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The paper examines the problems of scheduling
classes in higher educational institutions in the
conditions of the Bologna education system. An
analysis of the specific problems of scheduling
classes and their comparison with the classical
form of education was carried out. The methodol-
ogy takes into account the specifics of the Bolo-
gna system, which provides the possibility of in-
dividual selection of disciplines for the semester,
drawing up a personal schedule of classes and
choosing teachers. To implement this methodol-
ogy, a three-stage approach to planning class
schedules in the credit education system, a model
of “hard” and “soft” restrictions, as well as an
algorithm for generating a schedule in interactive
mode are proposed. The developed system en-
sures the construction of an acceptable schedule
and, to the greatest possible extent, its efficiency.
The result of the program is two schedules: indi-
vidual schedules of teachers and all subgroups,
including students enrolled in them.
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AUTOMATED SCHEDULE SYSTEM
FOR UNIVERSITIES UNDER
THE BOLOGNA EDUCATION PROCESS

Introduction. The Bologna Process is an intergovernmen-
tal initiative aimed at creating a European Common Edu-
cational Space. The process started in June 1999 in Bolo-
gna (Italy), when representatives of 29 countries signed the
Bologna Declaration. To date, 48 have already become par-
ticipants in the Bologna process. The Bologna education
system is aimed at bringing higher education to unified
standards and creating a unified educational space [1-4].

One of the important areas of the Bologna Process is the
European Credit Transfer System (ECTS), which aims to
increase the comparability of national education systems.
The main feature of the credit system in education is its
ability to quantify the volume and level of knowledge of
students during their studies in bachelor's, master's or doc-
toral programs. ECTS ensures the availability of higher ed-
ucation under a unified system, the mobility of students and
teachers, the recognition of their academic qualifications
and periods of study abroad, and allows credits received at
one higher education institution to be counted towards ob-
taining qualifications at another university and even in an-
other country [5-12].

An important component of any form of training is the
availability of a high-quality class schedule. With the be-
ginning of each semester, educational institutions are faced
with the problem of scheduling classes and assigning class-
rooms for them [13-15].

When creating a class schedule, there are many require-
ments and constraints that must be taken into account in
terms of time, space and types of resources such as number
of teachers, students, classrooms, classroom capacity, la-
boratory equipment in the classroom, variety of subjects
studied, wishes of teachers and students, and many other
factors [16-17].

Scheduling classes for both the classical form of educa-
tion and the Bologna process of education is a complex
planning problem in which the schedule must be organized
in available time slots along with limited resources (teach-
ing staff, classrooms, laboratory facilities, etc.) and a vari-
ety of requirements (medical, organizational, pedagogical),
wishes of teachers and students. Finding such a solution is
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quite difficult, because an attempt to take into account absolutely everything usually leads to conflict situa-
tions. But the extent to which the compiled schedule satisfies the restrictions and requirements, and also
takes into account the wishes of teachers and students, i.e. the quality of the schedule depends on the quality
of the educational process as a whole. Many universities have their own specific requirements, taking into
account the capabilities of the teaching staff and classroom facilities [18-19].

An important difference between scheduling for the Bologna learning process and the classical one is
as follows. The scheduling of the Bologna form of training is carried out iteratively. Each iteration consists
of three stages. At the first stage, a draft class schedule for teachers is formed, at the second stage, students
draw up their classes taking into account the teachers’ schedule. The third stage consists of a joint assess-
ment of the received schedules of teachers and students. If a large number of students could not be included
in the teachers’ schedule or the teachers did not have groups, then a return to the first stage occurs — the
teachers’ schedule is adjusted.

Note that even for the classical form of training there is not yet an algorithm for optimizing schedules
taking into account absolutely all requirements criteria for real cases. This work sets the task of drawing up
such a schedule, taking into account the requirements of the Bologna training system, which will avoid
conflicts and will take into account more significant restrictions and the most important preferences.

Taking into account a significant amount of input information and a large number of constraints and
requirements, the task of scheduling training sessions is a complex combinatorial multi-criteria problem. As
is known, this problem, like many other problems of planning and distributing work, belongs to NP-com-
plete problems of discrete mathematics.

As is known, both mathematical and heuristic methods are used to solve such scheduling problems. The
paper proposes a heuristic algorithm based on the “traffic light” principle in an interactive mode of opera-
tion.

Due to the significant differences between the credit education system and the traditional one, there is
a need to develop special algorithms and software designed specifically for use in educational institutions
with a credit education system.

The main goal of this article is to develop a full cycle for creating class schedules, starting from enrol-
ling students in the chosen discipline and ending with obtaining ready-made schedules taking into account
the requirements of the Bologna training system. In chapters 1 and 2, the problem is stated, a description of
the credit education system is given, its features are given, and the process and stages of creating schedules
are proposed. Chapter 3 describes the requirements and restrictions for schedules, chapter 4 provides their
mathematical model, chapter 5 describes how to create a schedule evaluation function, chapter 6 provides a
description and protocol of the scheduling process.

