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Abstract

A continuingchallengefor softwaredeveloperss to designanddevelop effi-
cientand cost-efective softwareimplementation.Designinganddeveloping
new manufcturingapplicationsis even time consumingand expensve due
to the natureof manufcturingdomain,whichis diverseandcomplex. Using
an object-orientedapplicationframavork is a promisingmeansfor alleviat-
ing this cost. An object-oriente@pplicationframenork is areusablesoftware
componenproviding large-scaleeusewhich couldincludereuseof analysis,
designandimplementationn orderto developsoftwarefasterto market.

The main objective of this researchs to provide a solutionby develop-
ing an object-orientednanuicturingapplicationframevork in the domain
of StatisticalProcesgControl (SPC),with a setof integratedreusablecom-
ponentswhich canbe customisedo suit specificSPCmanugcturingappli-
cations. This applicationframevork provides a solution for developersto
producespecificmanufcturingapplicationsby makinguseof existing inte-
gratedreusablecomponentgatherthan developing theseapplicationsfrom
scratch.Basedon the structureandbehaiour of variousSPCapplicationsa
genericmodelof SPCis proposedy following theconcepbf object-oriented
technology softwarecomponentechnologyanddesignpattern. This disser
tationwill describan detailthearchitectureanddesignin thedevelopmenbf
theapplicationframenork for statisticalprocessontrolin the manugcturing

domain.



Chapter 1

Intr oduction

One of the main challengescontemporaryorganisationsincreasinglyface
is generatedby the compleity of software development. While comput-
ing power andnetwork bandwidthhave increaseddramaticallyover the past
decadethedesignandimplementatiorof complex softwareremainexpensve
anderrorprone(Fayad& Schmidt1997). Thetime betweentwo release®f
asoftwareproductis diminishing,yet the developmentyclesof the software
arestill too long, which oftenresultin softwareproductsthatdo notaddress
businesgroblemsadequatelyOneof themaincausess thatmuchof thecost
andeffort aregeneratedby thecontinuougediscoeryandreirventionof core
conceptandcomponentsAs aresult,aflexible, extensibleandmaintainable
softwareis neededo solve theseproblems.

Theseproblemshave motivatedresearchersand software developersto
startadoptingthe approachof systematicsoftwarereusein the development
of software. Importantprogressowardssoftware reusewas madewith the
emegenceof the object-oriented OO) paradigm. The useof OO program-
ming (OOP)in conjunctionwith classlibrariespromiseso leadto software
designmeetingthe above requirements.The OOP mechanismdik e inheri-

tance,polymorphismanddynamicbinding, enablethe developmentof more



flexible, easilymaintainableandlesserrorpronesoftware. As a result,the
software industry hasmoved towardsembracingobject-orientedechnology
becausef its potentialto significantlyincreasedevelopers’productvity and
encourageénnovationthroughreuse.

Large-scalesoftwarereuses provento beableto improve quality andre-
ducecostandtime-to-marletin softwaredevelopmen{Henry& Faller1995).
Still, all the OO techniquegprovide reuseonly at the level of individual and
smallcomponentsThe morecomplex problemof reuseat the level of large
componentshatcanbeadaptedor individual applicationsvasnotaddressed
by the OO paradigmitself. Object-orientedapplicationframenorks (OOAF),
large OO structureghatcanbetailoredfor specificapplicationscarrythe OO
paradignfurtherby providing infrastructureandflexibility for deploying OO
technologyandenablingreuseat a largergranularity(Bosch,Molin, Mattson
& Bengtsonl997). An OOAF, which is an extensiblesetof object-oriented
reusablecomponentshat are well integratedto executewell-definedsetsof
computingbehaiour on a certainapplicationdomain,is a goodanswerto a

dramaticimprovementn softwaredevelopment.

1.1 Motivations

This researchis motivatedby several problemsand needsin the manufc-
turing applicationsystemsdevelopmentand advancemenbf the application
framavork. Manufacturingentailsan extensie rangeof subjectareagelated
to the entirelifecycle of productsfrom developmenthroughproductionand
beyondto productsupport.As a result, manufcturingsystemsnustbe flex-

ible, reliable, and scalablein orderto meetthe rapidly changingneedsof

todays enterprises.

StatisticalProces<ontrol, is a tool thatbusinessesandindustriesuseto



achieve quality in their products. Universally businesseandindustriesuse
mathematicandstatisticalmeasurement® solve problems.Thereis anin-
creasingdemandfor managerandworkerswho understandandare ableto
apply SPCmethods.SPCis awell-proventechniquausedto monitorthe per
formanceof aprocesswhichthenprovidesthebasisfor achieving continuing
improvementsn productquality andproductvity. SPCusinga relatedsetof
statisticallybasedoolsfor monitoring,analysingandeffectingimprovements
in arny process.EachSPCfacility hasspecificprocessingequirementghat
needto be accommodatedh orderto successfullyoperate. Therefore,ap-
plication frameawvork technologyprovides a promisingapproachto building
suchsystems.This researchs to develop a statisticalprocesscontrol (SPC)
applicationframework that providesa setof integratedreusablecomponents,
which areflexible, customisablendeasyto reusefor adaptatiorof specific

SPCapplications.

1.2 Problem Statement

Designinganapplicationframewnork with theintegrationof thestatisticalpro-
cesscontrol (SPC)domainis notaneasytask. A goodapplicationframework
requiresgoodscopedefinition. If the scopeis too broad,the framewvork will
requirea greatdealof programcodeto createa specificapplicationor it will
requireanenormousamountof codeto build theframework to alevel of com-
plexity whereit canhandleall the caseswithout resortingto writing program
code. If the scopeis too narraw, the framework will not be applicableto
enoughsystemdo warrantinterest.

