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Abstract. As an academic in the School of Computer Scienc@ueen’s
University, a visiting researcher to the Automasatheduling, Opimisation and
Planning (ASAP) group within the School of CompuBsience and IT at the
University of Nottingham and Managing Director ofeetMAP Limited, a
university technological spin out company, the autbk in a unique position to
provide comments on both the practice and theorginoétabling (automated
and otherwise) within the university sector. Thedg of the relationship and
interaction between the work carried out in thedacaic literature and the
requirements of university administrators is edsérif ideas generated by
research are to benefit every day users. Conveiiséycrucial the needs of the
timetabling community influence the direction tak®nresearch if high quality
practical solutions are to be produced. A main cbje of the work presented
here is to provide up-to-date information which Iwehable researchers to
further investigate the area of timetabling reslean relation to the generation
of robust and flexible techniques which can copéhwomplexities experienced
during implementation in ‘real world’ scenarios.urthermore, although not
discussed here in detall, it is essential, fromommercial perspective, that
these developed leading edge techniques are imategoand used within
general applicable timetabling tools. The aimhi$ paper is to motivate the
discussion required tdridge this timetabling gap by bringing timetabling
research and educational requirements closer tegeth

1 Introduction and Context

EventMAP Limited was formed in 2002 to exploit thersuercial potential of the
educational timetabling research carried out by t#hetomated Scheduling,
Optimisation and Planning (ASAP) group at the Ursitg of Nottingham and the
Knowledge and Data Engineering (KDE) Group within tBehool of Computer
Science at the Queen’s University of Belfast. Tmenpany is based in Belfast within
the Institute of Electronics, Communications andinfation Technology (ECIT) at
Queen’s University. The Institute, which officialhpened in May 2005, represents
new £40M world class centre with a unique focus bbme skies, strategic and
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industrial research projects. The Centre bringettogr internationally renowned
research groups specializing in key areas of adddiE, digital and communications
technology. A key feature of the Centre’s overalinit is the “spinning out” of
industrial based companies exploiting advancemmatie in research.

The decision to form a company followed identifioatiof the market need for a
high quality research led software solution to sbbeduling difficulties experienced
within the educational sector. The focus of eventMARited is to develop, market
and sell examination, course scheduling and spaaeagement and planning
software into the worldwide higher and further estian sector. The preface to the
Selected Papers Volume from the Gent PATAT confergficstated that “The goal
of developing interactive and adaptive systems Il on human expertise and a
the same time provide the computational power tchehigh-quality solutions
continues to be one of the key challenges thaeatlyr faces the timetabling researcl
community” This goal is very much shared by evenMitimited whose approach is
to incorporate knowledge of the extreme complewitytimetabling problems with
commercial skills and practical experience with twerall aim of developing and
building upon the most recent research in Artifidiatelligence and Operational
Research technologies.

The Company aims to develop and implement new palamethodologies and
associated algorithmic techniques to enhance thei@o of educational timetabling
problems across a wide range of real world scepard this early stage of the
company’s existence, consultancy has been provishet systems implemented ir
Europe, Australia, New Zealand and America. The tfaat work has taken place or
a global scale at such an early stage in the coygaistory is both promising and
challenging from a company growth point of view.

In the recent international review of OperationaksBarch in the UK
(commissioned by the Engineering and Physical SeeResearch Council), a majo
identified weakness in the current approach to &tgeral Research is described a
follows, “a gap still remains between the output of a successful research project and
what is needed for direct use by industry” [1]. In general, the area of educationg
timetabling is one such area. The Company has aartamt role to play with respect
to this ‘gap’ as it is in a unique position to igtate leading edge research techniqu
with the requirements of the user base in the proniof timetabling solutions. One
of the primary overall aims of current efforts wiitithe Company is to implement
software which acts as an enterprise recourse jpigriool as well as a managemer
information service, informing on strategic waysward for the need for, use of anc
allocation of resources within an institution. r#ajor aspect of the adopted strateg
for achieving this is to highlight the importanpasts of institutional requirements tc
researchers in the field while continually updataigorithmic techniques within the
software, thus enabling solutions to be produce@hvare both workable and of a
high quality. The intention of this paper is todson the initial part of the strategy
by reporting on the needs of educational instigirom a practical point of view in
terms of two of the main areas which the companpuslved with i.e. examination
and course timetabling. In each area, a numbehallenges are detailed which art
based on experience of working in the area frorh botacademic and practical viev
point. It is stressed that these challenges céytaim not represent all of the issue
that require work from researchers, rather theyesgnt a selection of key theme
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which will help bridge the gap and move the areadfcational timetabling to a new
level both in research and practical terms.

