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The study is devoted to the methodology for as-
sessing the quality of class schedules in universi-
ties where the educational process is based on the
Bologna credit-modular system. This paper ex-
amines factors that influence the quality of a uni-
versity's class schedule: balanced faculty work-
load, even distribution of subjects throughout the
week, consideration of faculty and student prefer-
ences, avoidance of conflicts, and compliance
with institutional organizational and methodo-
logical standards. Special attention is paid to is-
sues related to the specific nature of the academic
process under a credit-modular system of educa-
tion, such as the formation of temporary study
groups and student registration for selected sub-
jects. The task of schedule development is a dis-
crete multi-criteria optimization problem. To
solve it, we propose using the method of linear
convolution of criteria. This means that the gen-
eralized criterion is a weighted sum of partial in-
dicators. This approach allows for assessing the
quality of the schedule not only as a whole but
also by individual criteria.
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Introduction. The work is devoted to the problem of time-
table scheduling in universities that use the credit-modular
education system, which is a key component of the Bolo-
gna Process. Learning within the credit-modular system
differs significantly from the classical education system
[1-4]. Its essence lies in the fact that the Bologna system
transfers the initiative and responsibility for learning to the
student, whereby:

ea unified grading scale is used — the credit, i.e., a unit
that depends on the number of academic hours required to
master a specific part of a subject or an educational module;

estudent mobility is increased — the compatibility of cur-
ricula allows students to transfer to another university
within the list of Bologna Process participants;

eno loss of accumulated credits occurs when students
transfer between universities.

To obtain the required number of credits, each student
independently compiles an individual study plan in accord-
ance with their own interests, abilities, and preferences. As
a result, there are no fixed academic groups, and each stu-
dent creates their own class schedule. Students build their
schedules based on the timetable of teachers, which is pro-
vided by the university (or faculty) administration. During
the designated registration period, students must enroll in
their chosen subjects. If they successfully meet the selec-
tion criteria and fall within the numerical limit set for the
subject, they are included in a temporary study group for
that subject.

The resulting student schedules are individualized, and
each student is personally responsible for their quality. In
this work, the focus is on the teachers’ timetable, which is
offered to students for the academic semester.

An important element in the effectiveness of the edu-
cational process is the class schedule. Creating a sched-
ule means, based on the study plan, assigning teachers,
distributing subjects, and allocating these subjects within
the constraints of limited spatial and temporal resources.
A finalized schedule must be free of conflicts (overlaps)
involving teachers, time slots, and classrooms. Moreover,
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the quality of the schedule depends on the extent to which it satisfies the requests and preferences of all
stakeholders: the university (or faculty) administration, the teaching staff, and the students. However, their
preferences do not always coincide and often contradict each other, which creates additional complications
[5-7].

The resulting student schedules are individualized, and each student is personally responsible for their
guality. In this work, the focus is on the teachers’ timetable, which is offered to students for the academic
semester.

An important element in the effectiveness of the educational process is the class schedule. Creating a
schedule means, based on the study plan, assigning teachers, distributing subjects, and allocating these sub-
jects within the constraints of limited spatial and temporal resources. A finalized schedule must be free of
conflicts (overlaps) involving teachers, time slots, and classrooms. Moreover, the quality of the schedule
depends on the extent to which it satisfies the requests and preferences of all stakeholders: the university (or
faculty) administration, the teaching staff, and the students. However, their preferences do not always coin-
cide and often contradict each other, which creates additional complications [5-7].

In scheduling problems, two types of requirements are considered: hard requirements, which are man-
datory and determine the feasibility of a schedule, and soft requirements, which define the optimality, i.e.,
the quality of the schedule. Hard requirements, with few exceptions, are similar across most universities.
Soft requirements include teachers’ and students’ preferences regarding schedule planning, individual teach-
ers’ requests for specific times and locations of classes, and methodological and organizational require-
ments. The composition and priority of soft requirements depend on the specific educational institution [8—
10].

