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Abstract. The study of the relationship and interaction feetwv the work
carried out in the academic literature and the ireqents of university
administrators is essential if ideas generateddsgarch are to benefit every
day users. Conversely, it is crucial the needs ef ttmetabling community
influence the direction taken by research if higlalggy practical solutions are
to be produced. A main objective of the work présérhere is to provide up-
to-date information which will enable researcherfurther investigate the area
of timetabling research in relation to the gerieraof robust and flexible
techniques which can cope with complexities exmesd during
implementation in ‘real world’ scenarios. Furthens, although not discussed
here in detail, it is essential, from a commergwrspective, that these
developed leading edge techniques are incorpormtedused within general
applicable timetabling tools. The aim of this paiseo motivate the discussion
required tobridge this timetabling gap by bringing timetabling research and
educational requirements closer together.

1 Introduction and Context

In the recent international review of OperationakBarch in the UK (commissioned
by the Engineering and Physical Sciences Reseamindl), a major identified
weakness in the current approach to Operationadrels is described as follows “
gap till remains between the output of a successful research project and what is
needed for direct use by industry” [1]. In general, the area of educational timeitadpl

is one such area. Our research based spin out cymeeentMAP Limited, has an
important role to play with respect to this ‘gaps & is in a unique position to
integrate leading edge research techniques withreteirements of the user base in
the provision of timetabling solutions. One of tphemary overall aims of the
Company is to specify software which acts as aarprise resource planning tool as
well as a management information service, informamgstrategic ways forward for



the need for, use of and allocation of resourcékimvan institution. A major aspect
of the adopted strategy for achieving this is tghhight the important aspects of
institutional requirements to researchers in thedfiwhile updating algorithmic
techniques within the software, thus enabling negesolutions to be produced which
are both workable and of a high quality. The ititanof this paper is to focus on the
initial part of the strategy by reporting on theeds of educational institutions from a
practical point of view in terms of two main arealere timetabling is required i.e.
examination and course timetabling. In each areajnaber of challenges are detailed
which are based on the author’s experience of wgrkh the area from both an
academic and practical view point. It is stres$ed these challenges certainly do not
represent all of the issues that require work fresearchers, rather they represent a
selection of key themes which, in the author’s viewill help bridge the identified
gap and move the area of educational timetablirg new level both in research and
practical terms.

2 Examination Timetabling

The examination timetabling problem, studied in euous papers in the PATAT
conference series [2,4,5,6,7], is characterizedabset of students taking a set of
exams over a specified time period within the ceintef various constraints. The
quality of the timetable is normally measured aduaction of best spread of
examinations per student though some notable erospto occur [8,9]. Various
algorithms have been used with their effectivertssiag measured in relation to a
standard set of benchmark data. An up-to-date weidgorovided in [10]. In addition
to the PATAT Conference series, many papers hawn lpiblished on specific
techniques along with reporting of various survgys,12]. It is worth noting that
research in this area has been instrumental itahénued development of the field
of search methodologies and, in particular, metasies. Although it is not intended
to provide a general commentary on the approactiegted to date it is possible to
argue that the nature of the gap between reseactipractice has not been aided by
the simplicity of the current datasets e.g. thé& laicsubstantial bench mark data with
sufficient room, constraint and solution modellisgta. It is expected that the release
of six new datasets [13] along with a dedicated veelvice to the research
community via the web site attp://www.cs.nott.ac.uk/~rxg/data.htwill go a long
way to remedying this situation. This service wallso act as a repository of
information relating to techniques and solutionsegated and will enable researchers
to easily and accurately test and compare appreache

EventMAP Limited, released the latest version effiagship examination product,
Optimg,, in January of 2006. An earlier version of théwsare was presented at
the PATAT conference in Konstanz, 2000 [2]. Thaliadnal functionality made
available through this new version will be discuss® the conference during a
software presentation [14]. In general, the ainmgdroving Optime,,, is to make the
system as intelligent and intuitive as possibleyjaling maximum information to the
institutional administrator, allowing informed gigic and managerial decisions to be



made. This has been achieved through the inclusidhe user in all stages of the
‘examination modelling’ process. It is importantrtote that although not described in
detail here, the ‘gap’ between the needs of the asd the provision of software is
also being tackled within the company by the degwelent of a close working

relationship with users. Feedback from this procglsih is relevant to researchers
includes modelling aspects of the information, athmic and solution development,

all of which represent significant challenges fdre tresearch community. The
following discussion is concentrated around thiporéed examination modelling

process.

