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Abstract

Examination timetabling problem (ETP) is one of the most important issues in universities. An improper timetable
may result in students' dissatisfaction as it may not let them study enough between two sequential exams. In
addition, the many exams to be scheduled, the large number of students who have taken different courses, the
limited number of rooms, and some constraints such as no conflict in a single student's exams make it very difficult
to schedule experimentally. A mathematical programming model is required to formulate such a sophisticated
problem. In this paper, a new binary model is developed for ETP. The novelty of the paper can be discussed in two
directions. The first one is that a course can be offered more than once in a semester. If a course is requested by a
few students, then it is enough to be offered once. If the number of students requesting a course is more than the
maximum number of students who are allowed to attend a single class, then the course is multi-offered. The
second novelty is that sharing a room for two simultaneous exams is allowed. Also, the model considers some hard

and soft constraints, and the objective function is set in such a way that soft constraints are satisfied as much as
possible. Finally, the model is applied in a sample department and is solved by GAMS.
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Background
Timetabling is a common problem of educational insti-
tutions, e.g., schools and universities. It can be divided
into three categories. The first one is school timetabling
which includes scheduling of school classes. The second
one is university course timetabling which determines
which course should be assigned to which lecturer on
which day and time slot. The third one is examination
timetabling which schedules the examinations of given
courses. Examination timetabling is a hard, complex,
and time-consuming task. It is very confusing when
developed experimentally. Examination timetabling prob-
lem (ETP) is to determine the exact date and time as well
as the room in which each exam should be held. Such a
problem can be formulated using mathematical models.
In this paper, a new model is presented for university
examination timetabling problem (ETP). The paper has
two main novelties. The first one is that it considers
multi-offered or multi-code courses. At the beginning of
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a semester, the dean of a department may notice that a
large number of students wish to take a specific course.
The number of these students may be more than the
capacity of a class. As a result, that course is offered in
two or more classes. This is called the multi-code course.
Obviously, these classes may be scheduled on different
days of the week, but their exam should be held simul-
taneously. The second novelty of the paper is that room
split is allowed. Naturally, each exam should be held in
one room. If the number of students who have taken a
course is larger than the capacity of a room, they should
be divided into two rooms. Assume that the examination
of courses A and B are held simultaneously. The number
of students who took these courses is 40 and 45, respect-
ively, and the capacity of each exam room is 30 students.
It is possible to assign a room for course A (with a
capacity of 30 students) and a room for course B (with
a capacity of 30 students), and both courses share a
room between the remaining students (10 students for
course A and 15 students for course B). This is called
room split.

The proposed model includes some hard and soft con-
straints. The objective function is set in such a way that
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soft constraints are satisfied as much as possible. The
model is applied and tested in the Industrial Engineering
Department of Islamic Azad University in Firoozkooh,
Iran. In this department, 12 courses are offered in four
terms for postgraduate students.

Timetabling problem in educational institutions is
categorized in three groups: university examination, uni-
versity course, and school timetabling. University exam-
ination timetabling defines the exact day, time slot, and
room that each exam is held. In other words, which
exam is scheduled on which day, the time slot, and in
which building, floor, and room it is held are deter-
mined. Although there are some novel research that
focused on the modeling and formulation of ETP, a large
number of researchers are interested in the applications
of heuristics to solve the problem. Here, a wide range
of previous research both on modeling and solution
approach are briefly presented.

A comprehensive survey on ETP was performed by
Qu et al. (2009a). They considered both theoretical and
practical research done in a 10-year period.

Dammak et al. (2006) focused on room assignment of
exams and also on a heuristic to solve it. If the solution
that resulted from the heuristic indicates that only one
exam is held in a room, the problem is finished. Other-
wise, the algorithm tries to reach a solution in which
two exams are assigned to a single room at most. In a
similar research, Ayob and Malik (2011) focused on
room assignment for each exam in such a way that the
total movement of students between rooms during two
consecutive exams was minimized. Also, the model has
another objective to minimize the number of rooms
assigned to a single exam.

MirHassani (2006) developed a model based on a pre-
defined exam timetable in order to maximize paper
spread. Ayob et al. (2007a) used a new objective function
for ETP. The objective function they presented was the
penalty cost which was a modification of the objectives
introduced by Carter et al. (1996) and Burke and Newall
(1999).

