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Abstract

One of the major problems with course scheduling - a particular type
of timetabling - is the difficulty that arises when trying to suitably
co-ordinate lectures, students and classrooms according to a set of op-
erational rules within a framework of certain constraints. The assign-
ment of courses and lectures to periods and classrooms is an important
administrative task that must be performed each term. The primary
purpose of this paper is to solve an existing course scheduling prob-
lem. Organizing courses and lectures according to periods and avail-
ability of classrooms is a difficult course scheduling problem, which we
are currently experiencing within the Department of Statistics at Gazi
University. We have therefore formulated the problem as a 0-1 inte-
ger programming model. The aim of this model is to minimize the
dissatisfaction of students and lecturers whilst at the same time imple-
menting rules bounded by a set of constraints. The model produced
has flexibility in terms of embracing new rules and/or criteria.

Keywords: Timetabling, Course scheduling, 0-1 integer programming.
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1. Introduction

Scheduling involves devising a plan to carry out a number of activities over a period
of time when the activities require resources which are limited, and there are various
constraints and one or more objectives to be optimized [19]. In this paper we formulate a
0-1 integer programming model for the problem of course scheduling for the Department
of Statistics at Gazi University, Turkey. The proposed model assigns courses offered
to periods and classrooms. The objective function consists of terms that measure the
dissatisfaction of lecturers and students. The case considered in this paper has many
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interesting and complicated characteristics such as parallel programs for normal and
secondary education student groups, some academic rules imposed by the Faculty Office,
and constraints for non-faculty lecturers. Hence, it requires the implementation of case
specific modeling logic. The model produced has flexibility in terms of embracing new
rules and/or criteria that may arise in the future.

According to the literature, time scheduling problems belong to the family of NP-
complete problems. Time scheduling for university courses, alongside vehicle scheduling
for travel agencies and the scheduling of league fixtures, is one of the most interesting
combinatorial problems. Integer programming is widely used for the solution of time
scheduling problems which involve the construction of flexible schedules to meet crite-
ria given as a set. Various algorithmic approaches for the solution of the educational
timetabling problem have been suggested in the literature. Among them, graph the-
ory, integer programming, simulated annealing, constraint logic programming and some
heuristics such as tabu search are the most widely known approaches. A detailed re-
view of the models and proposed solutions to the problem of timetabling is presented
by Schaerf [18]. Besides that, the studies of Welsh and Powell [19], Balakrishnan [5], de
Werra et al. [10] and Cangolovic and Schreuder [6] provide examples of graph coloring
approaches.

Looking closer into the literature we should cite Lawrie [17] as being among the
first to present a mathematical programming approach to timetabling problems, while
Akkoyunlu [2] applied a formula that appoints courses to time slots. The model of
Hultberg and Cardoso [16] is based on MIP. Akkoyunlu formulated the problem as an
assignment problem, Hulberg and Cardoso as a fixed charge problem and Badri et al. [4]
as a goal programming problem.

As mentioned above, all timetabling problems are NP-complete. That is to say, finding
an optimum solution gets more and more difficult as the model expands in terms of size.
Therefore, meta-heuristic approaches have been extensively applied in order to arrive
at a reasonable solution to the problem within a reasonable period of time. Hertz [15],
De Werra and Hertz [11], Costa [8], Azimi Z.N. [3] solved the university timetabling
problem using Tabu search. On the other hand, while Abramson [1] used a simulated
annealing algorithm for the solution of a school timetabling problem, Carrasco and Rato
[7] employed a genetic algorithm.

Constrained logic programming is also a popular method, since it provides enough
flexibility through the declarative language used in constrained logic programming which
can be adapted to different sets of constraints. The topic is well elaborated by Gupta
[14] and Deris et al. [12].

