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Abstract

A continuingchallengefor softwaredevelopersis to designanddevelopeffi-

cientandcost-effective softwareimplementation.Designinganddeveloping

new manufacturingapplicationsis even time consumingandexpensive due

to thenatureof manufacturingdomain,which is diverseandcomplex. Using

an object-orientedapplicationframework is a promisingmeansfor alleviat-

ing thiscost.An object-orientedapplicationframework is areusablesoftware

componentproviding large-scalereuse,whichcouldincludereuseof analysis,

designandimplementationin orderto developsoftwarefasterto market.

The main objective of this researchis to provide a solutionby develop-

ing an object-orientedmanufacturingapplicationframework in the domain

of StatisticalProcessControl (SPC),with a setof integratedreusablecom-

ponents,which canbecustomisedto suit specificSPCmanufacturingappli-

cations. This applicationframework provides a solution for developersto

producespecificmanufacturingapplicationsby makinguseof existing inte-

gratedreusablecomponentsratherthandevelopingtheseapplicationsfrom

scratch.Basedon thestructureandbehaviour of variousSPCapplications,a

genericmodelof SPCis proposedby following theconceptof object-oriented

technology, softwarecomponenttechnologyanddesignpattern.This disser-

tationwill describein detailthearchitectureanddesignin thedevelopmentof

theapplicationframework for statisticalprocesscontrolin themanufacturing

domain.



Chapter 1

Intr oduction

One of the main challengescontemporaryorganisationsincreasinglyface

is generatedby the complexity of software development. While comput-

ing power andnetwork bandwidthhave increaseddramaticallyover thepast

decade,thedesignandimplementationof complex softwareremainexpensive

anderror-prone(Fayad& Schmidt1997). Thetime betweentwo releasesof

asoftwareproductis diminishing,yet thedevelopmentcyclesof thesoftware

arestill too long, which oftenresultin softwareproductsthatdo not address

businessproblemsadequately. Oneof themaincausesis thatmuchof thecost

andeffort aregeneratedby thecontinuousrediscoveryandreinventionof core

conceptsandcomponents.As aresult,aflexible, extensibleandmaintainable

softwareis neededto solve theseproblems.

Theseproblemshave motivatedresearchersand software developersto

startadoptingtheapproachof systematicsoftwarereusein thedevelopment

of software. Importantprogresstowardssoftwarereusewasmadewith the

emergenceof the object-oriented(OO) paradigm.The useof OO program-

ming (OOP)in conjunctionwith classlibrariespromisesto leadto software

designmeetingthe above requirements.The OOPmechanismslike inheri-

tance,polymorphismanddynamicbinding,enablethedevelopmentof more
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flexible, easilymaintainable,andlesserror-pronesoftware. As a result, the

softwareindustryhasmoved towardsembracingobject-orientedtechnology

becauseof its potentialto significantlyincreasedevelopers’productivity and

encourageinnovationthroughreuse.

Large-scalesoftwarereuseis provento beableto improvequalityandre-

ducecostandtime-to-marketin softwaredevelopment(Henry& Faller1995).

Still, all theOO techniquesprovide reuseonly at the level of individual and

smallcomponents.Themorecomplex problemof reuseat the level of large

componentsthatcanbeadaptedfor individualapplicationswasnotaddressed

by theOO paradigmitself. Object-orientedapplicationframeworks(OOAF),

largeOOstructuresthatcanbetailoredfor specificapplications,carrytheOO

paradigmfurtherby providing infrastructureandflexibility for deploying OO

technologyandenablingreuseata largergranularity(Bosch,Molin, Mattson

& Bengtson1997). An OOAF, which is an extensiblesetof object-oriented

reusablecomponentsthatarewell integratedto executewell-definedsetsof

computingbehaviour on a certainapplicationdomain,is a goodanswerto a

dramaticimprovementin softwaredevelopment.

1.1 Moti vations

This researchis motivatedby several problemsand needsin the manufac-

turing applicationsystemsdevelopmentandadvancementof the application

framework. Manufacturingentailsanextensiverangeof subjectareasrelated

to theentirelifecycleof products,from developmentthroughproductionand

beyondto productsupport.As a result,manufacturingsystemsmustbeflex-

ible, reliable, and scalablein order to meetthe rapidly changingneedsof

today’senterprises.

StatisticalProcessControl, is a tool thatbusinessesandindustriesuseto
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achieve quality in their products.Universally, businessesandindustriesuse

mathematicsandstatisticalmeasurementsto solve problems.Thereis an in-

creasingdemandfor managersandworkerswho understandandareableto

applySPCmethods.SPCis awell-proventechniqueusedto monitortheper-

formanceof aprocess,whichthenprovidesthebasisfor achieving continuing

improvementsin productquality andproductivity. SPCusinga relatedsetof

statisticallybasedtoolsfor monitoring,analysingandeffectingimprovements

in any process.EachSPCfacility hasspecificprocessingrequirementsthat

needto be accommodatedin order to successfullyoperate. Therefore,ap-

plication framework technologyprovidesa promisingapproachto building

suchsystems.This researchis to developa statisticalprocesscontrol (SPC)

applicationframework thatprovidesasetof integratedreusablecomponents,

which areflexible, customisableandeasyto reusefor adaptationof specific

SPCapplications.

1.2 ProblemStatement

Designinganapplicationframework with theintegrationof thestatisticalpro-

cesscontrol(SPC)domainis notaneasytask.A goodapplicationframework

requiresgoodscopedefinition. If thescopeis too broad,theframework will

requirea greatdealof programcodeto createa specificapplicationor it will

requireanenormousamountof codeto build theframework to alevel of com-

plexity whereit canhandleall thecaseswithout resortingto writing program

code. If the scopeis too narrow, the framework will not be applicableto

enoughsystemsto warrantinterest.

TheSPCdomainin manufacturinginvolvesa lot of applications,includ-

ing graphplotting, analysisandcalculation.After having donea survey and

studyof the domain,theseapplicationsaredivided into two groups,which

3



arethevariablecontrolchartsandattributecontrolcharts.Thesetwo groups

of applicationsconsistof mostof thebasicapplicationsandrequirementsof

SPCsystemsin themanufacturingfield. Variablecontrolchartsmeasurethe

quantitativemeasurementsof a particularcharacteristicof a productandplot

theresults.Attributecontrolchartsmeasurewhetheror notaproductof apar-

ticular systemor processmeetsa certaincriteria. An attribute control chart

plotsthenumberof outputsmeetingthis criteriaratherthanquantitativedata

asin thevariablecontrolcharts.

Theapplicationframework in this researchprojectshouldallow software

developersto usebuilt-in facilities to develop a new SPCapplication. This

is achievedby designingtheframework basedon anopendesignwith a lay-

eredarchitecture,allowing theuserto extendthe framework’s functionality.

With this applicationframework, a differentSPCapplicationcanbe devel-

opedby simply reusingappropriatereusablecomponentsof the application

framework. The reusablecomponentsareactually the genericcomponents

providedby theapplicationframework thatcanbeusedto developa similar

but non-identicaltypeof applicationto suit thespecificneeds.

In orderto let thedevelopercustomiseandconfiguretheapplicationframe-

work easily, wizardsarecreatedto provide step-by-stepcustomisationof the

genericcomponentvia an IntegratedDevelopmentEnvironment(IDE) (Lee,

Thin & Liu 2001a). The variationandextensiblepointsof the application

framework that areusedto exploit variability of featuresaremappedin the

GUI (graphicaluserinterface)providedby theIDE. In this way, thedevelop-

erscancustomiseor extendavariationor extensiblepointwhichthey selected

throughawizardassociatedto thatvariationpoint.

4



1.3 Objectivesof Research

Basedontheproblemstatementdiscussedin theprevioussection,theSPCap-

plicationframework developedin this researchprojecthasseveralobjectives

asstatedbelow:

� To develop an OO applicationframework in the domainof manufac-

turing statisticalprocesscontrol. The developmentof the application

framework is basedon the commonapplicationsystemsof the SPC,

whicharewidely usedin qualitycontrol in manufacturing.

� To provide a goodsoftwarearchitectureby designinga layeredsystem

architecturethat is suitablefor the proposedSPCapplicationframe-

work.

� To shortenthe time for developingSPCapplicationsystemsthrough

reusingtheframework architectureby interfacingwith framework com-

ponentsin GUI form. Theapplicationframework shouldbeeasyto use

andusersonly needto learnafew functions.In orderto achievethisob-

jective,wizardsin theIDE aredevelopedfor theapplicationframework

to provide step-by-stepassistancein framework componentselection

andconfigurationto adefault application.

1.4 Scopeof Research

Theconstructionof a SPCapplicationsystembasicallyinvolvesimplement-

ing a reusablecontrol chartcomponentin the framework for the purposeof

lateradaptionor configurationby developers.At thehighestlevel, a generic

controlchartcomponentis providedby theapplicationframework to support

a varietyof control chartsin oneof its variability pointsmeantfor adaption

accordingto the specificneedsof the developer, who is also referredto as
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reuserinterchangeablyin variouspartsof thisdissertation.ThisSPCapplica-

tion framework providestwo categoriesof control charts.They arevariable

control chartsandattributecontrol chartswhich areusedfor quality control

work to controlmanufacturingprocess.VariablecontrolchartsincludeX-Bar

Rangechart,Rangechart,SigmachartandX-Bar Sigmachartwhile attribute

controlchartsincludeP chart,NPchartandC chart.

1.5 Research Significance

Thereareseveraladvantagesto developingapplicationsystemsby usingap-

plicationframework approach.Thestableinterfacesprovidedby application

frameworksenhancereusabilityby defininggenericcomponentsthat canbe

reappliedto createnew applications.Framework reusabilityleveragesthedo-

mainknowledgeandprior effort of experienceddevelopersin orderto avoid

re-creatingandre-validatingcommonsolutionsto recurringapplicationre-

quirementsandsoftwaredesignchallenges.Reuseof framework components

canyield substantialimprovementsin programmers’productivity, aswell as

enhancingthe quality, performance,reliability and interoperabilityof soft-

ware.

Thearchitectureanddesignof theapplicationframework is well designed

for reuse.Muchof thefunctionalityof SPCapplicationshasbeenmadeavail-

ablein theapplicationframework. Therefore,similar applicationswith some

exceptional,specificdifferentrequirementscanbe built by using the appli-

cationframework asa startingpoint, ratherthandevelopingeverythingfrom

scratch.As a result,time for developmentbecomesshorterandthis will lead

to a bettercostsaving. In addition,specificapplicationsdevelopedfrom the

applicationframework aremore reliableand the efficiency of development

will beincreasedsincetheapplicationframework hasbeencarefullydesigned
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andtested.

Oneof theprimarybenefitsof anOOapplicationframework is its intrinsic

modularity. An applicationframework enhancesmodularityby encapsulating

volatile implementationdetailsbehindstableinterface. Framework modu-

larity helpsimprove softwarequality by localisingthe impactof designand

implementationchanges.This localisationreducestheeffort requiredto un-

derstandandmaintainexistingsoftware.

1.6 ChaptersOrganisation

Thethesisis organisedinto thefollowing chapters:

Chapter 2 is a literaturereview of somerelatedtopicssuchas object-

orientedtechnology, systematicsoftwarereuse,componentbasedsystemsand

existing applicationframeworks. This chapteralsocontainsa brief overview

of themanufacturingdomain.

Chapter 3 describestheapplicationsmodelof theSPCapplicationframe-

work andits architecturewhich is basedon the layeredmodel. This chapter

alsopresentsthemethodologyfor developingtheapplicationframework.

Chapter 4 focuseson theanalysisanddesignphasesof developmentof

theSPCapplicationframework. Thischaptershowstheusecasemodel,anal-

ysis model,high-level designmodel,detaileddesignmodel,classhierarchy

anddesignpatternof theSPCapplicationframewrok.

Chapter 5 focuseson the implementationof theapplicationframework.

Thischapterdescribesalsothecustomisationof theapplicationframework by

usingthewizardtoolsprovided.

Chapter 6 is theconclusion,summaryanddiscussionof theSPCappli-

cationframework which is developedwithin this researchproject.
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Chapter 2

Literatur eReview

Reuseof softwarehasbeena goalof softwareengineeringfor decades.With

theemergenceof OO techniques,importantprogresstowardsachieving this

goalwasmadepossible.An OOapplicationframework (OOAF) is essentially

thedesignof asetof objectsthatcollaborateto carryoutasetof responsibili-

tiesin aparticularproblemdomain.Suchframeworkshaveattractedattention

from many researchersandsoftwareengineersfor theirability to facilitatethe

reuseof largercomponents.

The literaturereview describedin this chapterprovides the background

andfoundationof theOO applicationframework, which is thebasisfor this

researchproject.Themaingoalof thischapteris to facilitatethedevelopment

andanalysisof OOAF by presentingtheir main underlyingconceptsalong

with themainadvantagesanddisadvantagesassociatedwith theiruse.Section

2.1 is relatedto identify theneedfor softwarereusein this context. Section

2.2 briefly introducesthe OO paradigm,as frameworks rely heavily on its

mechanismssuchasinheritance,objectcompositionandpolymorphism.In

section2.3, OOAF is introducedwith its definition and classificationsand

someof theexistingframeworksarealsoreviewedin thissection.Theinternal

componentsandthe iterative processof building a framework with its main

8



phasesis thendescribedin thenext two sections.Section2.6pointsoutsome

consequencesof usingframeworks,highlightingsomeof their strengthsand

weaknesses.The last sectionbriefly discussesthe applicability of OOAF to

theSPCproblemdomain.

2.1 SoftwareReuse

Softwareis difficult to develop,modify andmaintain.Most softwarearede-

liveredlateandoverbudget.Evenin thisageof informationalandtechnolog-

ical advancement,softwaredevelopersstill have to createsoftwaresystems

from scratchdue to the lack of reusablecomponents.As such,a software

company canhave a competitive advantageover its competitorsby deliver-

ing productsfasterandbeingableto adaptquickly to new changesby using

systematicreusestrategy (Jacobson,Griss& Jonsson1997).

It is proventhata higherlevel of abstractiongivesa greaterpotentialfor

reuse(Coad& Yourdon1990). There is a consensusthat thereare many

opportunitiesfor reusethatspantheentirelife cycle of theproductsin a sys-

temsdevelopmentenvironment.Reuseis theuseof existing artifactsof soft-

ware developmentsuchas design,specifications,code,documentationand

test plans(Booch 1994b), elsewherewithin a project or on other projects.

Sincesoftwaredevelopmentschedules,estimatesandcostsareheavily influ-

encedby the amountof new codethathasto be designedanddeveloped,if

softwaredevelopmentis on thecritical pathof a project,reusingof theexist-

ing design,specificationsandcodecanhave a significantpositive impacton

costsandschedulesfor aproject.

A significant portion of the study concentrateson systematicreusein

which organisationsdesignsoftware to be reusable. For example, in two

of the divisionsof Hewlett Packard(HP) (Lim WayneC. 1994), reuseis a
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critical ingredientin achieving productivity andquality objectives.Available

design,specificationandcodeareusedseveral times,the accumulatedfixes

in eachuseresultsin ahigherqualityproduct.Thereusetechnologyprovides

componentsthat canbe easilyconnectedto developa new system.The de-

veloperdoesnot have to know how thecomponentis implementedbut only

needsto know how to useit. The resultingsystemwill be efficient, easy

to maintainandmore reliable. Most work in softwarereusehasaddressed

compositiontechnology(Biggerstaff & Richter1989),wherecomponentsare

consideredto belargely atomicandideally unchangedwhenreuse,although

someadaptationmay be required. The componentsarethe building blocks

usedin constructingandderiving anew softwaresystem.