As is well known, from a mathematical point of view, the problem of creating a university class sched-
ule is an NP-complete combinatorial optimization problem. Its goal is to develop a schedule that satisfies
all hard constraints while considering soft requirements to the greatest possible extent [11, 12]. Conse-
guently, only feasible schedules are subject to quality evaluation, and therefore, only soft requirements are
considered in this assessment.

In this work, a scalar function will be used to evaluate the schedule, based on a weighted sum of func-
tions determined by the degree to which the requirements are met, specifically their full or partial violation.
The weight coefficients assigned to individual requirements are set by a group of experts in such a way that
higher-priority requirements correspond to larger weight values. Consequently, the violation of a higher-
priority requirement has a more significant impact on the schedule’s evaluation compared to requirements
of lower priority.

Problem Statement for Timetable Scheduling in the Credit-Modular Education System. To eval-
uate a schedule, the following mathematical multi-criteria decision-making methods are often used, espe-
cially when it is necessary to consider multiple criteria and constraints [13, 14]:

1) the main criterion method, in which all criteria are arranged in descending order of importance. The
first criterion is designated as the objective function, while the others act as constraints, thereby reducing a
multi-criteria problem to a single-criterion one;

2) the weighted coefficients method (linear combination of weights), in which each criterion is assigned
a specific weight reflecting its importance, and the resulting function values are summed. This approach
also reduces the problem to a single-criterion formulation;

3) the method of successive concessions (priority or preference method), in which all criteria are or-
dered by decreasing importance, and for each, an allowable concession is defined. That is, criteria that can-
not be simultaneously satisfied are gradually weakened.

The evaluation methods described in this work are used for both the classical and the credit-modular
education systems. However, there are significant differences between them, including in the process of
schedule formation and in the assessment of its quality [2, 3, 15]. Subjects consist of module blocks that
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students can arrange in different sequences, thereby creating their own individual learning paths (class
schedules). The teachers’ timetable is provided by the faculty administration.

The subjects under study are divided into the following groups:

e compulsory (core) subjects — mandatory subjects stipulated by the program for the chosen specialty;

o restricted elective subjects — subjects chosen from a set list for the chosen specialty;

o free elective subjects — subjects of free choice (without restrictions, at the student's discretion).

A number of works and publications on the preparation of class schedules are focused specifically on
universities with a credit-modular education system, taking into account the specifics of this process. The
criteria (objective functions) that can be adopted include, in particular, minimizing the number of time con-
flicts (time overlaps) between compulsory subjects [16], optimization according to one of the selected cri-
teria (number of classrooms, minimizing the number of slots) [17, 18], minimizing the number of unassigned
subjects, reloading existing teachers and the number of new staff required, reassigning classrooms and time
slots [19, 20], teachers' wishes taking into account the priority of the subject [21, 22], and maximizing the
number of cases when students register for the subjects they desire [23].

To evaluate the schedule, we'll use a linear weighted combination of criteria. We'll consider all soft
requirements, as well as factors related to the specifics of the credit-modular system. The schedule evalua-
tion function is a linear aggregation of all partial weighted criteria:

n

m
Y= D wiSiP)+ ) wi¥(P)
i=1 j=1

where P is a feasible schedule or part of it, S;(P) is the value of the individual criterion corresponding to
the i—th soft requirement, w; is its weight, n is the number of soft criteria, V;(P) is the value of the individual
criterion corresponding to the j-th factor, w; is its weight, and m is the number of factors [3, 15].

To solve the timetable scheduling problem, a two-stage approach was used, involving the formation of
an initial schedule followed by its optimization using a genetic algorithm. In the first stage, the initial pop-
ulation is generated in a mixed manner: part of the individuals are created using various greedy algorithm
variants, another part through a slight modification of the greedy algorithm (a greedy algorithm with muta-
tion), and the remaining part of the population is generated stochastically.

In the second stage, the DEAP framework (Distributed Evolutionary Algorithms in Python) [24, 25] is
used to perform the genetic algorithm operations (selection, crossover, mutation). The genetic algorithm
consists of three steps:

¢ selection — tournament selection (selTournament) with elitism, i.e., a specified percentage of the
fittest individuals (best solutions) are carried over to the next population without undergoing selection;

e Crossover — two-point crossover (cxTwoPoint);

e mutation — mutShuffleIndexes, a mutation operator for permutation-based chromosomes that ran-
domly changes the order of elements while preserving chromosome length.

