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ACO Hypercube Framework for Solving a
University Course Timetabling Problem

José Miguel Rubio, Franklin Johnson and Broderickord

Abstract—We present a resolution technique of the
University course Timetabling problem (UCTP), thistechnique
is based in the implementation of Hypercube framewd using
the Max-Min Ant System. We show the structure of tie
problem and the resolution design using this frameark. A
simplification of the UCTP problem is used, involvag three
types of hard constraints and three types of softanstraints. We
solve competition instances and we present the rd®iin a
comparative form to other techniques. We present an
appropriate construction graph and pheromone matix
representation. A representative instance is solved addition to
the schedules of the school of Computer Science Emgering of
the Pontifical Catholic University of Valparaiso.

Index Terms—Ant Colony Optimization, University Course
Timetabling Problem, Max-Min Ant Systems.

I. INTRODUCTION

HE Timetabling problems are faced periodically bygte
school, college and university in the world. In asic
problem, a set of events (particular classes, centes,
classes, etc) must be assigned to a set of howrsvaly that
all the students can attend all of their respeaivents. With
the reservation of which restrictions of hard typhich
necessarily they must be satisfied and soft rdistns exist
that deteriorate the quality of the generated salleedOf
course, the difficulty of any particular case of tHCTP [1],
[2] depends on many factors and in addition thégassent
of rooms perceivably makes the problem more diffidu
general.
Many techniques have been used in the resolutichisf
problematic one, between these we can find evaiatip
algorithms, simulated annealing, and tabu-searctherO

(ACO) and through the implementation of Hypercube
framework for Max-Min Ant System (abbreviation in
Spanish MTH-SHMM). We give a representation for the
problem, generating an appropriate constructiomplgrand
the respective pheromone matrix associated.

In the following sections we present the UCTP peahl
the problem design for Hypercube framework. Théaimses
of the problem used and the results of the expertatieon.
Finally the conclusions of the work appear.

II. UNIVERSITY COURSETIMETABLING PROBLEM (UCTP)

A. Problem description

The problem timetabling considered to make thislystu
similar to one is presented initially by Paechtar [#].
Timetabling of university courses is a simplificati of a
typical problem [5]. It consists of a set of eveBtand must
to be scheduled in a set of timeslots T,={t,t} (k = 45,
they correspond to 5 days of 9 hours each), afseioms R
in which the events will have effect, a set of stud S who
attend the events, and a set of features F reqliyethe
events and satisfied by the rooms. Each studeanhdsta
number of events and each room has a maximum dgpAci
feasible timetable is one in which all the everawehbee
assigned a timeslot and a room so that the follgwiard
constraints are satisfied:

- No student attends more than one event at the sa
time;

- The rooms must be sufficiently great for alldsnats
who attend a class and to satisfy all the feattegsired by
the event;

- Only one event is in each room at any timeslot

technique has presented good results is the genetitn addition, All possible timetable generated is@ized

algorithms [3]. But we looked for here specificaltp
represent the resolution through the ant colonynopation
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for each occurrence according to the number ofatimhs
that exists of the soft constraint of problem. Sarhéhese
restrictions appear next:

- A student has a class in the last slot of the da

- A student has more than two classes in a row;

- A student has exactly one class on a day.

Feasible solutions are always considered to berisupte

infeasible solutions, independently of the numbefssoft
constraint violations. In fact, in any comparisoall
infeasible solutions are to be considered equadythiess.
The objective is to minimize the number of soft stoaint
violations in a feasible solution.

e-mail:
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Ill. DESIGN OFHYPERCUBEFRAMEWORK SHMM FOR The ants travel through the construction graphctielg
TIMETABLING (MTH-SHMM) ways of probabilistically way. Using the followirignction:

A. Resolution Structure

a

Given restrictions presented in the previous sediad the Pet) = (T(e'ti)) )
characteristics of problem, we can now considerapion - Z (T(et ))‘7
to design an effective MTH-SHMM for the UCTP. Wevha er = A=
to decide how to transform the assignment probléon (
assign events to timeslots) into an optimal patbblem ¢ The Pheromone matrix
which the ants can solve [7]. To do this we mushate an
appropriate construction graph for the ants toofell We
must then decide on an appropriate pheromone maitrx
heuristic information to influence the paths thésamill take

In search of a pheromone matrix we represented that
pheromones indicates the absolute position wheretents
must be placed. With this representation the phenam
through the graph. matrix is given byt (A) =z, i=1,...,|E|, the pheromone does

We present the principal elements used to genehste NOt depend on the partial assignmektCan to observe that
UCTP solutions, presenting in a figure 1 these ehrdn this case the pheromone will be associated nattles in
elements. the construction graph rather than edges betweendtes.