Component-basedsoftwaredevelopmentfocuseson building large soft-

ware systemsby integrating previously existing software components.By

enhancingthe flexibility and maintainabilityof systems,this approachcan

potentiallybeusedto reducesoftwaredevelopmentcosts,assemblesystems

rapidly, andreducethemaintenanceburdenassociatedwith thesupportand

upgradeof largesystems.At thefoundationof thisapproachis theassumption

that certainpartsof large softwaresystemsreappearwith sufficient regular-

ity that commonpartsshouldbe written once,ratherthanmany times,and

thatcommonsystemsshouldbeassembledthroughreuseratherthanrewrit-

ten over and over. Reuseof componentsis more productive than reuseof

code(Khajenoori& Linton 1994)sincereuseof higher-level units involves

lessapplicationor implementationspecificconstraints.

Softwarereuseis oneof themostimportantissuesfor improving thepro-

ductivity of software developmentprocesses.In the developmentprocess

of reusablesoftware,therearedifferentstartingpointsfor building reusable

component,eachwith emphasison other activities: basedon the general-

ization of several similar applications,basedon the reengineeringof legacy
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softwareor basedon models(Philippow & Riebisch2001). All approaches

requirea smoothcooperationof stakeholders,whoserolesvary in deifferent

developmentphases.Theserolesaredomainexperts,softwareengineersand

endusers.

2.2 Object-Oriented Programming

The main obstaclesencounteredin traditionalproceduralprogramminglan-

guagessuchasdifficulty in extendingandspecialisingfunctionality, difficulty

in factoringout commonfunctionality for reuse,barrier to interoperability,

maintenanceoverhead(TaligentInc.1998),haveforcedthesoftwarecommu-

nity to look for new approachesto softwareprogramming.

TheOOparadigmpresentsnew techniquesto facethechallengeof build-

ing large-scaleprograms.It originateswith Simula,which wasinitially dedi-

catedto solvingsimulation(modelbuilding) problems.Sincethen,OO tech-

nologyhasbeenexploitedin awiderangeof applicationsincludingdatabases,

operatingsystems,distributedcomputinganduserinterfaces.Themainbene-

fits of theobject-orientedapproachaspresentedin AbadiandCardelli(Abadi

& Cardelli1996)are:

� The analogy betweensoftware models and physical models. The

analogywith a physicalsystemmodelhasproved to be useful in the

processof developinga softwaremodel. It makesthe analysisof the

problemmoreefficient.

� Theresilienceof the softwaremodels.Unliketheapproachadvocated

by procedurallanguages,which emphasisestheuseof algorithmsand

procedures,the designof OO systemsemphasisesthe binding of data

structureswith themethodsto operateonthedata.Theideais to design
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objectclassesthatcorrespondto theessentialfeaturesof aproblem.Al-

gorithms,factoredin methodsandencapsulatedin objects,form natural

dataabstractionboundaries.Themainconsequenceof encapsulationis

that it helpsfocuson modellingthesystemstructureratherthantrying

to fit aproblemto theproceduralapproachof acomputerlanguage.

� The reusability of the componentsof the software model. Objects

arenaturallyorganisedinto hierarchiesduringanalysis,designandim-

plementationandtheseencouragesthe reuseof methodsanddatathat

arelocatedhigherin the hierarchy. Furthermore,this propertygener-

atesall the otheradvantagesassociatedwith softwarereuseincluding

low maintenanceoverhead,highproductivity, etc.

Oneof themainadvantagesof theOOparadigmis thatit promotesthereusabil-

ity of softwarecomponents.Researchers(Johnson& Foote1988)(Johnson

& Russo1991) (Opdyke 1992)have identifiedattributesof object-oriented

languagesasdescribedbelow thatpromotereusablesoftware:

� Data abstraction refersto thepropertyof objectsto encapsulateboth

stateand behaviour. The only way to interactwith an object and to

determinean object stateis by its behaviour. Thus, dataabstraction

encouragesmodularsystemsthatareeasyto understand.

� Inheritance is the sharingof attributesbetweena classand its sub-

classes(Abadi & Cardelli 1996). It promotescodereuse,sincecode

sharedby severalclassescanbeplacedin their commonsuperclassto

beinheritedandreused.Theprogrammercandefinein this casea new

classby choosingacloselyrelatedclassasits superclassanddescribing

thedifferencebetweentheold andnew classes.This styleof program-

ming is called programming-by-difference(Johnson& Foote 1988).
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Anotheradvantageof inheritanceis that it providesa way to organise

andclassifyclasses,sincesiblingclassesareusuallyrelated.

� Polymorphism is definedby Booch(Booch1994a) as: "A conceptin

type-theory, accordingto which a name(suchasvariabledeclaration)

maydenoteobjectsof many differentclassesthatarerelatedby some

commonsuperclass;thus,any objectdenotedby this nameis able to

respondto somecommonsetof operationsin differentways."In other

words,a methodcanbeinvokedon anobjectwithout knowing theob-

ject’sexacttype.Becauseit workswith awider rangeof attributes,it is

easierto reuseapolymorphicmethodthanonethatis notpolymorphic.

For example,theexpressiona+bwill invokedifferentmethodsdepend-

ing upontheclassof theobjectin variablea. Operator"+" in this case

is overridenin eachclass. Polymorphismallows an object to interact

with otherdifferentobjectsaslong asthey have thesameinterface. It

simplifiesthedefinitionof client objects,decouplesobjectsfrom each

otherandallows themto vary their relationshipsto eachotherat run-

time (Gamma,Helm,Johnson& Vlissides1995).

Object-orientedlanguageshave introduceda significant revolution in pro-

grammingtechniques.However, evenif theprogrammingjob is madeeasier

as the work is performednow at a higher level of abstractionwith objects

andclasslibraries,theprogrammeris still responsiblefor providing thestruc-

tureandtheflow controlof theapplication.Therefore,reusabilityis achieved

mainlyat theclasslevel andonly rarelyatahigherlevel (e.g.structurallevel).

OOAF, asit will beseenin thenext sections,carry theOO paradigmfurther

by aimingat reusingsoftwareat a largerscale.
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2.3 Application Frameworks

2.3.1 Framework Definitions and Concepts

Mostauthorsagreethatanframework is areusablesoftwarearchitecturecom-

prisingbothdesignandcodebut no generallyaccepteddefinitionof a frame-

work andits constituentpartsexist. A widely accepteddefinition of frame-

work comesfrom RalphE.Johnson(Johnson& Foote1988)of theUniversity

of Illinois:

“A framework is a setof classesthat embodiesan abstract designfor so-

lutionsto a family of relatedproblemsandsupportsreusesat a larger granu-

larity thanclasses”

Thekey termsin thedefinitionof framework are:

� Setof classes. Thesetof classesrefersto a numberof object-oriented

classescorrespondingto theessentialfeaturesof a problemdomain.

� Design. Thedesignof anapplicationdefinestheoverallstructureof an

application,its partitioninginto classesandobjects,the key responsi-

bilities thereof,how theclassesandobjectscollaborate,andthethread

of control.

� Abstract design. An abstractdesignis a designin which someof the

components(classes)areabstract.Abstractclassesdefinemethodsin

termsof a few undefinedmethodsthathave to be implementedby the

subclasses.

� Solutionsfor a family of relatedproblems. Thesolutionsto a family

of relatedproblemsusuallyhave commonelements.They canbelong

to particularbusinessunits(suchasdataprocessingor cellularunits)or

applicationdomains(suchasuserinterfacesor real-timeavionics).
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� Reuse. Softwarereuseis theuseof existingassetsin someform within

thesoftwareproductdevelopmentprocess.More thanjust code,assets

areproductsandby-productsof thesoftwaredevelopmentlife cycleand

includesoftwarecomponents,testsuites,designsanddocumentation.

� Granularity . Granularityin this definitionrefersto thelevel of reuse.

Low granularityreuseis the reuseof componentswhile highergranu-

larity reuserefersto designor analysisreuse.

Jacobson(Jacobsonetal. 1997)definesaframework asanabstractsubsystem

with asmallarchitecturethatoffersanincompletetemplatefor systemswithin

a particulardomain. A framework servesa foundationto anapplicationde-

velopmentthat providesa domainsystemwith basicarchitectureof classes

packedin softwarecomponentsanddesignof subsystems.A framework usu-

ally definestheoverall structureof all theapplicationsderivedfrom it, their

partitioninginto classesandobjects,thekey responsibilitiesthereof,how the

classesandobjectscollaborate,andthe threadof control. The developeris

only responsiblefor customisingthe framework to a particularapplication.

Thisconsistsmainly of extendingtheabstractclassesprovidedby theframe-

work.

Application frameworks areskeletonsthat definethe basicdesignof an

application.They providecodefragmentsasthefoundationof theapplication.

Moreover, frameworksaremuchmorethanmereclasslibraries.They consist

of large setsof codecomponentsand include the glue that lets the various

classescooperate. In other words, frameworks are setsof abstractclasses

with predefinedinterfacesand problem-adoptedevent handling. They are

morecustomisablethanmostcomponentsandhaveamorecomplex interface.

Throughtheuseof interfacesandabstractclasses,aframework imposesorder

andstructureto anapplication.This orderandstructureallows thedeveloper
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to concentrateon solving the missioncritical aspectsof the project rather

thanworrying aboutthegluethatholdsit all together(Ahamed,Pezewski &

Pezewski 2004).

A framework is a partialdesignandimplementationfor anapplicationin

agivenproblemdomain.Thecoreframework designcomprisesbothabstract

andconcreteclassesin the domain. The concreteclassesin the framework

areintendedto beinvisible to theframework user. An abstractclassis either

intendedto invisibleto theframework useror intendedto besubclassedby the

framework user. The coreframework designdescribesthe typical software

architecturefor applicationsin thedomain.

However, the core framework designhasto be accompaniedwith addi-

tional classesto bemoreusable.Theseadditionalclassesform a numberof

classlibraries,referredto as framework internal increments.Two common

categoriesof internal incrementsthat may be associatedwith a coreframe-

work designarethefollowing:

� Subclassrepresentingcommonrealisationof theconceptscapturedby

the superclasses.For example,an abstractsuperclass’Device’ may

havea numberof concretesubclassesthatrepresentreal-world devices

commonlyusedin thedomaincapturedby theframework.

� A collectionof subclassesor classesrepresentingthespecificationsfor

a completeinstantiationof the framework in a particularcontext. For

example,a graphicaluserinterfaceframework may provide a collec-

tion of classesfor a framework instantiationin thecontext providedby

Windows95.

Theframework canbeseenasgenerativesinceit is intendedto beusedasthe

foundationfor thedevelopmentof anumberof applicationsin theapplication

domaincapturedby theframework. This is in contrastto thenormalway of
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developinganobject-orientedapplication.Thedifferencein thedevelopment

processis outlinedin Figure2.1.

Analysis Design Application

Application 1

Application 2

Application n

Domain

Analysis

Framework

   Design

Figure2.1: TraditionVersusFramework-BasedApplicationDevelopment

Object-OrientedApplication Framework (OOAF) representsthe scaling

upof thefundamentalprincipleof OOprogramming,whichis inheritanceand

dynamicbinding. By having thesefeatures,a new classcanbeimplemented

by providing only what is different in this comparedto onewhich already

exists.With OOAF, thesameprincipleis appliedto thewholeapplicationsor

subsystems,sothat theeffort to developa new applicationis proportionalto

the differencein functionality betweenthe particularapplicationandthat in

theframework.

In contrastto traditional approachesto software reuse,which are built

on the paradigmof libraries containinga large numberof small building-

blocks,OOAF allows thehighestcommonabstrationlevel amonga number

of similarproductsor applicationsto becapturedin termsof generalconcepts

andstructures.This createsa genericdesignthatcanbeinstantiatedfor each

existing productaswell asfor productsto bedevelopedandmarketedin the

future.

Frameworksareideally suitedfor capturingthecommonalitiesin a prod-
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uct family. The bulk of the functionality canbe capturedin the framework,

which is maintainedasa singlesystem.Eachproductis an instantiationof

the framework, wheretheamountof uniquecodeis proportionalto only the

amountof specificfeaturesin thatproductandnot to its total complexity.

An OOAF canbe seenasa classlibrary which is built on a systematic

andextensiveuseof polymorphismor dynamicbinding.OOAF growsout of

theobservationthat inheritanceandlate-bindingpolymorphismarepowerful

abstractionmechanisms,andprogramsthatareexpressedin anOO program-

ming languagecan be reusedby incrementallyadaptingthem to different

needs.Among the earliestexampleof OO applicationframeworks wasthe

SmalltalkModel-View-Controllerframework.

2.3.2 Object-oriented Application Framework and Other

Concepts

In (Firesmith1994),thefollowing is usedasadefinition:

A framework is a significantcollectionof collaboratingclassesthatcap-

turebothsmall-scalepatternsandmajormechanismsthatimplementcommon

requirementsanddesignin aspecificapplicationdomain.

Basedon this definition,anobject-orientedframework canbedefinedas:

A architecturedesignedfor maximumreuse,representedasacollectiveset

of abstractandconcreteclasses,encapsulatedpotentialbehaviour for subclass

specialisations.

Basedonthedefinition,therearesomedifferencesbetweenobject-oriented

framework with otherconceptssuchas:

� anobject-orienteddesignpattern

� apatternlanguage

� aclasslibrary
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� anordinaryobject-orientedapplication

An object-orienteddesignpatterndiffers from a framework in threeways

(Gammaet al. 1995):

� Thedesignpatternsaremoreabstractthana framework. Frameworks

areembodiedin code. This is not the casefor designpatterns,where

only examplesof the designpatternsareembodiedin code. The de-

signpatternsalsodescribetheintent,trade-offs andconsequencesof a

design,which is not thecasefor framework.

� Designpatternsaresmallerarchitecturesthanframeworks. A frame-

work cancontainin a numberof designpatterns,but the oppositeis

never possible.Thus,thedesignpatternshave no major impactof the

application’sarchitecture.

� Frameworksaremorespecialisedthandesignpatterns.Frameworksare

alwaysrelatedto aspecificapplicationdomain,whereasdesignpatterns

aregeneralandcanbeappliedin any applicationdomain.

A patternlanguagediffersfrom frameworksin thewaythatapatternlanguage

describeshow to make a designwhereanobject-orientedframework is a de-

sign. Describingin anotherway, a patternlanguageinstructsushow to do it,

while a framework doesit for us.

A classlibrary is a set of relatedclassesthat provides general-purpose

functionality. The functionality typically coveredby classlibrariesare, for

example,collectionclasses(lists, stacks,sets,etc)andIO-handling.Thedif-

ferencebetweena classlibrary anda framework is the degreeof reuseand

its impacton the architectureof the application.Theframework hasa major

impacton thearchitectureof theframework-basedapplicationdeveloped.A

classin a classlibrary is reusedindividually anda classin a framework is
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reusedtogetherwith otherclasssesin the framework to solve a specificin-

stanceof acertainproblem.