2 Examination Timetabling

The examination timetabling problem, studied in nwoue papers in the PATAT
conference series [2,4,5,6,7], is characterizedabset of students taking a set ¢
exams over a specified time period within the ceintef various constraints. The
quality of the timetable is normally measured aguaction of best spread of
examinations per student though some notable d@rosptlo occur [8,9]. Various
algorithms have been used with their effectivertesiag measured in relation to ¢
standard set of benchmark data. An up-to-date weigeprovided in [10]. In addition
to the PATAT Conference series, many papers have lpeblished on specific
techniques along with reporting of various survgly®,12]. It is worth noting that
research in this area has been instrumental icdhénued development of the field
of search methodologies and, in particular, metasies. Although it is not intended
to provide a general commentary on the approactiestad to date it is possible tc
argue that the nature of the gap between reseactipractice has not been aided b
the simplicity of the current datasets e.g. thé lafcsubstantial bench mark data witt
sufficient room, constraint and solution modellisgta. It is expected that the releas
of six new datasets [13] along with a dedicated veelvice to the research
community via the web site at http://www.cs.notiué~rxg/data.htm will go a long
way to remedying this situation. This service walso act as a repository ol
information relating to techniques and solutionsegated and will enable researchel
to easily and accurately test and compare appreache

From a Company perspective, the latest versiont'sfflagship examination
product, Optimg,, was released in January of this year. An eavision of the
software was presented at the PATAT conference instama, 2000 [2]. The
additional functionality made available throughsthiew version will be discussed a
the conference during a software presentation [Myeneral, the aim of improving
Optimeam is to make the system as intelligent and intuitage possible, providing
maximum information to the institutional adminigtnig allowing informed strategic
and managerial decisions to be made. This has &a#aved through the inclusion
of the user in all stages of the ‘examination miaigl process. It is important to note
that although not described in detail here, the@"f@@tween the needs of the user ar
the provision of software is also being tackled himt the company by the
development of a close working relationship witlengs Feedback from this proces
which is relevant to researchers includes modelspects of the information,
algorithmic and solution development, all of whidpresent significant challenges
for the research community. The following discussisrconcentrated around this
reported examination modelling process.

2.1Building the I nstitutional M odel
The development of examination timetables withintitngons is a multi phase
procedure that is dependent on varying criterizagh stage. Firstly, a structure has 1
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be decided on before exams and students are adsiggethe length and format of
the time period together with the ‘diet’ of roomdieh are to be made available
Secondly, data on exams and associated constizéves to be added before the
student information is considered. The stage andegegf automation is highly
dependent on the procedures adopted within thgutish. This multi-stage process
is referred to here as building the ‘institutiomabdel’. This process encompasse
two main aspects i.e. information and solution nlote

211 Information Modelling

Information modelling can be divided into data amhstraint modelling. The base
examination data from which a workable solutioadéhieved is composed of studer
enrolment, exam and space data. In addition, thetaaction of an overall solution is
phased due to the information environment withiniclwhthe examination process
takes place. In practice, a solution is ofteniraih based on a percentage of tr
actual data due to incomplete and inaccurate data the student administration
systems. Ultimately the algorithms applied muserdfiore construct solutions
working with a degree of uncertainty. The inadeigsof the data set up therefor:
represent the first challenge to the timetablinguewnity. It is suggested that there
are two possible approaches to solving this prohlemeither solutions are sough
with associated repair mechanisms or robust opiiis techniques are used whicl
produce solutions that are ‘good’ for an agreedyeaof input values. Under this
scenario, a solution would be sought that remadasible for all potential input data
values. Although some work is evident in the litera in relation to the first of these
approach in relation to educational timetabling, [16], little attention has been paic
to the second.

Constraint modelling involves setting up a rangecuoferia which effectively
describes the boundaries within which a solutioousth be constructed. Constraint:
used in institutions have been reported in 1996.[1%ince then, in the UK in
particular, there has been a steady increase ipleaity regarding this issue with the
implementation of increasingly flexible modular ce& structures by many
universities. The central production and coordovatdf the associated examinatiol
timetable has become increasingly difficult with ma@xamination offerings having
to be timetabled in such a manner so as to oftetesits maximum spread throughot
the session while ensuring space usage is maximisedaddition, many new
constraints have been added to the overall proliteraccommodate all types of
special needs of students. An example of this wepsrted in the Times Higher in
March of 2006 where students from a Muslim backgtbuwequire Fridays free of
examinations [18]. This and other additional safhstraints further complicate the
modelling process and the scope of potential smisti It is essential these art
documented and incorporated into the modeling m®ces, for example, at our
leading implementation site, 9% of students in2884/05 academic year had specii
needs with regards to their examination requiremenfhe second challenge it
therefore to redefine the problem in terms of réddentified changes. This can be
achieved by getting access and reporting on pedaicamples of constraints and th
processes involved. The PATAT conference serieslamdlose link with eventMAP
limited is of particular relevance here as prattisaues as well as datasets can |
added to the research base on a continual basisthémn important aspect of



University Timetabling: Bridging the Gap between Research and Practice 19

constraint modelling is the structure of the exation session i.e. session modelling
Two features of this are detailed below.

In establishing an institutional model for the exaeion process, one of the
major issues for many institutions is the poterntiddxing of a constraint which has
hitherto been considered ‘hard’ i.e. the imposifigertain time periods within the
day structure. For example, a day may be split tnto periods of three hours in
length, one beginning at 9am and the other beginain2pm. Analysis of various
solutions produced by eventMAP has shown thatithihe single biggest factor in
relation to poor usage of time and space and hemeajor contributory factor to poor
overall solutions. This is chosen here as it is>aekent example of a hard constrain
which needs to be changes to move the examinaioetabling forward from a
practical point of view. Before leaving the esisiinéd ‘period based’ approach to on
side, it is essential to understand the requiresigend the extent of ‘non period
based timetabling. The period based nature of thielgm needs to be investigated t
establish a model where examinations can be sobgduiring any part of the definec
day. This issue is related to recent work withpees to a redefinition of the nurse
scheduling problem [49] where metaheuristic techesgwhich have been used t
manage this time interval coverage have producedbtst results so far on the
presented data. Due to the similarity of the nurestering and examination
timetabling problems it is considered appropriateattthese techniques are
investigated. The concept of ‘time interval' wasradtuced, where instead of
formulating the staff requirements as the numbepatonnel needed per shift typ:
for each day of the planning period, time interveguirements allowed for the
representation of the personnel requirements peind@rms of start and end times o
personnel attendance. As with the nurse schedebagnple, an updated formulatior
would enable the provision of a greater numberiroétslots and would reduce the
amount of unproductive time currently in existence.

