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ABSTRACT 
Course timetabling is a non-polynomial (NP-problem) that affects educational providers. 
Many educational institutions are working very hard to develop error-free course 
timetable that will be suitable to both students and academic staffs. But on the other 
hand, developing a good course timetable is very challenging. There are so many issues 
that affect timetabling be it either examination or course timetable but, our study 
focused only on course timetabling. Example of such issues are; venue clashing between 
different levels of students or departments. Academic staffs overlapping and students 
overlapping are also serious issues that affect course timetabling. These problems can be 
addressed using meta-heuristics approach like genetic algorithm. Our aim is to justify the 
use of heuristic approach and its applicability in course timetabling problems. In this 
study, we tested genetic algorithm using Federal University Dutse datasets and the result 
produced optimized course timetable that is suitable for teaching and learning.  
Keywords; genetic algorithm, university course timetabling,  
 
INTRODUCTION 
According to the author in [1], “Timetabling 
is the allocation of subject to constraints, of 
given resources to objects being placed in 
space time (period), in such a way as to 
satisfy as nearly as possible a set of desirable 
objectives.” In line with this, we can say that 
developing class timetabling is one of the 
non-polynomial (NP) hard problems that 
affect learning institutions. Obviously, it is 
time consuming to overcome such problems 
manually. In early studies, sequential 
heuristic approach is usually used to handle 
course timetabling and the technique is 
effective for simpler cases [2],[3],[4]. In the 
case of complex issues, meta-heuristic 
approaches such as simulated annealing (SA) 
[5], particle swarm optimization (PSO) [6]and 
genetic algorithm (GA)[7] can be considered 
in order to find the optimum solution to a 
given NP problem. This study focused on 
genetic algorithm as proven to be effective 
by many researchers.  
Genetic Algorithm is derived from the 
principles of natural genetics and the theory 
of evolution [8]. On the other hand, course 
timetabling is usually characterized by 
assigning a set of courses into a limited 
timeslots to a set of constraints.   In the 

report of ITC07- International Timetabling 
Competition 2007 [9], the requirements 
associated with timetabling problem can be 
divided into two; hard constraints and soft 
constraints. In hard constraints, these are 
conditions that must be completely take into 
consideration while, soft constraints are the 
conditions that even if not considered the 
timetable can still work but cannot be 
optimal to produce the desired goal.  
In manual timetabling, only few 
requirements are taken into account in order 
to reduce its complexity and clashing. This 
idea is not efficient and it is time consuming. 
Using heuristic techniques in timetabling can 
enable us to develop an intelligent 
timetabling system. In other words, the 
significance of this research is to propose a 
new intelligent course timetabling system 
that can be used in our university in order to 
replace the existing non-intelligent course 
timetabling system so as to improve the 
quality of education.  In this paper, related 
work is presented in section two, research 
methodology is explained in section three 
and the remaining sections presents 
implementation of GA in timetabling and 
conclusions of our study. 
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1. RELATED WORK 
In the literature, many researchers shared 
their knowledge of course timetabling issues 
using different approaches or techniques. 
Among the most common approaches is 
Simulated Annealing (SA). Following the 
literature, NP problems such as timetabling 
have been addressed using SA by a number of 
researchers [10],[11],[5]. Particle Swarm 
Optimization (PSO) algorithm and Ant Colony 
Optimization are also the most common 
heuristics methods used for timetabling 
issues. In 2001, SA algorithm was enhanced in 
order to address examination timetable 
issues [12]. These authors study and develop 
a Memetic algorithm for overcoming the 
issues of course timetabling. When compared 
their algorithm with other evolutionary 
algorithms, best result can be achieved but 
not in all instances. The main idea behind 
their study is to investigate the applicability 
of evolutionary algorithms within course 
timetabling problem domain. Many studies in 
this area have reported successes and some 
further areas of improvements. Moreover, 
some researchers [13] study the use of 
simulated annealing algorithm with a new 
neighborhood structure for solving 
timetabling problem. 
Furthermore, PSO is one of the evolutionary 
algorithms that play a significant role in 
handling NP problems. Its concept is based on 
the number of particles that combine 
together to generate the swarm. Therefore, 
the PSO relies on the swarm movement in 
order to get the best solutions. Similarly, in 
the studies of [14], they proposed hybrid PSO 
for university course timetabling planning. 
They validated the proposed algorithm using 
PSO and genetic algorithm.   Recently, some 
studies used constriction PSO with local 
search to solve university course timetabling 
[15]. In their study, to lower computational 
complexity, they designated particles 
encoding with timeslots to as the scheduling 
unit. The authors evaluated the two versions 
of PSO; inertia weight and constriction.  
Similar study was conducted by authors in 
[16], they studied self-fertilization of genetic 
algorithm in university timetabling problem. 
The authors modified the fitness function of 

