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Abstract 

The formation and management of schedules is repetitive and troublesome for 
any class, university and organization. Limited resources in terms of people, time 
and locations. Institutions needs solutions that will meet all of these constraints of 
scheduling. The system for scheduling is proposed to take in control the scheduling 
process that takes time by automatically allocating time slots for teaching and 
creating course schedule. And easily can be integrated with their systems without 
need to do some extra work like adding data for scheduling or exporting them. One 
of the benefits of this system are reducing the time spend on creating schedules 
and minimizing errors that made by people, so it is expected that the schedules 
will be generated more quickly.



Angzatna 

Kecteui kypy >kaHe Oackapy Ke3-KeJIreH CbIHBIN, YHUBEPCUTeT 2KoHe YHbIM Vin 
KalTaanaTbl *KeHe KMbIH. Aamsap, yakbIT 2KoHe OPbIH TYPFbICbIHaH IWeKTeysli 
pecypctap. Mexemenepre *KOCTAPMAaYIbIH OapJIbIk WeKTeysepine coltkec KenerTin 
IUeWIMep Ka2KeT. 2Kocnapsiay aKyhecinge cabak yaKbITbIHbIH KeCTeciH aBTOMAaT- 
Tbl Type Oey 2KOHE yaKbIT KeCTeCiH KYPY APKbIJIbI YAKbITTbI Taslall ereTiH KecTe 
Mpolecid OakbWiayra asly ycbiHbllaZbl. OjlapabI 2kocnapmay Hemece SKCHOpTTay 
YiH Jepektepai Kocy cuaAKTEI KOCbIMINA 2KYMBICTaPpAbI Ka2KeT eTyci3 OapAbI 
*KYHeJIepIMeH OHalt 6ipiktipyre 6onagpt. By oxyitenig AaPTbIKUIbBVIbIKTaPbIHbIH 
6ipi - KecTe Kypyra Kererin YaKbITTHI asaliTy *KeHe allamap »*xiOeperin KaTesiK- 
Tepl a3aliTy, COHAbIKTaH KecTeylep Te3ipek Kypbiviagbl Jel KyTinyze.



AHHOTalMa 

PopmupoBanuve M ypaBsleHve pacncaHvAMM ABJIAeTCA NOBTOpAIOMIMMCcA uM xO- 

NOTHBIM IIA m0O0ro Klacca, YHUBepclTeta 1 opraHu3auun. OrpanwueHHble pe- 

CypCbl C TOUKM 3peHia Joge, BpeMeHH M MecTa. YupexKTeHUAM Hy2KHbI peleHua, 

KOTOpble 6yZyT COOTBeETCTBOBaTb BCeM STM OTpaHHueHuAM MlaHupoBaHua. Cu- 

cTeMa IlaHHPOBaHHA MpeAlaraeTca B3ATb MOA KOHTPOJIb Npowecc MIaHMpoBaHns, 
KOTOpbIM 3aHMMaeT BpeMA, ABTOMATHUCCKH pacipeeAd BpeMeHHbIe HHTEPBAVIBI 
Aula o6ydeHua MW Co3zaBamd pacnucaHue Kypca. MZ merko Moxxer 6nITD WHTerpHpo- 
BaH C MX CMCTeMaMN 63 HeOOXOZMMOCTH BLINOMHATD JONOMHUTEbHYIO paooty, 
Takylo KaK JOOaBJIeHNe TaHHbIX JIA WiaHvpoBaHMA wu ux S9KCHOpT. ODHMM u3 

NpeuMylecTB 9TOU CHCTeMbI ABAAeTCA COKpallleHve BpeMeHH, 3aTpayHBaemoro Ha 

co3faHve paciicaHui, WH MMHMMM3allua OIMOOK, JONYIeHHbIX JUObMU, NOSTOMY 
omkugaeTca, ITO pactincanua OyzyT cosqaBatTpca 6picTpee.
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1. Introduction 

1.1 Motivation 

In recent years, the automation process has taken wide steps. Medicine, agricul- 

ture, aircraft manufacturing, engineering and other areas of activity have moved 

to a new level thanks to her. 

One of the most difficult and important with practical the point of view of 

the problems of system analysis is the planning of joint work of the elements of a 

complex system, taking into account their interconnection and various constraints 

due to it many elements of a complex system are found in many areas of traffic 

management, industrial planning enterprise or fulfillment of orders in the design 

organization, organization of work of institutions of the social-economic sphere, 
education and many others. 

An analysis of the range of tasks of the class under consideration shows that, 

from the point of view of dimension, as well as the variety and severity of restric- 

tions, the task of scheduling for higher education institutions, which is chosen to 

illustrate the main thesis provisions 

In most educational institutions, you can see the use of information technology. 

One of the main details of the educational process in the educational institution is 

the course schedule, which are made in manual form for hundreds of years by the 

workers of the educational institution who spent days and even weeks on it. And 

only in the last decade we can see the use of some computer programs that are 

specially developed for scheduling. But why not in all institution we have such 

systems? What prevents institutions from using such programs? Which problems 

comes in using such system? 

In the last 10-15 years, higher education in Kazakhstan has been character- 

ized by a process of constant changes, and the most significant changes can be



expected with the planned transition to a two-stage credit-modular system of 

higher education. Higher education institutions should be able to quickly and 

flexibly respond to possible changes.This opportunity is given by automation of 

planning the educational process of the university. With the growing diversity of 

educational programs, an acute shortage of budgetary funding and classrooms, 

the tasks of rational allocation of resources are becoming of paramount impor- 

tance. Scheduling classes in new conditions without automation of this process is 

not possible [1] 

An important problem is the staffing of the educational process. It is known 

that the insufficient level of remuneration of teachers in state educational insti- 

tutions stimulates their desire to work part-time in other universities and enter- 

prises.On the other hand, the modern scientific and technical level of educational 

programs is traditionally ensured by involving specialists from scientific and in- 

dustrial organizations in the educational process. As a result, the vast majority 

of teachers require an individual work schedule.So in SDU at the moment more 

than one-third teachers submit individual wishes for the schedule. 

A growing variety of forms of training, with different requirements for restric- 

tions on the duration of classes, both for training forms and for groups. 

Recently, various forms of additional education have been actively develop- 

ing, requiring a special training schedule for groups, teachers and occupying the 

resources of the classroom fund. 

When working with the classroom fund, it is necessary to take into account 

the rules of work of individual classrooms, the capacity of classrooms, the avail- 

ability of specific equipment, the quality of the preparedness of the classrooms to 

ensure the educational process, the audience belonging to a university or depart- 

ment classroom fund, and the division of classrooms into ordinary classrooms and 

laboratories. 

The presence of a large number of educational programs and curricula on the 

one hand and compliance with the requirements of unification of the educational 

process on the other hand leads to the need for flexible formation of flows of study 

groups for conducting various disciplines, with the union of groups of various 

specialties, courses and forms of training, which greatly complicates the process 

of scheduling. 

The formulated problems, as well as the presence of a large number of diverse



specific requirements for the organization of the educational process imposed by 

the administration of the educational institution and the graduating departments, 

make it impossible to apply old approaches and methods to the scheduling process 

based on manual labor. A huge variety of curricula and requirements, as well as a 

significantly increased volume of tasks and limited volume classroom fund, make 

the task of scheduling too complicated and inaccessible to the team of dispatchers. 

Due to the increase in diversity and the increased connectedness of the schedule 

of groups of various specialties and forms of training, an increase in the number of 

dispatcher employees will not bring results, since all dispatchers need to coordinate 

actions among themselves in order to avoid mistakes and overlays. A person is no 

longer able to hold in his head a huge volume of information and perform many 

routine operations and checks. In such a situation, only an automated system is 

able to provide timely and flexible planning of the educational process, performing 

centralized work with all the data, performing a huge number of labor-intensive 

routine operations and providing the user with only services of the highest level 

of abstraction. The task of automating the scheduling of classes in a modern 

university is more relevant than ever. 

Similar tasks are found in the transport schedule, traffic flow control, in the 

production and assembly of various products, the tasks of organizing work at 

enterprises. 

From a mathematical point of view, the task of scheduling is an ordering 

problem and is characterized by a very high dimension. Mathematical methods for 

solving such problems are considered in the framework of the Theory Timetables 

(TT) Or Job Shop Scheduling [2]. 