1. Problem statement

When creating a class schedule “manually”, it is necessary, first of all, to have qualified specialists who
have experience in creating a schedule in a given educational institution, a lot of time spent on preparing a
large amount of input information, and monitoring (checking) the finished schedule. At the same time, as a
rule, there is no guarantee that the result will be at least an acceptable solution, not to mention its optimality
to some extent.

The solution to this problem is to automate this process. Many packages have been developed for sched-
uling classes in educational institutions. We won't go into detail about them, but the problem is that they are
all designed to create a class schedule for the traditional education system. Just as the credit education sys-
tem itself differs greatly from the traditional one, the organization of the educational process and, accord-
ingly, the principle of scheduling classes and the restrictions imposed on it change significantly.

With the Bologna form of education, two schedules must be created: a teacher schedule and a schedule
for temporarily formed groups of students on a subject basis. The input information for students' schedules
are their chosen disciplines included in their academic course and the teachers' schedules for their chosen
subjects.
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The disciplines studied have different credit prices and are divided into compulsory, optional disciplines
from a list specified for a given specialty, and free choice outside this list. Moreover, if at the beginning of
training, compulsory subjects predominate in the list of selected subjects for students, then later the ratio
changes, disciplines can be chosen from other specialties or even faculties, and the spread in the choice of
subjects becomes very large. An important feature of the credit education system is that each student has a
personal schedule of classes, which allows students to effectively manage time. By clearly defining the
workload of each course, students can plan their schedule and allocate time accordingly. The composition
of students in the formed groups is not stable and, as a rule, the composition of the groups changes every
semester. This leads to the fact that it is difficult to find a good solution for the timetable and it is impossible
to create an “almost” static timetable valid for each year, with minor changes, as is possible with the tradi-
tional education system.

From this it is clear that for creating a schedule of classes in universities under the conditions of a credit
education system, software tools developed for similar tasks under the traditional education system are not
suitable. For the credit education system, there are no timetable software systems that have proven them-
selves positively in various universities.

Taking into account the above, there is a need to develop methods, algorithms and a software applica-
tion for creating a class schedule in universities with a credit education system, covering the entire process
of creating a class schedule: from registering students in groups by subjects and teachers, creating a schedule
of teachers according to their workload, registering students in groups by subjects and teachers, taking into
account the necessary control over the possibility and admissibility of student wishes and until ready-made
schedules are received.

2. Scheduling process

Features of the asynchronous learning system. Studying at a university under the traditional educa-
tion system, which is also called synchronous, begins with the formation of study groups, the composition
of which, with rare exceptions, may not change until graduation. Within one specialty, all students study
according to a single curriculum, scheduled by year of study and each semester. The class schedule is strict
and mandatory for the entire group.

The Bologna education system is based on asynchronous learning. “Asynchronous” means that objects
or events do not occur simultaneously, i.e. that different students may participate in the same event, but at
different times.

Asynchronous learning is a way of organizing the educational process in which students, within certain
limits, have the opportunity to individually plan their studies according to their own schedule. This allows
you to build training in a scheme convenient for each student at a pace that suits him, which he can change
within the framework of the academic course and credit requirements. With asynchronous learning, the set
of disciplines studied is determined not by the year of study, but by the choice of the student. Students who
entered the same specialty or direction in the same year do not all study together and according to different
individual plans, i.e. asynchronously [20-22].

Principles for designing an asynchronous schedule. In universities that operate a credit education
system, both the principles and the process of creating a schedule differ from those in traditional educational
institutions.

The university provides each student with a curriculum for the entire period of study, indicating the
terms of study for each subject, i.e. the number of credit units that a student must spend to master this
discipline.

One of the main stages of this is the enrolment of students in subject groups. Until then, students must
enroll for the upcoming semester and submit an online application with a list of all the disciplines they want
to study. The Dean’s Office verifies these applications for student eligibility for each subject, based on
consistency requirements in the study of each subject, and receives a forecast of student demand for certain
classes.
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Then the dean's office begins to draw up a class schedule. This process is broken down into the follow-
ing steps:

— analysis of the list of disciplines chosen by students for the current semester, in particular check-
ing that a large number of applications have been received for the discipline than the university
can provide with teachers and classrooms;

— appointment of teachers for planned disciplines;

— determination of the flow quantity, which is limited both from below and from above;

— distribution of classes in acceptable time intervals;

— assignment of classrooms for classes held in a traditional (of-line) format.

Note. Many universities use on-line teaching as a form of education in any subject. In this case, the

only difference is that there is no need to assign an audience.

After this, students are given a period of time (“window”) to register in order to select courses for the
upcoming semester. Registration of students for each discipline and teacher chosen by them occurs strictly
in the order of application. Student applications are processed for eligibility for this subject by coordinators
and, if approved and if there is a place in the group of a particular teacher, the student is enrolled in the
course. After this, the student can begin to draw up his personal schedule in accordance with his capabilities
and needs. Thus, the teachers' schedule is the input to the students' schedule. When the upper permissible
limit for the number of students in a group is reached, the registration process for the desired discipline
stops. Classes in a discipline for which the number of registered students is less than the lower limit will be
canceled and in the future this subject for this teacher will be excluded from the schedule. If the same course
is taught by several teachers, then the student, if desired and if there are free places, can enroll in it. Other-
wise, transfer the study of this discipline to the next semester (if it will be taught again in the current aca-
demic year), or to the next academic year.

