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Chapter 1

Intr oduction

Topicsfor Chapter 1

e ReadingList.

¢ Introductionto SoftwareEngineering

1.1 ReadingList

Recommendedreading

1. I. JacobsonG. Booch, and J. Rumbaugh,The Unified Softwae DevelopmentProcess Addison-
Weslegy, 1999.

2. R.Poolgy andP. Stevens,UsingUML.: Softwae Engineeringwvith ObjectsandComponentsAddison-
Weslegy, 1999.

Background Reading

1. G. Booch,J. Runbaughandl. JacobsonThe Unified Modelling Languaye User Guide Addison-
Weslegy, 1999.

2. J.Runbaughl. JacobsomandG. Booch,TheUnifiedModellingLanguaye RefeenceManual Addison-
Weslegy, 1999.

3. M. Fowler, UML Distilled — Applyingthe Standad ObjectModeling Languaje, Addison-Weéslsy,
1997.

4. B. Meyer, Object-orientedSoftwae Construction(2nd Edition), PrenticeHall PTR,1997.

5. O. NierstraszandD. Tsichritzis,Object-OrientedSoftwae CompositionPrenticeHall, 1995.
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2 Intr oduction to Software Engineering

6. R. PressmanSoftwae Engineering- A Practitioner's Approad (4th Edition), McGraw Hill, 1997.
7. M. Priestlg, Practical Object-OrientedDesign McGraw-Hill, 1997.

8. J.Runbaughl. JacobsomandG. BoochTheUnifiedModellingLanguaye RefeenceManual Addison-
Weslegy, 1999.

9. S.R.SchachClassicaland Object-OrientedSoftwae Engineering(3rd Edition), IRWIN, 1996.
10. I. Sommerville Softwae Engineering(5th Edition), Addison-W\éslegy, 1995.

1.2 Intr oductionto Software Engineering

The notion of softwae engineeringvasproposedn the late 1960sat a conference held to discusswhat
was then calledthe ‘software crisis’. This software crisis resulteddirectly from the introductionof the
third-generatiomwomputehardware. Comparedvith softwaresystemslevelopedfor thesecond-generation
computerssoftwaresystemsiovadaysoften have amongthe othersthefollowing features:

¢ they modelpartsof therealworld,

they arelargeandcomple;

they areabstract;

they mustbe highly dependable;

they needto be bettermaintainableastherealworld changessotoo mustthe softwareto meetthe
changingequirements;

they mustbe userfriendly, andthusthe userinterfacein a softwaresystems animportantpart.

Softwaredevelopmentwasin crisisbecause¢he methodg(if therewereary) usedwerenotgoodenough:

¢ techniquesipplicableto smallsystemsouldnotbe scaledup;
e Mmajorprojectsweresometimegyearslate,they costmuchmorethanoriginally predicted:;

¢ softwaredevelopedwereunreliable performedpoorly, andweredifficult to maintain.

Thefactthathardware costsweretumbling while software costswererising rapidly, aswell asthe above
requiredfeaturescalledfor new theoriestechniquesmethodsandtoolsto controlthedevelopmenprocess
of softwaresystems.

Therefore,Softwae engineerings concernedwith the theories,methodsand tools which are neededo
developsoftwake. Its aimis the productionof dependablsoftware, deliveredon time andwithin budget,
thatmeetstheusers requiement

INATO SoftwareEngineeringConferenceGarmisch Germary, 1968.
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Intr oduction to Software Engineering 3

A Softwae engineeringis not to producea working softwae systemonly, but alsodocumentssuchas
systendesign usermanua) andsoon.

Software products

Theobjective of softwareengineerings to producesoftwareproductswith high-quality Softwae products
are software systemgdeliveredto a customemwith the documentatiorwhich describesow to install and
usethesystem.

The quality of a software productis judgedby, apartfrom the servicegprovided by the product,the char
acteristicsdisplayedby the productonceit is installedand put into use. The critical characteristicef a
softwareproductinclude

o Usability: It mustbeusefulandusableto make peoples liveseasierandbetter For this, the software
shouldhave anappropriatauserinterfaceandadequatelocumentation.

e Maintainability. It shouldbe possibleto evolve softwareto meetthe changingneedsof customers.
In otherwordsthe productshouldbe flexible to changeshatneedto make.

e Dependability Softwaredependabilityncludesarangeof characteristicsuchasreliability, security
and safety Dependablesoftware should not causephysicalor economicdamagein the event of
systemnfailure.

o Efficiency Softwareshouldnotmalke wastefuluseof systenresourcesuchasmemoryandprocessor
cycles.

It shouldbe notedthat the relative importanceof thesecharacteristic®bviously variesfrom systemto
systemandthatoptimizingall thesecharacteristicss difficult assomeareexclusive. Also therelationship
betweerthe costandimprovementsn eachcharacteristiés notalinearone.

To build goodsystemswe need

o awell defineddevelopmenprocesswith clearphasef activities eachof whichhasanend-poduct
e methodsandtecniquesfor conductinghe phase®f actvities andfor modellingtheir products,

e toolsfor generatingheproducts.

In thiscourse weshallconcentate onmethodsstrategiesandtoolsin theobject-orientedramevork which
leadto dependablemaintainableanduserfriendly softwae.

Returningto the issueof maintainability a software productasa modelof the realworld hasto be main-
tainedconstantlyin orderto remainanaccurataeflectionof changesn therealworld. Therefore software
engineeringnustbe alsoconcernedvith evolving software systemgo meetchangingneedsandrequire-
ments.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



4 Questions

For instancejf the salestax ratein the USA changesrom 6% to 7%, almostevery software productthat
dealswith buying or sellinghasto be changedSupposéhe productcontainthe C or C++ statement

const float sales tax = 6.0;

declaringthat salestax is a floating-pointconstant,and initialized to 6.0. In this casemaintenancas
relatively simple.With the aid of atext editorthevalue6.0 is replacedy 7.0, andthe codeis recompiled.
However, if insteadof usingthe constanteclarationtheactual6.0 hasbeenusedin the productwherever
thevalueof thesaletaxis involved, thensucha productwill beextremelydifficult to maintain.

1.3 Questions

1. Considera pieceof software that you enjoy/hateusing. In whatrespectss it a high/lov quality
system?

2. Do you knowv someinfamousexamplesof failuresof the desirableattributesof softwarethathave
dramaticeffects?Which of theattributesfailedin your example?

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



Chapter 2

Software DevelopmentProcess

Topicsfor Chapter 2

e Themainactvitiesin softwaredevelopment
o Thewaterfll modelof softwaredevelopmentprocess

e TheEvolutionarydevelopment

2.1 Software DevelopmentProcess

All engineerings abouthow to produceproductsn adisciplinedprocessin generalaprocessiefinesvho
is doingwhatwhenandhowto reacha certaingoal. A procesgo build a softwareproductor to enhancen
existing oneis calleda software developmentprocess

A softwaredevelopmentprocesss thusoftendescribedn termsof a setof actvities neededo transforma
users requilementsnto a softwaresystem.At the highestlevel of abstractiona developmentprocessan
bedepictedn Figure2.1.

SoftwareProduct

= £

Client's Requirement £

= A=t ~

Figure2.1: A simplifiedview of the softwaredevelopmentprocess

The client’s requirementslefinethe goal of the software development. They are preparedby the client
(sometimewith the help from a software engineer)to setout the servicesthat the systemis expectedto

5



6 Software DevelopmentProcess

provide, i.e. functionalrequirements The functionalrequirementshouldstatewhat the systemshould
do ratherthanhowit is done Apart from functionalrequirementsa client may alsohave non-functional
constraintghats/hewould like to placeon the system suchasthe requiredresponseime or the useof a
specificlanguagestandardThis courseis mainly concernedvith thefunctionalrequirements.

We mustbearin mind aboutthe following factswhich make the requirementaptureand analysisvery
difficult:

Therequirementsireoftenincomplete.

The client’s requirementsire usuallydescribedn termsof conceptspbjectsandterminologythat
may not bedirectly understandabl® softnareengineers.

Theclient’s requirementsreusuallyunstructuregndthey arenotrigorous,with repetitionsyedun-
dang, vaguenessandinconsisteng

Therequirementsnay not befeasible.

Therefore,ary developmentprocessnuststartwith the actvities of capturingandanalyzingthe client’s
requirementsTheseactiities andthe associatedesultsform thefirst phasgor sub-proces)f the process
calledrequirementanalysis

2.1.1 Requirementcapture and analysis

The purposeof the requirementaptureanalysisis to aim the developmenttoward the right system. Its
goalis to producea documentalledrequirementspecification The whole scopeof requirementapture
andanalysisforms the so-calledrequitementengineering In this chapter we discusshe main actvities
neededandthe essentiahttributesof productsof the actvities, andlaterwe will focuson the studyof OO
techniguegor requirementaptureandanalysisin chapterg}-6.

Thedocumenbf therequiremenspecificatiorwill beusedas

1. theagreedcontractbetweerthe clientandthe systemdevelopmentorganizationon whatthe system
shoulddo (andwhatthe systemshouldnot do);

2. thebasisusedby the developmenteamto developthe system;

3. afairly full modelof whatis requiredof the system.

To fulfill thesepurposesthe requirementanalysisprocessgdepictedin Figure2.2, shouldincludethefol-
lowing highly iterative actvities:

e Domainundestanding Analystsmustdeveloptheirunderstandingf theapplicationdomain.There-
fore,the conceptareexploredandtheclient’s requirementareelicited.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



Software DevelopmentProcess 7

Under

Developer Standing nt

Requirem

Client
Domainexpey \
Validatio ——‘
on
User

Specificatiordocument

Figure2.2: A view of therequirementinalysigprocess

e Requiementsaptue Theanalysimusthave away of capturingtheclient’s needssothatthey canbe
clearlycommunicatedo everyoneinvolvedin the project. They mustinteractwith theclient,andthe
applicatiordomainexperts,andthepotentialsystenusergo discover andcapturetheirrequirements.
Theskills of abstactionis importantto capturethe essenceandignorethenon-essences.

¢ Classification This actvity takesthe unstructureaollectionof requirementgapturedn the earlier
phaseandorganizesheminto coherentlusters,andthenprioritizesthe requirementsaccordingto
theirimportanceo theclientandtheusers.

¢ Validation Thisis to checkif therequirementsireconsistenandcomplete andto resole conflicts
betweerrequirements.

¢ Feasibilitystudy Thisis to estimatewhetherthe identifiedrequirementsnay be satisfiedusingthe
softwareandhardwaretechnologiesandto decideif the proposedystemwill be cost-efective.

Thereis no hardruleson whenrequirementnalysisis completedandthe developmentprocesgroceeds
into thenext phase Thefollowing questionsnustbeasledbeforethe developmenprogressemto thenext
phase:

e Hasthesystenrequiredbeenfully understoodby theclient,end-usersandthedevelopers?

e Hasafairly completemodelof whatis requiredbuilt? Thisis a modelof the systemaboutwhatmust
bedoneby thesystemin termsof
— whatfunctions(or servicespreavailable;
— whattheinput & outputare;
— whatdataarenecessary;

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



8 Software DevelopmentProcess

but noimplementatiordecisionsshouldbe describedn this model.

Of course the requirementspecificationand the model of the systemat this level mustbe adjustedand
improvedoncethisis foundnecessarguringa later stageof the development.

An importantsideeffectof requiementanalysisis testingthefinal system

¢ testplanmustbemadeaccordingo therequiremenspecification;

¢ testcaseshouldbedesignedo coverall the crucialservicegequired.

In summarythe requiremenspecifications the official statemenbf whatis requiredof the systemto be
developed. It is not a designdocumentandit muststatewhat to be doneratherthanhow it is done It

mustbein aform which canbe taken asthe startingpoint for the software development.A specification
languageés oftenused.Graphicalnotationsareoftenalsousedto describethe requiremenspecification.

Therequirementcaptue and analysisphaseis important,as an error which is not discorered at the re-
gquirementanalysisphaseis likely to remainundiscoered, andthelater it is discorered, the more difficult
andmore expensivas it to fix.

2.1.2 Systemdesign

After the specifications producedhroughrequiremenanalysis the requiremenspecificatiorundegoes
two consecutie designprocessesThe first comesarchitectuial (or logical) designin which the require-
mentsare partitionedinto componentsThis resultsin an architecturadesigndocumentwhich describes
whatead componenmustdo andhowthey interactwith eachotherto provide the over all requiredser
vices. Theneachcomponentn turnis designedthis procesds termeddetailed(or physica) design The
detaileddesigndocumentescribetioweachcomponentoeswhatit is requiredto do, andit thushowthe
whole systemdoeswhatit is requiredto do. The actvities of the designprocessaaindthe associatedesults
aredepictedn Figure2.3

Model of the System Concretejmplementatiordependent
Requiremenspecification detailedarchitecturalskeletalsystem

Abstract,implem.
independent, Detailed Design
Partition, generalArchitecfure Refinement,
Whatdoesa componento?
RelateComponents

Logical Dessign

How doesa componento it?
Designof therelationships.

Figure2.3: A view of thedesignprocess
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Software DevelopmentProcess 9

Thereforethedocumenproducedn thearchitecturabesignphases anarchitectual modelconsistingof
thespecification®f thecomponentsvhich describevhateachcomponentnustdo by specifyingtheinter-
facesof thecomponentsThemodelof thesystematthislevel is still abstractimplementationndependent,
andstill muchabout‘what” ratherthan“how”.

Thedetaileddesignsub-processwvolvesanumberof stepsof refinemento thearchitecturamodel,result-

ing in adetaileddesignmodelwhich describes

o thedesignof thefunctionsof eachcomponentdescribinghoweachcomponenprovidesits required
functions,

o thedesignof theinterfaceof eachcomponentdescribing'how” eachcomponenprovidesits services
to othercomponents.

The modelof the systemat this level canbe seenasa skeletal systemwhich is concretejmplementation
dependentanddefines’how”.

2.1.3 Implementation and unit testing

Duringthis stage gachof thecomponentfrom thedesignis realizedasa programunit. Eachunit thenmust
be eitherverifiedor testedagainsiits specificatiorobtainedn the designstage.This processs depictedn
Figure2.4

Implementation

DesignSpecification A setof testedprogramunits

\

and

\

Unit testing

Figure2.4: A view of theimplementatiorandunit testingprocess

2.1.4 Integration and systemtesting

The individual programunits representinghe componentf the systemare combinedand testedas a
wholeto ensurethatthe softwarerequirementhiave beenmet. Whenthe developersaresatisfiedwith the
product,it is thentestedby the client (acceptancéesting. This phaseendswhenthe productis accepted
by theclient.
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10 The Waterfall Model

2.1.5 Operation and maintenance

This phasestartswith thesystembeinginstalledfor practicaluse afterthe productis deliveredto theclient.
It laststill the beginningof systems retirementphase whichwe arenotconcernedn this course.

Maintenancencludesall changego the productoncetheclienthasagreedhatit satisfiedthe specification
document.MaintenancencludescorrectiveMaintenancgor softwarerepair)aswell asenhancemen(or

softwareupdate).Corrective Maintenancenvolvescorrectingerrorswhich werenot discoseredin earlier
stageof the developmentprocesswhile leaving the specificatiorunchangedThereare,in turn, two types
of enhancement:

o Perfectivemaintenancénvolveschangeghatthe client thinks will improve the effectivenessof the
product,suchasadditionalfunctionality or decreasedesponsdime.

e Adaptivemaintenancareaboutchangesnadein responséo changesn the ervironmentin which
the productoperatessuchasnewn governmentregulations.

Studieshasindicatedthat,on average maintainerspendapproximatelyl7.5% of theirtime on correctve
maintenance40% on perfectve maintenanceand18% on adaptve maintenance.

2.2 The Waterfall Model

Accordingto the software developmentactivities discussedn the earliersectionsthe whole development
processs oftendescribedy theso-calledwaterill model’ depictedn Figure2.5

Thedevelopmentprocesf a software productis alsocalledthelife cycleof the software. We mustnote
that

e In practice,the stagesin the waterfall model overlap and feed informationto eachother: during
design problemsn requirementsreidentified;duringcoding,designproblemsarefoundandsoon.
Thereforethedevelopmentprocesss nota simplelinearmodelbut involvesa sequencef iterations
of thedevelopmentctvities.

¢ Duringthefinal life cycle phaseperfectve maintenancactvities mayinvolve repeatingsomeor all
previousprocesstages.

e A developmentprocessvhichincludesfrequentiterationsmalkesit difficult to identify management
checkpointdor planningandreporting. Therefore aftera smallnumberof iterations,it is normalto
freezepartsof the developmentsuchasthe specificationandto continueto the later development
stagesProblemsareleft for laterresolutionjgnoredor areprogrammeadround.

e Sometimest is quite difficult to partition the developmentactiities in a projectinto thesedistinct
stages.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



Evolutionary Development 11

Requirement
Analysis

Design

Implementation
andUnit Testing

Integratingand
SystemTesting

Operationand
Maintenance

Figure2.5: The Waterfll Model

The watertll model can be usedfor somestatisticstudiesaboutthe software development. Figure 2.6
andFigure 2.7 illustrate why high quality software s difficult to produceandto maintain,andwhy the
developmeniactvities mustbe conductedn agoodengineeringnanner

2.3 Evolutionary Development

A problemwith thewaterfll modelis thatsomesoftwaredevelopmentprojectis difficult to be partitioned
into thedistinctstagef requiremenanalysisdesignandsoon. Sometimesit is alsodifficult (or impos-
sible)to establisha detailedrequiremenspecification.

Evolutionarydevelopmenis basedon the ideaof developinganinitial implementationgxposingthis to
usercommentandrefinethroughmary versionsuntil anadequatsystemhasbeendeveloped(Figure2.8).

The developmentprocessstartswith an outline descriptionof the system. Ratherthan having separate
specificationdevelopment(design,implementationandvalidation(testingand/orverificationand/orpro-
totyping)activities, thesearecarriedout concurrentlywith rapidfeedbackacrosgheseactvities.

Thetechniquesisedin anevolutionarydevelopmentinclude

¢ Explomatory programming wherethe objective of the procesds to work with the client to explore
their requirement@&nddeliver a final system. The developmentstartswith the partsof the system
whichareunderstoodThesystemevolvesby addingnew featuresasthey areproposedy theclient.

¢ Prototyping wherethe objectve of the developmentis to understandhe customers requirements
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Cost 67%

Maintain

8%

6%
RequirementDesign
Integrate

@

Figure2.6: Approximaterelative costsof softwareprocesgphasegfrom SchachL990)

and hencedevelop a betterrequirementsiefinition for the system. The prototypeconcentratesn
experimentingwith thosepartsof theclientrequirementsvhich arepoorly understood.

Obviously, this modelwith theiterationsof try-see-changactvities suffersfrom thefollowing problems

e Theprocessis not visible It is difficult and expensve to producedocumentswvhich reflectevery
versionof the system.

e Systenare poorly structued Continualchangaendsto corruptthe softwarestructure.

e It is not alwaysfeasible For large systemschangesn later versionsare very muchdifficult and
sometimesmpossible.New understandingndnew requirementsometimegorce the developerto
startthewholeprojectall over again.Softwareevolution is therefordik ely to be difficult andcostly
Frequenprototypingis alsovery expensve.

Theseproblemddirectly leadto the problemshatthe systenis difficult to understan@ndmaintain. There-
foreit is suggestedhatthis modelshouldbe usedin thefollowing circumstances:

e Thedevelopmenibf relatively smallsystems.

e Thedevelopmentof systemswith a shortlifetime. Here,the systemis developedto supportsome
actvity with is boundedn time, andhencethe maintenanc@roblemis notanimportantissue.

e Thedevelopmentof systemsor partsof large systemswvhereit is impossibleto expressthe detailed
specificatiorin advance(e.g. Al systemsandinterfaces).

Theideas,principlesandtedniquesof theevolutionarydevelopmenprocessare alwaysusefulandshould
be usedin different stages of a wider developmenprocess sud asthe requirmentaundestandingand
validatingin thewaterfall process
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Effort to correc
Sourceof error

@ (b)

Figure2.7: Softwareerrors(a) their sourceand(b) their correctioneffort (from Finkelstein,1989)

2.4 Questions

1. Why dowe needa softwaredevelopmentprocess.

2. Find more aboutsoftware developmentprocess especiallythe requirementghat a good software
developmentprocessnustmeet.
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Initail version
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Intermediate
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Development -~ "
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Final version
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Figure2.8: Evolutionarydevelopmentmodel
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Chapter 3

Intr oduction to OO Development

Topicsfor Chapter 3

e Theinherentcompleity of software

Masteringcomple systems

Thehierarchyof complex systems

Motivationto OO

Theoutlineof therestof thecourse

3.1 The Inherent Complexity of Software

Within thescopeof softwareengineeringthemodelsfor softwaredevelopmenprocessandtheirassociated
principlesandtechnique$ave providedmuchbetterunderstandingf theactvities in theprocessaindhave
led to greatimprovementsin productvity andquality of software. On the otherhand,we arestill in the
softwarecrisis. Now we understandhatthis is becaus@f theinherentcompleity of software.

Thefollowing threeobserationsshav why the compleity of softwae is an essentiaproperty

The complexity of the problemdomain This,in turn, derivesfrom thefollowing elements:

1. Difficultiesin capturingrequirementsThisusuallycomedrom the“impedancemismatch’thatexists
betweertheusersof the systemandits developers:

e Usersgenerallyfind it very hardto give preciseexpressiorto their needsn aform thatdevel-
operscanunderstand.

e Usersmayonly have vagueideasof whatthey wantin a system.

15



16 The Inherent Complexity of Software

2. Competingand contradictory requirements Considerthe requirementgor the electronicsystemof
a multi-engineaircraft, or an autonomousobot. The raw functionality of suchsystemsds difficult
enoughto comprehendbut now addall of the (oftenimplicit) nonfunctionalrequirementsuchas
usability performancegost,andreliability.

3. Changingrequirements Requirement®f a software systemoften changeduring its development,
largely because

e Seeingearlyproducts suchasdesigndocument@&ndprototypesandthenusinga systemonce
it is installedandoperationalleadthe usergo betterunderstandndarticulatetheir realneeds.

e At the sametime, the developmentprocesstself helpsthe developersmasterthe problemdo-
main, enablingthemto ask betterquestionghat illuminate the dark cornersof the systems
desiredbehaiour.

Elementsl&?2 imply the problemsanddifficultiesthatareinvolved duringtherequirementnalysigphase,
while element3 impliesthata softwaredevelopments an evolving processaanditerationsareinescapable,
andthatevolution andmaintenancareinherentlydifficult.

The difficulty of managing the development process The fundamentakask of the software devel-
opmentteamis to engineerthe illusion of simplicity - to shield usersfrom the vastand often arbitrary
compleity (SeeFigure3.1)of thesystem.

Press

Figure3.1: To Engineettheillusion of simplicity

However, the sheervolume of a systemrequirementoften requiresus to write a large amountof new

software or to reuseexisting softwarein novel ways. No one canever completelyunderstand system
containinghundredf thousandsor evenmillions of linesof code. Theamountof work demandshatwe

useateamof developers.More developersmeansmorecomplex communicatiorandhencemoredifficult

coordination.
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Mastering Complex Systems 17

The problemsof characterizing the behaviour of system In a softwaresystemfor alarge application,
theremay be hundredsor even thousandof variablesaswell as more than onethreadof control. The
behaiour of thesystenis how it changedrom onestateto another Althoughasystencanin practicehave
only finite numberof states,

e in alarge systemthereis a combinatoriakxplosionthatmalkesthis numbervery large;
e eacheventexternalto the systemmay changehe stateof the system;
o the systemmayreactto anexternaleventnondeterministicallyi.e. it maynot be predictablevhich

of anumberof stateghe systemwill enterafteracertainevent.

This obserationindicatesheimportanceanddifficulty of the decompositioin the designphase.

3.2 Mastering Complex Systems

Having saidwhatmale softwareinherentlycomple, anessentiaproblemof softwareengineerings how
we canmastetthis compleity duringthe softwaredevelopmentprocess.

3.2.1 Examplesof complexsystems

A personalcomputer A personakomputeris a device of moderatecompleity. Most of themcanbe
decomposeihto the samemajorelements:

acentralprocessinginit (CPU),

amonitor

akeyboard,and

somesortsecondangtoragedevice, eitherafloppy disk or a harddisk drive.

Eachof thesepartscanbe further decomposeihto subpartsFor example,a CPUis composeaf

e aprimarymemoryunit,
e anarithmetic/logicunit (ALU), and

e abusto which peripheradevicesareattached.

Eachof thesepartsmaybein turn decomposedanALU maybedividedinto

e registers,andrandomcontrollogic
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18 Mastering Complex Systems

whichthemselesareconstructedrom evenmoreprimitive elementssuchas
e NAND gatesandinverters,

andsoon.

Here we seethe hierarchic natureof a comple system. A personalcomputerfunctionsproperly only
becaus®f the collaborative activity of eachof its parts.We canreasorabouthov a computemworksonly
becauseve candecomposé into partsthatwe canstudyseparately

Theimportantobsenrationsthatwe canmake abouta hierarchicsystemare:

e Thelayersof this hierarchyrepresentslifferentlevels of abstractionseachbuilt uponthe other and
eachunderstandabley itself.

o At eachlevel of abstractionye find a collectionof partsthat collaborate to provide servicego the
higherlayers.

e Thelayerwe choosdo investigatedepend®n our currentneeds.

The structure of plants  To understandhe similaritiesanddifferenceamongplants,a plantcanbeseen
asacomplex systemwhich canbedecomposeihto the hierarchyof subsystemalustratedin Figure3.2

Plants

loots | Lstems | ELF

branchrootsH root hairs H root ape ‘ ’rootcap ‘ ’epidermis H mesophyIIHvascuIartiSSllle

cells

chloroplasts

Figure3.2: Thehierarchyof plants

All partsatthe sameevel of abstractionnteractin well-definedways. For instanceat the highestlevel of
abstraction:
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Mastering Complex Systems 19

e rootsareresponsibldor absorbingvaterandmineralsfrom the soil;
¢ rootsinteractwith stemswhichtransportheserav materialsup to the leaves;

o theleavesin turn usethe waterandmineralsprovided by the stemsto producefood throughphoto-
synthesis.

Therearealwaysclear boundariesbetweenthe outsideandinside of a given level. For example,we can
imaginethatthe partsof aleaf work togethetto provide the functionality of theleafaswhole,andyethave
little or nodirectinteractiorwith theelementanpartsof theroots.In otherwords,thereis clear sepaation
of concernsamongthe partsat differentlevel of abstiactions

Sociallnstitutions  As afinal exampleof complex systemswe turnto the structureof socialinstitutions,
which aregroupsof peoplethatjoin togetherto accomplishtasksthatcannotbe doneby individuals.

Thestructureof alargeorganisations clearlyhierarchical Multinationalcorporationsfor example contain
companieswhichin turnaremadeup of divisions,whichin turncontainbranchesywhichin turnencompass
local offices,andsoon (seeFigure3.3)

Multinationalcorporations

Compary 1 Compay2 | - Compay n

| | |

Division 1 Division2 | - Divisionn

| | |

‘Branchl ‘ ‘Branchz ‘ ‘ Branchn ‘

Figure3.3: Thehierarchyof multinationalcorporations

Therelationshipamongthe variouspartsof a corporationarejust like thosefound amongthe components
of a computeror a plant. For instance the degreeof interactionsamongemplo/eeswithin an individual
branchis greaterthanthatbetweeremplo/eesof differentbranches.
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20 Mastering Complex Systems

3.2.2 Thefiveattrib utesof a complexsystem

Fromthe exampleswe have five attributescommonto all comple systems.

Thefactthatmary complex systemhave a decomposablbierarchicstructures a majorfacilitating factor
enablingusto understanddescribeandeven‘see’ suchsystemsandtheir parts. Thisis summarise@sthe
following attribute.

1. Compleity takestheform of a hierarchy, wheebya comple systens composeaf inter-
relatedsubsystemthat havein turn their own subsystemsan so on, until somelowest
level of elementarycomponentss readed

Regardingto the natureof the primitive componentsf a complex systemwe have that:

2. Thechoice of what componentsn a systemare primitive is relatively arbitrary and is
largely up to the discretion of the observerof the system

The componentsn a systemarenot completelyindependentThe understandingf the linkagesbetween
the partsof the systemis alsoimportant. The natureof theselinkagesis anotherattribute commonto all
comple systems:

3. Intracomponentinkages are generlly stronger than intercomponentinkages. This fact
hasthe effectto sepaating the high-frequencydynamicsof the components involving
the internal structue of the components from the low-frequencydynamics- involving
interactionamongcomponents

Thefollowing attribute saysthatcomplex systemshave commonpatternsn their constructiorandimple-
mentation:

4. Hierarchic systemsaare usually composedf only a few different kinds of subsystems
variouscombinationandarrangements

In otherwords,a considerablemountof commonalitycutsacrossall partsin the structuralhierarchyof a
system.For example,we find, in acomputerNAND gatesusedin the designof the CPU aswell asin the
harddiskdrive. Likewise, cellssene asthe basicbuilding blocksin all structureof a plant.

Comple systemgendto evolve overtime. As systemsavolve, objectsthatwereonceconsidereadcomplex
becomeheprimitive objectsuponwhichmorecomple systemsuilt. Thisfactis statedasanothemttribute
of comple systems:
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5. Acompla systenthatworksis invariably foundto haveevolvedfroma simplesystenthat
worked. A comple systendesignedrom scratch never worksand cannotbe patchedup
to male it work. You haveto startover, beginningwith a working simplesystem

Furthermorewe cannever craft the primitive objectscorrectlythefirst time: we mustusethemin context
first, andthenimprove themover time aswe learnmoreabouttherealbehaiour of the system.

3.2.3 The generalization-specializatiorhierarchy

Having thatcomple systemcangenerallybe decomposeiéhto componentsvhich are combinedandar
rangednto layersrepresentinglifferentlevels of abstractionsucha decompositiomepresenta structual
(or “part-of’) hierarchy More interestingsystemsembodyanotherhierarchy For example,with a few
minutesof orientation anexperiencedilot canstepinto a multi-engingjet s/hehasnever flown beforeand
safelyfly thevehicle.In generaljf apilot alreadyknows how to fly agivenaircraft,it is far easierto know
how to fly asimilarone. Thereforethe concepbf aircraft representanabstractiorwhich genealizesthe
propertieccommonto every kind of aircraft. In otherwords,a particularplaneis a specialkind of aircraft,
which hasthe propertiesthat are commonto all aircraftand propertieswhich are specialto its kind. We
shallseethis secondanhierarchyis alsoessentiato understané complex system.In the OO frameawvork,
this“is a(orkind of)” hierarchyis calledthe classstructue andthe“part-of’ hierarchyis calledtheobject
structue. Thisis illustratedin Figure3.4

Objects
Classes
- T~ Dl

/ \

| 01 )

{\ o~ upart_ofn

/ \'S a’
J//—\\\ , ’\\\ D2 D3
A 7

, Gy s )

~ ; ~

Figure3.4: A canonicaform of acomplex system

Thisfigurerepresentthetwo hierarchies:

¢ ary instancgobject)of classCs is akind of instance®f classCs;
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22 Mastering Complex Systems

e objectsD, and D, arepartsof objectD;;;

e objectDs is aninstanceof classCg, andsoon

OO softwae engineerings abouthowto engineeringhe classand objectstructueswhich havethe five
attributesof complex systems And in the context of OO software engineeringthe structue of a system
meanghe classandobjectstructuesof thesystem

3.2.4 Function-oriented and object-oriented methods

Having saiddecompositiorof a systeminto componentss essentialn masteringcomplex systemswhat
is therole of decompositiorin the developmenbf a softwaresystem?