The algorithm terminates upon reaching the predetermined number of generations.

Requirements for Class Schedules Determining Their Evaluation and Optimality

Soft requirements for university class schedules include:

Organizational and methodological requirements from the administration:

e compliance of the schedule with the university’s working hours;

e adherence to the norms for teachers’ daily and weekly workloads;

e consideration of the requirement to minimize transitions between buildings;

o  efficient use of classroom resources, taking into account capacity and the availability of necessary
equipment.
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Teachers’ preferences:

o consideration of individual requests regarding the time and location of classes;

e minimization of the number of “gaps” in their schedules.

Students’ wishes:

e compulsory subjects within the same program are scheduled in different time slots;

¢ not scheduling classes for the same subject in consecutive time slots.

Factors Related to the Features of the Credit-Modular System:

The most significant factor affecting evaluation is that a planned group may not be formed. The reasons
for this may include:

¢ insufficient number of students — the number of students enrolled in the subject is below the mini-
mum required to form a group;

o low interest in the subject, which applies to elective and free-choice subjects;

o poorly constructed schedule, where several subjects, primarily compulsory ones, are assigned to
overlapping time slots;

e students’ personal preferences regarding the choice of instructor.

Another important factor of schedule quality is when the number of students wishing to enroll in an
interest subject exceeds the established maximum. The reasons for this may include:
high interest in the subject due to its relevance and demand;
e astrong academic and pedagogical reputation of the teacher teaching the subject;
¢ an insufficient number of teachers for the subject;

o the desire of students in their final years to enroll in missing subjects;

¢ insufficient number of available seats, limited by the physical capacity of the classroom.

These two factors indicate that an objective assessment of the quality of the class schedule at universi-
ties with a credit-modular system of education can only be made after students have completed registering
for courses.

Mathematical model for the formation of schedule evaluation criteria

The mathematical formulation and the process of constructing the soft requirements formulas are de-
scribed in detail in [3, 15]; therefore, we will focus here on the formulas that describe the features of the
credit-modular education system, which influence the quality of the class schedule.

Unformed groups for teachers

The function assessing the impact of unformed groups on the quality of the class schedule is defined as

follows:
O1(P) = ) 5 ) wik, (1)

TER q€eQ

Here, R is the set of teachers, s,. is the rating of the teacher with code r, Q is the set of groups into which
the studied courses are divided (Q = {1, 2,3}), w,} is the coefficient determining the penalty for each un-
formed student group for which a course belonging to the group with code g was scheduled, and ké is the
number of unformed student groups in which a course belonging to the group with code q was scheduled.

Number of students unable to enroll in chosen courses

The function assessing the impact of students’ inability to register for desired courses on timetable
quality, broken down by senior and junior students and considering the course type, is defined as follows:

P, (P) = Z Z(Wsl.q Ky q) + Z Z(WSZ.q ks, q). (2)

SES1 qEQ SES, qEQ
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Here S, S, are the sets of students of the junior and senior years of study, respectively, defined by the
following formulas:

Dcurrent - Dstart,s 2}
)

= <
S, {sESlO_ o

current ~ Dstart,s

365

Where Deyyren: IS the current date, D4, s IS the start date of study for the student with code s, wg, 4, wg, 4
are the coefficients reflecting the grades for the unfulfilled desires of students who started (S;) and are
completing their studies (S;) to enroll in a discipline with code q, kg, 4, ks, 4 IS their number.

Unfulfilled soft requirements

For the general formula for assessing the quality of a schedule, in general form, the formula reflecting
the assessment of unfulfilled soft requirements is added:

N N> N3
d3(P) = 2(W3'1'i “k3qi) + Z Sr z(W&z,i : k3,2,i) + z(W3,3,i ' k3,3,i)- (3)
i=1 i=1

TER i=1

D
SZZ{SES| 22};

Here, Ny, N,, N5 are the numbers of soft requirements from the administration, teachers, and students,
respectively; k3, k35, k33; are the corresponding numbers of violated soft requirements; and
W3 1, W32, W3 3; are their respective weighting coefficients. The assessment of teachers’ soft requirements
takes their status into account.