The "temporary" nature of the problems of scheduling theory distinguishes 

them in a special class, which differs significantly from the "voluminous" economic 

problems. If in the latter it is required to answer the question of what and how 

much to produce, then in the tasks of the TT it is necessary to determine when and 

in what sequence to perform work. This difference in the essence of the problems 

determines the difference in methods and possibilities for solving them. For tasks 

of a voluminous nature, a sufficiently powerful apparatus has been developed, 

mainly mathematical programming, which makes it possible to successfully solve 

them. For TR problems, the decisive apparatus is developed to a much lesser 

extent [3]. The search for the optimal or near optimal schedule is carried out



using one of 3 approaches: 

e mathematical programming [4]; 

e combinatorial [5]; 

e heuristic [6]; 

The task of scheduling can be formulated in terms of linear integer program- 

ming. A system of operations consisting of operations and machines performing 

specific operations is described. In the form of inequalities, a system of constraints 

is presented. Additional integer variables are also introduced to describe “or-or” 

constraints that cannot be described as part of conventional linear programming. 

Next, the system itself is recorded and the objective function is formed. Target 

functions may vary. The specific form of the objective function depends on what 

we need to minimize [7]. 

When applying mathematical programming methods to solve the TR problem 

under consideration, a significant increase in the solution time is inevitable tasks 

depending on its dimension due to the inevitable use of methods of enumerating 

options: 

T=Cxk 

where C is a certain constant, k is the number of pairs per week, m is the average 

number of types of classes conducted by the teacher, n is the number of teachers. 

The most common methods of reducing enumeration are those based on the 

branch-and-bound method or the implicit enumeration method, which consist 

of constructing “partial solutions” that allow cutting off unpromising solutions. 

However, even the perfect methods of reducing the search do not allow to escape 

from the exponential growth of labor intensity. 

The combinatorial approach is reduced to a purposeful permutation of pairs 

of jobs in a certain initial sequence until an optimal (close to optimal) solution. 

The combinatorial approach uses concepts such as class P problems, efficient 

algorithms, and NP-complete problems [8]. 

By “effective algorithm” is meant an algorithm for which the number of re- 

quired steps grows as a polynomial in the size of the input problem. Tasks having 

effective (polynomial) solution algorithms belong to the class of P-problems. 

The class of NP-tasks has the following properties: 
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e no NP-complete problem can be solved by any known polynomial algo- 

rithms; 

e if there is a polynomial algorithm for some NP-complete problem, then there 

are polynomial algorithms for all NP-complete problem. 

The practical meaning of the concept of NP-completeness is as follows: such 

problems are essentially difficult to solve from a computational point of view, they 

are not amenable to an efficient algorithmic solution, and for an algorithm that 

correctly solves NP-complete problem, an exponential amount of time is required 

in the worst case, and therefore it will not be applicable in practice to any, except 

for very small, tasks [9]. 

The unsatisfactory state of development of exact methods for solving NP prob- 

lems has led to the development of approximate methods that allow obtaining 

acceptable solutions at a relatively low cost of time and money. Conditionally 

approximate methods are divided into heuristic and probabilistic [9]. 

Heuristic algorithms are based on a technique called a technique for reduc- 

ing requirements. It consists in refusing to search for the optimal solution in 

an acceptable time. Heuristic algorithms use various reasonable images without 

rigorous justification. 

The so-called local search method is widely used. Moreover, a pre-selected set 

of permutations is used to consistently improve the initial solution until such an 

improvement is possible, otherwise a local extremum is reached. 

Another area of heuristic methods for solving TT problems is the formation of 

rules or preference functions (priorities). For each And i job from the set of work 

awaiting completion, the value of the preference function f; is calculated and that 

work is selected for which f; reaches a maximum or a minimum. 

The task of scheduling can be presented in the form of an ordering problem, 

where the disciplines from the curriculum are operations, and the groups, teachers 

and classrooms are service devices. In this case, it is convenient to represent 

the model in the form of a network whose arcs represent operations. Each arc 

corresponds to a certain weight coefficient, which is the value of the objective 

function that determines the degree of preference for performing this operation. 

The vertices of the network, called events and denoted by E,, can be interpreted 

as the results of individual private work. Thus, the task of scheduling is reduced 
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to building a network taking into account all the required conditions. In the case 

where several networks can be built, it is necessary to calculate the critical path 

for each of them, and choose the network with the smallest critical path. This 

method is well suited for the classical task of streamlining, and to solve the task 

of compiling a training schedule, its application is problematic, since the training 

schedule does not just need to streamline the operations, but also select the time 

of their implementation, which is not provided for by this model and will lead to 

the need to build discrete level network with forbidden states. 

When applying all these methods, an exponentially increase in the program 

run time with an increase in the task volume is also inevitable. 

Thus, the known methods do not provide a solution to the problem of auto- 

mated scheduling of classes, taking into account its characteristic limitations with 

acceptable labor intensity. The solution requires a search for a new approach, 

which defines the purpose and objectives of the dissertation research. 

1.2 Aims and Objectives 

The aim of the work is to study the features of automatic scheduling in Higher 

Institutions and designing software (information system) for automatic schedul- 

ing. 

To achieve this goal, it is necessary to solve the following subtasks: 

e Examine the criteria for automatic scheduling and existing programs in this 

area. The result of this subtask will be a list of requirements for automatic 

scheduling and programs in this area, as well as a list of popular programs 

and wishes for the functionality and capabilities of the software obtained by 

conducting an online survey among administrations of educational institu- 

tions. 

e Analyze automatic scheduling programs. Initial information for solving this 

problem are screenshots of these programs and information from official 

websites of developers. The result is a list of the pros and cons of existing 

programs. 

© To analyze existing algorithms for automatic scheduling. The result of this 
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task is a selected package of algorithms for automatic scheduling in educa- 

tional institutions. 

e Develop a project for an automatic scheduling system. The initial infor- 

mation for solving this problem is the results of all the above tasks. The 

result of this work is a draft program with the described database structure, 

interface and scheduling algorithm. 

1.3. Thesis Outline 

The first chapter is Introduction chapter. It is this one that you are currently 

reading. It gives insight into the work done. In Chapter 1 we review and anal- 

ysis of existing programs in area of automated course scheduling . Chapter 2 is 

describing about automatic scheduling algorithms and which is will be good to 

use in the system. Chapter 3 is about development of a method for solving the 

problem. Chapter 4 is searching for best technologies to use in development such 

systems. Last Chapter 5 is about Analysis of results. And in Conclusion chapter 

is conclusion of our work done. 
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2. Analysis of the scheduling 

problem 

2.1 General Characteristics of the Task 

The task of scheduling theory is considered given if defined [10]: 

1. requiring work and operations; 

2. criteria for evaluating the result. 

Depending on the nature of the receipt of work, two types of tasks are distin- 

guished: static and dynamic [11]. In static problems, a certain number of jobs 

simultaneously enter a free system. After this, new works are not received and 

the schedule is drawn up for a well-defined and well-known number of works. In 

dynamic problems, the work enters the system at some points in time, which can 

only be predicted in a statistical sense. Therefore, the points of future earnings 

are not defined. Streamlining in dynamic and static problems requires different 

solution methods [3]. 

Depending on the order in which the machines perform operations that are 

part of the work, they distinguish between machine systems [12]. 

1. conveyor; 

2. with a random order of work; 

3. arbitrary type; 

The task of scheduling occurs in a wide variety of areas: in the transport 

schedule, traffic management, production and assembly of various products, or- 

ganization of work at enterprises. 
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The task of scheduling classes is characterized by discrete start and end times 

and requires several machines of different types to process the operation. 

The task of compiling a schedule of classes at a university is characterized 

by high, laboriousness and has a number of features; hindering its formalization 

and automated solution. A variety of forms of training and curricula; on the one 

hand, a limited number of classrooms and restrictions associated with the mode 

of work of individual teachers, on the other hand, make it necessary to take into 

account a large number of requirements, sometimes mutually exclusive. The main 

difficulty in scheduling is to take into account the totality of the requirements. 

Modern practice shows that the task of scheduling in the statement consid- 

ered above is solved "manually" - only automation of work with documents is 

provided. Taking into account various individual requirements is the prerogative 

of experienced dispatchers using intuition and professional techniques worked out 

over many years. Such a process takes considerable time, and as the volume and 

variety of requirements increase, it becomes less and less successful. So in the 

SDU, by the time automation work began in 2019, the duration of the scheduling 

process for a semester approached three months. 

The analysis of the problem under consideration by the example allows us to 

offer the following classification of the basic requirements for the lesson schedule. 

