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1 Introduction

This paper deals with the Lecture and Tutorial Tim@igbProblem at an institution
in a Tunisian University. Our objective is to constr a feasible timetable for all
lectures and tutorials taken by different groupsath subsection of any section ii
the institution. For this, we describe the timeitadpl problem of the institution
considered and list all specific hard and soft tairsts. We formulate the problem a:
a zero-one integer linear program in which we defitwo binary variables
corresponding respectively to lectures and tuterifihe quadratic objective functior
proposed tries to eliminate a real problem of cetige leading to a waste of time anc
students’ delays. Since the number of constragnweiy large, the use of the heuristi
procedures is of primary importance. We developéhreuristic procedures: first, we
start by assigning all lectures of different studssctions having the biggest size in
classroom with the smallest capacity that canhi# $tudents. Second, we complet
the output of the first phase by assigning theriat® for different groups. Lectures
and tutorials timetabling problem are correlated aannot be treated independentl
if we desire to get a complete solution. The twstfireuristics are illustrated with rea
data of one section at the Faculty of EconomicsMadagement Sciences of Sfax ii
Tunisia and compared with those manually gener&gxte there are several criteri
which are preferably satisfied as much as possisewill formulate the problem as a
multiobjective mathematical program, and then weeltip later a third heuristic in
order to ameliorate the quality of the solution.eTtlifferent criteria which can be
taken into account are: minimize the number of firger-meetings, maximize the
professor preferences, minimize the distance cavéesethe students between thi
classrooms and exempt the students as much adledssthe half day.

Educational timetabling has been the subject ofreépapers in various scientific
journals and the topic of many theses in differaniversities. This problem concerns
essentially course and exam which are to be schddluring the academic year. Thi
course timetabling problem consists of schedulimgain number of courses into ¢
certain number of timeslots spread throughout teeknin such away that hard ant
soft constraints are satisfied.

Various techniques have been used to solve TimataBlroblems (see Burke e
al. [3], Carter and Laporte [8]). One of the eatlidethods used to solve this probler
is graph colouring in which vertices represent évamd two vertices are connected
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and only if there is a conflict. Welsh and Powé&B], Wood [19], Selim [16] and De
Werra [12] proposed several formulations by graplouring for a set of class-
teacher timetabling problems and discussed therénbhecomplexity. Recently,
Timothy [17] has used graph colouring to solve bmthrse and exam timetabling.

Linear and integer programming models were frequensied to formulate the
course time-tabling problem usually with binary ightes (Diskalaki et al. [11],
Diskalaki et Birbas (10] and Dimopoulou and Mil®fiL3], [14]).

Burke and Petrovic [2] discuss some recent devedoprim the field of automated
timetabling. The discussion deals with both counsé exam timetabling. Overviews
of four types of approaches to timetabling problé¢ha have been applied are giver
sequential methods, cluster methods, constraintdbasethods and metaheuristis
methods.

Another technique that has recently been succésstpplied to course
timetabling is Case-Based Reasoning (CBR). Thadroof CBR dates back to 1977
with the work of Schank and Abelson [15]. CBR hédsoabeen well applied to
scheduling and optimization problems.

Burke et al. ([1], [4], [5], [6]) were the first tadapt this approach to solve
university timetabling problems. The main idea bdHhime use of CBR in timetabling
is that previous timetabling problems and theirrappate solution procedures are
stored in a knowledge base which is used to progded solution for a new
timetabling problem.

In the papers [4] and [6], the authors illustrate use of attribute graphs tc
graphically represent a course timetabling problenthis graph, the courses (events
are represented by nodes and the relationship ekists between these event
(including hard and soft constraints) is indicalbgdedges. Then a similarity measur
is used to indicate which part of the attributepips of the stored cases in th
knowledge base has the most similar structure ef dtiribute graph of a new
timetabling problem. Finally, the most appropriatdution procedure used for the
selected stored case is adapted to solve the raep.

