


Abstract - Building effective schedules in academical institutions 
considering the wishes and needs of administrative staff, 
professors and students at the same time is a rather difficult and 
time-consuming activity for staff involved in this work. Despite 
improvements in software and hardware technology in recent 
years, charts are still manually created in many educational 
institutions and the desired efficiency has not achieved. In this 
study, the course chart of Mersin University Engineering Faculty 
was built using Ant Colony Optimization (ACO) technique. While 
the course schedule was being formed, 9 departments, 24 common 
classrooms, 105 faculty members, 239 courses, 14.374 students 
who have attendance obligations and 8286 students who have not 
attendance obligations were taken into consideration. In the 
placement of the courses, adaptation to ACO algorithm has been 
achieved by targeting the maximum lecture minimum classroom 
usage. The appropriate hours of the lecturers were accepted as 
strict constraints and other cases were added to soft constraints. 
All courses of Mersin University Engineering Faculty have placed
the course schedule to appropriate classrooms at the rate of 99% 
using ACO technique, and 17 classrooms of common 24 
classrooms were determined to be sufficient for educational 
activities.

Keywords - Course scheduling; ant colony optimization; 
timetabling. 

I. INTRODUCTION

The problem of course schedule varies from country to 
country due to the diversity in academic systems, even from 
universities within the academic system of the same country. 
Timetabling problems in the class of Np-Hard problems such as 
other scheduling problems have caught the intense attention of 
researchers since about 1950's. Many algorithms have been 
developed for solving these problems [1]. Due to these reasons, 
the time scheduling problem has been worked intensively for 
many years in the operational research literature and still 
maintains its popularity [2]. Generally, the important  
parameters of schedules in universities are lecturers of the
university, number of students who are required to attend 
classes and classroom capacity. The course schedule is prepared 
by the lecturer or secretary of the department. Consequently, 
this implementation causes to interruption on lecturer's work 
time and reduce their productivity.

In addition to the demands of the lecturers on the problem of 
scheduling the course, the number of students who have 
attendance obligations is added to the number of students who 
have not attendance obligations. The necessity of this process 
ensures the adequacy of the classroom capacity in case of 
students who have not attendance obligations willingness to 

join the class. Furthermore, it was also aimed to eliminate 
disruptions that physical conditions could cause. In this study, 
Ant Colony Optimization (ACO) algorithm has been modeled 
with MATLAB programming language on Mersin University 
Engineering Faculty lessons and the course schedule was 
established.

II. ANT COLONY

Real ants are capable of finding the shortest path from a food 
source to the nest without using visual cues. Also, they are 
capable of adapting to changes in the environment, e.g. finding 
a new shortest path once the old one is no longer feasible due 
to a new obstacle. Consider Fig. 1A: ants are moving in a 
straight line that connects a food source to their nest. It is well 
known that the primary means for ants to form and maintain the 
line is a pheromone trail. Ants deposit a certain amount of 
pheromone while walking, and each ant probabilistically  
prefers to follow a direction rich in pheromone. This elementary  
behavior of real ants can be used to explain how they can find 
the shortest path that reconnects a broken line after the sudden 
appearance of an unexpected obstacle has interrupted the initial 
path (Fig. 1B). In fact, once the obstacle has appeared, those 
ants which are just in front of the obstacle cannot continue to 
follow the pheromone trail and therefore they have to choose 
between turning right or left. In this situation, we can expect  
half the ants to choose to turn right and the other half to turn 
left. A very similar situation can be found on the other side of 
the obstacle (Fig. 1C). It is interesting to note that those ants 
which choose, by chance, the shorter path around the obstacle 
will more rapidly reconstitute the interrupted pheromone trail 
compared to those who choose the longer path. Thus, the 
shorter path will receive a greater amount of pheromone per 
time unit and in turn, a larger number of ants will choose the 
shorter path. Due to this positive feedback (autocatalytic) 
process, all the ants will rapidly choose the shorter path (Fig. 
1D). The most interesting aspect of this autocatalytic process is 
that finding the shortest path around the obstacle seems to be an 
emergent property of the interaction between the obstacle shape
and ants distributed behavior: although all ants move at 
approximately the same speed and deposit a pheromone trail at 
approximately the same rate, it is a fact that it takes longer to 
contour obstacles on their longer side than on their shorter side 
which makes the pheromone trail accumulate quicker on the 
shorter side. It is the ant's preference for higher pheromone trail 
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levels which makes this accumulation still quicker on the 
shorter path[3].  

Figure 1: Ant colony food search behavior 

III. ANT COLONY OPTIMIZATION ALGORITHM

ACO takes inspiration from the foraging behavior of some ant 
species. These ants deposit pheromone on the ground in order 
to mark some favorable path that should be followed by other 
members of the colony. ACO exploits a similar mechanism for 
solving optimization problems [4].

Ant System (AS): It is the first ACO algorithm proposed in the 
literature. Its main characteristic is that, at each iteration, the 
pheromone values are updated by all the m ants that have built 
a solution in the iteration itself. The pheromone, associated with 
the edge joining cities and , is updated as follows:

                        (1)

Where   is the evaporation rate,   is the number of ants, 
and is the quantity of pheromone laid on edge ( , ) by ant . 