2.1Building the I nstitutional M odel

The development of examination timetables withistitations is a multi-phase
procedure that is dependent on varying criterigagh stage. Firstly, a structure has to
be decided on before exams and students are adstggethe length and format of
the time period together with the ‘diet’ of roomdieh are to be made available.
Secondly, data on exams and associated constt@@vs to be added before the
student information is considered. The stage argfedeof automation is highly
dependent on the procedures adopted within th#utish. This multi-stage process
is referred to here as building the ‘institutiomabdel’. This process encompasses
two main aspects i.e. information and solution ntote

2.1.1 Information Modelling

Information modelling can be divided into data ammhstraint modelling. The base
examination data from which a workable solutioméhieved is composed of student
enrolment, exam and space data. In addition, thetnaction of an overall solution is
phased due to the information environment withiniclvhthe examination process
takes place. In practice, a solution is oftenimdi® based on a percentage of the
actual data due to incomplete and inaccurate data the student administration
systems. Ultimately the algorithms applied museréfiore construct solutions
working with a degree of uncertainty. The inadezies of the data set up therefore
represent the first challenge to the timetablinghownity. It is suggested that there
are two possible approaches to solving this prohllemeither solutions are sought
with associated repair mechanisms or robust opmitmis techniques are used which
produce solutions that are ‘good’ for an agreedyeaaf input values. Under this
scenario, a solution would be sought that remagasible for all potential input data
values. Although some work is evident in the litara in relation to the first of these
approach in relation to educational timetabling, [16], little attention has been paid
to the second.

Constraint modelling involves setting up a range coiteria which effectively
describes the boundaries within which a solutioougth be constructed. Constraints
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 c¢e& structures by many
universities. The central production and coordoratdf the associated examination



timetable has become increasingly difficult with nm@xamination offerings having
to be timetabled in such a manner so as to oftetestts maximum spread throughout
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 veg®rted in the Times Higher
Educational Supplement in March of 2006 where sitglfom a Muslim background
require Fridays free of examinations [18]. This atber additional soft constraints
further complicate the modelling process and thepscof potential solutions. It is
essential these are documented and incorporatedttiet modeling process as, for
example, at our leading implementation site, 9%tatlents in the 2004/05 academic
year had special needs with regards to their exatinim requirements. The second
challenge is therefore to redefine the problememms of recent identified changes.
This can be achieved by getting access and regodin practical examples of
constraints and the processes involved. The PAT@éfference series and the close
link with eventMAP limited is of particular releve@ here as practical issues as well
as datasets can be added to the research baseoatiraial basis. Another important
aspect of constraint modelling is the structureéhef examination session i.e. session
modelling. Two features of this are detailed below

In establishing an institutional model for the exaation process, one of the major
issues for many institutions is the potential reigxof a constraint which has hitherto
been considered ‘hard’ i.e. the imposing of certdine periods within the day
structure. For example, a day may be split into pgoods of three hours in length,
one beginning at 9am and the other beginning at. Zxmlysis of various solutions
produced by eventMAP has shown that this is thglsibiggest factor in relation to
poor usage of time and space and hence a majortagnty factor to poor overall
solutions. This is chosen here as it is an excetigample of a hard constraint which
needs to be changed to move the examination titegaforward from a practical
point of view. Before leaving the established ipdrbased’ approach to one side, it
is essential to understand the required needs lamaxtent of ‘non period’ based
timetabling. The period based nature of the probleeds to be investigated to
establish a model where examinations can be sob@diiring any part of the defined
day. This issue is related to recent work withpees to a redefinition of the nurse
scheduling problem [49] where metaheuristic techesywhich have been used to
manage this time interval coverage have producedb#st results so far on the
presented data. Due to the similarity of the nursstering and examination
timetabling problems it is considered appropriateattthese techniques are
investigated. The concept of ‘time interval’ wastr@duced, where instead of
formulating the staff requirements as the numbeparsonnel needed per shift type
for each day of the planning period, time intervatiuirements allowed for the
representation of the personnel requirements peindi@rms of start and end times of
personnel attendance. As with the nurse schedebagnple, an updated formulation
would enable the provision of a greater numberiragtslots and would reduce the
amount of unproductive time currently in existence.

