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Abstra
tUniversity Timetabling is about 
oordinating the a
tivities of tea
hers and stu-dents to provide a servi
e.It is important to maximise the use of s
ar
e resour
es, rooms and tea
hers'time, while not asking too mu
h from the individuals involved.Timetables for the Computer S
ien
e department are 
urrently worked outby hand. This requires 
onsiderable experien
e and takes up a lot of time.This proje
t is about using Constraint-Based programming te
hniques togenerate timetables for the department automati
ally.Proje
t su

ess is measured by the produ
tion software whi
h 
an generatevalid timetables. This provides a foundation for future work to add additionalfun
tionality.Timetable drawn up at the department-level in UCC are impa
ted by manyfa
tors beyond the 
ontrol of an individual department. Su
h as room avail-ability and modules provided by other departments. These remove many of thespe
i�
 timetabling de
isions from the s
ope of this proje
t.One aspe
t of the OPL Studio 3.7 pa
kage whi
h is not optimised is dataentry. A relatively large amount of mutable data needs to be passed to thattool. A separate optimisation problem to be solved is to minimise the amountof keying inolved in entering that data.
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Chapter 1Introdu
tionThanks to all those who have helped me in resear
hing the problem and 
om-piling this report. Parti
ularly Leslie Brooks, who has the thankless task ofdrawing up timetables for the Computer S
ien
e department.MotivationModule CS5202, Constraint-Based Programming, is a required module forthe MS
 Intelligent Systems for Business and Manufa
turing. This modulerequires use of the OPL Studio version 3.7 produ
t.This proje
t CS5001 proposal also requires the use of OPL Studio, to auto-mate the generation of university timetables. Combining this proje
t with theCS5202 module seemed like a good idea at the time.In this proje
t it is a given that OPL Studio 3.7 will be used to try to solvethe problem. Part of the purpose of the proje
t is to determine how pra
ti
alan approa
h this is.This report is intended to be of use to students starting future iterationsof the MS
 Intelligent Systems for Business and Manufa
turing. The softwaredeveloped and lessons learned in the 
ourse of this proje
t 
ould aid furtherresear
h in this area.1.1 Problem Spe
i�
ationBuild a tool, based on the OPL Studio 3.7 produ
t, whi
h 
an generate timeta-bles for the Computer S
ien
e department of UCC.1.1.1 General Timetabling IssuesAny set of a
tivities involving the shared use of s
ar
e resour
es needs a s
hedule.An optimum s
hedule is one whi
h makes the best, or most e�
ient, use of thes
ar
e resour
es.Any university timetable must take into a

ount the availability of variousresour
es:
• Le
turers
• Rooms
• Students 1



Paul Ahern 87227070 CHAPTER 1. INTRODUCTIONThe standard physi
al 
onstraints must be respe
ted:
• No le
turer 
an tea
h more than one 
lass at a time.
• No room 
an a

ommodate more than one 
lass at a time.
• No student 
an attend more than one 
lass at a time.Ea
h resour
e has attributes or 
apa
ities whi
h need to be respe
ted:
• Module Taught (for le
turers)
• Size (for rooms)
• Course Taken (for students)Unless a new institution or department is being 
reated timetables are not
reated from s
rat
h. More 
ommon is the need to modify an existing timetable.The amended timetable should take new or 
hanged 
onstraints into a

ountwhile minimising the disruption.1.1.2 Timetabling at UCCThe timetable evolves over the years. If the 
urri
ulum doesn't 
hange then thetimetable remains the same. The departments do not own or 
ontrol most ofthe rooms used for le
tures. These have to be allo
ated by the Room Bookingse
tion.Departments draw up their own timetables, but their 
ourses often in
ludemodules provided by other departments. The timing of the 
lasses for su
hmodules is agreed at a fa
ulty level. From the departmental timetable point ofview, their position is �xed.

2
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Figure 1.1: Sample Manual Timetable1.2 GoalsIn addition to analysing the problem and modelling it in OPL Studio 3.7 thereare some software engineering requirements:1. A human-readable data stru
ture to hold the spe
i�
 timetabling require-ments of the department in su
h a way as to minimise the amount of dataentry keying.2. An appli
ation to translate this data into a form whi
h OPL Studio 3.7
an pro
ess.3. An appli
ation whi
h 
an display the timetables generated by OPL Studio3.7 in a more human-readable form.
3



Paul Ahern 87227070 CHAPTER 1. INTRODUCTION1.3 Do
ument OutlineThis do
ument has the following stru
ture:Introdu
tion This introdu
tory se
tion.Ba
kground Terminology used, literature review, des
riptions of the te
hnolo-gies and methodologies used in the proje
t.Details Analysis of the problem, Design and Implementation of the Tool.Con
lusion What has been a
hieved in the 
ourse of this proje
t.Appendi
es Supporting te
hni
al do
umentation, sample data as well as aGlossary and Bibliography.

4



Chapter 2Ba
kground2.1 Nomen
latureThis report uses the following terms to de�ne the stru
ture and requirementsof the timetable:Class Individual timetable entry. A meeting of a group of students and ale
turer in a room at a spe
i�
 time.FixedClass Timetable entry whi
h 
annot be 
hanged (e.g. a Class suppliedby another department).KnownClass Timetable entry whi
h 
an be 
hanged, if ne
essary to �nd anoverall solution.Module Set of Classes about a subje
t.Course Set of Modules attended by a group of students.CourseGroup Set of 
ourses whi
h are available to students enrolled for aspe
i�
 year.Room Venue for Classes.Le
turer Tea
her of Classes.2.2 Literature ReviewA review of the literature on generating timetables reveals earlier attempts touse the 
onstraint-based approa
h, notably [Azevedo94℄, [Gueret96℄ and themore re
ent [Gavanelli06℄.Seeing the approa
hes adopted in these 
ases is useful as examples of howtimetabling requirements may be expressed as 
onstraints. However, the timetablingrequirements of ea
h university are radi
ally di�erent in their details. Ea
h in-stitution deals with even the 
ommon timetabling issues in di�erent ways.For instan
e:
• Fa
ulties at the New University of Lisbon 
ontrol their own 
lassroomsand their 
lasses 
an be of varying lengths [Azevedo94℄.5
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• Timetables at Institute of Applies Mathemati
s in Fran
e use the quarterof an hour as their unit of time, give the students a break of one timeunit between 
lasses. While the full group attends le
tures half- or onethird-groups attend pra
ti
al 
lasses (some of whi
h are given by students)[Gueret96℄.
• Students from di�erent years 
an attend the same 
lasses at Ferrara Uni-versity. Too many optional 
ourses are o�ered for all possible variationsto be a

ommodated within a timetable, so �xed patterns of availablehours are used and ea
h 
ourse assigned to one of these sets of hours[Gavanelli06℄.This makes it di�
ult to dire
tly apply the lessons of these earlier attempts inthe 
urrent proje
t. It is worth noting that the pe
uliarities of ea
h institution'sapproa
h to timetabling drive the shape of the solution adopted.2.3 Problem RequirementsThe normal, physi
al 
onstraint, timetabling requirements apply:
• No room should have two 
lasses s
heduled at the same time.
• No le
turer should have two 
lasses s
heduled at the same time.
• No group of students should have two 
lasses s
heduled at the same time.University College Cork has some spe
i�
 stru
tural requirements:
• Le
tures begin on the hour from 09:00 to 17:00, Monday to Friday, withno sla
k time between them.
• Departments do not 
ontrol their own rooms and le
ture venues must berequested from Room Booking.Additionally, for the Computer S
ien
e Department at UCC has further require-ments:
• Some 
ourses in
lude modules provided by other departments. Theirs
heduling is �xed from the Computer S
ien
e department's perspe
tive.
• Le
turers should tea
h modules for whi
h they have expressed a preferen
e,with priority given to higher expressed preferen
es.2.4 Constraint-Based ProgrammingComputer programs in traditional, imperative, 
omputer languages su
h asCOBOL and Java 
onsist of data stru
tures and instru
tions. The instru
-tions tell the 
omputer what to do and the data stru
tures provide spa
e tohold the information that the program pro
esses.For example, here is a Java program to work out all even numbers betweenone and ten: 6