Function oriented methods Until the middle of the 1990s,mostof software engineerareusedto the
top-downfunctionaldesignmethod(or structued desigr), thathasthefollowing definingaspects:

e It is stronglyinfluencedby the programmindanguagesuchasALGOL, PascalandC, all of which
offer routinesastheir highest-lgel abstractions.

e Thefunctionsof a softnaresystemareconsidereasthe primarycriterionfor its decomposition.

o It separatethefunctionsanddata,wherefunctions,in principle,areactive andhave behaiour, and
dataarepassie holdersof information,which areaffectedby functions.

e Thetop-davn decompositiortypically breakshe systemdown into functions,whereaslataaresent
betweerthosefunctions.Thefunctionsarebrokendown furtherandeventuallycorvertedinto source
code(seeFigure3.5).

Peoplehave foundthefollowing problemswith the functionaltechnology:

¢ Productsdevelopedwith this approachare difficult to maintain. This is mainly becausehat all
functionssharealargeamountof data,andthey mustknow how thedataarestored.To changeadata
structureywe mustmodify all thefunctionsrelatingto thestructure.

¢ Thedevelopmentprocesss not stableaschangesn therequirementsvill be mainly reflectedn its
functionality Thereforeijt is difficult to retaintheoriginal designstricturewhenthe systemevolves.

e Thedevelopmentprocesgyetsinto the “how” businesgoo soon,aswhenwe decomposea function
into subfunctionswe cannotavoid from talking in away like “first do this andthendo that,andso
on”.

e Thisapproactonly captureghe“part-of’ abstraction.

e Obviously, thisapproactdoesnotsupporiprogrammingn object-orientedanguagessuchasSmalltalk,
Eiffel, C++,andJava, very well.
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Main function

7

Figure3.5: Functional top-davn decomposition

Object-orientedtechnology Thestratgy in theOO softwaredevelopmenis to view theworld asa setof
objects.They interactwith andcollaboratewith eachotherto provide somehigherlevel behaiour. Objects
have thefollowing characteristicéseeFigure3.4):

e An objectis simplyatangibleentityin therealworld (attherequiremenanalysigphasepr represents
asystementity (atthedesignstage).

e Objectsare responsiblefor managingtheir own private states,and for offering servicesto other
objectswhenis it requestedThus,dataandfunctionsareencapsulatedithin anobject.

e Thesystems functionalityis obseredby looking athow servicesarerequeste@dndprovidedamong
the objectswithoutthe needto getinto theinternalstatechange®f the objects.

¢ Objectsareclassifiednto classesandobjectsbelongingto the sameclasshave commonproperties,
suchasattributesandopeiations

It seemghatthe OO approachreflectsthe“is a” abstractioraswell asthe “part of” abstractiorbetter and
canovercomesomeof the problemsin the function approachnoticethat! do not wantto malke stronger
claims).

In this module we shalllearnthe conceptstechniquesandnotationghathave developedandfounduseful

in the OO framewvork. Onething will becomeclearto us, OO designhelpsin developinggood software
writtenin C++andJava.

3.3 The Restof The course

Therestof courseis to discusghe object-orientedsoftwae methodology The methodologyincludesthe
following
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o Notation Thelanguagdor expressioneachmodelof the systemat a level of abstraction.For this
purposewe shalluseUML, standingfor Unified Modelling Language which is widely usedasa
standaranodellinglanguage.

e ProcessTheactvities leadingto the orderly constructiorof the systems models.We shallfocuson
theactwities of object-orientecanalysis(OOA), object-orientedlesign(OOD), andobject-oriented
implementatiorstrategies(OOI).

¢ Tools Theartifactsthateliminatethetediumof themodelbuilding andenforcerulesaboutthemodels
themseles,sothaterrorsandinconsistenciesanbe exposed.Thetool thatwe usefor the practicals
will betheRationalRosé

3.4 Questions

1. Discusghecompleities apparentn thefollowing softwaredevelopment:

A group of developes in a small start-uplocatedin Los Angeleshavebeencontracted
to build a chemicalanalysissystenfor an industrial chemicallab in SantaFe. Thelab

workswith several thousandchemicals and wantsan exploratory tool for predictingthe

interactionsof chemicalsin novel combinations. The softwae housewon the contract

by underbidding the competition,so they havelittle mong availablefor travel. Only

the teamleaderis able to male trips to SantaFe and all contactbetweerthe chemists
andthedesignteamtakesplacethroughtheteamleader Shetakesdetailednoteson her

discussiorwith the chemistswhowill usethetool, thenbriefstheteamasa groupwhen
shereturns. Requiementsare establishedaind a high level designdevelopedasa group.

At this point, individual designes take on sepaate moduleqe.g., thechemicaldatabase
the graph computation the userinterface). The developes are a close-knitgroup, and

often discussthe detaileddesignof their moduleswith eat other This enablesthem
to coodinatetheir designsrom the beginning— for example asthe organizationof the
chemicaldatabasalevelops,the authorof the graphingmoduledirectlyincorporatesthe
chemicalgroupinginformationembeddedn the databaseand usesthis informationas
an organizingrubric for his analysisoptions. Unfortunately whenthe first prototypeis

shownto the clients,theclientsare unhappywith thechemicalcombinatioroptions.Both
thedatabaseandtheanalysismodulesnustundego substantiaredesign.

2. The library at East-Wst University is a large building with over 4000 squarefeet of stacks,and
a spaciougreading/periodicalsoom overlooking the main quad. The library hasholds over 10K
volumes,and subscribego about200 periodicals;most of theseare archval and the hasbound
journalvolumesdatingbackasfaras1901.Bookscanbechecled outfor two weeks periodicalsor
threedays.A wide selectiorof referenceaaidsarealsoavailable,but thesemustbeusedin thelibrary.
Thematerialis hearily biasedowardsscienceswith engineeringlife sciencesandmathematicshe
majortopic areas A smallersetof holdingsin theliberal arts(literature,socialsciencesandhistory
alsoexists. thestaf consistof a headlibrarian, six studentsvho take turnsworking atthe deskand
shelvingreturns,andtwo referencdibrarians.

Characterizeéhe East-W\estlibrary systemdescribedabore in termsof thefive attributesof complex
systems.

!For informationaboutNational Rose,a thoroughtreatmentof raw UML notation,the completespecificatioris availableat
RationCorporations website: www.rational.com
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3. Fredis a Dodgedealer— his dealershipmaintainsan sellsa vehicleinventorytypically numbering
over 100atary giventime. It alsoservicescarsof all makes. While it stocksa variety of partsfor
Dodgemodelsjt purchasepartsfor vehiclesof otherbrandson anas-needebfasis.What“kind-of”
hierarchiesnight be usefulin organizingFreds dealership?Part-of’ hierarchies?

4. Figure3.6depictsa possibleobjectstructurefor a simpleblackjackgame Jisting someof theimpor
tantelementxonnectedn a“part-of’ hierarchy In analyzingcomplex systemsunderstandinghe
relationship(shpetweenhierarchicalcomponentss just asimportantasidentifying the components
themseles. For eachconnectionamongnotesin the blackjackgraph, specify the relationship(s)
betweertheconnectedbijects.

Blackjack game

Figure3.6: Objectstructurefor a BlackjackGame

5. Describeoneor moreextensiondo the blackjackgamedepictedabove thatwould have little impact
onthecompleity of the system.Thendescribeanextensionthatwould make the systemnoticeably
morecomple.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



26 Questions

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



Chapter 4

RequirementCapture and Analysis— Use
Cases

Topicsof Chapter 4

e Understandingequirementsspecification,such as functional specification,and nonfunctionalat-
tributesof systems

e Understandingise casesusecasediagrams,and use-casenodelfor describingthe functionalre-
guirements

o Use-caseliagramsandtheir usefor describinga use-casenodel

4.1 Understandingrequirements

4.1.1 Intr oduction

Thecreationof a correctandthoroughrequirementspecificatioris essentiato a successfuproject. How-
ever, the treatmentbf the whole hostskills necessaryo elucidatemeaningfulrequirementss simply too
muchto cover in this course. Insteadof going into every aspectof every skill, we usea casestudyto
illustratethefollowing threeproblems.

e Whatshouldbe producedn therequirementgaptureandanalysis?
e How to identify theelementf theseartifacts?

e How areartifactsexpressed?
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4.1.2 Casestudy: Point-of-sale

A point-of-saleterminal (POST)is a computerizedystemusedto recordsalesandhandlepaymentsit is
typically usedin aretail store.It includeshardwarecomponentsuchasa computerandabarcodescanner
andsoftwareto runthe system(SeeFigure4.1).

Assumethat we have beenrequestedo createthe software to run a point-of-saleterminal. Using an
object-orienteddevelopmentstratgy, we are going to proceedhroughthe requirementnalysis,design,

(
\/

Figure4.1: A point-of-saleterminal

4.1.3 Requirementsspecification

Therequirementspecifications a descriptionof needsr desiredor a product.

Therequirementsnustbedescribed

e unambiguouslyand

¢ in aform thatclearlycommunicate$o the clientandto the developmenteammembers.

It is recommendethattherequirementspecificatioratleastincludesthefollowing parts:

anoverview of the project

goals

systemfunctions

systemattributes(non-functionakequirements)

Glossary-definitionsof all relevantterms
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e Usecases- narrative description®f thedomainprocesses

e Conceptuaimodel-amodelof importantconceptsandtheir relationshipsn theapplicationdomain.

Thesearetypically producedhroughgatheringanddigesting

e mary kindsof documentsuchastheclient’s statementabouttheir needspreliminaryinvestigation
report,andelectronicdocuments,

e interviawv results,

e requirementslefinitionmeetingsandsoon

This sectiononly discusseshe first four partsof a requirementspecificationandthe othersareleft for
subsequergections.

Overview of the project

Thisshoulddescribeheneedfor thesystem For alargesystemijt shouldalsobriefly describeghesystems
functionsandexplain how it will work with othersystems.

Theoverviav of the POSTcasestudyprojectcanbe simply written asthefollowing statement:

Thepurposeof this projectis to createa point-of-saleterminalsystento beusedin retail sales.

Goals

This is to describehow the systenffits into the overall businessor stratgic objectivesof the organization
commissioninghe software.

Thegoalsof the POSTsystemcanbe statedas

In generalthe goal is increasedcheclout automation,to supportfaster betterand cheaper
servicesaandbusinesprocessedMore specifically theseinclude:

e quick checlout for the customer
o fastandaccuratesalesanalysis,
e automatianventorycontrol.

Theovervienv andthe goalscanbe combinednto anintroductionsectionin thedocument.
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Systemfunctions

Systenfunctionsarewhata systemis supposedo do.

To verify thatsomeX is indeeda systemfunction,it shouldmake sensén thefollowing sentence

Thesystemshoulddo < X >

For example,“ease-of-use'doesnot fit in the verification sentence.Thus, systemqualitiesof this kind
shouldnot be partof thefunctionalrequirementspecification.

The systems functionsshouldbe cateyorizedin orderto priorities themor to avoid from missingthem.
Categoriesinclude

e Evidentfunctions suchfunction shouldbe performed,and usershouldbe cognizantthatit is per
formed.

e Hiddenfunctions shouldbe performed,but not visible to users. This is true of mary underlying
technicakervicessuchassaveinformationin a persistentstorage medanism Hiddenfunctionsare
oftenincorrectlymissedduringthe requirementgatheringprocess.

o Frill functions areoptional;addingthemdoesnot significantlyaffect costor otherfunctions.

In the presentatiomf thefunctions,

o they shouldbedividedinto logical cohesie groups,

e eachfunctionshouldbe givena referencenumberthatcanbe usedin otherdocument®f the devel-
opment,

¢ thecateyory thatafunctionbelongso shouldbeindicated.

For the POST application,we presenttwo groupsof the systemfunctions, the basic functionsand the
functionsrelatedio payment Thesdunctionsserne asasetof representate sampleratherthanacomplete
list.

Basicfunctions of the POST system
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Ref# Function Category

R1.1 | Recordtheundervay (current)sale- theitemspurchased. evident

R1.2 | Calculatecurrentsaletotal. evident

R1.3 | Capturepurchasdtem informationfrom a bar codeusinga bar | evident
codescanneror manualentryof aproductcode,suchasa univer
salproductcode(UPC).

R1.4 | Reducenventoryquantitiesvhenasaleis committed. hidden

R1.5 | Log completedsales. hidden

R1.6 | Cashiemustlog in with anID andpasswerd in orderto usethe | evident
system.

R1.7 | Provide apersistenstoragemechanism. hidden

R1.8 | Provide interprocessand intersystem communicationmecha-| hidden
nisms.

R1.9 | Displaydescriptiorandpriceof itemrecorded. evident

Paymentfunctions

Ref# Function Category

R2.1 | Handlecashpaymentscapturingamountenderedindcalculating| evident
balancedue.

R2.2 | Handlecreditpaymentscapturingcreditinformationfrom a card | evident
readeror by manualentry and authorizing paymentwith the
stores (external) credit authorizationservicevia a modemcon-
nection.

R2.3 | Handlechequepaymentscapturingdriverslicenseby manualen- | evident
try, andauthorizingpaymentwith the stores (external)chequeau-
thorizationservicevia amodemconnection.

R2.4 | Log creditpaymentdo the accountgecevable systemsincethe | hidden
creditauthorizatiorservicesowesthe storethe paymeniamount.
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Systemattrib utes

Systemattributesarealsocallednon-functionakequirments They areconstraintSmposedon the system
andrestrictionson the freedomof the designerThesemayinclude

e responsg¢ime andmemoryrequirements,
e easeof use,

e operatingsystemglatforms,

e interfacemetaphar

e retail cost,

o fault-toleranceandsoon

Someattributes may cut acrossall functions, suchasthe operatingsystemplatform, or be relatedto a
particularfunctionor agroupof functions.

Hereareexamplesof attributesfor the POSTsystem:

Attrib ute Constraints

respons¢ime Whenrecordinga solditem, the descriptionandprice will appear
within 5 seconds

interfacemetaphor Forms-metaphowindows anddialogboxes

fault-tolerance Mustlog authorizectreditpaymentgo accountsecevablewithin
24 hours,evenif poweror devicefails

operatingsystermplatform | Microsoft Window 95andNT

4.2 UseCases:Describing Processes

Oneof themajoraimsin OOA is to decomposéherequirementito conceptandobjectan theapplication
domainand producea conceptuaimodel. An importanttechniqueto help in this decompositionis to

considerusecases- narratve descriptionof domainprocesse termsof interactionsbetweerthe system
andits users.This sectionintroduceghe notionof usecases.
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4.2.1 Usecases

Informally speakinga usecaseis a story or a caseof usinga systemby someuserso carryouta process.
A bit morepreciselyspeakinga usecasedescribeghe sequencef eventsof sometypesof users,called
actors, usingsomepartof the systenfunctionalityto completea process.

For example to carryoutthe procesof buying thingsat a storewhena POSTis used

e two actorsmustbeinvolved: CustomemlandCashier

¢ thefollowing sequencef eventsmustbe performed:

The Customerarrivesat a checlout with itemsto purchaseThe Cashierrecordsthe purchasdétems
andcollectpayment.On completionthe Custometeaveswith theitems

Thereforefo auser ausecaseis away of usingthesystem A usecaseis describedn termsof asequence
of interactionshetweersomeactorsandthe systemby which the systemprovidesa serviceto the actors.
Eachusecasethencapturesa pieceof functionalrequirementdor someusers.All the usecasegogether
describethe overall functional requirementf the system. The first stepin requirementscaptue is to
captue requirementsas usecases All theusecasesllow software developersandthe client/custometo
agreeon therequirementsthatis, the conditionsor capabilitiesto which the systemmustconform.

Actors

An actor represents coherentsetof rolesthat are entitiesexternal to the systemcanplay in usingthe
system ratherthanrepresenting particularindividual. An actorrepresents type of uses of the system
or externalsystemghatthe systeminteractswith.

Notethat

e An actortypically stimulateghe systemwith input events,or recevessomethingrom the system.

e An actorscommunicatesvith the systemby sendingmessgesto andreceving messagefrom the
systemasit performsa usecase.

e An actorsmay modelarything that needsto interactwith the systemto exchangeinformation: a
humanuser a computersystemanelectricalor amechanicatievice suchasatimer.

¢ A physicalusermayactasoneor se/eralactorsasthey interactwith thesystemandseveralindivid-
ualuseramayactasdifferentoccurrencesf the sameactor

o If therearemorethanoneactorin a usecase the onewho generateshe startingstimulusis called
theinitiator actorandthe otherparticipatingactors.

e Theactorghatdirectlyinteractghe systemareprimary/directactors, theothersarecalledsecondary
actors.
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Thus,actorsrepresenpartiesoutsidethe systemthatcollaboratewith the system.Oncewe have identified

all theactorsof a systemwe have identifiedthe externalenvironmentof the system.

4.2.2 ldentifying usecases

Eachof the following stepsfor identifying usecasesnvolvesbrainstormingandreviewing existing docu-

mentsof requirementspecification:

1. Onemethodto identify usecasess actor-based

(a) ldentify the actorsrelatedto a systemor organization,i.e. find and specifyall the actorsby
looking atwhich userswill usethe systemandwhich othersystemsnustinteractwith it.

(b) For eachactor identifying the processeshey initiate or participatein by looking at how the

actorcommunicates/interactgith (or use)thesystento do hiswork.

2. A secondnethodto identify usecasess event-based

(a) ldentify the externaleventsthata systemmustrespondo.

(b) Relatethe eventsto actorsandusecases.

To identify usecasesreadthe existing requirementérom an actors perspectie andcarry on discussions
with thosewhowill actasactors.It will helpto askandansweranumberof questionssuchas

Whatarethe maintasksof theactor?
Will theactorhave to read/write/changary of the systeminformation?
Will theactorhave to inform the systemaboutoutsidechanges?

Doestheactorwishto beinformedaboutchanges?

For the POSTapplicationthe following potentialuseactorsandusecasesanbeidentified:

Actor Processeto Initiate
Cashier | LogIn

Log Out
Customer| Buy Items

Refunditems
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4.2.3 Writing usecases

Whenwe usethe methodggivenin the above subsectiorto identify a usecasewe first createa high-level
usecaseto obtainsomeunderstandingf the overall processandthenexpandit by addingto it with more

details.

A high-level usecasedescribea proceswery briefly, usuallyin two or threesentencesThey areoftenonly
concernedvith the eventsthatthe actorsperform.It is describedn thefollowing format:

Usecase:

Actors:

Purpose:

Overview:

Nameof usecase(usea phrasestartingwith averb).

List of actors(external agents),indicating who initiates the use
case.

Intentionof theusecase.

A brief descriptiorof the process.

CrossReferences: Relatedusecasesandsystenfunctions.

For example the high-level descriptiorof the Buy Items with Cashprocessanbedescribedasfollows.

Usecase:

Actors:
Purpose:

Overview:

Buy Items with Cash

Custome((initiator), Cashier
Capturea saleandits cashpayment.

A Customerarrives at a checlout with itemsto purchase. The
Cashierrecordsthe purchasdétemsand collectsa cashpayment.
Oncompletionthe Custometeaveswith theitems.

CrossReferences: Functions:R1.1,R1.2,R1.3,R1.7,R1.9,R2.1.

Thereferenceso the systemfunctionsindicatethat

o theusecaseés createdhroughfurtherunderstandingf thesefunctions,

o theserequiredfunctionsareallocatedo this usecase,

Thisis usefulthat

e it is possibleto verify thatall systemfunctionshave beenallocatedio usecases,
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e it providesallink in termsof tractability betweenthe productsproducedat differentstagesn the
development,

e all systemfunctionsandusecasesanbetraceableéhroughimplementatiorandtesting.

An expandedisecaseshavs moredetailsthana high-lesel one,andis oftendonein a corversationalstyle
betweenthe actorsand the system. Typically, an expandeduse caseextendsa high-level one with two
sectiongypical course of eventsandalternativecoursesof events(or exceptionk

Usecase: Nameof usecase(usea phrasestartingwith averb).

Actors: List of actors(external agents),indicating who initiates the use
case.

Purpose: Intentionof theusecase.

Overview: A brief descriptiorof the process.

CrossReferences: Relatedusecasesandsystemfunctions.
Typical Courseof Events
Actor Action SystemResponse
Numberedactionsof theactors. Numbereddescription®f systenresponses.

Alter native Courses

o Alternativesthatmayariseatline_number Descriptionof exception.

For example,the high-level Buy Items with Cash usecasecanbe expandedwith thetwo sectionsn the
following way:.

Typical Courseof Events

Actor Action SystemResponse
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10.

12.

Thisusecasebegginswhena Customear-
rives at a POST checlout with itemsto
purchase.

The Cashierrecordsthe identifier from
eachitem.

If thereis morethanonesameitem, the
Cashiercanenterthequantityaswell.

On completion of the item entry the
Cashierindicatesto the POSTthat item
entryis completed.

The Cashiettells the Customethetotal.
The Customegivesacashpaymentpos-
sibly greatetthanthe saletotal.

The Cashierrecordsthe cash receved
amount.

The Cashierdepositsthe cashreceved
andextractsthe balanceowing.

The Cashiergivesthe balanceowing and
the printedreceiptto the Customer

The Customeleaveswith theitemspur
chased.

Alter native Courses

3. Determinesthe item price and addsthe
item information to the running sales
transaction.

The descriptionand price of the current
item arepresented.

5 Calculatesandpresentshe saletotal.

9. Shaws the balanceduebackto the Cus-
tomer
Generateareceipt.

11. Logsthecompletedsale.

e Line 2: Invalid identifierenteredIndicateerror

e Line 7: Customedidn’t have enoughcash.Cancelsalegransaction.

We mustnote,theusecaseBuy Items with Cashis asimplifieddescriptionof thefull buy item processlit
assumeshefollowing:

Cashpaymentnly.

No inventorymaintenance.

It is astand-alonatore,not partof alargerorganization.

Manualentry of UPCs;no barcodereader
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o No taxcalculations.

e No coupons.

e Cashiedoesnothavetolog in; noaccesgontrol.

e Thereis norecordmaintainedf theindividual customerandtheir buying habits.

e Thereis no controlof thecashdrawer.

o Nameandaddres®f store,anddateandtime of sale,arenotshavn onthereceipt.

e CashielD andPOSTID arenotshavn onthereceipt.

e Completedsalesarerecordedn anhistoricallog.

It isimportantto remembethe5thattribute of complex andwe alwaysbegin thedevelopmentwith building
asimplesystemandthenenhancendimprove it over time aswe learnmoreaboutthe behaiour.

4.2.4 Essentialand realusecases

At therequirementevel, theusecasesarerelatively free of technologyandimplementatiordetails;design
decisionsaaredeferredandabstractedespeciallythoserelatedto the userinterface.A usecasef thiskind
is saidessentiabsit describeshe processn termsof the essentiahctivities andmotivation.

In contrastareal usecaseconcretelydescribeshe processn termsof its real currentdesign,committed
to thespecificinput andoutputtechnologiesandsoon.

For example,consideran ATM Withdraw Cashusecase. The Typical Course of Events sectionsin an
essentiaform andin arealform canbeusedfor illustration:

Essential

Actor Action SystemResponse

1. TheCustomeidentifieshim/herself 2. Presenbptions.

3. andsoon 4. andsoon
Real
Actor Action SystemResponse

1. Thecustomeinsertshis/hercard. 2. Promptgsor PIN.
3. EnterPIN onkeypad. 4. Displayoptionsmenu.

5. andsoon. 6. andson.
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4.2.5 Use-casaliagramsand use-casenodel

A usecasediagramiillustratesa setof usecasedor a systemthe actorsof theseusecasesthe relations
betweertheactorsandtheseusecasesandtherelationsamongthe usecasesThe UML notationfor ause
casediagramis shawvn in Figure4.2,in which

e anoval representausecase,

e astickfigurerepresentanactor

e aline betweenan actorand a usecaserepresentshat the actorinitiates and/orparticipatesn the
process.

\

Cashier Customer

Refound Items

il

Figure4.2: A sampleusecasediagram

All theactors,usecasesaanduse-caseiagramf a systemmale up a use-casenodelwhich describeghe
usecasesthe actors,how the usecasegelateto eachotherandto the actors. It thusspecifieghe system
functionalrequirements.

Making up a big usecasefrom simpler ones

It is not difficult to seethatthe sequencef actionsfrom 7 to 10 in usecaseBuy Items with Cashcanbe
treatedasausecasewhich cancalledPay by Cash It canberefinedby addingmoredetailssuchas:
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Pay by Cash

Typical Courseof Events
Actor Action SystemResponse

1. TheCustomegivesacashpaymentpos-

sibly greatetthanthe saletotal.
2. TheCashierecordshecashtendered. 3. Shaw the balancedue backto the Cus-

tomer

4. The Cashierdepositsthe cashreceied

andextractsthe balanceowing.

The Cashiergivesthe balanceowing and

the printedreceiptto the Customer

Alter native Courses

e Line 3. If cashtheamounttendereds notenoughgxceptionhandling

e Line 4: Insuficient cashin draverto paybalance Ask for cashfrom super
visor.

Usingexactly the sametechniquesn the descriptionof Pay by Cash we canfefinetwo usecasesPay by
Credit andPay by Cheque

Now it is notdifficult to definethe generausecaseBuy ltems thatcanbe written asfollows.
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Buy Items
Typical Courseof Events
Actor Action SystemResponse

1. Thisusecasebgyinswhena Customerarrivesat
aPOSTcheclout with itemsto purchase.

2. TheCashierecordgsheidentifierfrom eachitem. 3. Determinesthe item price and addsthe
item information to the running sales
transaction.

If thereis more thanone of the sameitem, the The descriptionand price of the current
Cashiercanenterthe quantityaswell. item arepresented.

4.  Oncompletionof theitementry theCashielindi- 5 Calculatesandpresentshe saletotal.
catego thePOSTthatitem entryis completed.

6. TheCashietellsthe Customeithetotal

7. TheCustomerchoosepaymenimethod:
(a) If cashpaymentjnitiate Pay by Cash
(b) If creditpaymentjnitiate Payby Credit

(c) If cheque payment, initiate Pay by
Cheque

8. Logsthecompletedsale.
9. Printsareceipt.

10. The Cashiergivesthe printedreceiptto the Cus-
tomer

11. TheCustometeaveswith theitemspurchased.

Alter native Courses
e Line 2: Invalid identifierenteredIndicateerror

e Line 7: Customedidn’t have enoughcash.Cancelsalegransaction.

In generalausecasemaycontaindecisionpoints.|f oneof thesedecisionpathsrepresenttheoverwhelm-
ing typical case,andthe othersalternatves arerare,unusualor exceptional thenthe typical caseshould
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bethe only onewritten aboutin the Typical Course of events andthe alternatves shouldbe writtenin the
AlternativeCoursessection.However, if thedecisionpointrepresentalternatveswhichall relatively equal
andnormalin theirlikelihood,thisis trueof thepaymentypes,thenwe have to describeéhemasindividual
usecasesandthey canbeusedby a ‘main’ usecasesuchasBuy ltems.

UML providesa notationfor describingsucha usesrelationshipbetweerusecasesandthis is illustrated
in Figure4.3.

L
\
Cashier
Customer
creditAuthorization
Service Che_ck _
Authorization
Q Service

AccountsRecevable

Figure4.3: Relatingusecasewwith ausesrelationship

4.2.6 Usecaseswithin a developmentprocess

This sectionsummarizeshe actiities andartifactsof usecaseanalysis.

1. After systemfunctionshave beenlisted, thenidentify actorsandusecases.

2. Write all usecasesn the high-level format. You maylike to cateyorizethemasprimary secondary
or optional.

3. Draw ausecasediagramfor the system.
4. Relateusecasesandillustraterelationshipsn the usecasediagram.

5. Write the mostcritical, influential and risky use casesin the expandedessentiafformat to better
understandndestatethe natureandsizeof the problem.Deferwriting the expandedessentiaform
of thelesscritical usecasesuntil thedesignor eventtheimplementatiorstarts.

6. Ideally, real usecasesshouldbe deferreduntil the designphaseof a developmentcycle, sincetheir
creationinvolvesdesigndecisions.However, it is sometimesecessaryo createsomereal usecase
duringthe earlyrequiremenphassf
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e Concretadescriptionsignificantlyaid comprehension.
e Clientsdemandspecifyingtheir processem thisfashion.
e For prototypepurpose.

7. Youmayliketo ranktheusecasego planwhich shouldbetakeninto thedesignandimplementation
phasedirst.

4.2.7 Actors and usecasesf the POST system

Usingthetechnique®f this section,a sampldlist (not anexhaustie) of relevantactorsandusecaseshey
initiate include:

Actor UseCase

Cashier LogIn
Log Out

Customer Buy Items

Refundltems

Manager StartUp
ShutDown
System Add New Users

Administrator

We leave the constructiomf theusecasessexercises.

4.2.8 Summingup

Usecasedefinition

A usecasespecifiesa sequencef actionsthatthe systemcanperformandthatyieldsanobserableresult
of valueto a particularactor A usecaseis full end-to-endstory aboutthe useof the systemto carryouta
task,notanarbitarycombinatiorof anumberof stepsof computationFor example we shouldnotcombine
two tasksinto ausecase suchaBorron aBookandReturnaBook, if it is notalway the casethatonemust
be carriedout afterthe other

Why usecases?

Thereasonsvhy usecasesaregoodfor requirementaptureinclude
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e They do notonly answerthe questionwhatthe systenshoulddo but answerit in termsof whatthe
systenshoulddo for eat user/actor They thereforeidentify the functionsthatthe systemprovides
to addvaluesto its usersandhelpto remove functionsthatthey do notaddvaluesto theusers.

e They identify systenfunctionsandtherelationshipamongthe systenfunctions.

e They alsoidentify conceptsand objectsinvolved in the applicationdomain. Theseconceptsand
objectsare very importantin modelingthe architectureof the system,and are later in the design
realizedassoftwareclassesandobjects.

¢ Usecasesrealsousedas“placeholdersfor nonfunctionalequilrementssuchasperformanceavail-
ability, accurag, andsecurityrequirementshatarespecificto ausecase.For example thefollowing
requirementanbe attachedo the Withdraw Money usecase:Theresponsdime for a Bank Cus-
tomermeasuredrom selectingthe amountto withdraw to the delivery of the notesshouldbe less
than30 secondsn 95% of all cases.

e Usecasesrealsoimportantfor projectplan,systemdesignandtesting.

