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Abstract

Constructing a course timetable is a process involving teams, material resources, and a large amount of time each
year at the university. For this reason, this thesis tackled the timetabling problem relative to the Louvain School
of Management. Firstly, we made an investigation about the needs and characteristics of this faculty. Secondly, we
translated these needs and characteristics into an integer linear programming model to have the optimal solution
for the course schedule. Thirdly, we compared the optimal solution with the current one to prove the strengths of
this model. The model runs on a software called Fico Xpress Workbench and considers all the constraints needed
for constructing the best timetable according to the parameters that the faculty has.
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1 Introduction

The planning of a course timetable in an
university consists of choosing the adequate
classroom and the correct starting and finishing
time for each lesson [3]. This allocation of
lessons in periods and in rooms needs to respect
some constraints as the capacity constraint, the
material constraint of a room, the availability of
teachers, etc. [19].

Every year, the administration of the faculty
spends a lot of time and resources to solve this
issue by making the scheduling manually using
the trial and error method. Even with all the
resources used, the timetable is not optimal,

some lessons are allocated to an inadequate room
and some students are confronted to conflicts
between two lessons that are given at the same
time. The large amount of data concerning the
lessons, students, teachers, and rooms makes the
problem too difficult for the human brain that
cannot see all the conditions, implications and
possibilities interconnected between the data [6].

The utilization of operational research
techniques and algorithms are fundamental
to take into account the large number of
variables and constraints related to this complex
problem. For this reason, the problem of building
timetables for universities, transport company
[20], chemical processing systems [10] and other
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applications has been analysed in the operational
research literature for long time[3]. Actually, the
first timetabling approach was defined by Gotlib
in 1963[13].

The main approaches found in the literature
to solve this issue are the meta-heuristic and
LP formulation approach. The meta-heuristic
algorithms are the most efficient procedures that
have appeared in recent years[3]. Specially,
when the problems are too complex with a huge
number of variables [11]. The meta-heuristic
approach finds good feasible solution derived from
prescriptive analysis that is not guaranteed to
yield on exact optimum, furthermore the meta-
heuristic approach does not inform about how
close the feasible solution is from the global
optimal [16]. For this reason, linear programming
can be a good alternative to take when the global
optimal solution is targeted.

Some authors already tackled the academic
timetabling problem using linear programming
as Dimopolu (2001) with a integer programming
and a heuristic procedure [12], Daskalaki(2004)
using a binary integer programming taking into
account the rules present in most institutions
[10] or Alvarez Valdes(2002) suggesting an
integer programming formulation and a heuristic
algorithm using Tabu search [3] . Nevertheless,
all these models are not directly applicable since
each institution has their own specific needs [1].
To answer to the specific needs of the LSM, this
thesis will mainly be inspired by the integer
programming model from the Alvarez Valdes
article.

Furthermore, the scope will be on a faculty
of the University Catholic of Louvain called the
Louvain School of Management. The scope of
the problem is limited and should be realizable
through integer programming since the size of
the faculty has a great impact on solving the
problem by exact methods [5]. The model will
consider the campus of Louvain-La-Neuve and
the campus of Mons with all the courses given
during the day and during the night. The campus
of Charleroi was not take into consideration due
to the lack of information about the rooms in this
campus. Also, the practical lessons concerning
some theoretical courses were not taken into
account. The scope of the model is important
to determine the strengths and the weaknesses in
section 4.

Two ways of making a timetable are
distinguished by Carter and Laporte. The master
timetabling or demand driven system. In master

timetabling, the allocation of lessons to time slot
is done first, then the students choose courses
and section from the timetable. In demand driven
system, the students choose first courses and then
the timetable is made according to the number
of students in each course [7]. This thesis applies
the demand driven system by assigning lessons to
time slots and rooms based on data collected from
the Louvain School of management. However,
the information about the number of students
per course was not available due to confidential
issue. Therefore, the data about the number of
students are based on an approximation.