It is clear that institutions involved in the preseof carrying out the initial stage
of the institutional modelling process often ddofiadly. That is to say, they base the
timetable on new data but attempt to superimpaiseoth existing models of how the
examination sessions should progress. For exanglegxisting model for a
particular institution may be a certain number efipds over a designated time
period with a certain number of rooms. This, in farteast, is related to inadequat
methods which allow users to understand how salatiare being created. Foi
example, space considerations are often an aftegtitonith the primary aim being
the actual creation of a timetable. No help is raféal to the users in directing then
towards a solution which is ‘right’ for the Institon. Before going on to the
important issue of solution modelling in the neassion it is important to note thal
the investigation of similarity of data to previodatasets from the same or indee
other institutions is important if efficient andfeaftive models are to be found.
Continuing on from recent work [21,22] on similgrimeasurements betweer
datasets, novel techniques need to be investigatedstablish how changes ir
individual data sets from year to year effect th&ure of the examination set up an
ultimately the algorithmic methods applied.
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212  Solution Modelling

Solution modelling is concerned with the construretof a solution in terms of what
is deemed important to the institution. Currentfige majority of the work in

evaluating a solution is based on the productioraddingle solution from each
execution of the algorithm whose value is measimea@ single objective weighted
sum of soft constraints. There are some exceptiongyh, for example, in paper [9],
the quality of a constructed timetable is consideneterms of the average penalty pe
student and the highest penalty imposed on anysardent. Although research ha:
been carried out in modelling the problem as a irsulieria/objective problem [54,
55] this work has not yet been implemented into enegalised tool. The
responsibility is currently on the user to modeé throblem accurately at the
constraint modelling phase and subsequently ‘ledve’the algorithm to produce the
‘best solution’. This has the effect of the useslifeg ‘frozen’ out of the solution

construction phase and gives the impression tigighhe best solution based on th
constraint set up process. Of course, this isttmtcase with many solutions being
possible which ‘best’ fit the constraints set upgiete et al [19] carried out work ir
which individual constraints were given preferematesarious stages of the proces:
This is similar to how the process of solution camngion is carried out in a number
of institutions with, for example, the effectiverasf a solution being measured as tt
‘number of students with two examinations in a daly’is clear that the user require:
a number of solutions to be presented with thesdifices explained intuitively, thus
allowing the user to decide on what solution is thest’ to meet the institutions
needs. Itis suggested here that this could bieasth by a combination of technique:
incorporating pareto optimization and fuzzy teclhieis| e.g. the user chooses tt
characteristics of the solutions they would likesee from a number of fuzzy sets
This could possibly be translated into a choice fioncfor discriminating between
the non dominated pareto solutions generated byuli mbjective algorithmic

technique. Itis stressed that this is only ongsfide approach which could be used 1
address this important issue. More work is requoachow the quality of solutions
are measured. The challenge for researchers isrdivésion of a solution where the
user understands the trade offs between the ofigijectives.

Once a solution is being generated, it is normahdawe a construction phase
followed be an improvement phase. In both casesethave been many heuristic
techniques applied (see [11]). Recent work hagvshmromise in relation to using a
combination of heuristics in relation to the init@nstruction [20]. Results on the
benchmark datasets have got increasingly better ineyears as more and mor
metaheuristic techniques have been applied and idespacific knowledge has beer
increasingly incorporated into the approaches 11J0,0ne criticism of this approach
is that the developed techniques have become éipedi@n relation to the benchmark
datasets at the possible cost of generality ichnigues which can produce ‘good
results when applied across a wide range of orworld scenarios. Recently, ir
terms of metaheuristics, it has been shown thatgihg the neighborhood structure
has been effective. It is felt that Hyperheurstapproach (heuristics to choos
heuristics) [56] undoubtedly offers promise as thisthodology is based on raising
the level of generality by aiming to automaticalpply the correct heuristic or
metaheuristic at the correct stage of the problerthht in the construction or indeec
the improvement phase. Currently, Optime enablestithetabling algorithm to be
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varied depending on the user algorithmic modelfingcess. These observations ai
the result of a close working relationship withefigrincipal users in the UK and they
currently represent the basis of further reseat@j. [ Currently the combinations of
algorithmic structures available are Saturation reeg(Heuristic Method) [25],
Adaptive [26] and Great Deluge during an additiomaprovement cycle [27]. The
algorithm set up thus enables the user to haveaamter the time spent on various
aspects of its operation. This is a first stepwolving the user at a higher level of the
algorithmic modelling of the problem and is in respe to the observation tha
various algorithmic set ups perform better on défe datasets. It is important tc
understand why various metaheuristic and combinaifometaheuristics work better
in particular situations. One challenge to theeagsh community is therefore to
explore how new search methodologies can undengilévelopment of more widely
applicable timetabling systems. Indeed this is ohthe main motivating factors for
the current level of interest in hyperheuristiosash [74].