Paul Ahern 87227070 CHAPTER 2. BACKGROUNDfor (int i = 1; i < 11; i++) //Assign variable i the values from 1 to 10if (i % 2 == 0) //If i is evenly divisible by 2System.out.println(i); //Write out value in iThe approa
h of Constraint-Based programming is very di�erent.A set of variables is de�ned and restri
tions are pla
ed on the values whi
hthey 
an assume. The 
omputer then tries to determine values whi
h are allowedby with these restri
tions.Here is an equivalent example of �nding even numbers, this time in OPL:range ValidRange 1..10;var ValidRange i; //De
lare variablesolve { //Find all valid values of ii mod 2 = 0; //The 
ontents of i is evenly divisible by 2};display i; //Write out the values in iThe 
onstraint-based programming approa
h involves spe
ifying a problem interms of ranges of values whi
h are allowed or are forbidden in valid solutions.The OPL Studio produ
t then sear
hes using general or spe
i�
 algorithms forsolutions whi
h meet these 
onstraints.Note The term variable means di�erent things in imperative and 
onstraint-based programming. In imperative programming a variable is simply adata-stru
ture in the 
omputer's memory where a program 
an store data.In 
onstraint-based programming the variables are those data-stru
tureswhose values are being sear
hed for. Constraint-based programs will also
ontain data-stru
tures of the more traditional kind.2.4.1 Modelling problem using ConstraintsCompetition between Courses for shared resour
es makes it ne
essary that allthe timetables for the department be 
al
ulated together. A single OPL modelis used to try to �nd values in the following variables for ea
h Class:
• Start time
• Room
• Le
turerThe values assigned to these variables make up the timetable solution.These variables, together with the 
onstraints and supporting data make upthe OPL model whi
h is solved by OPL Studio 3.7 to 
reate a timetable for thedepartment.The 
onstraints in
lude:
• Preventing the s
heduling of two Classes in the same room at the sametime
• Ensure that the assigned Le
turer is quali�ed to tea
h the Module whi
hthe Class is a part of.
• Ensure that the same Le
turer tea
hes all the Classes for a single Module.7



Chapter 3Details3.1 Design3.1.1 Current Pro
essDepartmental timetables are drawn up manually. This takes a lot of skill and alot of time.The problem is over-
onstrained. There are more 
ompeting requirementsthan there are hours available in the timetables to satisfy them all.An element of intuition is required to �nalise ea
h year's timetables.3.1.1.1 Annual Steps in drawing up TimetablesFeb-Mar Start 
olle
ting information for modules to be taught in the followingyear. E.g. new 
ourses to be added to existing stru
ture; Who is availableto tea
h them; Likely 
lass sizes (needed for room booking).Apr Availability of rooms determines the timetable. Rooms booked for a
a-demi
 year; Bookings rolled forward to following year.End of July Room Bookings ��nalised� (though rooms 
an still be taken away).Jul-Aug Final spreadsheet of room allo
ations issued. Timetable now more orless stable.3.1.1.2 Compli
ating Fa
tors
• Some 
lasses, whi
h are provided by Computer S
ien
e to students of otherdepartments, have their timetables set at the fa
ulty level (e.g. Classesfor Mathemati
al S
ien
e or Chemi
al S
ien
e).
• Joint Honours 
ourses are on the timetables of two departments (e.g. CShave joint honours 
ourses with Business and Finan
e streams. Timetablesof ea
h department need to avoid 
lashes with the other.
• Pra
ti
als have to be timetabled around le
tures. Sometimes the Roomsavailable are not big enough for entire 
lasses so the is 
lass split intoseveral groups. 8
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• Pra
ti
als may be run by Students from other years. This introdu
esinter-year dependen
ies.3.1.2 Simplifying AssumptionsThis proje
t is undertaken as part of a taught MS
 
ourse. There is only a verylimited amount of time available. In order to produ
e a working tool, varioussimplifying assumptions are made:
• Departments at UCC do not 
ontrol their own rooms. For the purposesof this proje
t it will be assumed that a known set of rooms is availableto the Computer S
ien
e Department for the entire a
ademi
 year.
• It is assumed that 
omplete 
onsistent data 
an be provided to allow OPLStudio 3.7 to 
al
ulate valid solutions, if any, to the timetabling questionsposed. For instan
e, there must be a Le
turer available for every Moduleor rather at least one Le
turer must have expressed a preferen
e for ea
hModule.
• The timetabling of pra
ti
als is ex
luded from the model.One of the goals of this proje
t is to produ
e a system whi
h 
an a
t as afoundation for the development of more sophisti
ated tools and models in futureyears, whi
h 
an take these 
ompli
ations into a

ount.3.1.3 ModelIt seems natural to express the requirements of a University Timetable as 
on-straints.DefinitionsLet C be the set of 
lasses making up the timetables of the department.Let R be the set of rooms whi
h are available to the department in whi
h
lasses 
an be held.Let L be the set of le
turers available to tea
h 
lasses.Ea
h s
heduled 
lass c ∈ C will have a timetable entry 
onsisting of:
• Start time c.s ∈ {0 . . . 44}, an hour in the working week.
• Room where the 
lass is held c.r ∈ R, and
• Le
turer tea
hing the 
lass c.l ∈ L.These are the variables for whi
h valid 
ombinations of entries are sear
hed.The stru
ture of the 
ourses taught is 
aptured in the model by grouping
lasses together into Modules, M , and CourseGroups, C. A CourseGroup isa set of Modules or Classes whi
h must 
oexist on a single timetable withoutoverlaps.Constraints
• No two Classes in a CourseGroup 
an begin at the same time: ∀c, c′ ∈

C, s ∈ {0 . . . 44} : c.s 6= c′.s. 9
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• The same Le
turer tea
hes all the Classes in a Module: ∀c, c′ ∈ m, m ∈

M, l ∈ L : c.l = c′.l.The model must 
ontain information about the numbers of students in ea
hClass, ClassSizec ∈ Z+, and the 
apa
ities of the Rooms, RoomSizer ∈ Z+.Both of these amounts are positive integers. Then an additional 
onstraint maybe imposed:
• No Class 
an be held in too small a Room: ∀c ∈ C : ClassSizec ≤

RoomSizec.r.The model also needs to 
ontain lists of Modules whi
h Le
turers are able totea
h, CanTeachl ⊂ M .
• Class must be taught by a suitable Le
turer: ∀c ∈ m, m ∈ M : m ∈

CanTeachc.l.The physi
al 
onstraints of spa
e and time are modelled:
• If two Classes start at the same time they must be in di�erent Rooms,
∀c, c′ ∈ C : c.s = c′.s ⇒ c.r 6= c′.r.

• If two Classes start at the same time they must have di�erent Le
turers,
∀c, c′ ∈ C : c.s = c′.s ⇒ c.l 6= c′.l.Additional 
onstraints are needed to ensure that any FixedClasses, F , keep theirposition in the timetable. Ea
h element in F 
onsists of a Class c, its Start Time

c.s, Room c.r and Le
turer c.l.
• Timetable entries provided for FixedClasses must be used, ∀c ∈ C, f ∈

F : c = f.c ⇒ c.s = f.c.s, c.r = f.c.r, c.l = f.c.l.Finally, as many KnownClass entries, K, as possible should be used. Ea
helement in K 
onsists of a Class c, its Start Time c.s, Room c.r and Le
turer
c.l.

• Maximise the number of KnownClass entries used in the timetable,
maximizeΣk∈K,c∈C(k.c.s = c.s ∧ k.c.r = c.r ∧ k.c.l = c.l).3.1.4 Ar
hite
tureOPL Studio 3.7 is a stand-alone produ
t whi
h allows problems to be expressedin terms of 
onstraints. This is done by writing a model of the problem in theOPL language. The model is solved and any solutions found are output.A model �le 
an be 
ombined with a data �le (
reating an OPL Studio 3.7Proje
t). The same model 
an be reused with di�erent sets of data.OPL Studio 3.7 also in
ludes a s
ripting language whi
h is used to pass datato a model and 
olle
t and format the results obtained. This is used in theproje
t to pass data into and get results out of the model.OPL and OPL Studio 3.7 are not parti
ularly user-friendly or well-do
umented.Parti
ularly to one with no ba
kground in 
onstraint-based programming. Theyshould be hidden from the user by an interfa
e designed for usability.10
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Figure 3.1: Use Case DiagramUnfortunately, although there is a version of OPL Studio 3.7 whi
h 
an berun in bat
h-mode, as a ba
k-end solver to another appli
ation, the li
en
e forthis is prohibitively expensive. So the intera
tive version is used by this proje
t.In order to minimise the user's exposure to OPL and OPL Studio 3.7, twoJava appli
ations are used. One formats the data provided by the user into anOPL Studio 3.7 data �le; The se
ond formats the timetable results output byOPL Studio 3.7 to make them more human-readable.3.1.5 DataThere are three types of data in the tool:1. Data keyed by the user.2. Data derived from the keyed data by a Java Appli
ation.3. Solution data 
al
ulated by OPL Studio 3.7.
11