When the upper permissible limit for the number of students in a group is reached, the registration
process for the desired discipline stops. Classes in a discipline for which the number of registered students
is less than the lower limit will be canceled and in the future this subject for this teacher will be excluded
from the schedule. If the same course is taught by several teachers, then the student, if desired and if there
are free places, can enroll in it. Otherwise, transfer the study of this discipline to the next semester (if it will
be taught again in the current academic year), or to the next academic year.

As you can see, the process of creating a class schedule consists of several stages and as a result, two
types of schedules are created: first, the teachers' schedule must be created and the classrooms assigned for
classes, and only after that the students are registered and each student creates his own schedule. Naturally,
the classic composition of “hard” and “soft” restrictions imposed on the schedule will also change.

3. “Hard” and “soft” constraints on the class schedule

Depending on whether the restrictions are mandatory or desirable, they are classified as “hard” and
“soft” respectively. “Soft” and “hard” restrictions are fundamental elements, the consideration of which is
important both for creating a high-quality schedule and for the normal functioning of the educational process
as a whole.

“Hard” restrictions are the main elements of the schedule and must be observed without fail. If any of
the “hard” constraints cannot be successfully met, then the schedule is rejected.

A schedule that satisfies all the "hard" requirements is a valid schedule.

The degree of optimality of the compiled admissible schedule depends on the fulfillment of “soft” re-
guirements in it, which can be violated, but must be fulfilled to the maximum extent possible to improve the
quality of the schedule. The list of “soft” requirements in educational institutions may be different.

Restrictions on teachers' schedules. “Hard” restrictions are the need to meet the following require-
ments:

— implementation of the entire planned curriculum by teachers;
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— the total number of classes assigned in each time period should not exceed the permissible class-
room fund of the university;
absence of problems for teachers in terms of time and space, namely:
— each teacher may teach in only one classroom during each time period,;
— each classroom in each time period can be assigned only for one lesson.
“Soft” restrictions consist of taking into account the following requirements:
— the assignment of classes must correspond to the work schedule of the educational institution;
provision of classrooms with special equipment;
location of classrooms and their capacity;
— taking into account the wishes of teachers.
There are also wishes from students regarding the teachers’ schedule:

— equal allocation of hours for each subject during the school week;

— lack of overlap by time periods of compulsory subjects, which limits students' choice.

Restrictions on students’ schedules. Due to the fact that each student forms his own schedule based
on his wishes, needs and opportunities, using the already prepared timetable of teachers, there are no re-
strictions to their already formed individual schedules, control is carried out at the stage of their registration
for courses.

Requirements at the stage of student registration. The following requirements must be met for the
successful registration of students for the selected disciplines:

— each student at each time period can be in only one class;

— the number of students in the formed groups of students must correspond to the established number;

— maintaining the sequence of studying disciplines when creating individual educational programs for
students;

— the number of disciplines during the school day should not exceed the restrictions and medical
standards available in the educational institution;

— compliance of the number of declared courses with the established norm;

— compliance of the declared subjects with the program of the chosen specialty.

Note. The last two requirements can only be slightly violated with the permission of the faculty leader-
ship.

Due to the fact that each student creates his own schedule, based on his wishes, needs and capabilities,
using the teachers’ ready-made schedule, there are no “soft” restrictions on their individual schedules.

4. Statement of the task of scheduling classes at the university

Basic notation used in the task. To describe the restrictions in the formulation of the problem of
scheduling classes at a university, we introduce the following notation:

J —many classes: (lectures, seminars, laboratory classes) in all subjects;

R4, Ry, R; — set of resources: respectively, teachers, students, classroom fund, R = R; U R, U R3;

T = UZ, T; - set of time periods per week in which classes can be held, D — number of school days
during the week;

C — is a set of restrictions, consisting of two subsets, C = C; U C,, where C; is a set of “hard” re-
strictions, C, is a set of “soft” restrictions.

Let us note that all educational institutions, as a rule, consist of faculties, which are their composite and
fairly independent constituent units. Educational processes in faculties are organized almost independently
of each other, not counting a small number of common classrooms and common departments conducting
classes in different faculties.
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The task of scheduling classes is to assign for each of the classes from the set J the available time
intervals from the set T and the available resources R so as to fully satisfy the “hard” constraints C; and, to
the maximum possible extent, the “soft” requirements C,.

To specify the formulation of the problem, we introduce the following notation.

F is the set of the codes of the faculties of the educational institution, f F is code of the faculty.

C — set of department codes of an educational institution, c eC is code of the department.

P is set of teacher codes of the educational institution,, p P is teacher code.

S is the set of codes of students studying at the educational institution, s €S is the student code.