The SPCdomainin manugcturinginvolvesa lot of applicationsjnclud-
ing graphplotting, analysisandcalculation. After having donea surwey and

study of the domain,theseapplicationsare divided into two groups,which



arethevariablecontrol chartsandattribute control charts. Thesetwo groups
of applicationsconsistof mostof the basicapplicationsandrequirement®f

SPCsystemsn the manufcturingfield. Variablecontrol chartsmeasurdhe
guantitatve measurementsf a particularcharacteristiof a productandplot

theresults.Attributecontrolchartsmeasuravhetheror notaproductof apar

ticular systemor procesameetsa certaincriteria. An attribute control chart
plotsthe numberof outputsmeetingthis criteriaratherthanquantitatve data
asin thevariablecontrolcharts.

Theapplicationframavork in this researclprojectshouldallow software
developersto usebuilt-in facilities to develop a new SPCapplication. This
is achieved by designingthe framenork basedon anopendesignwith alay-
eredarchitectureallowing the userto extendthe framewvork’s functionality.
With this applicationframeawvork, a different SPCapplicationcan be devel-
opedby simply reusingappropriatereusablecomponentf the application
framavork. The reusablecomponentsre actually the genericcomponents
provided by the applicationframevork that canbe usedto developa similar
but non-identicakype of applicationto suitthe specificneeds.

In orderto letthedevelopercustomisendconfiguretheapplicationframe-
work easily wizardsarecreatedo provide step-by-stegustomisatiorof the
genericcomponentia an IntegratedDevelopmentErvironment(IDE) (Lee,
Thin & Liu 2001a). The variation and extensiblepoints of the application
framawork that are usedto exploit variability of featuresare mappedn the
GUI (graphicaluserinterface)provided by the IDE. In this way, the develop-
erscancustomiser extendavariationor extensiblepointwhichthey selected

throughawizardassociatedo thatvariationpoint.



1.3 Objectivesof Reseach

Baseddntheproblemstatementiscussedh theprevioussectionthe SPCap-
plicationframavork developedin this researchprojecthasseveral objectves

asstatedbelow:

e To develop an OO applicationframenork in the domainof manufc-
turing statisticalprocesscontrol. The developmentof the application
framework is basedon the commonapplicationsystemsof the SPC,

which arewidely usedin quality controlin manufcturing.

e To provide agoodsoftwarearchitectureby designinga layeredsystem
architecturethat is suitablefor the proposedSPC applicationframe-

work.

e To shortenthe time for developing SPC applicationsystemsthrough
reusingtheframawvork architecturdoy interfacingwith framework com-
ponentsn GUI form. Theapplicationframavork shouldbeeasyto use
anduseronly needto learnafew functions.In orderto achie/ethis ob-
jective,wizardsin thel|DE aredevelopedfor theapplicationframenork
to provide step-by-stemssistancén frameavork componentselection

andconfigurationto adefaultapplication.

1.4 Scopeof Reseach

The constructionof a SPCapplicationsystembasicallyinvolvesimplement-
ing a reusablecontrol chartcomponenin the framawork for the purposeof

later adaptionor configurationby developers.At the highestlevel, a generic
controlchartcomponents provided by the applicationframenork to support
a variety of control chartsin oneof its variability pointsmeantfor adaption

accordingto the specificneedsof the developer who is alsoreferredto as

5



reuserinterchangeablyn variouspartsof this dissertationThis SPCapplica-
tion framework providestwo cateyoriesof control charts. They arevariable
contmol chartsandattribute control chartswhich areusedfor quality control
work to controlmanufcturingprocessVariablecontrolchartsincludeX-Bar
Range chart,Rang chart,Sigmachartand X-Bar Sigmachartwhile attribute

controlchartsincludeP chart,NP chartandC chart.

1.5 Reseach Significance

Thereareseveraladvantagedo developingapplicationsystemsy usingap-
plicationframenork approach.The stableinterfacesprovided by application
frameworks enhanceeusabilityby defininggenericcomponentshatcanbe
reappliedo createnew applications Frameavork reusabilityleverageshedo-
mainknowledgeandprior effort of experienceddevelopersin orderto avoid
re-creatingand re-validating commonsolutionsto recurringapplicationre-
guirementandsoftwaredesignchallengesReuseof framevork components
canyield substantialmprovementsn programmersproductvity, aswell as
enhancingthe quality, performanceyeliability and interoperabilityof soft-
ware.

Thearchitectureanddesignof theapplicationframenork is well designed
for reuse Much of thefunctionalityof SPCapplicationdhasbeenmadeavail-
ablein theapplicationframenork. Therefore similar applicationswith some
exceptional,specificdifferentrequirementsan be built by usingthe appli-
cationframework asa startingpoint, ratherthandevelopingeverythingfrom
scratch.As aresult,time for developmentbecomeshorterandthis will lead
to a bettercostsaving. In addition,specificapplicationsdevelopedfrom the
applicationframavork are more reliable and the efficiency of development

will beincreasedaincetheapplicationframenork hasbeencarefullydesigned



andtested.

Oneof theprimarybenefitsof anOO applicationframenork is its intrinsic
modularity An applicationframevork enhancesnodularityby encapsulating
volatile implementationdetailsbehind stableinterface. Frameavork modu-
larity helpsimprove software quality by localisingthe impactof designand
implementatiorchanges.This localisationreduceghe effort requiredto un-

derstandandmaintainexisting software.

1.6 Chapters Organisation

Thethesisis organisednto thefollowing chapters:

Chapter 2 is a literaturereview of somerelatedtopics suchas object-
orientedtechnologysystematisoftwarereusecomponenbasedsystemsand
existing applicationframeworks. This chapteralsocontainsa brief overvien
of themanufcturingdomain.

Chapter 3 describesheapplicationsmodelof the SPCapplicationframe-
work andits architecturewvhich is basedon the layeredmodel. This chapter
alsopresentshe methodologyfor developingthe applicationframenork.