It is clear that institutions involved in the prgseof carrying out the initial stage of
the institutional modelling process often do samdilly. That is to say, they base the



timetable on new data but attempt to superimpoisecth existing models of how the
examination sessions should progress. For exangiegexisting model for a
particular institution may be a certain number efipds over a designated time
period with a certain number of rooms. This, int@rleast, is related to inadequate
methods which allow users to understand how salstiare being created. For
example, space considerations are often an aftegtitowith the primary aim being
the actual creation of a timetable. No help is raféal to the users in directing them
towards a solution which is ‘right’ for the Institon. Before going on to the
important issue of solution modelling in the negttion it is important to note that
the investigation of similarity of data to previodatasets from the same or indeed
other institutions is important if efficient andfedtive models are to be found.
Continuing on from recent work [21,22] on similgriimeasurements between
datasets, novel techniques need to be investigtedstablish how changes in
individual data sets from year to year affect théure of the examination set up and
ultimately the algorithmic methods applied.

21.2  Solution Modelling

Solution modelling is concerned with the construetof a solution in terms of what
is deemed important to the institution. Currenttile majority of the work in
evaluating a solution is based on the productionadfingle solution from each
execution of the algorithm whose value is measimgé single objective weighted
sum of soft constraints. There are some excepttumsgh, for example, in paper [9],
the quality of a constructed timetable is considéneterms of the average penalty per
student and the highest penalty imposed on anysardent. Although research has
been carried out in modelling the problem as a irgulieria/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 useeling ‘frozen’ out of the solution
construction phase and gives the impression tligigtthe best solution based on the
constraint set up process. Of course, this istttcase with many solutions being
possible which ‘best’ fit the constraints set upgfete et al [19] carried out work in
which individual constraints were given preferematesarious stages of the process.
This is similar to how the process of solution daungtion is carried out in a number
of institutions with, for example, the effectivesasf a solution being measured as the
‘number of students with two examinations in a daly’is clear that the user requires
a number of solutions to be presented with theedifices explained intuitively, thus
allowing the user to decide on what solution is thest’ to meet the institutions
needs. Itis suggested here that this could biewsth by a combination of techniques
incorporating pareto optimization and fuzzy teclueis) e.g. the user chooses the
characteristics of the solutions they would likesge from a number of fuzzy sets.
This could possibly be translated into a choicecfiam for discriminating between
the non dominated pareto solutions generated byudti mbjective algorithmic
technique. It is stressed that this is only onssjiide approach which could be used to
address this important issue. More work is requoadchow the quality of solutions



are measured. The challenge for researchers igrtwision of a solution where the
user understands the trade offs between the ofigbjectives.

Once a solution is being generated, it is normdidaee a construction phase followed
be an improvement phase. In both cases there hes imany heuristic techniques
applied (see [11]). Recent work has shown proinigelation to using a combination
of heuristics in relation to the initial construarti [20]. Results on the benchmark
datasets have got increasingly better over thesyaarmore and more metaheuristic
techniques have been applied and domain specibavledge has been increasingly
incorporated into the approaches [10, 1l]. Ondaisin of this approach is that the
developed techniques have become specialisedatiarlto the benchmark datasets
at the possible cost of generality i.e. techniquiéch can produce ‘good’ results
when applied across a wide range of other realdvarénarios. Recently, in terms of
metaheuristics, it has been shown that changing¢ighborhood structure has been
effective. It is felt that Hyperheuristics apprbdbeuristics to choose heuristics) [56]
undoubtedly offers promise as this methodology aselol on raising the level of
generality by aiming to automatically apply the reat heuristic or metaheuristic at
the correct stage of the problem be that in thesitaotion or indeed the improvement
phase. Currently, Optime enables the timetabliggrdhm to be varied depending on
the user algorithmic modelling process. These ofasiens are the result of a close
working relationship with five principal users inet UK and they currently represent
the basis of further research [13]. Currently #t@mbinations of algorithmic
structures available are Saturation degree (HauN&tthod) [25], Adaptive [26] and
Great Deluge during an additional improvement cy2i§. The algorithm set up thus
enables the user to have control over the time tspenvarious aspects of its
operation. This is a first step in involving theeust a higher level of the algorithmic
modelling of the problem and is in response to tieservation that various
algorithmic set ups perform better on differentadats. It is important to understand
why various metaheuristic and combination of metigisécs work better in particular
situations. One challenge to the research commisitherefore to explore how new
search methodologies can underpin the developménnhare widely applicable
timetabling systems. Indeed this is one of the nmaitivating factors for the current
level of interest in hyperheuristic research [74,75

