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 The object of the study is the courses timetable creation process. A complex of problems 

has been solved, which are related to the mathematical description of the control object. 

The main purpose of the paper is development of a complex of mathematical models, 

which are describing the courses timetable creation process and a set of criteria for 

assessing the quality of a class schedule in higher education. The observation method was 

used researching of the courses timetable creation process. The research of the process was 

conducted on the basis of the timetable department of the Odessa National Academy of 

Food Technologies using the information system "Rozklad". The observer was included 

in the process creation of the courses timetabling as a participant. Observation is controlled 

by degree of formalization and conducted in real conditions. Regularity is not systematic 

namely participants in the process (researcher and staff) deal with unplanned phenomena 

and unexpected situations. The method of formalization and analysis was used to describe 

the mathematical model of the courses timetable creation process. The result of the paper 

is the obtained mathematical models of constraints that are imposed on the timetable and 

a description of the efficiency criteria of the resulting schedule. The prospects for further 

research may include the development of the logical control system for the courses 

timetable creation process, experimental research and optimization of the proposed criteria 

with fulfilling all the proposed conditions for conducting the process. 
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1. INTRODUCTION 

 

The task of scheduling classes is an integral part of the work 

of any educational institution, including higher education 

institutions. From the point of view of formalization in the 

theory of the schedule, the schedule of classes is the 

determination on the time scale of the place of the discipline 

with the fulfilment of the requirements set for them. In order 

to develop an effective automation control system of the 

courses timetable creation process, it is necessary to define all 

the requirements and connections between them [1]. One of 

the steps in developing a process control automation system is 

a mathematical description of the control object. The need for 

research is to determine the impact of parameters and 

limitations of the process of the courses timetable creation 

process. That is, obtaining a mathematical model that 

describes the properties and characteristics of the control 

object. 

The relevance of the work for automation and planning is 

due to the fact that most of the work on this subject are 

outdated, or are incomplete reviews of the tasks of creating an 

effective schedule of classes and automation of scheduling, 

they address only certain aspects of the problem. 

For more than half a century, the time schedule problems 

have attracted the attention of scientists around the world. One 

of the typical problems of planning is the courses timetable 

creation. The problem of scheduling is to schedule a set of 

meetings between teachers and students over a period of time 

that requires certain resources and meets some additional 

requirements. In the university schedule, which is the subject 

of this study, the assignment of classes to teachers, and then 

the distribution of these classes over time is an important 

administrative task that must be performed each semester. An 

important feature of this schedule is that it can be adjusted 

during the semester and the curriculum for the semester must 

be followed. 

There is a wide variety of works describing a wide range of 

educational methods of scheduling. A review of its literature 

is contained in ref. [2]. The variety of methods and approaches 

to solving the problem of planning suggests that there is still 

no universal solution. Common to all researchers is the finding 

of different heuristics that reduce the number of complete 

search operations. Each of the researchers offers his approach 

to solving the problem of scheduling. Examples of such 

methods are mathematical and integer programming, 

constraint-based methods, the Hungarian method, methods 

based on graph theory, genetic algorithm, TABU-search, 

neural networks and evolutionary methods. 

We will note that courses timetable creation process 

depends on the result of the decision of other tasks which need 

to be solved at the organization of the educational process. The 

organization of the educational process is based on the Laws 

of Ukraine "On Education", "On Higher Education", "On 

Scientific and Scientific-Technical Activity", normative legal 

acts of the Verkhovna Rada of Ukraine, the Cabinet of 

Ministers of Ukraine, the Ministry of Education and Science, 

the National Quality Assurance Agency higher education, 

standards of educational activity and standards of higher 

education and other normative documents [1]. 

The formation of mandatory and desirable requirements and 
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determining the importance of these requirements is the initial 

stage of formalizing the task of forming a schedule of classes. 

A lot of scientists have been engaged in this task [3-6]. The 

main mandatory requirements, non-compliance with which 

will lead to non-compliance with the curriculum, were 

described. Researchers have described the desired 

requirements, but these requirements are not universal for all 

educational institutions. The main hard and soft constraints are 

described. Lytvynenko et al. [7] provides a mathematical 

model of the classes scheduling problem in higher education 

and considers the algorithm for solving the problem. In the 

work of A.S. Hasuhadzhiev [8] formed a set of requirements 

for the selection of an acceptable version of the schedule and 

selected estimates of the importance of indicators for each 

group of requirements. 

The object of study is the courses timetable creation process. 

The courses timetable creation process is a labor-intensive, 

tedious process that requires a significant amount of human 

resources and time. Therefore, to increase the creation 

timetable speed and the quality of the developed schedule, you 

need to automate the process. The first stage of automation is 

the identification and description of mathematical models. 

The subject of study is a mathematical model of the courses 

timetable creation process: a mathematical description of 

process variables, soft and hard constraints, efficiency criteria 

of the schedule and its target function. 

The purpose of the work is to describe the mathematical 

model and description of the efficiency criteria of the resulting 

schedule. 