Ayob et al. (2007b) solved a model with the aim of im-
proving the quality of the timetable, which tried to
minimize the number of students with two consecutive
exams in a day. Burke et al. (2008) defined a model that
included seven objectives. They grouped the objectives
in such a way that each group satisfied the specific party
(students, markers, invigilators, and estates).

Cheong et al. (2009) developed a model that mini-
mized the length of timetable and prevented students to
take exams in consecutive exams as much as possible.
They formulated a multi-objective model and solved it
using an evolutionary algorithm.

Sagir and Ozturk (2010) formulated the assignment
of invigilators to exams as a multi-objective model and
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calculated the weights of objectives using the analytic
network process. Kahar and Kendall (2010) applied a
model on a real case regarding some new constraints
such as distance between rooms. In the end, they used a
heuristic to solve the problem. McCollum et al. (2011)
considered an integer programming model with a cost
penalty objective function. It tried to satisty soft con-
straints as much as possible, and if it failed, a penalty was
accounted.

Among the research done based on solution ap-
proach, Alvarez-Valdes et al. (1997) proposed a new
algorithm that included several heuristics based on tabu
search in order to solve an ETP in a Spanish univer-
sity. The objective of the model was to reach the best
schedule for all students. Dimopoulou and Miliotis
(2001) focused on developing a course and exam time-
table. At first, the course timetable was developed, and
its solution was used to generate an initial exam
schedule. The initial exam was further improved using
a heuristic.

Mansour et al. (2011) applied the scatter search algo-
rithm to generate a timetable for examinations and used
it on a real case to show the efficiency of the heuristic.
White et al. (2004) proposed a technique based on tabu
search to solve an ETP. Naji Azimi (2005) applied the
combination of simulated annealing, genetic algorithm,
tabu search, and ant colony in order to solve an ETP.

Petrovic et al. (2007) used a case-based reasoning
technique to choose the proper order of heuristics that
should be applied to find an initial solution. Pillay and
Banzhaf (2009) represented a new approach for heuristic
combinations in which heuristics were applied simultan-
eously. Pillay and Banzhaf (2010) applied a genetic algo-
rithm approach in order to get a set of solutions for an
ETP in such a way that all hard constraints were met. It
then improved the solutions in order to satisfy soft con-
straints as much as possible.

Modarres et al. (2010) used a new version of the fuzzy
analytical hierarchy process to prioritize courses in a
management school. They chose the best courses offered
by ranking them.

Burke et al. (2010) used variable neighborhood search
along with genetic algorithm for an ETP. Turabieh
and Abdullah (2011) combined the principle of the
electromagnetic-like mechanism with a great deluge al-
gorithm to solve an ETP. Some algorithms based on
graph coloring were applied by Malkawi et al. (2008) and
Qu et al. (2009b) to solve ETP.

The structure of the paper is as follows. Problem
assumptions are discussed in the ‘Problem description’
section. In the ‘Methods’ section, the mathematical
model is described and is tested in a real case in the
‘Results and discussion’ section. Concluding remarks are
in the ‘Conclusions’ section.
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Problem description

In this paper, a binary model is represented to schedule
examinations of postgraduate students of the Industrial
Engineering Department of Islamic Azad University
(Firoozkooh, Iran). Students were taking nine courses
during the first three terms and worked on a thesis in
the fourth term. In each term, they can take three
courses. All exams should be held on the first and sec-
ond floors of the department. Each floor has three avail-
able rooms for exams. Here is a list of educational rules
and assumptions:

1. The postgraduate level includes four terms.
Students take courses in the first three terms, with
the last term dedicated to their thesis.

2. Students are categorized in three groups: beginners

(students who are currently on their first term),

juniors (students who have studied for one term

and are currently on their second term), and seniors

(students who have studied for two terms and are

currently on their third one).

In total, 12 courses are offered by the department.

4. All 12 courses are categorized in three groups; each
group includes four courses. The first, second, and
third groups are offered to beginners, juniors, and
seniors, respectively.

5. Each student should only take the courses offered
for his/her group. For example, a junior student
cannot take a course offered to beginners or seniors.

6. In each term, a student has to take three courses
among the four ones offered to him. Thus, the
student has options.

7. All courses are divided in to three groups: simple,
medium, and hard.

8. All exams should be held on the first and second
floors of the department.

9. On each floor, there are three rooms that can be
used for exams.

10. The number of students registered for a course is
given.

11. If the number of students who wish to take a
specific course is more than the capacity of a class,
the course can be offered more than once in the
term. This is called the multi-code course.