An object-orientedapplicationdiffers from a framework in the way that

the applicationdescribesa completeexecutableprogramthat satisfiesa re-

quirementspecification.This is contrastto the framework that capturesthe

functionalityof theapplication,but is notexecutablebecauseit doesnotcover

thebehaviour in thespecificapplicationcase.

2.3.3 Classificationof Frameworks

Therearemany typesof frameworkson the market, rangingfrom low-level

frameworksthatprovide basicsystemsoftwareservicessuchascommunica-

tion, printing, andfile systemssupport,to very specialisedhigh-level frame-

works for userinterfaceor multimediasoftwarecomponents.Although the

underlyingprinciplesare largely independentof the domainsto which they

areapplied,aclassificationof frameworksby their scopeis sometimesuseful

(Fayad& Schmidt1997).

Systeminfrastructur e frameworks. Theirprimaryuseis to simplify the

developmentof portableandefficient systeminfrastructureincludingoperat-

ing systems,communicationframeworksandframeworks for userinterface.

Being usedinternally within the organisation,they arenot typically sold to

customersdirectly.

Middlewar e integration or support frameworks. Their primary use

is to integratedistributedapplicationsandcomponents.They aredesignedto

enhancetheability of softwareto bemodularised,reusedandeasilyextended.

Examplesof middleware frameworks include object requestbroker (ORB)

frameworks,message-orientedmiddlewareandtransactionaldatabases.

Enterprise application or domain frameworks. Their primaryuseis to

supportthe developmentof end-userapplicationsandproductsdirectly and
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thereforerepresentthe baseof enterprisebusinessactivities. They address

differenttypesof applicationsin abroadapplicationdomainsuchastelecom-

munications,avionics,manufacturing,educationandfinancialengineering.In

spiteof thecostof developmentand/orpurchase,enterpriseframeworkscan

provideasubstantialreturnoninvestmentsincethey supportthedevelopment

of end-userapplicationsandproductsdirectly.

Anotherimportantclassificationis to considerthetechniquesusedto ex-

tenda framework. Fromthis perspective, frameworks rangealonga contin-

uumbetweenthetwo extremesasfollows:

White-box or architecture-driving frameworks rely heavily on OO fea-

turessuchasinheritanceanddynamicbinding. The framework is extended

eitherby inheritingfrom framework baseclassesor by overridingpre-defined

hookmethods(Fayad& Schmidt1997). A white-boxframework definesin-

terfacesfor componentsthat canbe pluggedinto it via objectcomposition.

However, thedifficulty of usingwhite-boxframeworksresidesin thefactthat

they requirein-depthunderstandingof the classesto be extended. Another

weakness,specificto subclassingin general,is thedependenceamongmeth-

ods: e.g. overriding oneoperationmight requireoverriding anotherandso

on. Subclassingcanleadin this caseto anexplosionof classes.

Black-box or data-drivenframeworksarestructuredusingobjectcompo-

sitionanddelegationratherthaninheritance.They emphasisedynamicobject

relationshipsratherthanstaticclassrelationships.A new functionalitycanbe

addedto a framework by composingexisting objectsin new waysto reflect

thebehaviour of anapplication.Theuserin this casedoesnot have to know

theframework in-depthdetails,but only how to useexistingobjectsandcom-

bine them. Black-boxframeworksarethereforegenerallyeasierto usethan

white-boxframeworks. On the otherhand,black-boxframeworks aremore

difficult to developsincetheir interfacesandhookshave to anticipateawider
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rangeof potentialusecases.Due to their predefinedflexibility , black-box

frameworks are more rigid in the domainsupported. Heavy useof object

compositioncanalsomake the designsharderto understand.Nevertheless,

many framework expertsexpectanincreasingpopularityof black-boxframe-

works,asdevelopersbecomemorefamiliar with techniquesandpatternsfor

factoringout commoninterfacesandcomponents.

Thesetwo categoriespresentedabove areextremecasesbecausein prac-

tice a framework hardly ever is pure white-box or black-box,or hasonly

calledor callingcomponents.In general,in a framework, inheritanceis com-

binedwith objectcomposition.

2.3.4 Review of Existing Frameworks

An applicationframework is a reusable,“semi-complete”applicationthat

canbe specialisedto producecustomapplications(Johnson& Foote1988).

In contrastto earlier OO reusetechniquesbasedon classlibraries, frame-

works are targetedfor particularbusinessunits (suchasdataprocessingor

cellular communications)and applicationdomains(suchas user interfaces

or manufacturingapplication).FrameworkslikeMacApp,ET++, Interviews,

ACE,Microsoft’sMFC andDCOM,JavaSoft’sRMI andEJB(EnterpriseJava

Bean)andimplementationsof OMG’s CORBA play an increasinglyimpor-

tant role in contemporarysoftware development. Someof the first frame-

worksweredevelopedto supportGUI applications,includeApple’sMacApp

and Next’s NextStepin the 1980s. Othersof the better-known framework

projectswere Taligent’s CommonPointdevelopedby Apple and IBM, and

Microsoft FoundationClasses(MFC) by Microsoft.
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2.3.4.1 Model-View-Controller

Model-View-Controller (MVC) is a designpatternfor building user inter-

facesdevelopedusing the Smalltalkprogrammingenvironment. The MVC

paradigmis awayof breakinganapplicationor evenapieceof anapplication

interfaceinto threeparts:themodel,theview, andthecontroller. Themodel

is theunderlyinglogical representation,theview is thevisualrepresentation,

and the controllerspecifieshow to handlethe user’s input. Whena model

changes,it notifiesall views that dependon it. A view usesa controller to

specifyits responsemechanism.For instance,thecontrollerdetermineswhat

action to take when receiving input from the keyboard. This separationof

stateandpresentationallows for two verypowerful features.

1. Multiple views basedon the samemodel is consistent.For instance,

a set of datacan be presentedin both table form and chart form. As the

datamodelis beingupdated,themodelnotifiesbothviewsandgiveseachan

opportunityto updateitself.

2. Modificationor creationof theviewscanbedonewithoutaffectingthe

underlyingmodelsincemodelsspecifynothingaboutpresentation.

2.3.4.2 Common Object RequestBroker Ar chitecture

CommonObjectRequestBroker Architecture(CORBA) is thestandarddis-

tributedobjectframeworkdevelopedby theObjectManagementGroup(OMG)

consortium.It is a commonobjectrequestbroker architecture.ORB (Object

RequestBroker) is themiddlewarethatestablishestheclient-server relation-

shipsbetweenobjects.

Using an ORB, a client can transparentlyinvoke a methodon a server

object,which canbe on the samemachineor acrossa network. The ORB

interceptsthecall andis responsiblefor finding anobjectthatcanimplement

therequest,passit theparameters,invoke its method,andreturntheresults.
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The client doesnot have to beawareof wherethe objectis located,its pro-

gramminglanguage,its operatingsystem,or any othersystemaspectsthatare

notpartof anobject’s interface.In sodoing,theORBprovidesinteroperabil-

ity betweenapplicationson differentmachinesin heterogeneousdistributed

environmentsandseamlesslyinterconnectsmultipleobjectsystems.

In ORB or CORBA, a client is definedasany codewhich invokesanop-

erationonadistributedobject,while server is aprogramthatcontainstheim-

plementationsof oneor moreIDL (interfacedefinitionlanguage)interfaces.

2.3.4.3 Visual ComponentFramework

The Visual ComponentFramework (VCF) is a C++ framework that is cre-

atedto provide a simple-to-usecrossplatform GUI framework, with many

of theadvanceddesignfeaturesof Java andJava’s Swing,andBorland’s Vi-

sualComponentLibrary. Theframework is dividedinto threemainsections:

FoundationKit, GraphicsKit, andApplicationKit.

The FoundationKit provides all of the baseclassesfor the rest of the

framework, aswell assupportfor events,event listeners,properties,andba-

sic streamingcapabilities.TheVCF makesuseof C++’s StandardTemplate

Library for its collectionclasses,andhasa numberof templatebasedclasses

for the reusepurposes.The GraphicsKit providesa coresetof easy-to-use

2D graphicsclasses,modelledheavily after thedesignof Java’s Graphics2D

architecture.TheApplicationKit providestheclassesusedin theGUI portion

of the framework. This includesbasicslike windows, components,standard

widgets(comboboxes,list boxes,trees,etc), commondialogs,abasiclayout

manager, drag-and-drop,andstandardwindowing events.

24



2.3.4.4 Verifiable EmbeddedReal-Time Application Framework

VerifiableEmbeddedReal-Time Application Framework (VERTAF) is pro-

posedfor embeddedreal-timeapplicationdevelopment,with the aim of re-

ducingdesignerrorsand increasingdesignproductivity (Hsiung,Lee, See,

Fu & Chen2002). The developmentof VERTAF is basedon the integra-

tion of object-orientedtechnology, softwarecomponenttechnologyandfor-

mal verificationtechnology. This framework consistsof five basicsoftware

components:Implanter, Modeler, Scheduler, Verifier andGenerator. Whena

softwareapplicationis designed,objectsspecificto theapplicationareiden-

tified. The real-timeand embeddingconstraintsare specifiedwithin these

applicationobjects.Theseapplicationobjectsarethentransformedinto stan-

darduniform processmodels.Basedon thesemodels,theapplicationcodes

aregenerated.Dif ferentlevel of reuse,includingobject-level andcomponent-

level, increaseddesignproductivity anddecreasedoverall designeffort and

time.

2.4 Framework Components

Conceptually, mostof the authors(Demeyer, Meijler, Nierstrasz& Steyaert

1997)considerthattherearetwo maincomponentsof a framework:

� Framework contracts. Thecommonfunctionalityin aspecificdomain

is capturedin the framework contracts.They formaliseexactly which

partsof the framework are to be reused. Thus, framework contracts

imposea commonstructurefor all the applicationsthat usethe same

framework. Theimplementationandfunctionalityof contractsareusu-

ally hiddenfrom the user. However, becausethey form the skeleton

of all applications,they have a direct impacton the performanceand

correctnessof anapplication.
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� Hot spots. A variableaspectof an applicationdomainis calleda hot

spot(Schmid1997).A framework is tailoredfor a specificapplication

by implementingits hot spotsaccordingto thespecificfunctionalityof

theapplication.Thus,differentapplicationswill differ from eachother

with regardto at leastonehotspot.A hotspotallowsauserto insertan

application-specificclassor subsystem.This canbedoneeitherby se-

lectingtheclassor subsystemfrom asetof predefinedclassessupplied

with a black-boxframework, or by extendingtheabstractclassesasin

a white-boxframework caseasshown in Figure2.2. In a black-box,

theuserhasonly to chooseaclassor asubsystemfrom thesetsupplied

by theframework while in a white-boxsystemtheuserhasto actually

build theclassor thesubsystemto beusedby theframework.

Hot spotsprovide the mechanismfor extendinga framework and therefore

their designhasa big impact in the usability of the framework in general,

especiallyin its flexibility andvariability.

Framework Framework

Hot

Spot

Hot

Spot

C1

C C

A
�

pplication LevelApplication Level
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(a) (b)

Figure2.2: TheHot-SpotMechanism:(a) in aBlack-Box(b) in aWhite-Box
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2.4.1 Hot-Spots

Hot spotshave a big impact in the reusability and flexibility of a frame-

work andthereforeit is worthwhile to explorethemin moredetails.Schmid

(Schmid1997)suggeststhat the variability requiredfrom a hot spotcanbe

classifiedby thefollowing characteristics:

� Thecommonresponsibility(C in Figure2.2)thatgeneralisesthediffer-

entalternatives.

� ThedifferentalternativesthatrealiseC.

� Thekind of variability required.This variability canbeconsideredfor

examplein alternativeswith a commoninterfacebut different imple-

mentations,or alternativeswith uniform serviceover different struc-

turesandsoon.

� Themultiplicity thatgivesthenumberandstructuringof thealternatives

that may be boundto a hot spot. It is directly relatedto the previous

characteristicin the sensethat usually the kind of variability dictates

thenumberandstructureof thealternatives.

� Thebindingtime representsthepoint of time at which analternative is

selected.This time is eitherthe time of creatingan applicationor the

run time. In thefirst casetheapplicationdeveloperrealisesthebinding

while in thesecondcaseit is theenduserresponsibilityto do it either

onceor repeatedly.

Structurally, ahot spotis typically composedof abaseclassandanumberof

subclassesasillustratedin Figure2.3:

� An abstractbaseclass,whichdefinestheinterfacefor commonrespon-

sibilities.
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� Concretederivedclasses,whichimplementapplicationspecificalterna-

tives.

� Possiblyadditionalclassesandrelationships.

In the caseof a white box framework, the applicationprogrammerhasto

implementthederivedconcreteclasses.In contrast,a blackbox framework

providesall theseconcreteclassesandtheuseris responsiblefor choosingthe

appropriateonesandcombiningthemto obtainthefunctionality requiredby

theapplication.

  Abstract Base Class C

DrawMethod()

     Concrete Class C1

DrawMethod()

     Concrete Class C2

DrawMethod()

     Concrete Class C3

DrawMethod()

Figure2.3: Exampleof Hot SpotSubsystem.

A hot spotusuallycontainsa polymorphicreferencetypedwith thebase

class.Theuserbindsthehotspotby settingthereferenceto asubclassobject

of the baseclass. This objectcanbe from a prefabricatedsetsuppliedwith

theframework in black-boxcaseor canbebuilt by theapplicationdeveloper

by extendingthe baseclass. Methodsin the baseclassarespecialisedin a

child classandevery call to sucha methodwill be dynamicallybound,via

its reference,to thesubclassmethodexecuted.Therefore,a hot spotsubsys-

tem introducesvariability that is usuallytransparentto the remainderof the

framework.
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2.4.2 Abstract Classes

In a framework, themajordesignissuesaremadeexplicitly by meansof ab-

stract classes. Abstractclassesform theskeletonof anOOAF. Furthermore

theframework mustbereusedin suchawaythatthemajordesignchoicesare

respected.In generalterms,an abstractclassis a classthat is only partially

implemented.Beforemakinguseof theabstractclassit mustbemadecon-

creteby implementingthemissingdetails.Conventionallyonly classeswith

abstractmethodsarecalledabstractclass.

An abstractclassis actually a classthat implementsone set of meth-

ods,calledthe templatemethodsandanothersetof unimplementedmethods,

called abstract methods(or virtual methods). Instanceof classeswith ab-

stractmethodscannotbeused,sincetheir implementationis incomplete.The

differentkindsof methodscanbedefinedasbelow.

� An abstractmethodis amethodthathasno implementation,andis for-

mally declaredassuch.

� An templatemethodis a methodthat hasan implementationbut that

calls eitherdirectly or indirectly an abstractmethod. Thus,a method

thatcallsanothertemplatemethodis itself a templatemethod,sinceit

will indirectlycall anabstractmethod.

� A concretemethodis a methodthat hasan implementationand that

doesnot rely on abstractor templatemethods.

An abstractmethodcanbemadeconcretein a subclassby overridingit with

aconcretemethod.Thetemplatemethodsarereusedthroughinheritance.
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2.5 Differ ent Aspectsof Reuse

Thereareseveralaspectsof reusestrategy thatneedtobeconsidered(Crnkovic

& Larsson2000).