Now we give a formalized statement of the courses 

timetable creation problem, the main condition of which is to 

implement the curriculum. It is necessary to develop such a 

mathematical model of courses timetable creation process, 

which will describe the schedule with all hard constraints, as 

well as minimize non-compliance with all soft constraints, 

having only data on the audiences, the list of disciplines taught 

in higher education, the list of participants educational process 

(teachers) and students, and set time intervals in which classes 

can take place. In addition to the courses timetable creation, it 

is necessary to provide for the possibility of prompt adjustment 

of the schedule in real-time. 

The following task follows from the above. 

Let the given sets that are ordered by index: 

-audiences, 𝐴 = {𝐴𝑖 , 𝑖 = 1, 𝑁𝑎}; 

-disciplines, 𝐷 = {𝐷𝑖 , 𝑖 = 1, 𝑁𝑑}; 

-teachers, 𝑃 = {𝑃𝑖 , 𝑖 = 1, 𝑁𝑝}; 

-students, 𝑆 = {𝑆𝑖 , 𝑖 = 1, 𝑁𝑠}; 

-timeslots, 𝑇 = {𝑇𝑖 , 𝑖 = 1, 𝑁𝑡}. 

It is necessary to find such a set 𝐿 = {𝐿𝑖 , 𝑖 = 1, 𝑁𝑙}, for all 

items Li, where: 𝐹 = ∑ 𝜆𝑖 ⋅ 𝜙𝑖
𝐾
𝑖=1 → 𝑚𝑎𝑥. 

Moreover, the schedule is subject to hard constraints, 

violation of which is unacceptable when creating the schedule 

of courses. 

 

 

2. DETERMINING PROCESS VARIABLES 
 

Let's build a mathematical model of courses timetabling 

creation process, identifying variables and constraints. 

L– the set of lessons, 𝐿 = {𝐿𝑖 , 𝑖 = 1, 𝑁𝑙}, where Nl – the 

number of lessons. Each of them is characterized by the 

following parameters: academic discipline, audience, 

participant in the educational process (teacher), student [9]. 

Lessons are formed for each discipline and student group. 

The set of lessons can be represented as a combination of two 

subsets: 𝐿 = 𝐿𝑇𝑆𝑇 ∪ 𝐿𝐹𝑆𝑇 . 

LTST– the set of lessons with special requirements for 

audience, 𝐿𝑇𝑆𝑇 = {𝐿𝑇𝑆𝑇𝑖 , 𝑖 = 1, 𝑁𝑙𝑡𝑠𝑡} , where Nltst – the 

number of lessons with special requirements for audiences. 

LFST – the set of lessons without special requirements for 

audience, 𝐿𝐹𝑆𝑇 = {𝐿𝐹𝑆𝑇𝑖 , 𝑖 = 1, 𝑁𝑙𝑓𝑠𝑡} , where Nlfst – the 

number of lessons without special requirements for audiences. 

Let's enter a set of time slots 𝑇 = {𝑇𝑖 , 𝑖 = 1, 𝑁𝑡}– the time 

intervals when lessons take place, where Nt – the total number 

of time intervals of the timetable. Usually, the schedule of 

lessons is made for one semester. The number of weeks, days 

and pairs per day is known. Each element of the set of time 

slots is a triple type of tuple: 𝑇𝑖 = 𝑇(𝑇𝑤𝑒𝑒𝑘
𝑖 , 𝑇𝑑𝑎𝑦

𝑖 , 𝑇𝑝𝑎𝑖𝑟
𝑖 ), where 

𝑇𝑤𝑒𝑒𝑘
𝑖 = 1,𝑁𝑤𝑒𝑒𝑘  – the number of the week, 𝑇𝑑𝑎𝑦

𝑖 = {𝑇𝑖 , 𝑖 =

1, 𝑁𝑑𝑎𝑦}– the number of the day, where 𝑇𝑝𝑎𝑖𝑟
𝑖 = 1,𝑁𝑝𝑎𝑖𝑟  – the 

pair number during the day. 𝑁𝑤𝑒𝑒𝑘 , 𝑁𝑑𝑎𝑦 , 𝑁𝑝𝑎𝑖𝑟– the number 

of weeks, days and pairs in one semester [10]. 

D– the set of disciplines𝐷 = {𝐷𝑖 , 𝑖 = 1, 𝑁𝑑}, where Nd – the 

number of disciplines. The discipline can be represented as a 

function of parameters: name of the discipline 𝐷𝑛
𝑖  and lesson 

duration in hours 𝐷𝑡
𝑖: 𝐷𝑖 = 𝐷(𝐷𝑛

𝑖 , 𝐷𝑡
𝑖). 

A – the set of audiences 𝐴 = {𝐴𝑖 , 𝑖 = 1, 𝑁𝑎}, where Na – the 

number of audiences of the educational institution. The set of 

the audiences can be represented as a combination of two 

subsets: 𝐴 = 𝐴𝑇𝑆𝑇 ∪ 𝐴𝐹𝑆𝑇 . 