3 Coursetimetabling

The University course scheduling problem is conedrmwith groups or classes of
students following a particular defined pathwayourse which has associated events
that require the allocation of time and resourdescent definitions of the course
timetabling problem can be found in [12,29]. Astwihe university examination
problem, a solution requires a number of hard aftl @onstraints to be satisfied.
Similarly, the central production and coordinatimfithe course timetable is essential
as more modules and associated events have tmbtaliled in such a manner as to,
firstly, offer students maximum flexibility of choé, secondly, to provide flexibility
for staff and, thirdly, to ensure that teachingcgpés used effectively. Universities,



struggling with rising student numbers, have insiegly relied upon the automation
of this task to produce efficient timetables whgaiisfy these constraints [11]. Much
of the software assistance that is currently akelés either a commercial product or
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 precé&®o a room booking exercise
[33,34. Therefore, the construction of a solution iseaftcategorised by finding any
timetable that satisfies all of the constraints|][FE2om 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 incuenib university administrators. The
reasons for this are diverse and complicated. ®sigeiis that as too much assumed
and incomplete knowledge surround the entire pweesl their exists many staff,
with differing view points involved. The data reopd 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 onevhand where teaching should take
place within a predominantly ‘territorialism’ cutei[34]. These issues will be further
explored in the remainder of the paper with chgléanpresented as to how this area
can be moved forward from a research point of vietvis important to note that,
within the majority of universities which use autated systems, the process of the
production of a workable timetable remains firmljthwa combination of lecturing
and administrative staff rather than the sole dst@® automated component. Recent
years have seen significant research efforts todugpthis situation. The following
papers represent a small selection of these catitrits [16,29,31,33,34,35,41,42,45].
Carter [42] stressed the importance of taking tdasideration and dealing with the
human factors associated with the process of amtsig an institutional wide
timetable. However, when dealing with the issueairse timetabling, it is often the
case that many of the papers ignore the humanrfaatbtogether, choosing to deal
with ‘sculpted’ data sets in order to evaluate ipalar techniques and approaches.
Some real world aspects have been discussed lite¢reure but these tend to be in
conference abstracts (as a small selection, se®3#3,66,67]) rather than full
papers. If one of the strategic goals of timetapl@search over the next few years is
to close the gap between theory and practice thesetissues have to gain more
prominence in the mainstream literature.

Although many advancements have been made wittecesp the development of
search techniques on bench mark data sets [29,38,88], there is not much
evidence that the work has been translated intaahétmplementations 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 (researchhaodst have been implemented and
used in an institution”. Although this was repdregmost a decade ago, the situation
largely remains unchanged. They go on to say tiet éxpected to see a number of
implementations in the near future. Once agairotafiately this has largely not
been the case.

In relation to this area in general, it is suggédtere that, there has been insufficient
investigation of real world issues and therefordarstanding of the methodologies



used by expert timetablers. More work needs toarged out on the formulation and
modeling of the problem. This latter issue is maitrly challenging because different
institutions must satisfy a range of different dosisits in generating an institution-
wide timetable [35, 31] which means that a gengralplicable solution to this
complex problem is extremely difficult. Given themplexities of real world course
scheduling, many researchers have developed apm®aehich rely on various
simplifying assumptions in modelling the problemhM it can be argued that this is
valid as an initial research test bed, which haslted in useful and powerful search
techniques, such an approach needs to be suppledignimethods which address the
true complexities of the problem that must appeaeal world applications. By way
of illustrating this point, recent work carriedtoan practical course timetabling by
the Metahueuristic network [36] used generatedsedsa 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 humber of soft and hard
congtraints in real data (and the differences between them at different institutions)
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, the riespion is often that benchmark
course timetabling datasets [36,57] are seen aswidaith can be used in addition to
examination data sets to prove that certain se@aimiques are of benefit. Although
successful in this regard the gap between resemwiniques and the software
required for actual implementations is much widwarnt that seen with examination
timetabling. Whereas this paper has spent theingesections detailing challenges
which will help narrow the gap in relation to examaion timetabling, the rest of the
paper will concentrate on describing course schiegidtom a practical point of view