GA in selection and crossover operations. 
Additional effort can be done using genetic 
algorithm to address issues like; venue 
clashing and number of students to 
accommodate in a class. Timetabling 
problem is one of the most common problems 
in universities and other education providers. 
In academic environments, there are many 
types of problems in formulating and 
generating course timetable. This study is 
limited to some classic problems associated 
with either manual timetabling or non-
intelligent system of course timetabling. 
These problems are; 

1. The problem of lecture room clash between 
courses 

2. The issue of producing optimum timetable to 
balance lecturer and student ratio for 
effective learning 

3. Academic staffs/students overlapping  
These problems are associated with some 
parameters namely; time, lecture rooms, 
teaching resources and other constraints. 
Inappropriate allocation of time to a specific 
number of event leads to venue clashing 
between courses. In other words, inaccuracy 
in assigning time with resources to have 
convenient time for teaching and learning is 
a strong issue to be considered in our 
institutions. One good approach to tackle 
such issues is the use of heuristic algorithms 
such as the genetic algorithm.  

2. METHODOLOGY 
As we have seen from the literature, GA is a 
guided algorithm that is based on 
evolutionary process. It’s inspired by 
biological evolutionary process and is one of 
the probabilistic optimization algorithms. 
Similarly, some intensive studies were 
carried out on using genetic algorithm for 
course timetabling. The review contributes 
significantly to our study by describing how 
to use the operators of genetic algorithm 
(crossover, mutation and selection) in 
timetable scheduling.  
In this study, we consider so many 
requirements such as number of lecturers, 
students, classrooms as well as its size in 
order to implement the proposed system. As 
stated earlier, these requirements can be 
divided into either hard or soft requirements. 
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Table 1 Requirements classification 

Hard Requirements Soft Requirements 

A class can be placed only in a spare 
classroom. 

Preferred time of class by professors. 
 

No lecturer or student group can have more 
than one class at a time. 

Preferred classroom by professors. 
 

A classroom must have enough seats to 
accommodate all students. 

Distribution (in time or space) of classes for 
student groups or professors. 

 
The above requirements can be broken, but 
the schedule is still feasible. In this study, 
only hard requirements are implemented. 
The objects which make up of a class 
timetable are; 

− Lecturer 

− Students Group 

− Classroom 

− Course 
In view of the above, to represent our 
problem into chromosomes, we consider so 
many constraints such as timeslot, room and 
capacity. We combine these constraints in 
order to find the optimal solution. The 
chromosomes are timetables, the subjects 
are genes, and the alleles are timeslots and 
rooms. However, for us to represent 
chromosome effectively, we need time space 
to every hours so that we can assume that 
time is in one hour granules, for every room 
of every day. Following the existing system of 
course timetabling, classes normally starts by 

8:00am. This time is not suitable to begin 
classes as some students usually use to come 
very late and some even sleep while lecture 
is going on. To handle this issue, the 
proposed system begins classes at exactly 
9:00am and end at 6:00pm or before.  

3. IMPLEMENTATION OF GENETIC ALGORITHM 
IN COURSE TIMETABLING 
In this section, we discussed how we use the 
three important GA operators in order to find 
the optimum solution of our problem. These 
operators are; selection, crossover and 
mutation. 

a) Selection  
In the timetabling issue, population (parents) 
with low target fitness function will be exist 
and replaced population with higher fitness 
value. However, we select some parts of the 
chromosomes for such population in order to 
carry out mutation. The table below 
illustrates example of how the selection is 
performed. 