 

 
 

Figure 1. The hierarchical structure of the set “Audiences” 

 

ATST – the set of specialized audiences, 𝐴𝑇𝑆𝑇 = {𝐴𝑇𝑆𝑇𝑖
, 𝑖 =

1, 𝑁𝑎𝑡𝑠𝑡}, where Natst – the number of specialized audiences. 

Specialized audiences are the set of laboratories and audiences 

with special equipment 𝐴𝑇𝑆𝑇𝑙 = {𝐴𝑇𝑆𝑇𝑙𝑖
, 𝑖 = 1, 𝑁𝑎𝑡𝑠𝑡𝑙}, where 

Natstl – the number of laboratories and audiences with special 

equipment. 

AFST – the set of non-dedicated audiences, 𝐴𝐹𝑆𝑇 =

{𝐴𝐹𝑆𝑇𝑖 , 𝑖 = 1, 𝑁𝑎𝑓𝑠𝑡} , where Nafst – the number of non-

dedicated audiences. Non-dedicated audiences are the set of 

large audiences for students streams 𝐴𝐹𝑆𝑇𝑙 = {𝐴𝐹𝑆𝑇𝑙𝑖 , 𝑖 =

1, 𝑁𝑎𝑓𝑠𝑡𝑙}, where Nafstl – the number of large audiences for 

students streams; the set medium audiences for 

groups𝐴𝐹𝑆𝑇𝑚 = {𝐴𝐹𝑆𝑇𝑚𝑖
, 𝑖 = 1, 𝑁𝑎𝑓𝑠𝑡𝑚} , where Nafstm – the 

number of medium audiences for groups; the set of small 

audiences for subgroups 𝐴𝐹𝑆𝑇𝑠 = {𝐴𝐹𝑆𝑇𝑠𝑖 , 𝑖 = 1, 𝑁𝑎𝑓𝑠𝑡𝑠} , 

where Nafsts – the number of small audiences for subgroups.  

Figure 1 shows the hierarchical structure of audiences set. 

Non-specialized audiences are audiences without special 

equipment, such as lecture halls. Specialized audiences 
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include laboratories in which laboratory and practical work 

takes place using special equipment, devices or individual 

conditions. 

The audiences can be represented as a function of 

parameters: audience volume 𝐴𝑣
𝑖 , audience type 𝐴𝑡

𝑖 = {0; 1}, 
if𝐴𝑡

𝑖 = 1, than the audience is specialized, otherwise without 

special purpose and the educational building in which the 

audience is located 𝐴𝑏
𝑖 : 𝐴𝑖 = 𝐴(𝐴𝑤

𝑖 , 𝐴𝑡
𝑖 , 𝐴𝑏

𝑖 ). 

P – the set of participants in the educational process 𝑃 =

{𝑃𝑖 , 𝑖 = 1, 𝑁𝑝}, where Np – the number of participants in the 

educational process. 

S – the set of students, 𝑆 = {𝑆𝑖 , 𝑖 = 1, 𝑁𝑠}, where Ns – the 

number of students. Students united in Nsg subgroups, forming 

a set of subgroups Sg, which looks like: 𝑆𝑔 = {𝑆𝑔𝑖 , 𝑖 =

1, 𝑁𝑠𝑔} , where Nsg – the number of subgroups. Subgroups 

united in gN  groups, forming a set of groups G, which looks 

like: 𝐺 = {𝐺𝑖 , 𝑖 = 1, 𝑁𝑔}, where Ng – the number of groups. 

gN  groups united in Nts students streams, where Nts – the 

number of students streams. The set of students streams looks 

like: 𝑇𝑠 = {𝑇𝑠𝑖 , 𝑖 = 1, 𝑁𝑡𝑠}. 

Thus, a specific lesson can be represented as a function of 

the parameters of the discipline, time slot, participant in the 

educational process and the student: 𝐿𝑖 =

𝐿(𝐷𝑑
𝑖 , 𝑇𝑡

𝑖 , 𝑃𝑝
𝑖 , 𝑆𝑠

𝑖 , 𝐴𝑎
𝑖 , 𝐿𝑝

𝑖 , 𝐿𝑠
𝑖 , 𝐿𝑘𝑖𝑛𝑑

𝑖 ) where 𝐷𝑑 ∈ 𝐷, 𝑇𝑡 ∈ 𝑇, 𝑃𝑝 ∈

𝑃, 𝑆𝑠 ∈ 𝑆, 𝐴𝑎 ∈ 𝐴, 𝐿𝑘𝑖𝑛𝑑
𝑖  – type of lesson and binary variables: 

𝐿𝑝
𝑖 = {0; 1}, 𝐿𝑠

𝑖 = {0; 1}. The meaning of these variables is as 

follows. If 𝐿𝑝
𝑖 = 1, then the teacher P in the time interval T 

must be in the audience A. At 𝐿𝑝
𝑖 = 0  this statement is 

incorrect. If 𝐿𝑠
𝑖 = 1, then it means that the student S in the time 

interval T must be in the audience A. At 𝐿𝑠
𝑖 = 0 this statement 

is incorrect. 

 
 

3. HARD CONSTRAINTS DESCRIPTION 
 

All the requirements for the courses timetable will be 

divided into two groups: mandatory (hard parameters) and 

desirable (soft parameters).  