J — set of codes of disciplines studied in an educational institution, j e/ — discipline code; some disci-
plines must be studied in a certain order — each element j ] corresponds to the set B/ — the set of discipline
codes immediately preceding the study of the discipline with code j. The sign of successful passing of exams
in disciplines from the set B/ by a student with code s is reflected in the set L/S. If discipline with code j
does not depend on others, then B/ = @. Classes are held in classrooms with the following characteristics:

K — number of educational buildings, k eK— code of educational building;

A = U Ay, — set of classroom codes in the educational building with code k, a,, €Ay — code of the g-th
audience in the educational building Ay;

VK4 is the capacity of the classroom with code ayq In the academic building with code k;

c% is the code of the department that owns the classroom with code ayq in the academic building with
code k.

Considering that when conducting classes in some disciplines, special equipment is required, we intro-
duce the following notation:

Z — many codes of types of specialization of audiences, zeZ — code of type of specialization of audi-
ence; z%% — code of type of specialization of audience ayqin educational building with code k.

To describe the educational process at the university we use the following notations:

D — set of school days during the week, d €D — number of the day of the week.

T — set of possible time periods during the school week, t €T, — time intervals in day d,

Ty={dx(m—(m-1)),d*(m —(m—2)),..,d*m}, (1)
where m is the maximum permissible number of time slots per school day.

On each day d, the first lesson is determined by the formula:

tga =d*(m—(m—1)), )
the last is by the formula:
td,m =d *m. (3)

The mathematical model of restrictions and requirements for class schedule is formulated in terms of
integer linear programming.

Restrictions on teachers' schedules. The following “hard” restrictions on the teachers’ schedule in the
mathematical formulation of the schedule optimization problem stipulate the following constraints of the

type of equalities and inequalities.
Each p-th teacher in each time period t, regardless of the audience and subject, can conduct no more

than one lesson:
Fl(x)=ZZxZ{S1, VpeP,VtET, (4)

je] a
the binary variable xfcf is equal to 1 if the p-th teacher conducts a lesson in j — that discipline in time period
t in a-th audience, and 0 — otherwise.
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No more than one lesson may be held in each a-th audience in each time period t:

Fz(x):Zfo; <1, Va€eAVteT. (5)
jel p
The total number of classes assigned during the time period t cannot exceed the university’s classroom
fund:
F3(x)=|A|—ZZx§’,{zo, VteT. (6)
p

During the study week, each teacher is required to complete all the classes planned for him:

R =) ) > - =o0, @)

JEJ a€A teT
PJ] = {P_]p,j: pEP,jE ]} — given matrix of planned classes of the p-th teacher, p €P.

The following “soft” requirements imposed by teachers and students, and some conditions desirable for
the successful conduct of classes in a single-criteria or multi-criteria schedule optimization problem, stipu-
late the possible criteria for assessing the quality of the class schedule given below.

Minimizable function that numerically evaluates the failure to fulfill the wishes of teachers who indi-
cated school days and time periods undesirable for assigning classes:

6= ) Y w0, ®)

peP teT
wP is the amount of the fine depending on the status of the teacher with code p, the binary variable 0172’ is

equal to 1 if the teacher with code p does not want to conduct a lesson in time period t, and O otherwise.
Minimizable function, numerically estimating the number of «windows» for all teachers:
tam
G,(x) = 2 2 Z xta (t 1)b| Va,b eA. 9
DPEeP je] t=tg1+1
Minimizable function, numerically estimating the number of transitions of teachers between academic
buildings:
td,m
Go=)wr > et 93|, (10)
pPEP t=tg1+1+1
where @52 is the code of the educational building in which the teacher with code p conducts a lesson in the
time period t, wP is a value depending on the status of the teacher.
Function caused by the uneven distribution of disciplines studied during the school week:
Go(x) = (0,77 + 0,7 )—1<0, je]pePteT, (11)

the binary variable Ozfj is equal to 1 if a teacher with code p is assigned a lesson in a discipline with code

j in time period t, and 0 otherwise.
A function stipulated by the degree of non-divorce (non-distribution) of compulsory subjects over dif-
ferent time periods:

if 03”, 03jn are compulsory subjects, then the following condition must be met:

Gs = Z Z|0h oJr

JiJn€J teT

(12)

=0,
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binary variables 03{i, 03{" are equal to 1 if academic disciplines with codes j', j" are included in the schedule
in time period t, and 0 otherwise.

In each time period t, the number of students scheduled to study a specific discipline with a specific
teacher should not exceed the capacity of the audience assigned for this lesson:

Golr) = ) ) — vk < g4 VK, (13)
SES
where p eP, j €], the binary variable y’ is equal to 1 if a student with code s must be present at the lesson
in the time period t, 0 — otherwise, € is the permissible value of the number of students exceeding the number
of seats in the classroom ( €€[0,0,1]).
If the audience with code a is assigned to the department, then for (c?* # 0) the following condition
must be met:

G,(x) = ¢ — <p1fj =0, (14)

where <p1fj is the code of the department whose teacher with code p conducts a lesson with code j in time

period t.
If a specialized audience is required to conduct a lesson in a discipline with code j, then the following
condition must be met:

Ga(x) = @] — 29¥ =0, (15)

where (pzi is the code of the type of audience that is required to conduct a lesson in discipline with code |
in time period t.