UseCasesSpecifythe System

Theuse-casanodel representsll the usecasesandtheir associate@ctorsandspecifiesall the functional
requirementandmostof thenonfunctionarequirementsf thesystem Requiementsaptue is to captue
requirmentsasusecases lts mainpurposes to work with thecustomerandusergo identify theusecases
andto createthe use-casenodel. The use-casenodelsenesasan agreemenbetweerthe client andthe
developersandit providesessentiainputfor analysisdesign.andtesting.

We find the usecasegby looking at how the usersneedto usethe systemto do their work. Eachsuch
way of usingthe systemthataddsvalueto the useris a candidateusecase.Thesecandidatesvill thenbe
elaboratedn, changeddivided into smallerusecasespr integratedinto more completeusecases.The
use-casenodelis almostfinishedwhenit capturesll functionalrequirementgorrectlyin a way thatthe
client,usersanddeveloperscanunderstand.

4.3 Questions

1. As we saidin Chapter2, thetaskof therequirementgaptureandanalysisis difficult and comple
for avarietyof reasons.

e Therequirementarethe client’s requirementsvhich areactuallythe needsof the usersof the
systemto develop,ratherthanthoseof the developers.

e Any systemhasmary users(or typesof users) andwhile eachusermay knowv whathe or she
doesnoonecanseethewholepicture.

e Very often, usersdo not know whatthe requirementsreor how to specifythemin a precise
manneyeither

¢ Differenttypesof usershave different,sometimesonflicting,requirements.
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How canyou, asa requirementnalyst,help to over comeary of theseproblems,andto createa
use-casenodel?

2. Whatarethe differencesandrelationshipsetweersystemfunctionsandusecases?How canthey
beidentified?

3. Eachusecasehasto represenatask,or a coherenunit of functionality whichthesystemis required
to support.Normally, this meanshatthe usecasehasvaluefor atleastoneof the actors.An actor
for whomausecasehasvalueis normallycalleda beneficiaryof the usecase Discusghefollowing
guestions.

(a) ConsidertheusecaseBuy Itemswith cashin the POSTsystemwho is a beneficiaryandwhat
valuehe/shegetsfrom the system?

(b) How importantis it to identify the beneficiarie®f eachusecase?
(c) Isainitiating actoralwaysa beneficiary?
(d) Doesabeneficiaryhave to interactwith the systemcarryingout ataskto getbenefit?

(e) Whatis therole of anactorof a usecasewhois not a beneficiarydo you think thatwe do not
needto shawv suchanactorin theusecasemodel?

4. Discusghepossibleuseof usecasedor the planningof the project.
5. Discusghepossibleuseof usecasesn systenvalidation

6. About25% of projectswerecanceledsimply becausesomeonesomevheredecidedit wasnt worth
goingaheadwith. Discusghe possibleuseof usecasesn dealingwith political aspectf suchin a
project.

7. Discusghepossibleproblemswith usecases.

8. Consideranexampleof alibrary system.Assumethata memberof thelibrary is allowedto borrov
upto six items(e.g.acopy of abook,ajournals,etc). The systemsupportgo carry out the tasksof
borrowinga copyof a book extendinga loan, andcheding for reservation Write the usecaseghat
representhesetasks andusea use-caséiagramto representelationship@amongtheseusescases.

Do you realize,from this problem,anissueof factoring,sharing,andreusingfunctionality? Can
you discusghe advantagesandpitfalls in documentingharedandreusedunctionalitylike thisona
use-caseliagram?

9. Supposehatyouareinvolvedin thedesignof East-VstUniversity’s library (describedn aquestion
atthe endof Chapter3) browsing andloan system.Whatare someof the importantusecasesyou
mightdevelopin theanalysiphasgsimply enumeratinghemwith brief discussion®r presenthem
in the high-level formatis sufiicient)? Try to identify atleast4-5 casesanddrav a use-caséiagram
toillustratethem
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Chapter 5

RequirementCapture and Analysis—
ConceptualModel

Topicsof Chapter 5

o ldentifying conceptsn the applicationdomainwhich arerelatedto the system,andbuilding a con-
ceptuaimodel

¢ Associationdetweerconceptgclasses)
o Attributesof Classes

¢ Classdiagramsandtheir usefor describinga conceptuamodel

5.1 ConceptualModel — Conceptsand Classes

An importantandtypical actvity in object-orientedequirementanalysisis to identify conceptgelatedto
therequirementsindto createa conceptuamodelof thedomain Thetermdomaincoversthe application
areawe areworking with, e.g.theretail storein our POSTcasestudy This sectionis to introducethe skill
in identifying conceptsvhicharemeaningfuin theproblemdomain,andthe notationfor representinguch
amodel.

5.1.1 ConceptualModels

A conceptuamodelillustratesabstractand meaningfulconceptsn the problemdomain. The creationof
conceptds the mostessentiabbject-orientedstepin analysisor investigationof the problemdomainfor
building genuinelyextensiblesoftware with reuse. The aim of this stepis to decomposehe problemin
termsof individual conceptr objects
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Module O rrmrer Symbol ‘

code

title
credits

“A Course offerred as a component
of a degree.” O -vrnrne Intension

MC104 MC111

o T Extensison

MC206 MC306

Figure5.1: A concepthasa symbol,intension andextension

Concepts

Informally, a conceptis anidea,thing, or object. More formally, a conceptmay be consideredn termsof
its symbol,intension,andextension:

e Symbol- words or imagesrepresentinga concept. It canbe referredto whenwe talk aboutthe
concept.

¢ Intension-thedefinitionof aconcept.

o Extension-thesetof examplesor instancedo which the conceptapplies.

Eachindividual examplethatthe conceptappliesis calledaninstanceof theconcept.

For anexample the symbolModulein University of Leicestelis aconceptwith
o theintensionto “representacourseofferedaspartof adegreein thatuniversity” having acode title,
andnumberof credits;and

¢ theextensionof all themodulesbeingofferedin the university

This concepis illustratedin Figure5.1
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5.1.2 Defining terms and modelling notation for a concept

In the UML, thetermsclassandtypeareused,but NOT concept We may interchangehesetermsasfar
aswe areclearthatwe areattherequiremenainalysisstageandwe areunderstandingndinvestigatinghe
problemdomain.

Andin theUML, we usethenotationshawvn in Figure5.2to denotea class.

Class Symbol

Figure5.2: UML notationfor aclass

Eachinstanceof a classis calledan objectof the class. For example,seeFigure5.3. Thereforea class
definesa setof objects

Thenotionsof classandobjectareinterwovenasonecannotexist withoutthe other andary objectbelongs
to aclass.Thedifferencesre:

e anobjectis aconcreteentity — existsin spaceandtime (persistencepropertyof objects;

e aclassis anabstractiorof a setof objects.

JohnSmith:Student

Student

JaneBravn: Student

Figure5.3: ClassandObject

TheUML definitionof aclassis “a descriptiorof asetof objectsthatsharethe sameattributes,operations,
methodsyelationshipsandsemantics”.This coversclassesisedat all stagesn an OO developmentpro-
cess.We shall seethe conceptof attributes opemtions methodsandrelationshipsoneby onewhenwe
cometo the particularstagef the OO developmenif process.

A definingaspecbf objectsis thatevery objectis distinguishabldérom every otherobject. Thisis trueeven
if two objectshave exactly the sameproperties.For example,two instance®f Studentnay have thesame
name age,doingthe samedegree,in thesameyear takingthesamecoursesetc. The propertythatenables
objectsto bedistinguishedrom eachotheris know asanobjects identity.
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Someotherimportantfeaturesof objectsare:

e Objects Identity: Every objectis distinguishabldrom every otherobject. This is true evenif two
objectshave exactly the sameproperties.

e Objects persistence: Every objecthasa life time, andthis propertyimpliesthe staticnatureof the
system.

e An objecthasbehaiour andmayacton otherobjectsand/ormay be actedon by otherobjects this
propertyimpliesthe dynamicnatureof the system

e An objectmaybein differentstateat differentandmaybehae differentlyin differentstates.

5.1.3 Identifying Concepts

A centraldistinctionbetweenOOA andstructuredanalysisis decompositiorby conceptgobjects)rather
thandecompositiory functions.Thekey pointin this decompositioris to find whatcanbehae, andthen
to decidelateronin thedesignandimplementatiorhow they behae to realizethe systenmfunctionality

Thereare usually two stratgiesto identify concepts. The first oneis to find conceptsfrom the textual
descriptionsof the problemdomainaccoding to conceptcateyory list. Conceptsaandobjects(things)can
bedividedinto differentcategyoriesaccordingo their natureof its instancesTheconceptateory list given
belov hasbeenfoundusefulin identifying concepts.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



ConceptualModel — Conceptsand Classes 51

ConceptCategory Examples

physicalor tangibleobjects(or things) POST House Car, Sheep,People Air-
plane
places Stoe, Office Airport, PoliceSation

documentsspecificationsgesignsor de- | ProductSpecificatign ModuleDescrip-

scriptionsof things tion, FlightDescription
transactions Sale PaymentReservation
rolesof people Cashier StudentDoctor, Pilot
containerf otherthings Stoe, Bin, Library, Airplane
thingsin a container Item,Book,Passengr

other computersor electro-mechanical CreditCadAuthorizationgsem,  Air-

systemsaexternalto our system TrafficContiol

abstrachounconcepts Hunger, Acrophobia

organisations SalesDepartmen€lub, ObjectAirline

historicevents,incidents Sale Robbery Meeting Flight, Crash,
Landing

processes SellingAPoduct,BookingASeat

(often not representeds a concept,but

maybe)

rulesandpolicies RefundBlicy, CancellationBlicy

catalogs ProductCatalg, PartsCatal@

recordsof finance,work, contracts)egal | Receipt, Ledger, EmploymentCondct,

matters MaintenancelLg
financialinstrumentsandservices LineOfCedit, Stok
manualspooks EmployeeManuaRepairManual

This stratgy is to createa list of candidateconceptsfrom the client’s requirementsiescription,initial
investigatiorreports systenfunctionsdefinitions,andusecases.

Noticethatthe cateyoriesare not mutuallyexclusiveand oneconcepimaybelongto mote thancategory.

Anotherusefulandsimpletechniquéor identificationof conceptss to identify thenounandnounphrases
in thetextual descriptionf a problemdomain,andconsiderthemascandidateeonceptsor attributes.
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Warning:

Caremustbe appliedwhenthesemethodsareused;mechanicahoun-to-conceptappingis not possible,
wordsin naturallanguagesreambiguousandconceptcatgjoriesmay include conceptsvhich areabout
eitherattributes events opemationswhich shouldnot be modelledasclasses We shouldconcentraten
theobjects/classesvolvedin therealizationof theusecases.

Considerour POSTapplication,from the usecaseBuy Items with Cash, we canidentify the somenoun
phrasesSomeof thenounphrasesn the usecaseare candidateconceptssomemay be attributesof con-
cepts(seeSection5.3). For example,price is obviously anattribute of anitem or a product description.
Also, the conceptprice is not easyto fit in ary of the categgoriesin the ConceptCateagory List, andthusit
shouldnot a candidateconcept.Thefollowing list is constrainedo therequirementandthe usecaseBuy
Items with Cash

Post ProductSpecification
Item SalesLineltem

Store Cashier

Sale Customer

Payment Manager
ProductCatalog

Thislist of concepthamesmay be representedraphicalin the UML static structue diagram notationto
shav the conceptonly conceptuamodel(SeeFigure5.4).

POST Item Store Sale
Sales Lineltems Cashier Customer Manager
Payment Product Catalog Product

Specification

Figure5.4: Initial conceptuaimodelfor the point-of-saledomain(conceptonly)

We mayfind it is a bit oddthatReceipis notlistedasa candidateconceptasareceiptis arecordof asale
andpaymentandarelatively importantconcept However, herearesomefactorsto consider:

¢ In general,shaving a recordor areportof a thing, suchasa receipt,in a conceptuamodelis not
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very usefulsinceall its informationcanbe derived from otherconceptsFor example,areceiptcan
be producedy extractingtherelevantinformationfrom the ProductSpecificatioandthe Payment

e A recordor areport,suchasareceipt,sometimesasa specialrole in termsof the applicationand
needto be maintained.For exampleReceiptconfersthe right to its bearerto returnhis/herbought
items. In this casejt shouldbe shavn in the conceptuaiodel. However, item returnsarenot being
consideredandthusReceipts notatthe momentincludedin thelist. Whenthe systemevolvesand
needdo tacklethe Returnltemsusecasejt would bejustifiedto includeReceipt

Obviously, thesefactorscan be very easily overlooked. However, we shouldrememberour goal is to
createa conceptuamodelof interestingandmeaningfulconceptsn the domainunderconsiderationThe
following guidelinesareuseful:

e |t is betterto overspecifya conceptuamodelwith lots of fine-grainecdconceptsthanto underspecify
it.

¢ Do not exclude a conceptsimply becausehe requirementslo not indicatean obvious needto re-
memberinformationaboutit.

e |t is commonto miss conceptsduring the initial identificationphase,andto discorer them later
duringthe consideratiorof attributesor associationspr duringthe designphase Whenfound, they
areaddedo the conceptuamodel.

e Puta conceptdown asa candidaten the conceptuamodelwhenyou are not sureit mustnot be
included.

Asa rule of thumb,a conceptuaimodelis not absolutelycorrector wrong but more or lessuseful;it is a
tool of communication.

5.1.4 Conceptualmodelling guidelines
Themapmakr strategy appliesto bothmapsandconceptuaimodels:

e Usethe existingnamesn theterritory Map makersdo not changethe namesof cities on the map.
For a conceptuamodel,this meango usethevocahlary of the domainwhennamingconceptsand
attributes For example we usePOSTratherthanReister.

e Excluderrelevantfeatues A mapmalkrdeleteghingsfrom amapif they arenotconsideredelevant
to the purposeof themap;for example topographyor populationsxeednotbeshavn. For examples,
we may exclude Pen and PaperBay from our conceptuamodelfor the currentsetof requirements
sincethey do not have arny obviousnotevorthy role.

e Do notaddthingsthatare notthere A mapmaler doesnot shawv thingsthatarenotthere,suchasa
mountainthatdoesnotexist. For example,we shouldincludeDog in amodelof alibrary.

Finally, remembethata conceptuamodelfocusen domainconceptsnot softwae entities
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5.2 ConceptualModel — Associations

A conceptuamodelwith totally independentonceptsonly areobviously uselessasobjectsin different
classesnustberelatedto eachothersothatthey caninteractandcollaboratewith eachotherto carryout
processes.

In UML, anassociatioris arelationshipbetweertwo classeshatspecifiehow instance®f theclassegan
belinked togetherto work together In the samesensehatinstance®f a classareobjects,instance®f an
associatiorarelinks betweerobjectsof thetwo classes- thiswhatwe meantthatobjectsin the sameclass
“sharethe samerelationships’(seethe endof Section5.1).

For example,anassociatiortalledtakeslinks the classesstudentandModule An individual studentsay
onewith the nameJohn Smithis linked with a particularmodule,saythe onewith the codeMC206if this
studentakesthis module.

In UML, anassociatiobetweertwo classess denotedy aline joining thetwo classesseeFigure5.5.

A _...| Association,
The name may be omitted
0. .-

association_name

takes stocks
Student Module Store Item

Figure5.5: An associatiobetweenwo classes

Multiplicity

With respectto an associatiorbetweenclassesd and B, animportantinformationis abouthov mary
objectsof classA canbeassociatewith oneobjectof B, ataparticulatmomentin time. We usemultiplicity
of A to representhis information. Figure5.6 shavs someexamplesof multiplicity expressionandtheir
meanings.

Determiningmultiplicity often exposeshidden constraintsbuilt into the model. For example, whether
Works-forassociatiotetweerPersonandCompanyn Figure5.6is one-to-mawp or mary-to-mary depends
ontheapplication.A taxcollectionapplicatiorwould permita persorto work for multiple companiesOn
the otherhand,an autoworkers’ union maintainingmembermecordsmay considersecondobs irrelevant
(SeeFigure5s.6).

More examplesof associationareshavn in Figure5.7. The defaultdirectionto readanassociationn such
adiagramis fromleft to right or fromtop to bottom otherwisethesmallarrov shaws thereadingdirection.
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* T zero or more; "many” —— T exactly five
1.* — 35.8] i i
T one or more; “at least one” T exactly three, five or eight
1.40 T one to forty
Person Person
Each person works
* * -
One person may| ..~ | for one and only one
have any numbef - - . . compna
of jobs or no job. . Py
Works-for Works-for
N 1
Compnay Compnay

Figure5.6: Multiplicity values

Rolesof associations

Eachendof anassociatiohis calledarole of the associationwhich may hasa role name Namingarole
in a conceptuamodelis sometimesuseful. For example,the role namesbhossandworker distinguishtwo
emploreeswho work for acompary andparticipaten the Managesassociatior{SeeFigure5.8).

Whenwe comeup to the designandimplementatiorof the system,roles provide a way of viewing an
associatiorasatraversalfrom oneobjectto a setof associatedbjects.

The purposeof an associationand a link betweentwo objects Objectsmay have mary sortsof rela-
tionship,andthusclassegor conceptsmay have all sortsof associationgn a problemdomain. Whether
anassociations usefulor notdepend®nwhetherit fulfill thefollowing purpose.

e An associatioetweertwo classess to provide physicalor conceptuatonnectiondetweerobjects
of theclasses.

e Only objectsthatareassociateavith eachothercancollaboratewith eachotherthroughthelinks.
Boochdescribesherole of alink betweerobjectsasfollows:

“A link denoteghe specificassociatiorthroughwhich oneobject(the client) appliesthe ser
vicesof anotherobject(the supplier),or throughwhich oneobjectmay navigateto another”.

1In this coursewe aremainly concernedvith binary associationsvhich relatetwo classesin generalanassociatiomaybe
ternaryor evenhigherorder which relatethreeor moreclasses.
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1 Contains 1.* 0. On-oanto
Library Book Borrower
Airline
1
Employs
1.*
Assigned-to @ Assinged-to
Flight Plane
Person 1 1+ « 1
1 1.*
Supervises
Store
1
l“*
1 1.* Paid-by
POST Sale Payment
Captures 1 1

Figure5.7: Examplesf associations

This canbetakenasa criterionfor whetherntwo objectsshouldbelinked.

Multiple associationshetweentwo classes Two classesnay have multiple associationbetweerthem;
this is not uncommon. For example,in the domainof an airline example, thereare two relationships
betweera Flight andanAirport, Flies-toandFlies-from asshavn in Figure5.9.

Thesawo associationaredistinctly differentrelationshipbetweerflightsandairports.Notethatnotevery
flight is guaranteedb landatary airport! However, thereis alwaysoneairportfrom whereaflight flies.

5.2.1 Strategiesfor identifying associations

For therequirementinalysiswe have thefollowing principles:

e An usefulassociatiorusuallyimpliesknowledgeof arelationshipghatneedgo bepreseredfor some
duration(“need-to-kn@/” association)and

e animportantlink betweentwo objectsshouldfulfill the role to provide a meansfor the objectsto
collaborateor interactwith eachother
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boss * Works-for 1
1 Person employee employer Compnay
1..*| worker
Manages

Figure5.8: Examplesof role names

* Flies-to 0..1

Flight Airport

* Flies-from 1

Figure5.9: Multiple associations

Like the identificationof conceptsan AssociationCateagory List are helpful. The following list contains
commoncateoriesthatareusuallyworth considering.

AssociationCategory Examples

A is aphysicalpartof B DrawerPOSTWng-Airplane

A is alogicalpartof B SalesLineltem-Sal€lightLeg-FlightRoute

A is akind/subclass/subpyge of B CashRyment-BymentNonstopFlight-Flight
A is physicallycontainedn/on B POSTStoe, Item-Self

A is logically containedn B ItemDescription-Catalp, Flight-FlightSdedule
A is adescriptiorfor B ItemDescription—ItentlightDescription-Flight
A is aline item of a transactionor | SaleLineltem-Sale

reportB

A is known/logged/recordéd Sale-POS/TReservation-FlightManit
reported/captureth B

A is memberof B CashierStoe, Pilot-Airline

A is anorganisationasulunit of B | Department-Sta Maintenance-Airline

A usesor manage$ CashierPOST Pilot-Airplane

A communicatesvith B CustomeiCashier ReservationAgnt-Rassengr
A is relatedto atransactiorB CustometPayment Passengr-Ticket

A is atransactiorrelatedto another| Payment-SaleReservation-Cancellation
transactiorB

AlisnexttoB POSTPOST City-City

A is ownedby B POSTStoe, Plane-Airline

Naming Associations
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o Namean associatiorbasedon a ClassName-&fbPhiase-fpeNameormat wherethe verb phrase
createsa sequencéhatis readableandmeaningfulin the modelcontext.

e Associatiomnamesshouldstartwith a capitalletter

e A verbphraseshouldbe constructedvith hyphens.

High priority associations Herearesomehigh priority associationthatareinvariablyusefulto include
in aconceptuamodel:

e A isaphysicalor logical part of B.
e A is physicallyor logically containedn/on B.

e Aisrecodedin B.

Associationand implementation Duringtheanalysigohaseanassociations nota statemenaboutdata
flows,instancevariablespr objectconnection$n a softwaresolution;it is a statementhatarelationships
meaningfuin apurelyanalyticalsense-in therealworld. Practicallyspeakingmary of theserelationships
will typically be implementedn software as pathsof navigation andvisibility, but their presencen an
investigatve or analyticalview of a conceptuamodeldoesnotrequiretheirimplementation.

Whencreatinga conceptuamodel,we defineassociationghatarenot necessarguringconstructionCon-
versely we maydiscover associationshatneededo beimplementedut weremissedduringthe analysis
phaseln thatcasetheconceptuamodelshouldbe updatedo reflectthesediscoveries.

Point-of-saledomain associations

We cannow addassociation$o the POSTsystemconceptuamodelcreatedn the previous section(see
Figure5.4).

Wefirst applytheneed-to-knowpolicy to theusecaseBuy Items with Cash, from thatwe canidentify the
following association:

e POSTCaptuesSale in orderto know thecurrentsale,generatetotal, print areceipt.

e SalePaid-by Paymentin orderto know if the salehasbeenpaid, relatethe amounttenderedo the
saletotal,andprint areceipt.

¢ ProductCatalg RecodsItemsSpecificationn orderto retrieve anltemSpecificationgivena UPC.

We canrun the AssociationCatayory Checklist,basedon Figure5.4 andthe Buy Items wish Cash use
case.
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AssociationCategory POST System

A is aphysicalpartof B notapplicable

A is alogical partof B SalesLineltem—Sale

A is akind/subclass/sulgpe of B not applicable as we only consideron
kind of payment

A is physicallycontainedn/on B POST—Stoe, Item—Stoe

A islogically containedn B ProductDescription—duwtCatlog
ProductCatalg—Stoe

A is adescriptiorfor B ProductDescription—Item

A is aline item of atransactioror report | SaleLineltem—Sale

B
A is known/logged/recorded (current) Sale—POST
reported/captureth B (completedpale—Sta
A is memberof B Cashier—Stoe
A is anorganisationasuhunit of B notapplicable
A usesor manage® Cashie—POST
Manager—POST
Manager—Cashierbut probablyN/A
A communicatesvith B Customer—Cashier
A is relatedto atransactiorB Customer—Payment

Cashier—Payment
A isatransactionelatedto anothetrans-| Payment—Sale

actionB
AlisnexttoB POSTPOSThbut probablyN/A
A is ownedby B POSTStoe

This checkderivesthe conceptuamodelshavn in Figure5.10for the POSTsystem which extendedthe
modelin Figure5.4 with associations.

5.2.2 The aggregationassociation

Most OO modellingtechnologiesinglesthe “part-of’ relationshipbetweenwo objectsfor specialtreat-
ment.
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Records-sale-of

Described-by

1
Product Contains Prodqgt .
Specification
Catalog 1 1%
1 1
Used-by Describes
0”1 * * *
1
Stocks
Slales Store Item
Lineltem 1 * 1
1.* log- 1
Contained-in completed | Houses
*
1 Captured-or 1z
rEE— 1 1
Sale 1 1 POST Manager
1 Started-by
1 1 1
Paid-by Initiated-by
~® Records-sale-on
1 1 1
Initiated-by
Payment Customer 1 Cashier

Figure5.10: Conceptuaimodelfor the point-of-saledomain(conceptandassociations)

Aggregationis a kind of associatiorusedto modelwhole-partrelationshipsetweerobjects. Thewholeis
generallycalledthe composite

Aggregationis shavn in the UML with ahollow or filled diamondsymbolatthe compositeendof awhole-
partassociatiorfFigure5.11).

Therearetwo kindsof aggreation:

e Compositeaggregation or compositiormeansthat the multiplicity at the compositeendmay be at
mostone,andis signifiedwith afilled diamond.It impliesthatthe compositesolely ownsthe part,
andthatthey arein atreestructurehierarchy;it is the mostcommonform of aggrgationshavn in
models.

e Shaed aggregation meanghatthe multiplicity at the compositeendmay be morethanone,andis
signifiedwith ahollow diamond.It impliesthatthepartmaybein mary compositénstancesShared
aggregateseldom(if ever) existsin physicalaggregates put ratherin nonphysicatoncepts.

For instancea UML packagemay be consideredo aggreateits elements But anelementmay be
referencedn morethanonepackagsit is ownedby one,andreferencedn others).Anotherexample
is thata directorycancontaina numberof files, eachof which may be anotherdirectoryor a plain
file. A file or adirectorymaybecontainedn anumberof directories.Theseexamplesareshavn in
Figure5.12.

However, we mustnotetwo importantpropertieof aggreation;
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Bicycle

1 0.2
e

1 *
‘ Rim H Spoke

T

. . 1 * 1 * -
University Department Division

1

Figure5.11: Aggregations

1. Antisymmetry:this stateghatif anobjecta is relatedto anobjectb by anaggr@ation,thenit is not
possiblefor b to berelatedto a by the sameaggr@ation. In otherwords,if b is apartof a thena
cannotbea partof b.

2. Transitivity: this stateghatif a is relatedto b by anaggr@ationlink, andb is relatedto ¢ by the
sameaggr@ation,thena is alsolinkedto c.

When to show aggregation
Herearesomeguidelineghatsuggestvhento shawv aggreation:

e Thelifetime of the partis boundwithin thelifetime of the composite—theris a create-deletdepen-
deng of the partonthewhole. The partmay not exist outsideof thelifetime of thewhole.

Thereis anobviouswhole-partphysicalor logical assembly

Somepropertiesof the compositepropagateo the parts,suchasits location.

Operationappliedto thecompositgropagateo theparts suchasdestructionmovementrecording.

If you are not sure whento useit, ignore it and stick to plain association Most of the benefitsof
discaveringandshaving aggreationrelateto the softwaresolutionphases.

Basedntheabove discussionywe canpolishtheconceptuamodelin Figure5.10by replacinghe Contain-
in associatiometweerSalesLineltenandSale andthe ContainsassociatiorbetweerProductCatalg and
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*  References
UML Package UML Elemen

* Contains *
Directory File

*

i

*

Contains

Figure5.12: SharedAggregations

ProductSpecificatiowith theaggrgationassociationshavn in Figure5.13

Sale I SalesLineltem
l“*
1
Product - Product
Catalog 1 1+ Specification

Figure5.13: Aggregationin the point-of-saleapplication

Example ConsidemnEnvironmentallnformationSystem(ENFORMS)thatis usedto establisradynamic
network of distrituted earth-sciencelataarchiares with integratedon-line accessservices.The problem
domainin which ENFORMSoperatesonsistof a setof datacentershat may be physicallydistributed
throughouta geographicegion. ENFORMSallows thesedatacenters¢o malke their dataavailablethrough
a regional datasharingnetwork (establishedby ENFORMS)and provide a variety of tools (a mapping
utility, for example)for locatingandmanipulatingthatdata.the mostgenerakequirementshatguidethe

problemanalysisareasfollows.

1. Datacentersmustbe ableto independentlymanageboth contentand accessnechanismdor their
datastores.

2. Datacentergnaydisableaccesgo their dataatary time (i.e. go off-line).
3. Datacenteranay male their datastoresavaolableat ary time (i.e. goon-line).

4. atary time, all on-linedatacenteranustbe availableto any ENFORMSuser
Theconceptandassociation&entifiedareasfollows.

e accessUser x DataCenter x Dataset [*,1, ]|
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uses:User x NetworkManager [*,1]

is-online: DataCenter x NetworkManager [*,0..1]

queries:User x DataCenter [0..1,*]

stores:DataCenter x Dataset [CompositieAggregation]

The aborve simple conceptuaimodel conveys a significantamountof information aboutthe possiblein-
stancesf an ENFORMSsystem. Onesuchan instance(Z;) could be a systemwith threeData Centers
di, d2, d3 andoneUseru thatqueriesthe DataCentersd; andds.

Anotherinstancecanbe a systemwith two Usersu; andus usinga Network Managern; oneDataCenter
d thatstores two Datasets; andi, andis in thesystemandit is on-linewith the Network Manager. In
thisinstancewe canalsoassumeéhatonly us access;.

We canalsoshaowv thata statethatis not consistentvith a conceptuamodel. For example,a systemwith
two Network Managersy; andne andoneuser thatusesthe two managerssentry pointsis not a valid
stateasthe conceptuamodelindicatesthata usercanenteran ENFORMSnetwork via a single network
manager

5.3 ConceptualModel-Attrib utes

Eachinstanceof a conceptmay have someusefulproperties.For examplesa Salehasa dateandtime; a
Modulehasa code title, andnumberof credits,a Studenhasa nameandage,etc..

An attribute of a classis the abstractiorof a singlecharacteristior a propertyof entitiesthat have been
abstractecsobjectsof the class.At ary givenmomentof time, theattribute of anindividual objectin the
classis a logical datavaluerepresentinghe correspondingpropertyof the object,and calledthe value of
attribute for the objectat thattime. Oneobjecthasexactly onevaluefor eachattribute at ary giventime.
Thereforethevaluefor anattribute of anobjectmay changeover time. For examples,

o timeanddateareattributesof classSale andaninstanceof Salecanbeasaleat 13.30on1/10/1998.

e code title, andcreditarethreeattributesof classModule andaninstanceof Module canhave acode
M(C206, title: SoftwareEngineeringandSystemDevelopmentandcredit: 20.

e nameandage areattributesof Studentanindividual studenttanhave thenameJohnSmith,andage
19.

An attribute hasa namesuchasdate andcanspecifythetypeof the datadescribedy the attribute, anda
default (or initial) valuefor the attribute.