As part of the courses timetabling creation, we highlight the 

task of forming an acceptable timetable (not necessarily 

optimal), which satisfies all the mandatory requirements. 

Failure to comply with any of the hard constraints means that 

the courses timetable is not working. This means that there are 

no situations in the schedule when one teacher can conduct 

more than one lesson at a time, one audience holds more than 

one lesson at a time, one student visits more than one audience 

at a time, the number of students in the audience exceeds the 

volume of the audience. 

The task of courses timetabling creation is to determine the 

time interval for each audience, taking into account the 

implementation of hard objective constraints and to provide 

the required number of cases of simultaneous student 

formation (students groups, groups, subgroups) and the 

teacher in one of the possible audiences (laboratories) [7]. 

1) One teacher can conduct no more than one lesson at 

a time: 
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𝐿𝑃𝑝 – the set of lessons, which involved teacher Pp. 𝐿𝑇𝑡 – the 

set of lessons that take place in the time interval Tt. Thus, in 

the equation (1) the amount 𝐿𝑝
𝑖  from the set 𝐿𝑃𝑝 ∩ 𝐿𝑇𝑡 not more 

than 1. This means that during this pair, the teacher conducts 

this lesson, or he is free. 

2) No more than one lesson can be held in one audience 

at a time: 
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𝐿𝑇𝑡– the set of lessons that take place in the time interval Tt. 

Expression (2) means that there is a single cycle of lessons, 

which is assigned a given audience and time interval, or such 

a cycle does not exist and the audience is free. 

3) No more than one lesson can be held per student at a 

time: 
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𝐿𝑇𝑡– the set of lessons that take place in the time interval Tt. 

The expression (3) means that there is a single cycle of lessons 

where a subset of students (student formation) are on the 

lesson, or such a cycle does not exist and student formation is 

free. 

4) The number of students in the audience must not 

exceed the volume of the audience: 
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𝐿𝑆𝑠  – the set of lessons, which are held for set of the students 

Ss. 𝐿𝐴𝑎  – the set of lessons, which are held in the audience Aa. 

tT
L  – the set of lessons that take place in the time interval Tt. 

Thus, in the Eq. (1) the amount 𝑆𝑠
𝑖 from the set 𝐿𝐴𝑎 ∩ 𝐿𝑆𝑠 ∩ 𝐿𝑇𝑡 

no more than the volume of the relevant audience 𝐴𝑣
𝑎 . This 

means that in this time interval the number of students does 

not exceed the volume of the audience, or the audience is 

empty. 

 

 

4. SOFT CONSTRAINTS DESCRIPTION 

 

The task of courses timetabling creation puts forward 

increased demands on machine resources. Solving the problem 

by a complete search and the ratio of all options for the 

schedule of courses is almost impossible. In addition to the 

task of creation an acceptable schedule, we highlight the task 

of improving the existing schedule by fulfilling the desired 

requirements [11]. 

1) Lack of "windows" (this is a term used by the 

supervisors of the educational department, which means a free 

time interval between classes is longer than a break [1]) for 

students. Fewer "windows" in the schedule will improve the 

quality of the schedule, because classes will be placed more 

densely and the student will not have to wait for the next class 
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more than a break time: 
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𝐿𝑆𝑠  – the set of lessons, which are held for student Ss. 

𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) – the set of lessons that take place in the time interval 

Tt(Tday). maxi  – the serial number of the last lesson, imin – the 

serial number of the first lesson. Thus, in the Eq. (5) the 

amount 𝐿𝑠
𝑖  from the set 𝐿𝑆𝑠 ∩ 𝐿𝑇𝑡(𝑇𝑑𝑎𝑦)  is equal to the 

expression (iminmax+1) if the number of “windows” is 0. 

2) The lessons number of students per day should not 

exceed the allowable number of lessons per day: 
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𝐿𝑆𝑠  – the set of lessons, which are held for student Ss. 

𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) – the set of lessons that take place in the time interval 

𝑇𝑡(𝑇𝑑𝑎𝑦). Thus, in the Eq. (6) the amount 𝐿𝑠
𝑖  from the set 𝐿𝑆𝑠 ∩

𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) no more than the allowable number of lessons for a 

student per day Nld. 

3) Correspondence of the type of audience to the type of 

lesson: 

 

( )

( )a
t

i
kindi

aa

ALL

AAA

=



:!

;:
 (7) 

 

The expression (7) means that there is a single cycle of 

lessons in which the type of audience is assigned to the 

audience of the appropriate type. 

4) The limits of hours per day do not exceed the 

specified number of study hours: 
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𝐿𝑆𝑠  – the set of lessons, which are held for student Ss. 

𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) – the set of lessons that take place in the time interval 

𝑇𝑡(𝑇𝑑𝑎𝑦). Thus, in the Eq. (8) the amount 2𝐿𝑠
𝑖  from the set 

𝐿𝑆𝑠 ∩ 𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) no more than a specified number of hours per 

day for students Nhd. 