Paul Ahern 87227070 CHAPTER 3. DETAILS3.1.5.1 Keyed DataData is keyed by the user into a stru
ture whi
h was designed to:
• Minimise the amount of user keying.
• Use a simple and widely 
ompatible data format.
• In
lude all of the information required to 
apture the timetabling require-ments.To meet these obje
tives, the user-entered data is stored in a 
omma-delimitedformat �le. This is supported by spreadsheet produ
ts (in
luding Mi
rosoftEx
el and OpenO�
e Cal
), whi
h 
an be used to enter the data.Ea
h item of data is entered only on
e. So, for example, the Modules whi
hea
h Le
turer 
an tea
h is keyed. The Le
turers who 
an tea
h ea
h Module isderived from the keyed data.The full data stru
ture is detailed in the appendix to this do
ument.There are two main types of data - Unitary and Relational.Unitary Items
• Room names and their 
apa
ities.
• Module attributes su
h as the (expe
ted) number of Students.
• Fixed Classes, timetable entries whi
h 
annot be 
hanged.
• Known Classes, timetable entries whi
h 
an be amended if ne
essary to�nd a solution - e.g. entries on the previous year's timetable.Relational items
• Courses whi
h make up ea
h CourseGroup.
• Modules whi
h make up ea
h Course.
• Modules, in order of preferen
e, whi
h ea
h Le
turer is available to tea
h.3.1.5.2 Derived DataThe user-supplied data is reformatted in order to be 
ompatible with OPLStudio.Additional data is derived from that keyed. For instan
e the names of all ofthe Le
turers 
an be generated from the list of Le
turer preferen
es. Ea
h entryon the latter 
onsists of the name of a Le
turer and the names of the Moduleswhi
h that person 
an tea
h.Extra Le
turer and Room names are 
aptured from the FixedClass entries.These need to be in
luded in the derived data as the model uses the samevariable stru
ture for all entries on the timetable.3.1.5.3 Variable DataOPL Studio 3.7 runs a s
ript whi
h 
ombines the reformatted derived and keyeddata with the model to 
al
ulate valid values for the variable �elds: Class Times,Rooms and Le
turers.The results are written out by the s
ript to another 
omma-delimited format�le. 12



Paul Ahern 87227070 CHAPTER 3. DETAILS3.1.5.4 ResultsA se
ond Java appli
ation is run to display the results. Ea
h CourseGrouptimetable is displayed in a separate window. The Classes in a CourseGroup donot overlap in time.3.2 Implementation3.2.1 PrototypeA prototype based on the Ar
hite
ture des
ribed above was build.It 
ontains simple versions of the Java appli
ations and of the OPL model.The prototype generates timetables whi
h meet the 
riteria spe
i�ed in thetest data and the 
onstraints. This proves that the proposed design is valid and
an produ
e solutions.3.3 Detailed RequirementsReal departmental data, where available, is used in the �nal version of the tool.Le
turer preferen
e information was obtained, with the names of the mem-bers of sta� removed. The missing names were repla
ed with those of the earlyroman emperors, to provide more readable results.The stru
ture of the Courses is obtained from the timetables manually 
re-ated for the 2006-07 a
ademi
 year. This gives the following CourseGroups:
• Year One (Computer S
ien
e)
• Year Two (Joint Hons CS + E
onomi
s - Finan
ial Stream)
• Year Three (Joint Hons CS + E
onomi
s)
• Year Four (Joint Hons CS + E
onomi
s - Finan
ial Stream)
• Year Four (Joint Hons CS + E
onomi
s - Business Stream)
• Year Five (MS
)Room names are taken from this year's timetable. They are pro
essed by thetool as if they are ex
lusively for the use of this department.The names of le
turers from other deparments are not available on thetimetables available from the department. They are entered in the keyed datamerely as unknown.Errors in the data reveal that not all Modules are 
overed by Le
turer pref-eren
es. It was assumed in the design that the data would be 
omplete and
onsistent.Extra roman emperors are manually in
luded to provide 
over for the orphanModules. It is likely that the data provided was merely in
omplete.The pro
ess of deriving data 
ould be 
hanged to add any Modules for whi
hno Le
turer has expressed a preferen
e to the end of the list of preferen
es ofevery Le
turer. 13



Paul Ahern 87227070 CHAPTER 3. DETAILS3.3.1 Appli
ation DevelopmentThe Java appli
ation whi
h formats and derives additional data from the userkeyed data was 
ompletely reimplemented, from the version in the prototype,to use an Obje
t Oriented design.This is more in keeping with the style of the Java language and will make iteasier to amend the program to add more input data or generate new deriveddata.All of the data used by the OPL model is provided in the form required bythe 
onstraints. This simpli�es the model as it no longer has to prepro
ess databefore using it to solve the problem.OPL does not lend itself to data manipulation, so it makes sense to movethis pro
essing into the Java appli
ation.3.4 EvaluationThe usefulness of the timetables generated by the tool is a fun
tion of the qualityof the data provided and the sophisti
ation of the model used.All of the room and 
ourse stru
ture information used is manually enteredfrom paper 
opies of the 2006-07 timetables, so there is s
ope for error there.The Le
turer preferen
e data seems to be in
omplete.Timetables are generated whi
h meet the 
riteria spe
i�ed in the model anddata. To that extent the proje
t is a su

ess.The development of a data stru
ture and appli
ations to pass data in to andout of OPL Studio 3.7 
ould provide a foundation for further work in this area.

14



Chapter 4Con
lusionIt is possible to draw up timetables for the department with OPL Studio 3.7.It is just not pra
ti
al to do so.4.1 Summary of Proje
tOPL Studio 3.7 fa
ilitates the development of 
onstraint-based solutions tomany 
lasses of problems. Sadly, university timetabling, at least in the 
aseof a department at UCC, is not one of them.In the beginning, this proje
t was mainly about modelling the departmentaltimetables in OPL. As the work progressed, however, it mutated into more of asoftware development proje
t.This suits me as I am far more likely to be using Java than OPL in thefuture.The 
hange in emphasis in the proje
t was driven by the di�
ulty of feedinglarge amounts of mutable data into OPL Studio 3.7.The stru
ture of the data is related to the stru
ture of the model and ameans was needed of modifying both in parallel as the design was re�ned.This led to the development of a data stru
ture whi
h 
aptured all of theinformation about the timetables while minimising the amount of keying on thepart of the user. The latter was done both to in
rease usability and redu
e thein
iden
e of keying errors.Someone with more time and more knowledge of 
onstraint-based program-ming, or Operations Resear
h, than I 
ould build a more sophisti
ated model.However, the problem of timetabling for the department is over-
onstrained.There are no solutions whi
h meet all of the 
onstraints.The timetabling requirements of the department are in
onsistent and too ill-de�ned to make this a good 
andidate for automated timetabling using 
onstraint-based programming. Apart from the physi
al 
onstraints of time and spa
e,almost every restri
tion is relaxed from time to time.Further, in some 
ases, the position and 
ontents of the majority of theentries on one of the departmental timetables is driven by external fa
tors. Inother words there is no de
ision to be made as the required answer is provided.Drawing up timetables is more of an art than a s
ien
e. Competing require-ments must be re
on
iled. I 
an see no optimum way of doing this automati
ally.15



Paul Ahern 87227070 CHAPTER 4. CONCLUSIONThese de
isions are ultimately politi
al.If the OPL approa
h is persisted with, instead of a timetabling expert, thedepartment would have to retain the servi
es of an expert in OPL. Sin
e thetimetabling model would have to be adjusted ea
h time the 
onstraints 
hangedor new requirements were dis
overed.4.1.1 OPL Studio Short
omingsThe manufa
turer of OPL Studio is a 
ompany 
alled ILOG. It seems to me thatILOG to gives insu�
ient emphasis to usability and 
ustomer servi
e. Examplesof this en
ountered on the proje
t:1. Their website stru
ture is 
onfusing and di�
ult to navigate.2. The implementation of their li
en
ing for their produ
ts is highly restri
-tive.3. Between OPL Studio version 3.7 and version 5.0 they released six mutuallyin
ompatible versions of their produ
t. Ea
h new version 
hanged thesyntax of the OPL �Language�.The Optimisation Programming Language is no more a language than is theStru
tured Query Language.While small problems 
an be modelled dire
tly, systems as 
omplex as timetablingrequire that more thought be given to usability. A front-end, separate from thesolver, is needed to handle the interfa
e to users who are not experts in OPL.Should e�orts to �nd a pra
ti
al Constraint-Based approa
h to this problem
ontinue, then I re
ommend that OPL Studio should not be used until it hasmatured.4.2 Avenues for future workThe software developed in the 
ourse of this proje
t is available for as a basisfor future work. The data stru
ture and model 
an be extended to more 
loselyapproximate the stated requirements of the department.A more pra
ti
al approa
h would be to develop tools whi
h 
an analyseexisting timetables to �nd whi
h 
onstraints are most tight.These tools 
ould present alternative 
on�gurations of timetable entries when
ir
umstan
es 
hange.In order to even begin the pro
ess of drawing up a timetable for a singledepartment, several simplifying assumptions are needed. Also an entire newdata stru
ture is needed to take a

ount of external impa
ts. Timetabling atthe level of the institution 
ould avoid some of these issues.University-level timetabling is a larger problem but is, in at least some re-spe
ts, a simpler one.Syllabus Plus was used a few years ago to generate timetables within UCC.Apparently, the solutions it generated were politi
ally una

eptable.
16



Chapter 5Appendi
es5.1 Data Stru
tures5.1.1 Data Stru
ture5.1.1.1 Keyed DataThis data is entered before the timetabling pro
ess 
an begin.Stru
ture Name Field Name Data Type Des
riptionWeekLength WeekLength Numeri
 Number of working hours in the week(45)DayLength DayLength Numeri
 Number of working hours in the day(9)DayName 1-5 in array String Names of the days of the weekPreferredTimes 1-9 in array forea
h day of week Numeri
 Weightings for hours during ea
hworking day when le
tures should bes
heduledCoursesInGroup Name String Name of CourseGroupCoursesInGroup Set Set of Names of CoursesModulesInCourse Name String Name of CourseModulesInCourse Set Set of Names of ModulesModule Name String Name of ModuleNrLe
tures Numeri
 Number of Le
tures per weekNrTerms Numeri
 Number of Terms this Module is inNrStudents Numeri
 Number of Students taking thisModuleModulesTaught Name String Name of Le
turerModulesTaught Set Set of Names of Modules Le
turer isavailable to tea
h17