2.5.1 ComponentGenerality and Efficiency

Reusablecomponentsof anapplicationframework mustbesufficiently gen-

eralto cover thedifferentaspectsof theiruse.At thesametime,they mustbe

concreteandsimpleenoughto server a particularrequirementin anefficient

way. Developinga reusablecomponentrequiresthreeto four rimesmorere-

sourcesthandevelopingacomponent,whichservesaparticularcase.Thefact

thattherequirementsof thecomponentsareusuallyincompleteandnot well

understoodbringsanadditionallevel of complexity. In general,requirements

for generalityandefficiency at the sametime leadto the implementationof

several variantsof componentswhich canbe usedon a differentabstraction

level.

2.5.2 Evolution of Functional Requirements

Thedevelopmentof reusablecomponentswouldbeeasierif thefunctionalre-

quirementsdid not evolve duringthetime of thedevelopment.New require-

mentsfor thecomponentsneedto beredefinedif therearenew requirements

for the products.The morereusablea componentis, the moredemandsare

placedon it.

2.5.3 Migration BetweenDiffer ent Platforms

Thereasonfor themigrationof platformcanbecustomerrequirementchange

to run the product in a specificplatform or generaltrendsin the growing

popularityof certainoperatingsystemswhich might supportnewer, betteror
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cheaperhardware.As animportantpartof thereuseconceptwasto keepthe

high-level componentsunchangedand encapsulatethe differencesbetween

operatingsystemsin low-level components.

2.5.4 Compatibility

A componentcanbe replacedeasilyor addedin new partsof a systemif it

is compatiblewith its previous version. This is an importantfactorfor suc-

cessfulreusability. Compatibility issuesarerelatively simplewhenchanges

introducedin theproductsareof maintenanceandimprovementnature.More

complicatedproblemsoccurwhennew changesintroducedin areusablecom-

ponenteliminatethecompatibility, suchas,thereis aneedto useanadditional

softwareto managebothversions.

2.6 Advantagesand Drawbacks of Using Frame-

works

2.6.1 Advantages

The popularityof frameworks is justified by their strengthsin enablingthe

reuseof softwarecomponents,designandanalysis.

Themainadvantageof frameworksis thatthey capturetheprogramming

expertisenecessaryto solvea particularclassof problems.Programmersuse

frameworks to obtainsuchproblem-solvingexpertisewithout having to de-

velop it independently. Frameworksallow reusenot only at thecodinglevel

but also,more important,at the designlevel andeven at the analysislevel

(Johnson& Russo1991).

Oncea framework is understood,thedevelopmenttime for anapplication

shoulddrop. Besides,the modellingandthe designareeasiersinceframe-
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works offer guidancein developingthe application. Besides,it is easierto

maintainseveralapplicationsbuilt ontopof aframework thanthesameappli-

cationsbuilt independently. Thisis aconsequenceof thefactthataframework

imposesa similar designstructureandfunctionalityon all its applicationsin

contrastwith thedesignof theindependentapplications.

As theframework is used,it is alsotestedmoreoftenandmorebugsand

errorsare reportedand solved. This makes applicationsbuilt using stable

frameworksmorereliablecomparedto thosedevelopedfrom scratch.More-

over, expertiseis embodiedin a framework, problemsaresolved onceand

thesolutionis usedconsistently. Thisenablessoftwaredevelopersto concen-

trateontheirparticularproblemdomainandrely ontheframework to provide

consistentservices.

2.6.2 Drawbacks

Therearea numberof challengesthatmustbeaddressedin orderto employ

frameworkseffectively (Fayad& Schmidt1997):

Developing reusableframeworks for complex applicationdomainsis a

very difficult task. Very often only expert developerspossesthe skills re-

quiredto produceframeworkssuccessfully. Thelearningcurve to useanOO

framework typically requiresmoreeffort dependingon thecomplexity of the

framework. Hands-onmentoringand training coursesare requiredfor im-

proving thelearningprocess.

Asapplicationsbecomemoreandmorecomplex, they will beincreasingly

basedon the integrationof multiple frameworks,classlibrariesandexisting

components.Sincemany earliergenerationframeworksweredesignedonly

for a specificproblemdomain,difficultiesmaybeencounteredin integration

with otherframeworksspecialisedfor otherdomains.

Mechanismsthat frameworks rely on, suchasdynamicbinding,employ
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additionallevels of indirection. The useof dynamicbinding improves the

generalityandflexibility of the framework but reducesefficiency. This also

appliesto otherOOspecificoperationssuchasdynamiccreationanddeletion

of objects,virtual methods,etc.

Currently the lack of acceptedstandardsfor designing,implementing,

documenting,andadaptingframeworks impedesthemfrom being truly ef-

fective acrossmultiple applicationdomains.A framework developedin one

languagecannotbeusedfor applicationsthatuseotherlanguages.It is impor-

tant for companiesanddevelopersto work with standardsorganisationsand

middlewarevendorsto ensurethat the emerging specificationssupporttrue

interoperabilityanddefinefeaturesthatmeettheir softwareneeds.

2.7 Concluding Remarks

Object-orientedapplicationframework presentsaprovensoftwaredesignand

implementationto developreusableassetsin softwareindustry. Thecommon

problemsandcoredomainconceptsfor statisticalprocesscontrolin manufac-

turingdomainarecapturedin thedevelopmentof thisapplicationframework.

This helpsto reducethe software developmenttime. Software developers

canfocuson solving thebusinessdomainproblemsinsteadof programming

problemsconcerningthearchitectureanddesignfoundation.

SPCin manufacturingdomainconsistsof muchcommonalityandvari-

ability. Moreover, this domainis a complex domainandthe environmentis

rapidlychangingover time. It is asuitabledomainfor applicationframework

development.
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Chapter 3

An Ar chitectural View of

Object-Oriented SPCApplication

Framework

Modernlarge-scaleinformationsystemsareverycomplex, impactedby con-

stantly changingstandards,andcombinedistributedcomputing,many sys-

temsandplatform.Thisscenariocannotbeavoidedbut canbemanagedwith

a goodsoftwarearchitecture.Softwarearchitectureaffectshow softwareis

designedandstructuredandthereforesubstantiallyinfluencesthe character-

istics of the softwaresystems.Choosingthe right architectureis oneof the

mostimportantdecisionsasoftwareengineeringbusinesscanmake. Software

architectureis importantto maintaintheintegrity of system.This is to avoid

patchwork of uncoordinatedfixes in the softwaredevelopmentandmainte-

nance.A well-articulatedsoftwarearchitectureis alsokey to managingthe

complexity of softwaresystems,allowing largeorganisationsto work onparts

in parellel. A goodsoftwarearchitectureallows thecomponentandapplica-

tion systemsto evolvegracefullyover time. Thearchitecturemustbedefined

anddescribedin sucha way that it canbe easilymodifiedandimprovedas
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new andchangedrequirementsareimplemented.

3.1 LayeredAr chitecture

Layeredarchitectureis akind of softwarearchitecturethatorganisessoftware

in layers,whereeachlayer is built on top of anothermoregenerallayer. A

layercanbedefinedasa setof subsystemsor systemswith thesamedegree

of generality. Upper layersare more applicationspecific, lower are more

general.Oneof the advantagesof the layeredarchitectureis that it divides

the complexity of different typesof software componentsinto manageable

andrelevantlayers.This typeof architectureallowssoftwareto beorganised

in layersaccordingto applicationspecificity. The further down the layers,

themoregeneralthecomponets.Thesoftwareengineeringprocessescanbe

thencustomisedto develop andevolve componentswith different levels of

specificity.

Theobject-orientedSPCapplicationframework is built basedon thelay-

eredsoftwaresystemasshown in Figure3.1,whichis adaptedfrom(Jacobson

et al. 1997).Eachlayerin thesystemis constructedfrom anapporopriateset

of componentsdrawn from severalcomponentsystemsin lower layers.Ap-

plicationsystemscanbebuilt from componentsystems.Componentsystems

mayin turn bebuilt from othercomponentsystemsin lower layers.This lay-

eredsystemis composedof applicationsystemsat the top and component

systemsunderneath.The designis madein sucha way that the application

framework canbebuilt from thelower layerswhich arewell constructedfor

reuse.
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         System Software Layer

Middleware Layer

Component Layer

Application Layer

Figure3.1: A LayeredArchitectureSystem

3.1.1 Application Systems

In thelayeredarchitecture,thefirst layeris calledapplicationlayer. Thislayer

containsdifferenttypesof applicationsystemsfor aspecifictypesof domain.

Thisapplicationsystemis thefinal softwaresystemthatoneusercanuseand

feel it directly. This applicationsystemoffers a coherentsetof usecasesto

enduser. Applicationsystemsmayinteroperatedirectlyor indirectly through

someinterfacesor servicesprovidedby thesystemin thelower layers.

3.1.2 ComponentSystems

The next layer, componentsystemslayer containsthe componentsystems

thatoffer theusecasesandobjectcomponentsto thedevelopersto build ap-

plication systems.This layer is the layer to be reusedto develop a specific

applicationsystembasedon the reusebusiness’s needs.Due to this reason,

thecomponentsystemsin this layeraremadeto begeneric.Applicationde-

veloperscanreusethesegenericcomponentsto build a specificapplication

by extendingor modifying thegenericcomponentswhichareprovidedby the

componentsystems.This layer is built on top of the lower layer, which is

middlewarelayer.
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3.1.3 Middleware Layer

Whileobjectsandcomponentsdefinedin atraditionalprogramminglanguage,

suchasC++whichprovidescapabilities,thesearelimited to executingin one

fixedenvironmentandboundto a language.Theemergenceof standardised

platformsfor interoperabledistributedobjectcomputingis an importantstep

towardsglobalisedenterpriseinformationsystems.

Themiddlewarelayerofferscomponentsystemswhichareproviding util-

ity classesandplatformindependentservicessuchasdistributedobjectcom-

puting in heterogeneousenvironment. Examplesto thesemiddlewarecom-

ponentsystemsareCORBA andJava. This layer alsocontainscomponent

systemsfor interfacesto databasemanagementsystems,operatingsystemser-

vices,etc. Thesecomponentsareusedby applicationdeveloperssothatthey

canfocusto build businessspecificcomponentsandapplicationsystems.

3.1.4 SystemSoftwareLayer

Thebottomlayeris systemsoftwarelayer. Thislayercontainsthesoftwarefor

the computingandnetworking infrastructure,suchasoperatingsystemand

interfacesto specifchardware.Well-known operatingsystemsareWindows,

Linux, Unix andMacintosh.

3.2 Statistical ProcessControl Application Lay-

eredAr chitecture

Thelayeredarchitectureof theSPCapplicationframework containsfour lay-

ers,which arethe Application Layer, ComponentLayer, MiddlewareLayer

andSystemSoftwareLayer. All componentsystemsin eachlayerof thelay-

eredarchitectureareinteroperatingwith eachotherwithin thesamelayerand
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with somedependenciesbetweendifferentlayers.In theapplicationlayer, the

applicationsystemsthat canbe constructedfrom the framework areknown

beforehand.This layer offers a coherentset of applications,which can be

developedfrom theapplicationframework. In thecomponentlayer, thecom-

ponentsystemsthat areneededto constructa particularapplicationsystem

arealsoknown beforehand.The middlewarelayer containscomponentsys-

temsfor interfacesto databasemanagementsystems,platform-independent

operatingsystemservicesanddistributionservice.Thesystemsoftwarelayer

containsthesoftwarefor thecomputingandnetworking infrastructure,such

asoperatingsystemsandTCP/IPnetworkingprotocol.
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Figure3.2: StatisticalProcessControl Application Framework LayeredAr-
chitecture
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3.2.1 Application Layer of SPCApplication Framework

StatisticalProcessControlconsistsseveralmeasurementapplicationsystems

thatarewidely usedto appraisingandmonitoringqualityperformanceandare

thekey ingredientsto successfulapplicationsof qualitycontrol.Quality con-

trol relieson thecontinuousmonitoringof quality of theinput andoutputof

theprocessesproducingproductsandservices.For example,acontrolchartis

usedto monitor thequality of theproductsin theproductionline. Theappli-

cationsystemsconsistof several typesof controlchartssuchasx-bar chart,

sigmachart, range chart, p chart, np chart andc chart, which canbe cate-

goriedasvariablecontrolchartandattributecontrolchartrespectively. These

applicationsystemscanbebuilt from thelower layerof thelayeredarchitec-

ture. For instance,to build theattributecontrolchartapplicationsystem,the

componentsin the lower layer canbe importedandcustomised.Eachtype

of the control chartcontainsthe samecommonfunctionalitiessuchasdata

management,chartplotting managementandchartcalculationmanagement

asshown in Figure3.2.

3.2.2 ComponentLayer of SPCApplication Framework

This is themostimportantpartof thelayeredsystemto enablethereusability

of the applicationframework to happen. Basically this layer providessev-

eral genericcomponentsthat canbe reusedto build the specificSPCappli-

cationsystemsin the upperlayer. Thesecomponentscaninteroperatewith

eachotherin orderto form therequiredinfrastructureof theSPCapplication

framework. This layer providessomegeneralandcommonbehaviours for

theapplicationsystemsto reusewithout developingthesystemfrom scratch.

While variationpointsarecapturedto identify thepotentialplaceto becus-

tomisedto suit thespecificrequirements.
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3.2.3 Middleware Layer of SPCApplication Framework

Themiddlewarelayerof SPCapplicationframework usesJavaasthemiddle-

waresystem.Javaprovidesseveralusefulutility classesandservicepackages

thatarebeingusedfor this applicationframework acrossthedomain,for ex-

ample,Swing,AWT, which providestheutility classesfor GraphicUserIn-

terfaces(GUI), while RemoteMethodInnovation(RMI) providestheserver

andclient communicationfacilities. This enablestheapplicationframework

to becomeadistributedandmulti-tier system.

3.2.4 SystemSoftware Layer of SPC Application Frame-

work

Java programminglanguageis usedfor the implementationof SPCapplica-

tion framework. SinceJavais aplatformindependentprogramminglanguage,

thisapplicationframework canbedeployedin severalplatformssuchasWin-

dows, Linux andUnix, provided that particularsystemhasthe Java Virtual

Machine(JVM) installed. TCP/IP network protocol is usedto handlethe

communicationbetweenhardwareandtheapplicationfrmework.

3.3 DevelopmentMethodology

The methodologyusedin this project is basedthe integration of someex-

isting conceptsof Object-OrientedSoftwareEngineering(OOSE)modelling

notationandmethod,which makesit easyto composereusablecomponents

(Jacobsonet al. 1997,Lam 1997,Bellinzona,Fugini & Pernici1995,Chan

& Lammers1997). It is a systematictechniqueto establishthe "right" sys-

tem architectureto help managersandengineerscontrol the complexity of

thesystem.Theprocessesin theprojectcanbegroupedinto two majorcate-
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gories:DomainEngineering(DE) andApplicationEngineering(AE). DE can

bedividedinto ApplicationArchitectureEngineering(AAE) andComponent

Engineering(CE),eachis shown asanellipsein Figure3.3. ApplicationAr-

chitectureEngineering(AAE) is a processto determinefrom the company

andendusers,theway to decomposetheoverall standardisedsetof applica-

tions into a suiteof applicationsystemsandsupportingcomponentsystems.