Amongst the most interesting approaches using mathematical programming are those
of Dimopoulou [13] and Daskalaki, et al. [9]. The latter constitutes the core of our model,
although there are a few differences stemming from specific rules and regulations in our
case study. We also changed the modeling approach for a few rules common to the two
cases. Moreover, while Daskalaki et al. used two different decision variables to assign
consecutive periods of the same day for a course, in our case we were able to build a
model with only one type of decision variable, since each course has at most two parts,
theory and practice. Thus, we consider the theory and practice parts of a course as if
they were different courses. This results in a model of more moderate size.

Additionally, in our model we also introduced a new criterion in order to ensure that
the consecutive periods of a given course take place in the same classroom. We refer to
this as “classroom consistency”.
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2. Characteristics of the Department of

Statistics

The Department of Statistics at Gazi University has two tracks: One is the normal,
the other the secondary. Here it is necessary to give a brief explanation of the system
implemented within the Department: Students are accepted into the programme and are
streamed into groups (A (normal) and B (secondary)). Both groups follow the same pro-
gramme, but students of Group A enter university with higher grades and are therefore
not required to pay a fee. Students in Group B, however, have lower grades upon entry
and must pay a fee. Any junior student enrolled in one of these two tracks is expected to
graduate within eight semesters. The students of these tracks are obliged to abide by the
same academic rules. Students of Group A and B cannot take the same course together.
This is a rule enforced by the Higher Education Council (HEC) and consequently imple-
mented by Gazi University. Nominally students in group B are taught in the evenings,
but in case of the availability of classrooms and lecturers the HEC recommends that their
courses be taught in the afternoon.

In addition to having two tracks, all courses are divided into two categories; core and
elective. Core courses are obligatory for each student, whereas the electives comprise a
list of courses from which a student is allowed to pick freely according to his/her credit
requirements. Elective courses for a given semester are partitioned according to the
credits awarded, courses with the same number of credits being “exact alternatives.” A
student must choose one and only one elective course from each set of exactly alternative
courses. For both tracks, there are core and elective courses. Clearly, the number of
students enrolled in core courses can be significantly different from those in electives,
hence leading to a need for classrooms of different capacities.

Finally, the courses are divided into three categories in a different way. The majority
of courses are offered by lecturers of the Department of Statistic or lecturers of other
departments of the same Faculty such as Mathematics and History. Twenty eight different
courses fall into this category. In the second category, there are four courses, for example
Turkish Language, which are mandatory for all students of the university. The third
category is called ”service”, and these courses are offered by non-faculty lecturers; there
are five such courses, for example Economics and Finance.

Twenty six lecturers from the Departments of Statistics and Mathematics, and five
lecturers from other faculties offer courses.

In the faculty building, there are six rooms allotted for usage. Most courses are held
in any of the four classrooms, which have different capacities. From the remaining two,
the first (called Z-10) is used to hold courses appointed by the Faculty Office and the
second (called LAB-1) to hold courses requiring special equipment like computers. If a
course is taken only by a few students and does not require special equipment, it can be
conducted in any classroom. This is an important assumption that is used to reduce the
size of our model.

The total number of periods in a day is accepted to be 14, between 8:30 and 21:05.
Each period is 45 minutes long and there are 10-minute breaks between periods.

3. Basic Rules for Designing a Timetable

Any timetable suitable for the Department of Statistics has to meet certain criteria.
These are:

3.1. No Overlapping. There are three cases for this criterion, regarding (i) the stu-
dents, (ii) the lecturers and (iii) the classrooms. The first one requires that a student
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group should not be assigned more than one course for a given period, unless they are
“exact alternatives”. For a lecturer, if he offers more than one course, they should not
overlap. For the last case, there should not be more than one course taking place in a
classroom at the same time.

3.2. Meeting Credit Requirements. This is the set of constraints which ensures
that the students can take the number of courses for the semester, as dictated by the
Department of Statistics.

3.3. Consecutiveness. The periods of any course should be consecutive, as long as it
requires no more than three periods per week. If the course is composed of theory and
practice/recitation sessions, we treat them as two separate courses (theory and practice),
instead of dealing only with one course. If a course requires more than 3 periods per
week then it can be divided in two sessions. For example: a course taking 5 hours could
be divided thus: One session composed of 2 periods on a Monday and another session of
3 periods on a Wednesday.