Paul Ahern 87227070 CHAPTER 5. APPENDICESStru
ture Name Field Name Data Type Des
riptionRoom Name String Name of RoomNrStudents Numeri
 Number of Students this Room 
ana

ommodateProje
tor Boolean Does this room 
ontain a Proje
torPCs Boolean Does this Room 
ontain PCs (i.e. isit a lab)FixedClass Name String Name of ClassStart Day DayName Weekday the Class starts onStart Time HourName Hour of the day Class starts onTerm String Terms this Module is in (First, Se
-ond or Both)Room String Name of Room Class is inLe
turer String Name of Le
turer tea
hing ClassKnownClass Name String Name of ClassStart Day DayName Weekday the Class starts onStart Time Numeri
 Hour of the day Class starts onTerm String Terms this Module is in (First, Se
-ond or Both)Room String Name of Room Class is inLe
turer String Name of Le
turer tea
hing ClassFixedClass items represent timetable entries whi
h are beyond the 
ontrol ofthe department (e.g. Classes provided by other departments) and thus 
annotbe amended. KnownClass items represent entries on an existing timetable whi
hmay be amended in the sear
h for a valid solution, but whi
h should be retained,if possible.5.1.1.2 Data Derived from Keyed DataMore data is derived from the Keyed Data before OPL Studio 3.7 is run.Generation of Class Names: Ea
h Class o

upies a single slot in a timetable.Class Names are generated from the Module Name by adding a single alphabeti

hara
ter (a-i in turn). The NrLe
tures of the Modules determines the numberof Class Names to generate.Generate additional data:
• Derive additional Module names from the FixedClass data (NrStudentsdefaults to zero).
• Derive additional Le
turer names from the FixedClass data.
• Derive additional Room names from the FixedClass data (NrStudents de-faults to zero).Remove redundant data:
• Remove Modules from the ModulesTaught data if they are not present onthe timetable.Stru
ture of the derived data: 18
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Figure 5.1: Derived Data Stru
ture
19



Paul Ahern 87227070 CHAPTER 5. APPENDICESStru
ture Name Field Name Data Type Des
riptionClass Class String Name of ClassLe
turer Le
turer String Name of Le
turerRoom Room String Name of RoomClass Class String Name of ClassNrStudents Numeri
 Number of Students taking thisClassCanTea
hClass Set Set of Le
turers who 
an tea
h theClassCoursesOfModule Name String Name of ModuleCoursesOfModule Set Set of Courses that 
ontain the Mod-uleCourseGroups Of-Course Name String Name of CourseCourseGroupsOfCourse Set Set of CourseGroups that 
ontainthe CourseClassesInModule Name String Name of ModuleClassesInModule Set Set of Names of Classes 
ontained inthe ModuleClassesInCourseGroup Name String Name of CourseGroupClassesInCourseGroup Set Set of Classes 
ontained in theCourseGroupLe
turersForModule Name String Name of ModuleCanTea
h Module Set Set of Le
turers who 
an tea
h theModuleModuleSize Name String Name of ModuleNrStudents Numeri
 Number of Students taking thisModuleRoomSize Name String Name of RoomNrStudents Numeri
 Number of Students this Room 
ana

ommodate5.1.1.3 Variable DataThese are the variables whose values are determined by OPL Studio 3.7.Stru
ture Name Field Name Data Type Des
riptionClass Term String Term the Class is inStartDay DayName Weekday the Class starts onStartTime Numeri
 Hour of the day Class starts onRoom String Name of Room Class is inLe
turer String Name of Le
turer tea
hing Class20



Paul Ahern 87227070 CHAPTER 5. APPENDICES5.1.1.4 Keyed data validation:
• Ensure that ea
h Module appears at least in the set of preferen
es of atleast one le
turer. If not then the reformatting pro
eeds as normal, butan error message is issued.
• Ensure that Module details are found, or derived, for all details in ea
hModulesInCourse entry. If not a message is displayed.5.2 Code and Test DataThe most re
ent version of the 
ode and test data is available for downloadfrom www.ahernp.
om/do
s/CS5001.zip. Instru
tions on how to run the toolare in
luded.Steps to generate a set of timetables:1. Edit keyedData.
sv to in
lude any 
hanged timetable requirements2. Reformat the keyed data into derived.dat for OPL Studio:java -jar reformatKeyedData.jar keyedData.
sv derived.dat3. Run OPL Studio and exe
ute s
ript timetable.os
 to 
reate timetable.
sv4. Display the timetables in a more human-readable form:java -jar displayTimetable.jar timetable.
sv5.3 OPL S
riptofile resultFile("timetable.
sv");resultFile < < "TimeTable,Slot,Day,HourOfDay,Module Le
turer Room" < <endl;Model m("timetable.mod","derived.dat");if m.nextSolution() thenforall(
g in m.CourseGroups)forall(
 in m.ClassesInGroup[
g℄) {resultFile < < 
g < < ","< < m.StartTime[
℄ < < ","< < m.dayNames[m.StartTime[
℄/m.dayLength℄ < < ","< < (m.StartTime[
℄ mod m.dayLength) + 9 < < ":00,"< < 
 < < " "< < m.Le
turer[
℄ < < " "< < m.Lo
ation[
℄< <endl;}resultFile.
lose();5.4 OPL Modelint dayLength = ...; //Working hours in ea
h dayint weekLength = ...; //Working hours in ea
h week21



Paul Ahern 87227070 CHAPTER 5. APPENDICESstring dayNames[0..4℄ = ...;range hourOfDay 1..dayLength; //Working hours in ea
h dayenum dayOfWeek = ...; //Working days of the weekenum terms = ...; //Terms in the a
ademi
 yearrange StartTimes 0..weekLength-1;//Weighting of hours of the day when Classes should be s
heduledint preferredTimes[StartTimes℄ = ...;//Basi
 Typesenum CourseGroups = ...; //Group of 
ourses whose 
lasses must not overlap//enum Courses = ...;enum Modules = ...;enum Classes = ...;enum Le
turers = ...;enum Rooms = ...;//Relationssetof(Classes) ClassesInGroup[CourseGroups℄ = ...; //Classes in CourseGroupsetof(Modules) ModulesTaught[Le
turers℄ = ...; //Modules whi
h 
an be taught by ea
h le
turersetof(Classes) ClassesInModule[Modules℄ = ...; //Classes in Modulessetof(Le
turers) Le
turersForModule[Modules℄ = ...; //Le
turers available to tea
h module//Attributes of Basi
 Typesint ClassSize[Classes℄ = ...;int RoomSize[Rooms℄ = ...;//Known and fixed entries on timetable//Known entries are suggested solutions and may be 
hanged; Fixed 
annot be amendedint nrFixedClasses = ...; //Number of Classes whose position in timetable is fixedint nrKnownClasses = ...; //Number of Classes whose possible position in timetable is knownrange fixedClasses 1..nrFixedClasses;range knownClasses 1..nrKnownClasses;range Bool 0..1;stru
t KeyedClasses {Classes 
lass;StartTimes st;terms term;Rooms room;Le
turers le
turer;};KeyedClasses FixedClass[fixedClasses℄ = ...;KeyedClasses KnownClass[knownClasses℄ = ...;//Variables to solve forvar StartTimes StartTime[Classes℄;var Rooms Lo
ation[Classes℄;var Le
turers Le
turer[Classes℄;var Bool softConstraints[knownClasses℄;//maximize sum(i in knownClasses) softConstraints[i℄ //use knownClassesmaximize sum(
 in Classes) preferredTimes[StartTime[
℄℄subje
t to {forall (k in knownClasses) {softConstraints[k℄ = ((KnownClass[k℄.st = StartTime[KnownClass[k℄.
lass℄)); //StartTime known}; 22