3 Coursetimetabling

The University course scheduling problem is conagmith groups or classes of
students following a particular defined pathwayourse which has associated even
that require the allocation of time and resourdescent definitions of the course
timetabling problem can be found in [12,29]. Astwithe university examination
problem, a solution requires a number of hard avftl ®nstraints to be satisfied.
Similarly, the central production and coordinatmfithe course timetable is essentie
as more modules and associated events have tmétliled in such a manner as t
firstly, offer students maximum flexibility of choe, secondly, to provide flexibility
for staff and, thirdly, to ensure that teachingcgpas used effectively. Universities,
struggling with rising student numbers, have insiegly relied upon the automation
of this task to produce efficient timetables whgzttisfy these constraints [11]. Muck
of the software assistance that is currently akilglés either a commercial product o
has been designed specifically for the institution which it was developed
[30,31,32]. In both cases the timetabling procefésnoinvolves significant human
interaction which, in practice, can turn the pracé@®o a room booking exercise
[33,34. Therefore, the construction of a solution iseaficategorised by finding any
timetable that satisfies all of the constraints][F2om a software point of view, any
solution is often seen as a good solution and,edd¢he notion of an ‘optimised
solution’ is usually not a main objective of incuemnlb university administrators. The
reasons for this are diverse and complicated. @sigeiis that as too much assume
and incomplete knowledge surround the entire pmeesl their exists many staff,
with differing view points involved. The data regpd for the process is often
difficult to obtain and, as with the examinatioropess, it is often ‘sketchy’ [45,64].
From a staff point of view, fixed views exist on @vhand where teaching should tak
place within a predominantly ‘territorialism’ cutei[34]. These issues will be furthel
explored in the remainder of the paper with chgénpresented as to how this are
can be moved forward from a research point of vidtvis important to note that,
within the majority of universities which use autated systems, the process of th
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production of a workable timetable remains firmljthwa combination of lecturing
and administrative staff rather than the sole dghe automated component. Recer
years have seen significant research efforts tadugpthis situation. The following
papers represent a small selection of these catitits [16,29,31,33,34,35,41,42,45]
Carter [42] stressed the importance of taking oudaosideration and dealing with the
human factors associated with the process of aststg an institutional wide
timetable. However, when dealing with the issueafrse timetabling, it is often the
case that many of the papers ignore the humanrfaatbtogether, choosing to dea
with ‘sculpted’ data sets in order to evaluate ipakar techniques and approache:
Some real world aspects have been discussed iitdtaure but these tend to be ir
conference abstracts (as a small selection, se®3#4@,66,67]) rather than full
papers. If one of the strategic goals of timetapliesearch over the next few years
to close the gap between theory and practice thesetissues have to gain mor
prominence in the mainstream literature.

Although many advancements have been made witlecespthe development of
search techniques on bench mark data sets [29,38,88], there is not much
evidence that the work has been translated intaahdémplementations within a
significant number of institutions. Indeed Cartadd aporte [31] comment that they
were “somewhat surprised to discover that therevary few course timetabling
papers that actually report that the (researchhoust have been implemented an
used in an institution”. Although this was repdregmost a decade ago, the situatic
largely remains unchanged. They go on to say tlet éixpected to see a number ¢
implementations in the near future. Once agairodmhately this has largely not
been the case.

In relation to this area in general, it is suggeskeere that, there has beel
insufficient investigation of real world issues atiterefore understanding of the
methodologies used by expert timetablers. More wadds to be carried out on thi
formulation and modeling of the problem. This lait=ue is particularly challenging
because different institutions must satisfy a rargjedifferent constraints in
generating an institution-wide timetable [35, 31lhigh means that a generally
applicable solution to this complex problem is eriely difficult. Given the
complexities of real world course scheduling, maegearchers have develope
approaches which rely on various simplifying asstioms in modelling the problem.
While it can be argued that this is valid as anidhiresearch test bed, which ha
resulted in useful and powerful search techniqeesh an approach needs to b
supplemented by methods which addresses the traplexities of the problem that
must appear in real world applications. By wayllofstrating this point, recent work
carried out on practical course timetabling by khetahueuristic network [36] used
generated datasets. It was stated that

"The problem we are studying in the Metaheuristics project is one that is closely
based on real world problems, but simplified. We are not entirely happy about using a
simplified problem, but the reasons are two-fold: We want to be able to see more
clearly what is going on in algorithms designed to solve the problem. Real data is too
complicated, and real problems have too many soft and hard constraints to allow
researchers to properly study the processes and; The large number of soft and hard
congtraints in real data (and the differences between them at different institutions)
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make it a long process for researchers to write code to solve them, or to adapt
existing programsto be suitable.”