Chapter 4 focuseson the analysisanddesignphasesf developmentof
the SPCapplicationframewvork. This chaptershonvstheusecasemodel,anal-
ysis model, high-level designmodel, detaileddesignmodel, classhierarchy
anddesignpatternof the SPCapplicationframenrok.

Chapter 5 focuseson the implementatiorof the applicationframework.
Thischapterdescribeslsothecustomisatiorof theapplicationframevork by
usingthewizardtools provided.

Chapter 6 is the conclusion summaryanddiscussiorof the SPCappli-

cationframenork whichis developedwithin this researclproject.



Chapter 2

Literatur e Review

Reuseof softwarehasbeena goal of softwareengineeringor decadesWith
the emegenceof OO techniquesimportantprogressowardsachieving this
goalwasmadepossible An OO applicationframenork (OOAF) is essentially
thedesignof asetof objectsthatcollaborateo carryouta setof responsibili-
tiesin aparticularproblemdomain.Suchframewvorkshave attractechttention
from mary researcherandsoftwareengineergor their ability to facilitatethe
reuseof largercomponents.

The literaturereview describedn this chapterprovidesthe background
andfoundationof the OO applicationframenork, which is the basisfor this
researclproject. Themaingoalof this chapteiis to facilitatethedevelopment
and analysisof OOAF by presentingheir main underlyingconceptsalong
with themainadwantagesnddisadantagesissociatedvith theiruse.Section
2.1is relatedto identify the needfor softwarereusein this context. Section
2.2 briefly introducesthe OO paradigm,as frameworks rely heavily on its
mechanismsuchasinheritance objectcompositionand polymorphism.In
section2.3, OOAF is introducedwith its definition and classificationsand
someof theexisting framenorksarealsoreviewedin thissection.Theinternal

component@andthe iterative processof building a framewvork with its main



phasess thendescribedn the next two sections Section2.6 pointsoutsome
consequencesf usingframewnorks, highlighting someof their strengthsand
weaknessesThe last sectionbriefly discusseshe applicability of OOAF to

the SPCproblemdomain.

2.1 Software Reuse

Softwareis difficult to develop, modify andmaintain. Most softwarearede-
liveredlateandover budget.Evenin this ageof informationalandtechnolog-
ical advancementsoftware developersstill have to createsoftware systems
from scratchdueto the lack of reusablecomponents.As such,a software
compaly canhave a competitve advantageover its competitorsby deliver-
ing productsfasterandbeingableto adaptquickly to new changesy using
systematiceusestratgy (JacobsonGriss& Jonssori997).

It is proventhata higherlevel of abstractiorgivesa greaterpotentialfor
reuse(Coad& Yourdon1990). Thereis a consensushat thereare mary
opportunitiesor reusethatspanthe entirelife cycle of the productsin asys-
temsdevelopmentervironment. Reusds the useof existing artifactsof soft-
ware developmentsuchas design,specificationscode,documentatiorand
test plans (Booch 1994), elsavherewithin a projector on other projects.
Sincesoftwaredevelopmentschedulesestimatesandcostsareheavily influ-
encedby the amountof newv codethat hasto be designedanddeveloped,if
softwaredevelopmenis on thecritical pathof a project,reusingof the exist-
ing design,specificationsand codecanhave a significantpositive impacton
costsandschedulegor a project.

A significantportion of the study concentrate®n systematicreusein
which organisationsdesignsoftware to be reusable. For example, in two

of the divisions of Hewlett Packard(HP) (Lim WayneC. 1994),reuseis a



critical ingredientin achieving productvity andquality objectives. Available
design,specificationand codeare usedseveral times, the accumulatedixes
in eachuseresultsin ahigherquality product. Thereusetechnologyprovides
componentshat canbe easily connectedo develop a new system. The de-
veloperdoesnot have to know how the componenis implementedout only
needsto know how to useit. The resultingsystemwill be efficient, easy
to maintainand more reliable. Most work in software reusehasaddressed
compositiontechnology(Biggerstaf & Richter1989),wherecomponentsire
consideredo belargely atomicandideally unchangedvhenreuse although
someadaptatiormay be required. The componentsare the building blocks
usedin constructingandderiing a new softwaresystem.

Component-basesoftware developmentfocuseson building large soft-
ware systemsby integrating previously existing software components.By
enhancingthe flexibility and maintainability of systemsthis approachcan
potentiallybe usedto reducesoftware developmentcosts,assemblesystems
rapidly, andreducethe maintenancéurdenassociatedvith the supportand
upgradeof largesystemsAt thefoundationof thisapproachs theassumption
that certainpartsof large software systemgeappea#vith sufiicient regular
ity that commonpartsshouldbe written once,ratherthanmary times, and
thatcommonsystemsshouldbe assembledhroughreuseratherthanrewrit-
ten over and over. Reuseof componentss more productve than reuseof
code(Khajenoori& Linton 1994)sincereuseof higherlevel units involves
lessapplicationor implementatiorspecificconstraints.

Softwarereuses oneof the mostimportantissuedor improving the pro-
ductwvity of software developmentprocesses.In the developmentprocess
of reusablesoftware, therearedifferentstartingpointsfor building reusable
component,eachwith emphasison other actvities: basedon the general-

ization of several similar applications pasedon the reengineeringf legacy

10



software or basedon models(Philippov & Riebisch2001). All approaches
requirea smoothcooperatiorof stakeholderswhoserolesvary in deifferent
developmenfphasesTheserolesaredomainexperts,softwareengineerand

endusers.

2.2 Object-Oriented Programming

The main obstaclesencounteredn traditional proceduralprogrammingan-
guagesuchasdifficulty in extendingandspecialisingunctionality, difficulty
in factoringout commonfunctionality for reuse,barrierto interoperability
maintenanceverheadTaligentinc. 1998),have forcedthe softwarecommu-
nity to look for new approacheo softwareprogramming.