Paul Ahern 87227070 CHAPTER 5. APPENDICESsum(i in knownClasses) softConstraints[i℄ = nrKnownClasses; //Use all KnownClasses// forall (k in knownClasses) {// softConstraints[k℄ = (// (KnownClass[k℄.le
turer = Le
turer[KnownClass[k℄.
lass℄) //Le
turer known// & (KnownClass[k℄.room = Lo
ation[KnownClass[k℄.
lass℄) //Room known// & (KnownClass[k℄.st = StartTime[KnownClass[k℄.
lass℄)); //StartTime known// };forall (f in fixedClasses) {(FixedClass[f℄.le
turer = Le
turer[FixedClass[f℄.
lass℄); //Le
turer fixed(FixedClass[f℄.room = Lo
ation[FixedClass[f℄.
lass℄); //Room fixed(FixedClass[f℄.st = StartTime[FixedClass[f℄.
lass℄); //StartTime fixed};forall (m in Modules)forall (
 in ClassesInModule[m℄)(Le
turer[
℄ in Le
turersForModule[m℄); //Le
turer 
an tea
h Moduleforall (
 in Classes)(RoomSize[Lo
ation[
℄℄ >= ClassSize[
℄); //Room must be big enoughforall (m in Modules)forall (ordered 
1, 
2 in ClassesInModule[m℄) {(Le
turer[
1℄ = Le
turer[
2℄); //Only one le
turer for ea
h module};forall (CG in CourseGroups) {alldifferent(all (
 in ClassesInGroup[CG℄)StartTime[
℄); //Avoid Clashes amoung 
lasses in same CourseGroup// 7 > sum(
 in ClassesInGroup[CG℄) (StartTime[
℄ < 9); //Max 
lasses on Mon// 7 > sum(
 in ClassesInGroup[CG℄) ((StartTime[
℄ > 8)&(StartTime[
℄ < 18)); //Max 
lasses on Tue// 7 > sum(
 in ClassesInGroup[CG℄) ((StartTime[
℄ > 17)&(StartTime[
℄ < 27)); //Max 
lasses on Wed// 7 > sum(
 in ClassesInGroup[CG℄) ((StartTime[
℄ > 26)&(StartTime[
℄ < 36)); //Max 
lasses on Thur// 7 > sum(
 in ClassesInGroup[CG℄) (StartTime[
℄ > 35); //Max 
lasses on Fri};forall (ordered 
1, 
2 in Classes) {StartTime[
1℄ = StartTime[
2℄ =>Lo
ation[
1℄ <> Lo
ation[
2℄; //Avoid Room 
lashesStartTime[
1℄ = StartTime[
2℄ =>Le
turer[
1℄ <> Le
turer[
2℄; //Avoid Le
turer 
lashes};// forall (l in Le
turers)// 19 > sum(
 in Classes) (Le
turer[
℄ = l); //Max number of le
tures given per week};sear
h {forall(
 in Classes)on
e {tryall(i in StartTimes //Choose most preferred hours firstordered by de
reasing preferredTimes[i℄)StartTime[
℄ = i;tryall(r in Rooms //Choose smallest adequate rooms firstordered by in
reasing RoomSize[r℄)Lo
ation[
℄ = r;tryall(l in Le
turers //Choose least assigned le
turers firstordered by in
reasing sum(
 in Classes: bound(Le
turer[
℄)) (Le
turer[
℄ = l))23



Paul Ahern 87227070 CHAPTER 5. APPENDICESLe
turer[
℄ = l;};};display(
 in Classes) <"Module",
,StartTime[
℄,"Day",dayNames[(StartTime[
℄/dayLength)℄,"Hour",(StartTime[
℄ mod dayLength) + 9,"Room",Lo
ation[
℄,"Le
turer",Le
turer[
℄>;5.5 Keyed DataKeyed Data for Se
ond Term:"//Data for CS5001 University Timetabling Model in OPL Studio"�����,"//Constant values"�����,"WeekLength",45,"//Number of working hours in ea
h week"����,"DayLength",9,"//Number of working Hours in a day"����,"DayName","Mon","Tue","Wed","Thu","Fri","//Labels for Days in result"��,"//Preferen
e weighting for ea
h working hour in the week","Day",900,1000,1100,1200,1300,1400,1500,1600,1700,"PreferredTimes","Mon",2,10,9,6,1,8,7,5,5,"PreferredTimes","Tue",3,10,9,6,1,8,7,5,5,"PreferredTimes","Wed",3,10,9,6,1,8,7,5,5,"PreferredTimes","Thur",3,10,9,6,1,8,7,5,5,"PreferredTimes","Fri",3,10,9,6,1,8,7,5,5,"//Groupings of Courses with their own timetables","Name","Courses:"����,"CoursesInGroup","CSYear1","CSUGrad1"����,"CoursesInGroup","CSYear2","CSUGrad2E
o"����,"CoursesInGroup","CSYear3","CSUGrad3Fin"����,"CoursesInGroup","CSYear4","CSUGrad4Fin","CSUGrad4Bus"����"CoursesInGroup","CSYear5","MS
Mob","MS
Net","MS
Int"���,"//Modules that make up ea
h Course","Name","Modules on Course:"����,"ModulesInCourse","CSUGrad1","CS1100","CS1101","CS1102","CS1061","CS1063","CS1064","MA1054","MA1003","EC1401","MA1015""ModulesInCourse","CSUGrad2E
o","CS2200","CS2202","CS2203","EC1204","EC2202","EC2207"��"ModulesInCourse","CSUGrad3Fin","CS3300","EC3406"����"ModulesInCourse","CSUGrad4Fin","CS4000","CS4405","CS4406","CS4408","CS4409","EC2206","EC4222","EC4403"�"ModulesInCourse","CSUGrad4Bus","CS4000","CS4405","CS4406","CS4408","CS4409","EC3101","EC3104","EC4403"�"ModulesInCourse","MS
Mob","CS563","CS5012","CS5013"���,"ModulesInCourse","MS
Net","CS555","CS560","CS563","CS567"���"ModulesInCourse","MS
Int","CS560","CS567","CS5201","CS5203","CS5205"��,"//Module details","Name","Number Le
turers in Week","nrTerms","nrStudents"���,"Module","CS1100",3,2,30���,"Module","CS1101",2,2,30���,"Module","CS1102",2,2,30���,"Module","CS1061",2,2,30���,"Module","CS1063",2,2,30���,"Module","CS1064",2,2,30���,"Module","CS2200",2,2,30���,"Module","CS2202",2,2,30���,24



Paul Ahern 87227070 CHAPTER 5. APPENDICES"Module","CS2203",2,2,30���,"Module","CS3300",1,2,30���,"Module","CS4000",2,2,25���,"Module","CS4405",1,2,25���,"Module","CS4406",1,2,25���,"Module","CS4408",2,2,25���,"Module","CS4409",1,2,25���,"Module","CS555",2,2,18���,"Module","CS560",2,2,18���,"Module","CS567",2,2,18���,"Module","CS5201",2,2,6���,"Module","CS563",2,1,12���,"Module","CS5012",2,1,12���,"Module","CS5013",2,1,12���,"Module","CS5203",2,1,6���,"Module","CS5205",2,1,6���,"//Le
turers and what Modules they 
an tea
h","Name","Taught Courses:"����,"ModulesTaught","Augustus","CS3316","CS6002","CS6001","CS4405","CS4408","CS1064","CS1061"�,"ModulesTaught","Tiberius","CS3314","CS4408","CS7200","CS1102"���"ModulesTaught","Caligula","CS4409","CS3315","CS2205","CS5204","CS5205","CS5201","CS5203"�,"ModulesTaught","Claudius","CS2200","CS5205","CS4150","CS5204","CS5202","CS3315"��"ModulesTaught","Nero","CS4402","CS2021","CS6004","CS2203","CS1061","CS1063","CS6007"�,"ModulesTaught","Galba","CS5013","CS5012","CS2204","CS3311","CS4031","CS4402"��"ModulesTaught","Otho","CS6003","CS3310","CS3306","CS1063","CS2021","CS2024"��"ModulesTaught","Vitellius","CS560","CS4000","CS6002","CS6007","CS3316","CS564","CS555"�,"ModulesTaught","Vespesian","CS2201","CS3313","CS1064","CS4150","CS1100","CS1102"��"ModulesTaught","Titus","CS5201","CS5204","CS4409","CS3313","CS3315","CS2205"��"ModulesTaught","Domitian","CS1100","CS4404","CS4001","CS2201","CS4150","CS3313"��"ModulesTaught","Nerva","CS1102","CS1061","CS1063","CS4408","CS6006","CS3306","CS5201"�,"ModulesTaught","Trajan","CS1063","CS1061","CS3305","CS2021","CS2203","CS3316","CS4031"�,"ModulesTaught","Hadrian","CS4054","CS7400","CS4404"���,"ModulesTaught","Antoninus","CS7200","CS7800","CS4405","CS7000","CS3312","CS3314"��"ModulesTaught","Aurelius","CS565","CS6003","CS1061","CS5201","CS4000","CS3310","CS6002"�,"ModulesTaught","Verus","CS1101","CS5202","CS5203","CS4001","CS3316","CS3315"��"ModulesTaught","Cassius","CS4406","CS3314","CS1102","CS3312","CS4408","CS1101","CS4405"�,"ModulesTaught","Commodus","CS5203","CS2024","CS4405","CS1061","CS4001","CS3315"��"ModulesTaught","Pertinax","CS3315","CS5205","CS5201","CS5202","CS5203","CS6007"��"ModulesTaught","Julianus","CS563"����,"ModulesTaught","Severus","CS1001","CS3312","CS3011","CS3012","CS6007","CS7000"��"ModulesTaught","Cara
alla","CS3313"����,"ModulesTaught","Geta","CS4040","CS2202","CS3012","CS1102","CS3314","CS2024"��"ModulesTaught","Ma
rinus","CS563","CS5011","CS2204","CS6008","CS2203","CS5012","CS5013"�,"ModulesTaught","Diadumenian","CS564","CS4403","CS3316","CS4031","CS2021","CS1101"��"ModulesTaught","Elagabalus","CS5014","CS4402","CS3313","CS7100","CS4405","CS4404"��"ModulesTaught","Alexander","CS2203","CS5202","CS6007","CS4150","CS6004","CS6001"��"ModulesTaught","Thrax","CS3012","CS2021","CS555","CS2024","CS3011"��,"ModulesTaught","Caesar","CS567","CS3300"����"//Venues for Le
tures","Name","Size (Capa
ity)","Proje
tor","PCs"���,"Room","PF1",9,0,0���,"Room","G8",50,0,0���, 25