In UML, attributesarewrittenin theclassbox,separateérom theclassnameby ahorizontalline, asshavn
in Figure5.14. Thefeaturesotherthanthenameareoptional,howvever. Especiallyin the earlystagef the
developmenit is very commonto shaw nothingmorethanthe nameof the attribute.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



64 ConceptualModel-Attrib utes

Sale -Sale
date date=1/10/1998
time:Time
time=13.30
The defaul value is 10 Module
| therwi ified :
unless otherwise specifie code :Module
.. title:String _

-0 | credit:Integer=10 code=MC206
titte=Software....
credit=20

Student -Student
name
age name=John Smith
age=19
reg.no

reg.no=H1530

Figure5.14: Attributes

Now we canunderstandhatthe objectsof a class‘sharethe sameattributes” (seetheendof Sections.1).

5.3.1 Adding attrib utesto classes

For eachclassin a conceptuamodelcreatedn Sections.2,we would like to find a setof attributesthatare

complete: Captureall relevantinformationaboutanobject,

fully factored: eachattribute capturesa differentpropertyof anobject,

mutuallyindependent: For eachobject,the valuesof the attributesareindependenof eachother
i.e. we shoulddo our bestto avoid derived attributes,

relevantto the requiementsand usecases: Focuson thoseattributesfor which the requirements
suggesbr imply aneedto remembeinformation.

Thecommommistakesin OO modellingis to representsomethingasan attribute whenit shouldhavebeen
a concepf(class)or an associationIn thefollowing, we seehow to avoid from makingthis mistale.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



ConceptualModel-Attrib utes 65

Keepattrib utessimple
Theattributesin a conceptuamodelshouldpreferablybe simpleattributesor pure datatypes

¢ Intuitively, mostsimpleattribute typesarewhatoftenthoughtasprimitive datatypes:Boolean Date
NumberString(Ext), Time

e Othersimpletypesinclude Address,Colour, GeometricqPoints, Rectangle...), PhoneNumbes,
SocialSecurityNumberUniversal ProductCode(UPC), PostCode enumeatedtypes

Thetype of anattribute shouldnot normally be a complex domainconcept,suchasSaleor Airport. For
examplegseeFigure5.15):

e It isnotdesirablgo let Cashierto have anattribute currentPOSTo describehe POSTthata Cashier
is currently using. This is becausdhe type of currentPOSTis meantto be POST which is not
a simple attribute type. The mostsensibleway to expressthat a Cashierusesa POSTis with an
associationpot with anattribute.

¢ It is notdesirabldor a destinatiorairport to beanattribute of a Flight, asa destinatiorairportis not
reallyastring;it is acomple thingthatoccupiesnary squarekilometersof space Therefore Flight
shouldberelatedto Airport via anassociationsayFlies-tg notwith anattribute.

Worse
Cashier _..-""| Nota "simple” attrith

name .
ol
currentPOST

Better Cashier 1 Uses 1| POST

name number

Worse Flight ~_...----7] acomplex concept ﬁ

destination © 7|

1 Flies-to 1

Better Flight Airport

Figure5.15: Avoid representingomplex domainconceptsasattributes;useassociations

Thefirst guidelineis

Relateconceptsvith an associationnotwith an attribute
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What about attrib utesin code?

Therestrictionthatattributesin the conceptuamodelbeonly of simpledatatypedoesnotimply thatC++,
Java, or Smalltalkattributes(datamembersinstancevariables)mustonly be simple,primitive datatypes.

Pure data value

More generallyattributesshouldbe pure datavalue(or DataTypesin UML)—thosefor which uniqueiden-
tity is notmeaningfulin the context of our modelor system.For example,it is not (usually)meaningfulto
distinguishbetween:

Separaténstance®f the Numbers.

Separaténstance®f the String‘cat’.

Separaténstance®f the PhoneNumbethatcontainthe samenumber

Separaténstance®f theaddressthatcontainthe sameaddress.

However, it is meaningfulto distinguish(by identity) betweenwo instance®f a Personwhosenameare
both“Jill Smith” becausé¢hetwo instanceganrepresenseparaténdividualswith the samename.

Sothesecondguidelinefor identifying attributesis:

Anelemenbdf a pure datatypemaybeillustratedin anattribute boxsectionof anotherconcept,
althoughit is alsoacceptabléo modelit asa distinctconcept

Puredatavaluesarealsoknown asvalueobjects

Thenotionof puredatavaluesis subtle.As arule of thumb,

stick to the basictestof “simple” attribute types:male it an attributeif it is naturally thought
ofasnumberstring, booleanor time (andsoon); otherwiserepresenis asa sepaateconcept

We alwayshave thefollowing rule.

If in doubt,definesomethingasa sepaate conceptratherthanasan attribute
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Designcreep: no attrib utesasforeignkey

Attributesshouldnot be usedto relateconceptsin the conceptuamodel, but to storesomeinformation
aboutthe objectsthemseles. The mostcommonviolation of this principleis to addakind of foreign key
attribute asis typically donein relationaldatabaselesignsjn orderto associateéwo types. For example,
in Figure5.16,the currentPOSTNumbeattribute in the Cashiertypeis undesirablébecausédts purposds
to relatethe Cashierto a POSTobject. The betterway to expressthata Cashierusesa POSTis with an
associationnpotwith aforeignkey attribute. Onceagain

relatetypeswith an associationnotwith an attribute

Worse
Cashier
name a “simple” attribute, but being
currentPOSTNumbe? [ """ - - e used as a foreign key to relate to anothe
object
Cashier 1 Uses 1] POST
Better

number
name

Figure5.16: Do notuseattributesasforeignkeys

Non-primiti ve attrib ute types

Thetypeof anattribute maybe expressedsa non-primitve typein its own right in the conceptuamodel.
For example,in the point-of-salesystemthereis a UPC. It is typically viewed asjusta number Soshould
it berepresentedsnon-primitive type?We have thefollowing guidelines:

Represenivhatmayinitially be considered primitive type asa non-primitie typeif:

¢ It is composedf separateections.
— phonenumbernameof person

e Thereareoperationaisuallyassociatedvith it, suchasparsingor validation.
— socialsecuritynumbey creditcardnumber

e It hasotherattributes.

— promotionalprice couldhave a startandenddate
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¢ It is aquantitywith aunit.

— paymentamounthasa unit of currengy

Applying theseguidelinegto thefollowing examples:

e Theupcshouldbe a non-primitve UPC type, becausét canbe check-sunvalidatedandmay have
otherattributes(suchasthe manuacturerwho assignedit).

e price andamountattributesshouldbe non-primitive Quantitytypes,becausehey arequantitiesn a
unit of curreng.

e Theaddressattribute shouldbe a non-primitive Addresstype becausét hasseparateections.

Thesdypesarepuredatavaluesasunigueidentity is not meaningful sothey maybeshavn in theattribute
box sectionratherthanrelatedwith anassociatioine. On the otherhand,they are non-primitive types,
with their own attributesand associationsit may be interestingto shav them as conceptsn their own
boxes.

Theris nocorrectanswer;it depend®n howthe conceptuamodelis beingusedasa tool of
communicationandthesignificanceof the conceptsn thedomain.

Thisis illustratedin Figure5.17

Where and how to Find Attrib utesfor a class?

e Readthe problemdescriptionandsystemfunctionsdocumentandusecasesfind whatinformation
or datashouldbe maintainedandupdated Thesealsousuallyoccurasnounsor nounphrasesMake
themasattribute candidates.

e Usetheguidelinediscussedh this sectionto rule outandrule in thesecandidates.

e Readthe simplificationand assumptionshat are currentlymadefor the developmentto judgeif a
candidatés relevantto the currentdevelopment.

e Assignthe identified candidateto classesn the conceptualmodel which hasbeencreatedso far,
accordingo characteristicef the objectsof aclass

5.3.2 Attrib utesfor the Point-of-Sale System

Basedhediscussionpresentedn this sectionwe canclearlyaddattributesto the conceptsn Figure5.4,
by reading

e Thesystenfunctions
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OK
* * l
e e [
OK
Prodg(_:t . Store
Specification
address:Addres:
upc:UPC
Payment O rmrmrmrrm e usable, but not flexible
amount:Number or robust
Payment Has-amount Quantity Is-in Unit
* 1 | amount:Number | * 1]..
Q
Payment
amount:Quantity | ©. _ Better H

B quantity is pure data
values, so OK!

Figure5.17: Modelling non-primitive attribute types

e ThetheusecaseBuy Items wish Cash

e Thesimplification,clarificationandassumptiordocuments

Figure5.18

Theseattribute areonly thoserelevantto the Buy Items with Cash Combinethe Figure5.18 with Fig-
ure5.10,we canobtainthe conceptuamodelin Figure5.19for the consideratiorof the Buy Iltems with
Cashusecase.

Sucha classdiagramis calleda static structue diagram It describeghe structuralrelationshipsholding

amongthe piecesof datamanipulatedy the system It describesiow theinformationis parcelledoutinto
objects how thoseobjectsarecateyorizedinto classesandwhatrelationshipsanhold betweerobjects.

5.4 Stepsto Createa ConceptualModel

Apply thefollowing stepgto createa conceptuamodel:
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POST Item Store Sale
address:Address date:Date
name:Text time:Time

SalesLineltem Cashier Customer Manager

quantity:Integer

Payment ProductCatalog Product
Specification

amount:Quantity

description: Text
price:Quantity
upc:UPC

Figure5.18: Conceptuamodelshaving attributesfor the point-of-sale-systa

1. List candidateconceptsisingthe ConceptCateayory List andnounphrasedentificationrelatedto the
currentrequirementsinderconsideration.

2. Draw themin aconceptuaimodel.

3. Add the associationsiecessaryo recordrelationshipsor which thereis a needto presere some
memory
4. Addtheattributesnecessaryo fulfill theinformationrequirements.

The conceptuamodelshouldbe createdby investigatingthe systemfunction, usecasesandotherinitial
reportsonthedomain.

Conceptuamodelsare not modelsof softwae designssud asJavaor C++ classes

Thereforea conceptuamodelmay shav

e concepts
e associationbetweerconcepts

e attributesof concepts.
Thefollowing elementsarenot suitablein a conceptuamodel:

e Softwareartifacts,suchasawindow or a databaseynlesshe domainbeingmodelledis of software
conceptssuchasamodelof agraphicaluserinterface.
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Records-sale-of

Described-by

1
Contains Product
ProductCatalog Specification
1 1. —
description:Text
price:Quantity
1 upc:UPC
Used-by
Describes
0.1 * *
.. I .
SalesLineltem Store
1 Stocks Item
quantity:Integer address * 1
name 1
1.%
Logs- 1
Contained-in completed
House
*
1 1%
Sale Started-b Manager
captured-by POST 4 9
date:Date 1 1
1 1
time:Time 1
1 1
Initiated-by -
Paid-by 4 Records-sales-on
1
1 1
Cashier
Payment Customer

amount:Quantity

Figure5.19: A conceptuamodelfor the point-of-saledomain

e Operationgresponsibilitiespr methods.

Thisis illustratedin Figure5.20

5.5 Recording Termsin the Glossary

A glossaryis a simple documentthat definestermsusedin the systemdevelopment. At the very least,
a glossaryor modeldictionary lists and definesthe termsthat require clarificationin orderto improve
communicatiorandreducetherisk of misunderstanding.

Consistentmeaninganda sharedunderstandin@f termsis extremelyimportantduring applicationdevel-
opmentespeciallywhenmary teammembersareinvolved.

The glossaryis originally createdduring the systemfunctionsdefinition, and usecaseidentification,as
termsaregeneratedandis continuallyrefinedwithin eachdevelopmeniphaseasnen termareencountered.
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Better Sale
date
time
Software entit
O e
Avoid SalesDatabase not part of the
conceptual model
Sale
Avoid date
SO not part of
time conceptual model
print()

Figure5.20: A concepidoesnot shav softwareartifactsor classes

It is thususuallymadein parallelwith the requirementspecificationusecasesand conceptuamodel.
Maintainingthe glossaryis anongoingactivity throughouthe project.

Thereis not official formatfor a glossaryHereis ansample.
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Term Category Comments

Buy Items usecase Descriptionof the processof a customer
buyingitemsin astore

ProductSpecification.degution: Text attribute A shortdescriptionof anitem in a sale,
andits associatedProductSpecificatian

ltem type(class) An itemfor salein a Stoe

Payment type(class) A cashpayment

Productspecification.me Quanity attribute Thepriceof anitemin asale,andits as-
sociatedProductSpecification

SalesLineltem.quantity:leger attribute The quantityof onekind of ltembought

Sale type(class) A saledransaction

SalesLineltem type(class) A line item for a particularitem bought
within aSale

Store type(class) Theplacewheresalesof itemsoccur

Sale.total:Quantity attribute Thegrandtotal of the Sale

Payment.amount:Quantity attribute The amount of cashtendered,or pre-
sentedfrom the customerfor payment

ProductSpecification.upc:UPC attribute The universal productcode of the Item
andit ProductSpecification

5.6 Questions

1. Expressn UML thata Studenttakesup to six moduleswhereat most25 studentanbe enrolled

oneachModule.

Expressn UML thataModuleis apartof anHonorsCoursethata Wheelis a partof a Car, thatan
Employeeis amemberof a Team.Discusshe usesharedaggrgationandcompositeaggreation.

Expressn UML therelationshipbetweerapersorandhis/hershirts. Whataboutthe persons shoes?
Do youthink you have exposeda weaknesin UML? Why, or why not?

Objectshave propertieqattributes)which areusuallystatic,andvalues which areusuallydynamic.
Whatarethe propertiesof a 5p coinin you pocket? Whatvaluesdo thesepropertieshave — arethey
dynamicWhatabouta literaturereview you areeditingin aword processor whatareits properties
andvalues?

Considera car asan object. Whatare someof its behaiors thatare dependenbn its state? How
aboutacomputerchesggame?

Whatis themultiplicity of theassociatiorbetweerclassesn eachof thefollowing pairs?

(a) theclasse9essert and Recipe in acookingtutorial
(b) theclassesVegetable and Nutrient in ahydroponicfarmmanagemergystem
(c) theclassestoom and Window inanarchitecturatlesignsystem
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Questions

7.

10.

11.

12.

Althoughwe saidthata conceptuaimodelis notabsolutelycorrector wrong, but moreor lessuseful,
we still wonderwhatmakesa classmodelgood. In generabusefulclassmodelshouldaimat,among
theothersthefollowing two objectives:

e Build, asquickly aspossibleandcheaplyaspossible a systemwhich satisfiesthe currentre-
quirements;

¢ Build asystemwhichwill beeasyto maintainandadaptto futurerequirements.

Discusshow thesetwo aimsconflict with eachother how they canbe metby a classmodel. What
considerationsnight determinewhetheran organizationconsiderecdne more significantthan the
other?

Somepeoplemaylike to discarda nounphraseadentifiedby thefollowing list of reasons:

e redundant, wherethe sameclassis givenmorethanonename.

e vague whereyou cant tell unambiguouslyvhatis meantby the noun. Obviously you have to
clearup theambiguitybeforeyou cantell whetherthenounrepresentsa class.

e event or an operation, wherethe nounrefersto somethingwhich is doneto, by or in the
system.

e meta-language wherethe nounforms part of the way we definethings. We usethe nouns
requirmentsandsystemfor instanceaspartof our languageof modeling,ratherthanto rep-
resentbbjectsin the problemdomain.

¢ outsidethe scopeof the system wherethenounis relevantto describinghow thesystemworks
but doesnot referto somethingnsidethe system.For example,‘library’ in a Library System
andnamesof actorsarethenoftendiscardedy this rule, whenthereis no needto modelthem
in thesystem.

e an attrib ute, whereit is clearthata nounrefersto somethingsimplewith no interestingbe-
haviour, whichis anattribute of anotherclass.

Is this list of reasondor discardingreasonablePow applicablearetheserulesto our POSTsystem
andthe Library Systemin Question8 of Chaper4? Canyou think of caseswvhereit might betoo
selectve or too permissie?

. In general,if you are not sureaboutwhetherto keepa class,do you think it is betterto keepit in

(possiblythrowing it outlater)or to throw it out (possiblyreinstatingt later)?Do you have ary other
alternatve?

A classicerrorfor peoplenotyetsteepedn OOis to inventa class,oftencalled[Something]System,
which implementsall the systems interestingbehaior. It is theneasyto drift into a monolithic
designin whichthereis justoneobjectthatknons anddoesaverything. Canyou seewhy thisis bad?
Thendiscussyour understandingboutthe useof POST to representhe overall systenin our case
study

An inherentdifficulty in ojectclassificatioris thatmostobjectscanbe classifiedn avarietyof ways,
andthe choiceof classificationdependsn the goalsof the designer Considerthe holdingsof the
East-WestUniversitylibrary first describedn Chapter3 questions Whataresomeof the waysyou
might classifytheseholdings.For what purpose(sinight you usedifferentclassifications?

In Section5.4, we saidthatit is not suitableto shav in a conceptuamodeloperationsDo you have
ary reasorto disagredrom this principle?Whendo you think it maybe helpfulto shav operations
in the conceptuamodel?
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13. Considetthefollowing game:two playerseachdraw threecardsin turn from a pack;the playerwith
thehighesttotalis declared¢hewinner

Startthe developmentfor a software of this gameby drawing a conceptuamodelusingUML nota-
tion.
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Chapter 6

SystemBehaviour: SystemSequence
Diagrams and Operations

Topicsof Chapter 6

¢ |dentifying systemeventsandsystemoperations
¢ Createsystemsequenceliagramfor usecases

e Createcontractdor systemoperations

6.1 SystemSequenceDiagram

This chapteiis to identify the operationghatthe sytemneedgo performandin whatorderthesystenneed
to performtheseoperationdo carry out a usecase andthe effect of suchan operationon the system,.e.
ontheobjectsof the systems.

A usecasedefinesaclassof conversationdbetweertheactorsandthe systemandandindividual conversa-

tion of this classis arealizationof the usecase.Obviously, theremaybe mary realizationsor ausecase.
For example,considerthe Buy Items with Cashusecase.

o Differentcustomer$uy differentitemsandthereforecarryouttheusecasewith differentparticulars,
eventhoughthe overall patternof theinteractionremainthe same.
¢ Also, in someoccasionstheamounttendereds lessthanthe saletotal.
A scenarioof a usecaseis a particularinstanceor realizedpath throughthe usecase,i.e. a particular
realizationof theusecase.
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6.1.1 Systeminput eventsand systemoperations

During the interactionin ary realization the actorsgenerategventsto a system requestinghe systento

performsomeoperationsn responseEventgyeneatedby actors areverytightly relatedto opemtionsthat

thesystentanperform Thisimpliesthatwe identify systems operationsy identifying eventsthatactors
generates.

Wefirst defineour terminology:

e A systeminput eventis an externalinput generatedy an actorto a system.A systeminput event
initiatesa respondingyperation.

e A systenopemtionis anoperatiorthatthesystemexecutesn respons¢o asysteninputevent. Some
systemoperationsalsogenerateutputeventsto the actorsto promptthe next systemeventthatan
actorcanperform.

e A systerreventis eitheraninputeventor anoutputevent.

Thereforea systeminput eventtriggers a systenopemtion, anda systenopeition responseso a system
inputevent

Now we canformally definea scenarioof a usecaseasa sequenc®f systemeventsthatoccurduration
a realizationof the usecase. For example,considerthe usecaseof Make Phone Calls for a telephone
system,which involves two actors,Caller (initiator) and Callee The following sequencef eventsis a

scenarioof thisusecase:

| nput Events Qut put Events
1. Caller lifts receiver 2. dial tone begins
3. Caller dials(5551234) 4. phone rings to Callee
5. ringing tone to Caller
6. Callee answers phone 7. phone ring stops
8. ringing tone stops
9. phones connected
10. Cal | ee hangs up 11. connection broken

12. Caller hangs up

Thesequencef systemevents,their order the actorsthatinteractdirectlywith the systemandthe system
asabladk boxcanbeshavn in a eventtracediagram (seeFigure6.1). Time proceedslovnwards,andthe
orderingof eventsshouldfollow their orderin theusecase.
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Make Phone Calles

:System
Caller Cal!ee
lifts receiver
dial tone begins
dials(5551234)
ringing tone phone rings

answers phone

ringing tone stops . ringing stops
phones connected phones connected
hangs up
connection broken . connection broken
hangs up

Figure6.1: Telephonesystemeventtracediagramfor the Make PhoneCalls
6.1.2 Systemsequencealiagram

At the requirementsanalysisphase,t is necessaryo definethe systemby treatingit asa bladk box so
that the behaiour is a descriptionof what a systemdoes,without explaining how it doesit. Therefore,
we are mainly interestedn identifying andillustrate the systemoperationghat an actorrequestf the
system.This meanswe areinterestedn finding the systeminput eventsby inspectingthe usecasesand
their scenarios.

For example thetypical courseof eventsin the Make PhoneCalls indicateghatthecallerandcalleegener
atethesystemnputeventsthatcanbedenotedsliftReceiverdialPhoneNumbeanswesPhonehangsUp
In generalaneventtakesparametersWe wouldlike to presenthemin anunifiedform: Event(zy, ..., z,)
to indicatethatevent E carriesn parameterand Event() to indicatethat Event doesnot have parameters.

To identify the systemoperationonly, we alsowould like to usea tracediagramto shaw, for a particular
courseof eventswithin a usecase,the external actorsthat interactdirectly with the system,the system
(asablackbox), andthe systeminput eventsthatthe actorsgenerate And we call sucha simplifiedtrace
diagrama systenmsequenceliagramt. A systemsequenceliagramfor the Make PhoneCalls usecasecan

'Scenariogventtracediagram,andsequenceliagramare usedinconsistentlyin books: someusescenaricasa synorym for
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beillustratedin Figure6.2.

Make Phone Calles

:System

Caller Callee

liftReceiver()

dialsPhoneNumber(number)

answerPhone()

hangUp()

hangUp()

Figure6.2: Telephonesystemsequenceiagramfor the Make PhoneCalls

A systemsequencealiagramshouldbe donefor the typical courseof eventsof the usecase,andpossibly
for the mostinterestingalternatve courses.

Considetthe Buy Itemswith Cashusecasefor the POSTsystem.Theusecaseindicatesthatthe cashielis
theonly actorthatdirectly interactswith the systemandthatthe cashiemeneratesnterltemendSaleand
malePaymentsysteminput events. A sequenceliagramFigure6.3is givenfor Buy Iltemswith Cashuse
casefor thePOSTsystem.

Stepsin making a sequencaliagram

1. Draw aline representinghe systemasa blackbox.
2. Identify eachactorthatdirectly interactswith the system.
3. Draw aline for eachsuchactor

4. Fromthe usecasetypical courseof eventstext, identify the system(external)input eventsthateach
actorgenerateslllustratethemon thediagram.

Both eventtraceandsequenceiagramsaredynamicmodelswhich shav thetime-dependertiehaviourof
thesystem.They areusedfor dynamicanalysishy looking for eventswhich areexternally— visible stimuli
andresponsesAlgorithm executionis not relevant during this analysisif thereare no externally-visible
manifestationsalgorithmsarepartof detaileddesign.

usecase someuseeventtracediagramin the sameway assequenceéiagramandviceversa
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Buy Items with Cash

.System

Cashier

enterltem(upc,quantity)

endSale()

. makePayment(amount)

Figure6.3: A POSTsystemsequenceiagramfor the Buy ltemswith Cashusecase

Dynamicmodelsareinsignificantfor a purely staticdatarepository suchasa databaseThey areimpor

tantfor interactve systemsFor mostproblems)ogical correctnessepend®n thesequencef interacting
events,nottheexacttimeswheneventsoccur Real-timesystemshowever, do have specifictiming require-
mentson interactionghatmustbe consideredluringanalysis We do not addresseal-timeanalysisin this

course.

6.1.3 Recordingsystemoperations

Thesetof all requiredsystemoperationss determinedy identifying the systeminputevents.Eachsystem
input event Event(z, ..., z,) causeshe executionof the systemoperationEvent(z;, ..., z,). The name
of theinput eventandthe nameof the operationareidentical;the distinctionis thatthe input eventis the
namedstimulus,the operations theresponse.

For example, from the inspectionof the use caseBuy Itemswith Cash we have identified the system
operations:

e enterltem(upc, quantity)
e endSale()

e makePayment(amount)

Whereshouldtheseoperationderecorded?The UML includesnotationto recordoperationof atype (or
aclass),asshavnin in Figure6.4. With this notation,the systemoperationsanbe groupedasoperations
of atypenamedSystem asshavn in Figure6.5. The parametemay optionallybeignored.
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ClassX

attributel
attribute2

operationl()
operation2()

Figure6.4: TheUML notationfor operations

System

enterltem()
endSale()
makePayment()

Figure6.5: Systemoperationsecordedn atypenamedSystem

This schemealsoworkswell whenrecordingthe systemoperationof multiple systemsor processef a
distributedapplication;eachsystems givenauniguename(System1, System?2, ...), andassignedts own
systemsperations.

Whennamingsysteminput eventsandtheir associate@perationsthey shouldbe expressedtthelevel of
intentratherthanin termsof the physicalinput mediumor interfacewidgetlevel.

It is alsoimproves clarity to startthe nameof a systeminput event with a verb (add...,enter.., end...,
male...). For example,we shoulduseenterltem() ratherthanenterKeyPressed(), endSale() ratherthan
enterReturnKey.

6.2 Contracts for SystemOperations

A systemsequencaliagramdoesnot describethe effect of the executionof an operationinvoked. It is
missingthe detailsnecessaryo understandhe systenresponse- the systembehaiour.

Part of the understandingf the systembehaiour is to understandhe systemstatechange<arriedout
by systemoperations.A systenstateis a snapshobf the systemat a particularmomentof time which
describeghe objectsof classesurrentlyexisting, currentvaluesof attributesof theseobjects,andcurrent
links betweerthe objectsat thattime. The executionof a systemoperationchangeghe systemstateinto
anotherstate:old objectsmayberemoved, new objectsandlinks maybe createdandvaluesfor attritutes
of objectsmay be modified. This sectionintroduceshow we to write a contract for a systemoperationto
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describevhatstatechangeshatthe operationcommitsto achieve.

Thecontract of anoperationis definedmainly in termsof its pre-conditionsandpost-conditions

e Pre-conditionsarethe conditionsthatthe stateof the systemis assumedo satisfybefoe the execu-
tion of theoperation.

e Post-conditionsarethe conditionsthatthe systemstatehasto satisfywhenthe executionoperation
hasfinished

In formal specificatioriterature the contractfor anoperationOp() canbewritten asa Hoare-triple
{Pre-Condition$ Op (){Post-Condition$

roughly meaningthatif the executionof Op() startsfrom a statesatisfyingPre-Condition thenwhenthe
executionhasfinished,systemwill bein a statesatisfyingPost-Condition

Pre-Conditionsand Post-conditiorare Booleanstatements.A post-conditionis a statemenbf what the
world shouldlook like after the executionof an operation.For instancejf we definethe operation‘get-
Square’onanumbeythepostconditionwouldtake theform result = this * this, whereresultis the output
andthis is the objecton which the operationis invoked.

A pre-conditioris a statemenbf how we expecttheworld to bebeforetheoperatioris executed We might
definea pre-conditionfor the “getSquare’operationasthis >= 0. Sucha pre-conditionsaysthatit is an
errorto invoke “getSquare’on a neggative numberandthe consequences is undefined.

Therefore the pre-conditionshall be checled eitherby the callerto ensuret is true beforethe execution,
and/orchecledthe objectexecutingthe operationto flag anerrorwhenit is nottrue.

As anexample,considetthe operationenterltem(upc : UPC, quantity : Integer):

e |ts pre-conditiorcanbe statedasUPC is knownto the system
e its post-conditionsnclude:

— If anew sale,a Sale wascreatedinstancecreation).

— If anew sale,thenew Sale wasassociateavith the POST (associatiorformed.
— A SalesLineltem wascreatedinstancecreatior).

— The SalesLineltem.quantity wassetto quantity (attribute modification.

— The SalesLineltem wasassociatewvith a ProductSpecification, basecon UPC match(asso-
ciationformed.

It is recommendetb expresspost-conditionsn the pasttensejn orderto emphasis¢éhey aredeclarations
abouta paststatechangeratherthanaboutactions.For example we hadbetterto write
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A SalesLineltem wascreated.

ratherthan

Createa SalesLineltem.

Therecanbemary possiblepre-andpost-conditionsve candeclarefor anoperation Generatingomplete
andaccuratesetsof pre- and post-conditiondgs not likely. For the post-conditionswe are suggestedo
focusonthefollowing effectsof the operation:

e Instancesreationanddeletion.
o Attributesmodification.

e Associationdormedandbroken.

For pre-conditionswe are suggestedo note thingsthat areimportantto testin software at somepoint
duringthe executionof the operation.

Contractsof operationare expressedn the context of the conceptuamodel: only instancef classesn
theconceptuaimodelcanbecreatedpnly associationshawvn in the conceptuamodelcanbeformed.

6.2.1 DocumentingContracts

We aresuggestedb usethefollowing schemdor presentinga contract:

Contract
Name Nameof operationandparameters.
Responsibilities  An informal descriptiorof the responsibilitythis operationmustfulfill.
Type: Nameof type (conceptsoftwareclass,nterface).

CrossReferences Systenfunctionreferencenumbersusecasesetc.

Note: Designnotes algorithms,andsoon.
Exceptions Exceptionakases.
Output: Non-Ul outputs suchasmessagesr recordsghataresentoutsideof the system.

Pre-conditions  Asdefined.

Post-conditions  As defined
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6.2.2 Contracts for someoperationsin POST system

Contract for enterltem

Contract

Name enterltem(upc:UPQquantity:Intger).

Responsibilities  Enter(or record)saleof anitemandaddit to thesale.Displaytheitem descriptiorand
price.

Type: System.

CrossReferences SystemFunctions:R1.1,R1.3,R1.9
UseCasesBuy Items

Note: Usesuperastdatabasaccess.
Exceptions If theUPCis notvalid, indicatethatit wasanerror
Output:

Pre-conditions  UPCis known to the system.

Post-conditions

If anew sale,a Sale wascreatedinstancecreation.
If anew salethenew Sale wasassociateavith the POST (associatiorformed.

A SalesLineltem wascreatedinstancecreation.

The SalesLineltem.quantity wassetto quantity (attribute modification).
The SalesLineltem wasassociateavith the Sale.

The SalesLineltem wasassociatetvith a ProductSpecification, basecon UPC
match(associatiorformed.

Contract for endSale

Contract
Name endsale().
Responsibilities Recordthatit is theendof entry of saleitems,anddisplaysaletotal.
Type: System.

CrossReferences SystemFunctions:R1.2
UseCasesBuy Items

Note:
Exceptions If asaleis notundervay, indicatethatit wasanerror

Output:
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Pre-conditions  UPCis known to the system.

Post-conditions e Sale.isComplete wassetto true (attribute modification).

Here, we noticethat we havediscorered a new attribute for classSale which is isComplete, sowe should
addit to theconceptuamodelthat we createdin Chapter3.

