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

Keywords: Course timetabling; timetabling constraints; general model.

1. Introduction

The university timetabling problems (UTPs) has attracted the attention of scientists from a
number of differing disciplines, including operations research and artificial intelligence, since
the 1950s. UTPs can be divided into two main categories: course timetabling - involves the
scheduling of courses within a given number of timeslots and their allocation into available
classrooms (weekly basis) while satisfying certain constraints [Burke et al. (2003)]; and
examination timetabling - involves the scheduling exams (one for each course) within a given
amount of time in a set of rooms. The main difference is, in course timetabling there cannot
be more than one course or event per classroom, while in examination timetabling there can
be more than one exam.

University course timetabling problem (UCTP) is known to be a highly constrained
combinatorial optimization problem (NP-hard). The UCTP can be viewed as a multi-
dimensional assignment problem [Carter and Laporte (1998)]. Given a set of courses, a set of
lecturers, a set of timeslots, a set of classrooms, and a set of student enrollments to courses,
the problem is to assign lecturers to courses, courses to timeslots, and courses to classrooms
subject to a set of hard and soft constraints. The main difficulty is to obtain a conflict-free
within a limited number of timeslots and classrooms. Conflicting objectives and the changing
set of constraints in different institutions makes the course timetabling problem (CTP) very
challenging. Various course 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 UCTP in general. The works on course 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 UCTP. This general model is presented in Section 4; all
constraints are mathematically formulated as 0-1 integer programming.
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2. Course Timetabling Constraints

The sets of constraints differ significantly from institution to institution. Different categories
of people have different priorities in the course timetabling process. There are three main
categories of people who are affected by the results of the process; administration, lecturers,
and students [Burke et al. (2001)]. 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.

Loo et al. [1986] set out four categories of constraints: room requirements (1-6), student-
group requirements (7-14), staff requirements (15-22), and class requirements (23-29).

(1) The utilization of classroom capacity should be maximized.

(2) Preferred rooms for each student-group should be used first; minimizes the need to change
rooms.

(3) Certain classrooms should be used as much as possible.

(4) Some rooms (e.g. conference rooms) should not be used unless there is no other room
available.

(5) Certain rooms (e.g. drawing rooms) should be used only for particular subjects.

(6) It should be possible to group rooms according to service packages (air-conditioning,
lighting, etc).

(7) Study workload for students should be evenly distributed over the week.

'(8) Certain student-groups may require a common free timeslot once a week for their project
works.

(9) The consecutive hours for lectures or tutorials should not exceed a predefined length of
time.

(10) There should be limits on the number of lectures and tutorials to be attended by
students each day.

(11)  Lunch and dinner breaks should be provided for students.

(12)  Each student group should have adequate chances to attend most of the optional
subjects. '

(13) Students should be able to be divided into groups for tutorials or combined for
common lectures.

(14)  There should be a limit on the total number of first-period events attended by the
students each week.

(15) Teaching workload for staff should be evenly distributed over the week.

(16) Time constraints for lecturers from other faculties or part-time lecturers should be
considered.

(17)  All full time lecturers may require a common free timeslots once a week for the
purpose of meetings.

(18) The consecutive hours for lecturing/tutoring by a lecturer should not exceed a
predefined length.

(19) There should be limits on the number of lectures and tutorials to be conducted by a
lecturer each day.
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(20) Lunch and dinner breaks should be provided for lecturers; these breaks may be staggered.

(21) Allowance should be made for several lecturers teaching different portions of a given
subject.

(22) There should be a limit on the total number of first-period classes conducted by a lecturer
each week.

(23) The morning should be free for lecturer or student having evening events later in the day.

(24) Repeated lectures (large enrollments) should not be conducted by the same lecturer in the
same day.

(25) Students from different departments may be grouped together for common lectures if
necessary.

(26) It is preferred that lectures and tutorials be conducted in the morning if possible.

(27) If possible, Saturday is to be scheduled as a free day for professor as well as students.
(28) Sometimes it is desirable to have at least a 15-minute break between events.

(29) Some events (e.g. ad hoc or make-up sessions) are to be arranged manually.

Corne et al. [1994] described the five kinds of constraints of general CTP: Unary Constraints
- involve just one event, fall into two classes: exclusions - an event must not take place in a
given room, must not start at a given time, or cannot be assigned to a certain agent;
specifications - an event must take place at a given time, in a given place, or must be assigned
to a given agent. Binary Constraints - involve restrictions on the assignments to a pair of
events, fall into two classes: edge constraints - arising because of the simple fact that people
cannot be in two places at once; juxtaposition constraints - the ordering and/or time gap
between two events is restricted in some way. Capacity Constraints - specify that some
function of the given set of events occurring simultaneously at a certain place must not exceed
a given maximum, e.g. room capacity. Event-Spread Constraints - the way that events are
spread out in time. It may require that multiple lectures on the same topic should be spread
out as evenly as possible during the week. Agent Constraints - involve restrictions on the total
time assigned for an agent in the timetable, and restrictions and specifications on the events
that each individual agent can be involved in.

In Alkan & Ozcan [2003], six different types of constraints can be identified for UCTP:
Exclusions represent the excluded members of resources for the variables; e.g. ‘Data
Structures should not be scheduled on Tuesdays’. Presets represent the predetermined
assignments for some variables; e.g. ‘Digital Electronics is scheduled on Fridays at 14:00-
17:00°. Edge constraints represent a pair of course meetings that should be scheduled without
a clash. Ordering constraints, also known as juxtaposition, represent an ordering between
course meetings. Event-spread constraints deal with the way how the course meetings are
spread out in time. Attribute constraints represent restrictions that apply between the attributes
of a course meeting and/or the attributes of its assignment; e.g., ‘total number of students
taking a course should not exceed the capacity of the classroom’.

The common hard constraints for UCTP that agreed by most researchers in the literature are
as follows:

(ordered by their importance):
(1) All events/courses must be assigned to lecturers.

(2) All lecturers must be assigned to events/courses.