Although this has been useful, from a practicahpof view, the results obtained
do not seem relevant in practice. In addition,ithpression is often that benchmarl
course timetabling datasets [36,57] are seen asvdath can be used in addition tc
examination data sets to prove that certain seaaimiques are of benefit. Althougl
successful in this regard the gap between rese@mcimiques and the software
required for actual implementations is much wideant that seen with examinatior
timetabling. Whereas this paper has spent theiogesections detailing challenges
which will help narrow the gap in relation to exaaiiion timetabling, the rest of the
paper will concentrate on describing course sclieglfitom a practical point of view
with the hope of identifying what is required if ralevant and comprehensive
formulation of the problem is to be reached. Ifdk that this view of the course
timetabling problem will better serve the purpodemaking timetabling research
more relevant to real world practice. It is strelsget the contribution of timetabling
research must address more wide ranging issueghbanning of algorithms to work
well on particular datasets. Rather, the modeligsgies related to the complexity o
real world implementations must be recognized aedltdwith. The most realistic
formulation of the problem which currently exisendoe found at [24]. Further work
is required to build on this to allow the full colegities of the problem to be
explored and to narrow the current gap. With tiisia mind, it is essential that more
comprehensive representative benchmark datasetsnade available along with
information on the aims of the associated instituti

3.1 A Very Different Timetabling Problem

University course timetabling is often reportedtle literature as a variance of the
related examination timetabling problem [12]. Indié@ss the author’s impression thal
many pieces of research default to talking aboatrémation timetabling when they
are talking about university timetabling in genefthough some of these issues ar
further described in subsequent sections of thempipvas felt worthwhile to draw
out the major differences between the two typesnaétabling at this early stage in
the discussion. The reported difference is oftenatihéition or removal of particular
constraints e.g. more than one event cannot taeeph the same room and lecture
should be avoided in the last period of the day.[#iladdition, the term ‘best spread’
of events has an entirely different meaning.

A major difference with the examination timetablipgpcess is the environment
in which the construction process is carried outhis is a dynamic, multi-user
distributed environment with various cohorts of @sals and departments who ofter
operate quite autonomously. Although issues iatiai to this have been studied, fo
example [64,69,70,71], much more work is required umderstanding the issues
involved and the interplay between user interacod managing the information
with the goal of producing a workable solution diné extent to which techniques cal
be used in an automated process. These issuesenilsbussed further at various
places under the heading of ‘building the instiin&l model'.
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Another difference that is often overlooked isvath the examination problem,
course timetabling does not take place at the neodukourse level. The following
presents a discussion on the effects of this. @enghe module ‘Introduction to
Computer Science’ with associated module numbelICETL01. The associatec
examination for the module will normally take plaaethe end of the semester it
which the module is given and will be timetabled e rules employed by the
institutional examination officer which are genérahose governing the body of
research which has taken place over the last demasie Therefore, in this case th
‘gap’ which exists between what is required by thstitution and the techniques
researched from an academic sense, is small. Theectimetabling issues with the
module 110CSC101 are more complicated. The moduide broken into a series o
events which require timetabling e.g. lectures, isars, tutorials, practical classe:
and laboratory classes. A subset or indeed altheke ‘event types’ require
timetabling in a manner which provide the groupstidents associated with the
module, firstly, a feasible solution and secondly,good’ timetable. A feasible
solution is achieved by ensuring that individualdeints can attend all event type
associated with each of the modules that constituéeoverall pathway they are
enrolled on e.g. year one of BSc in Computer Sa@erf8econdly a ‘good’ solution is
one which satisfies the soft constraints as defibgdhe institution e.g. Lectures
should be in the morning in a particular time oono It is clear that these sofi
constraints require a higher investigation as tbay vary from one institution to
another and indeed from one event type to anotbkmbing to the same module
Furthermore, in setting up the problem, these evédrgve different individual
requirements, ordering and constraints. The faligwsection outlines some of the
associated issues.

The simplest example is that particular event tyges usually associated with
certain types of space e.g. a computer laboratagsanust take place in a compute
laboratory. Also, lecture events represent theremioup of students on the modul
whereas the other event types represent subgreusisdents are divided into smalle
groups for different types of study. This issueeeént subdivision is further explorec
in the following section. From an ordering perspextit is often the case that
particular orders of events over a defined timdogoee.g. a week, are defined tc
achieve the desired combination of teaching anthileg skills. It is also often the
case that particular events are related to eacér dgthrelation to the time which
separates them in this ordering e.g. seminar dasheuld be timetabled in the
afternoon following the lecture activity. In additi there is an associated hierarcl
with the event types e.g. lectures are timetabted griority in the first instance to
ensure that the entire group can be brought togetheis often the case that this
situation means that lectures will be timetablesdt fivith all other events timetabled
after week one of the semester. Of course, therenany variations of this related tc
when the timetable is produced in relation to stidrolment i.e. pre enrolment ol
indeed post enrolment. Event types may also havarticplar life span associatec
with then throughout the semester. Whereas tharke&vent may run in a particulal
format throughout the entire semester, other evgmés may begin and end ir
particular weeks. In addition they may have ameaissed pattern which is individual
to the event type e.g. lectures may run twice akvieel2 weeks whereas lab classe
may begin in week three and run for a three hoterbon slot every two weeks for
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six weeks. Currently, research does not take tbessiderations when either defining
the problem or applying techniques to help solve problem. This has beer
detrimental to the overall practical area and hasnmh researchers, in many case
have been working on oversimplified problems.

Course scheduling, much more the examination tintiey must be seen in the
wider context of the use and availability of ingibnal space either existing or in the
planning stage. This linkage allows measured angrdued utilisation while
identifying the needs for particular types of spamsoss the Institution. The
Company aims to model how increases in course aglivthrough effective
timetabling, can affect the overall nature andcitme of the campus. Ultimately, this
would allow for strategic decisions to be takerréfation to room types, sizes anc
quantities across all space types within the nstih. The course timetabling systen
is therefore a fundamental part of the strategimmating systems within the
institution.