Paul Ahern 87227070 CHAPTER 5. APPENDICES"Room","E1",20,1,1���,"Room","GeoLT",40,1,0���,"Room","W5",50,1,0���,"Room","W6",40,1,0���,"Room","AL8",20,0,0���,"Room","CeG10",25,0,0���,"Room","EeL2",30,1,0���,"Room","G18",50,1,0���,"Room","G19",35,1,0���,"//Classes whose times are fixed (and 
annot be 
hanged)","Name","StartDay","StartTime","Term","Room","Le
turer"��,"FixedClass","EC1401a","Thur","eleven","Both","E
o201","unknown"��,"FixedClass","EC1401b","Thur","twelve","Both","E
o201","unknown"��,"FixedClass","MA1003a","Tue","eleven","Both","BooleLL2","unknown"��,"FixedClass","MA1003b","Wed","eleven","Both","KaneG1","unknown"��,"FixedClass","MA1015a","Mon","four","Both","BooleLL1","unknown"��,"FixedClass","MA1015b","Wed","three","Se
ond","KaneG19","unknown"��,"FixedClass","MA1054a","Tue","nine","Both","FSBaL1","unknown"��,"FixedClass","MA1054b","Wed","two","Both","W9","unknown"��,"FixedClass","MA1054
","Thur","nine","Both","W5","unknown"��,"FixedClass","EC2202a","Tue","ten","Both","AL10","unknown"��,"FixedClass","EC2202b","Wed","three","Both","EeL2","unknown"��,"FixedClass","EC2207a","Mon","four","Both","W6","unknown"��,"FixedClass","EC2207b","Thur","twelve","Both","G2","unknown"��,"FixedClass","EC1204a","Wed","four","Both","AL8","unknown"��,"FixedClass","EC3406a","Thur","three","Se
ond","BVG01","unknown"��,"FixedClass","EC3406b","Thur","four","Se
ond","BVG01","unknown"��,"FixedClass","EC3406
","Thur","five","Se
ond","BVG01","unknown"��,"FixedClass","EC3406d","Fri","three","Se
ond","BV11","unknown"��,"FixedClass","EC3406e","Fri","four","Se
ond","BV11","unknown"��,"FixedClass","EC3406f","Fri","five","Se
ond","BV11","unknown"��,"FixedClass","EC4222a","Mon","eleven","Both","LL3","unknown"��,"FixedClass","EC4222b","Mon","five","Both","FsA1","unknown"��,"FixedClass","EC2206a","Thur","one","Both","ConS5","unknown"��,"FixedClass","EC2206b","Thur","four","Both","W5","unknown"��,"FixedClass","EC4403a","Thur","two","Both","W5","unknown"��,"FixedClass","EC4403b","Thur","three","Both","W5","unknown"��,"FixedClass","EC3104b","Tue","five","Se
ond","LL3","unknown"��,"FixedClass","EC3101a","Thur","one","Both","Ce110","unknown"��,"FixedClass","EC3101b","Thur","five","Both","W9","unknown"��,"//Classes whose times are known (but 
an be 
hanged)","Name","StartDay","StartTime","Term","Room","Le
turer"��,"KnownClass","CS567a","Tue","nine","Both","PF1","Caesar"��,"KnownClass","CS567b","Wed","nine","Both","PF1","Caesar"��,"KnownClass","CS5203a","Mon","eleven","Se
ond","PF1","Commodus"��,"KnownClass","CS5203b","Thur","one","Se
ond","PF1","Commodus"��,"KnownClass","CS5201a","Tue","twelve","Both","Ce6","Caligula"��,"KnownClass","CS5201b","Thur","twelve","Both","Ce6","Caligula"��,"KnownClass","CS5205a","Wed","one","Se
ond","PF1","Pertinax"��,"KnownClass","CS5205b","Thur","eleven","Se
ond","PF1","Pertinax"��,"KnownClass","CS5014a","Fri","eleven","Se
ond","PF1","Elagabalus"��,"KnownClass","CS5014b","Fri","twelve","Se
ond","PF1","Elagabalus"��,26



Paul Ahern 87227070 CHAPTER 5. APPENDICES5.6 Derived DataDerived Data for Se
ond Term:dayLength = 9;weekLength = 45;terms = {First, Se
ond, Both};nrFixedClasses = 29;nrKnownClasses = 10;dayNames = ["Mon","Tue","Wed","Thur","Fri"℄;dayOfWeek = {Mon,Tue,Wed,Thur,Fri};preferredTimes = [2,10,9,6,1,8,7,5,5,3,10,9,6,1,8,7,5,5,3,10,9,6,1,8,7,5,5,3,10,9,6,1,8,7,5,5,3,10,9,6,1,8,7,5,5℄;CourseGroups = {CSYear1,CSYear2,CSYear3,CSYear4Fin,CSYear4Bus,CSYear5};Modules = {CS1100,CS1101,CS1102,CS1061,CS1063,CS1064,CS2200,CS2202,CS2203,CS3300,CS4000,CS4405,CS4406,CS4408,CS4409,CS555,CS560, 27



Paul Ahern 87227070 CHAPTER 5. APPENDICESCS567,CS5201,CS563,CS5012,CS5013,CS5014,CS5203,CS5205,EC1401,MA1003,MA1015,MA1054,EC2202,EC2207,EC1204,EC3406,EC4222,EC2206,EC4403,EC3104,EC3101};Classes = {CS1100a,CS1100b,CS1100
,CS1101a,CS1101b,CS1102a,CS1102b,CS1061a,CS1061b,CS1063a,CS1063b,CS1064a,CS1064b,MA1054a,MA1054b,MA1054
,MA1003a,MA1003b,EC1401a,EC1401b,MA1015a,MA1015b,CS2200a,CS2200b,CS2202a,CS2202b,CS2203a, 28



Paul Ahern 87227070 CHAPTER 5. APPENDICESCS2203b,EC1204a,EC2202a,EC2202b,EC2207a,EC2207b,CS3300a,EC3406a,EC3406b,EC3406
,EC3406d,EC3406e,EC3406f,CS4000a,CS4000b,CS4405a,CS4406a,CS4408a,CS4408b,CS4409a,EC2206a,EC2206b,EC4222a,EC4222b,EC4403a,EC4403b,EC3101a,EC3101b,EC3104a,CS563a,CS563b,CS5012a,CS5012b,CS5013a,CS5013b,CS555a,CS555b,CS560a,CS560b,CS567a,CS567b,CS5201a,CS5201b,CS5203a,CS5203b,CS5205a,CS5205b,CS5014a,CS5014b}; 29



Paul Ahern 87227070 CHAPTER 5. APPENDICESLe
turers = {Augustus,Tiberius,Caligula,Claudius,Nero,Galba,Otho,Vitellius,Vespesian,Titus,Domitian,Nerva,Trajan,Antoninus,Aurelius,Verus,Cassius,Commodus,Pertinax,Julianus,Geta,Ma
rinus,Diadumenian,Elagabalus,Alexander,Thrax,Caesar,unknown1,unknown2,unknown3,unknown4,unknown5,unknown6,unknown7,unknown8,unknown9,unknown10,unknown11,unknown12,unknown13};Rooms = {PF1,G8,E1,GeoLT,W5,W6,AL8, 30



Paul Ahern 87227070 CHAPTER 5. APPENDICESCeG10,EeL2,G18,G19,E
o201,BooleLL2,KaneG1,BooleLL1,KaneG19,FSBaL1,W9,AL10,G2,BVG01,BV11,LL3,FsA1,ConS5,Ce110};ClassesInModule = #[CS1100: {CS1100a,CS1100b,CS1100
},CS1101: {CS1101a,CS1101b},CS1102: {CS1102a,CS1102b},CS1061: {CS1061a,CS1061b},CS1063: {CS1063a,CS1063b},CS1064: {CS1064a,CS1064b},MA1054: {MA1054a,MA1054b,MA1054
},MA1003: {MA1003a,MA1003b},EC1401: {EC1401a,EC1401b},MA1015: {MA1015a,MA1015b},CS2200: {CS2200a,CS2200b},CS2202: {CS2202a,CS2202b},CS2203: {CS2203a,CS2203b},EC1204: {EC1204a},EC2202: {EC2202a,EC2202b},EC2207: {EC2207a,EC2207b},CS3300: {CS3300a},EC3406: {EC3406a,EC3406b,EC3406
,EC3406d,EC3406e,EC3406f},CS4000: {CS4000a,CS4000b},CS4405: {CS4405a},CS4406: {CS4406a},CS4408: {CS4408a,CS4408b},CS4409: {CS4409a},EC2206: {EC2206a,EC2206b},EC4222: {EC4222a,EC4222b},EC4403: {EC4403a,EC4403b},EC3101: {EC3101a,EC3101b},EC3104: {EC3104a},CS563: {CS563a,CS563b}, 31