3.4. Classroom Consistency. All periods of a given course should be held in the
same classroom. Note that for all courses, a session consists of at least two periods,
which should be taught consecutively and in the same classroom.

3.5. Theory-Practice Precedence. If a course has theory and practice requirements,
then theory should be held before practice; yet they both should be held in the same
week.

3.6. Courses Appointed by the Faculty Office. Some courses are scheduled by
the Dean’s Office. Hence, the time-table of the Department should enable the students
affected to take them.

3.7. Time Constraints. No lecturer can offer more than two periods on any weekday
after 17:35 for the secondary classes, while normal classes cannot be scheduled for periods
after 17:35.

3.8. Non-Faculty Lecturers. As far as possible the number of periods between Group
A and B sessions should be kept to a minimum for the non-faculty lecturer’s courses since
non-faculty buildings are not in the same campus. As a matter of course the same course
for Group A and B is given by the same lecturer.

3.9. Failed Students. Failed students refer to students who have failed a course taken
during a previous year. It is desired, if at all possible, that courses with failed students
do not overlap with courses belonging to subsequent semesters.

4. 0-1 Integer Programming Model for an Optimum Time-Table

For our model we use the first seven rules above as constraints. We will develop
the objective function to determine the total non-satisfaction of the students and the
lecturers, and at the same time we will include the 8th and 9th rules in the objective
function.
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4.1. Definition of the required sets.

I = {1, . . . , 5} Set of days in a week in which the courses are offered
J = {1, . . . , 14} Set of time slots in a day
K = {1, . . . , 8} Sets of student groups. The first 4 refer to Group A

and the remaining 4 to Group B
L = {1, . . . , 28} Set of lecturers
M = {1, . . . , 95} Set of courses. Note that if a class is divided in two parts,

theory and practice, these are defined as separate elements
of the set. Similarly, the same course offered for Group A
and Group B is declared with separate elements

N = {1, 2, 3, 4} Set of classrooms

Building a model using the sets above results in approximately 6 million decision vari-
ables, which obviously creates difficulties. In order to economize but not to loose insight,
new sets will be used in place of the sets K, L, M and N . These are defined below.

Kl Set of students for which lecturer l offers at least one course
Km Set of students which take course m
Lk Set of lecturers offering at least one course for the group of

students k
Lkm Set of lecturers teaching course m for the group of students k
Lout Set of lecturers not from the Faculty of Science and Arts
Mkl Set of courses offered by lecturer l for the group of students k
Mkln Set of courses offered by lecturer l for the group of students k

that can be held in classroom n
Mcore

k,l Set of core courses offered by lecturer l for the group of students k
that can be held in classroom n

Melec
k,l Set of elective courses offered by lecturer l for the group of students k

can be held in classroom n
Mpra Set of practice courses
Nm Set of classrooms that may accommodate the students registered

for course m

4.2. The Decision Variables of the Model. The model is constructed with two sets
of decision variables defined below:

∀ i ∈ I, ∀ j ∈ J, ∀ k ∈ K, ∀ l ∈ Lk, ∀m ∈ Mkl, ∀n ∈ Nm

xi,j,k,l,m,n =











1, if course m taught by teacher l to the group of student k

is assigned to the jth time slot of day i in classroom n

0, otherwise

∀ i ∈ I, ∀ j ∈ J, ∀ k ∈ K − {4, 8}

zi,j,k =



















1, when core courses of the student group k overlap with

courses taught to the upper class in the j-th period of

day i

0, otherwise

The variables zi,j,k are used to handle the situation with the failed students explained
in Subsection 3.9.

4.3. The Constraints of the model. Having defined the first seven basic rules for
timetabling we can now develop the mathematical form of these rules.



