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Abstract: - A software tool has been developed as result of a graduation thesis. This tool has substantially
helped in producing timetables for lectures at the postgraduate study, where the students enjoy high freedom of
choice among the numerous offered courses. The aim is to produce a timetable of lectures such that respects all
the limitations the lecturers have due to their other obligations, to avoid collisions from the standpoint of
lecturers and to minimise the collisions from the standpoint of students. Genetic algorithm has been applied and

the performances were very satisfactory.
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1 Introduction

A complex timetable can be defined as a set of
events scheduled in time when they should happen.
The problem is omnipresent; from educational or
medical institutions to public transportation.

An important aspect in organisation of education is
producing the timetable of educational activities. If
the list of courses that the students enrol is mostly
predefined, the main problem is to assign the
premises and lecturers to granules of time in order
to keep the timetable feasible. The solution to that
problem can be based on the pallet loading problem
[2]. Such solution has been in full use at our
institution for 15 years. However, the applicability
is limited to undergraduate study, characterised by a
multitude of about 4000 students with mostly
deterministic enrolment.

Postgraduate study appears as a simpler problem
because it involves about ten times less students.
However, postgraduate  students have no
compulsory courses and they rather freely chose
from a list of over hundred courses. Due to their
smaller number, assignment of premises is of less
concern and it can be solved manually. The problem
of availability of lecturers is basically the same as in
undergraduate study but somewhat more restricted,
because the postgraduate study is superimposed on
the already running undergraduate study. The main
difficulty arises from attempts to avoid collisions
from the students’ standpoint. The number of
students who cannot attend some lecture because
they have simultaneously another one, should be
minimised. It is a difficult combinatorial problem.
The solution was attempted by genetic algorithm

and it has resulted with very satisfactory and
practically applicable results.

2 Problem Formulation

The university course timetabling has been already
investigated and described. Doctoral theses have
also been defended on highly respected universities,
like [4] or [6]. The ambition of this paper is
principally to describe a useful practical solution
and to point out that from a graduation thesis [1]
such a useful outcome may result. To describe the
problem  mathematically and  for  better
understanding, some formulations deriving from [3]
will be cited.

Construction of the timetable of lectures for students
who can freely choose the courses is an optimisation
problem under requirements describable by a triple
(P, D, 2). P= {po, p1, ..., pn} is a finite set of N
courses that satisfy the condition that enough
students are enrolled (in concrete case >5), so that
the lectures will take place. D= {do, dy, ..., dy} isa
finite set of domains for the corresponding courses
in P. Let T= {t, t,, ..., tw} be the finite set of
possible time granules when the lectures can take
place. Accordingly, a feasible domain for each
course can be a subset of all the available times, d;
S T.Z={z, 75, ..., 7} is a set of requirements to
be respected. Now the problem of timetable can be
described as the problem of optimum assignment (p;
;) for each course p; P, in order that all the
requirements remain satisfied. The search space is
large and corresponds to M".



2.1 Constraints

In the considered problem two types of constraints
are considered: the prohibited times for lecturers
and the desirable times for lecturers. The assignment
of lecture rooms was neglected as easily solved for a
relatively small number of students. Prohibited
times for lecturers come mostly from their
obligation in the undergraduate study. External
lecturers have obligations at their regular work.

2.2 Fitness Function

Collision avoidance is expressed as pairs of courses
which can be lectured simultaneously without
collision from the students’ standpoint. Violation of
this requirement will not mean that the solution is
infeasible but it will be evaluated as less favourable.

3 Problem Solution

3.1 The Genetic Algorithm

For a problem with nonexistent algorithmic solution
and with possibility to gradually progress towards
the solution, genetic algorithm can be a good choice.
A deeper insight can be obtained from literature,
like [7] or [8].

The algorithm can be briefly described by the
following pseudo code:

t=0
Generate an initial population of potential
solutions P(0);
Repeat {
t=t+1;
Select a subset of better solutions P’(t)
from P(t-1);
Crossover the members from P’(t) and store the
offsprings into P(t);
Mutate the members of P(t);
Evaluate the solution P(t);
} Until the prescribed conditions are met;

The solutions are represented by chromosomes and
a proper choice of this representation is of most
importance for the algorithm efficiency.

A chromosome represents a solution from the
domain of feasible solutions. It is of constant length.
Genetic operators must also be defined taking care
not to produce infeasible solutions.

