address the problem of resource allocation in educational organizations,
specifically focusing on the distribution of discipline credits to form the teaching load of teachers. The study aims to
develop a model and algorithm for optimal resource allocation, taking into account the unique characteristics and
business processes of educational institutions. The authors hope to enhance the management system in these
organizations by integrating innovative technologies and applying linear programming methods. The main limitation is
the need for a heuristic approach to correct the initial distribution of credits. By improving resource allocation, the study
aims to optimize class scheduling, improve organizational efficiency, and meet the quality criteria established in
educational organizations.

This article deals with the problem of resources allocation in the management of business processes that exist in
educational organizations, using the example of distribution of discipline credits to form a teaching load of a teacher for
a given period. The optimal distribution of discipline credits determines the qualitative formation of the teaching load of
a teacher, which should be considered one of the main indicators in the management system for planning and preparing
information in an educational organization and affects another important indicator, an effective class schedule that
meets the quality criteria established in the educational organization.

2. Literature Review

The educational environment often uses data mining techniques to explore and evaluate teaching performance in
Research scientist N.V. Basha [6] in his scientific work addresses a wide range of problematic issues of building an
effective algorithm for managing scientific activity based on a multidimensional goals hierarchy, which is of significant
practical importance in the context of resource allocation in management of business processes in institutions of the
modern higher education system. The author came to the conclusion that statistical data indicate a significant imbalance
between the costs for the scientific activity and the achieved performance indicators. According to the scientist, the
management of scientific activity is a complex process that can be considered from the point of view of organizing the
activities of a specific higher education system’s organization, in relation to which there is a solution of specific tasks of
building a business process management system of the educational plane. In general, the author’s opinion coincides
with the results obtained in this study, because it emphasizes the importance of finding the optimal algorithm for
scientific activity management in the context of solving priority problems of resource allocation in management of
business processes in educational organizations.

I.G. Asadulina [2], in her scientific study of various aspects of the integration of education and business systems in
the educational space of a modern higher education institution, notes that an important services feature of the modern
education system is that through the provision of educational services, the formation of a wide range of personality
resources and the socio and economic system of the given region. At the same time, both can be implemented by
ensuring the education quality, which the developers of new state standards in the educational system are inextricably
linked to the competencies of future specialists. The topic of competencies came to education from the production
sphere as a result of dissatisfaction, primarily of western employers, with the modern educational practice, and more
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specifically the quality of its educational product, a graduate. Hence, the introduction of the competencies concept can
be considered as an attempt to establish a dialogue between manufacturers and consumers of an educational product to
ensure the education quality and create a unified educational space. Partially, the researcher’s conclusions coincide with
the results obtained in this scientific work regarding the distribution of credits among various groups of teachers, in
accordance with their competencies. At the same time, the question remains debatable regarding the features of
establishing a dialogue between manufacturers and consumers of a particular educational product, since the author has
not identified control criteria and the organization sequence of this process.

R.R. Mulimkhanov [7], in his study of the features of building an effective model of strategic management of
business process in organizations of the modern educational system, notes that the process of complete management of
organizations in the business educational system is an activity aimed at solving specific problems depending on the
established priorities, which is based on the use reference strategies with the designation of characteristic features that
are peculiar only to them, while applying the principles of evaluation and monitoring of the working strategy, which is
based on the balanced parameters system. The scientist’s conclusions complete and expand the results obtained in this
study, formulating an emphasis on the formation of reference strategies for the implementation of specific tasks for
business processes management that take place in modern educational organizations.

A.K. Kazantsev and D.K. Meshkis [3] in a joint scientific study considered a number of problematic aspects of the
business processes modeling of an educational institution based on the modern technologies. The researchers came to
the conclusion that the use of distance learning methods in organizations of the modern educational system has broad
prospects for ensuring high quality of solving the problems of resource allocation in the management of business
processes in educational organizations. According to the researchers, distance learning has earned a great reputation as a
certain alternative to conventional higher education, although it is usually perceived as a variant of distance education.
Without going into disputes about the place of distance learning, they emphasize the conclusion that this type of
learning in a higher education institution is one of the main options for information technology in the context of
fundamental transformations of the higher education system, which contributes to the strengthening and further
improvement of the processes of resource allocation in management of business process in the educational system. In
the context of the results analysis of this scientific work, such a conclusion seems disputable, because the distribution of
the classroom load among teachers of an educational institution with the introduction of distance learning is problematic
due to the difficulty of ensuring the quality control of this process.