The OO paradigmpresentsiew techniquedo facethe challengeof build-
ing large-scalerogramslt originateswith Simula,which wasinitially dedi-
catedto solving simulation(modelbuilding) problems.Sincethen,OO tech-
nologyhasbeenexploitedin awide rangeof applicationsncludingdatabases,
operatingsystemsdistributedcomputinganduserinterfaces.Themainbene-
fits of theobject-orientecpproachaspresentedn AbadiandCardelli(Abadi
& Cardelli1996)are:

e The analogy betweensoftware models and physical models The
analogywith a physicalsystemmodel hasprovedto be usefulin the
procesf developinga software model. It makesthe analysisof the

problemmoreefficient.

e Theresilienceof the software models.Unliketheapproactadwcated
by proceduralanguageswhich emphasisethe useof algorithmsand
proceduresthe designof OO systemsmphasisethe binding of data

structuresvith themethoddo operateonthedata. Theideais to design

11



objectclasseshatcorrespondo theessentialeaturesof aproblem.Al-

gorithms factoredn methodsandencapsulateh objectsform natural
dataabstractiorboundariesThe mainconsequencef encapsulatioins
thatit helpsfocuson modellingthe systemstructureratherthantrying

to fit aproblemto the procedurabpproachof acomputedanguage.

e The reusability of the componentsof the software model. Objects
arenaturallyorganisednto hierarchiesluringanalysisdesignandim-
plementatiorandtheseencourageshe reuseof methodsand datathat
arelocatedhigherin the hierarchy Furthermorethis propertygener
atesall the otheradwantagesassociateavith softwarereuseincluding

low maintenanceverheadhigh productvity, etc.

Oneof themainadwantage®f the OO paradigmis thatit promoteghereusabil-
ity of softwarecomponentsResearcher§lohnson& Foote1988)(Johnson
& Russ01991) (Opdyke 1992) have identified attributesof object-oriented

languagesisdescribedelow thatpromotereusablesoftware:

e Data abstraction refersto the propertyof objectsto encapsulat®éoth
stateand behaiour. The only way to interactwith an objectandto
determinean object stateis by its behaiour. Thus, dataabstraction

encouragemodularsystemghatareeasyto understand.

e Inheritance is the sharingof attributesbetweena classand its sub-
classeqAbadi & Cardelli 1996). It promotescodereuse,sincecode
sharedby several classesanbe placedin their commonsuperclas$o
beinheritedandreused.The programmercandefinein this casea nen
classby choosingacloselyrelatedclassasits superclasanddescribing
the differencebetweerthe old andnew classesThis style of program-

ming is called programming-by-diierence(Johnson& Foote 1988).
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Anotheradwantageof inheritances thatit providesa way to organise

andclassifyclassessincesibling classesreusuallyrelated.

e Polymorphism is definedby Booch(Booch1994a) as: "A conceptin
type-theory accordingto which a name(suchasvariabledeclaration)
may denoteobjectsof mary differentclasseghatarerelatedby some
commonsuperclassthus, arny objectdenotedby this nameis ableto
respondo somecommonsetof operationsn differentways."In other
words,a methodcanbe invoked on an objectwithout knowing the ob-
ject’'sexacttype. Becauseat workswith awider rangeof attributesiit is
easielto reusea polymorphicmethodthanonethatis not polymorphic.
For example theexpressiora+bwill invoke differentmethodsdepend-
ing uponthe classof the objectin variablea. Operator'+" in this case
is overridenin eachclass. Polymorphismallows an objectto interact
with otherdifferentobjectsaslong asthey have the sameinterface. It
simplifiesthe definition of client objects,decouplesbjectsfrom each
otherandallows themto vary their relationshipgo eachotherat run-

time (GammaHelm, Johnsor& Vlissides1995).

Object-orientedanguageshave introduceda significantrevolution in pro-
grammingtechniqguesHowever, evenif the programmingob is madeeasier
asthe work is performednow at a higherlevel of abstractionwith objects
andclasdlibraries,theprogrammers still responsibldor providing thestruc-
tureandtheflow controlof theapplication.Thereforeyeusabilityis achieved
mainly attheclasdevel andonly rarelyatahigherlevel (e.g. structuralevel).
OOAF, asit will be seenin the next sectionsgcarrythe OO paradigmfurther

by aimingatreusingsoftwareatalargerscale.
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2.3 Application Frameworks

2.3.1 Framework Definitions and Concepts

Mostauthorsagreghatanframework is areusablesoftwarearchitectureeom-
prisingbothdesignandcodebut no generallyacceptediefinition of aframe-
work andits constituentpartsexist. A widely acceptediefinition of frame-
work comedrom RalphE. Johnsor{Johnsor& Foote1988)of theUniversity
of Illinois:

“A framavorkis a setof classegshat embodiesan abstract designfor so-
lutionsto a family of relatedproblemsand supportseusesat a larger granu-
larity thanclasses”

Thekey termsin the definition of framework are:

e Setof classes The setof classesefersto a numberof object-oriented

classesorrespondindo theessentiafeaturesof a problemdomain.

e Design Thedesignof anapplicationdefinesthe overall structureof an
application,its partitioninginto classesandobjects,the key responsi-
bilities thereof,how the classesandobjectscollaborate andthe thread

of control.

e Abstract design An abstractdesignis a designin which someof the
componentgclassespre abstract. Abstractclassedefinemethodsin
termsof a few undefinedmethodshat have to beimplementedoy the

subclasses.

e Solutionsfor a family of relatedproblems The solutionsto afamily
of relatedproblemsusually have commonelements.They canbelong
to particularbusinessainits (suchasdataprocessingr cellularunits)or

applicationdomains(suchasuserinterfacesor real-timeavionics).
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e Reuse Softwarereuseis the useof existing assetsn someform within
the softwareproductdevelopmentprocess More thanjust code,assets
areproductsandby-productsf thesoftwaredevelopmentife cycleand

includesoftwarecomponentstestsuites designsaanddocumentation.

e Granularity . Granularityin this definition refersto the level of reuse.
Low granularityreuseis the reuseof componentsvhile highergranu-

larity reuserefersto designor analysisreuse.