TheprocessarchitectstheLayeredArchitectureSystemwhichconsistsof fa-

cades,interfacesof thesubsystemsandcomponentsystemsthat supportthe

completearchitectureof relatedapplications.ComponentEngineering(CE)

is a processto designandconstructreusablecomponentsandpackagethem

into componentsystems.Thesourcesof this processaretheresultsfrom the

AAE andrequirementsof thecompany andendusers.Thegoalis aconsistent

modelthat explicitly expressescommonalityandvariability acrossthe suite

of applicationsthatwill reusethesecomponents.

AAE startsfrom the study of domainsselectionthroughto framework

implementationandastheway to decomposetheoverall standardisedsetof

applicationsinto a suite of applicationsystemsand supportingcomponent

systemsasshown in Figure3.4.TheprocessarchitectstheLayeredArchitec-

tureSystemwhichconsistsof theinterfacesof thesubsystemsandcomponent

systemsthatsupportthecompletearchitectureof relatedapplications.There

areseveraliterativestagesof theprocessdescribedasfollows:

� Study of domainsselection: Conducta study for someselecteddo-

mainsandselectonethat is critical to thesuccessof theresearch.The

manufacturingdomainis selecteddueto its complexity anddiversityin

applications,which is believedagoodcandidatefor theresearch.

� Survey of existing domainsystems:The survey lays the foundation

of knowledgeabout the domain. In the survey, the requirementsof
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eachdomainsystem’s externalactors,businessprocessesandmodels

arecaptured.Functionalitiesof themanufacturingdomainareidentified

in termsof variablefunctionalityandnon-variablefunctionality. Non-

variablefunctionalityprovidesgoodcandidatesfor genericcomponent

systems.Themainaim is to identify thecandidatesfor applicationand

componentssystemsfor constructinghigh-level domainmodels.

� Definehigh-level domainmodels:Genericdomainmodelson the se-

lecteddomainaredefined.Thesemodelsaredefinedandupdateddur-

ing the AAE processfor enhancementandto reflectnew information

represented.

� Identify patternsandcomponents:Patternsandgenericcomponentsare

identifiedacrossthedomainto provide a high level abstractionfor the

domainmodels.Thehigh-level domainmodelsserveasthefoundation

for producinga prototypedesignmodelthatdefinesthe layeredarchi-

tecturesystemin termsof applicationsystemsandcomponentsystems.

� Definedesignstandards:Designstandardsaredefinedto provideguide-

lines on the definition of classes,inheritancehierarchiesandrulesfor

definingstructuralrelationshipsbetweenclassesandcomponents.

� Definedomainobjectmodels:Staticanddynamicdomainmodelsare

definedby doingadetailedstudyonthedomainmodelsgeneratedfrom

thepreviousphase.Both static(structural)anddynamic(behavioural)

aspectsof thedomainaremodelledin detail.

� Coherencecheckingand evaluation: Coherencecheckingand evalu-

ation will be doneon the static domainmodel and dynamicdomain

modelto identify any inconsistency andinefficiency.
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� Framework detaileddesign: Develop a detaileddesignand architec-

ture of the associatedapplicationframework by taking into account

its implementationin a client-server environment.Thedetaileddesign

model,which containsseveral designpatternsaswell asa library of

classinheritancehierarchyusedby variouscomponentsystems,is built

basedonthelayeredarchitecturesystem.Thelibrary includesconcrete

classesandabstractclasseswith variationpoints. Most attributesand

methodsof eachclassarealsodefinedin this phase.

� Framework implementation:The applicationandcomponentsystems

will be implementedas definedin the detaileddesignof the layered

architecturesystem.

� Testing,integrationandevaluation:To discoverany errorsor problems

in theimplementationasawhole.
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Figure3.4: Stagesof ApplicationArchitectureEngineering(AAE) Process

3.4 Summary

Softwarearchitecturedefinesthestaticorganisationof softwareinto subsys-

tems,interconnectedthroughinterfaces,anddefineshow thosenodesinteract.

A softwarearchitectureconformsto oneor several styles. The subsystems
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arepartitionedaccordingto generalityinto groupscalled layers. Theseare

arrangedonapagewith thelayersrunningfrom top to bottom,with themost

specificoneat the top andthe mostgeneralat thebottom. An ironcladrule

is that a layer cannotuseanything above that layer. This guaranteesloose

coupling.Theresultis thata subsystemin onelayercanbechangedor even

removedwithoutimpactinglowerlayers.Sincetheloweralayeris, theharder

it is to changeandthemoredependenciesit is involvedin.

The statisticalprocesscontrol applicationframework is organisedin the

layeredarchitecture,which containsfour layers. They areapplicationlayer,

componentlayer, middlewarelayerandsystemsoftwarelayer. In theapplica-

tion layeranapplicationsystemis asystemdeliveredto customersoutsideof

the reusebusiness.While in thecomponentlayer, a componentsystempro-

videsasetof compatiblecomponentsusedto engineeranotherapplicationor

componentsystem.Themiddlewarelayerprovidestheutility classesandser-

vicessuchasdistribution facility, interfacesto databasemanagementsystem,

etc. Thelast layer, systemsoftwarelayerwhich containstheservicesfor the

computingandnetworking infrastructureandinterfacesto specifichardware

devices.

By usingthis layerarchitecturethebenefitsgainarelower life cyclecost,

fastertime to market,morerobustandlowerdefectssoftwareis developed.

The methodologyusedin the researchis referredto asApplication Ar-

chitectureEngineering(AAE). Thereareseveral iterative stagesof the pro-

cess.AAE startsfrom studyof domainsselection,survey of existing domain

systems,definehigh-level domainmodels,identify patternsandcomponents,

definedesignstandards,definedomainobject models,coherencechecking

and evaluationframework detaileddesign,framework implementationand

throughtesing,integrationandevaluation.
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Chapter 4

Analysis and Designof

Object-Oriented SPCApplication

Framework

This researchis basedon an Object-OrientedDomainEngineering(OODE)

methodto be definedwithin the applicationframework of the project. The

OODE developmentlife cycle containsseveral main phases.Thesephases

are OO Domain Analysis (OODA), OO Domain Design(OODD) and OO

ApplicationFramework Implementation.Thevariousactivities or processes

of theOODEmethodwill finally leadto agenericdomainmodelwhichspans

a generalapplication,andwhich an OO applicationframework will be de-

velopedfor the rapid assemblyof applications.The OODE developmentis

iterativeandincremental.

In this research,Unified Modelling Language(UML) which canbeused

to analyseand designobject-orientedsoftware developementrequirements

is being used. Several typesof diagramssuchas usecasediagram,class

diagram,collaborationdiagram,arebeingusedto show theoverview andthe

activitiesof theentireframework in theSPCdomain.
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4.1 OODA on SPCDomain Model

OODA is the processof discovering and recordingthe commonalitiesand

variabilitiesof thesystemin thedomain.In thefirst phaseof theOODElife

cycle, i.e. OO DomainAnalysis,processesarecarriedout eithersequentially

or in an iterative manner. A studyhasbeenconductedfor the selectionof

appropriatedomainsthat arecritical to the successof the project (Ahamed

et al. 2004).Besidesthis, studyon existing relatedOO domainsystemscon-

cerningtheir externalactorsandprocessesaswell astheir structuralandbe-

havioral aspectshasbeenconductedas well. The following activity is on

defininggenericdomainmodelswith object-orientationon the selecteddo-

main. The model is refinedandupdatedduring the OODE processfor en-

hancementandto reflectnew informationrepresented.In this stage,patterns

andothergenericcomponentswill beidentifiedacrossthedomainin orderto

provideahigherlevel of abstractionfor thedomainmodels.

OODA includestheprocessto createasetof reusablecomponents,which

is beingusedin thedevelopmentof systemsin thedomain.TheSPCdomain

hasactivities of plotting chartor statisticalcalculationfor differenttypesof

measurement,it canbevariableor attributemeasurement,dependingon the

usage.Theseactivitiesarecommonacrossthesystemsandcanbeimplemen-

tatedasframework components.

4.1.1 Domain Analysisof SPC

Quality controlrelieson thecontinualmonitoringof theinputsandoutputof

theprocessesproducingtheproductsandservices.SPCis theapplicationof

statisticaltechniquesto ensuresatisfactoryqualityasshown in Figure4.1.

The input of thesystemis varioustypesof quality specificationandpro-

cessmetricsneededby theorganisation.Thebasicprocedurefor determining
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whethera processis in control is, firstly, a randomsampleis taken from the

productor service,thenthequality characteristicis measured.If thesample

measurementis foundto beoutsidetheuppercontrol limit (UCL) or thelower

control limit (LCL), theprocessis checkedto determinetheassignablecause

of variation.By usingthemethodsprvidedby SPCsuchascontrolchart,the

quality of theproductis judged.

In SPC,toolscalledcontrolchartsareusedprimarily to preventor detect

productionof defectiveproducts(finishedgoods,assemblies,components)or

service.Theprimaryobjective is to make timely decisionsaboutwhetheror

not a particularprocessis in statisticalcontrol. In any processtherewill be

variationfrom onemeasurementor unit producedto thenext. If theprocessis

outof statisticalcontrol,theprocessis stoppedandinspectionis carriedoutto

find therootcause.Therearetwo basictypesof controlcharts,controlcharts

for variablesandcontrolchartsfor attributes.Variablecontrolchartsareused

to controla measurablecharacteristic,whereasattributescontrol chartscon-

trol acountablecharacteristic.

Thedevelopmentof theobject-orientedapplicationframework is basedon

thecommonapplicationsystemsof theSPC,which is widely usedin quality
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controlin themanufacturing.Theconstructionof thecontrolchartapplication

systembasicallyinvolvesimplementinga reusablestatisticalprocesscontrol

componentin theframework for thepurposeof adaptionor configuration.A

genericstatisticalprocesscontrolcomponentwill beprovidedby theapplica-

tion framework to supportavarietyof controlchartssuchasR-chart, X-chart,

n-chart, etc,in oneof its variability pointsmeantfor adaptationto thespecific

needsof thereuser.

4.1.2 UseCaseModelling of SPCApplication Framework

Usecasemodellingis usedto capturereusablerequirementsof theSPCsys-

tem.By usingausecasemodel,thetransitionof thedomainknowledgefrom

a domainexpert to a softwarearchitectbecomeeasierandsimple. The use

casediagramprovidesa high-level abstractionof the overview of the entire

system.This is neededbeforeonecanstartto definethe designanddetails

of the classes.Usually usecasemodelling is the first stepto take in object

modellingactivitiesandwill startoff thesoftwaredevelopementwork.

A usecasemodeldefinesthefeaturesor functionalitiesof asystemshould

provide for the users. In the usecasemodel,usersof the systemarecalled

actors. A distinct role to interactwith the systemis assignedto eachactor.

Eachway anactorusesthesystemis a distinct usecase.Eachusecasede-

finesa setof interactionswith thesystem.Theusecasemodelis usedasan

importantinput to the laterphasesof modellingsuchasanalysisanddesign

models,whichdescribehow thesystemis architectedanddesigned.

The usecasecomponentmodel in SPCapplicationframework is shown

in Figure4.2andFigure4.3.All of theusecasesshown aregenericusecases

for SPCapplicationframework. Theusecasemodelcanbedividedinto four

modules,whicharevariablechartcalculation,variablechartplotting,attribute

chartcalculationandattributechartplotting. Therearethreegenericusecases
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in variablechartcalculationmodule.They arevariable inspectiondatahan-

dling, variablebasicstatisticcalculationandvariablechart limit calculation.

Theactorof theusecasesis quality controller. Variable inspectiondatahan-

dling is to captureandformattheinputdatafromtheactor. Theformatteddata

is calculatedby varioustypesof statisticalprocessesandmethodsby variable

basicstatisticalcalculationusecase. Variable chart limit calculation is to

handlethe calculatedandformatteddatafrom previous stepsandperforms

thecontrollimit calculation.Thecalculationis basedonseveralcontrolchart

statisticalalgorithms.This datais neededfor theplotting of theselectionof

controlchart,suchasX-Bar chart.

Thevariablechartplottingmoduleis mainlyusedto plot thetypesof con-

trol chartby theselectionof theuser. In thismodule,therearetwo genericuse

cases.They arevariablechart datahandlingandvariablechart plotting. The

actorinvolvedhereis calledplotter. Variable chart datahandlingusecaseis

to handletheinputdataof thegraphplottinganddisplaytheoutputdatato the

graph. While variable chart plotting will displayout thedatain the control

chartwith the calculatedcontrol limits (uppercontrol limit, centerlineand

lower control limit) asa referenceto indicatetheextremesof theacceptable

behaviour of aprocess.Thischartis veryusefulto monitorthequalitycontrol

of a processin theaspectof processaverage,rangeandstandarddeviation to

controltheprocessvariability or dispersionin themanufacturingprocess.

The attributechartcalculationmoduleconsistsof threeusecases.They

are nonconformingdata handling, fraction nonformingcalculation and at-

tribute chart limit calculation. The actor in this module is called quality

controller. Nonconformingdatahandlingusecaseis neededto preparean

interfaceto handletheraw datainputby theuserandmake thedatareadyfor

fractionnonconformingcalculationusecaseto calculate.Attributechart limit

calculationusecasewill do thecalculationfor thecontrollimit datawhich is
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usedto plot graphs.

Theattributechartplottingmodulehastwo usecases,attributechart data

handlingandattributechart plotting. The actorfor this usecasemoduleis

calledplotter. Attributechart datahandlingusecaseis to handlethedataand

format it to be readyto plot. Attributechart plotting usecaseplots thedata

into agraphby usingpreviouscalculateddata.

Quality Controller

Variable Inspection Data 

           Handling

Variable Basic Statistic 

        Calculation

Variable Chart Limit 

        Calculation

Plotter

Variable Chart Data Handling

Variable Chart Plotting

Variable Chart Calculation

Variable Chart Plotting

Figure4.2: UseCaseComponentModelof StatisticalProcessControlAppli-
cationFramework for VariableControlChart
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Attribute Chart Calculation
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Figure4.3: UseCaseComponentModelof StatisticalProcessControlAppli-
cationFramework for AttributeControlChart
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4.1.3 Analysis Component Modelling of SPC Application

Framework

Theanalysiscomponentmodelis a high-level abstractionof thesystemim-

plementation.Analysisobjectsinteractin performingtheusecaseinstances.

Eachobjectplaysoneor moreroles in at leastoneusecaseinstance.The

objectsthat performthe usecaseinstancearepresentedin collaborationor

sequencediagramswhich arepreparedfor eachindividual usecase,or for

eachgroupof usecase.

The analysiscomponentmodel of SPCApplication Framework is pre-

sentedusingtheboundary-control-entity(BCE) diagramasshown in Figure

4.4. Thereare several kinds of analysistype stereotypes:boundary, entity

control classes.The boundarycomponenthandlesthe communicationbe-

tweenthesystemandits surrounding.Thecontrol componentperformsuse

casespecificbehaviour. Theentity componentis in generala long-livedob-

ject in thesystem.Entity typesaregenericandoftenusedto modelbusiness

objects,which aredealtwithin many usecases.Thevariationpoint areused

to definevarying responsibilitiesin the analysiscomponentmodel. This is

the point whereextensionandcustomisationcanbe donein the component

system.