Contract for makePayment

Contract
Name malkePayment(amountQuantity).
Responsibilities Recordthe paymentgcalculatebalanceandprint receipt.
Type: System.

CrossReferences SystemFunctions:R2.1
UseCasesBuy Items

Note:
Exceptions If saleis notcompletejndicatethatit wasanerrot

If theamountis lessthanthe saletotal, indicateanerror
Output:

Pre-conditions

Post-conditions e A Payment wascreatedinstancecreation).

Payment.amountTendered wassetto amount (attribute medication).

The Payment wasassociateavith the Sale (associatioriormed).

The Sale wasassociatedith the Store, to addit to thehistoricallog of completed
salegassociatiorformed).

Contract for startUp

It is easyto identify a StartUp usecasefor the POSTsystem,andthusidentify a startUp() operation.
And in fact,every systemshouldhave suchanoperation However, althoughthe StartUp usecaseandthe
startUp() operationarealwayscarriedout first whenthe systemstartto work, they canbefinalizedonly

afterit is clearaboutwhatareneededor carryingout the otherusecasesandoperations.The contractof

startUp() for the POSTsystemcanbegivenasfollows.

Contract

Name startUp().
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Responsibilities  Initialise the system
Type: System.
CrossReferences

Note:

Exceptions

Output:

Pre-conditions

Post-conditions

A Sor, POST ProductCatalg and ProductSpecificatiowere createdinstance
creation).

ProductCatalog wasassociatewith ProductSpecification (associatioiormed).

Store wasassociateavith ProductCatalog (associatioriormed).

Store wasassociateevith POST (associatiorfiormed).
POST wasassociatetvith ProductCatalog (associatioriormed)

6.2.3 How to make a contract

Apply thefollowing adviceto createcontract:

Identify the systemoperationgrom the systemsequenceéliagram.
For eachsystemoperation constructa contract.

Startby writing the Responsibilities section informally describinghe purposeof the operation.

P w0 npoPRF

Thencompletethe Post-conditionssection,declaratiely describingthe statechangeghatoccurto
objectsin theconceptuamodel.

5. To describehe post-conditionsyusethefollowing cateyories:

e Instancesreationanddeletion.
o Attributesmodification.
e Associationdormedandbroken.

6.2.4 Contracts and other Documents

e Usecasesuggesthesysteminputeventsandsystemsequenceiagram.
e Thesystemoperationsarethenidentifiedfrom systemsequenceliagrams.

e Theeffectof thesystenoperationis describedn contractwithin thecontet of theconceptuaimodel.
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6.3 Analysis PhaseConclusion

Theanalysisphaseof developmentemphasisesn understandingf the requirementsgonceptsandoper
ationsrelatedto the system.Investigationandanalysisare often characterisedsfocusingon questionf
what—whataretheprocesses;onceptsassociationsttributes,operations.

In Chapterd andChapter5, we have exploredthe following minimal but usefulsetof artifactsthatcanbe
usedto capturetheresultsof aninvestigatiorandanalysis:

Analysis Artifact QuestionsAnswered
UseCases Whatarethedomainprocesses?
ConceptuaModel Whatarethe conceptsassociationandattributes?
SystemSequenc®iagrams| Whatarethe systeminputeventsandoperations?
Contracts Whatdothe systemoperationsio?

Questions

1. Discusshow postconditionsof an operationcan be generatedrom the usecaseof the operation
andthe conceptuamodel. Whatarethe relationshipsamongthe threemain kinds of effectsof an
operationdescribedn the post-conditions?

2. Discussthe diferencesand relationshipshbetweencontractsof operationshereandthe VDM-style
specificatiorof pre-andpostconditionsof anoperatiorthatyou have learntfrom othermodules.

3. Wediscussedheusecasesconceptuamodel,systenmsequenceiagramsandcontractgegardingto
thewholesystento bedeveloped.Discussheuseof thetechnique®f usecasesconceptuamodel,
systemsequenceliagramsandcontractsin acomponent-basedievelopment.
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Chapter 7

DesignPhase:Collaboration Diagrams

Topicsof Chapter 7

o Notion of collaboratiordiagrams

e UML notationfor collaborationdiagram

Thenatureof the designphase

Patterndor assigningesponsibilitiego objects

UsePatterngo createcollaborationdiagrams

A contractfor systemoperationslescribesvhatthe systemoperationdoes.but it doesnotshav a solution
of how software objectsare going work collectively to fulfill the contractof the operation. The lateris
specifiedby aninteractiondiagramsin UML. Therefore a majortaskof the designphaseis to createthe
interactiondiagramdor the systemoperations.

The UML definestwo kinds of interactiondiagrams either of which canbe usedto expresssimilar or
identicalmessagemteractions:

1. collaboratiordiagrams

2. objectsequenceliagrams

7.1 Object Sequenceébiagrams

Sequencdiagramsillustrateinteractionsn akind of fenceformatasshavn in Figure7.1

Noticeherethe differencedetweera systemsequenceliagramandanobjectdiagraminclude:

!Givenanunderlyingclassmodel,someCASE tools cangenerat@nefrom another
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T
I

messagel() |
_—
I

I

message2()

message3()

message4()

Figure7.1: ObjectSequenc®iagram

o A systemsequenceliagramillustratestheinteractionbetweerthewhole systemandexternalactors,
while anobjectsequencéiagramshavs theinteractionsdbetweerobjectsof the system.

e A systemsequencealiagramshavs only systems externaleventsandthusidentifiessystemopera-
tions,while anobjectsequenceiagramidentifiesoperationof objects.

e Systensequencédiagramarecreatedduringtheanalysigphasewhile objectsequencdiagramsare
modelscreatecandusedin the designphase.

If we treatan objectas a subsystemand other objectsas external actors,then an objectdiagramis a
sequenceliagramof this sub-system.

7.2 Collaboration Diagrams

A collabomation diagramis a graph(asshavn in Figure 7.2) shaving a numberof objectsandthe links
betweerthem,whichin additionshavs the messagethatarepassedrom oneobjectto another

1: message2(P>
messagel(=> :ClassA 2: message3(/=> :ClassB

Figure7.2: CollaboratiorDiagram

As both collaborationdiagramsand object sequencealiagramscan expresssimilar constructs different
peoplemay preferoneto another We shallmainly discussandusecollaborationdiagrams.

7.2.1 Examplesof collaboration diagrams

Supposafter receving the cashpaymentfrom the Customerthe Cashierecordsthe amountof the cash
receved by sendingthe messagenakePayment(cashTendered) to the POST. The POST carriesout
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this requestby sendingthe messagenakePayment(cashTendered) to the (current)Sale, which carries
outthetaskby creatinga Payment. Thisinteractionis shavn by the collaborationdiagramin Figure7.3.
Froma programmingpoint of view, Figure7.3representshefollowing pseudgrogram:

direction of messagh first internal messa%

makePayment(cashTenderedy—=> POST. 1:makePayment(cashTenderedy——=> :Sale
B i |

1.1:created(cashTendered) \L

parameter H -Bayment

first message tl

instance H link line H

Figure7.3: An exampleof a collaboratiordiagram

: POST accepts a call of it nethod nakePaynent ()
(froman Interface Cbject);

:POST calls for the nethod nakePaynent () of : Sale;

:Sale calls the constructor of class Paynent to create a new : Paynent

Thereforea collaboratiordiagramfor anoperatiorrepresentanalgorithmthatimplementthe operation.

We now explain somebasicUML notationusedin collaboratiordiagrams:

1. Instances: An instance(or object) usesthe samegraphicsymbol asits type (or class),but the
designatosstringis underlined Additionally, the classnameshouldalwaysbe precededy a colon.
An valuefor anattribute of anobjectis representedsattribute Name = attribute Value.

2. Links: A link betweentwo objectsis a connectionpathbetweenthe two objects;it indicatesthat
someform of navigationandvisibility betweertheinstancess possible More formally, alink is an
instanceof anassociationViewing two instancesn aclient/serer relationship a pathof navigation
from the clientto the sener meanghatmessagemay be sentfrom theclientto thesener.

3. Messges: Messagedetweenobjectsare representedia a labelledarrov on a link line. Any
numberof messagemaybesentalongthislink. A sequencaumberis addedo shav thesequential
orderin whichthemessagaresent.Thisis shavn in Figure7.4. A messageanbe passedetween
two objectsonly whenthereis an associatiorbetweenthe classef objects,suchas Captued-by
associatiorbetweenSale and POST, and thetwo objectsarelinked by this association.

4. Parametes: Parameter®f a messagenaybe shavn within the parenthesemllowing the message
name.Thetypeof the parametemay optionallybe shavn, suchasmakePayment(cashTendered :
Quantity).
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msgl(w
1:messagel(y="
2:message2(}=
) 3:message3()=> -ClassB

Figure7.4: Messages
7.2.2 Morenotational issues

Representinga return value Somemessagesentto an objectrequiresa valueto be returnedto the
sendingobject. A returnvaluemaybe shawvn by precedinghe messagevith areturnvaluevariablename
and an assignmenbperator(:=’). The type of the return value may operationallybe shavn. This is
illustratedin Figure7.5. The standardsyntaxfor messagess:

msg() l/

:POST

. . . —_—
1:tot:=total():Integer -Sale

getClassList() 1:name:=getName():String —=
——= | :Module :Student

Figure7.5: Returnvalues

return : = nessage(paraneter : paraneterType) : returnType

Representingiteration An objectmay repeatedlysenda messageo anotherobjecta numberof times.
Thisis indicatedby prefixingthe messagevith astart(*’). Thisis shavnin Figure7.6.

For ary otherkind of iterationswe may combinethe asteriskwith aniteration clausein squarebraclets,
suchas

e *[z < 10] — themessagevill besentrepeatedlyuntil z becomesessthan10,

e *[item notfound]— themessagevill besentrepeatedlyuntil theitem is found.

To expressmorethanonemessagdappeningvithin the sameiterationclause(for example,a setof mes-
sageswithin a for loop), repeatthe iteration clauseon eachmessage.This is illustratedin Figure7.7.
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msgl()\L
-POST 1:*li:=nextLineltem():SalesLineltem -Sale
_—
msgl()
-POST 1:*[i:=1..10] li:=nextLineltem():SalesLineltem -Sale
—_—
)

Figure7.6: Iterationwith andwithout recurrencevalues

msgl()\L
msgl()
{
A 1:*[i:=1..10] msg2() myB:B fori:=1to 10
- myB.msg2()
myC.msg3()
}
2:#[i:=1..10] msg3() myC:C
(%] —_—

Figure7.7: Multiple messageavithin the sameiterationclause

Representingcreation of instances The UML creationmessagés createwhich is independentf pro-
gramminganguagesshavn beingsentto theinstancebeingcreated Optionally thenewly creatednstance
mayincludea << new >> symbol(SeeFigure7.8).

msg10)],

:POST create(cashiery——= '<S<a|neew>>

Figure7.8: InstanceCreation

A create messageanoptionallytake parametersvhensomeattributesof the objectto be createcheedto
besetaninitial value.

Representingmessag@umber sequencing Theorderof messageis illustratedwith sequencaumbes,
asshavn in Figure7.9. Thenumberingschemas:

1. Thefirst messagés notnumberedThus,msg1() is unnumbered.
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2. The orderandnestingof subsequentessagess shavn with a legal numberingschemen which

nestednessagebave appendedo thema number Nestingis denotedby prependingheincoming
messagaumberto theoutgoingmessagaumber

msgl()= | . 1msg2() = B
l.l:msgS()V
2.l:msgs()4\

2:msgd() ——= _C
242:msgﬁ()v

Figure7.9: Sequenceumbering

Representingconditional messages Sometimesa messagenay be guadedand canbe sentfrom one
objectto anothemnly whena conditionholds. Thisis illustratedin Figure7.10.

msgl()\y

. —
-POST 1:[new sale] create() -Sale

1.1:cre\Ete()

:SalesLineltem

Figure7.10: Conditionalmessage

At apointduringtheexecutionof anobject,a choiceof severalmessageguardedoy differentconditions,
will be sent. In a sequentiabystem,an objectcansendone messaget a time andthustheseconditions
mustbe mutually exclusve. Whenwe have mutually exclusive conditionalmessagest is necessaryo
modify the sequencexpressionsvith a conditionalpathletter Thisis illustratedin Figure7.11.Notethat

e Eitherla or 15 couldexecuteaftermsgl(), dependingpntheconditions.
e Thesequencaumberfor bothis 1, anda andb representhetwo paths.

e Thiscanbegeneralisedo ary numberof mutuallyexclusive ConditionalMessages.
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msgl() — la:[condtion] msg2()=

1b:[not condition] msg4() 1la.1:msg3()

¢

1b.1:msg5() — =

Figure7.11: Mutually exclusve messages

Representingmultiobjects We call a logical setof instances/objectas a multiobject In general,a
multiobjectis aninstanceof a containerclasseachinstanceof which is a setof instance®f agivenclass

(ortype).

For example, SetOfSales is a classeachinstanceof which is a setof sales. Many implementatiordata
structuresareexamplesof containerclassesArray, List, Queue Stack,Set, Tree,etc.

Therefore,eachmultiobjectis usually implementedas a group of instancesstoredin a containeror a
collectionobject,suchasC++ STL vector Javavectoror a SmalltalkOrderedCollection

In a collaborationdiagram a multiobjectrepresenta setof of objectsatthe“many” endof anassociation.
In UML, amultiobjectis representedsa stackicon asillustratedin Figure7.12.

sales:Sales J

Figure7.12: A multiobject

We representa messagesentto a multiobjectin the standardwvay with the standardmeaning,seeFig-
ure7.13.

Notice thata messagéo a multiobjectis not broadcasto eachelementin the multiobject;it is a message
to themultiobjectwhichis anobjectitself.

To performan Operationon eachobjectin a multiobjectrequirestwo messagesan iterationto the mul-
tiobjectto extractlinks to the individual objects,thena messageentto eachindividual objectusingthe
(temporary)ink. Thisis illustratedin Figure7.14

Typically the selectionmessagén eachiterationreturnsa referenceo anindividual object,to which the
original sendeisendsamessage.

Figure7.14indicatesthata Sale objecthasreceved a messagéo print itself, which thenrequireseachof
the SalesLineltem objectscontainedn the Sale objectto print itself.
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msglﬁi/

-Sale 1:s:=size():int
:SalesLineltem

msg1(0

msg2()
l:add(e:C) ——=
A 2:delete(e:C)—= -

Figure7.13: Messageo multiobject

1*[for each] sli:=next() =
‘ :SalesLineltem
_print) | :Sale 2:print) T
— _— sli:SalesLineltem

Figure7.14: Performinganoperationon eachobjectof a multiobject

7.3 Creating Collaboration Diagrams

7.3.1 Overview of DesignPhase

During the designphase thereis a shift in emphasidrom applicationdomainconceptgoward software

objects,andfrom what toward how. The objectsdiscoreredduring analysissene asthe skeletonof the

design,but the designemustchooseamongdifferentwaysto implementthem. In particular the system
operationsdentifiedduringthe analysismustbe assignedo individual objectsor classestheseoperations
mustbe expressedas algorithms. Also, complex operationsmustbe decomposednto simplerinternal

operationgvhich areassignedo (or carriedout by) furtherobjects.

The majortaskin the designis to createthe collaborationdiagramsfor the systemoperationsdentified
in therequirementnalysisphase.The mostimportantanddifficult partin the generatiorof collaboration
diagramsis the assignmenof responsibilitiedo objects Therefore,the restof this chapterwill mainly
discusghegeneraprinciplesfor responsibilityassignmentyvhicharestructuredn aformatcalledpatterns

Thecreationof collaborationdiagramss dependentiponthe prior creationof thefollowing artifacts:

e Conceptuamodel: from this, the designemay chooseto definesoftware classesorrespondingo
conceptsObjectsof theseclassegparticipaten interactionsllustratedin theinteractiondiagrams.

e Systenoperationgontractsfromthesethedesigneidentifiestheresponsibilitieandpost-conditions
thattheinteractiondiagramamustfulfill.

e Essentiallor real) usecases:from these the designemay gleaninformationaboutwhat tasksthe
interactiondiagramdulfill, in additionto whatis in thecontract{remembethatcontractdlonotsay
very muchaboutthe Ul-output3.
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7.3.2 RealUseCases

Aswebriefly saidin Chapte#, arealusecases therealor actualdesignof theusecasan termsof concrete
input andoutputtechnologyandits overall implementation.For example,if a graphicaluserinterfaceis
involved, therealusecasewill includediagramsof thewindows involved, anddiscussiorof the low-level
interactionwith interfacewidgets.

For example,if we areto usewindow widgetsin the POSTsystemwe may describetherealusecasefor
theBuy Items with Cashusecaseasfollows:

Usecase: Buy Items with Cash

Actors: Customeif(initiator), Cashier

Purpose: Capturea saleandits cashpayment.

Overvien: A Customerarrives at a checlout with itemsto purchase. The

Cashierrecordsthe purchasatemsand collectsa cashpayment.
On completionthe Custometeaveswith theitems.

Type Real

CrossReferences: Functions:R1.1,R1.2,R1.3,R1.7,R1.9,R2.1.

Object Store . X

UPC n Quantity I!
Price I! Desc I!
Tendered I:

T

Enter Item End Sale Make Paymen}

Figure7.15: Window-1
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Typical Courseof Events
Actor Action SystemResponse
1. ThisusecasebeginswhenaCustomear
rives at a POST checlout with itemsto

purchase.
2. For eachitem, the Cashiertypesin the 3. Addstheiteminformationto therunning
UPCin A of Window-1 (shawn in Fig- salegransaction.

ure7.15). If thereis morethanoneof an
item, the quantity may optionally be en-
teredin E. They pressH after eachitem

entry
The descriptionand price of the current
itemaredisplayedn B andF of Window-
1.
4. On completion of the item entry the 5 Calculatesandpresentshe saletotaland
Cashierindicatesto the POSTthatitem displayit in C.

entryis completedy pressingwvidgetl.

7.3.3 GRASP: Patternsfor AssigningResponsibilities

Responsibilities

A responsibilityis a contractor obligationof an object. Responsibilitiesarerelatedto the obligationsof
objectsin termof their behaiour.

Therearein generakwo typesof responsibilities:

1. Doing responsibilitiestheseareaboutthe actionsthatan objectcanperformincluding

¢ doingsomethingtself
e initiating anactionor operationn otherobjects

e controllingandcoordinatingactiities in otherobjects
2. Knowing responsibilitiestheseareaboutthe knovledgeanobjectmaintains:

e knowing aboutprivateencapsulatedata
¢ knowing aboutrelatedobjects

e Knowing aboutthingsit canderive or calculate

We noticethatobjectssupportheconcepbf informationhiding, i.e. dataencapsulationAll informationin
anobject-orientedystems storedin its objectsandcanonly be manipulatedvhenthe objectsareordered
to performactions.In orderto useanobject,we only needto know theinterfaceof the object.
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The generalstepsto createcollaborationdiagramss describedasfollows. Startwith the responsibilities
which areidentifiedfrom the usecasesgconceptuamodel,andsystemoperationscontracts Assignthese
responsibilitie$o objectsthendecidewhattheobjectsneeddo doto fulfill theseresponsibilitiesn orderto
identify furtherresponsibilitiesvhich areagainassignedo objects.Repeathesestepsuntil theidentified
responsibilitiesarefulfilled anda collaborationdiagramis completed.

For example we mayassigrtheresponsibilityfor print a Sale to the Sale instancgadoingresponsibility),
Or we assigrntheresponsibilityof knowing the dateof a Sale to the Sale instancatself (a knowing respon-
sibility). Usually knowing responsibilitiesare often inferablefrom the conceptuamodel,becausef the
attributesandassociationg illustrates.

Responsibilitie®f anobjectareimplementedy usingmethodf the objectwhich eitheractaloneor col-
laboratewith othermethodsindobjects.For example the Sale classmightdefineamethodthatperforming
printing a Sale instance;saya methodnamedprint. To fulfill thatresponsibility the Sale instancemay
have to collaboratewith otherobjects suchassendingamessagéo SalesLineltem objectsaskingthemto
printthemseles.

Within UML, responsibilitiesareassignedo objectswhencreationa collaborationdiagram,andthe col-
laborationdiagramrepresentdoth of the assignmenbf responsibilitieso objectsandthe collaboration
betweerobjectsfor their fulfilment.

For example,Figure7.14indicateshat

1. Sale objectshave beengiven a responsibilityto print themseles, which is invoked with a print
message.

2. Thefulfilment of this responsibilityrequirescollaboratiorwith SalesLineltem objectsaskingthem
to print.

7.3.4 GRASP: Patterns of General Principles in AssigningResponsibilities

ExperiencedDO developersbuild up both generalprinciplesandidiomatic solutionscalled patternsthat
guidethemin the creationof software. Mostsimply, apatternis anamedproblem/solutiorpairthatcanbe
appliedto new contet, with adviceon how to applyit in novel situations.

We shallpresena patternin thefollowing format:

Pattern Name thenamegivento thepattern
Solution: descriptionof the solutionof the problem

Problem: descriptiorof the problemthatthe patternsolves

Now we arereadyto explorethe GRASPpatterns:GeneralResponsibilityAssignmenSoftware Patterns.
They includethefollowing five pattern:Expert,Creator Low Coupling High Cohesionand Contmoller.
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Expert

Pattern Name Expert

Solution: Assigna responsibility to the information expert — the classthat hasinformation
necessaryto fulfill the responsibility.

Problem: Whatis themostbasicprinciple by which responsibilitiesareassignedn OOD?

Example

In the POSTapplication,someclassneedgo know the grandtotal of a sale.Whenwe assigrresponsibili-
ties,we hadbetterto statetheresponsibilityclearly:

Who shouldberesponsibldor knowing the grandtotal of thesale?

By Expert,we shouldlook for thatclassof objectsthathastheinformation

o all the SalsLineltem instance®f the Sale instanceand

o thesumof their subtotal.

thatis neededo determinehetotal. Considerthe partialconceptuamodelin Figure7.16.

Sale

date
time

Contains

1.*%

Sales Prodyct .
Lineltem |* Described-by | Specification
) description
quantity price
upc

Figure7.16: Association®f the Sale

Only the Sale knows this this information; therefore by Expert, Sale is the correctclassof objectsfor
this responsibility Now we canstartworking on the collaborationdiagramrelatedto the assignmenof
responsibilityfor determininghegrandtotal to Sale, by drawing Figure7.17.

After assigningthe responsibilityof gettingthe grandtotal to Sale, it needsto get the subtotalof each
line item. The information neededio determinethe line item subtotalis SalesLineltem.quantity and
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t:=total() —= .
eV~ | :Sale Sale

date
time

-1 total()

Class with a
method identified |

Figure7.17: Partial collaboratiordiagram

ProductSpecification.price. AstheSalesLineltem Knowsits quantity andits associate®roductSpecification,
by Expert, SalesLineltem shouldbe responsibldor returningits subtotalto the Sale. In termsof a col-
laborationdiagram,the Sale needso sendsubtotal messageo eachof the SalesLineltem andsumthe
resultsithedesignis shavn in Figure7.18.

t=total) > 1*[for each] sli:=next()

2: st:=subtotal()

[—
sli:SalesLineltem :SalesLineltem

Sale
SalesLineltem

date -
time quantity

total() subtotal()

Figure7.18: Gettingthe subtotal

In orderto fulfill theresponsibilityof knowingandreturningits subtotal a SalesLineltem needgo know
whereto getthe productprice. The ProductSpecification is aninformationexperton answeringts price;
thereforeamessagenustbesentto it askingfor its price. The designis shavn in Figure7.19,whichis the
completecollaborationdiagramrepresentinghe designfor operationtotal().

Remarksonthe Expert Pattern TheExpertpatterns usedmorethanary otherpatternn theassignment
of responsibilitiesit is a basicguiding principle usedagainandagainin OOD. It expresseshe common
intuition thatobjectsdo thingsrelatedto theinformationthey have.

Thefulfilment of aresponsibilityoftenrequiresnformationspreadacrosglifferentclasse®f objects.This

meanghatthereareoftenmary “partial” expertswho will collaboratein thetask. Wheneer information

is spreadacrosdifferentobjects theobjectswill needto interactvia messag@assingn orderto exchange
informationandto sharethework. Informationwhich is spreadacrossdifferentobjectsis exchangedvia

thelinks betweerassociatedbjects.

Expertleadsto designsvherea softwareobjectdoesthoseoperationsvhich arenormallydoneto thereal-
world (or domain)obijectit representsthis is calledthe“ DO it Myself” stratgy. Fundamentallyobjects
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_t=total) > | 1*[for each] sli:=next()

:Sale

2: st:=subtotal()

T
sli:SalesLineltem ‘ ‘:SalesLineItem
2.1: p:=price()
:ProductSpecificatioﬁ
Sale ) Product
SalesLineltem Specification
date " .
time quantity de_scnonn
_— price
subtotal() upc
total()
price()

Figure7.19: Gettingthe price of aproduct

dothingsrelatedto informationthey know.

Theuseof the Expertpatternalsomaintainencapsulationsinceobjectsusetheir own informationto fulfill
responsibilities. This alsoimplies low coupling, which meansno extra links neededo be formed apart
from thosewhich have to bethere.Low couplingimplies high independencof objectsthatleadsto more
robustandmaintainablesystems.

Creator

Thecreationof objectsis oneof themostcommonactiitiesin anOO system.Consequentlyit isimportant
to have agenerabprinciplefor theassignmenof creationresponsibilities.

Pattern Name Creator

Solution: AssignclassB the responsibility to createan instanceof a classA (B is a creator
of A objects)if oneof the following is true:

B aggregates A objects.

B contains A objects.

B recordsinstancesof A objects.

B closely uses A objects.

B hastheinitialising data that will be passedio A whenit is created(thus B
is an expert with respectto creating A objects.

Problem: Whatshouldberesponsibldor creatinga new instanceof someclass?
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Example

In thePOSTapplication considerthe partof the conceptuamodelshavn in Figure7.20.

Sale

date

time

Contains

1.*

) ProductSpecificatior)
SalesLinelten

Described-by

description

*
quantity price
upc

Figure7.20: Partial conceptuamodel

Sincea Sale containg(in fact,aggr@ates)mary SalesLineltem objectsthe Creatorpatternsuggestsale
is agoodcandidatedo beresponsibldor creatingSalesLineltem objects.Thisleadsto a designof object
interactionsn a collaborationdiagramasshaovn in Figure7.21.

makeLineltem(quantity) | .

date
1:create(quantity) time

Q/ makelLineltem()

total()
:SalesLineltem

Figure7.21: Createa SalesLineltem

Theassignmenof thisresponsibilityrequireshata makeLineltem methodoedefinedin Sale. In general,
amethodhasto bedefinedin aclassto fulfill eachresponsibilityassignedo thatclass.

Sometimes creatoris found by looking for the classthat hasthe initialising datathatwill be passedn
duringthe creationof an object. This is actuallyan exampleof the Expertpattern. For example,assume
thata Payment instanceneeddo beinitialised, whencreatedwith the Sale total. SinceSale knows the
total, Sale is a candidatecreatorof the Payment object.

Low Coupling

Coupling is a measuref how stronglyoneclassis connectedo, hasknowledgeof, or reliesuponother
classesA classwith low (or weak)couplingis notdependenontoo mary otherclasses.

A classwith high (or strong)couplingreliesuponmary otherclasses Suchclassesareundesirablethey
suffer from thefollowing problems:
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Changesdn relatedclassedorcelocal changesi.e. changesdn this class.

Changesdn this classforcethe changesn mary otherrelatedclasses.

Harderto understandh isolation.

Harderto reuseasits reuserequiresghe useof therelatedclass.

Whenwe assigraresponsibilityto aclass we wouldlike to assigrresponsibilitiesn away sothatcoupling
betweerclassesemaindow. Thisis capturedby the Low Coupling Pattern describedelow.

Pattern Name Low Coupling

Solution: Assignaresponsibility sothat coupling remainslow
Problem: How to supporiow dependencanincreasedeuse?
Example

ConsidetheclassePayment, POST andSale in thePOSTsystem Assumewneneedo createa Payment

instanceandassociaté with the Sale (seethecontracfor makePayment givenin Chapter6) SincePOST
“recods” a Paymentthe creatorpatternsuggests?OST asa candidatdor creatingthe Payment. This
would leadto adesignshavn in Figure7.22.

makePayment
e

:POST Licreate() p:Payment

2:addPayment(py—=" -Sale

Figure7.22: POSTcreatePayment

This assignmenbf responsibilitiecouplesthe POST classto the knovledgeof the Payment class.An
alternatve assignmenbf the responsibilityto creationof the Payment andto associatet with the Sale
allows usto do soandis shavn in Figure7.23.

makePayment() -POST 1:makePayment() -Sale

1.1:create()

|

‘Payment

Figure7.23: SalecreatefPayment

Assumethat Sale will be eventuallycoupledwith Payment. The seconddesignis preferablebecauset
doesnotneedanextralink formedbetweenPOST andPayment. Thisassignmendf responsibilityis also
justifiableasit is reasonabléo think thata Sale closelyusesa Payment.
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In object-orientegporogramminganguagesuchasC++, Java, and Smalltalk,commonforms of coupling
from ClassX to ClassY include:

o (lassX hasanattributethatrefersto a ClassY instancepr ClassY itself.

e (ClassX hasa methodwhich referencesn instanceof ClassY, or ClassY itself, by ary means.
Thesetypically includea parameteor local variableof type ClassY , or the objectreturnedfrom a
messagéeinganinstanceof ClassY .

e (ClassX is adirector anindirectsubclas®f ClassY .

Couplingmay not be thatimportantif reuseis not a goal. And thereis not absolutemeasureof when
couplingis too high. While high couplingmalkesit difficult to reusecomponentsf thesystema systemin
whichthereis very little or no couplingbetweerclassess rareandnotinteresting.

High Cohesion

Cohesionis ameasuref how stronglyrelatedandfocusedtheresponsibilitieof a classare. A classwith
high cohesiorhashighly relatedfunctionalresponsibilitiesanddoesnot do atremendousmountof work.
Suchclassesiasa smallnumberof methodswith simplebut highly relatedfunctionality

A classwith low cohesionis undesirablasit suffersfrom thefollowing problems:

e hardto comprehend;
e hardto reuse;

e hardto maintain;

Oneimportantnatureof agoodOOD is to assignresponsibilitiego classeshatarenaturallyandstrongly
relatedto the responsibilitiesandevery classhassomethingo do but doesnot have too muchto do. It is

oftenthecasehataclassakesonaresponsibilityanddelegategpartsof thework to fulfill theresponsibility
to otherclassesThis natureis capturedy the high cohesiorpattern.