L. Taylor [8] in his scientific study considered the issues of the information support of the educational process in a
modern higher education institution, taking into account its specifics and specific business processes that are typical for
the education organization. The researcher came to the conclusion that qualitative information support of the
educational process of a modern higher educational institution is impossible without well-adjusted and coordinated
efforts of a number of responsible persons aimed at ensuring the timely control over the quality and volume of
information entering the educational space of a modern higher education institution. In addition, researchers note that
without achieving a well-coordinated management of business processes in an education organization, it is impossible
to achieve a high level of organization of the educational process as a whole. The conclusions of the research scientist
almost completely coincide with the results obtained in this scientific work, in particular, linking aspects of the
organization of the educational process in the information space of a modern higher education institution with the need
to develop and implement algorithms for implementing the model of optimal resource allocation in order to form the
classroom load of a teacher.

K. Rubenson [9], in his study of modern resource management technologies in the educational space of a higher
education institution focuses on the fact that any significant achievements in the field of management of business
process that take place in the educational space of a modern higher education institution are inextricably linked with the
development and the implementation of the latest software algorithms that allow effectively managing of all processes
in an educational institution. The researcher concludes that the improvement of software algorithms allows dramatically
increase the efficiency of resource allocation in management of business processes in an educational institution, which
has a positive impact on the construction of the educational process in an educational institution as a whole. Thus, the
scientist’s conclusions complete and significantly expand the results of this scientific work, because they emphasize the
importance of developing effective algorithms for distributing the load on teachers during the educational process, and
also indicate the need to organize additional scientific researches within the framework of the mentioned topic.

A team of researchers, represented by A.V. Danilov et al. [5], in a joint study of modern business process
management systems note that the practical application of service-oriented architectures makes it possible to guarantee
coherence in the organization and implementation end of business processes in a modern educational institution. At the
same time, the development and application of a mobile intellectual process control complex based on a scientific
approach with the use of a large number of agents generally expands the potential, guaranteeing a significant
adaptability of business processes in the structure to changing external conditions, high mobility and quality of business
processes in accordance with the final stated tasks. According to researchers, it is these advantages that are achieved by
increasing the system intelligence, applying the experience gained in the functioning of the full amount of data in the
field of organizing business processes in a modern educational institution and providing a high-quality solution to the
problem by many private agents. The conclusions of the researchers do not directly contradict the abovementioned
results, significantly supplementing them in the context of revealing the searching prospects for new opportunities for
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creating dynamic intelligent process control systems based on a scientific approach with the use of a large number of
agents.

3. Methodology

A model for the optimal resources allocation for the business process of forming the teaching (classroom) load for
the academic year in the educational organization, part of the discipline’s distribution (credits for disciplines) to
teachers, based on information processes and quality requirements in a particular higher education institution, has been
developed [10]. The resources of a higher education institution are studied on the example of the International
Educational Corporation. By polling survey of employees involved in this business process (dean’s offices, registrar’s
office, the department of academic policy and quality, the accounting and finance department, the digitalization
department), as well as studying the documents that are freely available on the higher education institution’s website
and provided by the polled employees, relevant data on the types that compile the components of the studied business
process and a set of end resources supporting them has been identified [11-13].

Due to the fact that the business process has many interrelated resources and causes that affect it, a Fishbone
diagram was used to conduct a qualitative analysis, as a tool that allows to identify the main resources of the business
process, key relationships between resources and problems [4; 14-16]. A visual picture of the business process’ analysis
of a higher education institution on the formation of the teaching load for the academic year and factors affecting the
quality of the business process was obtained. The received Fishbone diagram (Fig. 1) contains 5 main resource blocks,
each containing up to 6 levels in its block.