5) Lectures preferably carried out in the first, second 

lessons: 
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The expression (9) means that there is a single cycle of 

lessons in which type of class is a lecture and the order of its 

placement in the time slot is not higher than the second lesson. 

6) The number of lectures should not exceed two per day: 
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Llectures – the set of classes such as "lecture". 𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) – the 

set of lessons that take place in the time interval Tt(Tday). Thus, 

in the Eq. (10) the amount 𝐿𝑠
𝑖  from the set 𝐿𝑙𝑒𝑐𝑡𝑢𝑟𝑒𝑠 ∩ 𝐿𝑇𝑡(𝑇𝑑𝑎𝑦) 

no more than 2. 

7) Some wishes of teachers:  

To formulate this requirement, a teachers' wishes matrix 

Mdesires is considered. 
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𝑀𝑑𝑒𝑠𝑖𝑟𝑒𝑠 = (𝑚𝑝,𝑡)𝑝=1,𝑡=1
𝑁𝑝,𝑁𝑡

, where mp,t=1, if there is a ban on 

the lesson for the p-th teacher during the t-th lesson, and mp,t=0, 

if there is no ban. 

𝐿𝑇𝑡 – the set of lessons that take place in the time interval Tt. 

The expression (11) means that there is a single cycle of 

lessons where the participant of the educational process 

conducts lessons in a given time interval, if there is no ban on 

lessons, or such a cycle does not exist and in this time interval 

lessons are not held. If the teacher's desire leads to non-

fulfillment of hard constraints, the desire will not be fulfilled, 

or there will be another decision that does not violate hard 

constraints. 

8) Minimizing teachers’ transitions between buildings: 
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𝐿𝑇𝑡 – the set of lessons that take place in the time interval Tt. 

The expression (12) means that there is a single cycle of 

lessons when the participant of the educational process 

conducts lessons, where the number of educational buildings 

in which the audiences are located is not more than 2, or such 

a cycle does not exist. 

9) Minimizing students’ transitions between buildings: 
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𝐿𝑇𝑡 – the set of lessons that take place in the time interval Tt. 

The expression (13) means that there is a single cycle of 

lessons when the student has lessons, where the number of 
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buildings in which the audiences are located is not more than 

2, or such a cycle does not exist. 
 

 

5. COURSES TIMETABLING CREATION PROCESS 

TARGET FUNCTION 

 

The schedule of courses should be as convenient as possible 

for both students and participants in the learning process [7]. 

It is difficult to choose one criterion by which to assess the 

quality and effectiveness of the schedule of courses. In section 

“Soft Constraints Description” a list of criteria that will be 

used in the work to optimize the schedule of courses sessions 

was proposed. 

Let's assume that 𝜙𝑖: 𝑋 → 𝑅1, 𝑖 = 1, 𝐾 – functions, each of 

which optimizes one criterion for assessing the schedule of 

training sessions, where K – this is the total number of criteria. 

Then the criterion of efficiency in the courses timetabling 

creation task will be: 
 

max
1

→=
=

K

i
iiF   (14) 

 

λi – a "weighting factor" that determines the significance of 

the i-th criterion. The "weighting factor" is determined by the 

operator, before creating a schedule based on their own 

considerations about the importance of each efficiency criteria. 

The difference between the current and the "ideal" schedule is 

an integral assessment of the schedule by all criteria. 

The efficiency of schedule by constraint (5) – ϕw is 

determined for each student and it takes value 𝜙𝑤 ∈ [0; 1]. 
The minimum possible number of “windows” is 𝐶𝑤

𝑚𝑖𝑛, and the 

maximum possible number of “windows” is 

𝐶𝑤
𝑚𝑎𝑥𝑠((𝑇𝑝𝑎𝑖𝑟

𝑖 )
𝑚𝑎𝑥

())

, where (𝑇𝑝𝑎𝑖𝑟
𝑖 )

𝑚𝑎𝑥
 – the maximum 

possible number of lessons per day. Then ϕw (15) is the ratio 

of the difference between the maximum possible number of 

"windows" 𝐶𝑤
𝑚𝑎𝑥 and the actual number of "windows" Cw to 

the maximum possible number of "windows" 𝐶𝑤
𝑚𝑎𝑥. From this 

statement it follows that the greater the value KW, the higher 

the efficiency of the created schedule of courses, because the 

number of "windows" is less. 
 

max1
max

→−=

w

w
w

C

C
  (15) 

 

The efficiency of schedule by constraint (6) –ϕld is 

determined for each student and it takes value 𝜙𝑙𝑑 ∈ [0; 1]. 
The minimum possible number of exceedances of the number 

of lessons per allowable number per day is equal 𝐶𝑙𝑑
𝑚𝑖𝑛, and the 

maximum possible number of excesses is 𝐶𝑙𝑑

𝑚𝑎𝑥 ∑
𝑁𝑖
𝑙𝑑

𝑁𝑙𝑑+1

𝑁𝑠
𝑖=1

, 

where 𝑁𝑖
𝑙𝑑 – the number of classes for each student according 

to the plan, ldN  – the permissible number of classes for a 

student per day. Then ϕld (16) is the ratio of the difference 

between the maximum possible number of exceedances of the 

number of lessons for the allowable number 𝐶𝑙𝑑
𝑚𝑎𝑥  and the 

actual number of exceedances of the number of lessons for the 

allowable number Cld to the maximum possible number of 

exceedances of the number of lessons for the allowable 

number 𝐶𝑙𝑑
𝑚𝑎𝑥. From this statement it follows that the greater 

the value ϕld, the higher the efficiency of the created schedule 

of courses, because the less the number of exceedances of the 

allowable number of lessons per day. 
 