Pattern Name High Cohesion

Solution: Assignaresponsibility sothat cohesionremainshigh
Problem: How to keepcompleity manageable?
Example

Thesameaxampleusedfor Low Couplingcanbeusedfor High Cohesion Assumewe have aneedo create
a Payment instanceandassociat@ with the Sale (seethe contractfor makePayment givenin Chapters).
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Since POST"r ecods” a Payment the creatorpatternsuggestsPOST as a candidatefor creatingthe
Payment. This is the designshavn in Figure 7.22. However, this designplacesthe responsibilityfor
making a paymentin the POST. The POST takes on part of the responsibilityfor carrying out the
makePayment systemoperation.Imaginethattherewerefifty systemoperationsall recevedby POST.
If it did thework relatedto each,it would becomé'bloated” incohesie object.

In contrastasshavn in Figure7.23,the secondlesigndelegatesthe paymentcreationresponsibilityto the
Sale, which supporthighercohesiorin the POST Sincethe seconddesignsupportboth high cohesiorand
low coupling,it is desirable.

Thebenefitsrom theuseof the High CohesiorPatterninclude:

Clarity andeaseof comprehensionf thedesignis increased.

Maintenanceandenhancement@resimplified.

Low couplingis oftensupported.

Supportgeuse.

Controller

Controllerpatterndealswith theidentifiedsystemoperations.

Contoller Pattern

Pattern Name : Controller

Solution: Assignthe responsibility for handling a system(input) event to a classrepresent-
ing oneof the following choices:

e Representghe “overall system” (facade controller).

¢ Representshe overall businessor organisation (facade controller).

¢ Representssomethingin the real-world that is active (for example,the role
of a person)that might beinvolved in the task (role controller).

e Representsan artificial handler of all system(input) events of a usecase,
usually named*” < UseCaseName > Handler” (use-case controller).

Problem: Who shouldberesponsibldor handlinga a systemnputevent?

This patternalsosuggest$o usethe samecontoller classfor all systeninputeventsin the sameusecase
It alsoimpliesthata controlleris a non-user interfaceobjectresponsibléhandlinga systeminput event,
andthatcontrollerdefineghemethodfor the systemoperatiorcorrespondingo thesystemnputevent. An
interfaceobjectmayaccept systeminputevent,but it doesnotcarryoutary of theresponsibilitiegor ary
partof thework) of the systemoperatiornratherthansimply passingor delegating)it ontothe controller
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Example

In the POSTapplicationwe have identifiedseveral systemoperationsincluding enterltem(), endSale(),
andmakePayment().

During systembehaiour analysis(seeChapter6), systemoperationsaarerecodedto the classSystem as
shavnin Figure7.24

System

enterltem()
endSale()
makePayment()

Figure7.24: Systemoperationsecordedn atype namedSystem

However, this doesnot meanthat a classnamedSystem fulfils them during the design. Rather during
designa Controllerclassis assignedheresponsibilityfor systemoperations.

By the Controllerpatternhereareour choices;

1. POST representtheoverall system.
2. Stoe: representthe overall businessor organisation.

3. Cashier: representsomethingin the real-world (suchasthe role of a person)thatis active and
mightbeinvolvedin thetask.

4. BuyltemsHandler:representanartificial handlerof all systemoperationf ausecase.

In termsof collaborationdiagramsthis meanghatoneof thediagramsn Figure7.25will beused.

Thefinal decisionon which of thesefour is the mostappropriatecontrolleris influencedby otherfactors,
suchascohesiormandcoupling.

In thedesign the systemoperationsdentifiedduringthe systembehaiour analysisareassignedo oneor
morecontrollerclassessuchas POST (seeFigure7.26).

Discussionabout Controller

e Contoller andUseCases: Thesamecontrollerclassshouldbe usedfor all the systeminput events
of one usecaseso thatit is possibleto maintaininformation aboutthe stateof the use case,for
example to identify out-of-sequenceysteminput events(e.g.a makePayment operationbeforean
endSale operation) Differentcontrollersmaybe usedfor differentusecases.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



108 Creating Collaboration Diagrams

enterltem(upc,quantity) :POST

_—
enterltem(upc,quantity)

:Store

- =
enterltem(upc,quantity)

:Cashier

- =
enterltem(upc,quantity)

:BuyltemHandle

Figure7.25: Choicesof Controllers

System

enterltem()
endSale()
makePayment()

enterltem()
endSale()
makePayment()

Figure7.26: Allocation of systemoperatiorto a controllerclass

e Use-Case&Contoller: If use-caseontrollerareusedthenthereis adifferentcontrollerfor eachuse
case.Suchacontrolleris notadomainobject;it is anartificial constructo supportthe system.

e Contoller and the other Patterns: Poorly designedcontrollersclasseswill have low cohesion—
unfocusedandhandlingtoo mary looselyresponsibilities Examplesof poorly designectontrollers
include:

— Thereis only a singlecontrollerclassreceving all systeminput events,andtherearemary of
them.

— Thecontrolleritself performsmary of thetasksnecessarto fulfill thesystenoperationsyith-
outdelggatingthework.

Thesolutionsto solve theseproblemsinclude

1. Add morecontrollers.

2. Designthe controllersothatit is primarily delegatesthe fulfilment of eachsystemoperation
responsibilityonto objects ratherthandoingall or mostof thework itself.
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e Rolecontollers: Assigna responsibilityto a human-roleobjectin a way that mimics what that
role doesin the realworld is acceptable However, if arole controlleris chosenavoid the trap of
designingperson-lile objectsto do all thework.

7.3.5 A Designof POST

This sectionappliesthe GRASPpatternsto assignresponsibilitiego classesandto createcollaboration
diagramdor POST We considerBuy Items with CashandStart Up usecasesn this design.Beforewe
startthework on the design we first statethe following guidelinesfor makinga collaborationdiagram:

1. Createa separataliagramfor eachsystemoperationwhich have identifiedandwhosecontractsare
defined.

2. If thediagramgetscomple, splitit into smallerdiagrams.

3. Usingthe contractresponsibilitiesand post-conditionsandusecasedescriptionasa startingpoint,
designasystenof interactingobjectsto fulfill thetasks.Apply the GRASPto developagooddesign.

Thisis partlyillustratedin Figure7.27.

Cashier M\;/\——“\_
| Operatiors_enterltesh enterltem(upc,quantity)

1. If anew sale, a ng
Sale was created ...

H

endSale()

\
D
¢ e\nterltem(upc,quelnmy# Postconditions Q/
\
\
!
\
\

| Operation: makePayment

makePayment(amount) : Postconditions:

I 1. ..
|

Figure7.27: Guidelinedor design

With Buy Items with CashandStart Up usecaseswe have identifiedfour systemoperationsnterltem,
endSale, makePayment, andStartUp.

Accordingto our guidelineswe shouldconstructat leastfour collaborationdiagrams. Accordingto the

Controllerpatternthe POST classcouldbe choserascontrollerfor handlingtheseoperationsIf so,we
have thefour startingdiagramsshavn in Figure7.28to complete.

Collaboration diagram for enterltem

First by Controller POST is a candidateas the controllerfor handlingthis operation. And POST is
satishctoryif thereareonly afew systemoperationsWe male this choicein our example.
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enterltem(y—= -POST 1: 272?22()

endSale() — -POST 1: 22?7?()

makePayment(— -POST 1: 272?22()

startUp() — post |77

POST

enterltem()

endSale()
makePayment()
startUp()

Figure7.28: Systemoperations

After assigningthe responsibilityfor handling enterltem to POST, we needto look at the contractof
enterItem what POST needgo doto fulfill thisresponsibility

Displaying item description and price

In generalmodelobjectsarenot responsibldor displayof information. Thesearethe responsibilitiesof
interfaceobjectswhich canaccesso dataknown by modelobjectsandcansendmessaget® modelobjects.
However, modelobjectsdo not sendmessage® interfaceobjectsin orderto keepthe systemindependent
of theinterface.

Creatinga new Sale

Thepost-condition®f enterltem indicatearesponsibilityfor creationanobjectSale. The Creatorpattern
suggestP OST is areasonableandidatereatorof the Sale, asPOST recordsthe Sale. Also by having
POST createthe Sale, the POST caneasilybeassociateavith it overtime.

In additionto theabove, whenthe Sale is createdit mustcreateanemptycollectionto recordall thefuture
SaleLineltem thatwill be added.This collectionwill be maintainedy the Sale instancewhich implies
by Creatorthatthe Sale is agoodcandidatdor creatingit.

Thereforewe have the collaborationdiagramshavn in Figure7.29.
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enterltem(upc.aty) .po st 1:[new sale] create() Sale

1.1:create( \b

]

:SalesLineltem

Figure7.29: Salecreation

Creatinga new SalesLineltem

Theotherpost-conditiongn thecontracfor enterltem indicatetheresponsibilityto createa SalesLineltem
instance Fromtheconceptuamodelandcreator Sale is anappropriateandidatereatorfor the SalesLineltem
object.And by having the Sale createSalesLineltem, the Sale canbeassociateavith the SalesLineltem
objectover time by storingthe new instancein its collectionof line items. The postconditionsalsoindi-
catethatthe new SalesLineltem objectsneedsa quantitywhenit is created.Thereforethe POST must
passthe quantityalongto Sale, which mustpassit alongasa parametein the creationmessagéo the
SalesLineltem.

Finding a ProductSpectification Thepostconditiorin the contractof enterltem alsorequireshenewly
createdSalesLineltem to be associateavith the ProductSpecification thatmatcheghe upc of theitem.
Thisimpliesthattheparameterto themakeLineltem messagsentto the Sale includethe ProductSpecification
instancedenotedy spec, whichmatcheshe upc. Thisthenrequiredo retrieve this ProductSpectification
objectsbefoe the messagenakeltem(spec, qty) is sentto the Sale. From the conceptuaimodeland

the Expertpattern, ProductCataLog logically containsall the ProductSpecifications. Thushby Expert,
ProductCataLog is agoodcandidatdor looking up the ProductSpecification.

Visibility to a ProductCatalog

After we have assignedheresponsibilityto ProductCataLog for lookingupthe ProductSpecification, we
souldalsodecidetheobjectthatshouldsendthemessagéo the Product Catalog to askfor a ProductSpecification.

In orderfor oneobject: A to senda messagé¢o anotherobject: B, object: A mustbe currentlylinkedto
object: B. In OOD, the linkage betweentwo objectsis closelyrelatedto the conceptof visibility of an
object. Thedifferenceandrelationshipbetweerthe conceptof associatiorandvisibility are:

o If : A hasvisibility to : B, theremustbe a link between: A and: B, andthustheremustbe an
associatiorbetweerclassA andclassB.

o If thereis currentalink : 4 and: B, thenoneof thetwo objectshasvisibility to the other thoughit
is notnecessarilghey have visibility to eachother

We shouldnow restatemorepreciselyaboutthe messag@assingoetweerobjectsas
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In order oneobject: A to senda messge to anotherobject: B, object: A mustcurrentlyhave
visibility to object: B.

Therearethefollowing four waysthatvisibility canbeachisredfrom object: A to: B:

1. Attribute visibility — : B is an attribute of : A. This is a relatively permanentisibility becauset
persistsaaslongasthetwo objectsexists.

2. Parametevisibility —: B is aparameteof amethodof : A. Thisis arelatively temporarwisibility
becausé persistswithin the scopeof the method.

3. Locally declaedvisibility — : B is declaredasalocal objectin a methodof : A. Thisis arelatively
temporaryvisibility becausdt persistswithin thescopeof themethod.

4. Globalvisibility —: B is in someway globally visible. Thisis arelatively permanentisibility.

Now comebackto our questioraboutwhich objecthasvisibility andcansenda messag&roductCataLog
objectto find a specification. This is not clearin the conceptuamodel. So we needadd an association
which links a classand ProductCatalog, andthe links betweentheseobjectsare establishediuring the
initial StartUp usecaseso thatit canbe usedwhen creatinga SalesLineltem. The postconditionof
StartUp includethe creationof the POST andthe ProductCatlog, andthe formationof the association
betweenthesetwo objects. This implies thatwe cansafelyassumehatthereis a permanentonnection
from the POST objectto the ProductCatalog object. Thereforeijt is possiblefor the POST to sendthe
messagedenoteby specification, to the ProductCatalog object. Basedon this discussionwe now can
completethe collaboratiordiagramfor enterltem shovn in Figure7.30.

enteritem(upc.ay)| .posT Li[new] create()
— .

:sale

3:makeLineltem(spec,qtyP \_J

3.1:create(spec,qty)
2: spec:=specification(up¢)

Ll:create&/

inoductCataLO% 3A2:add(s|i1/ sli:SalesLineltem

2.1: spec=find(upc)V

rrotspeaio]
:ProductSpecification] :SalesLineltem

Figure7.30: The enterltem collaboratiordiagram

Fromthecollaboratiordiagram we canwrite a pseudo-codér themethodenterltem() of the POST:

POST--enterltenm(upc, qty)

{
if new sal e then <<new>>Sal e. create()
spec: =Pr oduct Cat aLog. speci fi cati on(upc)
Sal e. makeli nel t em( spec, qty)

}
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Remarks about message$o multiobjects

Noticethatin generalamessagesuchasfind andadd, sentto amultiobjectis to thecollectionobjectitself,
notto every objectin thecollection. Themessagé.1 : create() sentto the SalesLineltem multiobjectis
for the creationof the collectiondatastructurerepresentetby the multiobject, it is not the creationof an
instanceof classSalesLineltem. The add messagé3.2) sentto the SalesLineltem multiobjectis to add
elemento the collectiondatastructurerepresentefly the multiobject.

Collaboration Diagram for endSale

The first designdecisionis to choosea controllerto handlethis systemoperation. We continueto use
POST asthecontrollerfor this operation.

Thecontractof endSale() requires
e Sale.isComplete wassetto true (attribute modificatior).

By Expert, it shouldbe the Sale itself to carry out this responsibility sinceit owns and maintainsthe
isComplete attribute. Thusthe POST will senda messagedenotedoy becomeComplete, to the Sale in
orderto setit to true. Thisassignmenof responsibilityis shovn in Figure7.31.

endSale(> 1:becomeCompletty=>
—— ] :POST :Sale

becomeComplete()

{
isComplete:=true|
}

Figure7.31: Completionof item entry

Calculating the Sale total Althoughwe arenot at the momentconcernedurseheswith how the sale
total will bedisplayedwe mustensue thatall informationthat mustbedisplayeds knownandavailable
fromthe domainobjects Note thatno classcurrentknows the saletotal, sowe needto createa designof
theobjectinteractionsusinga collaborationdiagram to calculatethe saletotal.

In Section7.4.1,we usedthe assignmenof theresponsibilityfor knowing andreturningthetotal of saleto
understandhe useof the ExpertPattern. Therewe obtainedthe collaborationdiagramillustratedin Fig-
ure7.19.In Figure7.32,we only addsomepseudo-codet® clarify the purpose®f someof the operations.

In general,sincearithmeticis not usuallyillustratedvia messageghe detailsof the calculationscanbe
shavn by attachingconstraintdo the diagramthatdefineshe calculations.

We have onequestionunansweredwhowill sendthe total messge to the Sale? Mostlikely it will bean
objectin theinterface,suchasa Java applet.
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PN
s -
, tot:=total() Sale | 1*:[for each] sli:=next()

Sale—total) V SalesLineltem--subtotal()

tot=0 2 s(jzsuhman)é - = - }return quantity*prodSpec.price(
foreach SalesLineltem, slil

tot:=tot+sli.subtotal() —

return tot
} ‘ sli:SalesLineltem ‘ ‘ :SalesLineltem

2.1: pr=price()
ProductSpecification

Product
Sale SalesLineltem Specification

date

time quantity description

price
upc

subtotal()

total()

price()

Figure7.32: sale-totakollaboratiordiagram

Collaboration diagram for makePayment

Again,we shallusePOST againasthe controller During our discussioraboutthe patternd_ow Coupling
andCohesionwe decidedthatwe shouldassignthe responsibilityof the creationof the Payment to the
Sale ratherthantothe POST. Additionally, it is reasonabléo think thata Sale will closelyusea Payment,

andour choiceis thusalsojustifiable by the Creatorpattern. This discussiorieadsto the collaboration
diagramin Figure7.33

makePayment(cashTenderédLOST 1:makePayment(cashTender) -Sale
\ 1 L_
\ P
\ - / e

V- =" 1.1:create(cashTenderged)

by Controller by Low Coupling, v
High Cohesion

/ _ -

:Payment

Figure7.33: makePayment collaborationdiagram

This collaborationdiagramsatisfieghe postconditionghat

e the Payment wascreated,
e The Payment wasassociateavith the Sale, and

e Payment.amount wassetwith cashTendered.

Logging the Sale

Oncecomplete the requirementstatethat the Sale shouldbe placedin an historicallog. By the Expert
pattern.By expert,it is reasonabléor the Store to know all theloggedsales.
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However, in somefinancialapplicationsthe objectrepresentinghe overall businessnaybe comeincohe-
siveif we assignt with all theresponsibilitie®f loggingall thefinancialinformation.In sucha case pther
alternatvesincludethe useof classicaccountingconceptsuchasa SalesLedger. Noticethatthe postcon-
ditions of the contractof makePayment includeassociatingthe Sale with the Store. If a SalesLedger,
ratherthanthe Store, is usedfor loggingthe completeSale, SalesLedger would ideally be addedto the
conceptuamodel,andthe contractfor makePayment would beadjustedaccordinglyaswell. Thiskind of
discovery andchangeduringthe designphases perfectlyreasonablandto be expected.

For our POSTsystem,we will stick with the original plan of usingthe Store for logging the sales. This
leadsto thecollaboratiordiagramin Figure7.34.

makePayment(cashTenderéd}:,os.r 1:makePayment(cashTendered s:Sale
[—— | \_j

2:addSale¢) 1.1:create(cashTendergd)

-Store :Payment

2.1:add(si/

completedSales:Sale J

Figure7.34:Logginga completesale

Calculating the balance

Theresponsibilitiesectionof the contractof make Payment requireshatthe balances calculatedit will
beprintedon areceiptanddisplayed .Notethatno classcurrentlyknows the balancesowe needto assign
thisresponsibilityto a class.To calculatehebalancethesaletotalandpaymentashtenderedarerequired.
By Expert,Sale and Payment arepartialexperton solvingthis problem.

If the Payment is primarily responsibldor knowing the balancejt would needvisibility to the Sale, in
orderto sendthe messageo the Sale to askfor its total. Sincethe Payment doesnot currently have
visibility to the Sale, this approactwould increasehe overall couplingin the design.

In contrastjf the Sale takesthe primary responsibilityfor knowing the balancejt needshe visibility to
the Payment, in orderto sendit themessagéo askfor its cashtenderedSincethe Sales, asthecreatorof
thethe Payment alreadyhasthevisibility to the Pyament, this approactdoesnot notincreasehe overall
coupling,andit is a preferabledesign.This designis shawvn in Figure7.35

An interfaceobjectwill beresponsibldor sendinghe messagéalance to the Sale.
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Sale--balance
{ return pmt.amount()-total() }

7/
7
7/

bal:=bal/ance()
p————

sale | amt:=amount(j="

pmt:Payment

!

2:t:=total()

Figure7.35: Collaborationdiagramfor the calculationof the salebalance

Collaboration diagram for StartUp

Most, if notall, systemdhave a StartUp usecase andsomeinitial systemoperationrelatedto the starting

up of the application. Although this StartUp systemoperationis the earliestoneto execute,delaythe

developmenif a collaborationdiagramfor it until afterall othersystemoperationave beenconsidered.
This ensureghat significantinformationhasbeendiscoreredconcerningwhatinitialisation actiities are

requiredto supportthe latersystemoperationnteractiondiagrams.

The startUp operationabstractlyrepresentshe initialisation phaseof executionwhenan applicationis
launched.How an applicationstartsup andinitialisesis dependenuponthe programmindanguageand
operatingsystem.

In all casesa commondesignidiom is to ultimately createan initial domain object, which is the first
problemdomainobjectcreated.In its initialisation methodthis objectsis thenresponsibldor the creation
of otherproblemdomainobjectsandfor theirinitialisation.

The problemof who shouldbe responsibldor creatingthe initial domainobjectis dependentiponthe
object-orientegorogramminganguageandoperatingsystem.For example,if a graphicaluserinterfaceis
used,suchasa Java applet,its executionmay causethe attributesto beinitialised. Oneof theseattritutes
may betheinitial domainobject,suchasStore whichis thenresponsibldor the creationof otherobjects,
suchasPOST:

public class POSTAppl et extends Appl et

{
public void init()
{
post = store.get POST();
}

/1l Store is the initial domain object.
/'l The Store constructor creates other domain objects
private Store store = new Store();

private POST post;
private Sal e sale;

}
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Thecollaboratiordiagramfor the startUp operationllustrateswhathappensvhentheinitial problemdo-

mainobjectis createdratherthanhow theinitial domainobjectis created Thus,this collaborationdiagram
is languagendependentandapplicableto differentlanguagesTherefore the creationof a collaboration
diagramfor the start Up operatiorstartswith sendinga create() messagéo theinitial domainobjectto cre-

ateit. However, the questionis how to choosethis initial domainobject. Oneof the following alternatves
canbechoserto bethe classof theinitial domainobject:

e A classrepresentingheentirelogical informationsystem.

e A classrepresentingheoverall businessr organisation.

Choosingbetweerthesealternatves may be influencedby High CohesionandLow Couplingconsidera-
tions.

Thereforefor thePOSTapplicationwe caneitherchoosePOST or Store astheinitial domainobject.We
choosehe Store asthe POST is alreadychoserasthecontrollerto beresponsibldéor handlingthesystem
operations.

Persistentobjects: ProductSpecification

In arealisticapplicationthe ProductSpecification objectswill bemaintainedn apersistenistorage medium,
suchasrelationalor object-orientedlatabaseDuringthe start Up operationjf thereareonly afew of these
objectsthey mayall beloadednto thecomputers directmemory However, if therearemary, loadingthem
all would consumaoo muchmemoryor time. More likely, individual objectswill be loadedon-demand
into thememoryasthey arerequired.

Thedesignof how to dynamicallyon-demandoad objectsfrom a databaséto memoryis not considered
in this module. You may have to learnthis whenyou cometo do your Software EngineeringProjectin
the next semesterHere,we simply assumehatall the ProductSpecification canbe createdn the direct
memory

Createthe Store and start up the system

Fromthe contractof startUp, andthe earlydiscussionthe creationof a collaborationdiagram

1. startswith amessagereate() beingsentto the Store,

2. inorderto createhe POST andto allow it to havevisibility andsendmessaget® thethe Product Catalog
(seethe enterltem collaborationdiagram),the Store needsto createthe ProductCatalog, repre-
sentedy pc first,

3. thenthe Store creategshe POST andpasseshe pc asa parameteof the messagereate() to the
POST.
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4. whenthe ProductCatalog is createdit needdo createheemptycollectionof the ProductSpecification
objectsto which furtherspecificationganbe added.

Thisalgorithm(or design)is illustratedin the collaboratiordiagramin Figure7.36.

create()—=> ] 2:create(pc) ‘

:POST

1.create()

Q/ 1.1:create(="

:pc:ProductCatalog_1-2-2:*add(psP :ProductSpecification.

1.2.1:*create(upc,price,description
4\ (upc,pri iption)

1.2:loadProdSpecs()

Q ps:ProductSpecificatipn

Figure7.36: Collaborationdiagramfor Startup

Noticein thefigurethatpc callsamethodof itself:

Product cat al og -- | oadProdSpecs()

{
Repeat

ps=new Product Speci fi cati on(upc, price, description);
Col | ecti on( Product Speci fi cation).add(ps)
Until finished

}

A deviation betweenanalysisand design

The collaborationdiagramfor StartUp illustratesthatthe Store only createone POST object. However,
the conceptuamodelthatwe createdn Chapter5 modelsa real storewhich may housemanyreal point-
of-saleterminals.

Regardingto this deviation, therearethefollowing pointsto bemade:

1. The Store in thecollaborationdiagramis notarealstore;it is a softwareobject.
2. The Post in thediagramis notarealterminal;it is a softwareobject.

3. The collaborationdiagramrepresentshe interactionbetweenone Store andone POST (certainly
with otherobjects).This is whatwe arerequiredto do by therequirementhatwe arecurrentconsid-
ering.
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4. Generalisatiorirom asingle POST objectto manyPOST objectsrequiresthatthe Store to create
manyPOST instancesAnd theinteractionsetweerthesemary POST objectswith otherobjects
would needto be synchronisedn orderto maintainthe integrity of the sharednformation,suchas
loggingcompleteSale objectsandlooking up the productspecificationThesewould involve multi-
thread computationor concurent computation Designand programconcurrentsystemss out of
the scopeof this module,but it is the main topic of MC306: ProgrammingConcurrentComputer
Systems.

7.3.6 ConnectingUser Interface Objectsto Domain Objects

Although we are not concerneursehes with the designof userinterfaceobjects we areinterestedn
knowing how anuserinterfaceobject,onceit is designedis linkedto adomainobject.

As discussedluringthecreationof the Start Up collaboratiordiagram|f agraphicaluserinterfaceis used,
suchasa Java applet,thenthe appletis responsibldor initiating the creationof the initial domainobject.
Theinitial domainobjectin turn createdotherobjects. Thenthe appletrequestsa referenceo the POST
objectfrom the Store, andstoresthe referencen anattribute. With this attribute visibility to the POST,
theappletmaydirectly sendmessaget the POST. Thisis illustratedin Figure7.37.

l:create(y—=
create(—= -POSTApplet 2:p:=getPOST():POST = | o 1e-Store

Figure7.37:Interactionshetweerthe appletanda domainobject

Oncetheapplethasa connectiorwith the controllerPOST, it canforward systeminput eventsmessagéo
it, suchasthe enterltem, endSale, andsoon.

For example,consideithe caseof the enterltem messagasillustratedin Figure7.38:

The Cashiettypesin upc and ¢ty (whicharenotshavn in the Figure).
The Cashierequestenterltem by pressinghebutton“Enter ltem”.
Thewindow forwardthe messagéy sendingonEnterItem() to the Applet.

The Applet thensendshemessagenterltem(upc, gty) tothe POST.

a o w0 nNpoR

The Applet getsareferenceo the Sale (if it did not have one)by sendinga messagegetSale() to
the POST.

6. Applet sendsatotal messageo the Sale in orderto gettheinformationneededo displaytherunning
total.

Interface and domain layer responsibilities

We have to remembethefollowing generaprinciple:
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Object Store . X

Quantity \:|
[ ]

Balance

UPC

Price

Total

UL

ITendered

press button
———————— >| Enter Item | | End Sale | |Make Paymentl

Cashier

Interface Layer ‘POSTApplet 3t=total():Float =
E——l

1:enter|tem(upC,ql)q/

onEnterItem({L

2:[no sale] sale::getSaIe():\#ale

. 1.1: create =
Domain Layer p:POST 0 :sale:Sale

Figure7.38: Connectingnterfaceanddomainobjects

Theinterfacelayer shouldnot haveany domainlogic responsibilities.It shouldonly be re-
sponsibldor interface(presentationjasks,sud asupdatingwidgets.

Theinterfacelayer shouldforward requestdor all domain-orientedaskson to the domain
layer which is responsibléor handlingthem.

Interfacelayer hasvisibility to the domainlayer andcandirectly sendmessgesto thedomain
layer Howerer the domainobjectsusually do not havevisibility to the interfacelayer and
cannotsendmessgesto theinterfacelayer

This principle supportghe separatiorbetweerthe designof the domainlayer (applicationlayer) andthe
designof theinterface.

7.3.7 DesignClassDiagrams

Duringthecreationof a collaboratiordiagramwe recordthemethodsorrespondingo theresponsibilities
assignedo aclassin thethird sectionof the classhox. For example,seeFigure7.39.

Theseclassesvith methodsaresoftwae classesepresentingheconceptuatlassesn theconceptuaimod-
els. Thenbasednthesedentifiedsoftwareclassesthecollaboratiordiagramsandthe original conceptual
model,we cancreatea designclassdiagram whichillustratethe following information:

e classesassociationandattributes
e methods,

o typesof attributes
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_t=total) > | 1*[for each] sli:=next()

:Sale

2: st:=subtotal()

T
sli:SalesLineltem ‘ ‘:SalesLineItem
2.1: p:=price()
:ProductSpecificatioﬁ
Sale ) Product
SalesLineltem Specification
date " .
time quantity de_scnonn
_— price
subtotal() upc
total()
price()

Figure7.39: Recordingmethod=f classesvhencreatea collaboratiordiagram

e navigability

e dependencies

Stepsin making a designclassdiagram

Usethefollowing strateyy to createa designclassdiagram:
1. Identify all theclassegarticipatingin the objectinteractionsDo this by analysingthe collaboration
diagrams.
2. Draw themin aclassdiagram.
3. Coypy theattributesfrom the associatedonceptsn the conceptuamodel.
4. Add methodnamedby analysinghe collaborationdiagrams.
5. Add typeinformationto theattributesandmethods.
6. Addtheassociationgecessaryo supportherequiredattribute visibility.
7. Add navigability arravs necessaryo theassociationo indicatethedirectionof attribute visibility.

8. Add dependencrelationshiginesto indicatenon-attritute visibility.

Thesestepsexceptfor stepsr& 8, aremostly straightforvard.
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Add associationsand navigability

Eachendof an associatioris calleda role. In a designclassdiagram,the role mary be decoratedwith
a navigability arrov. Navigability is a propertyof the role which indicatesthatit is possibleto navigate
uni-directionallyacrosghe associatiorirom objectsof thesourceto thetamgetclass.An Exampleis shavn
in Figure7.40.

Sale
POST

date

1 Captures 1 | time
isComplete
enterltem()
endSale() becomeComplete
makePayment makeLineltem()

makePayment()
total()

Figure7.40: Shawving navigability

Navigability is usuallyinterpretedasattribute visibility from thesourceclassto thetamgetclass.Duringthe
implementatiorin a OOPlanguaget is usuallytranslatedasthe sourceclasshaving anattribute thatrefers
to aninstanceof thetamgetclass.For example the POST classwill defineanattributethatreferencea Sale

instance.

In adesignclassdiagram,associationarechosernby a spartarsoftware-orientecheed-to-knw criterion—
whatassociationareneededn orderto satisfythevisibility andongoingmemoryneedsndicatedby the
collaborationdiagrams?This is in contrastwith the associationén the conceptuamodel,which may be
justifiedby intentionto enhanceomprehensionf the problemdomain.

Therequiredvisibility andassociationbetweerclassesreindicatedby the collaborationdiagrams Here
arecommonsituationssuggesting needto defineanassociationwith a navigability from A to B:

A sendsamessageo B, e.g.the POST sendsmakeLineltem to the Sale.

A createaninstanceof B, e.g.the Store createshe POST, the POST createshe Sale.

A needgo maintaina connectiorto B by having anattributewhosevalueis of type B, e.g.the Store
shouldhave anongoingconnectiorwith the POST and ProductCatlog objectsit created.

A recevesamessagevith anobjectof B asaparameter

Basedon the aborve discussionye have Figure7.41asathedesigndiagramwith navigability information
for thePOSTsystem.