In section 2, an explanation of the scheduling
problem is provided, by explaining the data,
the constraints, and the variable that we found
thanks to the interviews with the administration.
Furthermore, we explained which criteria a course
timetable needs to have to be considered as a
good timetable. In section 3, we describe the
integer linear model by explaining the objective
function, the constraints, and the variables. In
section 4, a description of the application of
the model to the LSM case will be described.
Moreover, an explanation of the software used
for this problem is shortly explained and the
analysis of the solution and the comparison with
the current timetable are highlighted. Finally,
in section 5, weaknesses, strengths and possible
improvements of this model are described to
allow future investigations to improve these
weaknesses.

2 Problem description

Data and parameters

A course timetabling problem in the Louvain
School of Management has the following
elements:

• A set of courses C = {c1, .., cm}

• Each course cj is divided in section
according to the number of students and
other factors as the number of teachers and
rooms available Sj = {sj,1, .., sj,q}. Each
section needs to have a certain amount of
hour per quarter.

• As said before, each section of a course sj,q
needs to respect a certain amount of hour
per quarter. These sections will be divided
in number of lessons to be given every week.
Set of lessons L(j, k) = {ljk1, .., ljkn} where
j = 1, ..,m (course index) and k = 1, .., q
(section index)

ii



• A set of classes C = {c1, .., cc}. A class
defines a group of students taking the same
set of courses. The classes are important
to determine which lessons cannot be given
simultaneously.

• A set of teachers T = {t1, .., tu}. Each
teacher teaches a set of course and these
courses cannot be given simultaneously too.

• A set of rooms R = {r1, .., ro}. There are
different kind of rooms that have different
materials, some have computers, others
have laboratories and some provide access
to disabled person. Also, the capacity space
is not the same for every room. These
criteria need to be considered to allocate
the right room to the right lessons.

• A set of periods P = {p1, .., ps}. The
set of periods corresponds to a week,
each day has the same number of period
and the same length per period (=1hour).
The total number of periods is 55 =
11 (number of period per day) ∗
5 (number of days in a week)
[3][4][14]

Objectives and constraints

The course planning of the Louvain School of
management needs to respect some constrains
to be considered as a good timetabling. We
will distinct two kinds of constraints, hard
constraints, and soft constraints [3]. Hard
constraints are constraint that the model must
respect to have a feasible solution and a correct
timetable. Soft constraint specifies requirements
that are desirable to achieve but which can be
violated in feasible solution [16].

Below, we discuss about the hard constraints
identified in the interview with the administration
and in the literature.

1. Every lesson must be assigned to period
according to the hours needed.

2. Every lesson needs to be assigned to the
correct period. For example, some lessons
need to be given at night for the class
belonging to the option Master staggered
hour [ 120/60 credits] .

3. A room cannot have two lessons at the same
time.

4. The lessons need to be allocated to the right
room. For instance, a lesson belonging to
the Louvain-La-Neuve campus must have a
room in Louvain-la-Neuve and not in Mons
and vice versa.

5. Two lessons belonging to a class cannot be
given at the same time.

6. Two lessons of the same course cannot be
given in the same day.

7. A teacher cannot teach two lessons at the
same time.
[3][2]

As said before, these hard constraints are
fundamental to provide an adequate timetable.
About, the soft constraints, those are conditions
that can improve the quality of a timetable but
there are non essential [4][14][17]. In this model
these soft constraints are considered by making
preferences [1], the value of the preferences
concerning time slot or room will influence the
priority in the objective function. Below, the soft
constraints are mentioned.

I Having a schedule that is convenient for the
student. For example, the model will avoid
fixing a lesson on Friday at 4:15 pm.

II Selecting as a priority the rooms that have
the best materials (screen, microphone,
projector, etc) and access for disabled
people.

III Giving preferences to rooms that are near
to the city centre.

IV Increasing the utilisation rate of the
capacity room by allocating the lessons that
have a certain number of students with the
rooms that fit the best in term of capacity.