The general form of class schedule assessment at universities with a credit-modular education system
is defined by the following formula:

3
O(P) = ) 2,0:(P). @
i=1

Here A; = 0 is a parameter that determines the degree of importance of soft requirements and additional
factors influencing the quality of the schedule, i = 1, 2, 3.

The values of the coefficients included in formulas (1)- (4) are determined based on empirical data,
expert evaluations, or a combination of these approaches.

Description of the process of scheduling classes in a credit-modular education system

An important feature of the class schedule in the credit-modular education system is that the process of
its creation is iterative. The evaluation of the schedule is largely influenced by factors related to its specific
characteristics. To eliminate such problems, the following approaches can be used:

e involvement of additional teachers;

e making changes to the schedule structure;

o redistribution of classes to classrooms with larger capacity.

In addition, students often make changes to their own registration for various reasons, which also re-
guires adjustments to the schedule. In practice, a period of two weeks is usually allocated for this purpose.

To minimize the objective function ®(P), various methods of finite-dimensional discrete (integer) op-
timization can be applied. For conducting computer experiments on the constructed test data, we used sev-
eral variants of genetic algorithms available in the DEAP (Distributed Evolutionary Algorithms in Python)
framework and the Python programming language.
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The analysis of the results obtained showed that the problem formulation and the proposed numerical
approach to timetable generation presented in this study can be applied to schedule planning under real-
world conditions. It is clear that the main challenge in automating this process lies in the preparation of the
initial (input) information, both reference data (university and faculty structure, teaching staff, list of courses
and curricula, classroom resources) and operational data (requests submitted by departments, as well as
individual teacher’s requests indicating planned workload for the current semester and preferences regarding
class times and locations). Frequently, faculties possess outdated information; there is no unified structure
for the data, which is stored across different databases in inconsistent formats, or is available in various
formats (PDF, Excel, Word), and in some cases, it is even maintained manually. This also applies to data
from human resources, academic affairs, and administrative departments. The issues listed above create
difficulties both in the implementation of the system and during its operation.

Conclusion. In this work, several important factors are emphasized that determine the quality of class
scheduling in universities operating under the Bologna credit-modular education system. These include
compliance with organizational standards, consideration of teachers’ preferences regarding class times and
days, even distribution of courses, balance between the workload of teachers and students, and the necessary
flexibility that students require in their academic timetables. Particular attention is given to two key aspects
that often arise in the planning of the educational process within credit-modular universities: the formation
of study groups and the availability of courses. Unformed study groups can disrupt the learning process and
lead to inefficient allocation of resources, such as teaching staff and classrooms, while students often find
themselves unable to enroll in the desired courses. This situation also results in empty time slots that could
otherwise be used for more in-demand subjects. Such problems may increase the workload of teachers,
administrative staff, and students, creating unnecessary scheduling conflicts and reducing the overall effi-
ciency of the educational process.

The proposed multi-criteria schedule evaluation model provides a clearer understanding of where the
most significant issues occur within the analyzed timetable. This approach enables universities to appropri-
ately adjust their planning processes and resource allocation. In turn, it contributes to more efficient utiliza-
tion of educational resources, greater satisfaction among all stakeholders, and an overall improvement in
academic performance.

Authorship contribution statement: Ismibayli R. — mathematical formulation of the problem, discus-
sion of the concept and methodology for solving the problem, analysis of the results obtained selection and
analysis of literary sources; Rzayeva S. — development of mathematical formulation of the problem, creation
and design of algorithms, software, analysis of the results of computer experiments.
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Pemap Icmibeiinil, Cona P3aca?”