Noticethatthisis not exactly the samesetof associationthatwe generatedor the conceptuaimodel:

e ThelLooks-inassociatiobetweenPOST and ProductCatalog wasdiscoveredduringthedesign.

e The Houses associatiorbetweenStore and POST is now one-to-oneassociationfatherthanone-
to-many
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Store
1 Uses
1 address:Address
name:Text ProductSpecification
1
description:Text
addSale() ProductCatalog price:Quantity
Contains upc:UPC
1 Looks-in 1 1 1
specification()
Houses loadProdSpecs() 1
Describes
*
1 1 Sale SalesLineltem
date:date :
POST time-Time Contains guantity:Integer
isComplete:Boolear) 1 1.
subtotal()
becomeComplete()
endSale() makeLineltem()
enterltem() makePayment()
makePayment total()
R 1 Payment
Logs-completed Paid-by 1 amount:Quantity

Figure7.41: Designdiagramwith associatiorandnavigability

Add dependencyrelationships

Apart from the attribute visibility, therearethe otherthreekinds of visibility: parametewisibility, locally
declaredsisibility, andglobalvisibility. For examples:

1. The POST softwareobjectrecevesareturnedobjectof type ProductSpecification from thespecifi-
cationmessagé sentto a ProductCatalog. Thus,POST hasashort-ternmocally declaredvisibility
to the ProductSpecification.

2. The Sale receves a ProductSpecification asa parametetin the makeLineltem messagejt has
parametevisibility to a ProductSpecification.

A non-attrilutevisibility maybeillustratedwith adashedrrovedline indicatingadependencielationship
from the sourceclassto thetamgetclass.Thisis shavn in Figure7.42

SomeRemarks

e Somemary of the conceptdn the conceptuamodel,suchas Cashier, Manager, Customer, and
Item, arenot presentn the design. They arenot requiredto be thereby the requiremen{the use
caseXhatwe arecurrentlyconsidering.

e Sometimesit needgo addsomeclassesvhich arenotin the conceptuamodelbut discoreredlater
duringthe designinto thedesignclassdiagram.
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Questions

7.4

Store
1 Uses
address:Address
name:Text ProductSpecification
1
description:Text
addSale() ProductCatalog _ price:Quantity
Contains upc:UPC
1 Looks-in 1 1 1
specification()
Houses loadProdSpecs() //f/ 4 1
= S L7 Describes
-—__ _ _ - / .
1 1 7 Sale = -~ _ _ - - | SalesLineltem
/ date:date :
POST ; time-Time Contains guantity:Integer
isComplete:Boolean 1 1.
subtotal()
becomeComplete()
endSale() makeLineltem()
enteritem() makePayment()
makePayment total()
R 1 Payment
Logs-completed Paid-by 1 amount:Quantity

Figure7.42: Designdiagramwith associatiorandnavigability

Wedonotshaov themessagereate() sentto aclassasamethodof theclass pbecausés interpretation
is dependenbn programmindanguages.

Accessingnethodsarethosewhich retrieve (accessomethod or set(mutatormethodgattributes. It

is acommonidiom to have an accessoand mutatorfor eachattribute, andto declareall attributes
private (to enforceencapsulation)Thesemethodsarealsousuallyexcludedfrom the classdiagram
becausef the high noise-to-alueratio they generate.

Questions

Whatis thedifferencebetweernfmsg(), *[true] msg(),and[true] msg()in a collaboratiordiagram?

You might think it would be more obvious just to numberall the messages a collaborationdia-
gramusingl, 2, ..., ratherthanusingthe nestedscheme Whatdiferencewould it make? Canyou
construct situationin which it would beambiguous?

We have saidthatthe UML creationmessagés denotedby create() (sometimesvith parameters)
with the newly createdobjectlabelledwith << new >>. In a collaborationdiagram,objectsmy
be deleted/desty®d aswel as created. The UML notationfor a messagealestrying an objectis
destroy() with thedeletedobjectslabelledwith << destroyed >>.

Canyou think of a situationwhenwe needto shav in a collaborationdiagraman object being

destrgyed?

Developa collaborationdiagramin which:
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(a) anobjectO recevesmessageneg from anactor;
(b) O createanew objectP;

(c) P sendsamessagéo Q;

(d) thenO destry P.

We did not getinto the precisesyntaxanddetailedmeaningof the UML sequenceliagrams.Read
aboutthe syntaxof a sequenceliagramsrom RationalRosetool or from a bookto understandhow
activationsof objectsand flow of contiol are describedn a sequenceliagram. Draw a sequence
diagramwhich modelsthe above interactions.

5. If thereis amessage := foo() from object O to objectP, shouldbe z the nameof an attribute of
O or P?

Discusswhenit would and would not be meaningfuland usefulto namethe returnvalue from a
message?

6. Whatis thedifferencebetweerthetwo sequenceliagramfragmentsshavn in Figure7.43?

_m: Mung m: Mung

[i=0] foo()

[i=0] foo()

[i=1] bar()

[i=1] bar()

Figure7.43: Two sequencéiagramfragments

7. Whatis the differencebetweerthe two collaborationdiagramsshavn in Figure7.44?

8. Discusstherelationshipbetweerthe conceptuamodelandthe designclassmodelin termsof their
classesindassociationsWhatarethepossiblevaysto assciatéwo classed adesignclassdiagram?

9. Considerthefollowing method.

msgl()

{

for i:=1 to 10 nyB. nsg2()
for i:=1to 10 nyC. nsg3()
}

How doyou, in acollaborationdiagram representhe aborve situation?Do you have ary problemif
we still usethecollaboratiordiagramin Figure7.7?

10. Inthelecture wegave anincomplete/generabllaboratiordiagramfor operatioryetStudentNames()
from aninstanceof classLecturer, asthe lecturermayteachmoreor lessthantwo modules,and
moreor lessthanthreestudents.For the sameapplication,designa generalcollaborationdiagram
for getStudentNames().

11. If weintroduceuse-castéandlersaascontrollerswhatchangesieedto be madein theartifactsof the
requirementsnalysisandthe design?
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msgl() — la:[condtion] msg2() =

1b:[not condition] msg4() la.1:msg3()

¢

1b.1:msg5() — =

msgl() — 1:[condtion] msg2() =

2:[not condition] msg4() 1.1:msg3()

|

2.1msg5() ——=—

Figure7.44: Two sequenceéiagramfragments
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Chapter 8

Implementing a Design

Topicsof Chapter 8

o Thenotionof theinterfaceof a classandits features
o Definitionof aclassin aprogrammindanguage

¢ Definition of amethodof aclassin a programmindanguage.

The endgoal of an object-orientedlevelopmentof a systemis the creationof codein an object-oriented
programminganguage. The artifactscreatedn the designphaseprovide a significantdegreeof the in-
formation necessaryn orderto generatehe code. Implementatiorin an object-orientedorogramming
languageequireswriting sourcecodefor:

o clasgdefinitions-definetheclasse$n thedesignclassdiagramin termsof theprogrammingotation.
o methoddefinitions— definethe methodsof classesn the designclassdiagramin termsof the pro-

grammingnotation.

We shalldiscusghesedefinitionsin Java. We first discusssomenotations.

8.1 Notation for Classinterface Details

Theinterfaceof a classprimarily consistf the declaration®f all the methodgor operationshapplicable
to instancesof this class,but it may also include the declarationof other classesconstantsyariables
(attributes),andinitial values.Thereforetheinterfaceof a classprovidesits outsideview andemphasises
theabstractiorwhile hiding its structureandthe secrete®f its behaiour. By contrasttheimplementation
of aclassis its insideview, whichencompassdhesecretesf its behaiour. Theimplementatiorof aclass
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primarily consistf thedefinitionsof all themethodgor theimplementatiorof all theoperationsygleclared
in theinterfaceof theclass.

Theinterfaceof aclasscanbein generaldividedinto threeparts

e Public: A declarationthatis accessibldo all the clientswhich arethe classeghat have attribute
visibility to this class.

¢ Protected: A declaratiorthatis accessibl@nly to the classitself, its subclassesindits friends'.

e Private: A declaratiorthatis accessibl®nly to theclassitself andits friends.

The UML providesarich notationto describefeaturesof the interfaceof a class. Attributesareassumed
to be privateby default. The notationfor otherkind of interfacedeclarationss shavn in Figure8.1. The

Class-Name

Attribute

Attribute:Type
attribute:type=initial value
/derivedAttribute

method1()
method2(parameter list):return{type
abstractMethod()
+publicMethod()
-privateMethod()

#protectedMethod()

POST ProductCatalog ProductSpecification
description
ri
+specification() ﬂpge
+endSale() -loadProdSpecs()
+enterltem()
+makePayment
SalesLineltem
Sale
Store date quantity
address time
name isComplete +subtotal()
+addSale() +becomeComplete()
+makelineltem() Payment
+makepayment()
+total() amount

Figure8.1: Interfacedetails

figure alsoincludesomeinterfaceinformationaboutthe classesn the POSTsystem.Notice that, except
for loadProdSpecs() whichis a privatemethodof ProductCatalog, all othermethodsarepublic.

8.2 Mapping a Designto Code

At thevery least,designclassdiagramddepictthe classname superclassespethodsignaturesandsimple
attributesof a class.This is sufficient to createa basicclassdefinitionin anobject-orientegprogramming
languageMore informationcanbe addedateron after sucha basicdefinitionis obtained.

!Friendsarecooperatie classeshatarepermittedto seeeachothers privateparts.
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8.2.1 Defining a classwith methodsand simple attrib utes

Considerthe classSalesLinterItem andthe partialdesignclassdiagramin Figure8.2. A mappingof the

public class SalesLineltem
, public SalesLinteltem(ProductSpecification spec, int qty);
] public float subtotalf);

\
private int quantity \

/
I e
SalesLineltem , 4 ProductSpecification
7 P
! ; description:Text
quantity:Integer - == Described-by ! price:Quantity
e upc:UPC
subtotal():Quantity

Figure8.2: SalesLineltem in Java

classboxfor SalesLineltem in the designdiagramto the basicattribute definitionsandmethodsignatures
for the Java definitionof SalesLineltem is straightforvard.

Notethat,we hadto addtheJavaconstructorSalesLineitem(...) becausef thefactthata create(spec, qty)
messagés sentto a SalesLineltem in the enterltem collaborationdiagram.Thisindicatesjn Java, thata
constructosupportingheseparameterss required.

Obsere alsothatthereturntype for the subtotal methodwaschangedrom Quantity to a simple float.
Thisimpliestheassumptiorthatin theinitial codingwork, the programmerdoesnot wantto take thetime
to implementa Quantity classandwill deferthat.

8.2.2 Add referenceattrib utes

A referenceattrib ute is anattribute thatrefersto anothercomplex object,notto a primitive typesuchasa
String,Number andsoon.

Therefeenceattribute of a classare sugyestedby theassociationandnavigabilityin a design
classdiagram

For example,a SalesLineltem hasanassociatiorio a ProductSpecification, andwith navigability to it.
Thisnavigability is neededor sendinghemessagerice to the ProductSpecification fromthe SalesLineltem
in thecollaborationdiagramfor total of the Sale. In Java, this meanghataninstancevariablereferringto

a ProductSpecification instancds suggested.
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Referencattributesareoftenimplied, ratherthanexplicit, in a classdiagram.Sometimesif arole name
for an associationis presentin a classdiagram,we canuseit asthe basisfor the nameof the reference
attribute duringcodegenerationThe Java definition of the classSalesLineltem with areferenceattribute

prodSpec is shavn in Figure8.3.

public class SalesLineltem

{
] ] public SalesLinteltem(ProductSpecification spec, int qty);
Simple atribute ~ - public float subtotal();

-~

private int quantity;
Reference attributeH’ ~ 7 7 private ProductSpecifiQation prodSpec;
}

\

SalesLineltem \ ProductSpecification
\ L
) * had| description:Text
quantity:Integer Described-by 1\ 1 price:Quantity
perSpec upc:UPC
subtotal():Quantity \

\
\

Role name used in attribute nameh

Figure8.3: Add referenceattributes

In the sameway aswe have definedthe Java classfor SalesLineltem, we candefinethe Java classfor
POST. Thisis shavn in Figure8.4.

public class POST ‘
{
public POST(ProductCatalog pc);
ProductCatalog
public void endSale(); .
public void enterltem(int upc, int gty); Looks-in 1
public void makePayment(float cashTendered); specification()
private ProductCatalog prodCatalog;
private Sale sale;
}
N Sale
N
N 1 date:date
isComplete:Boolean
POST time:Time
1 Captures 1
becomeComplete()

endSale() makeLineltem()

enterltem(upc:Integer, qty:Integer makePayment()

makePayment(cashTendered:Flo?t) total()

Figure8.4: ThePOSTclassin Java

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



Mapping a Designto Code 131

8.2.3 Defining a method from a collaboration diagram

A collaboratiordiagramshavs themessagethataresentin responséo amethodnvocation. Thesequence
of thesemessagewanslateso a seriesof statementin a methoddefinition.
For example,consideithe collaboratiordiagramfor the enterItem operationgivenin Figure8.5.

enteritem(upc.ay)| .posT Li[new] create() sale
— 3:makeLineltem(spec,qtyP \_—J

3.1:create(spec,qty)
2: spec:=specification(up¢)

Ll:create&/

inoductCataLO% 3A2:add(s|i1/ sli:SalesLineltem

2.1: spec=find(upc)y

rrotpeaiol
:ProductSpecification] :SalesLineltem

Figure8.5: The enterltem collaborationdiagram

We shoulddeclaredenteritem asamethodof the POST class:

public void enterlten(int upc, int qty)

Thisis alsoshavn in Figure8.4. Thenwe have to look at the messagesentby POST in responséo the
messagenterltem recevedby POST.

Messagel: Accordingto the collaborationdiagram,in responsedo the enterltem messagethe first
statemenis to conditionallycreateanew Sale.

if (isNewSale()) { sale = new Sale(); }

This indicatesthat the definition of the POST — enterltem method— needsthe introductionof a new
methodto the POST class:isNewSale. Thisis asmallexampleof how, duringthe codingphasechanges
from the designwill appear It is possiblethatthis methodcould have beendiscoreredduring the earlier
solutionphasehut the pointis thatchangewill inevitably arisewhile programming.

As afirstattemptthis (private)methodwill performatestbasednwhetheror notthe sale instancevariable
is null (i.e. sale doesnotpointto arything yet):

private bool ean i sNewSal e()

{
}

return ( sale == null);
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Youmaywonderwhy notsimply hard-codehistestinto the enterItem method?Thereasoris thatit relies
on a designdecisionaboutthe representationf information. In general,expressionghat are dependent
on representatiodecisionsarebestwrappedin methodssothatif therepresentatiochangesthe change
impactis minimised.Furthermoreto areaderof thecode the isNewSale testis moreinformative in terms
of semantidntentthanthe expression

if (sale == null)

Onreflection,you will realizethatthis testis not adequaten the generalcase.For example,whatif one
salehascompletedanda secondsaleis aboutto begin. In thatcasethe sale attribute will not be null; it
will pointto thelastsale.Consequentlysomeadditionaltestis requiredto determinef it is anew sale.To
sole this problem,assumehatif the currentsaleis in the complete state thenanew salecanbegin. If it
turnsoutlaterthisis aninappropriatébusinessule, a changecanbe easilymade.Therefore,

private bool ean i sNewSal e()

{
}

return ( sale == null ) || ( sale.isConplete() );

Basedon the abore codingdecisionsthe nev methodisNewSale needsto be addedto the POST class
definition givenin Figure8.4. The designclassdiagramdepictingthe POST classshouldbe updatedo
reflectthis codechange.

Message2:  The secondmessagesentby the POST is specification to the the ProductCatalog to
retrieve a ProductSpecification:

Pr oduct Speci fi cation spec =
pr odCat al og. speci fi cati on(upc);

Noticethe useof thereferenceaattribute prod Catalog.

Message3: Thethird messagsentby POST is the makeLineltem to the Sale:

sal e. makelLi nel ten(spec, qty);

In summaryead sequencedessge within a method asshownon the collaboration diagram,is mapped
to a statemenin the Javamethod

Thereforethecompleteenterltem of POST methodis givenas:
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public void enterlten(int upc, int qty)

{
if (isNewsal e()){sal e=new Sal e();}

Product Speci fi cati on spec = prodCatal og. specification(upc);

sal e. makeLi nel t en( spec, qty);

}

8.2.4 Container/collectionclassesn code

It is often necessaryor an objectto maintainvisibility to a group of otherobjects;the needfor this is
usuallyevidentfrom the multiplicity valuein a classdiagram- it maybegreatethanone. For example,a
Sale mustmaintainvisibility to agroupof SalesLineltem instancesasshavn in Figure8.6.

Sale

SalesLineltem
public class sale date:Date

{ time:Time Contains
isComplete:Boolean

quantity: Integer

subtotal()

private Vestor Lineltems becomComplete() /
makeLineltem()
N makePayment() ;
N total() Vi

attribute visibility to all the SalesLineltems

A container class is necessary to maintain w

Figure8.6: Referenceao a container

In object-orienteghrogrammindanguagegheserelationshipsireoftenimplementedvith theintroduction
of anintermediatecontainerr collection. Theone-sideclassin the associatiorefinea referenceattribute
pointinga container/collectiomstancewhich containgnstance®f the mary-sideclass.

The choiceof a containerclassis influencedby the requirementskey-basedookup requiresthe useof a
Hashtable, agrowing orderedist requiresa Vector, andsoon.

With thesediscussionswe cannow definethe makeLineltem methodof the Sale classasshavn in Fig-
ure8.7.

Note thatthereis anotherexampleof codedeviating from the collaborationdiagramin this method:the
genericadd messagéasbeentranslatednto the Java-specifiadd Element message.
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public void makeLineltem(ProductSpecification spec, int qty)

Iineltems.addl%lement(new SalesLineltem(spec,qty));
} \ s

\

\ N

\ \
\ \

enterltem(upc,qty) 3 makeLineItem(;pec,qty)% |
——= | PosT T :Sale |
\\ ,/
3.2: add(sl) 3.1: creafe(spec,qty)
|
el
:SalesLineltem sl:SalesLineltem

Figure8.7: Sale— makelineltemmethod
8.2.5 Exceptionsand error handling

Error handlinghasbeenignoredso far in the developmentof a solution, as we would like to focuson
the basicquestionf responsibilityassignmenand object-orientediesign. However, in real application
developmentijt is wiseto considererror handlingduringthe designphase For example,the contractscan
beannotatedvith abrief discussiorof typical errorsituationsandthe generaplanof response.

The UML doesnot have a specialnotationto illustrate exceptions. Rathey the messagaotationof col-
laborationdiagramsis usedto illustrate exceptions. A collaborationdiagrammay startwith a message
representingnexceptionhandling.

8.2.6 Order of implementation

Classeseedo beimplementedandideally, fully unittestedfrom leastcoupledandmostcoupled.For ex-
ample,n thePOSTsystempossibldirstclasseso implementareeither Payment or ProductSpecification.
Next areclasse®nly dependentn the prior implementations- ProductCatalog or SalesLineltem

8.3 Questions

1. DefineaJavaclassfor ProductcataLog.
2. DefineaJavaclassfor Store.

3. DefineaJavaclassfor Sale.
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AdvancedModelling Conceptsand Design
Techniques

Topicsof Chapter 9

¢ lterative developmentprocess

Generalization-spediaation

More aboutassociations

UML Packages

Statediagrams

9.1 Iterati ve DevelopmentProcess

In the casestudyof the POSTsystemwe have carriedout threemajor stepsof development:requirement
analysisand specification,design,and implementation by mainly consideringonly one use case,Buy
Items with Cash For this usecase we have alsomadeassumptionso significantlysimplify the problem
(recallthefive attributesof complex systems).

However, for somecomple applicationsaniterativedevelopmenprocessor aniterativelife-cycleis more
effective comparedvith thewaterfll life-cycle,in whicheachmacro-stejis doneoncefor theentiresystem
requirements.

An iterative life-cycle is basedon successie enlagementand refinementof a systemthroughmultiple
developmentyclesof analysisdesignimplementatior(andtesting).Eachcycle tacklesarelatvely small
setof requirementsproceedinghroughanalysis,design,implementatiorandtesting. The systemgrows
incrementallyaseachcycleis completed Thisis illustratedin Figure9.1.
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Iterati ve DevelopmentProcess

Analysis

.

Design

——

Implementation |||

Iterative Cycles
of Development

Analysis

==

p| Design

——

Implementation || |

Analysis

==

p| Design

——

Implementation

Time

\j

Figure9.1: lterative developmentcycles

Noticethattheimplementatiomesultof a prior cycle canfeedinto thebeginningof thenext cycle. Thusthe
subsequerdnalysisanddesignresultsarecontinuallybeingrefinedandinformedfrom prior implementa-
tion work.

9.1.1 Usecaseand iterati ve development

Asfor thePOSTsystemadevelopmentycleis assignedo implementoneor moreusecasespr simplified
versionsof usecasesThisis shavnin Figure9.2.

Duringtheprojectplanningstage usecaseshouldberanked,andhighrankingusecaseshouldbetackled

in early developmentcycles. The mostusefulstrat@y is to first pick usecaseghatsignificantlyinfluence
thecorearchitecturei.e. theusecaseghatconcernghe mostof theimportantdomainconcepts.

9.1.2 Developmentcycle2 of POST

Toillustratetheiterative developmentwe considethesecondevelopmentycle for the POSTapplication.
In this cycle, we considerthe generalBuy Items usecaseby addingmorefunctionality to the Buy Iltem
with Cashusecase sothatit approachethefinal completeusecase.

Thefirst cycle mademary simplificationso thatthe problemwasnot overly comple. Onceagain—forthe
samereason—aelatively smallamountof additionalfunctionalitywill be considered:

Theadditionalfunctionalityis that cash,credit, and chedk paymentsvill be supported
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Use Case A-
Simplified
Version

Use Case A-
Full
Version

Use Case B b

Figure9.2: Usecasedrivendevelopmentcycles

Also, mostof the simplificationsthatweremadefor thefirst cycle applyto this cycle, suchasthatthereis
noinventorymaintenancethe systemis not partof alargerorganizationandsoon.

Now we revisit the Buy Items usecasesThistime we shallalsogive the sub-use-casday by Cash,Pay
by Credit, andPay by Check

Usecase: Buy Items

Actors: Custome((initiator), Cashier

Overvienv: A Customerarrives at a checlout with itemsto purchase. The
Cashierecordghe purchaséemsandcollectspaymentOncom-
pletion,the Custometeaveswith theitems.

Typical Courseof Events

Actor Action SystemResponse

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



138 Iterati ve DevelopmentProcess

1. Thisusecasebgyinswhena Customerarrivesat

aPOSTcheclout with itemsto purchase.

2. TheCashierecordgheidentifierfrom eachitem. 3. Determinesthe item price and addsthe
item information to the running sales
transaction.

If thereis more thanone of the sameitem, the The descriptionand price of the current
Cashiercanenterthe quantityaswell. item arepresented.

4.  Oncompletionof theitementry theCashielindi- 5 Calculatesandpresentshe saletotal.

cateso the POSTthatitem entryis completed.

The Cashiettells the Customethetotal

7. TheCustomerchoosepaymenimethod:

o

(a) If cashpaymentjnitiate Pay by Cash
(b) If creditpaymentjnitiate Payby Credit
(c) If checkpaymentjnitiate Pay by Ched.

8. Logsthecompletedsale.
9. Printsareceipt.
10. The Cashiergivesthe printedreceiptto the Cus-
tomer
11. TheCustometeaveswith theitemspurchased.
Alter native Courses

o Line 2: Invalid identifierenteredIndicateerror

e Line 7: Customercouldnotpay Cancelsalegransaction.

Usecase: Payby Cash

Actors: Customel(initiator), Cashier
Overviav: A Customeipaysfor asaleby cashata point-of-saleerminal.

Typical Courseof Events
Actor Action SystemResponse

1. Thisusecasebeginswhena Customerchooseso

payby cash afterbeinginformedof the saletotal
2. The Customergives a cashpayment—the‘cash

tendered"—possiblgreaterthanthe saletotal.
3. TheCashierecordshecashtendered. 4. Shaws the balancedue backto the cus-

tomer

5. The Cashierdepositsthe cashreceved and ex-

tractsthe balanceowing.

The Cashiergivesthe balanceowing to the Cus-

tomer
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Alter native Courses

e Line 2: Customeroesnot have suficient cash.May cancelsaleor initiate
anothempaymentmethod.

e Line 7: Cashdraver doesnot containsuficient cashto paybalance Cashier
requestadditionalcashfrom supervisoior asksCustomefor differentpay-
mentmethod.

Usecase: Pay by Credit

Actors: Custome(initiator), CashierCreditAuthorizationService(CAS),
AccountsRecevable.

Overviav: A Customerpaysfor a saleby credit at a point-of-saleterminal.
The paymentis validatedby an externalcreditauthorizationser
vice,andis postedto anaccountgecevablesystem.

Typical Courseof Events
Actor Action SystemResponse
1. This usecasebggins whena Customerchooses
to pay by credit, after beinginformedof the sale
total.

2. TheCustomemgivesthe Cashietthecreditcard.
3. TheCashierecordstheinformationof thecredit 4. Generates credit paymentrequestand
cardandrequests creditpaymentauthorization. sendst anexternalCAS.
5. CASauthoriseshepayment. 6. Recevesacreditapproal reply fromthe
CAS

7 Posts(records)the credit paymentand
appraval reply information to the Ac-
counts Recevable system (The CAS
owesmone tothe Store henceA/R must
trackit.)

8. Displayauthorizatiorsuccessnessage.

Alter native Courses

e Line 4: Creditrequestdeniedby CAS. Suggestifferentpaymenimethod.

Usecase: Pay by Check

Actors: Custome(initiator), CashierCheckAuthorizationService(CAS).

Overviav: A Customerpaysfor a saleby checkat a point-of-saleterminal.
The paymentis validatedby an externalcheckauthorizationser
vice.

ReportNo. 259,July 2002 UNU/IIST, PO. Box 3058,Macau



140 Generalisation

Typical Courseof Events
Actor Action SystemResponse

1. This usecasebggins whena Customerchooses

to pay by check,after beinginformedof the sale

total
2. The Customemrites a checkandgivesit to the

Cashiertogethemwith thebankcard.
3. The Cashierrecordsbank card informationand 4. Generatesa checkpaymentrequestand

requestsheckpaymeniauthorization. senddt anexternalCheckAuthorization
Service.
5. CheckAuthorizationServiceauthorizegshepay- 6. Recevesacheckapprwoal replyfrom the
ment. CheckAuthorisationService

7. Displayauthorizatiorsuccessnessage.
Alter native Courses

e Line 4: Creditrequestdeniedby CheckAuthorizationService.Suggestlif-
ferentpaymenimethod.

9.1.3 Extendingthe conceptualmodel

Goingthroughthe ConceptCateagory List and using the noun phraseidentification,we canhave a draft
conceptuamodelshavn in Figure9.3.

Credit Credit Check
Authorization Service Approval request Approval Request

‘ Check Credit Check

‘ Accounts Receivable Bank Card Authorization Service Approval Reply Approval Reply

Cash Payment

Credit Payment

‘ Check Payment

‘ Credit Card ‘ ‘ Check ‘

‘ POST ‘ ‘ Item ‘ ‘ Store ‘ ‘ Sale ‘ ProductCatalog

SalesLineltem ProductSpecification

‘ Cashier ‘ ‘ Customer ‘ ‘ Manager ‘

Figure9.3: Draft conceptuaimodelfor cycle 2 of thedevelopmentof POST

9.2 Generalisation

TheconceptCashRymentCreditRaymentandChe&Paymentareall very similar. A Sale canbe paidby
ary of thesemethod=f paymentA partialclassdiagrammodelingthisis givenin Figure9.4.

Therearethefollowing problemswith themodelin Figure9.4:
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0.1

CashPayment
amount:Money
1
Sale
1 0.1 ;
Time CreditPayment
date amount:Money

0..1| CheckPayment
amount:Money

Figure9.4: A Sale canbepaidby ary of thepaymenimethods
1. Therearetoomary distinctassociatiorithoughthey have thesamename) onebetweereachpayment
methodandthe Sale.

2. Themultiplicities in the modeldo not correctlycapturethe factthata Sale is paid by oneandonly
oneof the paymenimethodsandaninstanceof a Payment of ary kind is to paya Sale instance.

3. If anew kind of paymentwereintroduced,a new associatiorwould also have to be addedto the
model.

4. Themodeldoesnot explicitly shav the similaritiesof thethreeconceptof paymentmethodswhich
probablyhave alarge amountof commonstructure.

9.2.1 The notion of generalization

Theseproblemscan be overcomeby makinguseof the notion of genealization Generalization is the
actiity of identifying commonalityamongconceptsanddefiningsupertypeandsubtyperelationships.n
a generalization-specializatn relationship,oneclassis identifiedasa ‘general’ classanda numberof
othersas‘specializationsof it.

In UML, a generalizatiorrelationshipis representedby a large hollow triangle pointing to the ‘general
concept'from a ‘specializedconcept’. With the notion of generalizatiorandthe UML modellingnotation
for it, theassociationbetweerthe Sale andthe paymenimethodcanbe clearly describedy the modelin
Figure9.6.

9.2.2 The meaningof the generalization-specializatiorrelationship

Whatis therelationshipof a supertypeo a subtype?

A supertypealefinitionis more general or encompassinthana subtypedefinition
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AR

Cash Credit Check Cash Credit Check
Payment Payment Payment Payment Payment Payment

Figure9.5: Generalization-spediaation hierarchywith separat@ndsharedrianglenotations

Sale 1 Paid-by 1| Payment
time amount:Money
date 7°X
Cash Credit Check
Payment Payment Payment

Figure9.6: A Sale canbe paidby oneandonly of thepaymenimethods

For example,considerthe supertypePayment andits subtypeg CashPayment andsoon). Assumethe
definition of Payment is thatit representshe transactionof transferringmoney (not necessarilycash)
for a purchasdrom onepartyto anotherandthatall paymentshave an amountof money transferred.A
CreditPayment is a transferof mone via a credit institution which needsto be authorized. Thus, the
definitionof Payment encompasseandis moregenerathanthedefinitionof CreditPayment.

If we defineaclassasa setof objectsthensubtypesandsupertypesirerelatedin termsof setmembership:

All membes of a subtypesetare membes of their supertypeset:

SubtypeSet C SupertypeSet

Thisis alsotermedasthe Is-a-Rule for testinga correctsubtype:

Subtypés a Supertype

Inheritance of attrib utesand associations

Whena generalization-speddizaion hierarchyis created statement@bouta supertypethat apply to its
subtypesaremade. For example,Figure 9.6 stateghatall Payments have anamountandareassociated
with a Sale. All Payment subtypesnustconformto having anamountandpayingfor a Sale. In general,
this rule of inheritancefrom (conformanceo) a supertypes the 100% Rule
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100% of the supertypes definition shouldbe applicableto the subtype The subtypemust
conformto 100% of the supertypes:

e attributes
e associations

Therulesto ensurehata subtypeis correctarethe 100% andls-aRules.