JacobsorfJacobsortal. 1997)definesaframavork asanabstracsubsystem
with asmallarchitecturehatoffersanincompleteéemplatefor systemsvithin
a particulardomain. A frameavork senesa foundationto an applicationde-
velopmentthat providesa domainsystemwith basicarchitectureof classes
pacledin softwarecomponentanddesignof subsystemsA framewvork usu-
ally definesthe overall structureof all the applicationsderived from it, their
partitioninginto classesandobjects the key responsibilitieghereof,how the
classesand objectscollaborate andthe threadof control. The developeris
only responsiblefor customisingthe framewnork to a particularapplication.
This consistamainly of extendingthe abstractlassegprovidedby the frame-
work.

Application framaworks are skeletonsthat definethe basicdesignof an
application.They provide codefragmentsasthefoundationof theapplication.
Moreover, framevorksaremuchmorethanmereclasslibraries. They consist
of large setsof codecomponentsandincludethe glue that lets the various
classescooperate. In other words, frameavorks are setsof abstractclasses
with predefinedinterfacesand problem-adoptedavent handling. They are
morecustomisablé¢hanmostcomponentandhave amorecompleinterface.
Throughtheuseof interfacesandabstractlassesaframenork imposesrder

andstructureto anapplication.This orderandstructureallows the developer
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to concentrateon solving the mission critical aspectsof the projectrather
thanworrying aboutthe glue thatholdsit all togetherfAhamed,Pezevski &
Pezevski 2004).

A framework is a partialdesignandimplementatiorfor anapplicationin
agivenproblemdomain.Thecoreframevork designcomprisesothabstract
andconcreteclassesn the domain. The concreteclassesn the framework
areintendedto beinvisible to theframevork user An abstractlassis either
intendedo invisibleto theframework useror intendedo besubclassety the
framawvork user The core framevork designdescribeghe typical software
architecturdor applicationgn thedomain.

However, the core framevork designhasto be accompaniedvith addi-
tional classego be moreusable. Theseadditionalclassegorm a numberof
classlibraries, referredto asframeavork internalincrements. Two common
catgyoriesof internalincrementghat may be associatedvith a core frame-

work designarethefollowing:

e Subclassepresentingommonrealisationof the conceptapturedoy
the superclassesFor example, an abstractsuperclassDevice’ may
have a numberof concretesubclassethatrepresenteal-world devices

commonlyusedin thedomaincapturedoy the framework.

e A collectionof subclassesr classesepresentinghe specificationgor
a completeinstantiationof the framework in a particularcontext. For
example,a graphicaluserinterfaceframevork may provide a collec-
tion of classedor a framework instantiationin the context provided by

Windows 95.

Theframevork canbe seemasgeneratie sinceit is intendedo be usedasthe
foundationfor thedevelopmenif anumberof applicationsn theapplication

domaincapturedoy the framewvork. Thisis in contrastto the normalway of
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developinganobject-orientedipplication.The differencein thedevelopment

processs outlinedin Figure2.1.

Application

Framework
Design

Domain
Analysis

Application 1

Application 2
Application n

Figure2.1: TraditionVersus-ramevork-BasedApplication Development

Object-OrientedApplication Frameavork (OOAF) representshe scaling
up of thefundamentaprincipleof OO programmingwhichis inheritanceand
dynamicbinding. By having thesefeaturesa new classcanbeimplemented
by providing only what s differentin this comparedto one which already
exists. With OOAF, the sameprincipleis appliedto thewholeapplicationsor
subsystemssothatthe effort to developa new applicationis proportionalto
the differencein functionality betweenthe particularapplicationandthatin
theframework.

In contrastto traditional approacheso software reuse,which are built
on the paradigmof libraries containinga large numberof small building-
blocks, OOAF allows the highestcommonabstrationevel amonga number
of similar productsor applicationgo becapturedn termsof generakconcepts
andstructures.This createsa genericdesignthatcanbeinstantiatedor each
existing productaswell asfor productsto be developedandmarketedin the
future.

Frameavorksareideally suitedfor capturingthe commonalitiesn a prod-
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uct family. The bulk of the functionality canbe capturedn the framework,
which is maintainedas a single system. Eachproductis an instantiationof
the framavork, wherethe amountof uniquecodeis proportionalto only the
amountof specificfeaturesn thatproductandnotto its total complexity.

An OOAF canbe seenasa classlibrary which is built on a systematic
andextensve useof polymorphismor dynamicbinding. OOAF grows out of
the obsenationthatinheritanceandlate-bindingpolymorphismare powerful
abstractiormechanismsandprogramghatareexpressedn anOO program-
ming languagecan be reusedby incrementallyadaptingthem to different
needs. Among the earliestexampleof OO applicationframenorks wasthe

SmalltalkModel-View-Controllerframavork.

2.3.2 Object-oriented Application Framework and Other

Concepts

In (Firesmith1994),thefollowing is usedasa definition:

A framework is a significantcollectionof collaboratingclasseghat cap-
turebothsmall-scalgatternandmajormechanismghatimplementcommon
requirementanddesignin a specificapplicationdomain.

Basedon this definition,an object-orientedramevork canbedefinedas:

A architectureesignedor maximumreuseyepresentedsacollectiveset
of abstracandconcreteclassesencapsulategotentialoehaiour for subclass
specialisations.