Control over student registration. Teachers' schedules that have been generated and verified, indicat-
ing the academic discipline being taught, the time of classes and, possibly, the assigned audience, appear on
the website of the educational institution. After this, a “window” opens for students to register for their
chosen courses. The disciplines chosen by the student during the registration process are monitored for
belonging to the chosen specialty, the number of credits established by the regulations, and the admissibility
of the number of formed groups. Mathematical description of these requirements.

Each formed group of students in the same time period can only attend one lesson with one teacher:

Sl(y)=2y§’tj <1 VSESVpEP, Vj€E]. (16)
teT
At each lesson, the number of registered students should not exceed the number of students established

for this lesson, Qﬁ{;lx — the maximum number of students scheduled for a lesson on studying the subject with
code j, conducted by the teacher with code p.

200 = ) (Qax = ¥E) 20, VEET,vpePvj€].
SES
Control of order in the sequence of studying disciplines, namely, if B'# &, then a student with code s
can start studying a discipline with code I, which is an element of the set B/ with number i >1:
S =@ -1 =0, 7 erR" (18)
The number of disciplines studied during each academic day d should not exceed the recommended

medical or norm established in a given educational institution or faculty — &
tam

S.(y) = Z yb <6, vseSvpeP,vje]. (19)

tztd,l

17)
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Control of the established norm of loans with of a student with a code s for the current semester:
Ss(y) = (Credit;,,, — Credit®) > 0, Vs € S. (20)

Credity,q, — the maximum number of credits for which a student with code s can register, Credits —
the number of credit units that a student with code s wishes to take.

5. Formation of the schedule evaluation function

To assess the quality of teachers' class schedules, an objective function is formed. To assess its value
for a specific schedule in the conditions of the credit education system, there are specific features that are
influenced by two factors: the number of teachers who did not form groups, but who were present in the
schedule, and the number of students who were unable to enroll in the chosen discipline due to lack of free
places or due to the fact that several compulsory subjects are scheduled for the same time period.

Let wy, be the value of the weighting coefficient that determines the influence of unformed groups and
flows of the p-th teacher included in the schedule on the quality of the schedule, and K, be the set of such
teachers; w; is the value of the weighting coefficient that determines the impact on the quality of the sched-
ule of the s-th student who is not enrolled in the classes they have chosen, and K; is the set of such students.
The specified coefficients are assigned by experts.

The objective function for estimating the schedule relative to teachers has the form:

Clx,y) = Z wy + Z W. (21)

PEKp SEK;

The value of the objective function for the formed teacher schedule is important both for the next stage
— the formation of the student schedule, and for the educational process as a whole. Both terms of the ob-
jective function (21) should be analyzed and compared with the results of previous semesters. Its meaning
characterizes the workload of the educational process for both teachers and students. The second term of
formula (21) indicates an insufficient number of teachers included in the process, or the poor quality of this
schedule.

As mentioned above, the scheduling process is iterative. At the third stage of the next iteration of draw-
ing up the class schedule as a whole, depending on the value of the quality criterion of the compiled schedule
(20), it is possible to return to the stage of adjusting the class schedule for teachers. Therefore, in this case,
it will be necessary to carry out the second stage of adjusting (inclusion) of students’ classes in the teachers’
schedule.

6. Interactive scheduling mode

From a mathematical point of view, the problem of constructing an optimal training schedule is quite
complex, since it belongs to the class of so-called NP-hard multi-criteria optimization problems [23-25].
Many approaches to solving this problem have been proposed, both exact mathematical algorithms and
heuristic methods.

Among the mathematical methods, the best known are the “simulated firing” method, “graph coloring”,
genetic algorithms, methods of linear integer programming, constraint logic programming, greedy algo-
rithms, and the branch and bound method [26-28]. The direction associated with the search for effective
heuristic methods for solving the problem of scheduling classes at a university has received widespread
development.

Given the large amount of information and many requirements and constraints, no method can provide
an accurate solution to such problems in polynomial time. In addition, it cannot be ruled out that it will not
be possible to meet absolutely all “soft” requirements and restrictions. The generated schedule must satisfy
most of the requirements, restrictions and wishes of everyone involved in the educational process.

We have presented a model for scheduling classes at a university in an interactive mode. The interactive
scheduling mode combines automatic scheduling, i.e. the program takes on all control of requirements and
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restrictions, with the interaction of the system with the user-dispatcher responsible for scheduling. The user
sees the entire scheduling process and has the opportunity to intervene in this process at certain stages. To
do this, it is provided with a convenient interface [29-30]. This approach is more convenient than fully
automated scheduling, which often has to be modified manually after the program is completed.