Theanalysiscomponentmodelof SPCApplicationFramewrok is devel-

opedfrom theusecasecomponentmodelin theprevioussection.Theanal-

ysis model is divided into variablechartcalculation,variablechartplotting,

attribute chart calculationandattribute chart plotting modulesas shown in

Figure4.5,Figure4.6,Figure4.7andFigure4.8. Thevariationpoint shown

in theanalysismodelis theplacefor theobjectcomponentto beextendedand

customised.For example,variable centerlinecontroller control component

canbecustomisedto differentlogic thuscreatecompletelydifferenttypesof
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Boundary

Control

Entity

Variation Point

Figure4.4: BCE Diagramusedin AnalysisModel

calculationandalgorithmsfor thevariablechartcalculationmodule.

Themappingof theanalysiscomponentmodelis perusecasecomponent

model. For instance,Variable Chart Plotting usecaseof the variablechart

plotting modulecanbe tracedto theanalysiscomponentmodelasshown in

Figure4.9.

4.2 Object-Oriented Domain Designon SPCDo-

main Model

The following phaseof the OODE life cycle is startedby defining OODE

designstandardsto provideguidelinesonthedefinitionof classes,inheritance

hiearchiesandrulesfor definingstructuralrelationshipsbetweenclasses.

The high-level designmodel of SPC systemis shown in Figure 4.10.

The designcomponentmodel is presentedin the form of layeredarchitec-

ture which consistsof applicationsystemlayer andbusiness-specificlayer.

Themodelshows the interoperabilityof thecomponentsystemsandtheap-

plication systemsin form of layeredarchitecture. Application layerscon-

sist of variablechart calculation,variablechart, attribute chart calculation,
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Attribute Chart Calculation
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Figure4.9: Traceabilityof UseCaseComponentModel to AnalysisCompo-
nentModel

attribute chartanddatabasemanagementapplicationsystems.Theseappli-

cationsystemscanbedevelopedby reusingthereusablecomponentsystems

in thebusinessspecificlayer. Componentsystemswhich areprovidedin the

businessspecificlayerarevariablechartcalculation,variablechart,attribute

chartcalculation,attribute chartanddatabasemanagementcomponentsys-

tems. Within thesereusablecomponentsystemstherearespecialpackages

calledfacades.

A facadeis definedasa packagedsubsetof componentsor referencesto

componentswhich is selectedfrom acomponentsystem.Eachfacadeactsas

akind of public interfaceto thecomponentsystem(Jacobsonetal. 1997).Fa-

cadesencapsulatetheinternalsof thecomponentsystemin orderto minimise

dependenciesandchangesasthecomponentsystemevolves.This public ac-

cessallows the developerto reusethosepartsof the componentsystemthat

have beenchosento be availablefor reuse. From Figure4.10, the variable

centerlinecontroller facadeof variablechartcalculationcomponentsystem

canbeextendedandcustomisedto allow thedeveloperto defineanew method

to calculatethecenterlinefor variablechartfor aselectedtypesof chart.

The interoperabilityof componentsystemsand applicationsystemsis

shown in Figure4.11.Thesecomponentsystemsareinteractingwith theother
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Figure4.10:DetailedFacadeView of SPCDesignComponentModel
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componentsystemswithin business-specificlayer. This is to ensuretheappli-

cationsystemsbuilt from thesecomponentsystemsarewell integrated.Vari-

ablechartplottingcomponentsystemis interactingwith variablechartcalcu-

lation componentsystemwhile attributechartplotting componentsystemis

interactingwith attributechartcalculationcomponentsystem.Databaseman-

agementcomponentsystemis handlingall theentity componentsasdefined

in analysiscomponentmodel. The entity componentsor persistentclasses

developedin SPCapplicationframework arevariablecontrol chartdataand

attributecontrolchartdata.Theseclassescanbeextendedandcustomisedby

using this databasemanagementcomponentsystem. Basically this compo-

nentsystemis interactingwith thedatabasethroughseveralsimplequerries.

4.3 ClassHierar chy

Figure 4.12 shows the inheritancehierarchyof persistanceobject for SPC

applicationframework. The top level of the hierarchyis persistenceobject.

Persistenceobjectis providedby persistencebroker(Khor 2000)whichtrans-

latesobjectsto a few recordsandsave theminto thedatabase,andtranslates

recordsto objectswhenretrieving from thedatabase.By inheriting theper-

sistanceclass,Mitemobtainsthepersistencecapability. Mitem is theabbrevi-

ationof manufacturingitem, which is usedto representa materialor item in

productionline of factory. The classesthat inherit from Mitem arevariable

control chart dataandattributecontrol chart data. Dueto thefact thatthese

objectsneedto bestoredin thedatabase,theidentifierof theobjectsmustbe

unique.

Figure 4.13 shows the inheritancehierarchyof componentclassesfor

componentsystemin SPCapplicationframework. The baseclassis Mod-

ule. Subclassesarevariablechart calculationmodule, variablechart plotting
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Persistence Object

Mitem

Attribute Chart DataVariable Chart Data

Figure4.12: InheritanceHierarchyof PersistanceObjects

module, attributechart calculationmoduleandattributechart plotting mod-

ule. BaseclassModuleprovidesthe default interfacefor the integrationof

theapplicationsystemswhich aredevelopedfrom componentsystemsto the

wholesystem.All of thecomponentsystemsin business-specificlayermust

inherit from Moduleclass.

Module

     Variable Chart

 Calculation Module

Variable Chart

Plotting Module

    Attribute Chart

C
�

alculation Module
Attribute Chart

Plotting Module

Figure4.13: InheritanceHierarchyof ComponentClasses

Figure4.14and4.15showstheinheritancehierarchyof variablechartand

attribute chart. The classesthat inherit from variable chart classare range

chart, sigmachart, x bar rangechart andx bar sigmachart. Theclassesthat

inherit from attributechart classarec chart, np chart andp chart. Variable

chart classandattributechart classprovide thebasicfunctionalitiesto plot a

variablechartor attributechart.A new typeof variablechartor attributechart

canbedevelopedby inheritingvariablechart classor attributechart classas

superclass.
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Figure4.14: InheritanceHierarchyof VariableCharts

Attribute Charts

    c Chart np Chart      p Chart

Figure4.15: InheritanceHierarchyof AttributeCharts

4.4 DesignPattern

Designpatternsarerecognised,namedsolutionsto commondesignproblems.

Theuseof themostcommonlyreferenceddesignpatternspromoteadaptable

andreusableapplicationframework. Whenasystemevolves,changesto code

involving designpatternswill consistof creatingnew concreteclassesthatare

extensionsor subclassesof previouslyexistingclasses.

The designpatternusedin the developmentof SPCapplicationframe-

work is basedon theTemplateMethodpatternasdefinedin (Larman1997).

This patternis the coreof the SPCapplicationframework implementation.

A skeletonof analgorithmwith its varyingandunvaryingportionof codeis

definedin thesuperclass.Thetemplatemethodinvokesothermethods,which

maybeoverridenin anextendedclassor a subclass.Thesubclasscanover-

ridethevaryingmethods.In thevaryingmethod,anew versionmethodwhich

hasuniqueanddifferentbehaviour from thesuperclasscanbedefinedat the

point of variability.

Figure4.16showsthedesignpatternof variablechartplottingcomponent

system.SuperclassChartshasa templatemethodcalledChart. In the tem-
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platemethodthereis an abstractmethodcalledplotChart. This methodis

overriddenin theextendedconcreteclass,RangeChartandSigmaChart. The

abstractmethodis redefinedto plot differenttypesof chart.
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Figure4.16:DesignPatternof SPCapplicationFramework

4.5 Summary

In thedevelopmentof theSPCapplicationframework, theusecasesandas-

sociatedinformationidentifiedin theanalysisarethehighestlevel of system

strategy. UML is usedthroughoutthe project lifecycle to captureandcom-

municateanalysisanddesigndecisions.

Thedevelopmentlife cycleof SPCapplicationframework beginswith do-

mainanalysisto developausecasemodelandanalysiscomponentmodel.In

thedomainanalysis,asetof reusablecomponentsystemsandcomponentsys-

temswith thecommonalityandvariationpointshasbeenidentified.Theuse
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casemodel is mappedto differentcomponentsystemsin the layeredarchi-

tecture.Theanalysiscomponentmodelwhich is a high-level staticstructure

helpsto definethedomainlayeredarchitecturefor theapplicationframework.

Fromtheusecasemodelandanaylsiscomponentmodel,a high-level de-

signcomponentmodelis definedin a layeredarchitecturesystem.This lay-

eredarchitecturesystemconsistsof applicationsystemsin the application

systemlayer and componentsystemsin the business-specificlayer. Inher-

itancehierarchyand the templatemethodsshows the relationshipsand the

designpatternusedin theSPCapplicationframework.
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Chapter 5

Implementation of

Object-Oriented SPCApplication

Framework

Following from the detaileddesignphase,the next phaseis relatedto im-

plementingthe applicationframework concerned. Towardsthe end of the

implementation,a ready-to-assemblemodelwill bedefinedsoasto providea

guidelineon theusageof theframework duringdelivery. This modelwill in-

troducea ready-to-assembleapproachto theapplicationengineersto rapidly

assembleandcustomiseanOOapplicationframework for multipleOOappli-

cationswithin thegeneralapplicationdomainof SPCapplicationframework

for differentcustomers.Dueto theiterativenatureof theOODEmethod,it is

possiblethatany recovery of errorsmight leadto theneedto go backto the

previousphases.Theautomatedapplicationframework will eventuallybein-

tegratedandcombinedto form anoverallapplicationframework architecture.
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5.1 Implementation Classes

Javaprogramminglanguageprovidedby SunMicrosystemis usedin theim-

plementationof SPCapplicationframework. Java is a very powerful object-

orientedprogramminglanguage.The Java DevelopmentKit (JDK) version

1.2.2.is used.JDK 1.2.2containstheenhancementsfor Swing,AWT, Java2D

API anda lot of utility classes.

The implementationof templatemethodin this applicationframework

is shown in Figure 5.1. The inheritancekey word in Java is extends. Ab-

stractclassChartshasa templatemethodcalledchart andanabstractmethod

plotChart. The RangeChartclassextendsthe Chartsclassandimplements

theabstractmethodplotChart to performthealgorithmto plot a rangechart.

TheChartsclassimplementedin theSPCapplicationframework supports

barchartandline chartcurrently. Chartsclasscoordinatesseveralobjectsto

achieve its aim of beingableto draw a charton a Java 2D graphicsdevice: a

Title, aLegend, aPlot andaDataSource. ThePlot classin turnmanagesahor-

izontalaxisanda verticalaxisof thechart. Title classdisplaysa description

for achart.ChartLegendclassshowsthenamesandvisualrepresentationsof

theseriesthatareplottedin a chart.A Plot is a classthatcontrolsthevisual

representationof data.DataSourceclasscontainssomemethodsthatperform

varioususefulfunctionsrelatingto datasources.

5.2 Application Framework Customisations

An SPCapplicationframework canbevery difficult to beadoptedandreuse

dueto its complexity andsize.Dueto this fact,to reusetheSPCapplication

framework, wizard tools that assistdevelopersin choosingandcustomising

the componentsystemsin SPCapplicationframework is integratedinto an

IDE whichhasbeendeveloped(Lee,Thin & Liu 2001b). By usingthewizard
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package moos.module.vChart;



a� bstract public class Charts {



  public void chart() {

  // set the properties of chart

  // create menu bar and chart properties

  // retrieve the subgroup array to plot chart

  }

}

�





a� bstract public JChart plotChart(Subgroup[] sub);






package moos.module.vChart;



public class RangeChart extends Charts {

  

  public JChart plotChart(Subgroup[] sub) {

  

  // implementation of the range chart

  

  }

}

�






Figure5.1: Implementationof TemplateMethod
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to developa new application,developershave a fasterway to reusetheSPC

applicationframework, andmoreimportantly, to benefitfrom theapplication

framework which shortenssoftwaredevelopmentlife cycle.

The wizard leadsthe developerthroughseveral stepswhich consistof

moduleselectionsandfeaturecustomisationsto developa new working ap-

plication without hassle.A wizard hasa step-by-stepuserinterfacefor the

developerto follow to customiseandextendthecomponentsystemvisually.

Therearefour wizardsbeingdevelopedandintegratedin the IDE. They are

VariableControlChartCalculationWizard,VariableChartWizard,Attribute

ControlChartCalculationWizardandAttributeChartWizard.

Beforecreatingany new modulefrom thewizard, a projecthasto becre-

atedfrom the IDE asshown in Figure5.2. Therearefour modulesavailable

to be customised. They are Variable Chart Calculation Module, Variable

Chart Plotting Module, Attribute Chart Calculation Module and Attribute

ChartPlottingModule.

Plotting

Plotting

Figure5.2: CreatingNew Module

5.2.1 Variable Control Chart Calculation Wizard

For thevariablecontrolchartcalculationwizard,thefirst stepto customiseis

to selectandview thepersistentclass.Figure5.3showsthatthereis only one
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persistentclasswhich is variablecontrolchartitemprovidedfor thecustomi-

sation. The “View” button in the dialog box is to view the list of attributes

with typeandnameof thepersistentclassasshown in Figure5.4.By clicking

the“Next” button,wizardwill moveforwardto thenext stepof customisation.

Figure5.3: ClassSelectionof VariableControlChartCalculationWizard

Figure5.4: AttributesList for classVariableControlChartItem

Thenext dialogbox containsa “Add” buttonto addnew attributesto the

persistentclassanda “Remove” button to remove an attribute asshown in
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Figure5.5.Thereis atextfield to show theextendednew persistentclassname

andthelist of new attributesadded.For instance,threenew attributesadded

areMR_Upper_Control_Limit,MR_Centerline,MR_Lower_Control_Limit

of typedouble.

Figure5.5: VariableControlChartCalculationWizardCustomisation

After addingthenew attributes,by clicking the“Next” button,thewizard

will show informationof the extendedpersistentclasswith the list of new

attributesasshown in Figure5.6. The next stepis to customisethe display

of variablecontrolchartcalculationmodule.A new field canbeaddedto the

tablein Subgroupclassfor calculation. The wizard is shown in Figure5.7.

By clicking the“OK” button,thewizardwill retrieveall theinformationfrom

theinputthroughthepreviousstepsandgenerateall thenecessarysourcefiles

andcodes.
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Figure5.6: New PersistentClasswith New AttributesList

Figure5.7: New Field for Subgroup
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5.2.2 Variable Chart Wizard

Variablechartwizardis usedto customisetheVariableChartPlottingModule

for the developerto addnew typesof chart. Figure5.8 shows the variable

chartwizardcustomisationdialogbox. Thisdialogboxshowsalist of existing

variablecharts. By clicking the “Add” button, a new type of chart can be

addedto the variablechartplotting module. The chartnameand the chart

classnamehave to bespecified.After providing thenecessaryinformationto

thewizard,on clicking “Next” button,asummaryof thevariablechartadded

to thewizardis shown in a dialogbox asshown in Figure5.9. Thewizardat

this stageis ableto generatethecodeandthesourcefiles basedon the input

from theprevioussteps.This is achievedby clicking on the“Finish” button.