46 M.A. Bakır, C. Aksop

4.3.1. The courses of the student groups cannot overlap with their exact alternatives.

Within the Department of Statistics, the elective courses are split into two or three-
credit courses. As mentioned earlier, the two-credit courses for a given semester are
regarded as “exact alternatives.” A student cannot take more than one of these during a
given semester, but can of course take different ones during different semesters. The same
is true for the three-credit courses, and in this way the students can take the number of
two and three-credit elective courses specified by the Department of Statistics.

The following constraints refer to the situation discussed above:

∀ i ∈ I, ∀ j ∈ J, ∀ k ∈ K
∑

m∈Mk
alternative(m)=0

∑

l∈Lkm

∑

n∈Nm

xi,j,k,l,m,n ≤ 1

∀i ∈ I,∀j ∈ J, ∀k ∈ K,

∀ m1, m2 ∈ Mk, alternative (m1) 6= alternative (m2)
∑

l∈Lkm1

∑

n∈Nm1

xi,j,k,l,m1,n +
∑

l∈Lm2

∑

n∈Nm2

xi,j,k,l,m2,n ≤ 1

Here, alternative (m) is an indicator function for exact alternative courses. Hence,
alternative (m) = 0 refers to core courses and it means that there is no exact alternative
for course m; otherwise alternative (m1) = alternative (m2) means that the courses m1

and m2 are exact alternatives of each other.

4.3.2. Lecturers and Overlapping. Each lecturer can be assigned to at most one course
for any given period.

∀ i ∈ I, ∀ j ∈ J, ∀ l ∈ L
∑

k∈Kl

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n ≤ 1

4.3.3. Classrooms and Overlapping. Each classroom can hold at most one course during
any period.

∀ i ∈ I, ∀ j ∈ J, ∀n ∈ N
∑

k∈K

∑

l∈Lk

∑

m∈Mkln

xi,j,k,l,m,n ≤ 1

4.3.4. Meeting the Credit Requirement. Each student must fulfill a minimum credit re-
quirement for each semester in order to graduate. The number of credits is equivalent
to the number of periods per week. In this case, credit (k) is a function giving the total
number of credits of the elective courses which must be taken by the student group k.

∀ k ∈ K
∑

i∈I

∑

j∈J

∑

l∈Lk

∑

m∈Melec
kl

∑

n∈Nm

xi,j,k,l,m,n = credit (k).

In order to ensure that all courses are accommodated in the timetable, the following
constraint must be added.

∀m ∈ M
∑

i∈I

∑

j∈J

∑

k∈Km

∑

l∈Lkm

∑

n∈Nm

xi,j,k,l,m,n = h (m)

Here, h (m) is a function that gives the number of periods required for the course m.
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4.3.5. Consecutiveness. Each and every course should be taught in consecutive periods
that match its number of credits. To fulfill this requirement, we need to set the following
three constraints. The first one ensures the consecutiveness for a course, if the first period
of that course is assigned to the first time slot of a day. The third one plays the same
role if the last period of a course is assigned to the last time slot of a day. The second
constraint fulfills consecutiveness for the remaining situations.

∀ i ∈ I, ∀ k ∈ K, ∀ l ∈ Lk, ∀m ∈ Mk, ∀n ∈ Nm, ∀ t ∈ {2, 3, . . . , h (m)}

xi,1,k,l,m,n − xi,t,k,l,m,n ≤ 0

∀ i ∈ I, ∀ k ∈ K, ∀ l ∈ Lk, ∀m ∈ Mkl, ∀n ∈ Nm,
∀ p ∈ {1, 2, . . . , 13} , ∀ t ∈ {2, 3, . . . , h (m)} , and t + p ≤ 14