Processes Process
participants

Cases

Flows and groups
optimization >
Planning — Performers
Flexible system of
groups’ attachment to
a discipline
Trilingualism in
education

Rapid response to

Preparation

Users
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Manual loading into the

module Salary human Staffing list

resources management:
in 1C Working curriculum
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Fig. 1. Fishbone diagram of the business process of forming the teaching load of a teacher

The proposed method in this research is based on mathematical modeling to achieve optimal resource allocation in
educational organizations. The model incorporates constraints, assumptions, and objectives specific to educational
institutions. Linear programming methods are applied to optimize the allocation of discipline credits, taking into
account factors such as load distribution, academic degrees, and vacancies. This mathematical model serves as the
foundation for the algorithm designed to implement the resource allocation process.

The algorithm is implemented in software, providing a user-friendly interface for inputting data and running the
optimization process. The algorithm utilizes the developed mathematical model to generate optimized resource
allocation solutions. The algorithm also includes a heuristic approach to correct the initial distribution of credits,
addressing any shortcomings of the initial allocation. The results of the algorithm are evaluated and analyzed to assess
its effectiveness in improving class scheduling, organizational efficiency, and the fulfillment of quality criteria in
educational organizations.

The proposed materials and methods in this research facilitate the achievement of the research objectives by
providing a structured approach to address the problem of resource allocation in educational organizations. The study
utilizes a model and algorithm for optimal resource allocation, which takes into account the unique characteristics and
business processes of educational institutions. By integrating innovative technologies and applying linear programming
methods, the research aims to enhance the management system in these organizations. The use of a heuristic approach
helps to correct the initial distribution of credits, overcoming the limitation of the study. The ultimate goal is to improve
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resource allocation, optimize class scheduling, enhance organizational efficiency, and meet the quality criteria set by
educational institutions.

4. Results and Discussion

4.1. Solution algorithm for the developed model

The following resources are determined: disciplines and teachers that are interconnected, teachers are assigned to
each discipline. The list of disciplines is formed in accordance with the contingent of students in the educational
program and the individual curriculum of a student for the academic year [17]. Each discipline has an assigned number
of credits and is divided into classes types (the form of conducting contact hours), lectures, practical and laboratory
classes. The norms for the correspondence of 1 credit to 1 contact hour and the norms for distribution of credits by types
of classes, depending on the number of credits assigned to a discipline, have been established [18]. A map of study
groups and student flows is formed depending on the course of study, educational program, languages of study and the
classroom fund. In accordance with the list of disciplines, their distribution into types of classes, the established norms
for distribution of credits by types of classes, maps of study groups and student flows, a general hourly fund for an
academic year is formed, which determines the number of disciplines and credits for the academic year, which should
be optimally distributed among teachers. The teaching load of a teacher has given limits, determined by the limit for the
academic year (in credits), determined by the regulatory documents of a higher education institution [1]. The model of
the optimal resource’s allocation for the formation of the teaching load of a teacher in terms of the distribution of
disciplines (disciplines credits):

1. It is assumed that each teacher has his own rating in the discipline (this does not take into account the
distribution by types of classes). The rating is based on certain principles that reflect the quality policy adopted at a
higher education institution and the preferences of a teacher himself in the conduction of this discipline [19]. It creates
loyalty to the business process. In accordance with the rating of a teacher, a priority matrix for each discipline is formed.

2. In order to meet the formed teaching load in order to ensure the class schedule criteria, a standard is drawn up to
assign a certain number of study groups per teacher in a discipline which is determined in credits [20-21]. In the
standard formation model a search method is used that takes into account the number of teachers corresponding to a
discipline in the state, the given classroom fund and shifts in the study time schedule [22].

Conditions for the model are defined:

— first of all, disciplines are distributed to those teachers who have the highest priority;

— the limit of the need for total hourly fund by discipline, by types of classes is adhered;

— the limit of the teaching load of a teacher is adhered,;

— the need of the total hourly fund by disciplines should be equal to the sum of the teaching load of a teacher;

— the remaining need for the total hourly fund by a discipline is distributed in accordance with the principle that as
many disciplines as possible (respectively credits) are assigned to a teacher who has a higher priority.