In the paper [1], they keep using case-based r@asapproach for solving course
timetabling problem but instead of using attribigeaphs for constructing the
knowledge base, a knowledge discovery process rforpeed based on a set of
features that are judged to be most appropriatéesaribe the characteristics of thi
timetabling problem.

In the recent paper [5], they use the multipleieggd case-based reasonin
approach to solve large scale timetabling probldmncivwere until then unable to be
solved by CBR in the earlier papers. The main ideto decompose the attribute
graph associated with the large timetabling probietm smaller attribute sub-graphs
whose associated timetabling problem can be salsaty CBR approach. Then the
partial solutions are all combined to obtain a tabée for the large time- tabling
problem.

In their article in press, Burke et al. [7] develapgraph-based hyper-heuristic
(GHH) which has its own search space that opeifatbggh level with the solution
space of the problem generated by the so-calleddegl heuristics.
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2 Problem description

The construction of course timetabling at the FgooltEconomics and Managemen
Sciences of Sfax (FEMSS) is performed manually byiattration staff twice in
each academic year (first and second semesten)e Hne thirty timeslots distributed
along the six days of the week: Monday to Saturdehere are six timeslots in
Monday, Tuesday, Thursday and Friday and only thiraeslots in the morning in
Wednesday and Saturday. Each timeslot has one hdua half duration followed by
fifteen minutes break except the third timeslothe morning is followed by thirty
minutes lunch break.

The lectures and tutorials are of two categoriesrethare some with only one
period per week and others require two periodswmssk. Lectures with two periods
cannot be held at the same day. There are lecwitheut tutorial, with only one
period tutorial and with two-period tutorial. Themee several sections divided intc
different subsections.

Each subsection with a big size is divided into riai® number of groups having &
size no more than thirty students. The lecturesai®e taught to a whole section o
subsection while the tutorials are only taughtrimugs in small classrooms.

As any timetabling problem, there are both hard soff constraints. The hard
constraints are those that cannot be violated yatmoumstances in order to obtain
feasible solution.

We consider these hard constraints:

— All courses (lectures and tutorials) included ie forogram of each section are
insured.

— Any professor cannot teach more than one courgeaame period.

— Any classroom cannot be used more than once ipangd.

— Any group of any subsection of any section canmotanight more than one cours
in any timeslot.

— Any subsection of any section cannot take two lkestuin two consecutive
timeslots.

— Courses with two periods cannot be taught twichénsame day.

— Any professor doses not teach three courses a toresecutive timeslots.

— Any group of any subsection of any section canmotaught consequently in the
third and fourth periods.

— Any professor cannot teach consequently in thel @d fourth periods.

The soft constraints are restricted to:

— The time preferences of professors should be respest much as possible.

— For any group of any section the rate of occupatibrthe seats should be
maximized.

Other soft constraints can be considered:

— Minimize the number of free inter-meetings.

— Maximize the professor preferences.

— Exempt the student as far as possible in the hglf da
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3  Problem formulation

The course timetabling problem of the Tunisian tngtn was formulated as a zero
one linear integer program in which we define twoaby variables corresponding
respectively to lectures and tutorials. In thisiatation, we have considered all har
constraints cited in section 2.

The objective function has a quadratic form in whield have considered a rea
problem of routing between classrooms and aimsitdnmze the distance covered by
students between these classrooms.

4 Tutorials’ Timetabling Heuristic (TTH)

This heuristic completes the one that has been oleeel by Dammak et al. [9] in
which the authors solve the problem of lecture tahkng in the same institution.
This new heuristic is composed of eight steps dmtaik follow:
Step (1):
Arrange the set of sections in non-increasing oofi¢he enrolled student size.
Arrange the classrooms in non-increasing ordeneif size.
Step (2):
For each group of each subsection of each seatienhegin by assigning the first
period of the two-period tutorial that needs to tamght to this group of the
subsection.
Step (2.1):
We look for the first classroom which can hold therent tutorial and having the
smallest size.
Step (2.2):
This classroom is assigned to this tutorial if anty df:
We find a period in which this classroom is avdiéa#nd at the same time the grou
of the subsection is free in the current periodthis current period is the third
(respectively the fourth) in the day then the grdugs to be free the fourth
(respectively in the third) period.