3 Integer linear model

Basic explanation

The model can be formulated as follows:

max f(x)

s.tx ∈ Sx

To remember, the problem of assigning
students to sections is not considered in this
model, this point is already tackled by making
an approximation of the number of students per
course and section. This model is only focused
on the allocation of lessons. The variable x
represents an array of 3 dimensions that allocates
lesson (i) to a starting period (p) and a room (r).
The function f(x) is the value of the timetable
according to x and the set Sx are the feasible sets
that respect the seven hard constraints described
above [3]. This model maximises the function
f(x) that is based on preferences [1].
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Mathematical model

• Set

– Set of lessons L = 1, .., l, .., n

– Set of teachers T = 1, .., t, .., u

– Set of rooms R = 1, .., r, .., o

– Set of kind of rooms K = 1, 2

– Set of periods P = 1, .., p, .., 55

– Set of days D = 1, .., d, ..5

– Set of course C = 1, .., c, .., z

• Subset

– Set of lessons of the teacher(t):LT ( t) ∈
L

– Set of lessons that need room of type
1 or 2: LK( 1) , LK( 2) ∈ L

– Set of lesson belonging to
course(c):LC( c) ∈ L

– Set lessons given during the day:
LD ∈ L

– Set of lessons given during the night:
LN ∈ L

– Set of forbidden periods for night
lessons:PFN ∈ P

– Set of forbidden periods for day
lessons: PFD ∈ P

– Set of periods in day (d): PD( d) ∈ P

– Set of rooms of type 1 or 2:
RK( 1) , RK( 2) ∈ R

• Parameters

– Duration of lesson ( l) :dl

– Number of students in lesson ( l) :Nl

– Capacity of the room ( r) :Cr

– Preference of room ( l) :}Pr

– Preference of slot ( s) :Ps

– Conflict between lesson ( l) and (k):

CMl,k =


1, if lesson(l) and (k) can be given

simultaneously

0, otherwise

• Variable

xr
l,p =


1, if lesson(l) starts at period(p) in

room(r)

0, otherwise

• Objective function
max∑
l∈L

∑
p∈P

∑
r∈R

xr
l,p ∗ Ps+ (I)

∑
l∈L

∑
p∈P

∑
r∈R

xr
l,p ∗ Pr− (II/III)

∑
l∈L

∑
p∈P

∑
r∈R

xr
l,p|Cr −Nl| (IV )

• Constraints

∀l ∈ L∑
p∈P

∑
r∈R

xr
L,p = 1 (1)

∀l ∈ LN∑
p∈PFN

p∑
s=p−dl+1

∑
r∈R

xr
l,s = 0 (2)

∀l ∈ LD∑
p∈PFD

p∑
s=p−dl+1

∑
r∈R

xr
l,s = 0 (3)

∀p ∈ P ∀r ∈ R∑
l∈L

p∑
s=p−dl+1

xr
l,s ≤ 1 (4)

∀l ∈ LK(2)∑
p∈P

∑
r∈RK(1)

xr
l,p = 0 (5)

∀l ∈ LK(1)∑
p∈P

∑
r∈RK(2)

xr
l,p = 0 (6)

∀k, l ∈ L, if k < l ∀p ∈ P,∑
r∈R

p+dl−1∑
s=p−dk+1

xr
k,s +

∑
r∈R

xr
l,p ≤ (1 + CMl,k)(7)

∀c ∈ C, ∀d ∈ D∑
l∈LC(c)

∑
p∈PD(d)

xr
l,p ≤ 1 (8)

∀p ∈ P, ∀t ∈ T,∑
l∈LT (t)

p∑
s=p−dl+1

∑
r∈R

xr
l,s ≤ 1 (9)

∀l ∈ L, ∀p ∈ P, ∀r ∈ R

xr
l,p = {0; 1} (10)
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Detailed explanation

The objective function will maximize the
preferences of the slots and rooms keeping a
high utilization rate of the capacity room. An
explanation of the formula is given below.