Mathematical description of the model. The objective function is defined as follows:
where: NP is the number of teachers; ND is the number of disciplines; PRLj is the priority for conducting lecturers by
the i-th teacher in the j-th discipline; PRpj;is the priority for conducting practical classes by the i-th teacher in the j-th
discipling; PRI; is the priority for conducting laboratory classes by the i-th teacher in the j-th disciplice; XL; is the
number of credits for lectures conducted by the i-th teacher in the j-th discipline; Xpj; is the number of credits for
practical classes conducted by the i-th teacher in the j-th discipline; Xl;jis the number of credits for laboratory classes

conducted by the i-th teacher in the j-th discipline.
The function maximum is under limits (2), (3), (4), (5):

?IzplXLij = KPL], ?’:PlXpij = Kpp], ?’zpleij = KPl], ] = 1,ND (2)

where: KPL; is the total number of credits for lectures in the j-th discipline; KPp; is the total number of credits for
practical classes in the j-th discipline; KPI; is the total number of credits for laboratory classes in the j-th.

Y2 (XLij + Xpij + XUi;) * Ri; = NG;,i =1,NP (3)

R. = {1, if i — thteacher can deliver j — th discipline @)

u= 0,if otherwise

where: NG; is the limit of the teaching load of the i-th teacher.
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where: XNL;is the established standard for the class schedule on the number of credits for lectures in the j-th discipline
per teacher; XNpjis the established standard for class schedule on the number of practical classes in the j-th discipline
per teacher; XNI; is the established standard for the class schedule on the number of laboratory classes in the j-th
discipline per teacher.

Table 1 provides an example of a visual interpretation of the priority matrix that determines the rating of each
teacher in each discipline. The following designations are entered for the priority matrix: disciplines — S;, Sy, ..., Snp;
teachers — Ty, Ty, ..., Typ. Priority values take integers in the range from 1 to 10, where "10" means that the i-th teacher
has the highest priority in the j-th discipline in the distribution, "0" means that the i-th teacher is excluded from the
distribution j-th discipline.

Table 1. An example of the priority matrix that determines the preference for discipline distribution between teachers

S1|S2|S3|S4|S5|S6|S7|..][|SND
T1 9 1010 1 10 | 0 1 1
T2 10 | 1 1 2 10 | O 2 2
T3 8 4 2 3 1 0 3 3
T4 0 4 9 4 0 0 4 4
T5 4 10 110 | 6 5 0 10 5
T6 0 9 9 7 0 0 7 6
T7 6 1 4 10 {10 | 8 8 7
TNP | 1 8 0 9 4 1 9 10

In the priority matrix, the same priority values are allowed for different teachers, if the number of disciplines is
bigger than the number of teachers and the priority of a teacher in the discipline does not have the value "0". The values
KPLj, KPpj, KPIj are formed from the total hourly fund document and are calculated by the formulas:

KPLJ'Z Kgpj*KLjy Kij: ng *Kpj‘ KPljz ng *Klj (6)

where: Kg;is the number of groups in the j-th discipline; KL;is the number of credits for lectures in the j-th discipline;
Kpj is the number of credits for practical classes in the j-th discipline; Kl; is the number of credits for laboratory classes
in the j-th discipline; Kgp; is the number of groups that are united in one flow in the j-th discipline. Within the
framework of the task, KPLj, KPpj, KPIj, XNL;, XNp;, XNl;are not calculated, but are set as allowed values.

The algorithm is based on the application of the integer linear programming method and is presented in fig. 2 in the
form of a flowchart.

Data Pl For all standard groups
/ Process 1 from MaxN to MinN

1

Fig. 2. Flowchart of the algorithm for distribution discipline credits to teachers in accordance with the developed model (1)
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In the flowchart each element includes the following description.

1. The "Data" block sets the values:

— the number of teachers and disciplines;

— restrictions of the number of the teaching load limit for each teacher;

— restrictions on the number of credits for each discipline that should be distributed;

— the priority matrix that shows the preference for the discipline’s distribution among teachers;

— the standard for credits distribution to teachers, convenient for the optimal classes schedule.