−xi,j,k,l,m,n + xi,p+1,k,l,m,n − xi,p+t,k,l,m,n ≤ 0

∀ i ∈ I, ∀ k ∈ K, ∀ l ∈ Lk, ∀m ∈ Mkl, ∀n ∈ Nm, ∀ t ∈ {2, . . . , h (m)}

xi,14,k,l,m,n − xi,14−t,k,l,m,n ≤ 0

4.3.6. Consistency of Classrooms. All periods of a course in a day should be held in the
same classroom.

∀ j ∈ J, ∀m ∈ M, ∀n ∈ Nm

h (m) ∗
∑

i∈I

∑

k∈Km

∑

l∈Lkm

xi,j,k,l,m,n ≤
∑

i∈I

∑

p∈J

∑

k∈Km

∑

l∈Lkm

xi,p,k,l,m,n

4.3.7. Theory-Practice Precedence. If a course requires theory and practice, then within
a given week, the theory part should be scheduled before the practice. Here, tu (m) is the
function that gives an index for the theory part of course m within the set M of courses.

∀m ∈ Mpra

∑

i∈I

∑

j∈J

∑

k∈Km

∑

l∈Lkm

∑

n∈Nm

i ∗ xi,j,k,l,m,n/h (m) >

∑

i∈I

∑

j∈J

∑

k∈Ktu(m)

∑

n∈Ntu(m)

i ∗ xi,j,k,l,tu(m),n/h (tu (m))

4.3.8. Courses assigned by the Faculty Office should fit into the schedule. To meet this
requirement, the student groups taking the courses assigned by the Faculty Office should
have no other course during the pre-assigned periods for those courses.

∀ p ∈ {8, 9}
∑

m∈M1

∑

l∈L1m

∑

n∈Nm

x3,p,1,l,m,n = 0

∀ p ∈ {9, 10}
∑

m∈M5

∑

l∈L1m

∑

n∈Nm

x2,p,5,l,m,n = 0

∀p ∈ {1, 2}
∑

m∈M1

∑

l∈L1m

∑

n∈Nm

x5,p,1,l,m,n = 0

∀ p ∈ {6, 7}
∑

m∈M5

∑

l∈L5m

∑

n∈Nm

x3,p,5,l,m,n = 0

∀ p ∈ {1, 2, 6, 7}
∑

m∈M1

∑

l∈L1m

∑

n∈Nm

x3,p,1,l,m,n = 0
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∀ p ∈ {3, 4, 8, 9}
∑

m∈M5

∑

l∈L5m

∑

n∈Nm

x3,p,5,l,m,n = 0

∀ p ∈ {3, 4}
∑

m∈M1

∑

l∈L1m

∑

n∈Nm

x5,p,1,l,m,n = 0

∀ p ∈ {9, 10}
∑

m∈M5

∑

l∈L5m

∑

n∈Nm

x4,p,5,l,m,n = 0

4.3.9. Time Rules and Regulations. According to the university rules and regulations,
no courses can be assigned after 17:35 for students in the normal group. Moreover, no
lecturer can have more than two periods for students of the secondary group after 17:35.

∀ l ∈ L
∑

i∈I

∑

j∈J
j≥11

∑

k∈Kl
k≥5

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n ≤ 2

∀ k ≤ 4
∑

i∈I

∑

j∈J
j≥11

∑

l∈Lk

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n = 0

4.3.10. Consideration for failed students. The following constraint assigns a 0 or 1 value
to the variable zi,j,k defined in subsection 4.2. In case core courses of failed students
overlap with their current courses, the variable zi,j,k negatively affects the objective
function in the form of a penalty.

∀ i ∈ I, ∀ j ∈ J, ∀ k ∈ K − {4, 8}
∑

l∈Lk

∑

m∈Mcore
kl

∑

n∈Nm

xi,j,k,l,m,n +
∑

l∈Lk+1

∑

m∈Mcore
k+1,l

∑

n∈Nm

xi,j,k+1,l,m,n ≤ 1 + zi,j,k

The 4 and 8 in {4, 8} refers to the final year students for Group A and B, respectively.
There is no further semester following the final year. That is why we have extracted
these final year students.