Figure5.8: VariableChartWizard
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Figure5.9: VariableChartWizardSummary

5.2.3 Attrib ute Control Chart Calculation Wizard

Attributecontrolchartcalculationwizardis usedto customisethecalculation

of attribute control chart. By usingthis wizard, the developercanaddnew

typesof attributesanddefinea new algorithmfor calculation. Figure5.10

andFigure5.11show thepersistentclassandthecompletelist of attributesin

theclass.

Figure5.10:ClassSelectionof AttributeControlChartCalculationWizard

Thenext stepof thewizardis to addnew atributesto theattributecontrol

chart calculationmoduleasshown in Figure5.12. The “Add” button is to

adda new attribute to the persistentclassandthe “Remove” button is to re-

moveanattribute. After addinga new attribute,thenew attributewill appear
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Figure5.11:AttributesList for classAttributeControlChartItem

at thecolumnwhich shows thedatatypeandthe attributename.Thereis a

textfield to show thenew extendedpersistentclassname.For instance,three

new attributesareaddedwhich areU_Upper_Control_Limit,U_Centerline,

U_Lower_Control_Limitof type double. After addingthe attributesto the

wizard,thenext dialogboxwill show thesummaryfor theresultof theprevi-

ouscustomisationasshown in Figure5.13.

The next stepof the wizard to customisethe attribute control chartcal-

culationis to adda new columnto displaythe resultof the calculationor a

new columnfor the enduserto input datain the table. A new columncan

beaddedto the tablefor Sampleclassfor this purpose.As shown in Figure

5.14,thewizard dialogbox is usedto adda new field for Sampleclass.By

clicking onthe“OK” button,thewizardwill retrieveall theinformationfrom

theinputthroughthepreviousstepsandgenerateall thenecessarysourcefiles

andcodes.

74



Figure5.12:AttributeControlChartCalculationWizard

Figure5.13:AttributeControlChartCalculationWizardSummary
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Figure5.14:New Columnfor SampleClass

5.2.4 Attrib ute Chart Wizard

Attributechartwizardis usedto customisetheAttributeChartPlottingMod-

ule to addnew typesof attribute chart into the SPCapplicationframework.

Figure5.15showstheattributechartwizard’scustomisationdialogboxwhich

hasa list of existing attribute charts. By clicking on the “Add” button and

specifingthe chart nameand the chart classname,a new type of chart is

added.After providing thenecessaryinformationto thewizard,by clicking

on “Next” button, a summaryof the attribute chart addedto the wizard is

shown in a dialog box asshown in Figure5.16. The last stepof the wizard

is to click on the“Finish” button. This will generatethecodeandthesource

filesbasedon theinput from theprevioussteps.

5.3 CustomisationProcedureof Wizards

The procedureof building a new applicationon top of the existing compo-

nentsystemsis discussedin this section.Wizardsdevelopedin this research
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Figure5.15:AttributeChartWizard

Figure5.16:AttributeChartWizardSummary
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projectprovide a simpleway of customisationfrom the applicationframe-

work. By performingthe customisationof the applicationframework, the

stabilityandinteractionbetweencomponentsystemsof theapplicationframe-

work, a reliablewayof reusingoneor morecomponentsystemscanbedeter-

mined.For moredetails,pleasereferto AppendixC for acasestudy.

The customisationconsistsof addingtwo new typesof chartwhich are

U chart andParetodiagram to theexisting applicationsystems.This canbe

achievedby addingadditionalfieldswith aparticulardatatypeto apersistent

classandaddinganew calculationalgorithmto theatttibutechartcalculation

moduleandattributechartplottingmodule.

For theatttibutechartcalculationmodule,thepersistentclassesinvolved

are moos.data.AttributeControlChartItemand moos.data.Sample. The cus-

tomisationof theseclassesis accomplishedby creatinganew subclasswhich

is inheritingfrom thebaseclassby addingnew attributesto thenew class.The

new classfor themoos.data.AttributeControlChartItemis moos.data.AttributeControlChartItemNew.

The new attributesaddedareU_Upper_Control_Limitof datatype double,

U_Centerlineof datatypedoubleandU_Lower_Control_Limitof datatype

double.Thesethreeattributesrepresentthethreecontrollimits whichareup-

per bound,centerlineandlower boundof a U chart. The new classfor the

moos.data.Sampleis moos.data.SampleNew. Thenew attributeaddedis non-

conforming_typesof datatypestring.Thisattributeis thecolumnfor theuser

to input thetypeof nonconfoming.

Thewizardstepsof customisationof theattributechartcalculationmodule

canbe referredfrom Figure5.10,Figure5.11,Figure5.12andFigure5.13.

Thecustomisationthroughthewizardof theattributechartplottingmoduleis

shown in Figure 5.14, Figure 5.15 and Figure 5.16. The chartsaddedare

U chart and Pareto diagram. Thesetwo chartsare new classesextended

from theattributechartbaseclass.In oderto plot a U chart, we needtheat-
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tributesaddedfor theclassmoos.data.AttributeControlChartItemNew which

areU_Upper_Control_Limit,U_CenterlineandU_Lower_Control_Limit.While

for the Paretodiagram,the attributeneededis nonconforming_typesfor the

classmoos.data.SampleNew. Theseattributesare definedfor the atttibute

chartcalculationmodule.FromFigure5.17,theseattributeshavebeenadded

to theatttributechartmoduleapplication.

Theplottingof thechartis handledby theatttributechartplottingmodule.

Thus, to add and plot a new chart, two modulesare involved in this case.

However, this canbe easilydoneby copying the projectJAR files from the

atttibutechartcalculationmoduleprojectfolder to theatttibutechartplotting

moduleprojectfolder. TheprojectJAR file is readyafter thecompilationof

the project for that particularmodulein IDE. The projectJAR file is a Java

binaryfile thatcontainsthecompiledandlinkedclasses.FromFigure5.18,

U chart andParetodiagramhave beenaddedto theapplicationfor theuser

to selectandto plot. Theoutputchartsareshown in Figure5.19andFigure

5.20.

5.4 Summary

SPCapplicationframework hasprovidedseveralreusablecomponentsystems

for thedeveloperto reuse.Thechannelto customiseandmodify component

systemsis throughthewizardstool. Wizardsaredevelopedto redefine,cus-

tomiseandextendtheexistingcomponentsystemsto meettheuser’s require-

ment. It is a simple,powerful, easy-to-usetool providing a convenientway

to developaSPCapplicationfrom theframework. Throughseveralstepsand

clicks on themouse,files andcodearegeneratedandreadyfor thedeveloper

to deploy the changes.Four wizardsareprovided,which areVariableCon-

trol ChartCalculationWizard,VariableChartWizard,AttributeControlChart
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Figure5.17:AttributeChartModuleApplicationAfter Customisation

Figure5.18:AttributeChartSelectionWindow After Customisation
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Figure5.19:U Chart

Figure5.20:ParetoDiagram
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CalculationWizard,andAttributeChartWizard.
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Chapter 6

Conclusion

TheSPCapplicationframework in thedomainof manufacturinghasbeensuc-

cessfullydevelopedin offeringgenericandreusablecomponentsandachiev-

ing theobjectivesin this researchproject.Thefunctionalitiesprovidedby the

SPCapplicationframework arerunnableandcanbeeasilyadaptedandcus-

tomisedto build new SPCapplicationsaccordingto thespecificneedsof the

developer. For moredetails,pleasereferto AppendixA for installationguide

andAppendixB for userguide.

This researchprojectpresentsan SPCapplicationframework in the do-

main of manufacturingbasedon the Object-OrientedTechonology(OOT),

systematicsoftwarereuse,layeredarchitectureandmostimportantlytheap-

proachof applicationframework. A layeredarchitectureis an architecture

style that simplifiessystemevolution andenablessubstantialreuseof com-

ponentsystems.SPCapplicationframework’s approachfocuseson building

a systemin layered,modular, object-orientedstyle which greatly enhances

large-scalesystematicreuse.Thismakesits infrastructureto beeasilyreused

by thedeveloperto build morespecificapplicationsin thedomainof SPCin

themanufacturingenvironment.

The layeredarchitectureis an architecturethatorganisesa softwaresys-

83



temin layers,whereeachlayer is built on top of anothermoregenerallayer.

By separatingoperationsof a systemfrom the userinterface,it producesa

moremaintainableapplicationwith highercohesionandlesscoupling.With

SPCapplicationframework, the applicationdevelopercanfocuson solving

thebusinessdomainproblemratherthanprogrammingproblemwhich is re-

latedto architecturefoundationmatter.

SPCapplicationframework is extendableandcustomisable.It consists

of most of the reusablecomponentsfor SPCapplicationssuchas variable

control chartcalculationcomponent,variablecontrol chartplotting compo-

nent,attributecontrolchartcalculationcomponentandattributecontrolchart

plotting component.Thesecomponentscanbe modifiedandcustomisedto

developmorespecificSPCapplicationsin manufacturingdomain.

Basedon this project,a few papersof the researchwork have beenpub-

lishedin local journalsaswell asinternationalconferences(Lee,Thin & Liu

1999,Lee,Thin & Liu 2000b, Lee,Thin & Liu 2000a, Leeet al. 2001a, Lee

et al. 2001b).

6.1 Strengthof Research

Themainstrengthof theSPCapplicationframework is that theanalysis,de-

sign,andimplementationtime for complex SPCapplicationsin manufactur-

ing systemsare greatly reducedby reusingthe provided businessanalysis,

designandcomponentsystems.SPCapplicationframework canbemodified

and customisedeasily to suit a particularrequirementchange. This is ap-

plying to thedomainin orderto let themanufacturerstaycompetitive in the

marketandeventuallyfulfill theultimategoalof reducingtime-to-marketand

produceastandardquality of software.

SPCapplicationframework providesthe waysfor the developerto both
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usethe built-in functionality andmodify or extendthat functionality. Typi-

cally, developerscanuseSPCapplicationframework’sbuilt-in functionalities

directly without any modificationand changes. If modificationis needed,

developerscanextendandmodify thefunctionalitiesby deriving new classes

andoverridingmemberfunctionsfrom theapplicationframework. SPCappli-

cationframework minimisestheamountof codeneededto implementsimilar

applications.This is truesincethecommonabstractionsfor theapplications

arecapturedin theapplicationframework, which reducesthenew codeto be

developed.

In orderto shortenthetimeto customiseor developnew applicationsfrom

the applicationframework, wizard tool is integratedto provide step-by-step

instructionsto assistsoftwaredevelopers.Thewizardprovidesa convenient

wayandaneasy-to-useGUI to customisetheapplicationframework.

The selectionof Java asthedevelopmentlanguagehasprovideda lot of

featuresto SPCapplicationframeworksuchasportability, platform-independence

andacommonlanguagefor remoteobjectinvocationby networkingcommu-

nication. A lot of utility classesareprovided in Java. Theseclassescanbe

utilisedandeasilyintegratedinto theapplicationframework to provideamore

powerful applicationframework.

6.2 Limitation of Research

The developmentof SPCapplicationframework is an iterative processthat

canbe refined. The applicationframework hasto be changedfrom time to

time to becomemorestableandattainable.Softwaredevelopmentis itera-

tive. This is importantto evolve theapplicationframework to becomemore

matureandreliable. The iterationstartsfrom recapturingandredefiningthe

requirementsandmore importantly the commonalityand variability across
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thedomain.

Applicationsbuilt usingSPCapplicationframework areeasierto main-

tain becauseassumingthat the framework is correct, only the extensions

that theapplicationsintroducehave to bemaintained.However, theapplica-

tion framework will evolveover time andthusapplicationsmustevolve with

it. The optimumof the framework designis not yet attainableat this early

framework developmentiterationlife cycle. Theinitial expectedvariationsin

a reusablecomponentsystemcanbecomea commonrequirementlater that

warrantsinclusioninto theframework componentsystemdesign.

In orderto achieveamoresignificantdegreeof successin softwarereusabil-

ity for SPCapplicationsin thedomainof manufacturing,someotherapplica-

tionsin statisticalquality control(SQC)for manufacturingneedto beadded,

for instanceacceptancesampling,whichconsistsof variousstandardsof sam-

pling planssuchassinglesampling,doublesamplingandunit sequentialsam-

pling. Thiswill make theapplicationframework amorecomprehensivesolu-

tion for manufacturingenvironment.

In SPC,therearea numberof differentcontrolcharts,eachof which per-

formsbestfor aparticularkind of datafor differentsituations.Controlcharts

developedin theSPCapplicationframework only supportline andbarcharts

in thecurrentimplementation.

6.3 Futur eWork

Many factorscantriggertheiterationof thesoftwaredevelopmentlife cycle,

suchaschangingof requirementfrom thecustomerandfeedbackfrom theap-

plicationdevelopers.Theevolution of theapplicationframework from each

iteration,makesthearchitectureanddesignmorestableandreliable.There-

definitionof commonalityandvariability of theapplicationframework which
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may consistof modificationof the variationpointsor commonrequirement

makestheproblemdomainto beaddressedmoreaccuratelyandcorrectly.

The domainof the SPCapplicationframework can be extendedto add

componentfor otherSQC applications. By developing thesenew reusable

componentswithin SPCapplicationframework, theissuesof integrationwith

othercomponentsystemscanbeminimised.

SPCapplicationframework canbefurtherenhancedby addingmoretypes

charts,suchaspie chart,boxplotandscatterdiagram.Besidesthis, theinput

datacapturingcanbe automatedinsteadof key in manuallyby the user. In

themanufacturingenvironment,datais capturedby machinesor robots.The

automationof the datahandlingwill enablethe dataanalysisto be donein

real-timemode.

6.4 Concluding Remarks

SPCapplicationframework is modelledanddesignedin a layeredsystemar-

chitecturewhichoffershigh-level reusabilitycomparedto ablack-boxframe-

work andclasslibrary codereuse.Theunderstandingof thebusinessmodel

andreuseprocessbecomesimplifiedby developingastablelayeredsystemar-

chitecturethatcapturestheframework designabstractionsinto packagecom-

ponentswith interfacesandfacades.SPCapplicationframework is designed

to accommodatevariationpoints,customisationsandassemblyof new appli-

cationswhichcanbedevelopedeasilyby utilising theSPCwizardtools.The

conclusionfrom theresearchprojectis, SPCapplicationframework canresult

in rapidapplicationsystemdevelopmentandprovidesflexibility to customise

SPCapplications.
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Appendix A

Installation Guide

A.1 SystemRequirement

Thesearethehardwarerequirementsto install theapplicationframework:

� For personalcomputer, theminimumrequirementis PentiumII 550.

� Memoryrequiresaminimumof 128MegabyteRAM.

� 10 Gigabytehardiskspaceis recommendedfor the datastorage.The

spacerequiredto install is at leastthan20Megabtye.

Thesearethesoftwarerequirementsto install theapplicationframework ona

desktop:

� An operatingsystemthatsupportJavasuchasUNIX, Windows,Linux,

etc.

� SunMicrosystemJava DevelopmentKit 1.2.2(JDK 1.2.2)installedon

thesystem.

� A databasethat supportsJava DatabaseConnectivity (JDBC) suchas

MySql.