Fig. 1. An instance of the problem is receivect likput, this it A disadvantage of this directs pheromone represents

happens through an association process event-timeskigns events  that the absolute position of events in the timsstimes not

to a timeslot, later a matching algorithm [8] isedsfor makes the matter very much in producing a good timetable. The

assignation from rooms to each one of events as®ocio timeslot. - . .
In this point a solution is complete, but is lowatjty. Then a local relative placement of events is more important. és@mple,

search algorithm [12] is applied that improves theality of the given a perfect timetable, it is usually possildepermute
solution and gives like final result one optimalusion to the UCTP. many groups of timeslots without affecting the dyadf the
timetable.
Q I— Ij R Q Lecd ¢, . By anpther side we defined .that for the use Oﬂ’MISt.IC
bsociation algomithm Search informationn must use a function that calculates a weighted

Ererit -time skt Foom = Cptm fred -
Ij resiernts e ISD—|]. sum of geveral or qll of .the soft anq hard corls_man each

assignation, which is to incur very high a comgotesl cost
stops this class of problem [8]. For this will nste east type
of information to orient the route of the ants.

B. Construction graph

One of the main elements of the ACO metaheuristtbeé D. Algorithm Description
power to model to the problem on construction griglh  Wwe show the general structure of the algorithmyirich
[7], that way a trajectory through the graph représ a some modifications are made of presented in [9}].[A
problem solution. In this formulation of the UCTR i pew assignation values tanax tmin, a new pheromone
required to assign each one [ | events to| T| timeslots  ypdate rules. We define the assignment Ai like ttmeslot
Where direct representation of the constructiorplgrénis  selected for the eventWe shoe the algorithm description in
given by E x T; given this graph we can then esthtthat the figure 3.
the ants walk throughout a list of events, choodingeslot Only the solution that causes the fewest numbenaoé
for each event. The ants follow one list of eveamsl, for  constraint violations is selected for improvement the
each event, the ants decide timesjatach event is a single | ocal Search. The pheromone matrix is updated onige
time in a timeslot, thus in each step an ant clo@s® py each iteration, and the global best solutionsisd for the

possible transition as showed in the figure 2. update. ThenAgopa pest be the assignment of the best
. . . candidate solutioiCypal_pesifound since the beginning. The
: @ 4 S following update rule is used:
nici in _ pd . _
Inicio F pﬂ'(et)-i-(l @mftje’t) if A?najo_rgloba(e)_t (2)
ret)=
pﬁ(et) otherwise
t,
In the right part of the equation is reduced\tg yupd
Fig. 2. Each ant follows a list of events, anddech event € E, an = Lif Agiopal_bestey= t @and 0 in otherwise. Where Aglobal_best
ant chooses a timesIo€tT. is the solution used for pheromone update. With tiidate
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rule to makes sure that the pheromone values o@tiaeh,
are going to be always between values [0,1]. The od
evaporation € [0.1].

Input: Problem instance I

Tmax « 1

«— Tmax ﬂe,t ) € ExT

c(ee’ ) O(ee e E?

T(et)
calculate
calculate d(e)
sort  Eaccording,
resulting in €1 € €7 « ...« en
while time limit not reached do
for a=1to mdo
{construction process of ant a}
Ao~ 0O
for i =1to|
chooser timeslot
probabilities

E| do
t according to
Py for event €
A i <« A

OA{Cei,t )
end for

C ~matching_algorithm (
Coest_iteration — best
end for
Ooest_iteration
Cbestiiteration

An)
Cand Goest iteration

— applying local search to

~ best of

C global_best Cbestiiteration Yy

Cglobal_besl

global pheromone update for
C global_best, implicated to

T using
MTH

end while

Output: An optimized candidate solution
Cylobal_best  for 1

Fig. 3. Algorithm.