4.4. Objective Function. The objective function of the model is constructed to min-
imize total dissatisfaction, and consists of five terms. The total dissatisfaction can be
defined as:

{ total dissatisfaction} = (dissatisfaction of students in the
normal group)

+ (dissatisfaction of students
in the secondary group)

+ (dissatisfaction of lecturers)
+ (dissatisfaction of non-

faculty lecturers)
+ (dissatisfaction of failed students)

Here, the dissatisfaction of the normal group students is measured by the classes offered

during evening hours; that of the secondary group by the classes offered in morning hours.
At the beginning of this work, we asked the lecturers to specify the days and periods
that they do not want to lecture. In line with this, dissatisfaction of lecturers stems from
assignments of days and periods when they do not want to lecture. The dissatisfaction of
a non-faculty lecturer is measured by the assignment of courses on different days and by
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a long spare-time between periods. The mathematical format of the objective function
is:

min z =
∑

j∈J

4
∑

k=1

a1j

(

∑

i∈I

∑

l∈Lk

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n

)

+
∑

j∈J

8
∑

k=5

a2j

(

∑

i∈I

∑

l∈Lk

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n

)

+
∑

i∈I

∑

j∈J

∑

l∈L

bi,j,k ∗

(

∑

k∈Kl

∑

m∈Mkl

∑

n∈Nm

xi,j,k,l,m,n

)

+
∑

l∈Lout

∑

k∈Kl
k≤4

∑

m∈Mkl

10 ∗

(

∑

i∈I

∑

j∈J

∑

n∈Nm

i ∗ xi,j,k,l,m,n

)

−
∑

l∈Lout

∑

k∈Kl
k≥5

∑

m∈Mkl

10 ∗

(

∑

i∈I

∑

j∈J

∑

n∈Nm

i ∗ xi,j,k,l,m,n

)

+
∑

l∈Lout

∑

k∈Kl
k≤4

∑

m∈Mkl

5 ∗

(

∑

i∈I

∑

j∈J

∑

n∈Nm

j ∗ xi,j,k,l,m,n

)

−
∑

l∈Lout

∑

k∈Kl
k≥5

∑

m∈Mkl

5 ∗

(

∑

i∈I

∑

j∈J

∑

n∈Nm

j ∗ xi,j,k,l,m,n

)

+ 50 ∗
∑

m∈M

∑

i∈I

∑

j∈J

∑

k∈Km

∑

l∈Lkm

∑

n∈Nm

i∗xi,j,k,l,m,n

h(m)

− 50 ∗
∑

m∈M

∑

i∈I

∑

j∈J

∑

k∈Ktu(m)

∑

l∈Lktu(m)

∑

n∈Ntu(m)

i∗xi,j,k,l,tu(m),n

h(tu(m))

+ 100 ∗
∑

i∈I

∑

j∈J

∑

k∈K

zi,j,k

In addition, we should add the criteria below to ensure the satisfaction of the non-
faculty lecturers:

∀ l ∈ Lout, ∀m ∈ Mkl
∑

i∈I

∑

j∈J

∑

k∈Kl
k≤4

∑

n∈Nm

i ∗ xi,j,k,l,m,n ≤
∑

i∈I

∑

j∈J

∑

k∈Kl
k≥5

∑

n∈Nm

i ∗ xi,j,k,l,m,n

∑

i∈I

∑

j∈J

∑

k∈Kl
k≤4

∑

n∈Nm

j ∗ xi,j,k,l,m,n ≤
∑

i∈I

∑

j∈J

∑

k∈Kl
k≥5

∑

n∈Nm

j ∗ xi,j,k,l,m,n

Here, a1j and a2j are defined as the willingness of the students in Group A and Group
B, respectively, to have courses consecutively at period j. These coefficients are defined
by the dissatisfaction functions below.

Figure 1. The function that generates the coefficients a1j
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Figure 2. The function that generates the coefficients a2j

The dissatisfaction coefficients for the lecturers, bi,j,k, are defined as:

bi,j,l =

{

15, if lecturer l is not willing to lecture at the jth period of day i

0, otherwise

The value of bi,j,k is chosen arbitrary so as to give a higher importance to a lecturers’
dissatisfaction than to a students’.