Basednthedefinition,therearesomedifferencedetweerobject-oriented

framawvork with otherconceptsuchas:

e anobject-orientedlesignpattern
e apatternlanguage

e aclasslibrary
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e anordinaryobject-orienteagpplication

An object-orienteddesignpatterndiffers from a framework in three ways

(Gammeetal. 1995):

e Thedesignpatternsare moreabstracthana framework. Framavorks
areembodiedn code. This is not the casefor designpatternswhere
only examplesof the designpatternsare embodiedin code. The de-
sign patternsalsodescribethe intent, trade-ofs andconsequencesf a

designwhichis notthe casefor framework.

¢ Designpatternsare smallerarchitectureghanframevorks. A frame-
work can containin a numberof designpatterns,but the oppositeis
never possible. Thus,the designpatternshave no majorimpactof the

applications architecture.

e Framavorksaremorespecialisedhandesignpatterns Frameavorksare
alwaysrelatedto aspecificapplicationdomain whereaslesignpatterns

aregeneralandcanbeappliedin any applicationdomain.

A patternanguagaliffersfrom framewvorksin theway thata patternanguage
describediow to make a designwherean object-orientedramenork is a de-
sign. Describingin anothemway, a patternlanguagenstructsus how to doiit,
while aframavork doesit for us.

A classlibrary is a setof relatedclasseghat provides general-purpose
functionality The functionality typically coveredby classlibrariesare, for
example,collectionclasseglists, stacks sets,etc) andlO-handling. The dif-
ferencebetweena classlibrary anda framework is the degreeof reuseand
its impacton the architectureof the application. Theframevork hasa major
impacton the architectureof the framavork-basedpplicationdeveloped. A

classin a classlibrary is reusedindividually and a classin a framework is
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reusedtogetherwith otherclasssesn the frameavork to solve a specificin-
stanceof acertainproblem.

An object-orientechpplicationdiffers from a framework in the way that
the applicationdescribesa completeexecutableprogramthat satisfiesa re-
guirementspecification. This is contrastto the framework that captureghe
functionalityof theapplication but is notexecutabléecausé doesnotcover

the behaiour in the specificapplicationcase.

2.3.3 Classificationof Frameworks

Thereare mary typesof framewnorks on the market, rangingfrom low-level
framavorksthatprovide basicsystemsoftwareservicessuchascommunica-
tion, printing, andfile systemssupport,to very specialisecigh-level frame-
works for userinterfaceor multimediasoftware components.Although the
underlyingprinciplesare largely independenof the domainsto which they
areapplied,a classificatiorof frameavorksby their scopes sometimesiseful
(Fayad& Schmidt1997).

Systeminfrastructur e frameworks. Their primaryuseis to simplify the
developmentof portableandefficient systeminfrastructurencluding operat-
ing systemscommunicatiorframevorks andframeavorks for userinterface.
Being usedinternally within the organisationthey are not typically sold to
customerglirectly.

Middlewar e integration or support frameworks. Their primary use
is to integratedistributedapplicationsandcomponentsThey aredesignedo
enhanceheability of softwareto bemodularisedreusedandeasilyextended.
Examplesof middleware frameworks include object requestbroker (ORB)
framavorks, message-orientediddlevareandtransactionatiatabases.

Enterprise application or domain frameworks. Their primaryuseis to

supportthe developmentof end-userapplicationsand productsdirectly and
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thereforerepresenthe baseof enterprisebusinessactiities. They address
differenttypesof applicationsn abroadapplicationdomainsuchastelecom-
municationsavionics,manufcturing,.educatiorandfinancialengineeringln
spiteof the costof developmentand/orpurchaseenterprisdramavorks can
provide asubstantiateturnoninvestmensincethey supportthedevelopment
of end-usemapplicationsandproductsdirectly.

Anotherimportantclassifications to considerthe techniquesisedto ex-
tenda framework. Fromthis perspectie, framevorks rangealonga contin-
uumbetweerthetwo extremesasfollows:

White-box or architecture-driing frameworks rely hearily on OO fea-
turessuchasinheritanceand dynamicbinding. The framework is extended
eitherby inheritingfrom framework baseclasse®r by overridingpre-defined
hook methodgFayad& Schmidt1997). A white-boxframework definesin-
terfacesfor componentghat canbe pluggedinto it via objectcomposition.
However, thedifficulty of usingwhite-boxframeworksresidesn thefactthat
they requirein-depthunderstandingf the classedo be extended. Another
weaknessspecificto subclassingn generaljs the dependencamongmeth-
ods: e.g. overriding one operationmight requireoverriding anotherand so
on. Subclassinganleadin this caseto anexplosionof classes.

Black-box or data-drvenframeavorksarestructuredusingobjectcompo-
sitionanddelegationratherthaninheritance They emphasiselynamicobject
relationshipgatherthanstaticclassrelationshipsA new functionalitycanbe
addedto a framavork by composingexisting objectsin newvw waysto reflect
the behaiour of anapplication. The userin this casedoesnot have to know
theframawork in-depthdetails,but only how to useexisting objectsandcom-
bine them. Black-boxframenorks arethereforegenerallyeasierto usethan
white-boxframeavorks. On the otherhand,black-boxframewvorks aremore

difficult to developsincetheirinterfacesandhookshave to anticipatea wider
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rangeof potentialuse cases. Due to their predefinedfexibility, black-box
framavorks are morerigid in the domainsupported. Heary use of object
compositioncan also make the designsharderto understand.Nevertheless,
mary framework expertsexpectanincreasingoopularityof black-boxframe-
works, asdevelopersbecomemorefamiliar with techniquesand patternsfor
factoringout commoninterfacesandcomponents.

Thesetwo cateyoriespresente@bove areextremecasedecausen prac-
tice a frameawvork hardly ever is pure white-box or black-box, or hasonly
calledor callingcomponentsln generaljn aframework, inheritancds com-

binedwith objectcomposition.