I This formula concernes the preferences of
the slots which are determined to avoid
lessons at inconvenient hours. Also, the
scores of the preferences are designed to
have a condensed timetable between 9:30
am and 5:15 p.m. In this model, the
preferences of slots are assumed to be the
same for each lesson or teacher. Table 1
shows the preferences of one day of the
week.

II This formula considers the preferences of
the room for the location and the material.
If the room has a lot of materials or has
access for disabled person this room will
have more points than the others and will
be preferred by the model , below you can
see an example with the room Montesquieu
11:

PMontesquieu11 = 100 ∗ 1(projector)

+ 5 ∗ 1(microphone)

+ 5 ∗ 1(microgroove)

+ 5 ∗ 1(portable microphone)

+ 30 ∗ 1(chalkboard)

+ 10 ∗ 0(whiteboard)

+ 40 ∗ 1(disabledpersonaccess)

1 means that the material is available , 0
means that the material is not available
in the room. As you can see the
model put a higher importance on three
factors, projector availability, chalkboard
availability and the access for the disabled
person.

III As said before, this formula takes into
account the location of the room. The place
of the room has a weight of 100. If the
room is near to the centre of the city the
score will be near to 1 and if the room is
far, the score will be closed to zero. A
detail explanation is provided in the figure
1. For the campus of Mons all the location
weights are fixed to 1 since all the rooms

are in the same building called Building
D.(UClouvain,2020)

Fig. 1: room location weight

For Montesquieu 11 , this room will have a
score of 100 (= 100∗1) for the location since
this room is close to the center of the city.
The total weight of this room is 185. The
preferences of the rooms vary from 20 for
the worst rooms to 300 for the best rooms.
Furthermore, I assumed that every course
has the same preferences for the rooms.

IV This formula is about the capacity of rooms,
the model will penalize the difference
between the capacity of the room and the
number of students for the lesson giving in
this room.

The constraints in the model will be there to
respect the seven hard constraints described in
section 2, detail explanations are given below:

1) The first constraint said that every lesson
needs to start only once. Therefore, every
lesson is allocated to only one starting time.

2) The second constraint will force the model
to put the night lessons for the night
periods.

3) This constraint is the same than constraint
two but for the day lessons. Day lessons
cannot be given at night period, so the
model will force these lessons to be given
at day periods.

MONDAY
8:30-9:30 9:30-10:30 10:45-11:45 11:45-12:45 14:00-15:00 15:00-16:00 16:15-17:15 17:15-18:15

40 200 200 200 200 40 20 0

Tab. 1: Preferences of times slot
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4) Fourth constraint said that every rooms can
only attend one lesson per period. The
s = p−dl+1 in the sum is there to consider
the time when the room is occupied during
the duration of the lesson and not only the
starting point.

5) This constraint will force the model to
allocate a lesson in Louvain-La-Neuve to
a room in Louvain-La-Neuve and not in
Mons.

6) This constraint has the same meaning as
constraint (5) but applies for the lessons
from the campus of Mons.

7) This constraint is there to avoid conflict
between lessons followed by the same class.
Simultaneity is defined when a lesson is
given at the same time than another one.
This involves that lesson (k) cannot begin
before lesson (l) if the duration will lead to
a conflict (figure 2). And lesson (k) cannot
begin before the end of the lesson (l) (figure
3).

Fig. 2: lesson k finishes after the beginning
of lesson l

Fig. 3: lesson k starts before the end of
lesson l

As the conflict matrix of lessons CM is a
triangular matrix of 0 and 1 (figure 4). We
compared the lesson l and k only if k < l to
not make the same calculation twice.

Fig. 4: triangular matrix

8) This constraint does not allow to give
lessons belonging to the same course two
times in a same day. For instance, the
lessons for the course Tools for supply chain
cannot be given in the same day.