Paul Ahern 87227070 CHAPTER 5. APPENDICESCS5012: {CS5012a,CS5012b},CS5013: {CS5013a,CS5013b},CS555: {CS555a,CS555b},CS560: {CS560a,CS560b},CS567: {CS567a,CS567b},CS5201: {CS5201a,CS5201b},CS5203: {CS5203a,CS5203b},CS5205: {CS5205a,CS5205b},CS5014: {CS5014a,CS5014b}℄#;ClassesInGroup = #[CSYear1: {CS1100a,CS1100b,CS1100
,CS1101a,CS1101b,CS1102a,CS1102b,CS1061a,CS1061b,CS1063a,CS1063b,CS1064a,CS1064b,MA1054a,MA1054b,MA1054
,MA1003a,MA1003b,EC1401a,EC1401b,MA1015a,MA1015b},CSYear2: {CS2200a,CS2200b,CS2202a,CS2202b,CS2203a,CS2203b,EC1204a,EC2202a,EC2202b,EC2207a,EC2207b},CSYear3: {CS3300a,EC3406a,EC3406b,EC3406
,EC3406d,EC3406e,EC3406f},CSYear4Fin: {CS4000a,CS4000b,CS4405a,CS4406a,CS4408a,CS4408b,CS4409a,EC2206a,EC2206b,EC4222a,EC4222b,EC4403a,EC4403b},CSYear4Bus: {CS4000a,CS4000b,CS4405a,CS4406a,CS4408a,CS4408b,CS4409a,EC3101a,EC3101b,EC3104a,EC4403a,EC4403b},CSYear5: {CS563a,CS563b,CS5012a,CS5012b,CS5013a,CS5013b,CS555a,CS555b,CS560a,CS560b,CS567a,CS567b,CS5201a,CS5201b,CS5203a,CS5203b,CS5205a,CS5205b,CS5014a,CS5014b}℄#;ModulesTaught = #[Augustus: {CS4405,CS4408,CS1064,CS1061},Tiberius: {CS4408,CS1102},Caligula: {CS4409,CS5205,CS5201,CS5203},Claudius: {CS2200,CS5205},Nero: {CS2203,CS1061,CS1063},Galba: {CS5013,CS5012},Otho: {CS1063},Vitellius: {CS560,CS4000,CS555},Vespesian: {CS1064,CS1100,CS1102},Titus: {CS5201,CS4409},Domitian: {CS1100},Nerva: {CS1102,CS1061,CS1063,CS4408,CS5201},Trajan: {CS1063,CS1061,CS2203},Antoninus: {CS4405},Aurelius: {CS1061,CS5201,CS4000},Verus: {CS1101,CS5203},Cassius: {CS4406,CS1102,CS4408,CS1101,CS4405},Commodus: {CS5203,CS4405,CS1061},Pertinax: {CS5205,CS5201,CS5203},Julianus: {CS563},Geta: {CS2202,CS1102},Ma
rinus: {CS563,CS2203,CS5012,CS5013},Diadumenian: {CS1101},Elagabalus: {CS5014,CS4405},Alexander: {CS2203},Thrax: {CS555},Caesar: {CS567,CS3300},unknown1: {EC1401},unknown2: {MA1003},unknown3: {MA1015},unknown4: {MA1054}, 32



Paul Ahern 87227070 CHAPTER 5. APPENDICESunknown5: {EC2202},unknown6: {EC2207},unknown7: {EC1204},unknown8: {EC3406},unknown9: {EC4222},unknown10: {EC2206},unknown11: {EC4403},unknown12: {EC3104},unknown13: {EC3101}℄#;Le
turersForModule = #[CS4405: {Augustus,Antoninus,Cassius,Commodus,Elagabalus},CS4408: {Augustus,Tiberius,Nerva,Cassius},CS1064: {Augustus,Vespesian},CS1061: {Augustus,Nero,Nerva,Trajan,Aurelius,Commodus},CS1102: {Tiberius,Vespesian,Nerva,Cassius,Geta},CS4409: {Caligula,Titus},CS5205: {Caligula,Claudius,Pertinax},CS5201: {Caligula,Titus,Nerva,Aurelius,Pertinax},CS5203: {Caligula,Verus,Commodus,Pertinax},CS2200: {Claudius},CS2203: {Nero,Trajan,Ma
rinus,Alexander},CS1063: {Nero,Otho,Nerva,Trajan},CS5013: {Galba,Ma
rinus},CS5012: {Galba,Ma
rinus},CS560: {Vitellius},CS4000: {Vitellius,Aurelius},CS555: {Vitellius,Thrax},CS1100: {Vespesian,Domitian},CS1101: {Verus,Cassius,Diadumenian},CS4406: {Cassius},CS563: {Julianus,Ma
rinus},CS2202: {Geta},CS5014: {Elagabalus},CS567: {Caesar},CS3300: {Caesar},EC1401: {unknown1},MA1003: {unknown2},MA1015: {unknown3},MA1054: {unknown4},EC2202: {unknown5},EC2207: {unknown6},EC1204: {unknown7},EC3406: {unknown8},EC4222: {unknown9},EC2206: {unknown10},EC4403: {unknown11},EC3104: {unknown12},EC3101: {unknown13}℄#; 33



Paul Ahern 87227070 CHAPTER 5. APPENDICESRoomSize = #[PF1: 20,G8: 50,E1: 20,GeoLT: 40,W5: 50,W6: 40,AL8: 20,CeG10: 25,EeL2: 30,G18: 50,G19: 35,E
o201: 0,BooleLL2: 0,KaneG1: 0,BooleLL1: 0,KaneG19: 0,FSBaL1: 0,W9: 0,AL10: 0,G2: 0,BVG01: 0,BV11: 0,LL3: 0,FsA1: 0,ConS5: 0,Ce110: 0℄#;ClassSize = #[CS1100a: 30,CS1100b: 30,CS1100
: 30,CS1101a: 30,CS1101b: 30,CS1102a: 30,CS1102b: 30,CS1061a: 30,CS1061b: 30,CS1063a: 30,CS1063b: 30,CS1064a: 30,CS1064b: 30,MA1054a: 0,MA1054b: 0,MA1054
: 0,MA1003a: 0,MA1003b: 0,EC1401a: 0,EC1401b: 0,MA1015a: 0, 34



Paul Ahern 87227070 CHAPTER 5. APPENDICESMA1015b: 0,CS2200a: 30,CS2200b: 30,CS2202a: 30,CS2202b: 30,CS2203a: 30,CS2203b: 30,EC1204a: 0,EC2202a: 0,EC2202b: 0,EC2207a: 0,EC2207b: 0,CS3300a: 30,EC3406a: 0,EC3406b: 0,EC3406
: 0,EC3406d: 0,EC3406e: 0,EC3406f: 0,CS4000a: 25,CS4000b: 25,CS4405a: 25,CS4406a: 25,CS4408a: 25,CS4408b: 25,CS4409a: 25,EC2206a: 0,EC2206b: 0,EC4222a: 0,EC4222b: 0,EC4403a: 0,EC4403b: 0,EC3101a: 0,EC3101b: 0,EC3104a: 0,CS563a: 12,CS563b: 12,CS5012a: 12,CS5012b: 12,CS5013a: 12,CS5013b: 12,CS555a: 18,CS555b: 18,CS560a: 18,CS560b: 18,CS567a: 18,CS567b: 18,CS5201a: 6,CS5201b: 6,CS5203a: 6, 35



Paul Ahern 87227070 CHAPTER 5. APPENDICESCS5203b: 6,CS5205a: 6,CS5205b: 6,CS5014a: 18,CS5014b: 18℄#;FixedClass = [< EC1401a,29,Both,E
o201,unknown1>,< EC1401b,30,Both,E
o201,unknown1>,< MA1003a,11,Both,BooleLL2,unknown2>,< MA1003b,20,Both,KaneG1,unknown2>,< MA1015a,7,Both,BooleLL1,unknown3>,< MA1015b,24,Se
ond,KaneG19,unknown3>,< MA1054a,9,Both,FSBaL1,unknown4>,< MA1054b,23,Both,W9,unknown4>,< MA1054
,27,Both,W5,unknown4>,< EC2202a,10,Both,AL10,unknown5>,< EC2202b,24,Both,EeL2,unknown5>,< EC2207a,7,Both,W6,unknown6>,< EC2207b,30,Both,G2,unknown6>,< EC1204a,25,Both,AL8,unknown7>,< EC3406a,33,Se
ond,BVG01,unknown8>,< EC3406b,34,Se
ond,BVG01,unknown8>,< EC3406
,35,Se
ond,BVG01,unknown8>,< EC3406d,42,Se
ond,BV11,unknown8>,< EC3406e,43,Se
ond,BV11,unknown8>,< EC3406f,44,Se
ond,BV11,unknown8>,< EC4222a,2,Both,LL3,unknown9>,< EC4222b,8,Both,FsA1,unknown9>,< EC2206a,31,Both,ConS5,unknown10>,< EC2206b,34,Both,W5,unknown10>,< EC4403a,32,Both,W5,unknown11>,< EC4403b,33,Both,W5,unknown11>,< EC3104a,17,Se
ond,LL3,unknown12>,< EC3101a,31,Both,Ce110,unknown13>,< EC3101b,35,Both,W9,unknown13>℄;KnownClass = [< CS567a,9,Both,PF1,Caesar>,< CS567b,18,Both,PF1,Caesar>,< CS5203a,2,Se
ond,PF1,Commodus>,< CS5203b,31,Se
ond,PF1,Commodus>,< CS5201a,12,Both,CeG10,Caligula>,< CS5201b,30,Both,CeG10,Caligula>,< CS5205a,22,Se
ond,PF1,Pertinax>,< CS5205b,29,Se
ond,PF1,Pertinax>,< CS5014a,38,Se
ond,PF1,Elagabalus>,< CS5014b,39,Se
ond,PF1,Elagabalus>℄; 36



