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Introduction

The research reported in this abstract deals with the uni-
versity course timetabling problem at the KaHo Sint-Lieven
School of Engineering. At present we are able to automat-
ically solve the problem taking only the hard constraints
into account. Currently, we investigate the possibility of
using the linear numberings method (Burke er al. 2001;
De Causmaecker et al. 2005) to express and evaluate the
soft constraints in the university course timetabling problem.
This method has until now only been applied to employee
timetabling.

University Course Timetabling

The university course timetabling problem is the process
of assigning lectures, which are taught by lecturers and at-
tended by students, into ‘room-time’ slots, taking into ac-
count hard and soft constraints. In the literature different re-
views and problem descriptions with different kinds of con-
straints can be found (Burke & Petrovic 2002; Petrovic &
Burke 2004; Schaerf 1999; McCollum 2006). We concen-
trate on the university course timetabling problem as it is
perceived at the KaHo Sint-Lieven School of Engineering.
The problem can be informally described as follows:

e cach lecture has a pre-assigned lecturer/team of lecturers,

e cach student group is assigned to a curriculum,

e and lectures need to be assigned to ‘room - time’ slots.
The following hard constraints hold:

HC1 Lecturers and students can only be in one place at the
same time.

HC2 A room can hold at most one lecture at a time.
HC3 Class rooms have a limited capacity.
HC4 The number of class rooms is limited.

HCS Feasible time slots are periods in weekdays that start
after 8 am and end before 6 pm. Feasible slots range from
1 hour and 30 minutes up to 4 hours and 50 minutes. Due
to the length variations, we have to deal with overlapping
time slots.

HC6 The timetable period is one semester, which spans 12
weeks. Some of the lectures are organized every week;
others are only organized a few times during the timetable
period (e.g. 3, 4, 6 or 9 times).
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The approach that we developed to solve the hard con-
strained problem is described in (Adriaen et al. 2006). Apart
from the hard constraints we need to take soft constraints
into consideration:

SC1 Lecturers express preferences for certain time slots.
SC2 Some student groups must have one day off per week.

SC3 Lectures should be scheduled in 2 or 3 consecutive
time slots from a student point of view. Scheduling a sin-
gle lecture on one of the teaching days is to be avoided.

SC4 Scheduling lectures in the last time slot of the day is to
be avoided.

SC5 The number of lecturing hours per day should be
spread evenly over the week for students.

SC6 Gaps between lectures are to be avoided.

We argue that the linear numberings method (Burke e?
al. 2001) can be used to express and evaluate the soft con-
straints in this university course timetabling problem.

Linear Numberings Method

A constraint in the linear numberings method is expressed
as a ‘numbering’ which involves a template of numbers (see
Table 1), a set of numbering constraints and their corre-
sponding values. A numbering constraint is formulated as an
equality. The left hand side is the condition that is checked
against the value at the right hand side (rhs). When the con-
dition is not satisfied, the constraint is violated and a cost
will be generated. The left hand sides of the numbering con-
straints are grouped into 4 sets, each consisting of 2 mem-
bers (minimum and maximum). The 4 sets are:

total which compares the minimum/maximum number of
corresponding events against the value on the rhs.

pert which compares, for every number in the numbering,
the (maximum/minimum) number of events against the
value on the rhs.

consecutive which compares the (maximum/minimum)
number of consecutive events against the value on the rhs.

between which compares the (maximum/minimum) gap
between non-consecutive events against the rhs value.
Further details, examples, applications and a more formal

description of the method can be found in (Burke et al. 2001;
Vanden Berghe 2002; De Causmaecker et al. 2005).



Linear Numberings Method and University
Course Timetabling

Until now the linear numberings method has only been ap-
plied to employee timetabling. Employee timetabling con-
sists of assigning qualified personnel to time slots, such that
the coverage in every time slot is fulfilled and that the per-
sonal preferences of the employees are taken into account.
Typically resources are not part of the scheduling problem.
In university course timetabling however, lecturers and stu-
dents need to be assigned to ‘room-time’ slot combinations
in such a way that none of the hard constraints is violated
and that the soft constraints are taken into consideration as
much as possible. We assign in this case the appropriate soft
constraints to the lecturers (SC1, SC4) and student groups
(SC2, SC3, SC4, SC5, SC6). If we draw the compari-
son with employee timetabling, the soft constraints can be
considered as the work regulations of lecturers and student
groups. The problem that needs to be solved can be reduced
to an employee timetabling problem, where the employees
are the student groups and the lecturers.

Numbering 1 Numbering 2

Ty | T | T3 | Ty T | To | T3 | Ty
D; U |[U]JU]O Dy |1 2 |3 |4
D, |U |[UJU O Dy |6 |7 [8 |9
Ds; U |[U|U |0 Dy |11 |12 | 13 | 14
DysJU U JU O Dy |16 |17 | 18 | 19
Ds; U |[UJU]O D5 |21 2223 |24

Table 1: Numbering 1 allows to avoid lectures on the last
time slot of the day. We assume that there are only 4 time
slots per day. Numbering 2 expresses that there should be at
least two consecutive lectures for a particular student group.
We assume for simplicity that there is no overlap.

Suppose we want to express soft constraint SC4 in terms
of the linear numbering method. The numbering corre-
sponding to SC4 (see Numbering 1 in Table 1) reveals that
the constraint only addresses the last time slot of each day.
The last time slot of each day gets a number and the other
time slots get a U, which is short for Undefined. We decided
to put the number 0 at every last time slot of the day. To
express that no lectures are allowed on the last time slot of
each day, we apply the following numbering constraint:

max_total = 0

to this numbering. Table 2 presents a solution for a student
group. The asterisks correspond with the lectures. The eval-
uation algorithm will now overlay Table 1 with Table 2 and
count the number of lectures (asterisks) that coincide with a
non-U number. It the case of this example, the number of
non-U values counted equals 2.

To express constraint SC3 in terms of the linear num-
berings method, we use the second numbering in Table 1.
Within a day, the numbers are consecutive. The last time
slot of a day should be at least 2 smaller than the first time
slot of the day after. This avoids lectures being considered
consecutive whenever they are assigned both to the last time

T [T |15 | Iy
D1 & * k

Dy [ - | - F
Dy | * -
D, | *

D 5 * *k *

Table 2: Example of a solution for a student group. Notice
the violations of the SC4 constraint on day 2 and day 5.

slot of one day and to the first time slot of the next day. The
corresponding numbering constraint is:

min_consecutive = 2.

The constraint expresses that a student group should have at
least 2 consecutive lectures. Overlaying the numbering with
Table 2 learns that there is one violation on day 3.

The other soft constraints (SC1, SC2, SC5, SC6) can be
expressed and evaluated analogously.

Conclusion

By considering the soft constraints as the students’ and lec-
turers’ work regulations, we can apply the linear number-
ings method, that was originally developed for personnel
timetabling, to evaluate different soft constraints of the uni-
versity course timetabling problem.
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