 
Table 2 Selection from two individual parents 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Father Mother 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 2 
Timeslots: 1 hrs 
Venue: room 1 

Course 2 
Timeslots: 3 hrs 
Venue: room 1 

Course 2 
Timeslots: 2 hrs 
Venue: room 1 

Course 2 
Timeslots: 3 hrs 
Venue: room 1 

Course 3 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 3 hrs 
Venue: room 1 

Course 3 
Timeslots: 1 hrs 
Venue: room 1 

Course 3 
Timeslots: 3 hrs 
Venue: room 1 
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b) Cross over 
During combination of these chromosomes 
(selected from father and mother), new 
individuals (called children) are created with 

new timeslots and new classrooms for all 
block elements in solution. For example, the 
following table illustrates one-point crossover

   
 

Table 3 one-point crossover 
Child 1 Child 2 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 2 
Timeslots: 2 hrs 
Venue: room 1 

Course 2 
Timeslots: 1 hrs 
Venue: room 1 

Course 2 
Timeslots: 1 hrs 
Venue: room 1 

Course 2 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 1 hrs 
Venue: room 1 

Course 3 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 1 hrs 
Venue: room 1 

 
 
c) Mutation  
This operation is done after crossover 
operation in new children. In other words, 
mutation operation is taking class randomly 

and moves it to another randomly chosen 
slot. The mutation size is referred as 
chromosomes’ parameter. Mutation ensures 
the genetic diversity within the population. 

 
 

Table 4 Mutation 

New Population 1 New Population 2 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 1 
Timeslots: 3 hrs 
Venue: room 1 

Course 2 
Timeslots: 1 hrs 
Venue: room 1 

Course 2 
Timeslots: 1 hrs 
Venue: room 1 

Course 2 
Timeslots: 2 hrs 
Venue: room 1 

Course 2 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 2 hrs 
Venue: room 1 

Course 3 
Timeslots: 1 hrs 
Venue: room 1 

Course 3 
Timeslots: 1 hrs 
Venue: room 1 
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d) Process Termination 
In general, the process is iterative or it will 
be repeated again and again in a generation 
manner (epoch) until termination condition is 
fulfilled. That is to say, the process will be 
repeated until new best optimum timetable 
is obtained based on the fitness function.  
However, there are some conditions that are 
associated with the termination of this 
process. These conditions are as follows; 

− The solutions  satisfies with least  minimum 
criteria 

− The solutions of the fitness reaches the  
optimums such that the iteration will no 
longer produce better result  

− Fixed Number of generations reached 
In view of the above therefore, after 
following all these sequence of stages, the 
system will automatically generate the 
optimum time table based upon the use of 
genetic algorithm. Similarly, following the 
operations of genetic algorithm (based on 
fitness value) the final time table presented 
by the system is assumed to be the effective 
and efficient timetable because the value 
(0.985185) is very close or approximately the 
same with the defined function value which 
is 1. 

 

 
 

Table 5 Optimized timetable produced by GA 
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Based on the result we have found, genetic 
algorithm is very powerful in terms of 
generating or finding the optimum solution 
for a problem. Similarly, in most of the 
related studies we discussed, large number of 
researchers in this area used genetic 
algorithm, only few of them used PSO 
algorithm in solving or addressing the 
problems of their studies. Therefore, this is 
an indication of how strong and powerful the 
genetic algorithm is. In addition, recently 
some researchers used PSO in solving course 
timetabling problems. This shows there is an 
increased interest by many researchers in 
addressing timetabling issues using 
optimizations algorithms. 
4. CONCLUSION 
In conclusion, a new intelligent system for 
course timetabling is introduced for use in 
the department of Computer Science of 
Federal University Dutse. Also, we have seen 
the result obtained by using one of the most 
widely and popular optimization algorithms 

(genetic algorithm) for course timetabling 
system. As we know, teaching and learning is 
a continuous process therefore this implies 
that developing course timetabling that will 
improve teaching and learning is also a 
continuous process as well.  
However, more effort can be done in this 
area by improving the proposed system for 
not only course timetabling but also, to 
examination timetabling so as to avoid 
examination clash between students. 
Similarly, the timetabling system can be 
improved by not only including other 
departments in our faculty but also, for use 
by the University in general. Finally, 
additional effort is also required on 
comparison between PSO and GA in solving or 
addressing timetabling issues. In other words, 
more efforts is required in order to find out 
among these optimization algorithms which 
one have a very fast convergence in terms of 
solving timetabling issues. 
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