2. The "Process" block includes the following process: disciplines are divided into groups in the standard value and
are collected in accordance with the same value, MaxN is determined as the maximum standard value, MinN is
determined as the minimum standard value.

3. The "Solution" block includes the following computational steps:

— starting from the group of disciplines that have the maximum standard value (MN), convert the initial data (the
standard, the number of credits for the discipline and teacher’s workload limit) to integer values, replacing the standard
value with "1" and replacing the rest of the initial data with the corresponding values;

— exclude from the distribution the teachers whose discipline priority has the value "0";

— distribute credits for disciplines by the integer linear programming method in accordance with the priority matrix
and in accordance with the obtained restrictions on the load limit and the credit limit for discipline, maximize the
objective function;

— change the obtained results back by replacing "1" with the standard value in this group, save the result;

— reduce the load limit in accordance with the obtained optimal distribution for the corresponding number of
credits.

4. Block "Process 2" includes the following processes:

— calculate the final distribution of credits, summing up the distributed credits for each teacher in the discipline for
each standard group;

— in the case of unallocated credits, these credits are allocated to a vacancy.

A program for solving the algorithm has been developed. The program was tested on an example. The analysis of
the results shows that the developed model provides the optimal distribution of credits by discipline for the formation of
the teaching (classroom) load of teachers.

4.2 Examples of the distribution of discipline credits to teachers

It is necessary to form a classroom load for 15 teachers who need to distribute the maximum number of disciplines
credits from the given credits for 12 disciplines (types of classes are not taken into account). The following restrictions
on the load limit for 15 teachers are set:

i =115NG; = {4,4,5,5,5,6,7,7,7,7,7,7,7,7,7} @)

The total number of credits for each of the 12 disciplines is set:

j=112,KPL; = {2,12,0,0,16,0,2,20,0,1,14, 14} 8)

In accordance with the algorithm, set the allowable standard values for the number of credits for each of the 12
disciplines:

j=T12,XNL; = {1,4,0,0,4,0,2,4,0,1,2,2} 9)

Table 2 shows the priority matrix for the distribution of disciplines among teachers. The table provides a numerical
representation of the preferences for assigning teachers to specific disciplines. Each cell in the table represents the
priority value assigned to a particular teacher-discipline combination. The disciplines are represented by columns
labeled Sy, S5, Sa, S4, Ss, Se, S7, and so on, up to SND (where SND represents the last discipline). The teachers are
represented by rows labeled T1, T2, T3, and so on, up to TNP (where TNP represents the last teacher). The values in the
cells indicate the priority given to each teacher-discipline combination. The higher the priority value, the more preferred
that combination is. In this particular table, the values range from 0 to 10. These priority values can be used as
guidelines or criteria when assigning teachers to specific disciplines. Higher priority values suggest a stronger
preference for a teacher to teach a particular discipline, while lower priority values indicate a lower preference. This
matrix helps ensure that teachers are assigned to disciplines in a way that aligns with their expertise or the desired
distribution of disciplines among teachers.
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Table 2. Priority matrix for the distribution of disciplines among teachers

S11S2|S3|S4|S5]|S6|S7|S8|S9|S10 | S11 | S12
T1 0 9 9 0 7 7 0 0 0 1 1 1
T2 |10 |10 |10 | 9 9 9 8 8 8 0 0 0
T3 3 3 3 101010 O 0 0 0 0 0
T4 0 0 0 0 0 0 0 6 6 9 9 9
T5 6 6 6 0 4 4 0 0 0 0 0 0
T6 7 7 7 0 4 4 110 0 0 0 0 0
T7 0 1 1 0 0 0 0 9 9 8 8 8
T8 0 0 0 0 3 3 0 2 2 10 10 10
T9 0 8 8 0 2 2 0 5 5 0 0 0
T10 | O 0 0 0 1 1 0 0 0 4 4 4
T11 | O 5 5 0 8 8 0 7 7 3 3 3
T12 | O 0 0 0 6 6 0 4 4 2 2 2
T13 | 0O 4 4 0 0 0 0 3 3 7 7 7
T14 | 0O 2 2 0 0 0 0 1 1 6 6 6
T15 | 0 0 0 0 5 5 0 0 0 5 5 5