� A webserver thatsupportsJavaApplet
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A.2 Installation

SPCapplicationframework is developedin Java. All of thebinaryandclass

files neededto run the systemis packagedin different folders, which are

demo, ide, server and applet. In order to run the applicationsby using a

web browser, the applet folder hasto be copiedto the HTML folder of the

webserver. Theotherfolderscanbecopiedto any directory.

Demo folder containssomeexamplesof the applicationmodulessuch

asAttributeChartCalculationmodule,VariableChartCalculationmodule,at-

tributeChartmoduleandvariableChartmodule. Theseapplicationmodules

arecreatedby using the wizard tool which is includedin the IDE. The ide

foldercontainstheIDE whichisusedtocustomiseSPCapplicationframewrok

andcreatenew applications.Appletandserverfolderscontainall thedevel-

opedJavaclassfilesof theSPCapplicationframework.
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Appendix B

SPCApplication Framework

Server and Applet User Guide

SPCapplicationframework is an object-orientedapplicationframework de-

velopedfor statisticalprocesscontrolapplicationsdevelopmentin manufac-

turing environment. SPCapplicationframework is divided into threemain

components,server, appletandIDE (IntegratedDevelopmentEnvironment).

Serverprovidestheinterfaceto thedatabaseandis usedfor appletto connect

to the database.The Applet componenthasall of the coreapplicationsof

thestatisticalprocesscontrolapplications.IDE is thedevelopmenttool used

to createnew applicationmodulesandto customisethe existing application

modulesfrom the appletandserver components.This appendixfocuseson

the userguide for the server andappletcomponents.The customisationof

theapplicationframework will bediscussedin thenext appendixthroughan

example.
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B.1 The Server Envir onmentof SPCApplication

Framework

TheServercomponenthasapersistencebrokerthatprovidestheobjectpersis-

tenceservicesto theuserapplicationwhile shieldingtheuserfrom thedetails

of thestoragemechanismused(Khor 2000). It maintainstheintegrity of the

datain thedatabase.Themainusageis to save thedatafrom theappletto a

relationaldatabaseandretrieve therecordswhenreceiveda requestfrom the

applet.

To run the server of SPCapplicationframewrok, the usercanexecutea

bashfile calledrun from theconsolein Linux or a run.batfile if theplatform

is Windows. The file is locatedat the server directory. Basically, the file is

usedto executeaJavacommand,asshown below:

java -classpathMoosServer.jar <connectionstring><user><password>

The connectionstring is usedto specify the connectionto the type of

database,databaseip addressandthedatabasename.Theformatis:

jdbc:<databasetype>://<ipaddress>:<databasename>

Userandpassword areusedfor authenticationto connectto thedatabase.

The server providesa GUI for the userto specify the databasetype, IP

addressof thedatabase,databasename,usernameandthepasswordasshown

in FigureB.1.

B.2 The Applet Envir onmentof SPCApplication

Framework

BeforetheSPCapplicationframework’s appletcomponentcanbeexecuted,

theserver hasto be launchedfirst in orderto establishtheconnectionto the

database.Theapplicationcanberun from a webbrowser, suchasNetscape
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FigureB.1: SPCApplicationFramework Server

or InternetExplorerby enteringtheURL from thewebbrowser. TheURL is

setaccordingto theuser’s webbrowsersetting.For instance:

http://127.0.0.1/applet/SPCApplet.html

After the appletis launched,the SPCapplicationframework server will

be connectedautomatically. Thereis a configurationfile calledClientMod-

ule.cfg in applet folder. The purposeof the file is to configurethe number

of applicationmodulesto be loadedwhen the appletis launched. The file

containsthe appletmoduleand the moduleclassnames. By default, there

arefive appletmodulesthat will be loadedduring an appletstartup. These

modulesareDatabaseModule,VariableChartModule,AttributeChartModule,

VChartModuleandAChartModuleasshown below.

DatabaseModule= moos.module.database.DatabaseModule

VariableChartModule= moos.module.variableChart.VariableChartModule

AttributeChartModule= moos.module.attributeChart.AttributeChartModule

VChartModule= moos.module.vChart.VChartModule
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AChartModule= moos.module.aChart.AChartModule
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Appendix C

CaseStudy : Variable Control

Chart Customisation

Thecasestudyof customisingandmodifying theSPCapplicationframework

by usingtheIDE wizardtool is demonstratedin this appendix.Thecustomi-

sationincludesthestepsfrom usingthewizardsin theIDE to developa new

applicationuntil the stepsto plug-in the newly developedapplicationto the

SPCappletandserver.

C.1 Modification of the Variable Control Chart

Theobjective of thecustomisationis to adda new chartto theexisting vari-

ablecontrolchartsin SPCapplicationframework. Thevariablecontrolcharts

providedin theSPCapplicationframework areX-Bar chart,Sigmachart,X-

Bar RangechartandX-Bar Sigmachart.Thenew chartto beaddedis called

Moving Range chart. To addthis new chart,two persistentclassesandbase

classof chartneedto be modified. The new persistentclassesare usedto

keepthe calculateddatato the databasebasedon the new algorithm,while

chartclassis usedplot the new chart. This customisationwill involve two
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modules.Variable Chart CalculationModuleis usedfor thepersistentclass

modificationwhile Variable Chart Plotting Module is usedfor the plotting

chartoperation.

Thenameof thepersistentclassesneedtobemodifiedaremoos.data.Subgroup

andmoos.data.VariableControlChartItem. Thebaseclassof thechartismoos.module.vChart.Charts.

Thecustomisationof thepersistentclassandchartclasscanbedoneby ex-

tendingor inheritingthebaseclassandaddingnew attributesto thenew class.

The new classnameof the moos.data.Subgroup is moos.data.NewSubgroup

andtheaddedattributeis Moving_Rangeof datatypedouble.Thenew class

of themoos.data.VariableControlChartItemis moos.data.VariableControlChartItemNew

andtherearethreenew attributesof datatypedoubleadded.They areMR_Upper_Control_Limit,

MR_CenterlineandMR_Lower_Control_Limit. The new classnameof the

moos.module.vChart.Chartsismoos.module.vChart.MRChart. A new attribute

“MovingRange” of stringdatatypeis added.

C.2 Using IDE Wizard Tool for the Customisa-

tion

Theprevioussectionhasdiscussedaboutthechangesthathave to bemadeto

themodules.This sectionis focusingon themodulecustomisationby using

the IDE wizard tool. To run the IDE wizard tool, the userhasto execute

a run script provided in ide folder. The first stepis to modify the Variable

Chart CalculationModuleby creatinga new projectby selectingthe File-

>New from themenubarin theIDE. As shown in FigureC.1,a“New” dialog

box will appear. SelecttheVariable Chart CalculationModuleandenterthe

projectname.After that, click on the “OK” button. The projectfile will be

savedat thelocationchosenby theuser.

The variablechart calculationwizard will appearafter clicking on the
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Plotting

Plotting

FigureC.1: VariableChartCalculationModuleNew DialogBox

“OK” button. As mentionedearlier, the persistentclassesinvolved in this

module’scustomisationaremoos.data.VariableControlChartItemandmoos.data.NewSubgroup.

The following menuas shown in Figure C.2 requiresthe developerto add

new attributesto thewizardfor customisation.The“Add” buttonis usedfor

this purpose.For this demonstration,threeattributesof doubledatatypeare

added.They areMR_Upper_Control_Limit, MR_CenterlineandMR_Lower_Control_Limit.

By clicking on “Next” button,thesummaryof theattributesis generatedfor

referenceasshown in FigureC.3.Thenew classnameismoos.data.VariableControlChartItemNew

now. It hasthreeadditionalattributesif comparedto theoriginal baseclass.

Thenext stepis to customiseclassmoos.data.Subgroupafterclicking on

thefinishbuttononthesummaryfor classmoos.data.VariableControlChartItemNew.

As shown in FigureC.4,anew attributecalledMoving_Rangeof doubledata

type is addedfor the new classmoos.data.NewSubgroupwhich is extended

from classmoos.data.Subgroup.
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FigureC.2: Customisationof Classmoos.data.VariableControlChartItem

FigureC.3: Summaryof Classmoos.data.VariableControlChartItemNew
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FigureC.4: Customisationof Classmoos.data.Subgroup

After the customisationof the persistentclasses,the IDE will generate

the codebasedon the customisation.Thereare threefiles beinggenerated

as shown in Figure C.5. Thesefiles are NewSubgroup.java, NewVariable-

ControlChartController.java andVariableControlChartItemNew.java. New-

Subgroup.javaandVariableControlChartItemNew.javaarethenew classesin-

heritedfrom thepersistentclasses.NewVariableControlChartController.java

provides the functionsfor the calculationof the threeadditionalattributes

for the classVariableControlChartItemNew. Developerscan customisethe

functionsto addtheiralgorithmfor thecalculation.Thesourcecodefor Vari-

ableControlChartItemNew.java is shown in TableC.1. The sourcecodefor

NewSubgroup.javais shown in TableC.2. Thesourcecodefor NewVariable-

ControlChartController.java is shown in TableC.3.

Thefinal stepsfor thecustomisationof Variable Chart CalculationMod-

ule is compilation. From the IDE menu, selectBuild->Compile Project

menu. The compilationis usingJava compilerprovided by SunMicrosys-

tem. After a cleancompilation,selectthe Build->Build Project menuto

createthe project jar file. After this, plug-in the changesto the appletand

serverof SPCapplicationframework. Thestepsfor plug-inwill bediscussed
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later.

FigureC.5: File Generatedfrom VariableControlChartWizard

packagemoos.data;

public classVariableControlChartItemNew extendsmoos.data.VariableControlChartItem
implementsjava.io.Serializable{

publicdoubleMR_Upper_Control_Limit;
publicdoubleMR_Centerline;
publicdoubleMR_Lower_Control_Limit;

publicVariableControlChartItemNew(){
super();

}

}

TableC.1: SourceCodefor VariableControlChartItemNew.java

After the customisationof the Variable Chart Calculation Module, the
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public classNewSubgroupextendsmoos.data.Subgroup
implementsjava.io.Serializable{

publicdoubleMoving_Range;

publicNewSubgroup(){

}
}

TableC.2: SourceCodefor NewSubgroup.java

new attributesandthe calculationof theseattributeshasbeenimplemented.

The following moduleto be customisedfor chartplotting is Variable Chart

PlottingModule. Thefirst stepfor thecustomisationis to createanew project

from theIDE by selectingtheFile->New. A “New” dialogboxwill appearas

shown in FigureC.6.

Plotting


Plotting


FigureC.6: VariableChartPlottingModuleNew DialogBox

After selectingthemoduleandenteringtheprojectname,thevariblechart

plottingwizardwill appearto customisethechartplottingasshown in Figure

C.7. Click on the“Add” buttonto enterthechartnameandchartclassname

in thecustomisationdialogbox . Thesummaryof thechartbeingaddedwill

appearafterclicking on the“Next” buttonasshown in FigureC.8.

After addingthenew chart,a new classcalled“MovingRange”which is

inheritedfrom chartbaseclassis created.A Java sourcefile calledMovin-

gRange.javais generatedby thevariablechartwizardasshown in FigureC.9.
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public classNewVariableChartControllerextends
moos.module.variableChart.VariableChartController{

publicNewVariableChartController(){

}

public void calculation(moos.data.VariableControlChartItemvccitem){
super.calculation(vccitem);
calculationMoving_range(vccitem);
calculationMR_Upper_Control_Limit(vccitem);
calculationMR_Centerline(vccitem);
calculationMR_Lower_Control_Limit(vccitem);

}

public void calculationMoving_range(moos.data.VariableControlChartItemvccitem){
// write thecodeto calculatethefield here

}

public void calculationMR_Upper_Control_Limit(moos.data.VariableControlChartItem
vccitem){

// write thecodeto calculatethefield here
}

public void calculationMR_Centerline(moos.data.VariableControlChartItemvccitem){
// write thecodeto calculatethefield here

}

public void calculationMR_Lower_Control_Limit(moos.data.VariableControlChartItem
vccitem){

// write thecodeto calculatethefield here
}

}

TableC.3: SourceCodefor NewVariableControlChartController.java
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FigureC.7: VariableChartPlottingModuleCustomisation

FigureC.8: Summaryof VariableChartPlottingModuleCustomisation
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Thesourcecodegeneratedis shown in TableC.4.

FigureC.9: File Generatedfrom VariableChartWizard

Thenew attributesaddedin thecustomisationof VariableChartCalcula-

tion Module is neededto plot the new MR chart. Thus,for the compilation

to besuccessful,theprojectjar file from Variable Chart CalculationModule

needsto becopiedto this project.

After thecustomisationof themodules,anadditionalchartis addedto the

applicationframework. Thenew chartis MRChart. As shown in theappletin

FigureC.10,threenew attributes,MR_Centerline,MR_Upper_Control_Limit

and MR_Lower_Control_Limit appearat the Variable Control Chart Item

field. Fromthemodulemenu,theusercanselectthechartto plot afterenter-

ing the datato the tablebelow VariableControl ChartItem field. The chart

selectionasshown in FigureC.11hastheMR Chartwhich hasbeenadded.

After theselectionof chart,thechartis displayedasshown in FigureC.12.
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public classMovingRangeextendsmoos.module.vChart.Charts{

final Stringname= "Moving Range";

publicStringgetName(){
returnname;

}

publicmoos.module.graph.chart.JChartplotChart(moos.data.Subgroup[]sub){
moos.module.graph.chart.CategoryDataSourcecategoryData= createCategoryData-

Source(sub);
//– chooseline chartor barchartto plot ————–
//chart= moos.module.graph.chart.JChart.createLineChart(categoryData);
//chart= moos.module.graph.chart.JChart.createVerticalBarChart(categoryData);
returnnull;
//– End——————————————

}
public moos.module.graph.chart.CategoryDataSource createCategoryData-

Source(moos.data.Subgroup[]sub){

returnnull;
}

}

TableC.4: SourceCodefor MovingRange.java
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FigureC.10:ThreeNew Attributesat theSPCApplet

FigureC.11:VariableChartSelection
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FigureC.12:Plottingof MR Chart

C.3 Plug-in to SPCApplication Framework

Therearetwo project jar files from the previous customisationthat needto

be pluggedin to the applicationframework. The nameof eachproject jar

file follows theprojectname.They arenewVChartCal.jarandnewVChart.jar

whicharelocatedattheprojectfolderin theidefolder. Copy thesetwoproject

jar files to theappletdirectoryin Webserver root directory. In orderto load

the correctplug-in, a configurationfile calledClientModule.cfganda html

file calledSPCApplet.htmlin theappletfolderneedto bemodified.

Modificationon theClientModule.cfg:

Changethis:

VariableChartModule= moos.module.variableChart.VariableChartModule

VChartModule= moos.module.vChart.VChartModule

to:

VariableChartModule= VariableChartModule

VChartModule= VChartModule
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Modificationon theSPCApplet.html:

Changetheentryin thehtml to:

<PARAM NAME="archive"VALUE="MoosApplet.jar, newVChartCal.jar,

newVChart.jar">

......

archive="MoosApplet.jar, newVChartCal.jar, newVChart.jar"

......

For theserver plug-in, copy the two projectjar files to server folder and

modify therun scriptto bringupserver.

Therun scriptis now:

java-classpathMoosServer.jar:newVChartCal.jar:newVChart.jar<connec-

tion string><user><password>
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