Another major difference with the examination tiatging problem is not only
related to differences in the nature of the infdfaraand constraints but in the style
in which the solution is constructed. Overwhelmyngh all consultancy and
implementation undertaken to date within the Comgp#me timetable is constructed
prior to student enrolment and therefore optimised projected student numbers
taking particular combinations of modules. In maages the goal of optimisation is
sacrificed for the sake of getting a solution whishworkable. Student clashing is
related to defined course structures as oppos#tetexamination counterpart whick
is based purely on student enrolment to assessmesmts. Regarding soft
constraints, the emphasis is on the ability to roffe many options as possible a
opposed to best spread across a particular exaaningession. Administrators
employ heuristics that suggest what modules shbaldnade available to particulal
courses and which ones should not. Indeed, tfosnration can often be inferred the
from previous year’s data or obtained directly frammbers of particular schools
Because the timetable is constructed pre enrolmeetficiencies occur which are
allowed to ripple throughout the rest of the y&ased on the initial construction anc
space utilisation, potentially the problem couldibaeshuffled or indeed amende
based on a different measure of optimisation. ®pisoned is not presently favourec
by institutions due to the disruption that would ¢sused. There are a number ¢
reasons timetabling pre enrolment; if it were &gftirely to student choice there is n
guarantee that a feasible timetable could be aartsl and secondly, more and mor
emphasis on opening access to universities dictatestudents with busy lives neel
to know timetables before choosing optional paftshe course. Many universities
used a phased approach which is a combination batywee and post enrolment
More work is required to understand the issueslireeband where, what and how
search techniques and indeed what measures ofisgtiiom can be used.

It is clear that the improvement of solutions wilbme about through the
combination of high level heuristics and optimisatitechniques. The researcl
challenge is therefore identified as the requiranien detailed studies of how the
aims, objectives and practicalities of timetabhmithin institutions interlink.
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3.2 Building the Institutional M odel

As with examination timetabling, the timetable doastion process can be broker
down into a series of information and solution nitidg. Even more so than with the
examination problem, this process is complicatéds stated, this is related to the
number of interested parties and diversity of théadequirements. Attempts haw
been made to provide a general framework to awl ghuation. For example, work
has been carried out proposing a generic archieeébu the production of a timetable
by examining the full range of procedures and #smaiated characteristics [64]. Alsc
in [65], a framework was presented allowing theeagsher to combine many
different solution methods in arbitrary ways in g@ution of a single problem. Suct
contributions have provided an important platfonpom which we can build. A more
complete description to enable understanding ofsgiexific needs of the modelling
process is required. The following impacts on mber of key issues.

In the case of course timetabling, information nilirag can be broken into data,
constraint and course structure modelling with sofumodelling being dominated by
factors related to optimisation and evaluation.thdligh it is an important issue,
algorithmic modelling is not discussed here becahsefocus of this discussion in
concerned with highlighting the high level challesghat need to be addressed if tt
gap between theory and practice is to be closedmémy respects, the key tc
narrowing this gap in relation to course schedulseelated to the modelling of the
entire problem, thus identifying where and whethia process search techniques m:
be of use.

3.21 Information Modelling

In terms of information modeling, the main diffecels with examination timetabling
is the much more incomplete nature of the dataireapents [45,64] which are much
more substantial. Data is required on events, eogtrictures, the estate and th
lectures / instructors availability and expertiserom the author’s experience, it is
evident that a combination of poorly implementedoimation strategies and
reluctance of staff within the sector has led tposition where this information is
difficult to obtain. This situation inevitably leadto significant changes in the
timetable formulation at the beginning of the pdrio which it is required. Work has
been carried out on ensuring a changed solutiaoie as possible to the initially
modeled solution after changes in the originalrdgdin. For example see [45].

In many instances, expert timetablers have dealh thie initial construction by
adopting a series of high level heuristics. Forngpia some institutions use &
centralised approach initially, timetable a peraget of the required events in
percentage of the available centrally ‘owned’ rodmss allowing individual schools /
departments to fill in the blanks’ in the remaigirooms or indeed in departmentally
‘owned’ rooms [34]. Many such high level heuristiaee used within institutions
during the construction process, little of which fhie author’s knowledge) have bee
reported in the literature. In general, these eetatspace usage and decompositic
within both the information and solution modellipgpcess. This emphasises the fa
that an important challenge for the research conityus therefore to review real
applications of course scheduling techniques aftédvace with the aim of identifying
the major themes which will facilitate the constroe of robust initial solutions. High
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level heuristics need to be identified, analysed amodeled in terms of constraints
and evaluation. In general these usually relatsttolent and staff preference an
space usage.

3.22 Course Structure Modelling

Modelling the course structure is a difficult amdpiortant aspect of the informatior
modelling process. This aspect is completely ursssrg in the examination
counterpart. Course timetabling raises a varietyisefies relating to when staff
rooms are available and what events should be dlied with which others. The
later of these issues becomes more difficult wiasndiscussed earlier, it is dictate:
that a timetable must be ready before student meml The research challenge i
therefore in identifying easy intuitive ways of repenting constraints. Attempts hav
been made to specify a standard timetabling datedb that is complete and
universally applicable [51,52,53,68]. This work de¢o be extended and made mol
readily available to enable users to identify anablei constraints thus allowing the
interface between users and researchers to beacsttee defined.