with the hope of identifying what is required if relevant and comprehensive
formulation of the problem is to be reached. Ifalt that this view of the course
timetabling problem will better serve the purpodemaking timetabling research
more relevant to real world practice. It is strelsgwt the contribution of timetabling
research must address more wide ranging issueghbanning of algorithms to work

well on particular datasets. Rather, the modeligsyies related to the complexity of
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 tins ia 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 variant of the
related examination timetabling problem [12]. Indéteis the author’s impression that
many pieces of research default to talking aboatrémation timetabling when they
are talking about university timetabling in generdthough some of these issues are
further described in subsequent sections of thempriwas felt worthwhile to draw
out the major differences between the two typesnoétabling at this early stage in
the discussion. The reported difference is oftengtdition or removal of particular
constraints e.g. more than one event cannot taeeph the same room and lectures
should be avoided in the last period of the day.[#illaddition, the term ‘best spread’
of events has an entirely different meaning.

A major difference with the examination timetablipgocess is the environment in
which the construction process is carried out. sTh a dynamic, multi-user

distributed environment with various cohorts of @zls and departments who often
operate quite autonomously. Although issues iati to this have been studied, for
example [64,69,70,71], much more work is required umderstanding the issues
involved and the interplay between user interacéod managing the information

with the goal of producing a workable solution d@hel extent to which techniques can
be used in an automated process. These issuebendiscussed further at various
places under the heading of ‘building the instdo&l model'.

Another difference that is often overlooked is, wish the examination problem,
course timetabling does not take place at the neodulcourse level. The following
presents a discussion on the effects of this. @endihe module ‘Introduction to
Computer Science’ with associated module numbelIC8I101. The associated
examination for the module will normally take plaaethe end of the semester in
which the module is given and will be timetabled ttne rules employed by the
institutional examination officer which are genérathose governing the body of
research which has taken place over the last demasie. Therefore, in this case the
‘gap’ which exists between what is required by thstitution and the techniques
researched from an academic sense, is small. Timsecdéimetabling issues with the
module 110CSC101 are more complicated. The mazhuriebe broken into a series of
events which require timetabling e.g. lectures, inars, tutorials, practical classes
and laboratory classes. A subset or indeed altheke ‘event types’ require
timetabling in a manner which provide the groupstiidents 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 types
associated with each of the modules that constitiiée overall pathway they are
enrolled on e.g. year one of BSc in Computer Seaergecondly a ‘good’ solution is
one which satisfies the soft constraints as defingdhe institution e.g. Lectures
should be in the morning in a particular time oomo It is clear that these soft
constraints require a higher investigation as tbag vary from one institution to
another and indeed from one event type to anotbBkmbing to the same module.
Furthermore, in setting up the problem, these evdrdve different individual



requirements, ordering and constraints. The fdlgwsection outlines some of the
associated issues.

The simplest example is that particular event tygresusually associated with certain
types of space e.g. a computer laboratory classt make place in a computer
laboratory. Also, lecture events represent theremroup of students on the module
whereas the other event types represent subgreusisidents are divided into smaller
groups for different types of study. This issueseént subdivision is further explored
in the following section. From an ordering perspextit is often the case that
particular orders of events over a defined timeigoee.g. a week, are defined to
achieve the desired combination of teaching anthileg skills. It is also often the
case that particular events are related to eacér dthrelation 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 hierarchy
with the event types e.g. lectures are timetabkea ariority in the first instance to
ensure that the entire group can be brought togethteis often the case that this
situation means that lectures will be timetablest fivith all other events timetabled
after week one of the semester. Of course, therenany variations of this related to
when the timetable is produced in relation to sttidgrolment i.e. pre enrolment or
indeed post enrolment. Event types may also hapargicular life span associated
with them throughout the semester. Whereas tharke@vent may run in a particular
format throughout the entire semester, other evgmes may begin and end in
particular weeks. In addition they may have ameissed pattern which is individual
to the event type e.g. lectures may run twice akvieel2 weeks whereas lab classes
may begin in week three and run for a three hotaradon slot every two weeks for
six weeks. Currently, research does not take thessiderations into account when
either defining the problem or applying technigteselp solve the problem. This
has been detrimental to the overall practical arghhas meant researchers, in many
cases, have been working on oversimplified problems

Course scheduling, much more than examination &hiiey, must be seen in the
wider context of the use and availability of instiibnal space either existing or in the
planning stage. This linkage allows measured angraved utilisation while
identifying the needs for particular types of spaoss the Institution. The
Company aims to model how increases in course alglivthrough effective
timetabling, can affect the overall nature andcttre of the campus. Ultimately, this
would allow for strategic decisions to be takerrefation to room types, sizes and
guantities across all space types within the lugtibh. The course timetabling system
is therefore a fundamental part of the strategicnmating systems within the
institution.