The developed system consists of three subsystems:

1. Drawing up a schedule of classes for teachers.

2. Registration of students for their chosen disciplines.

3. Assessing the quality of the schedule.

The input information for the teacher schedule consists of all the necessary background information
and operational information, which is presented in two documents:

1) the teacher’s workload for the upcoming semester, agreed with the dean’s office (Fig. 1);

2) wishes of teachers, which indicate days and hours undesirable for conducting classes, with prefer-
ence given to third-party teachers, i.e. invited from other faculties of this university or from other
universities (Fig. 2).
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Subject | Lesson type Hours ‘ ~ Wednesday Thursday Friday
4 Physics Lecture 3 o
onda
Physics Laboratory 5 Honday
Mathematical analysis Seminar 4 8:30 B
i i i 4
Mathematical logic Seminar 10:15 r
Algebra Seminar 4
12:00 r
13:50 r
15:35 r
v
17:20 i
RSk + Check ‘ + Check selected roew ‘ « Check All ‘ — | — |
Uncheck ‘ Uncheck selected rows ‘ Uncheck All ‘
FIG. 1. Scheduled classes for the semester FIG. 2. Teachers' wishes regarding

the timing of classes

The developed system is based on the so-called “traffic light” principle. After selecting a teacher, a
document with his load for the academic period and a class schedule form for the selected teacher opens on
the display screen (Fig. 3). The size of the schedule table (number of rows and columns) corresponds to the
work schedule of the educational institution (number of days of the school week and the maximum number
of time intervals).

Table cells have traffic light colors. Classes are assigned using the “drag and drop” method. Having
selected the desired activity and grabbed it with the mouse, the employee responsible for scheduling places
it in an accessible table cell. The availability of a cell is determined by its color. Green color is the best
option for the chosen activity, because in this case, all types of restrictions are met — both “hard” and “soft”.
The yellow cell is also available for assigning an activity; the “hard” restrictions are fully satisfied, but some
of the “soft” restrictions may be violated. The red cell is not available for the selected activity, because
“hard” restrictions have been violated.

When you select a yellow cell, the system informs you about the “soft” requirements that have been
violated and how much this affects the quality of the schedule. If the table has several cells colored yellow,
you can select the one in which the assigned activity will least degrade the quality of the schedule.
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7 Schedule by teacher - [m] *
- Applied mathematics “ Group | Potok | Subject | Lesson type | Hours per week IAppointed hﬂursl "

'g‘aé”’“ad”" 8080 Physics Lecture 3 3
-Balayeva T

¥ 114 Physics Laboratory 3 0
- Ahmadov —
-Suftanav » | Mathematic analss semmar 4
Babayev 112 Mathematical logic Seminar 4 2
- Azizova 114 Algebra Seminar 4 4
- Zeynalov
- Salmanov
Akberova

- Informatics v v
8:30 10:15 12:00 13:50 15:35 17:20
geb Physics
Lecture
Monday
Tuesday Algebra Mathematical analysis
Seminar Seminar
Wednesday Mathematical logic
Seminar
ey --
Friday --
< >
#|al i

FIG. 3. Teacher's class schedule

To assign premises for classes, the system provides information about classrooms available for a given
time period, indicating their capacity, affiliation and specialization (Fig. 4).
If the selected audience does not satisfy some of the audience fund control criteria, then the final deci-

sion is left to the user, and he takes
audience.

responsibility: take this audience or repeat the search to select another

B Audience selection - O =

Fi=g Volume 50
IHDusing 2 j ﬂ
Auditoriya
(100s  RAN

Specialization

Computer

Execute Close

FIG. 4. Audience selection

After all classes have been assigned the teachers' schedule has already been formed. Then the second
stage begins — students form their schedule. At the allotted time, they must register for the disciplines that

ISSN 2707-4501. Cybernetics and Computer Technologies. 2024, No.1

85



K. AIDA-ZADE, R. ISMIBAYLI, S. RZAYEVA

interest them. The disciplines chosen by the student are tested for “admissibility,” i.e. whether he has the
right to study this subject.

If the requirements are not met, the student is informed about this. The student's schedule, which satis-
fies all the “hard” restrictions, is displayed on the display screen (Fig. 5).

B Student Registration - [m] X

Student Registration

Subject Code|  Teacher Building LectureHaII‘ Day ‘Time|Quantity(PIan)‘Registered‘ ~

3 2201 | Azizova Housing 1 1002 Monday 10:15 25 23
Metwork operating systems 2202 Balayev Wednesday 12:00 20 12
Informatics 2001 Mammadov Housing 2 1005 Thursday ~ 10:15 25 25
Algorithmic lanquages 2009 Isayeva Tuesday 13:50 25 25
Informatics 2001 Azizova Housing 1 1002 Friday 10:15 30 19
Computer networks 2205 Isayeva Friday 10:15 15 15

FIG. 5. Student schedule

In the event that there are no available places for the chosen discipline, students have the opportunity
to register in the supplementary list and if for any reason there is a vacancy, the information is transferred
to the main list in order of queue.

In general, the scheduling process is iterative, and at each iteration it is a two-stage process. As men-
tioned above, at the first stage, teachers themselves, or in agreement with them, set a schedule for the sub-
jects they teach, indicating the time they will be taught; at the second stage, students draw up options for
their schedules, on the basis of which they are included in groups to study selected subjects with specific
teachers.