Paul Ahern 87227070 CHAPTER 5. APPENDICES5.7 ResultsResults for Se
ond Term:TimeTable,Slot,Day,HourOfDay,Module Le
turer RoomCSYear1,1,Mon,10:00,CS1100a Vespesian EeL2CSYear1,10,Tue,10:00,CS1100b Vespesian EeL2CSYear1,19,Wed,10:00,CS1100
 Vespesian EeL2CSYear1,28,Thur,10:00,CS1101a Verus EeL2CSYear1,37,Fri,10:00,CS1101b Verus EeL2CSYear1,2,Mon,11:00,CS1102a Tiberius EeL2CSYear1,38,Fri,11:00,CS1102b Tiberius EeL2CSYear1,5,Mon,14:00,CS1061a Augustus EeL2CSYear1,14,Tue,14:00,CS1061b Augustus EeL2CSYear1,32,Thur,14:00,CS1063a Nero EeL2CSYear1,41,Fri,14:00,CS1063b Nero EeL2CSYear1,6,Mon,15:00,CS1064a Augustus EeL2CSYear1,15,Tue,15:00,CS1064b Augustus EeL2CSYear1,9,Tue,9:00,MA1054a unknown4 FSBaL1CSYear1,23,Wed,14:00,MA1054b unknown4 W9CSYear1,27,Thur,9:00,MA1054
 unknown4 W5CSYear1,11,Tue,11:00,MA1003a unknown2 BooleLL2CSYear1,20,Wed,11:00,MA1003b unknown2 KaneG1CSYear1,29,Thur,11:00,EC1401a unknown1 E
o201CSYear1,30,Thur,12:00,EC1401b unknown1 E
o201CSYear1,7,Mon,16:00,MA1015a unknown3 BooleLL1CSYear1,24,Wed,15:00,MA1015b unknown3 KaneG19CSYear2,1,Mon,10:00,CS2200a Claudius G19CSYear2,19,Wed,10:00,CS2200b Claudius G19CSYear2,28,Thur,10:00,CS2202a Geta G19CSYear2,37,Fri,10:00,CS2202b Geta G19CSYear2,2,Mon,11:00,CS2203a Trajan G19CSYear2,11,Tue,11:00,CS2203b Trajan EeL2CSYear2,25,Wed,16:00,EC1204a unknown7 AL8CSYear2,10,Tue,10:00,EC2202a unknown5 AL10CSYear2,24,Wed,15:00,EC2202b unknown5 EeL2CSYear2,7,Mon,16:00,EC2207a unknown6 W6CSYear2,30,Thur,12:00,EC2207b unknown6 G2CSYear3,1,Mon,10:00,CS3300a Caesar GeoLTCSYear3,33,Thur,15:00,EC3406a unknown8 BVG01CSYear3,34,Thur,16:00,EC3406b unknown8 BVG01CSYear3,35,Thur,17:00,EC3406
 unknown8 BVG01CSYear3,42,Fri,15:00,EC3406d unknown8 BV11CSYear3,43,Fri,16:00,EC3406e unknown8 BV11CSYear3,44,Fri,17:00,EC3406f unknown8 BV11CSYear4Fin,1,Mon,10:00,CS4000a Aurelius CeG10CSYear4Fin,10,Tue,10:00,CS4000b Aurelius CeG10CSYear4Fin,19,Wed,10:00,CS4405a Antoninus CeG10CSYear4Fin,28,Thur,10:00,CS4406a Cassius CeG10CSYear4Fin,37,Fri,10:00,CS4408a Nerva CeG1037



Paul Ahern 87227070 CHAPTER 5. APPENDICESCSYear4Fin,11,Tue,11:00,CS4408b Nerva CeG10CSYear4Fin,20,Wed,11:00,CS4409a Titus CeG10CSYear4Fin,31,Thur,13:00,EC2206a unknown10 ConS5CSYear4Fin,34,Thur,16:00,EC2206b unknown10 W5CSYear4Fin,2,Mon,11:00,EC4222a unknown9 LL3CSYear4Fin,8,Mon,17:00,EC4222b unknown9 FsA1CSYear4Fin,32,Thur,14:00,EC4403a unknown11 W5CSYear4Fin,33,Thur,15:00,EC4403b unknown11 W5CSYear4Bus,1,Mon,10:00,CS4000a Aurelius CeG10CSYear4Bus,10,Tue,10:00,CS4000b Aurelius CeG10CSYear4Bus,19,Wed,10:00,CS4405a Antoninus CeG10CSYear4Bus,28,Thur,10:00,CS4406a Cassius CeG10CSYear4Bus,37,Fri,10:00,CS4408a Nerva CeG10CSYear4Bus,11,Tue,11:00,CS4408b Nerva CeG10CSYear4Bus,20,Wed,11:00,CS4409a Titus CeG10CSYear4Bus,31,Thur,13:00,EC3101a unknown13 Ce110CSYear4Bus,35,Thur,17:00,EC3101b unknown13 W9CSYear4Bus,17,Tue,17:00,EC3104a unknown12 LL3CSYear4Bus,32,Thur,14:00,EC4403a unknown11 W5CSYear4Bus,33,Thur,15:00,EC4403b unknown11 W5CSYear5,1,Mon,10:00,CS563a Julianus PF1CSYear5,10,Tue,10:00,CS563b Julianus PF1CSYear5,19,Wed,10:00,CS5012a Galba PF1CSYear5,28,Thur,10:00,CS5012b Galba PF1CSYear5,37,Fri,10:00,CS5013a Ma
rinus PF1CSYear5,11,Tue,11:00,CS5013b Ma
rinus PF1CSYear5,20,Wed,11:00,CS555a Thrax PF1CSYear5,5,Mon,14:00,CS555b Thrax PF1CSYear5,14,Tue,14:00,CS560a Vitellius PF1CSYear5,23,Wed,14:00,CS560b Vitellius PF1CSYear5,9,Tue,9:00,CS567a Caesar PF1CSYear5,18,Wed,9:00,CS567b Caesar PF1CSYear5,12,Tue,12:00,CS5201a Caligula CeG10CSYear5,30,Thur,12:00,CS5201b Caligula CeG10CSYear5,2,Mon,11:00,CS5203a Commodus PF1CSYear5,31,Thur,13:00,CS5203b Commodus PF1CSYear5,22,Wed,13:00,CS5205a Pertinax PF1CSYear5,29,Thur,11:00,CS5205b Pertinax PF1CSYear5,38,Fri,11:00,CS5014a Elagabalus PF1CSYear5,39,Fri,12:00,CS5014b Elagabalus PF15.8 GlossaryClass Timetable entry. A meeting of a group of students and a le
turer in aroom at a spe
i�
 time.COBOL COmmon Business-Oriented Language. Third generation 
omputerlanguage. One of the oldest 
omputer languages.Constraint Something that serves to 
onstrain; Restri
tive 
ondition.38



Paul Ahern 87227070 CHAPTER 5. APPENDICESCourse Set of Modules attended by a group of students.CourseGroup Set of 
ourses whi
h are available to students enrolled for aspe
i�
 year.DB2 Relational Database management system.E
lipse Open Sour
e IDE. Used in this proje
t as an IDE for Java.FixedClass Timetable entry whi
h 
annot be 
hanged (e.g. Class supplied byanother department).IDE Integrated Development Environment. Set of tools whi
h provide a pro-grammer with all of the fun
tionality needed to develop 
omputer systems.Usually in
ludes an Editor, Compiler and Debugger.KnownClass Timetable entry whi
h 
an be 
hanged, if ne
essary to �nd anoverall solution.Le
turer Tea
her of Classes.Mainframe Very large 
omputer.Module A short 
ourse of study of a te
hni
al subje
t that together with othersu
h 
ompleted 
ourses 
an 
ount towards a parti
ular quali�
ation.Set of Classes about a subje
t.Nomen
lature Terminology used in a parti
ular a
tivity.OPL Optimisation Programming Language. Modelling language for spe
ifyingoptimisation problems.OPL Studio IDE for OPL language.Room Venue for Classes.
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