12. The classes of a multi-code course may be
scheduled on different days of the week, but their
exam should be held simultaneously.

13. In order to use the capacity of a room efficiently,
room split is allowed. It means that a room may be
share between two courses whose examinations are
held simultaneously. Assume that two exams are
held simultaneously, and the number of students of
each course is much more than the capacity of a
room. In this case, two rooms may be assigned to

w
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these exams (one room to each exam) and a room
for the remaining students of both exams (in total,
three rooms are assigned).

14. All exams should be scheduled in a 6-day period.
The planning period begins on a Saturday and ends
on a Thursday.

15. Each day includes two time slots.

Methods

In this section, a binary model is developed based on the
given rules and assumptions. There are some hard and
soft constraints in the model. Obviously, hard con-
straints should be fully met. The objective function is set
in such a way that soft constraints are satisfied as much
as possible. In other words, the objective function mini-
mizes the degree of soft constraint dissatisfaction. The
model solution determines that each exam is held on
which day and time slot and also in which building,
floor, and room. The nomenclatures are as follows.

Indices and sets
Here are the indices and sets used:

1 is the set of exams (courses).

i is the index of exam (i € ).

] is the set of student groups (beginners, juniors, and
seniors).

j is the index of student group (j € ).

T is the set of time slots.

t is the index of time slot (¢t € T).

R is the set of rooms.

r is the index of room (r € R).

L is the set of days in the scheduled period length.

[ is the index of day (/ € L).

B is the set of buildings. According to assumption 8, all
exams should be held in one building. As a result, B
includes only one building for the case under study.
However, it is defined as we develop the general model.
b is the index of the building (b € B).

F is the set of floors.

fis the index of the floor (f € F).

¢ is the index of the code (refer to multi-code courses).
J; is the set of student groups included in course i.
According to assumption 4, each course is only for one
group of students. As a result, J; includes only one
member for the case under study. However, it is
defined as we develop the general model.

I; is the set of courses offered to student group .

I,,,; is the set of medium courses offered to student

group j.

I,,; is the set of hard courses offered to student group ;.
Ty is the set of time slots available for day /.

C; is the set of codes for course i (number of classes
offered for course i). If course i is a multi-code course,
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it is offered more than once due to the large number of
students who wish to take it. For example, if a multi-
code course is offered twice in a single term, C; has two
members (1 and 2). If a course is offered only once, C;
has only one member (1).

F,, is the set of floors in building b.

Ry, ris the set of rooms located in floor f of building b.

Parameters
Here are the parameters used:

S, is the number of students registered at code ¢ of
course i.

Capyy is the capacity of room r which is located on
floor f of building b.

NC; is the number of times that course i is offered in a
semester. If i is not a multi-code course, NC; is one.

Variables
Here are the variables used:

Xiji is a binary variable that has a value of 1 if exam i
for student group j is scheduled on day / and time slot
t; otherwise, it has a value of 0.

Yieppuie is a binary variable that has a value of 1 if the
examination of code ¢ of course i is scheduled on day/
and time slot ¢ and is held in room r of floor f of
building b; otherwise, it has a value of 0.

H,. is a binary variable that has a value of 1 if code ¢
of course i is scheduled on day/ and time slot ¢
otherwise, it has a value of 0.

Zicpris a binary variable that has a value of 1 if the
examination of code ¢ of course i is held on floor fof
building b; otherwise, it has a value of 0.

Wi is a binary variable that has a value of 1 if room
of floor f of building b is split on day/ and time slot ¢
otherwise, it has a value of 0.

Constraints
All constraints are divided into hard and soft ones. They
are as follows.