If, based on the results of the first iteration, a large number of teachers did not form groups (streams),
i.e. the number of enrolled students is less than normal, then the reason may be either an inconvenient
schedule or a lack of demand for this subject. In the first case, the dean’s office together with the teacher
can change the time of the lesson to a more convenient one for students, taking into account the already
formed class schedules of other teachers, and in the second, cancel the lesson and exclude it from the sched-
ule.

If a large number of students were unable to enroll in the subjects they had chosen, either because the
registration “window” was closed, or because the groups were overcrowded, then it is possible to assign an
additional teacher in the relevant subject and include them in the schedule, again taking into account the
already formed schedule. In addition, the location of the class may be changed if the number of students
enrolled in the course exceeds the expected number and the allocated classroom cannot accommodate the
number of students enrolled. This may mean that class days and times may also change. Accordingly, stu-
dents also have the opportunity to adjust their schedules and join groups to study the subjects of their choice.

The work of the system is carried out during the semester, because students on individual results can
apply to the dean’s office and change the selected subject. Deans' offices must carefully review their sched-
ules every semester to ensure that students have access to the chosen subjects. This will also allow the most
effective use of space in the days of the week and throughout the time.

The program results in two schedules: a teacher’s timetable and an individual student’s timetable.
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Conclusion. The formation of a model for class schedules at a university under the conditions of a
credit education system is described. An approach is proposed that covers the entire process, including en-
rollment and registration of students in the disciplines they are interested in, and the development of class
schedules for both teachers and students. The proposed technology allows you to avoid conflict situations,
i.e. guarantees that all “hard” constraints are met and an acceptable schedule is obtained, and most of the
“soft” constraints are taken into account. An interactive algorithm has been developed to solve these prob-
lems.

The algorithm can be easily extended by adding additional procedures that describe other soft con-
straints.

The above specific features of scheduling in the conditions of the Bologna education system are imple-
mented within the framework of the previously developed system “Automated dialog system for compila-
tion of schedule lessons in high school” for the classical education system. Work in this direction will con-
tinue.
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Introduction. Countries that have joined the Bologna Process in higher education assume certain obliga-
tions. One of them is the transition to a credit education system, which is based on the personal participation of
each student in the formation of their curriculum. Each student has the opportunity to structure the learning
process, choose subjects and the sequence of their study within the framework of the curriculum for the chosen
specialty, create their own individual schedule in accordance with their interests, capabilities and needs. The
credit training system is asynchronous. Naturally, software applications for scheduling classes, developed for the
classical education system, do not work in this case.

Purpose. Development of an algorithm and software for a class scheduling system designed for the credit
education system and taking into account its features, and also meets all the “hard” restrictions and most of the
“soft” requirements for the class schedule.

Results. The algorithm and software of the interactive system of scheduling classes for universities that
have joined the Bologna process, which takes into account the features of credit-modular system of training, have
been developed.

Conclusions.

The developed system covers the full cycle of including students in groups to study selected subjects and
teachers, starting from scheduling teachers, registering students and ending with the formation of individual
schedules for each student;

The proposed iterative process of scheduling makes it possible to make changes to the schedule of teachers
and re-register students in the case of teachers who have not formed groups, or a significant number of students
who were unable to enroll in subjects of interest to them;

The interactive mode of operation with the system combines an automated process of scheduling with active
participation of the user responsible for scheduling;

The system guarantees the preparation of permissible timetables for teachers and students, taking into ac-
count the implementation of all "hard" restrictions, and significantly reduces the time required for scheduling;

The system ensures to the maximum extent the quality of teachers’ schedules, namely, taking into account
“soft” requirements with the active participation of the user, who has the opportunity to choose an option that
reduces the value of the function proposed in the article that evaluates the quality of the schedule;

The developed system ensures the effective use of the classroom fund in accordance with its capacity, spe-
cialization and affiliation.

Keywords: Bologna process of education, credit system, asynchronous learning system, class schedule,
scheduling requirements, computer system.
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K. Aiina-3age'”, P. Iemideiiai?, C. P3aepa’

ABTOMATH30BaHA CHCTEMA CKJIAJAaHHs po3kiany ajass BH3 npu 6os10HcbKOMY nponeci
OCBiTH

Y Inemumym Cucmem Ynpasninus Minicmepcmea Ocsimu ma Hayxu Azepbatioxcancoroi Pecnybnixu, Baky
2 Vuigepcumem Apximexmypu ma Byodienuymea, Asepbaiioncan, baxy
* Jlucmyeanns: kamil_aydazade@rambler.ru