  

      (2)

Where Q is a constant, and  is the length of the tour 

constructed by ant  . 
In the construction of a solution, ants select the following city 

to be visited through a stochastic mechanism. When ant is in 
city and has so far constructed the partial solution , the 
probability of going to city is given by:

  (3)

Where is the set of feasible components; that is, edges 
( , ) where is a city not yet visited by the ant . The 
parameters and control the relative importance of the 
pheromone versus the heuristic information, which is given by:

(4)

Where is the distance between cities and [4]. 

IV. ADAPTATION OF ACO SYSTEM TO SCHEDULING
PROBLEM

When ACO algorithm is applied, appropriate hours of the 
lecturers, course-hour eligibility and lecturer-course hour 
parameters are added to the equation. The roulette wheel 
method has been applied for selection and it is added in ACO 
algorithm. The resulting equation and the meanings of the 
parameters according to this equation are shown below.

1. Choosing Classroom

When modeling is done, the course-classroom distance matrix 
is normalized to 0-1 (Figure 2). A random course is selected 
from unselected courses. According to the selected course, (3) 
is applied for classroom selection. In Equation 3, t is the
classroom which is not yet visited by the ant . Appropriate 
classrooms are selected.

Classroom

Figure 2: Course-Classroom Matrix



2. Choosing Course

Equation 5 is applied to assign the remaining courses in the 
selected classroom. Where is a classroom not yet visited by 
the ant . Parameters are added to the equation and calculated. 
Selected courses are assigned to the classroom. 

This is the symbolic representation and the added parameters.

        (5)

: The pheromone matrix between classroom and lecture , 
: The visibility matrix between classroom and course , 

: Matrix of theoretical lecture hours,
: Weekly total free time of lecturers,
: The matrix of daily leisure hours of the faculty members ,

: Relative importance of 
: Relative importance of 

: Relative importance of the 
: Relative importance of the 
: Relative importance of the

V. DATA USED IN IMPLEMENTING THE PROGRAM

The details of data used are shown in Figure 3. Data were 
taken from Information Technologies Center of Mersin 
University.  The numbers belong to the spring semester 
of Engineering Faculty in 2015-2016 Academic year.

Figure 3: Data properties 

VI. RUNNING THE PROGRAM

Data that were taken from Information Technologies Center 
of Mersin University are imported to the program by being set
it to be convenient to MATLAB. MATLAB is an interactive 
computer program that serves as a convenient ”laboratory” for 

computations involving matrices [5]. The first course selection 
has been done randomly and a rand classroom has been chosen 
from the course-classroommatrix. The reason for this choice is 
to make sure that the algorithm can select different classrooms 
without getting stuck on local optima. After the classroom is 
selected, course hours are started according to (5) of suitable 
courses and it is sent to the function of applied roulette wheel 
selection. A course is chosen in order to place it in the 
classroom. After the classroom is chosen, the same process is 
carried out for another course selection and until all of the 
courses are placed or all the classrooms are visited, the process 
continues. All the ants do this process. After all processes have 
finished, the best course schedule is recorded and the global 
pheromone is updated. The next iteration is passed. After all of 
the iterations are completed, the course schedule is saved and
the program ends. 

The pseudo-code of the algorithm that is given information  
above is presented in Figure 4.

Figure 4:  Pseudo code for course schedule ACO algorithm.
----------------------------------------------------
for maxIt
for maxAnt

             rand(course)
      for maxClassroomNumber
     apply equation (3)

       roulette wheel selection for Classroom
        for weeklyPeriod

apply equation (5)
roulette wheel selection for the
course              

        end
      end
end

global pheromone update
print course schedule
end  
-----------------------------------------

One week is divided into 50 time slot. 
It is accepted as there will be 5 courses before noon and 
5 courses afternoon every day.
One lesson period is accepted as 40 minutes.
1-10 defines Monday, 11-20 defines Tuesday, 21-30 
defines Wednesday, 31-40 defines Thursday and 41-50 
defines Friday. 
Courses that have been placed in a classroom can be seen 
in Figure 5.



Figure 5: Classroom course schedule

A sample of Engineering Faculty's course scheduling is seen in Figure 6. Course Identity is written on the figure.

Time Slot

Figure 6: A sample of Engineering faculty course schedule

VII. CONCLUSION

In this study, course scheduling problem of Mersin University  
Engineering Faculty is tried to be solved. ACO algorithm is 
developed for this aim. By this way, NP-hard scheduling 
problem is aimed to come up with a solution with the help of a 
computer in a short time and by taking into consideration 
maximum course, minimum classroom and desires of faculty 
members.  

Developed ACO algorithm is developed in MATLAB 
software and the desired results are achieved. Also, the program 
is open to adding many parameters such as giving priority to 
classrooms that courses have been given in advance is case of 
knowing it. These parameters are open to reach desired 
conclusions or converge in the direction of the objective
function.
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