2.3.4 Review of Existing Frameworks

An applicationframenork is a reusable,“semi-complete”applicationthat
canbe specialisedo producecustomapplications(Johnson& Foote 1988).
In contrastto earlier OO reusetechniqueshasedon classlibraries, frame-
works aretargetedfor particularbusinessunits (suchas dataprocessingor
cellular communicationsind applicationdomains(suchas userinterfaces
or manugcturingapplication).Framevorkslike MacApp, ET++, Interviews,
ACE, Microsoft'sMFC andDCOM, JaraSoftsRMI andEJB (Enterpriselava
Bean)andimplementation®©f OMG’s CORBA play anincreasinglyimpor-
tantrole in contemporarysoftware development. Someof the first frame-
worksweredevelopedto supportGUI applicationsjncludeApple’s MacApp
and Next’'s NextStepin the 1980s. Othersof the betterknown framework
projectswere Taligents CommonPointdevelopedby Apple and IBM, and

Microsoft FoundationClassegMFC) by Microsoft.
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2.3.4.1 Model-View-Controller

Model-View-Controller (MVC) is a designpatternfor building userinter-
facesdevelopedusing the Smalltalk programmingernvironment. The MVC
paradigmis away of breakinganapplicationor evena pieceof anapplication
interfaceinto threeparts:the model,the view, andthe controller The model
is theunderlyinglogical representatiorthe view is the visualrepresentation,
andthe controller specifieshow to handlethe users input. Whena model
changesijt notifiesall views thatdependon it. A view usesa controllerto
specifyits responsenechanismFor instancethe controllerdeterminesvhat
actionto take whenreceving input from the keyboard. This separatiorof
stateandpresentatiorallows for two very powerful features.

1. Multiple views basedon the samemodelis consistent.For instance,
a setof datacan be presentedn both table form and chartform. As the
datamodelis beingupdatedthe modelnotifiesbothviews andgiveseachan
opportunityto updateitself.

2. Modificationor creationof the views canbe donewithout affectingthe

underlyingmodelsincemodelsspecifynothingaboutpresentation.

2.3.4.2 Common Object RequestBroker Ar chitecture

CommonObjectRequesBroker Architecture(CORBA) is the standardlis-
tributedobjectframevork developedby theObjectManagemenGroup(OMG)
consortium.It is acommonobjectrequesbroker architecture ORB (Object
RequesBroker) is the middlewarethat establisheshe client-serer relation-
shipsbetweerobjects.

Using an ORB, a client cantransparentlyinvoke a methodon a sener
object, which canbe on the samemachineor acrossa network. The ORB
interceptghe call andis responsibldor finding anobjectthatcanimplement

therequestpassit the parametersinvoke its method,andreturnthe results.
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The client doesnot have to be aware of wherethe objectis located,its pro-
gramminglanguageits operatingsystempr ary othersystemaspectshatare

not partof anobjectsinterface.In sodoing,the ORB providesinteroperabil

ity betweenapplicationson differentmachinesn heterogeneoudistributed
ernvironmentsandseamlesslynterconnectsnultiple objectsystems.

In ORB or CORRBA, aclientis definedasany codewhich invokesanop-
erationon adistributedobject,while seneris a programthatcontaingheim-

plementation®f oneor morelDL (interfacedefinitionlanguage)nterfaces.

2.3.4.3 Visual ComponentFramework

The Visual Componentrramevork (VCF) is a C++ framavork thatis cre-
atedto provide a simple-to-usecrossplatform GUI framework, with mary
of the advanceddesignfeaturesof Java andJava’s Swing,andBorlands Vi-
sualComponent.ibrary. The framework is dividedinto threemain sections:
FoundatiorKit, GraphicsKit, andApplicationKit.

The FoundationKit providesall of the baseclassedor the rest of the
framawork, aswell assupportfor events,eventlistenerspropertiesandba-
sic streamingcapabilities. The VCF makesuseof C++’s Standardlemplate
Library for its collectionclassesandhasa numberof templatebasedclasses
for the reusepurposes.The GraphicsKit providesa coresetof easy-to-use
2D graphicsclassesmodelledheavily afterthe designof Java’s Graphics2D
architectureTheApplicationKit providestheclassesisedn the GUI portion
of the frameawork. This includesbasicslike windows, componentsstandard
widgets(comboboxes,list boxes,trees.etc), commondialogs,a basiclayout

managerdrag-and-dropandstandardvindowing events.
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2.3.4.4 Verifiable EmbeddedReal-Time Application Framework

Verifiable EmbeddedReal-Time Application Framevork (VERTAF) is pro-
posedfor embeddedeal-timeapplicationdevelopment,with the aim of re-
ducingdesignerrorsandincreasingdesignproductvity (Hsiung, Lee, See,
Fu & Chen2002). The developmentof VERTAF is basedon the integra-
tion of object-orientedechnology software componentechnologyandfor-
mal verificationtechnology This frameavork consistsof five basicsoftware
componentstmplanter, Modeler, Sdheduler \erifier andGeneator. Whena
softwareapplicationis designedpbjectsspecificto the applicationareiden-
tified. The real-time and embeddingconstraintsare specifiedwithin these
applicationobjects.Theseapplicationobjectsarethentransformednto stan-
darduniform processnodels. Basedon thesemodels,the applicationcodes
aregeneratedDifferentlevel of reusejncludingobject-level andcomponent-
level, increaseddesignproductvity anddecreasedaverall designeffort and

time.