Beryn. Kpainu, siki mpreaHanucs 10 BoIoHChKOTo MpoIiecy OCBITH Y BUIIMX HABYATBHUX 3aKiIajiax, 0epyTh
Ha ce0e neBHi 3000B'13aHHA. OJJHUM 13 HUX € NepeXil A0 KPEIUTHOI CUCTEMU HABUAHHS, B OCHOBI SIKOi JIEXKUTb
0CcO0OHMCTA yUacTh KOXKHOTO CTy/IeHTa y (OpMyBaHHI CBOTO HABYAJIBHOTO IU1aHy. KojkeH CTy/IeHT Mae MOXKIIUBICTD
OyayBaTH IpoIieC HaBYaHH, BUOUPATH IPEAMETH Ta MOCIIIIOBHICTh 1X BUBYCHHS Y pPaMKaX HaBYAJIBHOI'O IUIAHY
3 00paHoi creniaibHOCTI, CKIIaIaTH CBil 1HAMBINyaIbHUI PO3KIIAJ BiIIOBITHO J0 CBOIX IHTEPECIB, MOXKIMBOC-
Teit Ta moTpeb. KpenuTHa crcreMa HaBYaHHS € aCHHXPOHHOK. [IpHpoaHO, 0 MporpaMHi JOKIaJaHHs CKIIa-
JaHHS PO3KIAAY 3aHATh, PO3pOOIIeHi A KITACHYHOT CHCTEMH HaBYaHHS, Y Pa3i He MPamiol0Th.

Hisnb. Po3poOka anropurMy Ta NporpaMHoro 3a0e3NeueHHs CUCTEMU CKJIAJlaHHS PO3KIJIaJly 3aHATh, IPU3-
HAYCHOI JJIs1 KPEIUTHOI CHCTEMHU HaBYaHHS Ta BPaXOBYE il OCOOIMBOCTI, a TAKOXK BIAMOBIAE BCIM "»KOPCTKUM"
00OMEKEHHSM Ta OUTBIIOCTI "M'IKUX" BUMOT, 1[0 BUCYBAIOTHCS 10 PO3KIIAIY 3aHSTh.

Pe3yabTaT. Po3po0ieHo anroput™ ta nporpaMHe 3a0e3neueHHs IHTEpaKTUBHOI CUCTEMH CKJIAIaHHS PO3-
KJIay 3aHATh JUIS BY3iB, IO IPHUETHAIHCS 10 BOIOHCEKOTO MpoIecy, B AKili BpaXxoBaHO OCOOIMBOCTI KPEIUTHO-
MOZYJIBHOT CHCTEMH HABUAHHSI.

BucHoBkH. Po3po0iieHa cHCTeMa OXOILTIOE MOBHMIT IMKJI BKIFOYEHHS CTYACHTIB JIO TPYI 3 BUBYEHHS 00-
paHMX TPEAMETIB Ta BHKJIANadiB, OYMHAIOYM BiJl CKJIAJaHHS PO3KIANy BHKIANAdiB, peecTpalii CTyICHTIB Ta
3aKiHIyI04H (OPMYBaHHSIM 1HIUBIAYaTbHUX PO3KIAIIB KOXKHOTO CTY/ICHTA.

3anpornoHoBaHUI iTepaliiiHuii Iporec ckIagaHHs po3KIaliB 1a€ MOXKIMBICTh BHECEHHS 3MiH 10 PO3KJIALy
BHUKJIAJIauiB Ta IOBTOPHOI peecTpaliii CTyIeHTIiB y pa3i HassBHOCTI BUKJIa/IauiB, y SIKUX HE c(hOPMyBaJIMCs IPyIIH,
a00 3HAYHOT KUJIBKOCTI CTYIEHTIB, SIKi HE 3MOTIIM 3aIICATUCS HA MIPEJAMETH, [0 1X HiKaBIATh.

IHTEpaKTUBHHH pexXUM POOOTH 3 CHUCTEMOIO MOETHYE AaBTOMATH30BaHHH MPOIIEC CKIIaJaHHs PO3KIaLy 3 aK-
THUBHOIO y4aCTIO B HbOMY KOPHCTYBaua-BiJINOBiJaJIbHOTO 3a CKJIAJAAaHHS PO3KIaLy.

Cucrema rapaHTye CKIaJaHHsS JOIMyCTHMHUX PO3KJIAIIB BUKIAAAYiB Ta CTYICHTIB 3 ypaxyBaHHSIM BHKO-
HaHHS BCIX “OKOPCTKHX" 0OMEXEeHb, 0 iICTOTHO CKOPOYYE Yac CKIIAJAHHS PO3KIaLy.

Cucrema 3a0e3redye MaKCUMaJIbHO SIKICTh PO3KJIA/IiB BUKIIIadiB, a came, OOJIK “M'IKUX’’ BUMOT 32 aKTH-
BHOT y4acTi KOPHUCTYBaya, SIKUH Mae MOKJIMBICTH BHOPATH BapiaHT, IO 3MEHIIYE 3HAYESHH 3aIPOTIOHOBAHOI Y
cTarTi QYHKIIIT, 10 OI[IHIOE AKICTh PO3KIIALY.

Po3pobinena cucrema 3abesneuye eeKTUBHE BUKOPUCTAHHS ayIUTOPHOTo (GOHAY BiANOBITHO 10 HOro Mi-
CTKOCTI, CIieriaiizamii Ta HaJIeXHOCTI.

KmouoBi ciioBa: boioHChKHiT Mpoliec HaBUAHHS, KpETUTHA CHCTEMa, aCHHXPOHHA CHCTeMa HaBYaHHS, PO3-
KJaJ 3aHTh, BUMOTH JI0 PO3KJIay, KOMII I0TepHA CHUCTEMA.
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