9) The last constraint does not allow teachers
to give two lessons simultaneously. For

example: Tools for supply chain in L-L-
N cannot be given at the same time than
Optimization in Mons because these lessons
are given by the same professor. As said
before, the s = p − s = p − dl + 1 in the
sum is there to consider the duration of the
lesson and not only the starting point.

4 Model application and analysis

Application to the LSM case

The LSM faculty has some particularities that
need to be taken into account when we apply this
model.

The Mons campus offers courses for different
master’s degrees as master’s degree for business
engineering and management science (120 credit),
master’s degree for management science (60
credit) and master’s degree with staggered
schedule (120 and 60 credit). Also, they offer
courses for the bachelor’s degree. In total, the
campus of Mons offers more than 152 courses
with 28 available rooms [21] [22].

The Louvain-La-Neuve campus only offers
master’s degree courses for business engineering
and management science . In total, the campus of
Louvain-La-Neuve offers more than 159 courses
with 165 available rooms. In the whole faculty
more than 182 teachers are present [21] [22].

The particularity is the fact that the courses
from the master’s degree (120 credit) for business
engineering and management science are split in
courses of 6 weeks, the rest are split in courses of
one quarter (=12 weeks). This constraint forces
the model to be divided in 4 because making only
one model by quarter will skew the model due to
the constraints which will consider all the lessons
at the same time.

For example, in constraint (4) a room can
be allocated to only one lesson during all the
lesson duration. For instance, in period (2)
the room (Socrate10) will be allocated for the
lesson (project management). But in reality,
the room (Socrate 10) can be allocated for the
lesson (supply chain management) in period (2)
too because these two lessons are not given in the
same period of the year but the model don’t make
the distinction because the period (p ∈ P ) has a
scope of one week.
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∀p ∈ P ∀r ∈ R∑
l∈L

p∑
s=p−dl+1

xr
l,s ≤ 1 (4)

Splitting the model in four means that we have
to process some data to have the same units, for
example:

Bachelor courses = 12 weeks

Master courses = 6 weeks

Number of hour needed per course : 36 hours

Hours needed for bachelor courses =
36

12
h/week

Hours needed for masters courses =
36

6
h/week

The number of hours per week that a course
or a section of a course needs is important to
determine the number of lessons needed by week
and the duration of these lessons.

Softwares

The software used for solving this issue is
Fico Xpress Workbench. This software is an
environment for modelling and solving problems
using a programming and a modelling language
[9].

The software used to input, transform, and
analyse the data is Excel. Actually, Fico Xpress is
able to import/export information from/to Excel
[9].

The steps to solve the problem are the
following. First, collect and transform the data to
be able to use these data in the model. Import the
data from Excel to Fico Xpress. Run the model in
the software. Analyse the numerical results and
export the solution from Fico to Excel in a table
to be able to analyse if all the constraints are
met. See in annex(7) to have an example about
the output on Excel.

Adjustment of the model

During the launching of this model, the
memory of the computer was not large enough
to be able to solve the problem due to the
constraint(7):

∀k, l ∈ L, if k < l ∀p ∈ P,∑
r∈R

p+dl−1∑
s=p−dk+1

xr
k,s +

∑
r∈R

xr
l,p ≤ (1 + CMl,k) (7)

The matrix CM was the source of the issue
because the model considered the constraint for

all the possibilities amongst all the lessons. The
number of constraints were too large, and the
problem became too complex to be solved by
exact method [19] . A solution was to change this
constraint by using the same form as the teacher
constraint (9).

∀p ∈ P, ∀t ∈ T,∑
l∈LT (t)

p∑
s=p−dl+1

∑
r∈R

xr
l,s ≤ 1 (9)

∀ c ∈ C, ∀p ∈ P,∑
l∈LC(c)

p∑
s=p−dk+1

∑
r∈R

xr
l,s ≤ 1 (7′)

where C = 1, .., c, . . . , y is the set of classes and
LC(c) the set of lessons belonging to the same
class.