1. Group related requirements: 

(a) taking into account working curriculums of groups; 

(b) the presence of several forms of training with characteristic time re- 

strictions for classes: full-time, part-time (evening), etc .; 

(c) association of groups in training flows for the lesson (one group may 

be included in various flows); 

(d) accounting of the number of groups and educational flows; 

the ability to select the time of classes on the days of the week; ) 

(f) inadmissibility of "windows" in the group schedule; 

) at least three lessons per day; 

) no more than four lessons per day (in exceptional situations, five 

lessons); 
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(i) 

(i) 

(k) 

uniform distribution of lectures, practical and laboratory classes by 

day of the week; 

the availability of free day at senior courses; 

the ability to conduct several classes on the same course in a row; 

2. Requirements related to teachers: 

(a) 

(b 

(c) 

(d) 

the appointment of teachers for specific classes; 

the workload of the teacher; 

the possibility of excluding simultaneous classes for some teachers; 

taking into account the individual wishes of teachers on the day of the 

week and the time of the classes; 

taking into account the maximum number of busy days for a teacher; 

taking into account the maximum number of lessons per day for the 

teacher; 

taking into account the maximum number of lectures per day for the 

teacher; 

taking into account the maximum number of practical lessons per day 

for the teacher; 

taking into account the maximum number of laboratory lessons per 

day for the teacher; 

providing a compact timetable for teachers; 

ensuring an even distribution of classes by day of the week; 

consideration of wishes for the building and floors. 

3 Rooms requirements: 

(a) 

(b) 

(c) 

(d) 

limited number of rooms; 

taking into account for the capacity of rooms; 

taking into account the specialization of rooms; 

taking into account the rooms study-time. 
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(e) taking into account the affiliation of rooms (departments, university 

and cathedral-university) 

(f) the possibility of eliminating the simultaneous conduct of classes in 

some classrooms. 

4. Requirements related to the types of sections: 

(a) the presence of lectures, practical and laboratory classes; 

(b) division of groups into subgroups for laboratory work; 

(c) compliance with the sequence of some classes in the schedule. 

It should be noted that the listed requirements are very diverse, some of them 

are difficult to formalize. Practice shows that the main reasons that complicate 

the scheduling of classes are the lack of classrooms and the large number of diverse 

wishes of teachers. 

We formulate the statement of the applied problem. 

An automated system for scheduling classes should, at an acceptable time 

without the participation of the operator (automatically) or with minimal partic- 

ipation (in automated mode), arrange all classes in the schedule grid and assign 

classrooms for them from a limited list in accordance with the requirements listed 

above. 

It should be noted that in some cases for universities the question of a lim- 

‘ted number of classrooms arises most sharply. To compile a convenient sched- 

ule, both the number of general audiences and individual laboratories are insuffi- 

cient. Therefore, the process of scheduling can be understood to some extent as a 

question of the efficient allocation of shared resources. There should be no overlap 

on the simultaneous ownership of shared resources. The lack of shared resources 

leads to a significant loss in the quality of the schedule, the need to abandon 

certain requirements, or even the inability to schedule under given conditions. 

It is necessary to develop a model to take into account all the necessary re- 

quirements. 
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2.2 Overview of Existing Solutions 

To date, a number of software products are known that make it possible to sched- 

ule classes, taking into account a certain set of requirements. Most of these soft- 

ware products are focused on their use in schools. The school schedule is much 

simpler than in universities, and the dimension of the task is much smaller. 

All considered software products for a set of functionality can be divided into 

the following groups: 

e scheduling systems for secondary education institutions, 

e scheduling systems of medium functionality at a university, 

e scheduling systems of high functionality at the university. 

Schedule systems for secondary education 

The software products of this group are mainly designed for scheduling classes 

in schools and technical schools. 

The following programs belong to this group: 

e Timetable PRO [13] 

e Express TimeTable [14] 

e Nika software [15] 

Some programs of this group allow you to create a schedule for training in two 

shifts, to divide groups into subgroups. School orientation makes unnecessary 

such important requirements for universities as taking into account the forms of 

group learning, scheduling a two-week training cycle. Most programs support 

manual and automated modes. For programs of this group the assignment of 

teachers to classrooms is characteristic. 

The programs of this group are designed to solve the problem of small volume; 

they do not satisfy the following requirements: 

e taking into account the wishes of teachers, 

e taking into account restrictions on the time of classes for groups and forms 

of training, 
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e taking into account the mode of work of audiences, 

grouping groups into classes 

e division of groups into subgroups for laboratory work, 

e various options for ordering classrooms for classes. 

The programs of this group as a whole make it possible to automate the 

scheduling process in schools and technical schools, but are not suitable for uni- 

versities because of the small dimension of the problem being solved and the lack 

of taking into account a large number of university-specific requirements. 

Schedule systems of medium functionality at a university 

The software products of this group have more functionality than the programs 

of the previous group and allow you to schedule more. 

The following programs can be attributed to this group: 

e Rector 3 [15] 

© Cyber Matrix Class Scheduler [16] 

This group of programs is positioned by developers as programs for scheduling 

at a university. However, individual programs give the impression of incomplete- 

ness and ill-conceived ideology, a very weak acquaintance of developers with the 

specifics of the educational process in a higher educational institution. 

Key features of this group of programs: 

e support the operating mode of the university, 

e support two-shift training, 

e the ability to reserve audiences for specific academic disciplines, 

e support 4 two-week schedule, 

e take into account the transition time between audiences. 

e support automatic and manual modes, 

e support wishes for the duration of classes for teachers, 
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e the ability to set the mode of operation of audiences, 

e support audience types. 

Some pros: 

e there is no concept of a study group with an individual curriculum, 

e there is no concept of forms of learning, 

e there is no possibility to set restrictions on the time of classes for groups 

and forms of training, 

e there is no possibility of flexible adjustment of the educational institution's 

operating mode, 

e do not support the ability to indicate the affiliation of classrooms to depart- 

ments, 

e does not support the possibility of conducting one lesson by several teachers, 

e do not support types of classes (lectures, practices, laboratory), 

e do not allow in various combinations to reserve audiences for specific occu- 

pation. 

e lack of transparent logic for working with the system, inconvenient user 

interface. 

Despite the identified shortcomings, it should be noted a fairly wide range of 

functionalities of the program "Rector". Attempts have been made to take into 

account a number of requirements specific to universities (two-week schedule, 

types of classrooms, etc.). However, these programs do not allow solving the 

problem in a complete statement, since they do not take into account some very 

essential requirements. The ideology of the programs does not allow them to be 

used for scheduling in large educational institutions. 

High Functionality Scheduling Systems at a University This group 

‘ncludes the most powerful scheduling programs with the widest range of func- 

tionality. 
| 

The following programs can be attributed to this group: 
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1C University [17] 

AscTimeTables [18] 

FET [19] 

UniTime [20] 

Capabilities of this group: 

allows you to conveniently enter and edit curricula, 

supports various types of activities, 

allows you to store a wide range of information about the teacher, 

the teacher can be assigned disciplines that he can teach and audiences in 

which he can teach, 

it is possible to set the mode of work of the teacher, 

it is possible to set the mode of operation of the educational institution. 

taking into account the required range of days / hours for groups, teachers 

and classrooms; 

taking into account the wishes of teachers; 

adjustment of the class schedule. 

Identified deficiencies 

a teacher can only teach in one department, 

creating flows 

there is no form of training for the group, 

there is no possibility to set time limits for conducting classes for a specific 

group. 

there is no way to record the number of busy days for groups and teachers; 
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e it doesn’t allow you to reserve audiences for various classes in various com- 

binations. 

e ability to integrate programs with ERP modules. 

The main module "Schedule" - is designed for semi-automatic scheduling of 

students. Partial automation consists in the fact that the schedule is not compiled 

automatically, and the user is given the opportunity to choose one of the available 

teachers, disciplines and classrooms for each cell of the schedule. 

Unfortunately, there is no data on the principle of constructing the basic 

algorithms and, accordingly, the dependence of the solution time on the volume 

of the problem. Analysis of the available data allows us to conclude about the 

use, as in most other specified software tools, of enumeration of options and, 

therefore, about the nonlinear dependence of the solution time on the volume of 

the problem. 

The software products of this group can be used to compile fairly complex 

timetables at universities, for the educational process of which the identified short- 

comings are not critical. The question remains about the time of scheduling for 

a fairly large educational institution. 

2.3 Overview of Solution Methods 

The lack of automated systems on the market that can solve the problem in 

a complete statement forces us to develop a new information system that can 

schedule classes based on the full system of restrictions. 

Let us analyze the well-known methods traditionally applied to scheduling 

problems. 

The task of scheduling classes belongs to the class of tasks of the theory of 

schedules (ToS), which is a section of the study of operations [21]. The formation 

of ToS as an independent direction of applied mathematics took place at a time 

when the linear programming apparatus was sufficiently developed, which natu- 

rally found the application of this apparatus to solve problems scheduling. Use of 

linear models in real situations is possible only in a few cases. In this case, the 

need arises for solving large-scale linear programming problems [22]. 
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In some cases, optimal schedules can be compiled as a result of simple consid- 

erations regarding changes in the characteristics of the schedule during some of 

its elementary transformations. A combination of techniques of this kind forms 

the basis of combinatorial methods of scheduling theory [9]. 