max1
max

→−=

ld

ld
ld

C

C
  (16) 

 

The efficiency of schedule by constraint (7) – ϕat is 

determined for each lesson and it takes value 𝜙𝑎𝑡 ∈ [0; 1]. The 

minimum possible number of discrepancies in the type of 

audiences is equal 𝐶𝑎𝑡
𝑚𝑖𝑛, and the maximum possible number 

of discrepancies in the type of audiences is 𝐶𝑎𝑡
𝑚𝑎𝑥𝑙. Then ϕat (17) 

is the ratio of the difference between the maximum possible 

number of discrepancies between the type of audience and the 

type of lessons 𝐶𝑎𝑡
𝑚𝑎𝑥 and the actual number of discrepancies 

between the type of audience and the type of lessons 𝐶𝑎𝑡 to the 

maximum possible number of discrepancies between the type 

of audience and the type of lessons 𝐶𝑎𝑡
𝑚𝑎𝑥. From this statement 

it follows that the greater the value ϕat, the higher the 

efficiency of the created schedule of courses, because the 

number of audiences that do not correspond to the type of 

lessons is less. 
 

max1
max

→−=

at

at
at

C

C
  (17) 

 

The efficiency of schedule by constraint (8) – ϕhd is 

determined for each student and it takes value 𝜙ℎ𝑑 ∈ [0; 1]. 
The minimum possible number of exceedances of study hours 

per day for the allowable number of study hours per day is 

equal 𝐶ℎ𝑑
𝑚𝑖𝑛, and the maximum possible number of excesses is 

𝐶
ℎ𝑑

𝑚𝑎𝑥𝑠𝑑𝑎𝑦
. Then ϕhd (18) is the ratio of the difference between 

the maximum possible number of exceedances of study hours 

per day for the allowable number of study hours per day 𝐶ℎ𝑑
𝑚𝑎𝑥 

and the actual number of exceedances of study hours per day 

for the allowable number of study hours per day Chd to the 

maximum possible number of exceedances of study hours per 

day for the allowable number of study hours per day 𝐶ℎ𝑑
𝑚𝑎𝑥. 

From this statement it follows that the greater the value ϕhd, 

the higher the efficiency of the created schedule of courses, 

because the number of exceedances of the allowable number 

of study hours per day is less.  
 

max1
max

→−=

hd

hd
hd

C

C
  (18) 

 

The efficiency of schedule by constraint (9) – ϕnl is 

determined for each student and it takes value 𝜙𝑛𝑙 ∈ [0; 1]. 
The minimum possible number of lectures held after the 

second lesson for each student is equal 𝐶𝑛𝑙
𝑚𝑖𝑛 , and the 

maximum possible number of lectures held after the second 

lesson for each student is 𝐶𝑛𝑙
𝑚𝑎𝑥𝑠𝑑𝑎𝑦

. Then ϕnl (19) is the ratio 

of the difference between the maximum number of lectures 

given after the second lesson for each student 𝐶𝑛𝑙
𝑚𝑎𝑥 and the 

actual number of lectures given after the second lesson for 

each student Cnl to the maximum possible number of lectures 

held after the second lesson for each student 𝐶𝑛𝑙
𝑚𝑎𝑥. From this 

statement it follows that the greater the value ϕnl, the higher 

the efficiency of the created schedule of courses, because the 

number of lectures after the second lesson is less. 

 

max1
max

→−=

nl

nl
nl

C

C
  (19) 
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The efficiency of schedule by constraint (10) – ϕal is 

determined for each student and it takes value 𝜙𝑎𝑙 ∈ [0; 1]. 
The minimum possible number of days where more than two 

lectures for each student is 𝐶𝑎𝑙
𝑚𝑖𝑛, and the maximum possible 

number of days where more than two lectures for each student 

is 𝐶𝑎𝑙
𝑚𝑎𝑥𝑠𝑑𝑎𝑦

. Then ϕal (20) is the ratio of the difference of the 

maximum number of days where the lectures are more than 

two for each student 𝐶𝑎𝑙
𝑚𝑎𝑥  and the actual number of days 

where there are more than two lectures for each student Cal to 

the maximum possible number of days, where there are more 

than two lectures for each student 𝐶𝑎𝑙
𝑚𝑎𝑥. From this statement 

it follows that the greater the value ϕal, the higher the 

efficiency of the created schedule of courses, because the 

number of days where the number of lectures is more than two 

is less. 
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al

al
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C
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The efficiency of schedule by constraint (11) – ϕd is 