This constraint allowed to decrease the
number of constraints and allowed to decrease
the complexity of the problem. However, this
constraint needs to be encoded too many times
when a lesson is followed by more than 10
different classes. For these exceptions, the
simultaneity constraint with the conflict matrix
was used to keep a condensate code and to avoid
to make errors. For example, the course current
managerial issue is followed by all the options
from Business Engineering and Management
Science, the simultaneity constraint for this
example was written as follow:

for k = current man.issue,

∀l ∈ LC(Bus.eng.) ∪ LC(Man.sci.),

∀p ∈ P,∑
r∈R

p+dl−1∑
s=p−dk+1

xr
k,s +

∑
r∈R

xr
l,p ≤ (1 + CMl,k) (7′′)

Using the two changes explained above, the
mathematical model became less complex and
the number of constraints decreased. Finally,
the software was able to run successfully and to
find optimal solutions described in the following
subsection.

Numerical results

In the table 2 you can see the result for the 2
quarters. Q1 represents the first 6 weeks of the
quarter one and Q1* represents the last 6 weeks of
the quarter one, the same methodology is used for
quarter 2. The utilization mean is the mean of the
utilization of all the rooms when an allocation of a
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lesson is done, the formula used for the utilization
mean is:

U(Qx) =

∑
l∈L

∑
p∈P

∑
r∈R xr

l,p
Nl

Cr

n(= number of lessons)

The objective values are different between
quarters. In quarter 1* and quarter 2* there are
more lessons offers because the specializations of
the different classes are given in this period. This
explains the bigger value for Q1* and Q2*.

Quarter Objective value Utilization rate
Q1 84037 95%
Q1* 96132 99%
Q2 603611 95%
Q2* 86649 96%

Tab. 2: Solutions of the model

The utilization means of the rooms are high
for all the quarters. However, by analysing each
room utilization individually we can notice that
some rooms have an utilization rate higher than
100%. These results are normal since the soft
constraint allowed this choice. An utilization
room of 110% can be considered as acceptable if
we assume that at least 10% of students registered
will not go to the lesson.

Finally, like in the Abel model based
on preferences, this model can have distinct
feasible solutions with the same value [6].
If the administration of the Louvain School
of Management wants to keep some form of
control and influence over the timetabling, the
administration could choose one of these several
feasible solution based on their experiences and
knowledge.

Comparison with the current timetable

To see the improvements or weaknesses of
this model, we encoded the current timetable on
Ficoxpress Workbench to be able to compare the
results at table 3 of the first 6 weeks of the quarter
2 between the current and the optimal schedule.

Obj. value Utiliz. rate
Q2(opt.) 60361 95%
Q2(current) 39580 75%

Tab. 3: Comparison table

We can easily see the difference of 20781
between the optimal and the current solution.
Also, the utilization rate decreased of 20 %.
In some cases, the room utilization rate of the
current solution can reach 166% due to my
wrong approximation of the number of students
per course. A higher collaboration between
stakeholders is necessary to have accurate data
and realistic solution.

To be able to understand the difference of
20781 in the objective function between the
optimal and the current solution, we will make
an analysis about the most important factors
that the model considers. Figure 5 shows the
summary of the different weights that each
preference has in the objective function.

Fig. 5: the weights of the attributes

About the rooms, the weights concerning
the locations, the projectors and the access for
disabled person are the 3 dominants factors. The
rooms location avoid making long travels for
students between each lesson and the projector
availability is an important criterion asked by the
teachers.

Regarding the time slots, the schedule will
prefer to begin a class from 9:30 until 2:00 p.m
to avoid to finish the lessons after 5:15 p.m,
the other period are considered as inconvenient.
Concerning the preferences for the staggered
schedule, it is not necessary to give a weight
since all the lessons must begin at 6:15 pm.