- Among the approximate methods of scheduling theory, an extensive group of 

heuristic methods should be noted. In these methods, to some extent, the expe- 

| rience gained as a result of multiple scheduling in practically the same conditions 

ig reflected. The search for the best schedule is artificially narrowed, often to one 

specific schedule. 

The search for the optimal or near optimal schedule is carried out using one 

of 3 approaches[3}: 

e mathematical optimization, 

e combinatorial; 

e heuristic and probabilistic. 

2.3.1 Mathematical Optimization 

The basics of scheduling theory developed at a time when mathematical models 

began to be applied to solve economic problems. Attempts were made to build 

mathematical models for the problems of ToS. At the same time faced difficulty of 

the following kind. In the mathematical model, the system of restrictions reflects 

the state of things that a certain set of conditions must be fulfilled together. In 

the ToS problem, a number of conditions must be fulfilled alternatively: either 

the i-th work starts earlier than the y-th one, or vice versa. 

Let us consider the formulation of the general problem of scheduling in terms 

of linear programming. 

Suppose we have a system of n jobs and m machines. Each work consists of g. 

operations. Each operation has three indexes: i is number of work containing this 

operation; y is the operation number inside the work, i = 1, ..., g. ’, the k-number 

ine on which the operation is to be performed. 
of the mach 

The restrictions on the time and order of operations by machines are as follows: 

e each machine performs at the same time no more than one operation; 
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e operations are performed in the specified sequence; 

e no two operations related to the same work are performed simultaneously. 

' Classical ToS considers sequential processing of an operation by machines [88]. 

In the training schedule for the operation, several machines are required simulta- 

neously (groups, teachers and classrooms, are like machines, and training sessions 

are like operations). This fact does not allow us to attribute the considered prob- 

lem to the class of simple problems of scheduling theory and to use the methods 

developed at present. If the simultaneous execution of an operation by several 

machines is permissible. 

As you can see, taking into account the need for simultaneous operation of 

- several machines leads to nonlinear constraints and does not allow the use of linear 

programming methods. The task of creating a curriculum is discrete, since classes 

can only be scheduled at strictly specified time intervals. 

In addition, curriculum development is a multi-criteria task. For example: 

minimizing the number of windows in the schedule of groups and teachers, mini- 

mizing the number of transitions from the building to the building for groups and 

teachers, maximum compliance with the informal wishes of teachers, optimization 

(using various criteria) of using the classroom fund. The combination of all these 

criteria into one complex criterion is unacceptable [96]. For an objective analysis 

of the results obtained, it is necessary to consider several criteria, which makes it 

impossible to directly use mathematical programming methods. 

When applying the methods of mathematical programming for solving TP 

problems, an inevitable exponential increase in the time of solving the problem 

depending on the dimension of the problem [23]. 

The most widely used techniques for reducing enumeration include those based 

on the branch and bound method or the implicit enumeration method. These 

techniques consist in constructing "partial solutions", presented in the form tree 

search and application of methods for constructing estimates, allowing to cut 

off unpromising partial solutions. However, even perfect methods of reducing 

enumeration do not allow one to escape from the exponential growth of labor. 
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2.3.2 Combinatorial Approach 

The combinatorial approach is reduced to a purposeful permutation of pairs of 

jobs in a certain initial sequence until an optimal (often close to optimal) solution 

[9]. 
The combinatorial approach uses concepts such as class P problems, efficient 

algorithms, and NP-complete problems [8]. 

By “effective algorithm” is meant an algorithm for which the number of re- 

quired steps grows as a polynomial in the size of the input problem. Problems 

with efficient (polynomial) solution algorithms belong to the class of P-problems. 

The class of NP-tasks has the following properties: 

e no NP-complete problem can be solved by any known polynomial algo- 

rithms; 

e if there is a polynomial algorithm for some NP-complete problem, then there 

are polynomial algorithms for all NP-complete problems. 

The practical meaning of the concept of NP-completeness is as follows: such 

problems are essentially difficult to solve from a computational point of view, they 

do not lend themselves to an efficient 

olve If an NP-complete problem is solved, an exponential amount of 

nd, therefore, it will not be applicable in 

algorithmic solution, and for an algorithm, 

I correctly s 

time will be required in the worst case a 

very small, problems [82]. 

polynomially solvable problem) [24] [25]. We have a 

Each work consists of two operations with 

practice to any, except for 

Johnson’s problem ( 

o machines: m = 2. 
conveyor of tw 

durations a; and 5; the total time for servicing the work is minimized. 

The sequence that minimi 

are started for which a; <= b; in non-decreasing order a;, then all jobs for which 

on-increasing order 0; (thereby minimizing the downtime of the 

+ has not yet managed to process any work). The 

zes the total operating time is as follows: first, jobs 

a; > b; are in Nn 

2nd machine due to that the firs 

optimality of such a sequence is proved. However, the results do not apply to the 

case n > 2. 

The NP comp 

need to build approximate 
or 

leteness of the problem is a weighty argument in justifying the 

heuristic algorithms for solving it, using schemes 
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of directional enumeration of options (such as the method of sequential construc- 

tion, analysis and screening of options (generalization of the branch and bound 

method)), and also when substantiating the need for research special cases of the 

problem. 

We will evaluate the complexity of compiling the curriculum. Suppose that 

there is a list of n training sessions that need to be scheduled. We will take classes 

from the list in the order of their placement, and put each lesson in the best place 

for him. The complexity in this case will be approximately as follows: 

~nxC 

where C is the time required to find the best place to practice. 

The above formula does not take into account all possible options for the 

schedule for a given sequence of classes, as it does not take into account all the 

options for arranging classes (the lesson is put in the best place). 

Note that the above formula gives an underestimated estimate of the com- 

plexity, as it does not take into account all the options for arranging classes, but 

reflects only options for the best placement of classes. 

The schedule of training sessions depends significantly on the order of its 

preparation, as previously assigned classes limit the choice of time for the remain- 

ing ones. Thus, with a different sequence of classes in the list, various schedule 

options are obtained. Given the various options for following the classes in the 

list. we obtain the following approximate estimate of the complexity: 

T2e#Cxnxnl 

The above formula does not take into account all possible options, limiting 

itself to arranging classes at the most preferred time intervals. It already contains 

the truncation of search options. | | 

If, by some heuristic method, it is possible to optimally organize classes in the 

| ple to reduce the complexity of the problem in n! time. 

i it will be possi ist, then 1 y in this case will look as follows: 

The assessment of the complexit 

Tenxd 
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In this case, the search remains in the task of choosing the best time for a 

particular lesson. 

2.3.3 Heuristic and Probabilistic Methods 

The tasks of the scheduling theory as a whole and the task of compiling the 

curriculum in particular belong to the class of NP-complete problems and cannot 

be solved using exact algorithms except for problems of very small volume [26]. 

The unsatisfactory state of development of exact methods for solving NP prob- 

lems has led to the development of approximate methods that allow obtaining 

acceptable solutions at a relatively small cost of time and money. Conditionally 

approximate methods are divided into heuristic and probabilistic. 

Heuristic algorithms are based on a technique called a technique for re- 

ducing requirements. It consists in refusing to search for the optimal solution in 

an acceptable time. Heuristic algorithms use various reasonable considerations 

without rigorous justification. 

The so-called local search met 

s is used to consistently improve the initial solution until such an 
hod is widely used. Moreover, a pre-selected set 

of permutation 

improvement is possible, in In the real case, 2 local optimum Is reached. 

Another area of heuristic met 

of rules or preference functions (priorities). 

the value of the f; preference function is calculated and that 

reaches @ maximum or @& minimum. 

tic methods is the convenience of implementing them 

hods for solving NP problems is the formation 

For each i-th job from the set of jobs 

awaiting completion, 

job is selected for which fi 

The advantage of heuris 

uter, even when solving cumbersome tasks. 

on a comp 
uristic methods are the difficulty in assessing the prox- 

The disadvantages 
of he 

imity of the obtained schedu 

function, there are tas 

prove the me 

les to the optimal one. In addition, for each preference 

use of this function leads to poor results. 

O to im thod of preference functions is to bind them to task 

ne way to 1 

l . . . . 

c _ sbilisti methods are associated with k-time modeling of schedules. The 

robavur 
m the set 0 

est schedule is select 

time, they distinguish: 

; f pending execution is carried out randomly. After 

selection of jobs 1° 

playing back, the b 

problem. 
At the same 

ed, which is taken as the solution to the 
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1. non-directional random search, 

2. directed random search without self-learning; 

3. self-directed guided random search. 