Hard constraints

There are some constraints that should not be violated.
These are called hard constraints, and they are as
follows:

1. All exams should be scheduled. For this, the
following equation is used:

Z/ELZZZtGT;Xiﬂt = 1vi. (1)

2. No student should have two exams in a day. As
beginners, juniors, and seniors, they can only
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choose among the courses offered to them. The
constraint is formulated as follows:

Ziel, teT,Xiﬂt <1vLj. (2)

3. All codes (classes) of a multi-code course should be
scheduled simultaneously. If two or more classes are
offered for a single course, their examination should
be held on a single day and time slot. For this, the
following equation is used:

> Hige = NCXyi¥i,j € Ji, 1t € T). (3)

ceC;

4. At most, two rooms can be assigned to students of
a class. For this, the following equation is used:

Z/ZtET[ZVERhfinhﬁlt = ZZiCthi’ c€G, b’f € bp.
(4)

5. All students of a class should be scheduled on the
same floor. In other words, if the number of
students of a class is more than the capacity of a
room, they naturally should be split in two rooms.
This constraint ensures that those two rooms
should be in a single floor. For this, the following
equation is used:

szfthZicbf = IVi, c € Ci. (5)

6. All codes (classes) of a multi-code course should be
scheduled on the same building. For this, the
following equation is used:

ZZicbf :Z Z,'C'bfVl', ¢, € Ciczé, b. (6)
SER feR,

7. Each room can be assigned to two exams at the
most. For this, the following equation is used:

Zzyid’ﬁlt <2 Vb,f € F,,r e Rbf,l,lf c 1.
i ceC;
(7)

8. Room capacity should not be violated. As shown in
relation 8, half of the capacity of a room is
decreased if it is split:

SicZicrr + (Xijue — 1)M < z Capyfy Yicvfrir
rERy

1 ..
_EZ Cﬂpbﬁ Wi Vi,j € Ji,c € Ci,b,f,€ Fp,l,t € T;.

rERy
(@)
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9. The following constraints relate variables Y;c;z4 and
Wipie- In other words, these constraints show the
relation between Yicpss and Wy According to
constraint 7, each room can be assigned to at most
two exams. From constraint 9, it is clear that if a
room is assigned to two exams, the left-hand
side = 1. In that case, W4z = 1. On the other hand,
relation 10 ensures that if W, = 1, the room is split:

Zizceciyicbfrlt — 1< Wys Vb.f € Fy,
r € Ry, l,t €T, 9)

2Wopi < Zizceqyicbﬁzz Vb,f € Fy,

re Rbf,l, te ;. (10)

10. The following constraint relates Y., and Hg. It
shows that whenever exam i is scheduled on day/
and time slot ¢, variable H,,;, = 1:

szfepbzrekbfyicbfrlt S MHiqVi,c € Gy, Lt € Th.

(11)

Soft constraints

Soft constraints are those that should preferably be satis-
fied. However, if a soft constraint is not met, the model
will not be infeasible. In this section, soft constraints are
introduced. The objective function is then set in such a
way that deviations from soft constraint satisfaction are
minimized. There are three soft constraints:

1. Each student should have at least one free day to
study for a medium course. In other words, if a
student takes the exam of a medium course on day/,
he/she should not take any exam on day /- 1.

Zself,sti tET;XS/ =1t S(l - ZL‘GTIXiﬂt>M VJ,

i € Lpj,l > 1. (12)

2. There should be at least two free days to study for a
hard course. This is actually shown in two constraints.
Relation 13 shows that if a student takes a hard exam
on the second day of the planning horizon (Sunday),
he/she should not take any exam on the first day
(Saturday). Relation 14 is written for /> 2.

S DKoo= (130, X )M

i€l,l=2, (13)

X E E X
Zse[,,s:i teT; sjl 2t + SEL,s#i teT; sfl=1t

s(l - ZteTlX,-ﬂt)M Vi€l l>2  (14)
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3. Hard courses should not be scheduled for the first
two days of the planning period. According to
relations 13 and 14, a hard course may tend to be
scheduled for the first two days of the planning
period. To avoid this and in order that students
would have more time to study for a hard course,
a soft constraint is applied to prevent hard courses
to be scheduled on the first two days of the
period.

;ZiZMm

iEIhJ I=1 teT;

Objective function

In order to make sure that soft constraints are satisfied
as much as possible, a penalty value is related to a devi-
ation from the ideal situation. As a result, relations 12,
13, 14, and 15 are rewritten as follows:

X L — g
2 setsuid e o ¢+ &t ~ &

- (1 - Ztenxiﬂt)Mw,i €Lyl > 1, (16)
Z Zij -1 ¢+ kit — kkiy
sl s#i teT)
= (1 - injh)MVj,i €l =2, (17)
teT)
Table 1 Descriptions of courses
Course Type of Students who Number of
course can take the registered
course students
Al Simple Beginners 30
A2 Medium Beginners 25
A3-1 Hard Beginners 30
A3-2 Hard Beginners 30
A4-1 Hard Beginners 25
A4-2 Hard Beginners 25
B1-1 Simple Juniors 30
B1-2 Simple Juniors 25
B2 Medium Juniors 30
B3 Medium Juniors 25
B4-1 Hard Juniors 25
B4-2 Hard Juniors 25
@ Hard Seniors 25
(@] Medium Seniors 25
a3 Hard Seniors 25
c4 Simple Seniors 25
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Table 2 Room data

Floor Rooms
First floor 111,112,113
Second floor 121,122,123

Z Zijlfz ¢+ Z Zijlfz ¢+ Vijg — v

s€ljszi teT) s€ljszi teT;
= (1 — ZXW>MVj,i € Il > 2, (18)
teT;
2
ZjZie]hJZl:I teT,Xlﬂ‘ +d—dd=0. (19)

With the aim of satisfying relations 12, 13 and 14, gg;;,
kk;;, and vvy; are minimized. Also, both 4 and dd are
minimized to ensure the satisfaction of relation 15. As
the importance of all soft constraints is assumed the
same, the objective function is written as follows:
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Results and discussion

The presented model was applied and tested in a real
case, ie., in the Department of Industrial Engineering of
Islamic Azad University in Firoozkooh, Iran. We are
going to develop the best examination timetable for
postgraduate students of the department. The courses
offered by the department are shown in Table 1. For ex-
ample, it shows that course Al is a fairly simple course
that is offered to beginners. Also, it is not a multi-code
course, while A3 is a hard course and is offered twice in
the term (A3-1 and A3-2) due to the fact that a large
number of students wish to take it.

According to assumption 8, all exams should be held
on the first and second floors of the department. Thus,
there is only one building in this case. According to as-
sumption 9, there are three available rooms on each
floor. Information about floors and rooms is shown in
Table 2. The capacity of each room is 25 students.

The model is solved using GAMS 22.5, and the time-
table is shown in Figure 1. The solution shows that the
first soft constraint is satisfied: medium exams are not
scheduled exactly after other exams. As shown in
Figure 1, these exams (A2, B2, B3, and C2) are scheduled
on the first day of the planning period. The second soft
constraint is not fully satisfied. Although A3, B4, and C1
are hard exams, students do not have two free days to

Min E E E (ggiji + kkiy + vvig +d +dd).  (20)  study for them. However, they have two free days to
iojelo 1 study for other hard exams (A4 and C1). The third soft
- A
-
g
3
£
2 c2 c3 c1 ca
Room 121 Room 111 Room 113 Room 121
B1-2 84-2
o Room 113 Room 113
2
H
s 82 Bl-1
<9
L= Rooms 111 & Rooms 111 & pa1 Bs
Room 112 Room 113
113 112
a2 heomeriaa
-
5 Room 113 12
7
z
Al A3-1
e
- Rooﬁfuz [EETEE Ro::;luz Rooms 112 &
113 113
Time Slot 1| Time Slot 2 |Time Slot 1 ;Time Slot 2 |Time Slot 1 ;Time Slot 2 |Time Slot 1 ;Time Slot 2 |Time Slot 1 ;Time Slot 2 |Time Slot 1 ;Time Slot 2
Saturday Sunday Monday Tuesday Wednesday Thursday

Figure 1 Examination timetable.
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constraint is also fully satisfied. From Figure 1, it is clear
that no hard exam is scheduled on the first two days of
the planning period. The results also show that all hard
constraints are fully met. For example, no student group
takes two exams in a single day, no room is assigned to
more than two exams, and all codes (classes) of a multi-
code course are scheduled simultaneously.

Conclusions

In this paper, a new binary model is presented to gener-
ate a university examination timetable. The contribu-
tions of the model considered multi-code courses as well
as room split. The model was applied in the Industrial
Engineering Department of Islamic Azad University. The
model includes some hard and soft constraints. The ob-
jective function is set in such a way that deviation from
soft constraint satisfaction is minimized. The result
shows that all soft constraints are fully satisfied, except
for the one indicating that students have two free days
for hard exams. There are totally five hard exams in the
case. The result shows that students have two free days
to study for just two hard exams. This is the best feasible
solution as it is impossible to satisfy all soft constraints
of the model.
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