Table 3 displays the initial data for the credit's distribution in the context of the standard value group "4." The table
consists of two main components: the priority matrix and the load limit. The priority matrix represents the preferences
for assigning teachers to specific disciplines within the given group. In this case, the disciplines are represented by
columns labeled S,, Ss, and Sg, while the teachers are represented by rows labeled T1, T2, T3, and so on, up to T15. The
values in the cells of the priority matrix indicate the priority given to each teacher-discipline combination. These values
range from 0 to 10, representing the preference level. For example, the cell at the intersection of T1 and S, has a priority
value of 9, indicating a high preference for teacher T1 to teach discipline S,. The load limit section of the table provides
information about the number of credits in each discipline. The number of credits for each discipline is represented by
the values in the first row, labeled 12, 16, and 20, respectively. In this case, discipline S, has 12 credits, discipline Ss has
16 credits, and discipline Sg has 20 credits. The standard number of credits for each discipline is represented in the
second row of the load limit section. In this case, all disciplines in the group have a standard number of credits of 4.

Table 3. Initial data for the credit’s distribution for the standard value group "4"

Priority matrix Load
limit, NG;
4

Priority matrix

EIENIEN]ENIEN] ENIEN| ENTENIES Y TGS TG TEN

—

o
= =
Slo|vs|oju|o|m|o|r|N|o|o|w(5|o|®
= =
Hloo|o|o|cm|rk|viwols o5 |V
Blo|r|w|r|~|o|ua|v|o|o|o|o|o|w|o|?

The number of credits in j — th discipline, KPL;
The standard number of credits in j — th discipline,
XNL;

~
~
~

Table 3 contains and visually displays all the initial data obtained by setting the task in the considered example.
After replacing the value "4" by "1" from (7), (8), (9), it will be had:

i=T13,XNL = {1,1,1},
j=13,KPL; = {3,4,5},i = 1.15, (10)
NG, = {1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1}

Further, after solving in the developed program in accordance with the given algorithm, obtained the result of the
distribution of disciplines credits to teachers, which is presented in the form of the diagram in fig. 3.
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Distribution of discipline credits to teachers for the standard value group
lI4II

Credits

m Distribution of discipline
credits to the standard
group "4"

M Teacher load limit

SO P, N W s~ 0o oo N

Teachers

Fig. 3. The result of the distribution of disciplines credits to teachers for the standard group "4"
Thus, authors have distributed credits of the second, fifth and eighth disciplines, where the distribution standard is
"4". As it is shown in the diagram in fig. 3, teachers Tg, Ty, T14 are not allocated with the credits, the rest of the teachers
are allocated with "4" credits. J1 is the value of the objective function after the distribution of credits for the standard
value group "4":
J1 = 7*4+8*4+10%4+6*4+6%4+T*4+9*4+8*4+T*4+6%4+3*4+5*4=328 (11)
Further, perform calculations and distribute the disciplines credits for the standard value group "2", these are the
disciplines S;, Sy, S12, in the initial data the (12) load limit is taken and we maximize the objective function value J2 for
this group:
i =115N¢; = {0,0,1,1,1,2,3,7,3,7,3,3,3,7,3} (12)

Table 4. Initial data for the credit’s distribution for the standard value group "2"
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Table 4 presents the initial data for the credit's distribution problem in the context of the standard value group "2."
The priority matrix in Table 4 represents the preferences for assigning teachers to specific disciplines within the given
group. The disciplines are represented by columns labeled S;, S;1, and S;,, while the teachers are represented by rows
labeled T1, T2, T3, and so on, up to T15. The values in the cells of the priority matrix indicate the priority given to each
teacher-discipline combination. These values range from 0 to 10, where higher values indicate a higher preference. For
example, the cell at the intersection of T1 and S; has a priority value of 0, indicating no preference for teacher T1 to
teach discipline S;. The standard number of credits for each discipline is represented in the second row of the load limit
section. In this case, all disciplines in the group have a standard number of credits of 2.
After replacing the value "2" by "1" from (12), (8), (9) it will be had:
i=13XNL = {1,1,1},
Jj=13,KPL; = {1,7,73}, (13)
i=1,15N¢; = {0,0,0,0,0,1,1,3,1,3,1,1,1,3,1} (13)

From the initial data in accordance with Table 4, for the "2" standard value group authors exclude teachers T3, Ts,
Ty, as having a zero-priority value and not participating in the distribution of credits. The result of calculations in the
developed program in accordance with a given algorithm is shown in fig. 4.