The heuristic method, traditionally used by the human controller, is as fol- 

lows. From experience it is known that the schedule must begin to be drawn 

up with the most loaded classrooms and teachers. Wherein, making a schedule, 

the dispatcher at any stage can make changes to the process based on personal 

experience and intuition. Direct simulation of a dispatcher’s machine is complex 

and ineffective. Many dispatcher actions are difficult to formalize and difficult for 

machine implementation. Thus, the dispatcher begins to schedule the classes that 

are the most difficult to set up. It is advisable to organize classes in accordance 

with a certain coefficient that evaluates the complexity of setting a lesson, we call 

its complexity coefficient (CC). 

The heuristic method can be used to determine the optimal sequence of classes 

in the list for placement, which will allow to avoid an exponential increase in labor 

intensity from the dimension of the pro 

problems. In the process of scheduling, the allowable time for operations for in- 

dividual specialized machines changes, t 

which ultimately can affect the order of execution of the remaining operations. 

Since previously assigned operations 

the remaining ones, you should arrange 

affect the arrangement of a given one decreases. To smooth the subjectivity of 

the heuristic method of forming the optimal sequence of arrangement of classes, 

o make a correction the sequ 

blem inherent in the class of NP-complete 

he workload of universal machines grows, 

limit the options for choosing the time for 

operations as the number of classes that 

it j 
f ations in th ; 

it is advisable t 
ence of operations in the scheduling 

process. 

As conclusion for this section. 

gis of the well-known methods of scheduling theory showed the 

1. } An analy od for solving the scheduling problem with pro- 

eof a universal meth 

by several machines that have an individual operating 

nality of real scheduling problems does not allow 
absenc 

cessing an operation 

mode. The high dimensio 

plication of existing methods. 

the practical ap 
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2. It is advisable to look for a new empirical method that provides for a partial 

application of the combinatorial approach with the rejection of a complete 

enumeration of options by streamlining the list of operations. 

_ As a specific applied problem to illustrate the main provisions of the dis- 

sertation, the task of compiling a class schedule for a higher educational 

‘nstitution is selected, which is of the greatest interest both in terms of 

complexity and taking into account practical needs. 

_ The analysis of the automated systems for scheduling classes existing on the 

software market, made in this section, showed that they do not provide a 

solution to this problem, taking into account the complete system restric- 

tions typical of a modern institution of higher education. Therefore, it is 

relevant to develop 2 methodology for scheduling classes and an automated 

system that implements this technique. 
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8 Formalization of the prob- 

lem 

This section presents the formalization of the task of the theory of schedules, 

selected as the main one for the dissertation research. To take into account the 

and limitations characteristic of the problem under con- 

f set theory. This approach is convenient and 

hematical model and algorithms for solving 

practical requirements 

sideration, we used the apparatus 0 

effective for constructing both a mat 

the problem. 

31 General Task of the Model 

y with 10,000 classes, 1,000 teachers, 500 groups, 

Consider an average universit 
ts of two weeks (78 time intervals). Let us 

300 classrooms, the study cycle consis 

estimate the dimension of the system. 

The number of variables in the group (2.1) is 780,000, the groups (2.2) 3,000,000, 

the groups (2.3) - ! 170,000,000, the groups (2.4) - 234,000,000. The number of 

restrictions (2.8) - 10,000, (2.9) - 117 000, (2.10) - 23 400. We see that the task 

h dimension the number of restrictions is measured in hundreds of 

one O 

eaking about 

tic method based on the principle of ordering 

has a very hig 

thousands. In practice, not 

a high dimension, 
not even SP 

heuris 
; ssary tO look for 4 ; ,; 

It is nes ” neating search options by finding the best time to complete the 

’ n to t 

operation. Let’s move ° 

° 
task - scheduling 

the chosen practical 

f the known methods is able to cope with such 

the criteria of optimality. 

operations 2 he development of the required method based on 

aining sessions at the university. 
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3.2 Creating Schedule Elements 

It is convenient to present the whole set of possible schedules in the form of a five- 

dimensional space, the dimensions of which are discrete (Figure 3.2). The first 

dimension is teachers, the second is academic lessons, the third is study groups, 

the fourth is time, and the fifth is classrooms. 

All dimensions are divided into segments, each of which is associated with an 

element of the set. The “teachers” dimension corresponds to many teachers. The 

dimension of "lessons" corresponds to many academic disciplines. The dimension 

of a "group" corresponds to many groups: The “time” dimension corresponds 

to the set of all pairs per week. The "rooms" dimension corresponds to many 

audiences. Part of this fve-dimensional space is the schedule cell. Thus, choosing 

the elements of this space according to the required rules, we will have a ready 

schedule. 

Groups 4 

4 Rooms 
7 

@ 

*, 
7 

Time se 
7 

ss / 

“e 
y 

“. 7 

se / 

~e F 

WA 
> Teachers 

Lessons 

Figure 3.1: Schedule Space 

al space can be decomposed into ten two-dimensional bases. 
_dimension ys 

This five-dim h the observance of the condition of not contradicting 

By filling each of them wit 

. at] be possible to un , ; 
each other, it wT “ned schedule. The first three dimensions are static. They do 

he ae duling process. The three-dimensional space obtained 

ambiguously restore the required space. This 

space will be t 

not change during t 

on the basis of these me 

fact, these are the restt¢ 

esult of processing the source data. In 

tions that were set from the very beginning. 
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The hatched plane Teachers and Lessons reflects the possibility of conducting 
classes by the teacher in specific disciplines. 

Lessons a 
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Figure 3.2: 2D Lessons - Teachers 

Shaded boxes indicate acceptable combinations of teachers and lessons. 

Lets look for 2D model of Lessons and Groups (Figure 3.2) 
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Figure 3.3: 2D Lessons - Groups 

Shaded cells represent units of a study groups curriculum. 

Lets look for 2D model of Groups and Teachers (Figure 3.2) 

Lets look for 2D model of Groups and Teachers (Figure 3.2). Crosses mark 

unacceptable time intervals for teachers. 
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Figure 3.4: 2D Teachers - Groups 
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Similarly, in accordance with the initial conditions, the bases of the Group - 

Time and Room - Time are filled. 

Filled three-dimensional space Group — Lesson — ‘Teacher and wishes of time 

for groups teachers and classrooms marked in the corresponding bases set the 

initial conditions. The task of compiling the curriculum consists in consistently 

filling the five-di 

ito account all the re 

mensional space of the schedule according to the required rules, 

taking quirements. The schedule space element is a schedule 
Ng li 
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cell. 

Let us estimate the dimension of this space using the example of SDU. In 

the fall semester of the 2019/2020 academic year, 450 teachers were involved in 

the educational process, 200 groups, which conducted a total of 1696 academic 

lessons, the number of classrooms 95, time intervals 9. Thus, the axis of the 

teachers contains 450 segments, the axis of the groups is 200 segments, the lessons 

axis is 1696 segments, the audience axis is 95 segments and the time axis is 9 

segments. Therefore, the schedule space consists of 450 * 200 * 1696 * 95 * 9 = 

130.507.200.000 cells, which must be filled in according to the required rules. 

The model of the task of scheduling, taking into account the use of several 

machines of various classes for performing operations, with discrete processing 

time, and individual operation modes of machines, can be constructed in the form 

he linear discrete programming problem. Moreover, the need to 
traditional for t 

take into account these restrictions leads to a significant increase in the dimension 

of the problem, which does not allow the use of known methods to solve it. It 

is necessary to look for a heuristic met 

operations and truncating search options 

hod based on the principle of ordering 

by finding the best time to complete the 

Operation. 
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4. Development of a method 

for solving the problem 

To solve the problem of scheduling classes, an approach is proposed consisting of 

two main stages: 

1. analysis of the source data, 

2. scheduling. 

The principles of analysis of the source data are described in the second section. 

At the stage of scheduling, classes are directly arranged at the most suitable 

places. 

4.1 Sequential scheduling method 

, ides for an alternate arrangement 

T 
thod of scheduling classes provl 

ne propose 
calculated difficulty factors. Each next 

as decreasing Pre 

in the class schedule 

he most suitable place. 

lesson is assigned to t 
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No Are the requirements met? 

>| Choosing the next lesson | 
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_ y 

Revision of cell priorities | 

_ v 

Recalculation of course schedule | 

\.. 

Appointment of the next lesson | 

Possible further return? 

Is the schedule created? 

Figure 4.1: Workflow of algorithm 

After each class is assigned, the priorities of the schedule cells are recalculated. 

assigned classes, We recalculate the complexity 

In addition, after @ number of 
7 : 

factors of the remaining classes in the queue. A generalized block diagram of the 

Proposed algorithm is presented in Figure 4.1. 

By assigning classes, We fill the schedule s 

this process as building @ tree, the node of w 

lass 
. total number of ¢ 

the tree is equal to ie leaf, we Bet the university schedule. Each route from the 
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f will give @ new ver 
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a deadlock occuls: 

In this pape 
at not @ 

pace. It is convenient to interpret 

hich will be a schedule cell. Each 

This list corresponds to the list 

es for placement. Passing from the 

constructing a drop-down tree is applied [27]. 