Another major difference with the examination tiat#ing problem is not only
related to differences in the nature of the infaioraand constraints but in the style
in which the solution is constructed. Overwhelntyngn all consultancy and
implementation undertaken to date within the Congpaime timetable is constructed
prior to student enrolment and therefore optimisedprojected student numbers
taking particular combinations of modules. In mamages the goal of optimisation is



sacrificed for the sake of getting a solution whishworkable. Student clashing is
related to defined course structures as opposétetexamination counterpart which
is based purely on student enrolment to assessmesmts. Regarding soft
constraints, the emphasis is on the ability to roffe many options as possible as
opposed to best spread across a particular exdaomnaession. Administrators
employ heuristics that suggest what modules shbaldnade available to particular
courses and which ones should not. Indeed, tfisgnmation can often be inferred
from the previous year’s data or obtained direftthyn members of particular schools.
Because the timetable is constructed pre enrolmeetficiencies occur which are
allowed to ripple throughout the rest of the yeAfter the initial construction,
potentially the solution could be reshuffled oréed amended based on a different
measure of optimisation. This option is not prelgefatvoured by institutions due to
the disruption that would be caused. There arengbeu of reasons for timetabling pre
enrolment; if it were left entirely to student cbeithere is no guarantee that a feasible
timetable could be constructed and secondly, mack raore emphasis on opening
access to universities dictates that students iy lives need to know timetables
before choosing optional parts of the course. Mamyersities use a phased approach
which is a combination between pre and post ennoimélore work is required to
understand the issues involved and where, what reovd search techniques and
indeed what measures of optimisation can be used.

It is clear that the improvement of solutions witime about through the combination
of high level heuristics and optimisation technisjudhe research challenge is
therefore identified as the requirement for dethdtudies of how the aims, objectives
and practicalities of timetabling within institutis interlink.

32 Building the Institutional M odel

As with examination timetabling, the timetable dpustion process can be broken
down into a series of information and solution modesteps. Even more so than
with the examination problem, this process is cocaped. As stated, this is related to
the number of interested parties and diversityhefdata requirements. Attempts have
been made to provide a general framework to agl shuation. For example, work
has been carried out proposing a generic architeétu the production of a timetable
by examining the full range of procedures and Smoeaiated characteristics [64]. Also
in [65], a framework was presented allowing theeagsher to combine many
different solution methods in arbitrary ways in gwution of a single problem. Such
contributions have provided an important platforponi which we can build. A more
complete description to enable understanding ofspfexific needs of the modelling
process is required. The following impacts on mber of key issues.

In the case of course timetabling, information niiig can be broken into data,
constraint and course structure modelling with sofumodelling being dominated by
factors related to optimisation and evaluation.théligh 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 the



gap between theory and practice is to be closedmémy respects, the key to
narrowing this gap in relation to course schedulsgelated to the modelling of the
entire problem, thus identifying where and whethi& process search techniques may
be of use.

3.21 Information Modelling

In terms of information modeling, the main diffeces with examination timetabling
is the much more incomplete nature of the dataireonents [45,64] which are much
more substantial. Data is required on events, eostrictures, the estate and the
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 tpasition where this information is
difficult to obtain. This situation inevitably leadto significant changes in the
timetable formulation at the beginning of the pdrin which it is required. Work has
been carried out on ensuring a changed solutiarose as possible to the initially
modeled solution after changes in the originalrdiéin. For example see [45].

In many instances, expert timetablers have death Wie initial construction by
adopting a series of high level heuristics. Fornepie some institutions use a
centralised approach initially, timetable a peragst of the required events in a
percentage of the available centrally ‘owned’ rodmss allowing individual schools /
departments to ill 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 whict {he author’'s knowledge) have been
reported in the literature. In general, these eetatspace usage and decomposition
within both the information and solution modellipgpcess. This emphasises the fact
that an important challenge for the research coniyus therefore to review real
applications of course scheduling techniques aftsvace with the aim of identifying
the major themes which will facilitate the constroie of robust initial solutions. High
level heuristics need to be identified, analysed amdeled in terms of constraints
and evaluation. In general these usually relatsttolent and staff preference and
space usage.