Most often, a binary chromosome representation is
used. For timetables, the binary representation is not
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appropriate. The problem of timetable is reduced to
assigning of courses p; P to a corresponding
granule of time t; when the lecture will take place.

A chromosome representation is possible as an array
where the array index is the course and the array
member value is the time granule code. The
contents in position # O reveals the time granule
when the course pg should take place, in position # 1
is stored the code of the time granule for the course
# 2, etc.

3.2 Genetic Operators

3.2.1. Crossover

New solutions are produced by crossover in the
simplest way as taking a half from one parent and
the other half from the other randomly selected
parent. If both parents represented feasible
solutions, than their offspring is also feasible
because it contains for each course only those time
granules that respect the prohibited and the desirable
time allocations.

3.2.2 Mutation

In order to avoid local optima or loss of a possibility
to find a solution, mutation is used. For the
considered problem a random mutation of
chromosomes will be used and a given number of
genes will mutate. Likewise as at crossover,
infeasible solutions are not allowed as result of
mutation.

3.2.3 Selection

The simplest selection, to sort the solutions
according to its fitness is too simple and
unsatisfactory. The 3-way tournament selection has
been chosen. Three solutions are randomly selected
and evaluated. The best two are crossed and their
offspring replaces the worst of these three solutions.
The advantage is that there is no abrupt division
among generations and the process is continuous.
Only new solutions have to be evaluated, there is no
need for cumulative evaluations or sorting. All this
improves the algorithm speed. The quality of
elitism, i.e. persevering of the best solution, is also
maintained.

3.2.4 Evaluation
Evaluation of the fitness function is most important
for selection and perseverance of each solution. It



assures that the average quality of solutions in the
population grows through generations. For the
considered problem, the number of collisions is
inversely proportional to fitness of solution. In every
occasion when two courses are held simultaneously
and there are students who enrolled in both, a
collision is present. The number of students being
affected by a collision gives the fitness function.
There is also a possible collision from the standpoint
of lecturers. Their initial declared times when they
are already occupied with other activities are taken
into account while producing feasible solutions.
However, collisions may be created in the process
since some of them teach multiple courses.
Collisions from the standpoint of students are
unwanted but collision from the standpoint of a
lecturer makes the solution unacceptable. Therefore,
a weight of 100 is put to lecturer’s collisions. If the
fitness function reaches the value of zero, the
solution is found.

Another reason to stop the algorithm is exceeding of
the number of iterations. There have been situations
where collisions could not be reduced to zero. One
can assume that there had not existed a solution
without collisions. In such cases the number of
iterations caused the algorithm to stop. Practical
experience has shown that for the considered
problem, 200000 iterations were more than
sufficient.

4 Software Implementation
The whole software implementation is the result of

[1]. The programming language is C# and the
Microsoft Visual Studio .NET 2003 framework was
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used. The input data were received from the Student
Administration System [9] and stored in a local MS
Access database. The necessary data consist of five
relations:
e A table with students’ code and name,
e A table with lecturers’ code, name and
position,
e A table with courses’ code and name,
e A table connecting lecturers’ codes with
courses’ codes,
e A table connecting students’ codes to
enrolled courses’ codes.

4.1 Algorithm Parameters

Any genetic algorithm requires some parameters
like the population size, number of iterations and
probability of mutation. Choice of these parameter
values may represent an optimisation problem by
itself.

5 Example of Use

A few screens were captured in order to briefly
illustrate the program features.

The screen in Fig. 1 contains desirable times for
certain courses. This feature is not much popularised
and the lecturers are asked to submit the data about
their prohibited times instead. This is shown in Fig.
2. The Fig. 3 contains default values for the
optimisation parameters, which can be changed. Fig.
4 is a part of the resulting timetable with 10
unresolved collisions. Manual editing is allowed and
in that case possible changes that do not worsen the
solution are highlighted.
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Fig. 1. Desirable times for courses
Some explanations:

In the left hand side of the screen is the list of all the involved courses. In the right hand side, a part of the
desirable timetable is currently visible, for Monday (Ponedjeljak) and for Tuesday (Utorak).

e “Dopusteno vrijeme” means “Allowed (or desirable) time”.
e “Zabranjeno vrijeme” is “Forbidden time”.

e “Obrisi” means “Delete”.

e “Dodaj” means “Add”.