Another important issue is the division of studeattending a lecture into sub
events such as tutorial classes. In examiningithéietail a number of key issues ar
explored. Consider the case involving the sepmaratif students enrolled on a
particular course into tutorial classes. Consi@dsp, a lecture event which has
students. If the preferred size of tutorialsyjghen it is trivial to calculate that x/y
tutorial slots are required. The interesting rede#@sue considered hetgowever is
in what way to split thex students into groups while ensuring that maximu
flexibility is introduced into the timetable i.e.hat are the best combinations o
students to be timetabled in which slots. In addithis must be done in a manner t
allow room usage to be maximized while ensuringt tedents are allocated
throughout the week with cognisance taken of thristing commitments on events
related to other courses. This is often done nignbg allowing students to self-
select particular slots from a set of @stablished time slots. In the cours
timetabling literature, the majority of influentialvork on course sectioning
(sometimes termed ‘splitting’) has concentrated tonetabling courses, where
lectures, tutorials and laboratories etc. are t&ttndjuished between each other [4Z
37,31,39,62]. Apart from a few notable exceptipt}, courses or groups of student:
are subdivided into groupings for the purpose &drafg student choice as opposed t
reflecting the structure of events which constittite structure of the course. The
objective is normally related to balancing the sifethe groups while offering
students maximum choice, this enabling them toleanatheir choice of modules.

Within the UK in particular, universities subdividggudents in line with course
structures. The main problem with this current deéin of course splitting is that sub
events do not inherit parental clashing constrdiB®§, apart from where a lecture
event is subdivided. There are also some work mgalith students sectioning
problems dated back to 80s [39, 43]. Once agaiswvibrk is different from what we
are considering here, where students are dividedsimb-groups as opposite to multi
groups. More recently, Fuzzy algorithms have besed [44] to cluster students ir
large classes into groups which may later leadhto fewest possible conflicts in
timetables. Beyrouthegt al [59] considered the problem of splitting in redatito
space objectives by investigating splitting of cm& of same type event into su
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events of that type for the purpose of fitting iprticular room profiles. During the
years little has been done on partitioning the esttgl into actual sub events a
dictated by the course structure. In [40], metariséics are proposed to address tt
Availability-based Laboratory/Tutorial Timetabling Biem (ALTP). This offers a
very promising platform for further exploration anthe automatic constructing of
timetables while providing a solution which assigtedents to the ‘best’ timeslot
based on a defined week range. In should be ribt#dn doing so, it is important
that the needs of all parties need to be addre$$esiraises the interesting concept ¢
how an attained solution should be measured. Wheduping a course timetable
within an institution, it is important that the ttable produced is seen to be fair ar
equitable to all interested parties. The challemgeesearch is investigation of thes
and other information modelling issues. This wid further discussed in the nex
section.

Another aspect of course structure modelling istedl to the timetabling of
associated events together. It is important to idethe ability to link particular
events under the notion of course structure anddsdh them as a ‘package’. Thit
concept is similar to kemp chains in examinatiometiabling [46]. This macro event
scheduling process will allow the basic buildinggdis of the course timetabling
problem to be sustained throughout the process. agpsoach has the advantage ¢
reflecting organisational and course make up. addition it may be possible to
decide which events / courses have similarities eand be linked together wher
timetabling based on individual of indeed groupscbéracteristics. For example
pathways within a particular school could be tirbé&td together at the same time
using the same departmental space. This mimicsahstruction process already ir
existence within an institution where the overatidgtable is broken into a number o
sub units which are timetabled at a particular tibyea particular person. This
subdivision or decomposition of the timetablingaschallenging research aspec
which needs further investigation. Macro eventy ina based on a combination o
course structure and clusters. Academic timetabdblpms tend to show signs ol
clustering related to the organisational structt@. instance modules from a Math’s
school will clash other modules from that schoBlrther to that those modules will
tend to clash with other science subjects suchhgsigs and chemistry. What is
required is a way of splitting such problems imeaier sub-problems in such a way
that any crossover between events in differentmoblems is kept to a minimum.

3.3 Solution Modelling

Within the context of developing and delivering iastitutional wide timetable, it
must be clear what the optimisation issues arehamdthey are to be measured. Th
measurement of optimisation itself is quite diffarfom the measure needed for th
examination problem. There is sometimes a vieviénresearch community that it i<
possible to define the course timetabling problgnsimply altering the optimisation
function used within the examination timetablingiem. However, this formulation
does not define how institutions view the qualitgasure of a particular course
timetabling solution. Institutions are interested combination of room usage, staf
and student satisfaction. The first of these issueble by multiplying occupancy
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by frequency e.g. how many students use a room dftem. The measurement ol
utilisation is an average of multiplication of opauincy and frequency over a set 4
hour week. Staff satisfaction is measured by thtergxo which teaching duties car
be ‘bunched’ together leaving time for research athger activities. In many cases
academic staff members insist on the concept ofesearch day’. As a further
advantage, it is often considered advantageousdésirable hours can be identifiec
and minimised per member of staff. This is termedehas the ‘share bad hours
heuristic and is an example of a new soft condttaibe considered when optimising
the construction and improvement of an institutlonaurse timetable. Student
satisfaction can be measured by the spread of @t the availability of choice
within a particular course structure. As alreadyntimmed, ‘best spread’ has quite
different meaning in this context. A number of atiesues are relevant to the overa
construction problem but not the optimisation peoble.g. staff satisfaction car
further be measured by the ease at which informasgigathered from them.

