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dbsiract: The university examination timetabling is known to be a highly constrained combinatorial optimization
problem. Various examination timetabling models have been described in the literature but most of the models were
developed for isolated problems. This paper discusses the wniversity examination timetabling in general. The works on
examination timetabling available in the literature are studied, and all constraints are gathered. The ultimate goal is to
develop 2 general model of university examination timetabling problem. The general model is presented; each of the
constraints (hard and soft) is mathematically formulated as a 0-1 integer programming. For future work, this modet will
be used to develop a general model for a more complex timetabling problem, university course timetabling.
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1. Imtroduction

Timetabling problems arise in a wide variety of domains; education, transport, healthcare institutions, etc.
[Burke et al. (2001)]. The university timetabling problems have atiracted the attention of scientists from a
number of differing disciplines, including operations research and artificial intelligence, since the 1950s.
University examination timetabling problem (UETP) is a specific case of the more general timetabling
problem and known to be highly constrained combinatorial optimization problem.

The construction of an examination timetable is a common problem for all institutions of higher
education. Given a set of exams, a set of students, a set of timeslots, a set of rooms, and a set of student
enroliments, the problem is to assign exams to timeslots and rooms subject to a set of hard and soft
constraints. The main difficulty is to obtain a conflict-free schedule within a limited number of timeslots
and rooms. Conflicting objectives and the changing set of constraints in different institutions makes the
examination timetabling problem (ETP) very challenging. Various university examination timetabling
models have been described in the literature, but most of the models were developed for isolated
problems, i.e. problem-based models.

This paper discusses the UETP in general. The works on examination timetabling available in. the
literature are studied, and all constraints (hard and soft) are gathered. The ultimate goal is to develop a
general model of the UETP. This general model is presented in Section 4; all constraints (hard and soft)
are mathematically formulated as 0-7 integer programming.

2. Examination Timetabling Constraints

The sets of constraints differ significantly from institution to institution. Different categories of people
have different priorities in the timetabling process and are affected differently by its outcome [Burke et al.
(2001)]. In the examination. timetabling process, there are three main groups of people who are affected
by the results of the process; administration, departments, and students. Consequently, the quality of a
timetable can be assessed from various points of view and the importance of a particular constraint can
very much depend upon the priorities of the three categories.

In Burke et al. [1995], from the survey conducted on 95 British Universities, the following constraints
are observed, sorted in ascending order according to their importance:
(1) There must not be more students scheduted to a room than there are seats.
(2) Exams with questions in common must be scheduled in the same timeslot.
(3) Some exams may only be scheduled within a particular set of timeslots.
(4) Only exams of the same length may be scheduled in the same room.
(5) Exams with the most students must be scheduled early in the timetable.
(6) Some exams must only take place in particular rooms.



(7) Large exam halls must be scheduled in preference to smaller ones.

(8) Exam A must be scheduled before exam B,

(9) No student is scheduled to exams in two consecutive timeslots.

(10) No student is scheduled to more than one exam in any particular day.
(11)Each student’s exams must be evenly spread throughout the timetable.
(12)No student is scheduled to exams in two consecutive days.

(13) Exams must be scheduled to rooms near to the relevant department.

The basic hard constraint in an ETP is ‘no student should have two exams in the same timeslot’, i.e.
no student conflicts. Burke et al. [2001] and Cote et al. [2004] considered this as the only hard constraint
in their ETPs. However, some institutions allow a student to have two exams in the same timeslot, as long
as an appropriate arrangement can be made. Erben and Song {2004], and Gambhava and Sanghani [2003]
considered two hard constraints: (1) no student can be in more than one place at a time, and (2) there must
be sufficient seats to house all the students. In Burke et al. [2003], the three main hard constraints are: (1)
every exam must be assigned to exactly one timeslot, (2) no individual should be in two different places
at once, and (3) there must be sufficient resources available in each timeslot for all exams timetabled.

The common soft constraints for ETPs that agreed by most researchers in the literature are as follows:
(1) A student should not be expected to sit two exams in adjacent timeslots.

(2) No students should have to take two exams on the same day.

(3) The total number of students in the same timeslot must be less than the capacity of the timeslot.
(4) The total number of students in the same room must be less than the capacity of the room.

(5) The total number of exarns in the same timeslot must be less than some specified number.

(6) Larger exams come first to allow more time for them to be marked.

(7) Some exams may need to be scheduled before, after or at the same time as another.

(8) Some exams need to be preassigned to a timeslot or can only be assigned to a subset of timeslots.
(9) Some exams may require specific rooms.

(10) The length of timetable.

(11)Only exams of similar length are scheduled at the same timeslot in the same room.

(12)Certain groups of exams may be required to take place at the same time (common questions),
(13) Certain exams are required to be on the same day.

(14) Certain timeslots are excluded for an examination.

(15) Some rooms are only available in specific timeslots.

