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Abstract — University Course Timetabling Problems is a scheduling problem to allocate
some lectures with some constraint, such as the availability of lecturers, number of
classrooms and time slot in each day. The schedule of courses is one of important factors
before start the semester in order to manage the study process. Generally, the university
course scheduling in some universities are usually created manually through
administration office. It needs to synchronize for all schedules from all departments in
faculty of the university. In addition, the limitations of classroom and timeslot can make
collision of the courses, lecturers and also incompatibility between the room capacity and
the number of students whom take the course in the class. This paper proposes the
university course time tabling systems. Based on some simulations with 93 courses, 18
lecturers and up to six classrooms, the result is that the system will get the best violation if
the system adds more number of iteration. This situation also happens in the result of the
scheduling lectures, the system will get the best percentage when the number of iteration
sets as maximum. Copyright © 2017 Universitas Muhammadiyah Yogyakarta- All rights
reserved.
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In Indonesia, university course scheduling in
some universities are usually created manually
through administration office of each faculty or
department. Therefore, this process can take a long
time because the officer still needs to synchronize
for all schedules from all departments in that
faculty. In addition, the limitations of classroom and
timeslot can make collision of the courses, lecturers

l. Introduction

The university timetabling problem is one of the
cases of timetabling and common scheduling
problems []. The aim of university course
timetabling is to allocate the availability of

resources under predefined constraints so that it
maximizes the possibility of allocation or minimizes
the violation of constraints.

One of the solutions to solve the scheduling
problem is by using genetic algorithm. Genetic
algorithm is a method which can be generated from
evolutionary computation in the optimization
technique. Genetic algorithm is classified as
heuristic algorithm (not only exact solution but near
is also acceptable) and stochastic method (using
random process and selection criterion). Genetic
algorithm has been used for machine learning and
NP-complete, for example it is used for course
timetabling problem in some university.
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and also incompatibility between the room capacity
and the number of students whom take the course in
the class.

This paper investigates the university time
tabling in a real-world problem from a major of
private university in Indonesia. In this case, all of
the classrooms have maximum capacity for fifty
students and a single lecture’s duration is run based
on its credits. One credit is equal to fifty minutes of
course. Therefore, the available time slots are
different between each day and the others, depend
on the total credits of all course running on the day.

The rest of this paper is organized as follows.
Related works are described in the next section.
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Section 1ll is the university course timetabling
problem description. Genetic algorithm is presented
in Section IV. Result and discussion are described in
section V and finally our conclusions are drawn in
Section V1.

II. Related Works

The first research on timetabling for scheduling
problems was from Gotlieb in 1962 [1]. After that,
many researchers have introduced various
timetabling approaches, as example by using graph
methods, ant-colony optimization, population-based
approaches (e.g., genetic algorithms (GAs), and etc.
A comprehensive paper review and recent research
directions in timetabling problems could be found
in [2].

There are many researchers proposed many
different techniques used to solve the University
Course Timetabling Problems, but the paper [5]
informs that genetic algorithm is powerful for very
complex timetabling problems, but it still needs to
be some modified. That paper also proposed the
improvement of genetic algorithm for solving the
University Course Timetabling Problems without
crossover part. Therefore, this paper implements the
improvement of the genetic algorithm (informed
genetic algorithm) to solve the University Course
Timetabling Problems in the real case in a
university.

I11.  University Couse Timetabling Problem

Regarding to [4,5], University Course
Timetabling Problems is an NP-hard problem with
purpose to set all the courses/lectures into available
time slots such that there is no conflict within
lecturer’s schedules, student’s schedules and to
satisfy some other constraints, such as maximum
number of lecture in a day for each lecturer, or to
fulfill requested schedules. The large amount of
lecture sessions with limited time slot and available
rooms needs an effective and efficient method to
obtain an optimum schedule where the manual
approach will suffer for this.

Generally, in the first step of solving UCTP is
defining the constraints that should be satisfied
during the searching of optimum solution. The
constraints are usually separated into two parts,
namely hard constraints and soft constraints. Hard
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constraints absolutely should not be violated
because it prevents the conflict of lecturer
schedules, class/ student schedules, and rooms to
happen. On the other hand, an optimum solution
should minimize the violation of soft constraints.
However, for some cases with very complex
condition, e.g. very large number of lecture with
very limited time or room slots, the minimum
number of violation of soft constraints is difficult to
achieve.

There are a lot of algorithms that have been
proposed by many researchers to contribute a better
solution for UCTP. Most approaches are in the basis
of Evolutionary Computations (ECs) and Swarm
Intelligence. Some papers that used Evolutionary
Computation (EC), especially Genetic Algorithm
(GA) [3-7], have shown that optimum timetable
solution could be produced efficiently using GA,
even various modification to the standard algorithm
can guide to much better solution. Swarm
Intelligence (SlI), especially Particle Swarm
Optimization (PSO) is also popularly used as an
alternative technique beside GA [8-10].

Table 1. Timetable Parameters

Parameters Value
Number of Courses 93
Number of room/class Upto6
Number of Lectures 18
Maximum student in the room/class 50

This research investigates a real-world problem
timetabling in a university consists of 93 courses
from a major of private university in Indonesia with
total of 18 lecturers and up to 6 classrooms. All the
classrooms have the same maximum capacity of 50
students. A single lecture’s duration is run based on
its credits. One credit is equal to 50 minutes of
lecture. Therefore, the available time slots are
different between a days to the others depends on
the total credits of all lectures running on that day.