;s built, but the vertices are revealed as they 

This means th 
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are built.The next lesson is selected from an ordered list. From the list of possible 

directions of disclosure, the highest priority is selected and the disclosure of this 

direction is carried out, that is, the statement at the given time of the selected 

lesson. Then, the next lesson is assigned at the next level of the tree, for which 

the highest priority direction is also selected and revealed.Along the way, all the 

required checks for the possibility of disclosure (which include the whole variety of 

heterogeneous restrictions) of one direction or another are carried out. Directions 

are disclosed until all academic disciplines are assigned or at the next level there is 

not a single possible disclosure option. In this case, you need to perform a return 

- cancel the last setting and try to open another vertex. If all disclosure options 

e exhausted, then it is necessary to return one more level up. If all 

at this level ar 

disclosure options at the first level are exhausted, then under the given conditions 

it is impossible to draw up 4 schedule. If it is possible to expand all the nodes 

of one branch, then this branch will be one of the options for the schedule. The 

tree traversal order is shown in Figure 4.1. It should be noted that the use of 

the return mechanism leads to partial enumeration in the optimistic version and 

complete enumeration in the pessimistic version. Therefore, in this paper, it is 

proposed not to apply the return Pt 

since it is most likely that in order to be able to arrange them together with the 

t will be necessary to weaken the restrictions that 

ocedure, but to leave the classes unassigned, 

existing system of restrictions, 1 

impede the placement of these classes, which only a person can decide on. 
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Appointment of the first academic lesson 

Ast level 

Appointment of the third academic lesson 
4 -Monday 1stlesson 

Opening another direction 2 - Monday 2nd lesson 

level 36 3rd le 39 - Saturday 4th lesson 

Go back from direction 3 

Figure 4.2: Tree schedule 

If if was not possible to build the tree, it is necessary to analyze the initial 

conditions, remove the restrictions that impede the appointment of the classes 

y again to draw up @ schedule. To minimize the possibility 
left unassigned, and tr 

hin the framework of the described procedure, it 

of such situations occurring wit 

is advisable to solve the following tasks when assigning another lesson: 

e selecting the best time for the lesson, 

he best rooms for conducting classes at a specific time, 

e selection of t 

e recalculation of priorities of schedule cells. 
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classroom, it is necessary to take into account 

nducting classes in individual classrooms. 

ms are divided into the following groups:



university classrooms, cathedral auditoriums, cathedral-university classrooms. It 

is permissible to assign classes to all departments without exception to university 

classrooms. The cathedral room can be occupied for conducting classes only for 

those departments that are allowed to use this room. The cathedral-university 

room is allowed to be involved only if there are currently no free classrooms of 

another affiliation. Assigning a lesson to the room, it is necessary to take into 

account its capacity (number of seats). Teachers have wishes for buildings in the 

classrooms of which it is convenient for them to conduct classes. In drawing up 

Schedules must take into account the wishes of teachers to the corps, as well as the 

transitions of study groups and teachers from corps to corps. It is quite possible 

that from the point of view of saving the classroom fund it is desirable to choose 

one room, and from the point of view of the wishes of the teachers another. 

If we do not consider the task of minimizing the transitions from room to room 

then it is permissible to choose from each building only one 
inside the building, 

hich is most suitable for a particular lesson in 
audience that is currently free, w 

terms of capacity. Then the final choice must be made by choosing from a limited 

list. The task of choosing an room can be solved in two stages: 

f a list of the most optimal room of the required type in terms 
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taking into account affiliation in 
of capacity not occupied at a given time, 
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suitable time for classes, managing a custom priority system. 
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5. Development of Automated 

System 

An automated system should have a hierarchical structure and consist of subsys- 

In the case of an automated scheduling system, you must first develop the 

d then its main subsystems. 
tems. 

structure of the system, an 

5 1 Development of the Structure of an Auto- 

mated System for Scheduling Courses 

user with differentiation of access rights and function- 

g with the system should be regulated by governing 

er actions should be coordinated among themselves 

The system should be multi- 

ality. The process of workin 

documents, user manuals. Us 

d synchronize 

hedule, even if these actions are performed by different organizationally an d technically. Simultaneous editing of work cur- 

ricula and work with the sc 

om different client places, should be synchronized with each other in order 

users fr 
a, integrity. During synchronization, it is necessary to 

to avoid loss of logical dat 
| 

ks according to the business processes of the subject 

carry out a number of chec 
ate a study flow for a discipline if this discipline 

area. For example, you cannot 

or at 

is saved in the schedule f 
7 

leads to a loss of logical integrity. 

integrity of the data, but | . 

The system should have @ hierarchical structure and consist of the follow- 

ing subsystems: hardware, software and methodological. The structure of the 

automated syste! ‘s shown in Figure 5.1. 
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least one group. This does not violate referential 
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Automated scheduling system 

Hardware System Methodological subsystem 

Vv 

Software System 

Figure 5.1: Structure of system 

5.2 Hardware Components 

The hardware subsystem provides the functioning of an automated system at the 

equipment level, providing communication and computing capabilities as well as 

data storage facilities. 

Computing capabilities are provided by 

server also stores all the necessary data and processes user requests for access to 

gerver, it is desirable to use a high-performance computer 

an automated scheduling server. The 

the necessary data. Asa 

with broad computing capabilities. 

with the possibility of their backup 

To ensure reliable operation, it is re 

with an uninterruptible power supply. For fast data 

The server must provide reliable data storage 

and quick access to both read and write. 
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Figure 5.2: Hardware Architecture 

It is advisable to allocate the schedule department to a — network 
that does not have access to an external network, with the ability to access only 

the server and other computers of the department. This will provide additional 
protection against viruses and external attacks and ultimately the stability of 

training schedules. 

5.3. Software Components 

e subsystem is a set of software modules that work in conjunction The softwar 

with each other, aimed at implementing the required functionality of the system 

[29]. 
The requirements for the subsystem can be classified as follows, 

Key Stored Data: 

ining and the number of people; 
e groups sndicating the form of tra 

e group curricula; 

e faculty; 

e classroom fund; 
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e wishes for the schedule; 

e work schedule of the university, classrooms, teachers; 

e learning forms; 

Main functions: 

e adding and adjustment of curricula and disciplines; 

e load calculation of teachers; 

e formation of work plans of groups from curricula; 

the formation of educational assignments of departments; 

e scheduling classes; 

scheduling exams, 

e view schedule; 

input and editing of wishes of teachers; 

educational process control, 

The software subsystem of the schedule department must have a common 

database stored on the server, provide 

ith the rights user. 

data and functionality in accordance W1 

multi-user access with the provision of 

pment of the Logical Structure 

mation system can be represented in the form 5.4 Develo 

chitecture 
of any infor 

The logical ar 

rs [30]. Most often, the 

of several laye 
three most common layers are distinguished. 

r is the user ‘nterface and that part of the application 

1. The Pp 
| = 

omehow 
suP tg its oper@ 

: 

that § 
1 a, different user interface; 

sented by different 
¢ 

i € esentation lay 
r n. Moreover, this layer can be repre- 

ed in processing data obtained from the data 

ic layer - 18 engaé 
2. Business log} 

access layel 
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3. Data access layer - organizes database queries and returns responses to these 
queries. 

The model of the layers’ logical architecture of the information system is presented 
in Figure 5.4. 

Figure 5.3: Logical Architecture 

5.5 Development of a Scheduling Algorithm 

der to achieve its ob jectives goals. 
perform in or rithm. Metaheuristic deliver good 

As main algorithm used Metaheuristic algo 

cally 7 wee taheuristic algorithm, we save the partition. Thus, first we sim- 
Using the Me of the solution to the likely good, then we build the objective 

plify the structure for the quality of the schedule, we select good 
function based OP the nai ics [31] vctine and apply metaheuristics [31 = heuristics a Classification The system was designed and implemented 

Subject Area The basis of this approach is an object- ‘ect-oriented approach. an object-orien 
as part of 

oriented technology: logy is based on the so-called object model. Its main 
noog, ed tech modularity, hierarchy, typification, con- ‘ect-orient 

i 

er 
traction, encapsulation,

 

principles are- abs 
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currency and persistence. Each of these principles in itself is not new, but in the 

object model they were first applied together. 

Thus, after a thorough analysis of the subject area, the following classes were 

identified that are included in the object model. 

Class Day. Contains data and methods that manage data. Designed for storage 

and processing of data relating to a specific day of the week. 

Class Group. Stores and processes information about a specific group. 

Classroom Room. Stores and processes information about a specific room. 

Class Teacher. Stores and processes teacher data. 

Class Lesson. Stores and processes data on a specific academic lesson. 