As previously stated, in many cases optimisatiosdsrificed for the sake of
getting a solution which is workable e.g. the dfin of a ‘good’ solution is driven
by the need to have any solution based on a sobfie actual event types which art
required [47]. This has the effect of meaning thd&asible solution is judged at ar
early stage in the construction process as opptsethswering the question as t
whether or not the solution is actually workablg. ecan all additional events not
timetabled be accommodated after student enrolméften students arrive and
populate the skeleton structure of the timetabiyt®ns to individual problems of
over subscription are obtained through negotiatinod compromise. The overriding
factor which makes the entire process workabléésfact that currently universities
utilise on average about 30 percent of their spaffectively [61,63]. One
explanation for this is that space utilisationds/Ibecause of the inherent flexibility
within the timetable i.e. staff and students havet @f choice. Unfortunately, this is
not always the case as timetabling concerns ragkljhin both student and staff
surveys [38]. Further evidence of the inflexibl@una of the course timetable is the
fact that universities are not able to accommodadee students easily or indeed pla
new or change existing course delivery. The aighgew is very much like that of
Carter [42] e.g. More work needs to be completedinderstand the relationshig
between space usage, staff flexibility and studéoice. It is therefore essential tha
metrics are produced to measure the effectiverfadgnetables from all perspectives.

It is suggested that the optimisation function usedneasure the quality of the
problem solution must be constructed in such a maas to take in the multi criteria
associated with each area. Whereas, optimisatioreléively easily defined for
examination scheduling, it is difficult to definerfcourse scheduling. From the
author’'s experience, it can be defined as a baldmtween keeping all the
stakeholders happy e.g. student choice, stafflfixi and room usage. Therefore, tc
aid with the automation of the task, the constorctind optimization of the solution
must take into consideration three distinct arsaaraabsolute minimum. In addition,
in evaluating a given solution to the course tirhktg problem within an institution,
the users need to understand the situation in tefntbe outcomes of individual
constraints associated with all identified arease Thulti-objective approach has
received significant recent [48,49,50] interesthwigspect to timetabling and, with
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respect to course timetabling, will be able to dreéxpress and illustrate the feature
of a solution to a problem.

4  Conclusion

This paper outlines the major challenges which those researchers working in th
area of university exam and course timetabling. il&hot trying to exhaustively
referencing the literature, detail is provided bé trelevant research in both area
The challenges are presents from the perspectiviheofauthor's experience anc
experience of working closely with the educatiosaktor. The intention is to
stimulate debate in the literature by providing nimm based on practical
implementations. The aim is the improvement of méges and hence software tool
available to the sector to help with this mostidifit and time consuming aspect o
university administration.

In relation to examination scheduling the identifiehallenges to researchers il
the area include the following;

(i) New datasets becoming available on a reguéaisbencompassing more rez
world requirements.

(i) The development of robust techniques which atde to deal with the
information poor environments within which examioattimetables are often
developed.

(i) Investigation of a reformulation of the pra&oh, including new hard and sofi
constraints which better reflect the real worldisgrvment.

(iv) Identification and comparison of key datasdtamacteristics and potential
linkages with the likely best search approach ttelzen.

(v) The investigation of all aspects of solution lgyan the provision of the ‘best’
solution for the institution.

(vi) The exploration of new search technologies #taklishing how developed
systems can be made more general.

(vii) Investigation of how to incorporate user irieze design with the inherent
complexity of the problem.

(viii) Wide ranging Investigation of different ndigouhood structures and fitnes:
landscape within the context of real world probkssiving environments.

In relation to course timetabling, the followingearch themes are highlighted;
() Investigation of techniques to deal with thestdbuted, information poor
environment in which course timetables are produced

(i) Standardisation of datasets, constraints awodeting languages influenced by
real world scenarios.

(iii) Investigation of the role in user interactiom the design of decision suppor
system for course timetabling.
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(vi) Investigation of the need for the reformulatiand modeling of the problem. It
should be need that this represents a far greh#dlenge within the context of
course timetabling than it does for examinatioretabling.

(v) Identification and adaptation of high level ip@s and practices that are
employed by administrators within institution tanstruct of initial solutions.

(vi) Experimentation related to heuristic approadioesubdivision of events.

(vii) Investigation of the effect of pre and post@ment production of the timetable
on the approaches taken to optimisation e.g. pena#d.

(viii) Undertake an investigation into the delivenf more sophisticated models
which capture the complexity and multi-objectiveuna of timetable evaluation
in the real world.

(ix) Investigation of the important linkage betwespace usage and flexibility
within the academic timetable.

(x) Investigation of approaches involving decomposi and ‘macro event’
timetabling.

In summary, this paper has outlined a number ofifiignt research challenges
which provide a rich area for research into autesasearch methodologies foi
educational timetabling. Moreover, by addressings¢hdemanding research issue
the scientific community will be taking a step tods closing the gap between theor
and practice which has existed for so long.
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