In total, 47 lessons were given at inconvenient
hours in the current solution against 9 in the
optimal. 19 lessons were allocated to rooms
without projector against 0 in the optimal
solution. 6 lessons were allocated to rooms
considered as bad location against 0 in the
optimal. Finally, 3 lessons were allocated to
rooms without access for disabled students
against 0 for the optimal solution. The table 4 in
the next page shows the detailed analysis between
the optimal and the current solution according to
the most important factors described above.

The better allocation of lessons to rooms
concerning the utilization rate, the location and
the access for disabled person. And the better
allocation of lessons to the time slots explain the
better solution obtained via the integer linear
programming than the current solution.

viii



Current solution Optimal solution
# of lessons
assigned to Bad period No projector Bad location

No access
for disabled person

Bad period No projector Bad location
No access

for disabled person
Mast. staggered sche. 0 2 0 0 0 0 0 0
Bac.1 1 9 0 0 1 0 0 0
Bac.2 16 5 0 0 4 0 0 0
Bac.3 12 0 0 0 4 0 0 0
Mast.120 11 2 0 0 0 0 0 0

MONS

Mast.60 0 0 0 0 0 0 0 0
Mast. staggered she. 0 1 0 1 0 0 0 0
Mast.120 3 0 4 2 0 0 0 0
Mast.60 1 0 2 0 0 0 0 0
Mast. doct. 2 0 0 0 0 0 0 0

L-L-N

Entreprenarial min. 1 0 0 0 0 0 0 0

Tab. 4: Comparison analysis

5 Strengths and weaknesses of the
model

Strengths

The main strengths of using a linear
programming for a timetable are the savings in
terms of time and resources for the administration
of the Louvain School of management [19]. The
time would be of one hour instead of weeks for
making the timetable for the academic year.
Furthermore, the hard constraints allow to have a
timetable that respects all the fundamental needs
that an acceptable course schedule should have.

Also, the integer programming always gives
the global optimal solution of a problem. So, the
output of the model is the best solution according
to the data inserted.

Furthermore, the current schedule allows
giving lessons of the same course in the same day,
this characteristic is inconvenient for students
who have difficulties to stay focus during a lot
of time for a same course. The model tackled
this point thanks to the constraint (8):

∀c ∈ C, ∀d ∈ D∑
l∈LC(c)

∑
p∈PD(d)

xr
l,p ≤ 1 (8)

Also, the model chooses the most convenient
hours to allocate the lessons, avoiding the
inconvenient hours when it is possible thanks
to the preferences. In the current schedule some
lessons are given on Saturday, this model does not
allow this possibility by assigning all the lessons
from Monday to Friday to let a free week-end for
the students. This point improves the quality of
the timetable for the students.

Finally, the better utilization of the room that
allowed this model is not negligible comparing to
the current result.

Weaknesses

One of the weaknesses of this model is the
scope. The model does not take into account
the other faculties of the UCLouvain. The rooms
used for this model can also be used by the others
faculties. Implementing all the lessons of the
other faculties could become the problem too
complex to be solved by integer programming, a
metaheuristic approach could be more adequate
[2].

Another weakness found in this model is in
the constraint (9). The set of lessons belonging
to the teacher (t) cannot be given simultaneously.

∀p ∈ P, ∀t ∈ T,∑
l∈LT (t)

p∑
s=p−dl+1

∑
r∈R

xr
l,s ≤ 1 (9)

This constraint is correct when all the courses
are given by one teacher. In the LSM a
lot of courses are given by several teachers.
For instance, Corporate social responsibility(A-
E) and Corporate Social Responsibility(F-Z) are
given by the same 2 teachers, called teacher 1
and teacher 2. In this model these 2 lessons
cannot be given at the same time because they
belong to the set of lessons of teacher (1) and
(2). The model has a limitation because it cannot
determine which teacher will give the lesson.But
in practice, these two lessons can be given at
the same time if the configuration of figure 6 is
respected:

Fig. 6: possible configuration

Possible improvements

The first improvement that can be made is to
have a higher collaboration with the stakeholders
during the process to have correct and more
accurate data to be able to add more elements
as the practical lessons of theoretical courses
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for the bachelor’s degree. Also, by having this
collaboration with the stakeholders, we can add
to the model the preferences of the teachers for
the rooms and the slots.