In case no such period exists, we check the aviityalof the immediately
precedent classroom.

If there is no classroom available that can fis thitorial, we have to divide the
group into smaller groups.

Also we consider the availability and time preferes of professors that can teac
this tutorial.
Step (2.3):
For a certain period, we check if the professor taaght in the two consecutive
preceding periods or in the two consecutive follayvperiods or in the two periods
corresponding to the previous and the followingqats.
Step (2.4):
If the current professor is busy or step (2.3ptssfied then choose another professol
Step (3):
We assign the one-period tutorials. We follow thene procedure used in step (2.1
to step (2.4) (respectively) denoted step (3.5tep (3.4) (respectively).
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Step (4):

We assign the second-period of the two-period i@iothat has to be taught by the
same professor. We follow the same procedure psq21) and (2.2) (respectively)
denoted steps (4.1) and (4.2) (respectively). Iditewh, we have to prevent the
assignment of the second period tutorial duringstmae day in which the first perioc
tutorial is scheduled.

5 Numerical Example

We restrict our numerical example on only one grolpsen from the first subsectior
of the first section of the institution. We dend@g the lecture k taught by the
subsection j of section i,;Dthe tutorial t taught by the subsection j of smtti, s the

classroom, and h the professor. The output of ouristee is summarized in the

timetable 1:

Timetable 1
Day / Hour 08 —9:30 09:45-11:15 11:30-13:00  13:30-15:00 15:15-16:45 17:00-18:30
Monday G, =3, D11y S =28, Ci13 =3, D11 S = 28, D114 S =28,
h=1 h=17 h=5 h=29 h=6
Tuesday @ S=3, Di1s S = 28, Ci145=3, Ci15,5=3,h=7 D7, S=28,
h=2 h=36 h=6 h=37
Wednesday G, S=3, D111, S =28,
h=1 h=14
Thursday G2 8=3, Dy s=27,h=6 Ci13,8=3, D113 S = 24,
h=2 h=5 h=20
Friday GisS=3,
h=9
Saturday
Timetable 2
Day / Hour 08 —9:30 09:45-11:15 11:30-13:00 13:30-15:00 15:15-16:45 17:00-18:30
Monday D11 s =31, Cis, S=2, Diig S=46,h=6
h=2 h=7
Tuesday Byg s =35, Ci65=3, Cuzs=2h=5
h=36 h=8
Wednesday G4 S=2, Cuys=1,
h=6 h=1
Thursday Gz S=4, Dy Ss=44,h=6 D;17,5=36,
h=2 h=33
Friday G2 S=3, Cu,s=1, D116 S =58, Cuiz =3, h=5 D3 s =43,
h=2 h=1 h=28 h=19

Saturday B, S =52,
h=12




Lecture and Tutorial Timetabling at a Tunisian University 389

To illustrate the performance of our heuristic, veenpare the results presented i

the timetable one with those generated manuallyheyadministration presented in th
timetable two.

From these two timetables, we can draw the follgwemarks:

. In the manual solution, the number of half dayshvgingle lesson is equal to 4

However, in the solution provided by the heurigtidH), there is only one half
day with one meeting. It is preferable to schedulkast two courses per half da
in order to prevent the student moving for only ameeting.

. The advantage of the output of our heuristic cossisteleasing students as far a

possible during the weekend (morning of Friday). #his, the amelioration of the
solution is easier to perform in the heuristic $oluthan in the manual one.

. The constraint of excluding third and fourth timéslm each of the four completes

days is rigorously satisfied by heuristic solutlout not considered by hand-mad:
one.