3. Examination Timetabling Models

Some of the examination timetabling models, described in the literature, are presented as follows:

In Paquete and Fortseca [2001], an exam timetable of a typical educational institution can be
represented as a mapping #: E—T, where E is a set of exams and T'is a set of timeslots. An ETP (E, T, /) is
the problem of finding an optimal mapping #,,,cH, where H denotes the set of all possible mappings from
E to T, such that, given a cost function f H—R, fit,) < fif), V teH. Most evolutionary algorithm
approaches to timetabling formulate f as a weighted sum of numbers of constraint violations, where the
weights are chosen according to the importance of the corresponding constraints,

Merlot et al. [2002] defined the constraint programming model, to find a first feasible timetable, as: £
= {1,...,n} denotes the given set of n exams; s, is the number of students in exam #; T'= {1,...,v} denotes
the set of v timeslots; R—ExT represents a set of given exam-timeslot restrictions, so that (g, b)eR
indicates that timeslot b cannot be allocated to exam a; C, is the total capacity (of students) of timeslot
Dy is the number of students enrolled in both exams / and j; and variable x;eT indicates the timeslot
allocated to exam 7, The timeslots are assumed to be time ordered. They also defined the domain of each
variable x; to be the set of all timeslots that can feasibly be allocated to exam i. ,

Wong et al. [2002] characterized the final ETP as follows: There are g courses c),...,c, with one exam
for each course, These exams are partitioned into » exam-groups Gi,...,G, such that for each G, there are
students that take all exams belonging to group G Every school day of the semester has 3 class-timeslots.
Each course ¢; is given a value such that ¢;€{0,1,2} that identifies the membership of ¢; to one of the 3
class-timeslots. For the exam schedule, there are d days of exams. Thus, a total of 3d exam-timeslots are
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available for exam assignment. To take into account the availability of exam-timeslots and the possibility
of preassignment, they defined an availability matrix A, such that g,,~1 if timeslot k is available for
exam £, and 0 otherwise. Using a similar logic, they defined a preassignment matrix B34 such that b;,=1
if exam 7 is preassigned to timeslot %, O otherwise. Finally, they denoted J, as the maximum number of
-exam for timeslot k. The natural candidate solution representation is a 1xg vector. Each element of the
vector represents an exam. The vector element’s value represents the exam-timeslot assigned to that
exam. For population of candidate solutions, a population matrix X=[x;;] is defined (&=1,....N, /=1,...,9),
where N is the number of candidate solutions. In another paper, Wong et al. [2004], the following
timetabling model was used: Given a set of exams E={ey,...,e;g} and a set of timeslots I={1, 2,...,|T]},
the goal of the timetabling procedure is to obtain an assignment 7=>E where each exam in E is allocated
to a timeslot in 7. The result of such an assignment is a timetable represented by a set 4 of ordered
couples (7, €) where reT and ecE. A timetable  is called feasible if it satisfies all required constraints.

Kendall and Mohd Hussin [2004] represented the ETP at UiTM as: E is a set of m exams Ey,B;,....Ex;
S'is a set of n timeslots 51,5,...,5,; U s a set of u campuses U;,Us,...,U,. A final exam timetable 7, such
that 7 = 1 if exam i scheduled in timeslot &, 0 otherwise; CampusType = {4,B} where campus type 4 has
half-day Saturday and full-day Sunday weekend, and campus type B has half-day Thursday and full-day
Friday weekend. A conflict matrix C,,, such that Cj; = total number of students sitting for both exams 7
and j categorized by campus type. A co-schedule matrix R, such that Ry = 1 if exam i and exam & must
be scheduled in the same timeslot, 0 otherwise.

4. General Model of University Examination Timetabling

Here, a general university examination timetabling model (GUETM) is presented. This model is based on
the models, and constraints, discussed in the literature. Each of the constraints (hard and soft) is
mathematically formulated as a 0-1 integer programming. UETP is known to be a highly constrained and
complex optimization problem. To reduce the complexity of the problem, it is normally divided into two
subproblems; ‘exam-timeslot assignment’ and ‘exam-room assignment’, These two subproblems can be
modeled separately. In ‘exam-timeslot assignment’ exams are scheduled into a fixed number of timeslots,
and in ‘exam-room assignment® exams (in each timeslot) are assigned to rooms. Hence, in a UETP, an
assignment is an ordered 3-tuple (a, b, c), where a<E, beT, ceR, and has the straightforward general
interpretation: “exam & starts at timeslot b in room ¢”. The main components of a university examination
timetabling model are problem definition and initialization, hard constraints, and soft constraints.

4.1. Problem definition and initialization

There are six sets of variables that should be taken into account in a university examination timetabling:
Exam: represents the exam to be timetabled. The domain of this variable, E, is the set of all exams to be
scheduled. Each exam e, i€ {1,...,n}, has student enrollments, department, length, and type.
Timeslot: represents the time occupied by the exam. The domain of this variable, 7, is the set of all
timeslots in the timeslot system. Each timeslot 4, je {1,...,n2}, has start & finish times, and type.

Room:represents the room where the exam to be held. The domain of this variable, R, is the set of all
rooms available for the exams. Each room ;, i€ {1,...,m}, has department, size, and type.

Student: represents the student enrolled for the exams. The domain of this variable, S, is the set of all
students enrolled for the exams. Each student 5, je {1,...,n}, has department, & a list of exams.

Department: represents the department or faculty. The domain of this variable, D, is the set of all
departments or faculties at an institution. Each department d;, i€ {1....,n5}, has a list of exams, a list
of rooms, a list of students, and a list of invigilators. )

nvigilator: represents the lecturer, tutor or administrator who invigilates the exam. The domain of this
variable, /, is the set of all invigilators for the examination. Each invigilator i, je{l,...,ng}, has
department, a list of restricted exams, and a list of timeslots during which he/she is unavailable.

The matrices are required to show the interrelationships between these sets of variables. These
natrices would assist the formulation of the hard and soft constraints as 0-1 integer programming. There
re two types of matrices, input matrices and output matrices. The input matrices are the matrices where
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