During the interview, the administration said
that they try to let one day free for the students
in master during the week. This point is not
tackled in this thesis. But it is a point that
could be integrated to improve the quality of the
timetable.

Also, as the quarters are split in two, the
courses of the bachelor’s degree in Mons have
two schedules, one schedule for the 6 first
weeks and another one for the 6 last weeks.
If this characteristic is not convenient for the
administration, a solution could be to take the
solution of the first model (Q1) concerning the
bachelor’s courses. And to fix this schedule in
the second model (Q1*), so the second model
will only be focus on master’s courses. However,
making this process could decrease the optimal
solution for the second model [16].

Moreover, some professors teach in the
campus of Louvain-La-Neuve and in the campus
of Mons. A constraint can be added to avoid a
teacher to make travels between the 2 campus in
a same day.

∀l ∈ LTM(t), ∀k ∈ LTL(t) ∀t ∈ T, ∀d ∈ D∑
p∈PD(d)

∑
r∈R

xr
k,s + xr

l,s ≤ 1

2

LTM(t):Set of lesson of teacher (t) in Mons
LTL(t):Set of lesson of teacher (t) in LLN

Possible Soft constraint to add

To improve the quality of this model, a soft
constraint can be added to have a condensed
schedule for each class, as described below:

max f(x)−∑
s∈P

∑
p∈P

∑
l∈LC(c)

∑
k∈LC(c) and k#l

∑
c∈C

∑
r∈R

xr
l,p ∗ xr

k,s ∗ |p− s|

This soft constraint will penalize the value
of the objective function if the periods of two
lessons belonging to the same class are far from
each other. However, this constraint is nonlinear
due to the multiplication of the 2 variables [16].

A possible solution is to add an artificial variable
for this soft constraint that will imitate the result
of the multiplication of the 2 variables, see table
5 and constraint(11) [15].

max f(x)−∑
s∈P

∑
p∈P

∑
l∈LC(c)

∑
k∈LC(c) and k#l

∑
c∈C

zk,sl,p ∗ |p− s|

S.t

zl,pk,s =


1, if lesson(l) starts at period(p) and

lesson (k) starts at period (s)

0, otherwise

∀k#l ∈ L,∀ s and p ∈ P

zk,sl,p =
∑
r∈R

xr
l,p − (1−

∑
r∈R

xr
k,s) (11)

∑
r∈R xr

l,p *
∑

r∈R xr
k,s = zk,sl,p

0 * 1 = 0
1 * 0 = 0
0 * 0 = 0
1 * 1 = 1

Tab. 5: multiplication result

Adding this soft constraint increased the
complexity of the model due to the large number
of variables that the model needs to take into
account. For this reason, this soft constraint was
not added to the model to avoid complexity and
a high computational time[18].

6 Conclusion

The timetabling problem, is a problem taking
time and resources to the Louvain School of
Management. This thesis tackled this issue
using an integer linear programming model
applicable to the specification of the faculty. We
proved the better performances of this model by
comparing the optimal solution with the current
solution, and we highlighted some weaknesses and
strengths. At this moment, this thesis does not
pretend to solve all the problems of the LSM
concerning the scheduling. However, this model
can be useful for the faculty to assign lessons to
time slot avoiding unnecessary conflict of teacher
and students. But not for the allocation of rooms
since the scope of this thesis does not consider the
other faculties. Nevertheless, in the future, this
model could be implemented to the LSM case if
a higher collaboration with the stakeholders, an

2 This constraint was successfully implemented and encoded on the trymodel
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expansion of the scope with the other faculties
and the use of a powerful computer with enough
memory space is provided to be able to run the
successfully.

Note

To have access to the data used, the designed
codes, the excel sheets, the results and the
trymodel file please go to the Webpage.
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