3.22  Course Structure Modelling

Modelling the course structure is a difficult amdpiortant aspect of the information
modelling process. This aspect is completely uessary in the examination

counterpart. Course timetabling raises a varietyisefies relating to when staff /
rooms are available and what events should be dlsted with which others. The

later of these issues becomes more difficult wlasndiscussed earlier, it is dictated
that a timetable must be ready before student eena. The research challenge is
therefore in identifying easy intuitive ways of repenting constraints. Attempts have
been made to specify a standard timetabling datendo that is complete and

universally applicable [51,52,68]. This work neddsbe extended and made more
readily available to enable users to identify anoldel constraints thus allowing the
interface between users and researchers to beosttee defined.



Another important issue is the division of studeaitending a lecture into sub events
such as tutorial classes. In examining this in iletanumber of key issues are
explored. Consider the case involving the sepamatif students enrolled on a
particular course into tutorial classes. Considdsp, a lecture event which has
students. If the preferred size of tutorialsyjshen it is trivial to calculate that x/y
tutorial slots are required. The interesting recleassue considered het@mwever is

in what way to split thex students into groups while ensuring that maximum
flexibility is introduced into the timetable i.e.hat are the best combinations of
students to be timetabled in which slots. In addithis must be done in a manner to
allow room usage to be maximized while ensuringt thtudents are allocated
throughout the week with cognisance taken of tegisting commitments on events
related to other courses. This is often done mnba allowing students to self-
select particular slots from a set of mstablished time slots. In the course
timetabling literature, the majority of influentiaWork on course sectioning
(sometimes termed ‘splitting”) has concentrated tometabling courses, where
lectures, tutorials and laboratories etc. are matirdjuished between each other [42,
37,31,39,62]. Apart from a few notable exceptipf, courses or groups of students
are subdivided into groupings for the purpose &rafg student choice as opposed to
reflecting the structure of events which constittite structure of the course. The
objective is normally related to balancing the stfethe groups while offering
students maximum choice, this enabling them tolearotheir choice of modules.

Within the UK in particular, universities subdividgudents in line with course
structures. The main problem with this currentwittin of course splitting is that sub
events do not inherit parental clashing constrab®§, apart from where a lecture
event is subdivided. There are also some work galiith students sectioning
problems dated back to 80s [39, 43]. Once agais vibrk 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 in
large classes into groups which may later leadht fewest possible conflicts in
timetables. Beyrouthygt al [59] considered the problem of splitting in refatito
space objectives by investigating splitting of cms of same type event into sub
events of that type for the purpose of fitting ip@rticular room profiles. During the
years little has been done on partitioning the esttsl into actual sub events as
dictated by the course structure. In [40], metaristics are proposed to address the
Availability-based Laboratory/Tutorial Timetablirgroblem (ALTP). This offers a
very promising platform for further exploration égnthe automatic constructing of
timetables while providing a solution which assigitadents to the ‘best’ timeslot
based on a defined week range. In should be rtbtgdn doing so, it is important
that the needs of all parties need to be addre$$esiraises the interesting concept of
how an attained solution should be measured. Wheduging a course timetable
within an institution, it is important that the table produced is seen to be fair and
equitable to all interested parties. The challetftgeesearch is investigation of these
and other information modelling issues. This wi# further discussed in the next
section.