]_]_IOHO (l)OpMyBaHHH PO3KJIaAy 3aHATHL B yHiBepcheTax 3 B0JI0HCBHKO10 KpPpeAUTHO-MOAYJIb-
HOKO CUCTEMOIO HABYAHHSHA

 Apximexmypno-6yoieenvnuii ynieepcumem, Baxy, Azepbatioscan
2 [ucmumym cucmem ynpaeninus, baxy, Asepbatiocan
* Jlucmyeanns: sonarza@yahoo.com

Beryn. HeBin'emHo0 cKi1a/10B010 BOJNIOHCHEKOTO NPOLIECY € KPEeAUTHO-MOAYNbHA cucteMa HaBuaHHs (ECTS
— E€Bpomneiickka cucteMa TpaHchepy i HAKOMMYEHHS KPEIUTIiB). Y Mexax Ifiel cucTeMu (OpMyeTHCs IBa THUIIN
PO3KJIaJIiB: PO3KJIaJa BUKJIagaua Ta po3Kia cTyaeHTa. KoxeH CTyIeHT Mae MOXIUBICTh (JOpMYBaTH iHAMBITya-
JIbHUM NepCoOHaNIbHUM PO3KIaJ BIIIOBLIHO A0 BIACHUX MOXKJIMBOCTEH, YIIOH00aHb 1 HOOaXaHb 3 ypaXyBaHHAM
Jacy IpOBE/ICHHS 3aHSATb.

Poskian BUKJIanadiB y KpeJUTHO-MOMYJIBHIH cucTeMi HaBUaHHS Ma€ HM3KY OCOOIMBOCTEH MOPIBHSHO 3
TPaIUIIHHOI OPraHi3ali€lo OCBITHROTO Mporecy. Lle 3yMOBIEHO MPUHIMIIOM MOAYJIBHOCTI, @ TAKOX TOALIOM
JUCIUIUIIH Ha O10kH (000B'A3KOBI TUCHUILTIHY; JUCLMILIIHY 32 BUOOPOM y MeXax CHeLialbHOCTI; AUCLUITIHU
BUJIBHOTO BHOOPY CTY/IEHTIB, BUBUECHHS SKUX HE € 00OB'I3KOBUM JIJIsI KOHKPETHOT OCBITHROI Mporpamu). OmxHax
HaWBa)K/IUBIIIUMU [TOKA3HUKAMU SIKOCTI PO3KJIay B YMOBaX KPEAUTHO-MOAYJIbHOI CUCTEMH HaBUaHHSA € edek-
THUBHICTh ()OPMYBaHHS TUMYACOBHX HABYAIBHHUX TPYIT i MOXKIIMBOCTI CTYJICHTIB 3alIHCATHCS HA 00OpaHi KypCH.

Merta. Po3poOuTH Ta omucaTH MpOIEC OI[IHIOBAHHS SKOCTI PO3KJIany 3aHATh 3 ypaxyBaHHIM ycixX "M'skux"
BHUMOT 1 JOaTKOBUX (DaKTOPiB, a TAKOXX 3aMPONIOHYBATH BiJNIOBIAHY MAaTEMaTHYHY MOJEIb.

Pe3yabTaT. 3anpornoHOBaHi METOIOJIOTISI, MATEMAaTHYHA MOJIENIb Ta aJiITOPUTM OI[IHIOBAHHS SIKOCTI PO3-
KJIaJy BpaxoBYIOTh "M'AKi" BUMOIH, 30KpeMa, YIOJ00aHHs BUKJIA1adiB, pIBHOMIpHICTh HABYAJIbHOI'O HaBaHTa-
JKEHHsI, MIHIMI3allif0 TPOTajiH y pO3Kiai Ta 1oaaTkosi (hakropu. lle 103Bosis€e KijbKICHO BU3HAYUTH CTYIIIHb
ONTHMAJILHOCT] PO3KJIaJy B yHIBEpCUTETaX, 10 (QYHKIIOHYIOTH 332 KPEAUTHO-MOAYIBHOIO CUCTEMOIO HABYAHHS.