Table 1. Data of lectures

Number Course Lecturer Class
1 TEI-2211 ROH A
2 TEI-2211 ROH B
3 TEI-4411 ANN A
4 TEI-4411 ANN C
5 TEP-2211 TOH D
93 TEP-2212 RAM C
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There are five hard constraints (HC) and eleven soft
constraints (SC) with details as follow: e Initialization chromosome is formed using
many gens which mean many lectures, for this

e Hard Constraints (HC): HC1. No time slot research starts from 1 < N < 93. The

conflict; HC2. No lecturer conflict; HC3. No
room conflict; HC4. No student/class conflict;
and HCS5. The lecturer must be run on the time
slot with suitable duration.

e Soft Constraints (SC): SC1. Maximum number

of lecture for each lecture in a day; SC2.
Maximum number of lecture for each student/
class; SC3. Maximum number of sequential
lecture for each lecturer; SC4. The number of
lecture run on night for each lecturer; SC5. The
number of lecture run on night for each
student/ class; SC6. Room of sequential lecture
for each lecturer; SC7. Maximum number of
lecture on the weekend; SC8. Maximum

construction of chromosomes that satisfy all
hard constraints and soft constrains , are
achieved by adding or removing appropriate
events (lectures) from the table based on room
availability.

e Genetic Operation: The genetic operator for

this research is defined as follows:

= Selection: this process guides the
evolutionary algorithm to the optimal
solution by preferring chromosomes with
low violations (penalty). The
chromosomes change through the
selection methods, which select n-gens
(from timetables)

credits in a day for each lecturer; SC9.
Minimum lecture in a day for each lecturer;
SC10. Time constraint for lecturers who teach
in the morning to not having schedule till
night; SC11. Optional lectures conflict with

Start

Y

regular lectures.
Initialization
Table 2. Hard and Soft Constraint Chromosomes
Constraint (c) Penalty/Violation : # :
Cost (p) Genetic Operation
HC1 Chromosomes evz_iluation
_ ac2 Parent selection
Hard Constraint HC3 100
HC4 A
SC1 10 .
SC2 10 Mutation
SC3 10
SC4 20 A
SC5 20 Generational
Soft Constraint SC6 20 replacement
SC7 20
SC8 30
SC9 30
SC10 30 Fittness
SC11 30 Measurement

IV. Genetic Algorithm

End Process

An Informed Genetic Algorithm has several steps
to produce an optimum (minimum) fitness solution

: . LN R Figure 1. Schematic diagram of Genetic Algorithm
as informs in a schematic diagram in Figure 1. g J g
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e Mutation: this is a background operator
which allowing searches chromosomes and
gens to find which the best chromosomes.
Mutation points are selected by probability

of mutation, Pm will set 0.5 in our
implementations.
e Generational replacement: after mutation

operations, the resulting chromosome should
become infeasible or outside the search space.

o Fitness/violation measurement: this genetic
algorithm is intended to minimize the violation
score, i.e. the number of violation multiply by
the defined penalty. The fitness function is
formulated as [3].

f=T *an - chl- * Dy €Y

where T is the total number of events/lectures,
ci and pi represent total violation of i-th
constraint and its penalty respectively. A
timetable with violation of all constraints will

have f = 0. But, a scheduling without
violation/penalty will have the maximum
fitness.

In this research, all those steps, basically, it can
be modified with various settings and scenarios
depend on the problem faced.

V. Result Discussions

This system was programmed by using
NetBeans IDE 8.1 software and simulations were
performed on the Intel Core i3 1.3GHz and 3 GB of
RAM.

This system investigates several different
numbers of iterations and initiate populations in
order to evaluate which best as minimum
violations/percentage of success in a case study as
explained in Section Il. As mentioned before, the
resulting of some cases may have different mount of
violations since there are given hard constrain and
so many given of soft constraints. The best violation
(minimum penalty) is that when there are no hard
constrains happen on the system as Eq.1.

This system is capable to create some case of
university timetable problems. Based on the real
case study as mention in above, the results show
that the system will get the best violation if the
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system using high number of iterations. For
example, if the system sets number of iteration in
100, the penalty cost is about 2000. If the system
sets with 200 and 1000 iterations, the penalty cost
are about 1000 and about 500 respectively.

Table 3. Number of iteration with penalty cost and
percentage of success measurements

Number of Penalty Cost
Iteration
50 93502
75 4215
100 2510
125 2360
150 1515
175 1325
200 1020
225 1015
250 1130
275 1055
300 925
400 835
500 525
600 715
700 735
800 730
900 450
1000 625
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Figure 2. Time consuming with several number of
iteration (50 — 300 with 25 steps each)

Based on the simulations from different number
of iteration, execution times will longer if the
system adds more number of iterations as shown in
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Figure 2 and 3. The system sets with 1000 iterations
will have execution time about 1500 seconds.
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Figure 3. Time consuming with several number of
iteration (100 — 1000 with 100 steps each)

This situation also happens for getting result of
the scheduling lectures, the system will get the best
penalty cost when the number of iteration sets as
maximum.

V1. Concussion

This paper investigates university timetabling
system using genetic algorithms. The research
focuses on plotting the lecture automatically and
testing the performance of the timetabling system.
This system is programed to help some case of
university timetable problems. Based on the real
case study as mention in above, examined by using
93 courses, 18 lecturers and up to 6 classrooms. The
result is that the system will get the best violation if
the system adds more number of iteration. This
situation also happens in the result of the scheduling
lectures, the system will get the best percentage
when the number of iteration sets as maximum.
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