Another aspect of course structure modelling isateel to the timetabling of
associated events together. It is important to idethe ability to link particular
events under the notion of course structure anddidh them as a ‘package’. This
concept is similar to kemp chains in examinationetiabling [46]. This macro event
scheduling process will allow the basic buildinggdis of the course timetabling
problem to be sustained throughout the process djmproach has the advantage of
reflecting organisational and course make up. addition it may be possible to
decide which events / courses have similarities ead be linked together when
timetabling based on individual of indeed groupscbéracteristics. For example,
pathways within a particular school could be tirbétd together at the same time
using the same departmental space. This mimicsdhstruction process already in
existence within an institution where the overatidtable is broken into a number of
sub units which are timetabled at a particular tinyea particular person. This
subdivision or decomposition of the timetablingaschallenging research aspect
which needs further investigation. Macro eventy ina based on a combination of
course structure and clusters. Academic timetabddlems tend to show signs of
clustering related to the organisational structéia. instance modules from a School
of Mathematics will clash with other modules fronat school. Further to that those
modules will tend to clash with other science satgisuch as physics and chemistry.
What is required is a way of splitting such probdemto smaller sub-problems in
such a way that any crossover between events fiereift sub-problems 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. The
measurement of optimisation itself is quite diffdar&éom the measure needed for the
examination problem. There is sometimes a viethénresearch community that it is
possible to define the course timetabling problensimply altering the optimisation
function used within the examination timetablinglpiem. However, this formulation
does not define how institutions view the qualiteasure of a particular course
timetabling solution. Institutions are interestedh combination of room usage, staff
and student satisfaction. The first of these issneable by multiplying occupancy
by frequency e.g. how many students use a room diften. The measurement of
utilisation is an average of multiplication of opancy and frequency over a set 40
hour week. Staff satisfaction is measured by thergxo which teaching duties can
be ‘bunched’ together leaving time for research atigkr 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 identified
and minimised per member of staff. This is termedehas the ‘share bad hours’
heuristic and is an example of a new soft consttaitbe considered when optimising
the construction and improvement of an institutiocaurse timetable. Student
satisfaction can be measured by the spread of €t the availability of choice
within a particular course structure. As alreadyntismed, ‘best spread’ has quite a
different meaning in this context. A number of athesues are relevant to the overall



construction problem but not the optimisation pemble.g. staff satisfaction can
further be measured by the ease at which informasigathered from them.

As previously stated, in many cases optimisatiosaixificed for the sake of getting a
solution which is workable e.g. the definition ofgnod’ solution is driven by the
need to have any solution based on a subset ofdhel event types which are
required [47]. This has the effect of meaning thdéasible solution is judged at an
early stage in the construction process as opptsethswering the question as to
whether or not the solution is actually workablg.ecan all additional events not
timetabled be accommodated after student enrolmafiiten students arrive and
populate the skeleton structure of the timetabdéyt®ns to individual problems of
over subscription are obtained through negotiatind compromise. The overriding
factor which makes the entire process workabléésfact that currently universities
utiise on average about 30 percent of their speffectively [61,63]. One
explanation for this is that space utilisationdsvlbecause 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 ragbhhiin both student and staff
surveys [38]. Further evidence of the inflexiblguma of the course timetable is the
fact that universities are not able to accommodaiee students easily or indeed plan
new or change existing course delivery. The atghgew is very much like that of
Carter [42] e.g. More work needs to be completeditderstand the relationship
between space usage, staff flexibility and studéoice. It is therefore essential that
metrics are produced to measure the effectiverfadgmetables from all perspectives.

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

4  Conclusion

This paper outlines the major challenges which those researchers working in the
area of university exam and course timetabling. il8Vhot trying to exhaustively
reference the literature, detail is provided of tekevant research in both areas. The
challenges are presents from the perspective of ahthor's experience and



experience of working closely with the educatiosalctor. The intention is to
stimulate debate in the literature by providing nipn based on practical
implementations. The aim is the improvement ofitégues and hence software tools
available to the sector to help with this mostidifft and time consuming aspect of
university administration.

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

(i) New datasets becoming available on a reguémisbencompassing more real
world requirements.

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

(iii) Investigation of a reformulation of the praph, including new hard and soft
constraints which better reflect the real worldiemvment.

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

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

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

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

(viii) Wide ranging Investigation of different néigouhood structures and fithess
landscape within the context of real world problemiving 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 amdeting languages influenced by
real world scenarios.

(i) Investigation of the role in user interaction the design of decision support
system for course timetabling.



(iv) Investigation of the need for the reformulatiand modeling of the problem. It
should be need that this represents a far grehtdleage within the context of
course timetabling than it does for examinatioretabling.

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

(vi) Experimentation related to heuristic approacteesubdivision 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-objectivéuna 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 decompori and ‘macro event’
timetabling.

In summary, this paper has outlined a number ofiifiggnt research challenges

which provide a rich area for research into autethatearch methodologies for

educational timetabling. Moreover, by addressings¢hdemanding research issues,
the scientific community will be taking a step tods closing the gap between theory
and practice which has existed for so long.
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