Distribution of disciplin credits to teachers for the standard value group
ll2ll

B Distribution of discipline
credits to the standard
group "2"

Teacher load limit

Teacher load limit, credits

O L N W b~ O oo

Teachers

— N M < O © I~ 0 O
FFFFFFFRFFF

T10
T11
T12
T13
T14
T15

Fig. 4. The result of the distribution of disciplines credits to teachers for the standard group "2"

During this iteration, the credits of the seventh, eleventh and twelfth disciplines were distributed. As the diagram in
fig. 4 shows, teachers Tg, Ty, T11, T1o, T1a, Tys5 are allocated "2" credits, and teachers Tg, T1g, T14 are allocated "6" credits,
the rest of the teachers have "0" credits after distribution. The value of the objective function after the distribution of
credits for the standard value group "2" is:

J2 = 10%2+8*2+10%*2*3+4*2*3+3*2+2*2+7*2+6*2*2+6*2+5*%2=190 (14)
It remains to perform the calculations and distribution of discipline credits for the "1" standard value group, these

are disciplines Sy, Sy, in the initial data the load limit is taken (15) and we maximize the value of the objective function
J3 for this group (Table 5).

i=115N¢; = {0,0,1,1,1,0,1,1,3,1,1,1,1,1,1} (15)
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Table 5. Initial data for the distribution of credits for the standard value group "1"
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In calculations (15), (8), (9) will become:

i =1,15NG; = {0,0,1,1,1,0,1,1,3,1,1,1,1,1,1}

(16)

From the initial data for the standard value group "1", authors exclude the teacher Ty, as having a zero-priority
value and not participating in the distribution of credits. Fig. 5 shows the result after solving in the developed program

in accordance with the given algorithm.
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Fig. 5. The result of the distribution of disciplines credits to teachers for the standard group "1"
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The credits of the first and tenth disciplines were distributed to teachers. As the diagram in fig. 5 shows, Ts, Ts, and
T teachers are allocated "1" credits, the rest of the teachers have "0" credits after distribution, with T,, T,, and Tg
teachers having a load limit before distribution of "0". The value of the objective function J3 after the distribution of
credits for the standard value group "1" is:

J3=3+x1+6+1+10x1=19 (17)
As a result, summing up all the credits after the distribution into the standard groups "4", 2" and "1", obtain the
optimal distribution of credits of 12 disciplines between 15 teachers, which is shown in Table 6. Based on (11), (14) and

(17), obtain the maximum value of the objective function J for the optimal distribution of the classroom load in
accordance with the specified criteria:

J=J1+J2+J3 =328+ 190 + 17 = 535 (18)

Table 6. The result of the credits distribution to teachers during the execution of the solution algorithm for the developed model of optimal resource
allocation by the method of integer linear programming

S S S3 S, Ss Se S; Sg Sq Sio Sit S, Initial load Remaining load
limit, NGi limit, NGi
T,/ 0]0]0|]O0O[4[]0]0]0]O0 0 0 0 4 0
T,/]0]0]J]0O0]O0O]O|JO]J]0O]4]0O0 0 0 0 4 0
T, /]1]0]0|]0[4[0]0]0]O0 0 0 0 5 0
T, ] 0]0]J]0|]O0O[O0O|O]J]0O0O]4]0 0 0 0 5 1
Ts |1 ]14]0]0[0]J0O0]J0O0]O0]O 0 0 0 5 0
T | 0] 4]0]0]0|0]2]0]O0 0 0 0 6 0
T,/ 0]0]J]0O0]J]O0O]J]O|JO]JO0O]4]0O0 0 0 2 7 1
T¢ |/ 0] 0]J]O0O]O0O]O0O|O]JO]O]O 1 0 6 7 0
T /0] 4]0]0]0]J0O0O]J0O0]O0]O 0 0 0 7 3
To| O] O0O]O0O|JO]J]O]J]O]O]O]O 0 6 0 7 1
T, | O] O0O[O0O|JO]J]O]J]O|O0O]4]|0O0 0 2 0 7 1
T,/ 0] O0O]O0O|JO]4]0]0]O0]O 0 2 0 7 1
Ts | O] O0O]O0O|JO0O]J]O]J]O]O0O]4]|0O 0 0 2 7 1
T, | 0] O0O]O0O|JO]J]O]J]O]O]O]O 0 4 2 7 1
Ts| O] 0] O0O|O0O]4]J]0]0]O0]O 0 0 2 7 1