. Finally, this comparison is far from being definit and conclusive since this

work is considered partial for the following reasoFirst, we considered only one
group of one subsection of one section; a thoraeghwill include all sections.
Second, data for at least three recent academis yead to be used in the test.

References

10.

Burke E. K, MacCathy, B. Petrovic, S. and Qu, R. knodgte discovery in a hyper-
heuristic for course timetabling using case-baseakoning, In Burke, E.K. and De
Causmaeker, P. (editors), PATAT'02, LNCS 2740 (2C@2)103

Burke, E.K. and Petrovic, S. Recent research dinestim automated timetabling.
European Journal of Operations Research, 14(2) jZ882280

Burke, E.K., Jackson, K., Kingston, J. and WeargURomated university timetabling: the
state of the art. The computer journal, 40(9) (3%HB5-571

Burke, E.K., MacCathy, B., Petrovic, S. and Qu, R.edassed reasoning in course
timetabling: an attribute graph approach, In Prdoegs of 4th International Conference
on Case-Based reasoning (ICCBR 2001). LNAI 2080 (2001)0%

Burke, E.K., MacCathy, B., Petrovic, S. and Qu, R. iplgtretrieval case-based
reasoning for course timetabling problems. Jouniahe Operational Research Societ
(2005) 1-15

Burke, E.K., MacCathy, B., Petrovic, S. and Qu, R. citmed case in case-basec
reasoning-re-using and adapting cases for timeigblroblems. Knowledge-Based
Systems. 13 (2000) 159-165

Burke, E.K., McCollum, B., Meisels, A., Petrovic, $idaQu, R. A graph-based hyper-
heuristic for educational timetabling problem. Eagan Journal of Operational Researct
article in press (2006) 1-16

Carter, M.\W. and Laporte, G. recent developmemtpractical course timetabling, In
Burke, E. K. and Carter M. W. (editors) PATAT'97, LNQ808 (1997) 3-19

Dammak, A., Elloumi, A. and Kamoun, H. Lecture tiatding at a Tunisian university.
Technical report No 4, GIAD Laboratory (2006) 1-25

Daskalaki, S. and Birbas, T. Efficient solutions dimiversity timetabling problem through
integer programming. European Journal of OperatiBeaearch. 160 (2005) 106-120



390
11.

12.

13.

14.

15.

16.

17.

18.

19.

A. Dammak et al.

Daskalaki, S., Birbas, T. and Housos, E. An intggegramming formulation for a case
study in university timetabling. European Journ&lQperational Research. 153 (2004
117-135

De Werra D. Some combinatorial models for cour$edualing, In Burke, E. K. and Ross,
P. (editors) PATAT’95, LNCS 1408 (1995) 296-308

Dimopoulou, M. and Miliotis, P. An Automated CourBienetabling System developed in
a distributed Environment: a Case Study. Europeamab of Operational Research. 15!
(2004) 136-147

Dimopoulou, M. and Miliotis, P. Implementation ofUmiversity Course and Examination
Timetabling System. European Journal of Operati®esearch, 130 (2001) 202-213
Schank, R.C. and Abelson, R.P. Scripts, plans, goatk wnderstanding. Erlbaum,
Hillsdale, New Jersey, US (1977)

Selim, S.M. Split Vertices in Vertex colouring afigeir application in developping a
solution to the faculty timetable problem. The Cotepuournal, 31(1) (1988) 76-82
Timothy, A.R. A Study of university timetabling thétends graph coloring with the
satisfaction of various essential and preferertaditions, Ph.D. Thesis. Rice University
(2004)

Welsh, D. J. A. and Powell, M. B. An upper boundtfte chromatic number of graph anc
its application to timetabling problems. The Computzurnal, 10 (1) (1967) 360-364
Wood, D. C. A technique for colouring a graph apgie to large scale timetabling
problems. The Computer Journal, 12 (4) (1969) 319-3