5. Reducing the Size of the Model

Since our model as such is still very large, we deflated it without causing any crucial
harm by ignoring the classroom index for the decision variable x. To avoid overlapping
in classrooms, we should add the following constraints to the model:

∀ i ∈ I, ∀ j ∈ J
∑

k∈K

∑

l∈Lk

∑

m∈Mkl
n(m) 6=0
n(m) 6=4

xi,j,k,l,m ≤ 4

∀ i ∈ I, ∀ j ∈ J
∑

k∈K

∑

l∈Lk

∑

m∈Mkl
n(m) 6=4
n(m) 6=0

n (m) ∗ xi,j,k,l,m ≤ 8

∀ i ∈ I, ∀j ∈ J
∑

k∈K

∑

l∈Lk

∑

m∈Mkl
n(m)=4

xi,j,k,l,m ≤ 1

The first constraint limits the assignment of courses at any period to 4, the total
number of classrooms that may be used for regular courses. The second constraint
replaces the capacity requirements for the classrooms. Lastly, we can make assignments
to classroom LAB-1 through the third set of constraints. There is no need to include the
assignment to classroom Z-10 in the above constraint, since the Faculty Office makes the
assignment.

The n (m) function in the constraints above is defined as:

n (m) =



















0, course m can be taught in classroon Z-10

1, course m can be taught in classrooms 210, 211, 205 or 206

3, course m can be taught in classrooms 210 or 211

4, course m can be taught only in LAB-1
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After adding these new constraints to the model, ignoring all classroom indices of x and
deleting all summations that refer to these indices, we obtained a new model with a total
of 7610 decision variables and 34978 constraints. This is significantly more moderate in
size than the first version of the model in which the variable x had 5 indices.

6. Solution of the problem and an optimum schedule

The above model formulated for the Department of Statistics is a large scale 0-1
integer programming problem. The LINGO 8.0 software program on a Pentium 4, 2.6
MHz and 256 MB Ram computer platform was used for the solution. The branch and
bound algorithm was used to solve the problem. However, since Karmarkar’s interior
point algorithm is faster than the simplex algorithm, it was preferred when solving the
linear programming part of the problem. It took 5 minutes to reach a feasible solution.
It took a long time to obtain an exact optimum because the computer platform was not
adequate for solving such a large combinatorial problem. Usually, such problems require
computers with parallel processing to obtain a solution within a reasonable period of
time.

The solution of the problem provided an optimum timetable that minimizes the total
dissatisfaction function, while meeting the rules imposed on the model. Since our aim is
to illustrate the main points in the solution, it will suffice to present the timetable for
the final year of both the normal and the secondary groups, and a lecturer’s schedule as
an example.

Table 1. The course schedule for the final year student groups

The normal group of students

Monday Tuesday Wednesday Thursday Friday

1 SQC.T210 LM.T 205 MVS.T 206 MVS.P 206 IP.P 205

2 SQC.T210 LM.T 205 MVS.T 206 MVS.P 206 IP.P 205

3 SP.T 206 CDS.T 205 OS 205 LM.P 206 CDA.P205

4 SP.T 206 CDA.T 205 OS 205 LM.P 206 CDA.P205

5

6

7 IP.T 206 SP.P 205 SQC.P 211

8 IP.T 206 SP.P 205 SQC.P 211

9 SC 206

10 SC 206

11

12

13

14
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The secondary group of students