Class Start End times. It contains and processes data about a specific period of 

time and the state of the system in this period of time (busy teachers, classrooms, 

etc.). 

Class Schedule. It contains all the necessary data and methods for scheduling. 

s instances of many other classes. In the class schedule, there are actually 

stem in general. It is the main class, represents the 

ethods that directly control the scheduling 

Include 

instances of all classes in the sy 

top of the class hierarchy. Contains m 

process. 

Time table class diagram 

— 

Lesson 

subject : String 
Timeslot 

dayOfWeek : DayOfweek smestot teacher : String 

startTime : Looane timestot __| studentGroup : String 

endTime : LocalT!m 

Figure 5A: Timetable Class 
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Consider the main stages of the interaction of objects, leading to the desired 

result - a finished schedule. The main input for the algorithm is data from the 

curriculum. 

Upload of Data 

Before starting the scheduling algorithm itself, the system needs to do the 

work of forming structures with which the algorithm can work. To do this, you 

need to interrogate the database, get from it all the data necessary for work, and 

perform all the necessary checks for their correctness. All this It is executed when 

the “schedule” object is created.The base is interrogated, all necessary objects and 

auxiliary structures are created, classes are divided into blocks with considering 

all requirements. ‘This process takes a lot of time, but it is very difficult for the 

accessing the database directly if necessary. Access 
system to operate with data, 

dly. In this case, the system will function not 
to the same data will occur repeate 

just slowly, but very slowly, since each call is accompanied by sending a request, 

processing the request, and issuing the result. To fulfill the request, the server 

needs to use resources (CPU and RAM) to build data structures, to produce the 

required table joins. 

Scheduling 

To schedule, you need to cal 

This method, in turn, sequentially calls the methods necessary for scheduling. 

We describe the operation of this method. First, the discipline search method for 

launched. T he method selects the lesson with the highest priority that 

° d. Then the method of searching for free cells for the 

1 the schedule method of the object "schedule". 

setting 1 

has not yet been assigne 

selected lesson is launched. 

i block meets all the necessar 

icti 
irements. If the selected 

y 

other restrictions and requ 

requirements, 
then the me 

block of cells works. If not, the 

iting the selecte ; for setting are found that satisfy all the requirements. In the main 

d to the search for cells are deliberately divided into 

A block of free cells with the required characteristics 

ority satisfying the main restrictions 

thod of assigning the selected lesson to the selected 

n the method works, marking the selected cells as 

d discipline and a repeated search for the block of 

unsuitable 

cells. And so 0B until cells 

algorithm, all checks relate 

ching for free cells an 

two methods os) « hich can significantly reduce the total number of checks, 

when selecting © , 

d checking all restrictions that are not met 
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since the cell search method checks all cells, and verification method only selected 
On real data, this gives a gain in time up to an order. After the sevetraati 
of a lesson, the method of revising the priorities of the cells, taking into account 
the new appointment, works.This is how the main cycle of the scheduling method 

works. Illustrating the operation of the method is presented in Figure 5.5. 

Figure 5.5: Solver Process 

ristic phases need to be taught to stop solving. For 

riety of factors, whether the time is up, or the 

he solution is used. You can’t rely on find- 

In particular, metaheu 

example, this may be due to a va 

perfect score was obtained only before t 

mal solution (unless you know the optimal score), as a metaheuristic 

doesn’t know the optimal solution. 

oblem, as finding the optimal solution can take longer 

tant outcome is finding the best solution within 

em of Scheduling used Termination. Ter- 

ged. As example of Termination in 

ing the opti 

algorithm generally 

This isn’t a real-life pr 

s available. The most impor 

jlable. So for that in probl 

an amount of time has been u 

onds and etc. Figure 5.6 

than i 

the time ava 

minates when 

Hours, Minutes, Sec 

eerninstioney 2 a eae spat) aloes 

choursspentLimit>2</hou rsspentLamit
= 

cninucegspenel mut ssOs MiUaNa selene a | 

e/termination? 
iF . 

Figure 5.6: Termination Time 

Description 
of software 

used 
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As the programming language, the base for the development environment, 

the JAVA language was chosen. This language combines the power, speed and 

efficiency of a low-level language and has all the advantages of a programming lan- 

guage. high level. JAVA is an object oriented language. Inner beauty, incredible 

power and huge capabilities make this language very attractive for development 

[32]. 
As the development environment was selected IntelliJ IDEA. JetBrains In- 

telliJ IDEA Software is a leading Java rapid development environment. IntelliJ 

IDEA is & high-tech complex of tightly integrated programming tools, including 

an intelligent source editor with advanced automation tools, powerful code refac- 

toring tools, built-in support for J ORE technologies, integration mechanisms with 

the Ant / JUnit testing environment and version control systems, a unique code 

optimization and verification tool Code Inspection, as well as an innovative visual 

designer of graphical interfaces [33]. 

IntelliJ IDEA supports the basic principles of object-oriented programming 

- encapsulation, polymorphism and multiple inheritance, as well as newly in- 

troduced specifications and keywords in the Java language standard. Tools for 

with databases and SQL files, including a convenient client and editor for 

the database schema. Also has Smart completion, tools for analyzing code qual- 

n, advanced refactoring and formatting for Java, Groovy, Scala, 

ity, easy navigatio 

HTML, CSS JavaScript, CoffeeScript, ActionScript, LESS, XML and many other 

languages. 

Ag the main data for 

data structure, which can 

g, because it is distin 

working 

mat used XML. The XML language is used to create a 

then be transferred or stored. It is popular in all areas 

f prog ammin 
guished by its ease of perception and universal 

of progr 

by different applications.
 

reading ; information from the SDU database. The data on groups, 

The algorithm use 

teachers, classrooms,
 temporary 

and 

of the university 
are downloaded.

 

other wishes, workplans, flows, work hours 

5.6 Developmen
t Web Interface 

rface is divided into § 

Without authentication
, the user can view the ections for various user roles. Authentication 

The system inte 
, 

is required to enter some sections. 
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schedule for teachers, student groups, and classrooms, During authentication, the 
user role is checked and it falls into the corresponding section. 

Automated Course Scheduling 
Generate the optimal schedule for your teachers and students. 

Score: -38init/Ohard/Osoft 

Timeslot 

By teacher By student group 

ReomC @ RoomA 8 

Monday 08:30-09:30 wf 

Manday 09:30-10:30 EF 

Monday 10:30 -11:30 © 

Monday 13:30- 14:30 @ 

Monday 14:30- 15:30 @ Y ; “ra : Sait Bhs : 

Tuesday 08:30-09:30 © —_ ir i 

Tuesday 09:30-10:30 

Tuesday 10:30- 11:30 © 

Tuesday 13:30- 14:30 © 

Tuesday 14:30- 15:30 © 

of Add fesson 

Figure 5.7: Homepage 

At the moment, only the admin section has been worked out. The admin can 

perform the following actions on the system. 

e Schedule by group, Figure 50; 

Schedule teachers, Figure 5.6 

Export special reports in XML; 

View special schedule forms, for example, a schedule for all classrooms or a 

schedule for a specific te 

ications to engage in an audience at a certain point in time; 

acher or rooms, Figure 5.6; 

Accept appl 

Modify records in some database tables via the web interface: 
6) 

n local database from Portal database 

Update data i 
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Automated Course Scheduling 
Generate the optimal schedule for your teachers and students. 

sve 
Timestot 

Monday 08:30 - 09:30 

Monday 09:30 - 10:30 

Monday 10:30 - 11:30 

Monday 13:30 - 14:30 

Monday 14:30 - 15:30 

Figure 5.8: Scheduling By Groups 

Automated Course Scheduling 
Generate the optimal schedule for your teachers and students. 

Pong) Score: Ohard/7soft 
STE 6 student gcoup 

Timeslot 
C. Darwin M. Curie IL Jonas PRcruz re 

Monday 08:30 - 09:30 

Monday 09:30 - 10:30 

Monday 10:30 - 11:30 

Monday 13:30 - 14:30 

Monday 14:30 15:30 

Figure 5.9: Scheduling By Teachers 

51



Automated Course Scheduling 
Generate the ‘optimal schedule for your teachers and students, 

Laisa) 5¢0re: Ohard/Zeott 

Timestat Ea By teacher By student group 
Room Aa Rooms # ec ee 

Monday 08:30. 09:30 & 

Monday 09:30 - 10:30 

Monday 10:30.11:30 

Monday 13:30- 14:30 © 

Monday 14:30-15:330 @ 

Figure 5.10: Scheduling By Rooms 

The menu item for updating data from Portal is implemented but i 
; 1s not 

tied to an interface, so the database is updated using a separate SQL Devel 
tool that runs SQL on the server and creates XML(Figure 5 6) teenad 8 “a . e for 
importing to Local Database. 