BucHoBKH. 3arponoHOBaHMIA MiAXIA IO OIIHIOBAHHS SIKOCTI PO3KJIA/IB 3aHITh B YHIBEPCUTETAX, IO ITpa-
IIOI0Th Y Meax BoIOHCHKOTO (KpeaIuTHO-MOIY/IBHOIO) MPOIECy, Ja€ 3MOTy BUSBUTH KJIIOUOBI YMHHUKH, SIKi
BIUTUBAIOTH Ha €()eKTUBHICTH OCBITHHOT'O MIPOLIECY, @ TAKOXK OKPECIUTH HANPSIMKH HOTO BIOCKOHANICHHS. Bu3Ha-
YEHO Ta MPOAHaJI30BaHO XapaKTEPUCTUKHU PO3KIIA/IiB, 110 Oe3M0cepeIHbO BIUIMBAIOTH HA SIKICTh OpraHi3allii Ha-
BYaHHSI.

Oco0sMBY yBary NpHIiJICHO JJBOM BaXJIMBUM aCIEKTaM, SIKi 4aCTO BUHUKAIOTH ITiJ] 4acC TIAHYBAHHS OCBIT-
HBOTO TIPOIIECY B YMOBaX KPEIUTHO-MOIYJIbHOI cUCTeMHU: (JOPMYBAaHHIO HABYAJIBHUX IPYH 1 JOCTYITHOCTI HaBYa-
JBbHUX KypciB. HenmoBHI HaBYasbHI IPyNU MOXKYTh NIOPYIIYBAaTH NepPedir OCBITHHOIO MPOLECY Ta IPU3BOJUTH 10
Hee()eKTHBHOTO BUKOPUCTAHHS PECYPCIiB, TAKMX K BUKIAJABKOTO CKIAIy Ta ayTUTOPHOTO (hOHIY, TOAI SIK CTY-
JICHTH HEPiZIKO HE MalOTh 3MOTH 3allUCATHCS Ha Oa)kaHi KypcH, 1110 CIIPUYUHSE MOSBY HE BUKOPUCTAHUX YaCOBUX
MPOMIXKIB, SIKI MOTJIM O OyTH 3a/isiHi 17151 OiIbII 3aTpe0yBaHUX TUCHMIUTIH. Taki MpoOJIeMH MMiABHIIYIOTH HaBa-
HTa)KEHHS Ha BUKJIAJa4iB, aMiHICTPaTUBHUN IIEPCOHAI 1 CTYIEHTIB, CTBOPIOIOTH KOH(IIIKTH B PO3KIafi Ta 3HU-
JKYIOTh 3araIbHy €()eKTHBHICTh OCBITHBOTO MPOIIECY.

VY nocniaKeHHi 3apOrOHOBAaHO OaraTOKpUTEpiaIbHUIN MiAX1J 10 OLIHIOBAHHS SKOCTI PO3KIAy 3 BUKOPH-
CTaHHsAM cucTemMu mrpadHux KoedinienTis. Llel miaxin 3ade3nedye KiTbKICHY OI[IHKY Pi3HUX BUJIIB MOPYILICHb,
30KpeMa, IEPEeBaHTAXKECHHS 1 HEAOBAaHTAXXECHHSI BUKJIaIauiB, HEBJOBOJIEHOCTI CTYICHTIB Ta MPpoOJIeMH 13 TOCTyII-
HICTIO HaBYaJBbHUX KypciB. Po3risaaroun 1i GpakTtopu HiTiCHO, 3apOIIOHOBaHA CUCTEMA OLIiHIOBaHHS 3a0e3re-
qye OLIBII LITICHUH MIAX1 10 OLIHKY aHaIi30BaHOTro po3kiany. Lle# miaxin qo3BoJIsie BUSHAYUTH CKIIAIOBI pO3-
KJIafy, SIKi He ONTUMANbHI, Ta HaJa€ MPaKTHYHI PEKOMEH AL MO0 MOKPaNIeHHs IPOIecy TIaHyBaHHS.

Kuio4oBi cjioBa: po3knaj 3aHATh, KPEIUTHO-MOAYJIbHA CUCTEMA, OL[IHIOBAHHS SIKOCT1 PO3KIIALy, XKOPCTKI
BUMOTH, M’SIKi BAMOTH, JOAATKOBI (h)aKTOP, TEHETHYHHUI alTOPUTM.
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