X Ogranicenja za predmete

Algaritmi na upravlanja

Analiza primjenom radunala u elektromag
Biomedicinski ucinci elektromagnetskih p
Digitalna analiza slke

Dinamika izmjenicnib strojeva

Dinamika pogona elekirana

Diskretni maternaticki model
Elektronicko pozlovanje

Formalizmi u telekomunikacijama
Geninformaciski sustavi

UItarak,

Digitalna analiza ke

Elektronicko poslovanje

Formalizri v telekomunik acijama
Inteligentno upravijanie i igre automatz
F.omunikacie U witualnim okuZenjima
Foaliteta slke u digitalnim videokomur
Mierna pojacala | |
Odabrana poglavlia komunikaciskibh p

Fonedieliak

Algoritmi U sustavima upravjania

Elektronicko poslovanje

Inteligentni mjerni sustayi U automatizaciji procesa
Komunikaciie U wirtualnim okruZenjima

Faaliteta slike u digitalnim videokomurik acijama

(" Dopudteno wigme ™ Zabranjgno vijeme

’ AR . . 08.00-10.30 Mikroratunala Ophicka tranzmisiiska mieda
|”h3|!g'3”t"“ mjerhi sustav b sutamatizaci) Miemna pojacala Paoremedaji | zastita sinkronih stojeva
|”lEhQE,”t”':!_UF"a\_“"anIE_' e atjtnmata Ophicka tranzmisijska mieda Primjena numenckih postupak.a
Kamurikaciie u virtualnim ckrudenjima Projektiranie telekomunik.aciskih sustava Projektiranie telekormurik.aciskin susta
Kvaliteta slike u digitalnir videok omurik: Sum u radiokamunik aciiama Statistitko utene
Fwantitativie metode upravijan)a rizicima Vigeprocesorski | paralelni sustavi Strukture podataka i algonitmi
Medunarodna mieriteljska shedivost Strukturirane tehnike programiranja
Metode projektiania objektno orjentianit Sum u radiokomunikaciiama
Mikroratunala Yigeprocesorski | paralelni sustavi
Mierma pojacala
Multimedizki 1atunalni sustavi Algoritmi u sustavima upravijania
Humericke metode Algoritmi U sustavima upravjania Elektronicko poslovanje
Odabrana poglavlja komunikacijzkib prob Dinamika izmieniénih stroieva Formalizmi u telekomurnikaciiama hd
Operaciizk.a istradivania 1 | r »

b Dodsi |

Fig. 2 Forbidden times for courses
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The screen is the same as for Desirable times, but the number of data is much more abundant because it reflects
the already existent fixed obligations of the lecturers, due to their other activities, primarily lecturing on the
undergraduate study.
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Fig. 3 Default parameter values

For the considered problem empirically determined default parameters are:
e Probability of mutation 10%

Maximum percentage of mutated genes 5%

Population size 30

Maximum number of iterations 100000

Minimum number of enrolled students to schedule the course (Faculty rule is 6)
e Two terms of lectures cannot be within the same day.

These values can be changed, but the above defaults can be restored.
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Fig. 4 Resulting timetable with highlighted alternative lecture times for the course “Digitalna analiza slike”
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Slightly highlighted fields mark the positions in time where the selected course “Digitalna analiza slike” can be
relocated without introducing new collisions.
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Fig. 5 Highlighted fields mark collisions which (10 of them) are listed at the bottom of the screen

Duration of the optimisation was 30 seconds on a
PC with Pentium 4 CPU 3.00 GHz, 1 GB of RAM.

6 Conclusion

This paper mostly resulted from a graduation thesis
guided by the first and defended by the second
author. It has shown substantial practical value. In
the autumn and the spring semester of the academic
year 2004/05 at the Faculty of Electrical
Engineering and Computing timetables were
produced for the postgraduate study, resulting with
minimum dissatisfaction from both sides; lecturers
and the students. All the lecturers’ prohibited times
and in some cases even desirable times were
respected. There were only a few collisions left,
even if up to 6 courses were taught simultaneously.
The only reason for criticism is that there is
currently no built in feature to start a new
optimisation in vicinity of the existent one. This

possibility should be built in some future version
because producing of such a timetable involving
about 50 lecturers is in practice an interactive task.
Even if the lecturers declare their prohibited times
by e-mail in advance, after the timetable is produced
and displayed on the Faculty intranet, some of them
are unsatisfied because they forgot to mention some
of their prohibited time granules. In order to please
them, their constraints are added and a new
timetable is produced. This new timetable is often
very different from the previous one, what causes
dissatisfaction among some of the others who had
liked the previous version. The experience was that
about 8 iterations were necessary to obtain an
acceptable solution. Without such a tool it would be
a very difficult task.
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