determined for each teacher and it takes value 𝜙𝑑 ∈ [0; 1]. 
The minimum possible number of non-fulfillment of teachers' 

wishes is equal 𝐶𝑑
𝑚𝑖𝑛, and the maximum possible number of 

non-fulfillment of teachers' wishes is 𝐶𝑑
𝑚𝑎𝑥∑ 𝑁𝑑𝑒𝑠𝑖𝑟𝑒𝑠

𝑖𝑁𝑝
𝑖=1 , where 

𝑁𝑑𝑒𝑠𝑖𝑟𝑒𝑠
𝑖  – the number of wishes of the i-th teacher. Then ϕd 

(21) is the ratio of the difference between the maximum 

number of non-fulfillment of teachers' wishes 𝐶𝑑
𝑚𝑎𝑥  and the 

actual number of non-fulfillment of teachers' wishes Cd to the 

maximum possible number of non-fulfillment of teachers' 

wishes 𝐶𝑑
𝑚𝑎𝑥. From this statement it follows that the greater 

the value ϕd, the higher the efficiency of the created schedule 

of courses, because the number of unfulfilled wishes of 

teachers is less. 

 

max1
max

→−=

d

d
d

C

C
  (21) 

 

The efficiency of schedule by constraint (12) – ϕpd is 

determined for each teacher and it takes value 𝜙𝑝𝑑 ∈ [0; 1]. 

The minimum possible number of transitions for teachers 

between buildings is 𝐶𝑝𝑑
𝑚𝑖𝑛 , and the maximum number of 

transitions between buildings equal 

𝐶𝑝𝑑

𝑚𝑎𝑥 ∑ (𝑖𝑚𝑎𝑥())
∑

𝑖∈𝐿
𝑃𝑝∩𝐿

𝑇𝑡(𝑇𝑑𝑎𝑦)

, where imax – this is the ordinal 

number of the last lesson of the teacher on a particular day. 

Then ϕpd (22) is the ratio of the difference between the 

maximum number of transitions of teachers between buildings 

𝐶𝑝𝑑
𝑚𝑎𝑥 and the actual number of teachers transitions between 

buildings Cpd to the maximum possible number of transitions 

of teachers between buildings 𝐶𝑝𝑑
𝑚𝑎𝑥 . From this statement it 

follows that the greater the value ϕpd, the higher the efficiency 

of the created schedule of courses, because the number of 

transitions of teachers between buildings is less. 

 

max1
max

→−=

pd

pd
pd

C

C
  (22) 

 

The efficiency of schedule by constraint (13) – ϕsd is 

determined for each student and it takes value 𝜙𝑠𝑑 ∈ [0; 1]. 

The minimum possible number of transitions for students 

between buildings is 𝐶𝑠𝑑
𝑚𝑖𝑛 , and the maximum number of 

transitions between buildings equal 

𝐶𝑠𝑑

𝑚𝑎𝑥∑ (𝑖𝑚𝑎𝑥())
∑

𝑖∈𝐿𝑆𝑠∩𝐿
𝑇𝑡(𝑇𝑑𝑎𝑦)

, where imax – this is the ordinal 

number of the last lesson of the student on a particular day. 

Then ϕsd (23) is the ratio of the difference between the 

maximum number of transitions of students between buildings 

𝐶𝑠𝑑
𝑚𝑎𝑥 and the actual number of students transitions between 

buildings Csd to the maximum possible number of transitions 

of students between buildings 𝐶𝑠𝑑
𝑚𝑎𝑥 . From this statement it 

follows that the greater the value ϕsd, the higher the efficiency 

of the created schedule of courses, because the number of 

transitions of students between buildings is less. 

 

max1
max

→−=

sd

sd
sd

C

C
  (23) 

 

This approach is not the only one. The number of constraints 

may increase, but this will increase the complexity and 

flexibility of the system. There may be problems with the 

solution of large systems, namely: lack of computer memory, 

loss of accuracy, the way to improve results will be very 

difficult and long. 

 

 

6. EFFICIENCY AND FINDING A COMPROMISE 

BETWEEN THE CRITERIA 

 

Analysis of the criteria for optimality of schedule does not 

allow to identify the most important of them, assuming that 

others are insignificant [12]. In cases where the efficiency 

indicator cannot be represented as one indicator and one 

optimality criterion, the problem is called multicriteria. In the 

case of a multicriteria problem, the optimization problem is 

considered as a problem of finding a compromise between the 

criteria [13]. These criteria may reflect assessments of the 

different qualities of the object or process about which the 

decision is made [14]. 

One type of compromise is the Pareto compromise. In this 

case, we get not one solution, but the solution area of the 

optimization problem. Defining the area of compromises Qx is 

to select from a set of acceptable solutions Q a subset having 

the property that each solution 𝑞 ∈ 𝑄𝑥 , cannot be improved 

without deteriorating at least one of the criteria. [15]. 

On the set of variants of change of the schedule, at its 

optimization, the set of Pareto-optimal variants is defined, i.e. 

options where the integrated estimate of the schedule is close 

to zero, i.e. the estimate of the "ideal" and the actual schedule 

are equal, or almost equal, in other words, a schedule that does 

not deteriorate compared to the original schedule. Such 

decisions include those where deterioration by one criterion 

does not result in a weakening by any other criterion. 