<CourseSchedule id="11"> 

<id>0</id> 

<name>SDU</name> 

<teacherList id="12"> 

<curriculumbist id="13"> 

<courseList id="15"> ; a 

<dayList id="16"> 

<timeslotList id="18"> 

KperiodList sdstiotes aie eens 

<roomList id="20"> 
ee 

cunavailableperiodPenaltyList id="21"> 

ZlectureList id="22"> 

<Lecture id="17632"> 

<id>3743</id> 

eference="HIS 116.01"/> <course © 

electureIndexIncourse>0</lectureIndexiInCourse> 

<pinned>false</pinned> 

</Lecture> 

eLecture id="17633"> 

<id>863</id> 

<course reference="HIS 116.02"/> 

sipeturetadexti
counse>0</ lecture lisssintoun

ses 

<pinned>£alse</p
inned? 

</Lecture> 

eLecture jd="17633"> 

; d>B862</id> 

EA 
"HIS 116.02"/> 

e<course referencée= 
>i</lectureIndex

Incourse> 

clectureIndexIncou
rsé 

cpinned>false</pinne
d> 

</Lecture> 

Figure 5.11: XML formatted information for Scheduling 
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As conclusion for this section, designed method, design schemes, and algo- 

rithms for solving the scheduling problem developed as part of the dissertation 

research are the basis for a hardware-software automated system. 

Based on the "client-server" technology, a database has been developed that 

allows you to enter, store and edit the source data and set all the basic require- 

ments and restrictions. The logical structure of the database is developed taking 

into account all the necessary requirements for the system, and allows you to 

y increase the functionality. The logical structure provides for a 
relatively easil 

possible change in the source data, the introduction of additional restrictions, 

generalization to the most general case. 
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6. Analysis of results 

The automated system developed as part of this dissertation research has been put 

into operation and is started using to schedule classes at SDU as MVP product. 

From a practical point of view, the most important is the question of assessing 

the quality of the results of its work - the class schedule. Therefore, the first 

subsection is devoted to the development of criteria for assessing the quality of 

class schedules. The second subsection is devoted to describing the results of the 

implementation of an automated system, starting with a description of the task 

and ending with obtaining estimates of quality indicators. The third subsection 

's devoted to the study of ways to improve the quality of problem solving. 

6.1 Results of Testing System 

This section describes the task, the process of preparing the initial data and eval- 

uates the results of the solution. 

Task description In the educational process of SDU in the fall semester of the 

2018/2019 academic year, 226 teachers, 200 study groups, 4 faculties, 85 depart- 

ments and 93 classrooms were involved. 
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\<teacherList id="12">| 
l<Teacher id="10009"> 

<id>10009</id> 
<code>meizambek . zhaparov</code> 
-</Teacher> 

|<Teacher id="10012"> 

<id>10012</id> 

<code>nazgul . abdinurova</code> 

-</Teacher> 

I<Teacher id="10013"> 

<id>10013</id> 

<code>viktor.verbovskiy</code> 

-</Teacher> 
l<Teacher id="10014"> 

<id>10014</id> 

<code>yedilkhan.amirgaliyev</code> 

.</Teacher> 
|<Teacher id="10019"> 

<id>10019</id> 

<code>dinara. sarsenova</code> 

.</Teacher> 

i<Teacher id="10020"> 

<id>10020</id> 

<code>aidos . shalbayev</code> 

.</Teacher> 

Figure 6.1: XML formed teacher list for Scheduling 

There were no restrictions on the duration of classes for normal groups. On 

average, the academic workload of a normal group is 40 academic hours per week. 

An important part of the algorithm is taking into account the wishes of teach- 

ers, regarding the time of cl 

ematical model. Example o 

asses, expressed in numerical coefficients in the math- 

£ Unavailable Period Time showm in Figure 6.1 

cUnavailablePeriodPen
alty id="1"> 

<id>1</id> 

e reference="CS5 514.01"/> 
<cours 

<period reference="10900
"/> 

z/UnavailablePeriodP
enalty> 

Figure 6.2: Wishes of teachers 

6 teachers submitted requests for the duration of the classes. In total, 600 

* tted for an undesir able time for classes. Considering that the 
* ahaa re subml _ wishes we ¢ two weeks of training, we get 14016 undesirable time 

training cycle consists 0 
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intervals. 

The training load amounted to more than 2550 lessons with a total number 

of academic hours per week close to 3900. 

The schedule of the semester under consideration did not fulfill 11 wishes for 

‘ an undesirable time for classes. 

Wish List 

Wish Number | Not Completed Wishes | Percent of Not Completed Wishes 

600 11 1.8% 

Table 6.1: Table of Uncompleted Wishes in Schedule 

Thus, the above indicators indicate a fairly high level of quality of the analyzed 

schedule. Only 1.8% of teachers’ wishes for an undesirable time for classes were 

not satisfied, 

Also analyzed met 

have effective way for scheduling based on priority of wishes(constraints). 

g based on instructor and student pref- 

hods, programs, algorithms gives as view of scheduling sys- 

tems don’t 

So we created new method for schedulin 

erences on priority facts. 

It should be noted th 

and students and the criterion of minimizing 

each other. Those. for each criterion it is necessary to determine the priority 

of its importance. The mathematical model, the priority of importance of each 

criteria is determined by @ numerical weight coefficient W = 1, 0.9, 0.8, ... etc. 

In the current testing, each criterion was given the same weight coefficient is 1. 

It ig important to note that the number of collisions by group, teacher and 

tomatically calculated using the algorithm according to predefined 

audience was au mber of collisions for a schedule drawn up manually is 

5 refore, @ large nu ae 
rules, the but to incomplete initial data (for example, a subgroup 

T due to admin errors, 

_ 
d in the lesson for the subgroup). 

heduling classes is a subsystem of the information 

at the criteria of compliance with the wishes of teachers 

the number of windows conflict with 

is not indicate 
a 

loped system 10! 

a ed tional methodolo@icel management (SDU Portal). The automated 
f edu duling classes was developed independently and was the core for 

¢ SDU Portal syste™ which was developed on its basis. 

tomated in 
ated in a single database, unification and optimal 

system 0 

system for sche 
formation processing, implemented and planned 

. tr 
tion, conce? ; Lo, 

for jmplement@ . formulate the concept of a unified university curriculum as 

allow us v0 
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a combination of working curricula of directions, specialties and training forms, 

optimal by the criterion of minimum resources, taking into account the set of 

restrictions established Departments and individual teachers, and in the future, 

students as part of the credit-modular principle of the formation of individual 

curricula 

The results obtained in the previous subsection allow us to conclude that the 

lack of classrooms is not the only reason for unallocated classes. No less compelling 

reasons are the large volume and rigidity of the requirements for the schedule, as 

well as, probably, the empirical nature of the design algorithms used. 

Algorithms for obtaining estimates are developed. The received estimates 

on the example of the fall semester of the 2018/2019 academic year allow us to 

conclude that it is of high quality. 

Developed web interface for more flexible creating course schedules. Based in 

interface in easy to manage schedule in that form. 

Analyzed results of scheduling which shows that problems is not in rooms 

capacity or not enough rooms or time, it mostly comes from lots of restriction 

made by teachers or departments when creating schedules. 
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7. Conclusion 

In scheduling theory, there is no universal method for solving thi 

high dimensionality of real scheduling problems does not lew problem. The 

plication of existing methods. It is advisable to seek a new we Pe 
ap- 

involving the partial use of a combinatorial approach with the rej ion method 

plete enumeration of options by stre 
jection of a com- 

As a specific applied problem to il 

tation, the task of compiling a class schedule for a higher educational instituti 

for which a solution with volume 0 
al institution, 

The development of a methodology fo 

amlining the list of operations. 

lustrate the main provisions of the disser- 

f limitations typical for a modern university 

r scheduling classes and implementing its 

automated system is relevant. 

A formal model has been 

al machines 0 

built, which provides for the need to perform a | n 

f various classes (specialized and universal), select 

operation by sever 

machine according to a given set of features, and take into ac 

. 

count 

¢ the machines. Due to the high dimensionality of 

res search for a heuristic method effective i in 

a universal 

individual operating modes 0 

the model, its practical use requi 

terms of labor intensity. 

A method and algori 

ble priorities are prop 

tizing schedule elements. 

etting priorities in the schedulin g proc 

re developed. 
ess based 

he quality of class schedules and algorithms 

thm for scheduling based on the ordering of its element nts 

using flexi 
pro osed. A model, calculation scheme, an d algorithm 

been developed for prior! 
have 

gorithm for § 
A method and al 

orig, for assessing 

‘on have been developed. 

Its obtained, 
42 aut 

a] institution was built and put into operation 

omated system for scheduling classes at 

a higher education 
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