Monday Tuesday Wednesday Thursday Friday

1

2

3 OS 206

4 OS 206

5

6

7 CDA.T 205 MVS.T 206 ID 206 LM.U 206 IP.U 206

8 CDA.T 205 MVS.T 206 ID 206 LM.U 206 IP.U 206

9 SQC.T 205 LM.T 206 CDA.U 205 SP.U 205 SQC.U206

10 SQC.T 205 LM.T 206 CDA.U 205 SP.U 205 SQC.U206

11 IP.T 206 SP.T 206 MVS.U 206

12 IP.T 206 SP.T 206 MVS.U 206

Table 2. A lecturer’s schedule

Monday Tuesday Wednesday Thursday Friday

1 LM-N-T 205 MS-N-P 210

2 LM-N-T 205 MS-N-P 210

3 LM-N-P 206

4 MS-N-T 210 LM-N-P 206

5 MS-N-T 210

6 MS-N-T 210

7 MS-S-T 210 LM-S-P 206

8 MS-S-T 210 LM-S-P 206

9 LM-S-T 206 MS-S-T 210

10 LM-S-T 206

11 MS-S-P 210

12 MS-S-P 210

13

14
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Table 3. The occupancy of classroom 210

Monday Tuesday Wednesday Thursday Friday

1 XXXXX XXXXX XXXXX XXXXX

2 XXXXX XXXXX XXXXX XXXXX

3 XXXXX XXXXX XXXXX XXXXX XXXXX

4 XXXXX XXXXX XXXXX XXXXX XXXXX

5 XXXXX XXXXX XXXXX

6 XXXXX XXXXX XXXXX XXXXX

7 XXXXX XXXXX XXXXX XXXXX XXXXX

8 XXXXX XXXXX XXXXX XXXXX XXXXX

9 XXXXX XXXXX XXXXX XXXXX XXXXX

10 XXXXX XXXXX XXXXX XXXXX XXXXX

11 XXXXX XXXXX XXXXX XXXXX XXXXX

12 XXXXX XXXXX XXXXX XXXXX XXXXX

13

14

We can summarize some characteristics of the solution which are consistent with the
rules as below:

(1) From the tables above we can see that both Group A and Group B schedules
are composed of courses with sessions that are more or less subsequent. Such a
non-stop-like schedule is preferred by the students, because they want to have
their free hours en bloc. Spare time diffused throughout the day is not fertile.

(2) All sessions are assigned without overlapping.
(3) All course blocks enable subsequent sessions without changing classrooms.
(4) The optimal solution assigned only a minimum number of hours during the

periods that had been defined as undesirable by the lecturers.
(5) It provides an optimum usage of the limited number of classrooms, so as to leave

the classrooms empty as little as possible. (See. Table 4, a clear cell means that
the classroom is empty during the corresponding periods)

(6) The courses for normal students are assigned mostly to morning periods while
those for the secondary students are assigned mostly to afternoon periods.

(7) The theory session of any course is assigned before the corresponding practice
session of that course within the same week.

(8) No lecturer is assigned more than two periods for the secondary group of students
after 17:35.

(9) An optimum timetable that also meets all other rules has been created.
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7. Conclusions

An optimum course scheduling timetable for the Department of Statistics at Gazi
University is achieved by using a 0-1 integer programming model, in which both students’
and lecturers’ dissatisfaction is minimized. Our case study, presented in this article,
carries many interesting features. Therefore, although we used the model in Daskalaki
et al. [9] as a guide we had to proceed with several adaptations and extra formulations
emanating from our specific requirements.

The problem was solved successfully for the spring semester. The flexibility of the
model permits its extension to the fall semester, and its use for other Departments as
well. However, the size of the problem creates certain difficulties in terms of attaining an
exact optimum solution. It is therefore necessary to find a way of decreasing CPU time.
In order to achieve this, further research is needed into the use of heuristic algorithms
and a reduction in the number of variables.

We developed a model for our case-study and solved only one instance. Future versions
of this model are planned to include optimal schedules for irregular students (double
major and minor students), to reduce further the idle times between sessions as well as
the number of days between theory and practice sessions. Moreover, we plan to extend
our study in order to cover the whole Faculty and to develop a flexible and user-friendly
prototype that includes modules for data inputs and outputs, and a database for storing
information.
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