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Abstract. This system is the result of our previous work tha subject of
school timetabling. It was designed to respond aim Portuguese schools
from various educational levels. It consists ofethmain blocks; a graphical
user interface; an automatic scheduler and a oelatidatabase. This system is
now in use by more than 100 schools in Portugah wignificant success
(http://www.fmaismais.pt).

1 Implementation Framework

School timetabling is a classical combinatorialimptation problem which is associ-
ated with a set of constraints. It consists of gresg a set of lessons to time slot
within a time period (typically a week), satisfyiagset of constraints of various kind:
3. The constraints that we have used are relat&®bttuguese schools and are th
result of multiple discussions we had previouslthwieople from several Portugues
schools. In Table 1 it can be seen a summary ofdhstraints we have considered il
solving this problem.

The main issue regarding the constraints is thah eser can weigh each con
straint with a particular value and in this wayfeliént schools may have differen
values to each constraint.

A lesson is the teaching unit. It is characteribgdhe tripIe<T* ,C, S> . Where

T  is a subset of the teachers 9@t,is a subset of the classes set &dis a subset
of the subjects set. Each lesson has a durationumezhim time slots.
There are two types of lessons:

1. Simple IessorWhere|C'| =1 and |S| =1.

2. Compound IessorWhere|C*| >1 and/or|S*| >1.

1In Portugues@HOR stands for Tabelas Horarias which can be rougflystated by time-
tabling charts.
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Con- -
straint Description

C Number of time slots of lessons that aren’t yeteseh

0 uled
Number of time slots of overlapped lessons

1.2 (1-classes; 2-teachers)

C Number of time slots exceeding the maximum allowed
3.4 per day (3-classes; 4-teachers)

C Number of time slots exceeding the maximum consecu-
5.6 tive time slots allowed (5-classes; 6-teachers).

C Number of preferable time slots filled
7.8,9 (7-classes; 8-teachers; 9-subjects).

Cmv11 Number of idle time slots (10-classes; 11-teachers)

C Number of time slots of lessons without a room as-
12 signed.

C Number of time slots that are forbidden and ardedil
131415 with lessons (13-classes; 14-teachers; 15-subjects)

C16 Total number of teaching days for teachers

C Number of repetitions of lessons of the same stilifec
17 the same class per day

C Number of time slots that doesn't satisfy the pfiee
18

space between lessons.

Table 1. Constraint set

In general, a&ompound lessomeans that we have several classes joined togel
to attend a certain subject or it means that asaas be subdivided into subgroups t
attend special subjects, like laboratories, etc.

It is associated with each subject the kind of rabmust have, i.e., the resource:
that there must exist in the room for a lessorhaf subject should happen.

This software tool was designed to respond maiolyPortuguese schools from
various educational levels. It is based on a maduoiplementation, and consists of
three main blocks; a graphical user interface; @oraatic scheduler and a relatione
database (Fig. 1).

It was developed in C++ using an object orientathnéque. It runs on Microsoft
Windows[ and the database is implemented in Microsoft Agides

There were two main objectives with the developnaérthis system:

1. It should be fairly easy to interact with it.
2. It would generate good timetables in an automadg.w

The graphical user interface (GUI) consists of sevi@rms where it is possible to
enter the school data (i.e., teachers, rooms, edasaibjects), and also change tt
individual schedules.
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Fig. 1. Block diagram of the implemented system.

An individual schedule looks like an Excel sheeevehthere is always one or mort
time slots (cells) selected and we can do all ta@doediting operations like delete
insert, undo, etc.
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Fig. 2.Graphical user interface.

An interesting feature in this editor is that ifuyohange the class schedules all tt
others are updated accordingly (teacher, room, etc.

The Automatic scheduler contains two different anchplementary algorithms:
1. An iterative algorithm based on a Fast Simulatede®iing implementation 5.
2. A heuristic constructive algorithm 4.
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The Fast Simulated Annealing implementation is dalyi a typical Simulated
Annealing algorithm 1 initiated at a lower temparatdepending on the quality of
the initial solution.

Also another important aspect of this particulaplementation is the fast evalua:
tion of a new solution as it is only evaluated diféerence between the two solutions
It can be shown that this is most effective whemea solution only differs a small
portion from the original solution 6.

There is also a deterministic algorithm for lesstrat aren’t scheduled. Its main
objective is to schedule these lessons in any silmteavailable that satisfies the hart
constraints.

2 Conclusion

As it is well recognized people in general areintgrested in solving their optimiza-
tion problems to optimality or even close to opfiitgaAs Burke et. al. 2 stated peo-
ple are more often interested“good enough — soon enough — cheap enougiti-
tions to their problems.

We also think that good choices of specific pafteach problem are fundamenta
for the success of any search algorithm. As itédl wnown this specific problem is
one with a large search space so it is very impottadevise efficient techniques tc
search a good solution in it.

With this tool we intend to solve this problem dtrto optimality at least to a very
good stage with scarce resources.

References

1. Aarts, E. H. L., Van Laarhoven, P. J. M., KorstH].M., “Simulated annealing_.ocal
Search in Combinatorial Optmizatipk. H. L. Aarts and J. K. Lenstra (eds.), Johneyi
Sons, 1997.

2. Burke, E., Hart, E., Kendall, G., Newall, J., Ross,$thulenburg, S*Hyper-Heuristics:
An Emerging Direction in Modern Search Technolagyi’ Handbook of Meta-Heuristics,
Glover, F., Kochenberger, G., (eds.), pp. 457-&idwer, 2003.

3. de Werra, D. “An introduction to timetablingEuropean Journal of Operational Researct
Societyv. 19, pp. 151-162, 1985.

4. Hilbert H., “High School Timetabling in Germany-Carbe done with MIP?”In Proceed-
ings of the Second International Conference on thectite and Theory of Automated
Timetabling pp. 325-327, 1997.

5. Melicio, F., Caldeira, P., Rosa, A., “Solving Timdiag Problem with Simulated Anneal-
ing”. Filipe, J. (ed.), Kluwer Academic Press, pfl11178, 2000.

6. Melicio, F., Caldeira, P., Rosa, A., “Two NeighbowtoApproaches to the Timetabling
Problem”,PATAT 2004, Practice and Theory of Automated Tibligtg, pp. 267-282. Pitts-
burgh, USA, Aug2004.