IV. EXPERIMENTATION

A. Test

numbers m and with different evaporations facigrshe
parameters ofu = 1, number on attempts = 10 and a
maximum time by attempt = 90 seconds for all tretsteThe
results are in the following table:

Table 1. Presents the best results obtained whewingr the instance
smalll.tim varying ants numbear and evaporation facter

Best solutions MTH-SHMM

m  Evaluation T°seg. p Evaluation T° seg.
5 17 6,79 0.2 15 7,11
10 16 746 0,5 13 8,1

20 16 6,06 08 17 6,79

In the table to be observed the best results htaired
using the parametan=20 obtaining a evaluation of 16 in
6.06 seconds. And for the case of evaporation fabhtobest
value is=0,5 in 8.1 seconds.

The values shown in the tables previously presetitey
belong to a series of executions that allow of erpental
form to determine as are more advisable paramtterse in
the execution of the algorithm of MTH-MMAS. This ywave
compared the algorithm of the Max-Min Ant Systenthwi
and without Hypercube framework, in addition thesdb
search is included to increment the quality ofgbkitions in
different instances.

B. Comparison with other technigues

In the table 2 present a comparative picture betvwbe
solutions obtained for different instances for tHeTP doing
use of different techniques like Simulated anneglin
advanced search and simulated annealing with leeatch
[13]-[15]. The results obtained for the competitiostances
appear.

For these instances and compared with the othatica
the MTH-MMAS present two characteristics a to eaéd;

The algorithm was implemented in C++ programminéirSt has the capacity to generate feasible saistior these

language, under Linux system using GNU

GCC 2.96. The behavior of Hypercube framework Max-M
Ant System (MTH-MMAS) was observed in the resolatio

of the UCTP. The used instances appear to contimuat

Instances 1: Instances of the UCTP are structused a
generator described in http://www.dcs.napier.aeldhp
[10]. This generator allows generating classemstances
small, medium, which reflect varied problems ofdtabling
of several sizes.

Instances 2: In addition was used a series of 2@uces
created for International Timetabling Competitiotihese
instances is made with the same generator usetstanices
1.

The parameters study is made initially, to evaltlagebest
values than they must to assume these parameterssriall

G++ Comp”épstances. These instances are of great you mdfieuldi

since they are for Timetabling competitions. Secdhd
quality of the generated solutions is of very loategory
compared with the technique based on Simulated &imwg
which has the best found historical results for séhe
instances, but in comparison with the other instaro not
present great difference. These evaluations aréeasible in
order to decide if a technique is better than othirce the
differences in variable results can be for diffeérerternal
variables.

The table 3 presents the comparison for the snal a
medium instances. We compare the algorithm of MTH-
MMAS and the MMAS pure with respect to Ant Colony
System algorithm of Krzysztof Socha (ACS) and to
algorithm based on random restart local search &3RL

(smalll) instances was used for using the MTH-MMAS

without local search making evaluations with difier ants

ISBN: 978-988-98671-8-8
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Table 2. Present the best results obtained whernngréhe instances of the student:

International Timetabling Competition compared wither techniques.

Technique | 1| 2| 3| 4] 5| 6/ 7. 8 9 1p
SA 45| 25| 65| 11%102| 13| 44| 29] 17] 6]
AS 257|112[266]441]299| 209| 99 | 194/ 175|308
SA-LS 211|128|213[408[312|169| 281| 214| 164] 222
MTH-MMAS | 270| 193 294|586 406| 221] 305| 244| 201|358
Technique | 11] 12] 13 14 1% 1p 147 18 19 PO
SA 44107 78| 52| 24| 22 8 3] 4bh
AS 273|242|364|156] 95 | 171] 148|117 414|113
SA-LS 196| 282|315| 345| 185|185/ 409| 153|281 106
MTH-MMAS | 568|312|341|403|222|234|371|184| 345|201
Technigue | Smalll | small2 | small3 medium1|medium2
RRLS 11 8 11 199 202
ACS 1 3 1 195 184
MMAS 3 6 3 152 250
MTH-MMAS 0 4 1 138 186

Table 3 Present best results obtained when proving thérstances small
and medium.