Ideally, the task of forming a schedule of courses can be 

considered as a task of finding such 𝑥 ∈ 𝑄 , at which the 

maximum of all private criteria is reached, where x – allowable 

schedule, Q – the set of all possible allowable schedules [16]: 

 







→

Qx

xi max)(
 (24) 

 

In practice, a solution in which the maximum of all private 
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criteria is achieved simultaneously exists as an exception. This 

is often due to various contradictions between the subjects of 

the schedule. Therefore, the solution of such problems should 

be sought in the set of Pareto-optimal solutions 𝑄𝑥 ⊂ 𝑄. Then 

choose the resulting schedule from the set Qx could be 

performed by an expert, however, the power of the set Qx for 

problem (24) can be large, which makes its analysis by an 

expert difficult and tedious. Therefore, it is better to reduce the 

number of criteria for evaluating schedules. The problem of 

determining the set Qx takes the form: 
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where, Fk(x), k=1, 2 – private criteria indicators of the problem, 

F1(x) – general assessment of the schedule of courses x; F2(x) 

– minimum (worst) individual assessment of the schedule x. 

In general, to maximize indicators F1(x) and F2(x) is 

contradictory. For example, changes in some schedule x, 

increasing the indicator F1(x), can lead to serious disturbances 

in the schedule of a subject that will lead to increased indicator 

F2(x), this is especially evident in problems of medium and 

large size with a large number of requirements for the schedule.  

Figure 2 shows a diagram for calculating the effectiveness 

of the schedule and checking for compliance with hard 

constraints.  

From the output of the "Schedule Creator" block, a ready-

made schedule is sent to the input of the "Hard Constraints 

Check (HCC)" block, which is checked for compliance with 

hard constraints. If at the outputs of the "Hard Constraints 

Check (HCC)" block all values are equal to 1, then all 

constraints are met and the quality of the schedule can be 

calculated. The input of the "Schedule Efficiency" block 

receives the schedule and the response that all the prerequisites 

are met. The block "Schedule Efficiency" calculates private 

estimates of the effectiveness of the schedule and the general 

estimate of the schedule. The results of several experiments 

are listed in Table 1. 

 

 
 

Figure 2. Simulink scheme for calculating schedule efficiency indicators 

 

Table 1. The results of experiments 

 
№ F(x) φw φld φat φhd φnl φal φd φpd φsd 

1. 7.74 0.85 0.82 0.91 0.86 0.88 0.9 0.63 0.99 0.9 

2. 8.04 0.96 0.82 0.99 0.95 0.85 0.86 0.7 0.95 0.96 

3. 8.08 0.93 0.97 0.94 0.83 0.9 0.79 0.94 0.86 0.92 

4. 8.41 0.96 0.81 0.97 0.95 0.99 0.92 0.99 0.93 0.89 

5. 8.54 0.96 0.87 0.95 0.99 0.99 0.96 1 0.94 0.88 
Notes: 1. The number of checked schedules is 5. 2. Minimum individual grades are in bold and italicized. 
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Analyzing the results obtained for the first experiment, we 

are looking for a private estimate with the lowest value. By 

optimizing the schedule by increasing the value of the 

minimum estimate, we observe the value of the total estimate 

of the schedule. We see that in the third variant, by increasing 

the previous estimate of the schedule, another partial estimate 

decreased. By increasing this estimate, another particular 

estimate worsens. By the Pareto principle, we are looking for 

a compromise between the schedule estimate and the worst 

private estimate. 

 

 

7. CONCLUSIONS 

 

The paper describes a mathematical model of courses 

timetable creation process. During this, in the first stage, all 

process variables were identified, namely lessons, disciplines, 

teachers, students, audiences and timeslots. The next step, 

using the described variables, was a description of hard and 

soft constraints. The importance of describing them is that 

non-compliance with hard constraints will result in the student 

not fully fulfilling the curriculum, and soft constraints are 

needed to improve the efficiency and quality of the courses 

schedule. Therefore, a number of performance criteria were 

described, according to which the evaluation of the obtained 

schedule will be performed. But due to the fact that in practice 

the schedule in which the maximums of all criteria are reached 

exists as an exception, due to the contradictions of the subjects. 

Therefore, the number of criteria was reduced to two. The 

solution of such problems should be sought in the set of 

Pareto-optimal solutions. 

The obtained results will be used in the description of the 

algorithm and the development of an automated control 

system for the courses timetable creation process. 
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NOMENCLATURE 

A set of audiences 

D set of disciplines 

F process target function 

K total number of criteria 

L set of lessons 

M teachers' wishes matrix 

N number of the elements in the set 

P set of participants in the educational process 

Q set of all possible allowable schedules 

S set of students 

T set of timeslots 

x schedule of courses 

Greek symbols 

λ weighting factor that determines the degree of 

importance of the criterion 

φ assessment that determines non-compliance with 

the desired requirement or soft constraints 
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