When to definea subtype

A type partition is adivision of atypeinto disjoint subtypesWhenis it usefulto showa typepartition?

Thefollowing arestrongmotivationsto partitionatypeinto subtypes:

1. Thesubtypedave additionalattributesof interest.
2. Thesubtypeshave additionalassociationsf interest.

3. Thesubtypeconcepis operatedipon,handledyeactedo or manipulatedifferentlythanthe super
type or othersubtypesin waysthatareof interest.

4. Thesubtypeconceptepresentananimatehing (for example,animal,robot)thatbehaesdifferently
thanthesupertypeor othersubtypesin waysthatareof interest.

In a designclassdiagram,in additionto addingnew featuresto a subclassjt sometimeshappenghata
classrequiresa customizedrersionof amethod(operationhatit hasinheritedfrom its superclass.

For example,assumehat the withdraw operationin Account simply adjustthe balanceto take into ac-
countthe mong/ withdravn. A high-interestaccount,on the other hand, might wantto deterinvestors
from making withdravals by imposinga fixed chage for eachwithdraval. Wheneer a withdrawval is
made the balanceshouldadditionallybe decrementetdy the amountof thefixed chage. This meanghat
HighlInterestAccount classneedsto refinethe withdraw operationof of Account classto provide this
extendedfunctionality

9.2.3 Abstract classes

Thereis a particularkind superclassesyhich arecalledabstict classes Whenthe systemis running,no
concretanstanceof anabstractlassis ever created.lt is usefulto identify abstractypesin a conceptual
modelbecauséhey constrainwhattypesit is possibleto have concretanstance®f. A classT is calledan
abstract classif every member(or aninstancepf T' mustalsobea memberf asubtype.

Thereforeanabstracitlassdoesnot hasinstancef it own, andevery instanceof this type createddur
ing the executionof the systemis createdvia the creationof aninstanceof a subtypeof it. For exam-
ple, assumeavery Payment instancemustmorespeciallybe aninstanceof the subtypeCreditPayment,
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CashPayment, or CheckPayment. Then Payment is an abstracttype. In contrast,if therecan exist
Payment instancegin the system)which arenot memberf a subtype|t is notanabstractype. These
two casesareillustratedin Figure9.7.

Payment

(a): Every payment is made by one of the three methods

Payment
CreditPaymept

CashPayment
CheckPayment

(b) There are payments which do not belong to any of the three kinds

Figure9.7: (a): Payment is anabstractype;(b): Payment is notanabstractype

In UML, thenameof anabstractypein a classdiagramis italicized seeFigure9.8.

Payment

amount:Mongy

Z X
Cash Credit Check
Payment Payment Payment

Figure9.8: Thenameof anabstractypeis italicized

If anabstractypeis implementedn softwareasa classduringthe designphaseijt will usuallyberepre-
sentedby anabstict class meaningthatno instancesnay be createdor the class.An abstract method
is onethatis declaredn anabstractlass but notimplementedin the UML it is alsonotedwith italics.

9.2.4 Typehierarchiesin the POST application

This sectionpresentghe the generalizationdetweentypeswhich canbe justified by the four motivations
discusseearlier
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Subtypesof Payment

Thesubtypef paymenthave additionalassociationshatareof interestseeFigure9.9.

Subtypesof AuthorizationService

Sale

Paid-by

time
date

Payment

amount:Mon

by

PARN

Cash
Payment

Credit
Payment

Check
Payment

Identified-credit-with

*

1

1
Paid-with

1

Creditcard

Check

Figure9.9: Justifyingthe subtypef Payment

Thesubtypef AuthorizationService have additionalassociationshatareof interestseeFigure9.10.

AuthorizationServige
address
name
phoneNumber
Credit Check
Authorization Autgorlgatlon
Service ervice
1 1
Authorizes Authorizes
*
*
CreditPayment CheckPaymen

Figure9.10: Justifyingthe subtypef AuthorizationService
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Subtypesof Authorization Transaction

The subtypesof AuthorizationTransaction have additional associationghat are of interest, seeFig-
ure9.11.

Payment

Authorization
Transaction

date
time
Payment Payment
Authorization Authorization
Reply Request

CreditPayment CreditPayment CheckPayment | CreditPayment CreditPayment CheckPaymer
Approval Denial Approval Denial Approval Approval
Reply Reply Reply Reply Request Request

Figure9.11: Justifyingthe subtypeof Authorization Transaction

Modelling changingstates

Assumethata paymentcaneitherbein anunauthorizedr authorizedstate,andit is meaningfulto shav
thisin theconceptuaimodel(it maynotreally be,but assumeofor discussion)Oneapproactio modelling
thisis to definesubtypeof Payment: UnauthorizedPayment and Authorized Payment. However, note

thata paymentdoesnot stayin oneof thesestatesit typically transitionsfrom unauthorizedo authorized.
Thisleadsto thefollowing guideline:

Do notmodelthe statesof a conceptX asa subtypeof X . Rather:
1. Definea statehierarchy andassociatehe stateswith X, or

2. Ignore showingthe statesof a concepin theconceptuamodel;showthe statesn a state
diagraminstead.

Thefirst choiceis shavn in Figure9.12.
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* Is-in 1
Payment PaymentStat
Unathorized Authorized
Payment Payment

Figure9.12: Modelling changingstates

9.3 Moreabout Associations

9.3.1 Associatvetypes

As we saidbefore,that attributesof classdescribepropertiesof the instance®of a class.A Student class
might have anattribute name, for example,andevery Student instancewvould containa datavaluegiving
thenameof thestudent.

Sometimeshowever, it is necessaryo recordinformationthatis more naturally associatedvith the as-
sociationbetweentwo classeghanwith eitherof the roles of the the associatiorindividually. In other
words, an associatiorbetweentwo classecanhave interestingpropertieshat needto be modelled,and
thesepropertiescannotbe naturallydescribedsattributesof eitherof the classeshattheassociatiotinks.

For example,considerthe associatiorntekes betweenthe classesStudent and Module. Assumethatthe
systemmeeddo recordall the marksgainedby studentson all the modulesthatthey aretaking. The UML
notationthatwe have introducedsofar for classdiagramsdoesnot enableusto modelthis situationeasily:

¢ It is not sufficientto adda mark attribute to the Student class,asa studentin generatakes mary
modulesandthereforeit will be necessaryo recordmorethanone mark for eachstudent.An at-
tributewhichallows a setof marksto be storedwould getroundthis problem but would not presere
the informationaboutwhich mark was gainedfor which module. It would not be desirableto get
roundthe problemby having the studentinstancesxplicitly storesomekind of moduleidentifiers.
Thiswould duplicatesomeof theinformationmodelledby theassociatiorZakes.

e Thesameproblemsariseif we considetto adda mark attributeto the Module classaseachmodule
canbetakenby mary students.

Intuitively, anexammarkis neithera propertythata studenthasin isolationnor a propertythata module
hasin isolation. It is rathera propertyof the associationTakes thatlinked the studentandthe module.
Whatis requiredis someway of describinga propertyof anassociationThenotionof anAssociativeclass
is introducedor this purpose.

In UML, the Takes associatiorbetweenStudent and Module is furtherdescribedy anassociatie class
in theway shavn in Figure9.13.
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Module

Student Takes-according-to

credit
name

Registration

mark
semester

Figure9.13: Associatve class

Like othertypes,anassociatie type canbe associatedavith otherclass.For example,a class(in the sense
of agroupof studentswvho aretaughttogethermight be definedasa setof registrations namelythosefor
all the studentsegisteredo take a particularmodulein a particularsemesterThis situationis modelledby
theclassdiagramin Figure9.14.

Student Takes-according-to Module
‘ credit
name
Registration | 1..* 1 Class
mark Contained-in
) semester

Figure9.14: Associatve classcanbelinkedto anotherclass

For the POSTapplicationthefollowing domainrequirementseedthe useof anassociatie type:

e AuthorizationservicesassignramerchantD to eachstorefor identificationduringcommunications.

e A paymentauthorizatiorrequesfrom the storeto anauthorizatiorservicerequiresthe inclusionof
themerchantD thatidentifiesthe storeto the service.

o FurthermoreastorehasadifferentmerchantD for eachservice.

Thisis modelledby the classdiagramin Figure9.15.

Cluesthat an associatve type might be usefulin a conceptualmodel

e An attributeis relatedto anassociation.
¢ Instance®f theassociatie typehave alife-time dependencon theassociation.

e Thereis a mary-to-mary associatiorbetweentwo concepts,and information associatedvith the
associatioritself.
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Store AuthorizationService
Authorizes-payments-vi

address
*

name : 1% address

name
phoneNumber

ServiceContract

7)) merchantID

Figure9.15: An associatie classin the POSTapplication

e Only oneinstanceof theassociatie type exists betweertwo objectsparticipatingin the association.

Thepresencef mary-to-mary associations acommoncluethata usefulassociatie typeis lurking in the
backgroundomevhere;whenyou seeone,consideranassociatie type.

9.3.2 Qualified associations

In Figure9.16, a qualifier is usedin anassociatiorto distinguishthe setof objectsat the far end of the
associatiorbaseduponthequalifiervalue.An associatiowith aqualifieris a qualified association

Typex TypeY

(a) Many objects of TypeY are linked to one object of Type X

TypeX TypeY

[qualifier

@ ) One object of TypeY is linked to one object of TypeX via an identifier
Figure9.16: UML notationualifiedassociation

For example, ProductSpectifications may be distinguishedn a ProductCatalog by their UPC, asillus-
tratedin Figure9.17.

We canseethat the useof a qualifier in an associatiorreduceshe multiplicity at the far end from the
qualifier usuallydown from mary to one. Depictinga qualifierin a conceptuamodelcommunicatefiow,
in the domain,things of onetype aredistinguishedn relationto anothertype. They shouldnot, in the
conceptuamodel,be usedto expressdesigndecisionsaboutlookupkeys, althoughthatis suitablein later
designdiagrams.
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Product 1 Contains 1..*| Product

() Catalog Specification
Product | 1 Contains 1 | Product

o (b) Catalog [UpC | Specification

Figure9.17: A qualifierin the POSTapplication

9.4 Packages:Organizing Elements

Theconceptuamodelfor developmentycle two of thePOSTapplicationis approachingnunwieldysize;
it indicateshe needto partitionthe modelelementsnto smallersubsets.

Further we would lik e to groupthe elementsnto packageso supporta higherlevel view.

In UML, apadage is shavn asatabbedolderasshavn in Figure9.18.

¢ Subordinateackagesnaybe shavn within it.

e Thepackagenameis within thetabif the packagelepictsits elementsptherwiset is centeredvithin
thefolderitself.

Domain Concepts|

— @ [

Core Elements Sales

Figure9.18: A UML package

An element,suchasa type or class,is ownedby the packagewithin which it is defined,but may be
refeencedin otherpackagesWhenanelements beingreferencedthe elementnameis qualifiedby the
packagenameusingthe pathnamdormat

PackageName :: ElementName
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A typeor aclassin aforeignpackagemaybe modifiedwith new associationshut mustotherwiseremain
unchangedThisillustratedin Figure9.19.

Core Elements Sales

Core Elements::

Houses POST
Store POST 1
1 1.
Captures Sale

1

Figure9.19: A referencedypein apackage

If amodelelemenisin someway dependentnanotherthedependencmaybeshavn with adependenc
relationshipdepictedwith anarrovedline. A packagelependencindicateghatelement®f thedependent
packagen someway know aboutor arecoupledto elementsn thetamgetpackage.

For example,if a packagereferencesan elementowned by another a dependenc exists. Thus Sales
packageéhasa dependenconthe Core ElementpackageseeFigure9.20.

Domain Concepts|

——1 —

Core Elements [~ = = = 1 Sales

Figure9.20: A packagalependenc

How to partition the conceptualmodelinto packages To partitiontheconceptuaimodelinto packages,
placeelementgdogetherthat:

arein the samesubjectarea—closelyelatedby conceptandpurpose

arein ageneralization-spglization hierarchytogether

participaten the sameusecases

arestronglyassociated.

It is usefulthatall elementgelatedto the conceptuamodelbe rootedin a packagecalled DomainCon-
cepts andthatwidely sharedcommon,coreconceptde definedin a packagenamedsomethindike Core
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Elementor CommonConcepts

9.4.1 POST conceptualmodel packages

This sectiongivesa packageprganizatiorfor the POSTapplication.

Domain Concepts

—— N S
Core Payments Products
—
Sales Authonzgnon
Transactions

Figure9.21: Domainconceptpackage

Core package

Putthewidely sharecconceptr thosewithout anobviousowner(or home)into the Core/Miscpackage.

Salespackage

Exceptfor theuseof compositeaggreation,thereis no new conceptattribute or associatioradded.

Productspackage

With exceptof compositeaggregation,thereareno new conceptsassociation®r attributesaddedto this
package.

Paymentspackage

New conceptsareitentified, newv associationsre primarily motivatedby a need-to-knw criterion. For
example thereis aneedto remembetherelationshipbetweera CreditPayment anda CreditCard. Some
associationsrealsoaddedior comprehensiorsuchas BankCard Identifies Customer.
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Core

Sales

| Sale salesLineltem | Cashier | Customer

Products

Item | ProductCatalog ProductSpecificatior{
Payments

Authorization
A Service
- Credit Credit

| gash " | Ered'[ " gheck " Authorization Authorization

aymen aymen aymen service service

Accounts Bank Credit
Receivable| Card Card Check

Figure9.22: Domainpackage

Note the useof the associatie type PaymentAuthorizationReply - areply arisesout of the association
betweera paymentandits authorizatiorsenatice.

Authorization TransactionsPackage

Noticethatthe namesof someassociationsreleft unspecifiecasthey canbe easilyunderstoodtransac-
tionsarefor thepayment.

9.5 Modelling Behaviour in StateDiagrams
A statediagram of anobjectshavs

o all themessagethatcanbesentto theobject,
o theorderin which mustbereceved,

o theeffect of messages whatactionsthe objectperformsor whatmessage# sendgo otherobjects
afterreceving a particularmessage.
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Authorization Transactions

Payment

Authorization
Transaction

?
| |

Payment Payment
Authorization Authorization
Reply Request
CreditPaymen CreditPaymen CheckPaymen| CreditPaymen CreditPaymen CheckPaymen|
Approval Denial Approval Denial Approval Approval
Reply Reply Reply Reply Request Request

Figure9.23: Anotherdomainpackage

Core
Store 1 1.x POST Manager
name Houses
address 1.x
1 Employs
1]

Figure9.24: Corepackage

A statediagramcanalsobe usedto describethe legal sequencef systeminput eventsin the context of a
usecaseandto definethebehaiour, all the statetransitionsfor theinputeventsacrossall the usecasespf
thesystem.

Events

e An eventis asignificantor notavorthy occurrence.
¢ In asoftwaresystemanobjectmustbeableto detectandrespondo events.

e Theeventsdetectedy anobjectaresimply the messagesentto it.

Examples

1. Considera CD playerasa real-world object,which containsa drawver to hold the CD. Supposehe
playerprovidesbuttonslabelledload’, ‘play’ and‘stop’.

Theeventsthatthe playercandetectaresimply the pressingof thethreebuttons.

To respondo anevent,suchas‘load’, the playerwill openthedrawerif it is closed,andwill close
thedrawerif it is open.
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Sales

Captured-on ™ 1 1
Cusomter Core::POST
1
Initiates Records-sales-on A
1
Sale 1 1
SlesLineltem Cashier
date -
isComplete | 1 1% | Quantity
time
*
= Logs-completed 1
Core::Store
/]

Figure9.25: Salegpackage

2. Consideratelephonelt candetectthe event‘the recever is taken off thehook'.

Sates

A stateof anobjectis the conditionof the objectata momentin time — thetime betweerevents.

Theobjectbeingmodelledis thoughtof asbeingin differentstatesat differenttime.

The defining property of statesis that the statethat an objectis in canaffect how it respondgo
particularevents.

Thefactthatanobijectis in differentstatescanbeidentifiedby observingt respondinglifferentlyto
the sameeventat differenttime.

Examplesof States

1. At ary time, atelephonecanbein oneof thetwo states:dle andactive:

e Itisin stateidle afterthereceveris placedonthehookuntil it is taken off the hook.
e It isin stateactive afterthereceveris takenoff thehookuntil it is placedon the hook.

2. TheCD playercanbein oneof atleasttwo states:drawerOpen anddrawerClosed:

e Whenit isin drawerOpen, it closeshedraver afterit detectsload’.
e Whenit isin drawerClosed, it openghedraver afterit detectsload’.

A third statePlaying canbeidentifiedby consideringhe effect of the ‘stop’ event.
Here,we needto clarify themeaningof drawerClosed and Playing.
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Products

Sales:: 0.1
SalesLineltem

*

Described-byj|

1
Product
Specification

P -
ProductCatalog description Records-sale-o

1 1.* price
upc

Describes

Stocks — L

1 % Item 1

Core::Store

Figure9.26: Productgpackage

State Transitions
e In generaldetectingreceving) aneventcancauseanobjectto move from onestateto another Such
amoveis calleda statetransition.

e A statetransition is arelationshipbetweentwo stateshatindicatesthatwhena eventoccurs,the
objectchangedrom the prior stateto the subsequergtate.

e Thebehaiors of anobjectis describedn termsof it statetransitions.

Examplesof State Transitions

1. Whentheevent“off hook” occurs the statetransitionfrom stateidle to stateactive is takenplace.
2. If event“load” occurswhentheCD isin drawerOpen state thestatetransitionfrom drawerOpen to

drawerClosed is takenplace.

UML Notation for State Diagram

e A UML statediagram illustratestheinterestingeventsandstatesof anobject,andthe behaiour of
anobjectin reactionto anevent.

e Statetransitionsareshavn asarrows, labelledwith their events.
e Statesareshawn in roundedrectangles.

e It iscommonto includeaninitial pseudo-statevhich automaticallytransitionsto anotherstatewhen
theinstances created.
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Sales: :Custom}r

Payments
~ Authorizes payment-of
Payment Core::Swer I - AuthorizationServide
1 .
I
amount | address
i\ Ck | name
ec 1 ServiceContract | phoneNumber
1 merchantlD
- Pays
Credit Check
CashPaymer|
Y Payme”“ payment 5 Ckeck Credit
amountTendergd =77~ 1 Authorized-by * | Authorization| Authorization|
Service Service
Logged-in . Authorizei—by N ‘ [«
- Establishes-  \
Establishes- < H I
credit-for ‘1 « identity-for \ |

Accounts -

Receivable CreditCard BankCar *  [AuthorizationTransaction:
expiryDate number PaymentAuthorizationRe
number

1 .
Identifies
1

Figure9.27: Paymentgpackage

Thisis shawvn in Figure9.29

Example: CD Player Figure9.30givesa statediagramfor the CD player

y

A final staterepresentthe statereachedvhenan objectis destrged, or stopsreactingto events.

Guards

is pressed- evenwithouta CD in thedrawer.

It shoulddo soonly whenthereis a CD in thedraver. More precisely:

FortheCD player it is not correctthattheplayeralwaysgoesinto playingstatewhenthe play button

— Whenthe event ‘play’ occurs,the playergoesinto the Playing stateif thereis a CD in the

drawer.

— Whenthe event‘play’ occurs,they play goesto drawerClosed stateif thereis no CD in the

drawer,

Examplesof Guarded Transitions

A guardedstatetransitioncanbetakenonly whentheguardis true.

Diagramsn Figure9.31shav the UML notationfor guardedransitions.

Actions

Thisindicateghe needof a conditionalguard — or booleantestfor a statetransition.
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Authorization Transactions|
ir————1
Core::Store
1 Payment:: |1
Receives Sends
Service
Sends Receives
Payment
Authorization Payment
Payment .
Transaction i
L— Authorization Authorization
Request
date
time
CreditPayment CreditPayment CheckPayment| CheckPayment| CreditPayment CheckPayment|
Approval Denial Approval Denial Approval Approval
Reply Reply Reply Reply Request Request
1 1 1 L 1 1
1
Payments::
1 CheckPaymeny
Payments:: 1
CreditPay

Figure9.28: Paymentpackage

off hook -
Idle Active

%) on hook

Figure9.29: UML notationfor statediagrams

A transitioncancauseanaction to fire.

In a softwareimplementationfiring an actionmay representhe the invocationof a methodof the
classof the objectof the statediagram.

An actionmustbe completedbeforethetransitionreacheshe new state.

An actioncannotbeinterruptedoy ary othereventthatmightbedetectedy the object— actionsare
atomic

Examplesof Actions areshavn in Figure9.32.

NestedStates

¢ A stateallows nestingto containsubstates

¢ A substatenheritsthetransitionsof its superstatéthe enclosingstate).
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stop

powerOff

powerOn

Q powerOff

Figure9.30: A satediagramof the CD player
¢ Nestedstatecanbe usedto refine a statediagramat a higherlevel of abstractnto one with finer
states.

o Nestedstatescanbeusedfor bettermodellingof the behaiour of anobject.

Examplesof NestedStatesareshavn in thediagramsn Figure9.33.

UseCaseState Diagram

o A usefulapplicationof statediagramss to describethe legal sequenc®f systeminput eventsin a
usecase.

e For example,considetthe Buy Items usecase

— It is notlegal to performthe makeCreditPayment operationuntil the endSale eventhashap-
pened.

This canbeillustratedin Figure9.34.

A State Diagram for POST

e A POST instancereactsdifferently to the Enterltem messagedependingon its statasshavn in
Figure9.35
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play [no CD]
stop

ey’

play [CD in] play [no CD]

off hook

[valid subscriber

() on hook

Figure9.31: Guardedransitions

load / open drawer

load / close drawer

off hook / paly dial tone

[valid subscriber]

(%) on hook

Figure9.32: Examplesof actions
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off hook / play dial tone

[valid subscriber]

on hook

digit

PlayingDialTone

digit

Dialing

Active

Talking

connected

complete Connecting

Not Playing
— >
stop play
Play Cloded
[no CD]
Playing
[CDin]
load load
load
poweroff
poweroff
® stop
Figure9.33: Nestedstates
enterltem
- . terltem
WamngForSaIeJ Enteringltems en
endSale
handleReply
makeCashPayment WaitingForPayment
N
) makeCreditPayment

AuthorizingPayment |

@

makeCheckPayment

Figure9.34: A satediagramof Buy Itemsusecase
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enterltem

enteritem
EnteringSale

Figure9.35: A statediagramfor the POST object
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SummingUp

Topicsof Chapter 10

e Summingup the materials
e Thescopeof theexam

e Abouttherevision

We usethe UML notationfor packagdo summerizehe materialsof this course.

MC206

1

Introductory Material

(Chapters 1-3)

1

Basic OO Technique

(Chapters 4-8)

1

Advanced Topics|

Figure10.1: ThreePartsof the Course
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SummingUp

Basic OO Techniqu;IS

1

OO Requirement Analysis

(Chapters 4-5)

1

1

OO Design

(chapters 6-7)

(Chapter 8)

OO Implementation

Figure10.2: TheBasicOO Techniques

Requirement Phase

Is-used-to-create

Problem Descriptions | Leads-to
& Use Case

Identifies

Conceptual Model

System Functions
Is-useful-for
Is-the-context for defining
Is-created-from
Identifies Has
System Sequence Diagram System Operation Contract

Figure10.3: Requiremenphase

Use Cases

Use Case

1 _Answers | Question:

Processes

Essential Use Case

i

Real UseCase

High Level

Exapanded

Use Case Use Case

Figurel10.4:UseCases
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Conceptual Models

Category-List/Noun-phrases

Are techniques for creating

Conceptual Model
&

Is-built-from
Use Cases::Exapanded Use Case

Answers

Associations?

| Concepts? |A|tributes |

Figure10.5: ConceptuaModel

System Sequence Diagram4

Is-Created-from [
SSD | Use Cases:: Expanded Use Ciase

Answers
Identifies

Question: what are the system operations

System Operations

Figure10.6: Systemsequenceliagrams

Contract for Operatiolws

Answers ] Isfor |
| Contract | | System Sequence Diagrams:: System Operatiol
| Responsibility| | Precondition* | Poslcondition%ﬁmL
Depends-on | | T |
Instance Attribute Association
Use Cases::Expanded Use %aSeCreation Modification Formed

—

| Conceptual Models::Conceptual MLdeI

]

| Question:What does an operation d*’?

ns

Figurel0.7: Contract
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Design Phase

High Cohesion

Controller

Is-based-on

Is-created-according-to

is-according-to

Leads-to
Collaboration Diagram Design Class Diagrams

Is-Based-on

| Cotracts for Operalinns::Comraci

| Conceptual Models:: Conceptual Model

Low Coupling

(e]e] Implementation|

OO0 code

—I Design Phase::Collaboration Diagram I_

Class Definition

Method Definition

Mainly-depends-on

Y |—| Design Phase::Design Class Diagrams |

Maninly-depends-on

Advanced Topics,

Figure10.8: DesignPhase

Advanced Modelling

Iterative Life-cycle

Generalization

Associative Type

State Diagram

Package

Figure10.9: AdvancedTopics
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Chapter 11

Coursework

11.1 Bvis Car Hire Company: The Problem Description

You areinvited to designa computersystemfor a car hire compan. The systemwill recorddetailsof the

compan'’s fleetof carsandits hire transactionsA conversatiorwith thedirectorof the company produced
the following descriptionof the requirementdor the system. The requirementsvere basedon the way

the compary currentlyworkswith a “paperbased’manualsystem.The currentmanualsystemworks as
follows:

e Thecompaly keepsafile of its customersWhenregisteringa new customethefollowing informa-
tion is recordedname telephonenumberandaddressThe customeffile is usedfor all customers-
notethat“non-regular’ customerganberemovedfrom the customefile.

e For eachcar, the detailsrecordedshouldinclude its registrationnumber(unique), malke, model,
enginecapacity hire class(1 - 6) andthe dateof registration,togethemwith the dateof eachservice,
themileageattheservice andthenameof themechaniaesponsibleThemileageof eachcaris also
recorded- thisis updatedeachtime a caris returnedrom a hire.

e Carshave aminorserviceevery 6,000milesandamajorserviceevery 12,000miles (approximately).
Carsare servicedat the first opportunitywhenthey exceeda serviceintenal. The compay has
its own garageandoneof its mechanicss putin chage of a particularservice. The management
requiresthatthe dateof ary serviceperformedon a caris recordedtogethemwith the nameof the
mechaniaesponsibldor theservice.

e Whenavehicleis hired,if the customeiis not known to the systemtheir name,addresstelephone
numbey anddriving licencenumberare recordedon the hire form, togethemwith the identification
of the hired vehicle. The datesof the beginning andendof the hire arerecordedthe seconds an
estimateandwill be updatedvhenthevehiclesis returnedjasarethe numberof milesat the startof
thehire period.

o Whenthecaris returned actualreturndateandthe mileagearerecordedn the hire agreementile,
andthe costof hire is calculatedbasedon the daily hire rate. The customemustmake a payment
(by cashonly) andgetareceiptbeforeleaving the compary.

167



168

Bvis Car Hir e Company: The Problem Description

e Themanagementequireshatevery completechire is recordedwith thedetailsof thecustomerthe

datesof thebeginningandendof hire, andtheamountof the payment.

e Thereis arecordkeptfor eachhire classof vehicles:the daily, weekly andmonthly hire ratesare

recorded Theseratesvary from modelto modelaccordingo thehire class.

e Thegaragekeepsa recordof the name,addresandhometelephonenumberof eachmechanicthe

managementustkeeptrack of the mechanicsvith the samenameandtelephonenumber It is a
requiremenbf the compan thatall mechaniciold a currentdriving license.

You areto develop andimplementa computetbasedsystemto replacethe currentmanualsystem. The
systermshouldbe paperlesskFunctionsareto be providedfor thefollowing queriesandupdates.

o

10.
11.
12.
13.
14.
15.

N o~ R

Registeranew customer

Recordthata particularcarhasbeenhired.
Recordthata particularcarhasbeenreturned.
Calculatethe costbasednthedaily hirerate.
Displaytheappropriatedetails,andprint outareceipt.
Log acompletechire.

Recorda servicefor aparticularcar, togethemwith thedateof theservice thetypeof the service and
thenameof themechaniaesponsible.

Remaore acustomer

Add anew carto thefleet.

Deletea carthatis nolongerin the hire fleet.

Add amechaniavho hasjoinedthecompar.

Remae the detailsof amechaniavho hasleft thecompap.
Determindf aparticularcaris duefor a particularservice.
List theinformation(history)aboutall hiresfor a specifiedcar

List theinformation(history)aboutall serviceghata specifiedcarhashad.

Questions

1.

2.

Characteris¢heBvis CarHire Compary describedabore in termsof thefive attributesof a complex
systemdiscussedh Chapter3 of the coursenotes.Elaboratehe problemdescriptionrasnecessarjo
supportyour analysis.

Presenthe systenfunctionsaccordingto theguidelinesn Sectiond.1 of the coursenotes.
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3. Identify the essentialisecasesvhich cover andsupportthe understandingf therequiredfunctions
in the problemdescription.

4. Write anexpandedrersionfor eachof theseusecases.

5. Draw a usecasediagramfor the usecaseghatyou identifiedin the previous questionto shaw the
relationshipdetweerthe actorsandtheusecasesandtherelationshipdetweerthe usecases.

6. Usingtheguidelinesstratgies,andnotationdiscusseth Chaptels of thecoursenoteswork through
the problemstatemenandthe use-casenodelthatyou have producedo identify classegconcepts),
associationsandattributesin the applicationdomain.You shouldgive enoughdiscussiorno support
youridentification.Draw aconceptuaimodelwhichincludes theclassesassociationsandattributes
thatyou have identified.

7. Usethe techniquediscussedn Chapter6 of the coursenotesto identify the systemoperations
from thetypical courseof eventsof the usecaseghatyou have produced.Draw a systemsequence
diagramsfor the typical courseof eventsof the use caseshat you think most significantfor the
developmenibf the system.

8. Basedon your use-casenodelandconceptuamodelthatyou have producedwrite the contractdor
the systemoperationghatyou have identifiedin Question 2 of this worksheet.You may find that
you needto refineor modify your use-casenodelandconceptuamodelwhile you areworking on
this question.

9. Basedontheuse-casenodelthatyou producedtheconceptulanodelandthe contractof thesystem
operationghatyou defined work out a designfor the system The designdocumenshouldinclude
(a) Thecollaboratiordiagramsvhich shav theassignmentf responsibilitiego classe®f objects.

(b) Enoughdiscussiorabouttheuseof the patternsn yourassignmenof responsibilitiego classes
of objects.

(c) Thedesignclassdiagramswvhich shavs the methods/operationsf classes.

Again, you mayfind thatyou needto refineor modify your use-casenodel,conceptuamodel,and
the contractof the systemoperationsvhile you areworking on this question.

10. Following your collaborationdiagramsgdefineJasa definitionsfor atleastthe classesn your design
classdiagrams.
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