In accordance with the results obtained, in the course of the calculations, Table 6 data show that the credits of all
disciplines are fully distributed, the limit of teachers Ty, T7, Tg, T10, T11, T12, T13, T14, T15 has not been collected, and the
rest of the teachers have used the limit in full. On the considered example, the work of the developed program was
tested and a plan for the distribution of discipline credits to teachers was issued, and the model was implemented: all
discipline credits were mastered. In order to confirm the optimality of the obtained plan for the credit’s distribution with
the use of the solution algorithm by the method of integer linear programming, the comparative analysis method was
chosen. A second computational algorithm has been developed that solves the distribution of discipline credits to
teachers based on the least costs method, when first the discipline credits are distributed to teachers with a priority value
of "10", then "9", and so on up to "1". With this solution algorithm, the results for the considered example are shown in
Table 7, and the value of the objective function: J = 450.

Table 7. The result of the credits distribution to teachers during the execution of the solution algorithm for the developed model of optimal allocation
of resources by the least cost method
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In a comparative analysis, it can be saw that with the developed algorithm with the use of integer linear
programming, the value of the objective function (18) is higher by: 535 - 450 = 85 than with the algorithm with the use
of the least cost method. Thus, the algorithm with the use of integer linear programming is chosen to implement the
model of optimal resource allocation for the formation of the classroom load of a teacher in terms of the distribution of
disciplines (discipline credits) between teachers under the given restrictions.

5. Conclusion

This research significantly advances the field of resource allocation in educational organizations by developing a
model for optimal resource allocation based on resource analysis and the business process of forming the teaching load
for the academic year. The study formulates restrictions, assumptions, and presents an algorithm and software product
for implementation. The conducted studies validate the effectiveness of the developed algorithm in correcting the
distribution of credits in the teaching load of teachers, especially in cases of unallocated discipline credits. The research
highlights the importance of using a heuristic approach to address such situations, considering factors such as
distributing credits to teachers with the fewest load and assigning credits to teachers without academic degrees or
vacancies. Additionally, the study identifies challenges related to maintaining the integrity of assigned credits for a
discipline when considering different types of classes. These findings and approaches have broad applicability in
educational organizations, offering opportunities to enhance the management system and improve the quality of
business processes.

The scientific justification for this work lies in the need to optimize resource allocation in the face of changing
economic and social conditions in the educational system. By developing and implementing a computational algorithm
based on linear programming methods, this research offers a systematic and efficient approach to address resource
allocation challenges. The research fills a gap in the current knowledge by providing a model tailored to the specific
needs and business processes of educational institutions. Moreover, the study emphasizes the practical relevance of its
findings, as the developed algorithms can be applied not only to resolve load distribution issues among teachers but also
to tackle resource allocation problems in various areas of educational institutions.

Further uses and extensions of this research can be explored. The model and algorithm developed in this study can
serve as a foundation for future research on resource allocation in educational organizations. Extensions could include
refining the heuristic approach for correcting the initial distribution of credits or expanding the scope to consider other
resource allocation challenges in the educational sector. Additionally, the applicability of the model and algorithm can
be examined in different contexts or educational systems, considering the unique characteristics of specific institutions.
Ultimately, this research opens avenues for continued exploration and improvement in the field of resource allocation in
educational organizations, contributing to the advancement of management systems and the overall quality of business
processes.
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