As is possible to be observed for these instaitdbe
MTH-MMAS present a superiority in the quality ofeth
generated solutions (smaller VRS). Always by ondhality

the solutions generated with the MMAS. We can dagy t
hypercube framework improves the quality of the ant

algorithm applied.

V. IN THE PRACTICES

A. Real Instance
As a form to approach investigation of the projerta

practice plane we implemented a resolution for tH&TP
using the Hypercube framework Max-Min Ant SysterhisT

8, maximum of students by event: variable
according to the event.

Before using the instance was necessary to cosmue
parameters of MTH-MMAS algorithm implemented, since
for the instance of UCV the number of timeslot tthety are
used are 40 and not 45 like for other problem$1efUCTP.
in addition to an adaptation for the evaluation sufft
constraint.

The instance was executed using a number of a@@, =
evaporation factor = 0.5. Time local search 100osds,
total time by reboots = 900 seconds, number ofgtbs 10.
The best solution was obtained approximately to 666
seconds with an evaluation of (# VRS) = 0. Whiclplies
that the algorithm generated a complete timetabésible
and with the best possible quality.

Had the quality of the solution can be inferredt ttee
generated instance previously that simulated the lvad of
a semester of the school of computer science eagitehad
a low degree of correlation between courses ofentfit
semesters, thus a high performance in the resoluwiias
obtained of the problem.

Table 4. Show the first 20 assigned events a ${sative timeslot and
rooms as a form to represent the solutions.

Event 112|3|]4[5|6]|7|8]9]10
Timeslot| 2 |36|36[43|41|13|31|32[18|16
Room 001 3| O] 4 3] 4 2 1
Event 11)12(13|14|15|16(17|18|19|20
Timeslot| 19|30|27(20| 0 |19(19|18| 7 |29
Room 313 2| 3] 4 0] 4 4 4 73

Also a file is had which has associate the clags#sits
respective ones events, since a class can hawerespond
to several events in one week. This is a form tkex@mmore
visible and usable timetable.

VI. CONCLUSION

problematic is common and is present in all type of

institution of study. It is by that one has beemlemented
resolution to this problematic creating an instadethe
problem for the Catholic University of ValparaiseUWCV)
and specifically for the school of Informatics Emggring.

A tool in C language was implemented, to which hiira
courses enter indicating the semester, assisténtbas
assistantship, times to the week that are dictated his
characteristics. In addition the rooms are entdredim,
certain their capacity and characteristics. Thetesys
generates an instance introducing a factor of Giiom
between the events, generating therefore an irestaih the

same format that those of competition, small, mediu

Stored this information in file ucv.tim. Ready p#&iruse by
the MTH-MMAS algorithm.
Instance characteristic: Total
laboratories: 9. total number of event: 194, tétaending:
600. Number of characteristics: 5, maximum of eseny

ISBN: 978-988-98671-8-8

A formal model was given in order to apply Hypereub
framework to solve the University course timetadlin
problem (UCTP) making use of Max-Min Ant System, an
efficient model was generated to solve instanceghaf
problem creating good construction graph and esjprgsa
good pheromone matrix.

We presented the test result made for the MaxAfin
System doing use of Hypercube framework. We was
observed traverse of the given results that thispgse
framework is good means of resolution of combirator
problems and for the case of the UCTP presented goo
results for instances of small and medium typehdigh the
results were of low quality for the instances ofe th
Competition. We emphasizes the fact that alwayeigaes

number of rooms amsplutions feasible and for instances of normalidifty of

good evaluation, although not obtain the best tedal this
problem, this improves in contrast with the Max-MAmt

IMECS 2008
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System without work frame. We applied our appro&ech
solve a real instance to the school of Computeerge of
the PUCV, for which created a solution feasiblesthlarifies
the fact to a technique useful in real applications
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