2.4 Framework Components

Conceptuallymostof the authors(Demeyer, Meijler, Nierstrasz& Steyaert

1997)considerthattherearetwo maincomponent®f a frameawork:

e Framework contracts. Thecommonfunctionalityin aspecificdomain
is capturedn the framework contracts.They formaliseexactly which
partsof the framavork areto be reused. Thus, framewvork contracts
imposea commonstructurefor all the applicationsthat usethe same
framavork. Theimplementatiorandfunctionality of contractsareusu-
ally hiddenfrom the user However, becauseahey form the skeleton
of all applicationsthey have a directimpacton the performanceand

correctnessf anapplication.
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e Hot spots A variableaspectof an applicationdomainis calleda hot
spot(Schmid1997). A framework is tailoredfor a specificapplication
by implementingits hot spotsaccordingto the specificfunctionality of
theapplication.Thus,differentapplicationswill differ from eachother
with regardto atleastonehotspot. A hotspotallows auserto insertan
application-specificlassor subsystemThis canbe doneeitherby se-
lectingthe classor subsystenirom a setof predefinectlassesupplied
with a black-boxframenork, or by extendingthe abstractlassesasin
a white-boxframavork caseasshown in Figure2.2. In a black-box,
theuserhasonly to choosea classor a subsystenfrom the setsupplied
by the frameawvork while in a white-boxsystemthe userhasto actually

build the classor the subsystento be usedby theframenork.

Hot spotsprovide the mechanisnfor extendinga framevork andtherefore
their designhasa big impactin the usability of the frameavork in general,

especiallyin its flexibility andvariability.

Framework C3 Framework
Hot C2 Hot
Spot c1 Spot
C 4 C
/\/\\_ _ /\A
Applicgtion Level Application Level
[ ]
l C1
°

(@) (b)

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

Hot spotshave a big impactin the reusability and flexibility of a frame-
work andthereforeit is worthwhile to explore themin moredetails. Schmid
(Schmid1997) suggestghat the variability requiredfrom a hot spotcanbe

classifiedby thefollowing characteristics:

e Thecommonresponsibility(C in Figure2.2)thatgeneralisethediffer-

entalternatves.
e ThedifferentalternatvesthatrealiseC.

e Thekind of variability required.This variability canbe consideredor
examplein alternatveswith a commoninterfacebut differentimple-
mentations,or alternatves with uniform serviceover different struc-

turesandsoon.

e Themultiplicity thatgivesthenumberandstructuringof thealternatves
that may be boundto a hot spot. It is directly relatedto the previous
characteristian the sensethat usually the kind of variability dictates

the numberandstructureof thealternatves.

e Thebindingtime representshe point of time atwhich analternatve is
selected.This time is eitherthe time of creatingan applicationor the
runtime. In thefirst casethe applicationdeveloperrealiseghebinding
while in the secondcaseit is the enduserresponsibilityto do it either

onceor repeatedly

Structurally a hot spotis typically composedf a baseclassanda numberof

subclasseasillustratedin Figure2.3:

e An abstracbaseclasswhich definesheinterfacefor commonrespon-
sibilities.

27



¢ Concretaderivedclasseswhichimplementapplicationspecificalterna-

tives.

e Possiblyadditionalclassesndrelationships.

In the caseof a white box framework, the applicationprogrammerhasto
implementthe derived concreteclasses.In contrast,a black box framewnork
providesall theseconcreteclassesandtheuseris responsibldor choosinghe
appropriateonesandcombiningthemto obtainthe functionality requiredby

theapplication.

Abstract Base Class C

DrawMethod()
AN
Concrete Class C1 Concrete Class C2 Concrete Class C3
DrawMethod() DrawMethod() DrawMethod()

Figure2.3: Exampleof Hot SpotSubsystem.

A hot spotusually containsa polymorphicreferenceypedwith the base
class.Theuserbindsthe hot spotby settingthereferencdo a subclas®bject
of the baseclass. This objectcanbe from a prefabricatedsetsuppliedwith
the framework in black-boxcaseor canbe built by the applicationdeveloper
by extendingthe baseclass. Methodsin the baseclassare specialisedn a
child classandevery call to sucha methodwill be dynamicallybound,via
its referenceto the subclassnethodexecuted.Therefore a hot spotsubsys-
temintroducesvariability thatis usuallytransparento the remainderof the

framework.
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2.4.2 Abstract Classes

In aframework, the majordesignissuesaremadeexplicitly by meansof ab-
stract classes Abstractclassegorm the skeletonof an OOAF. Furthermore
theframavork mustbereusedn suchawaythatthemajordesignchoicesare
respectedlIn generalterms,an abstractclassis a classthatis only partially
implemented.Beforemakinguseof the abstractclassit mustbe madecon-
creteby implementingthe missingdetails. Corventionallyonly classeswith
abstractmethodsarecalledabstractlass.

An abstractclassis actually a classthat implementsone set of meth-
ods,calledthetemplatemethodsandanothersetof unimplementeanethods,
called abstract methods(or virtual method¥ Instanceof classeswith ab-
stractmethodscannotbe used sincetheirimplementations incomplete.The

differentkinds of methodscanbe definedasbelow.

e An abstracimethodis a methodthathasno implementationandis for-

mally declaredassuch.

¢ An templatemethodis a methodthat hasan implementationbut that
calls eitherdirectly or indirectly an abstractimethod. Thus,a method
that calls anothertemplatemethodis itself atemplatemethod,sinceit

will indirectly call anabstracimethod.

e A concretemethodis a methodthat hasan implementationand that

doesnotrely on abstracobr templatemethods.

An abstracimethodcanbe madeconcreten a subclasdy overridingit with

aconcretamethod.Thetemplatemethodsarereusedhroughinheritance.

29



2.5 Different Aspectsof Reuse

Thereareseveralaspect®f reusestrategyy thatneedo beconsideredCrnkovic

& Larsson2000).

2.5.1 ComponentGenerality and Efficiency

Reusableeomponent®f anapplicationframenvork mustbe sufficiently gen-
eralto coverthedifferentaspect®f their use.At the sametime, they mustbe
concreteandsimpleenoughto sener a particularrequirementn an efficient
way. Developinga reusablecomponentequiresthreeto four rimesmorere-
sourceshandevelopingacomponentwhich senesaparticularcase. Thefact
thattherequirement®f the componentareusuallyincompleteandnot well
understoodringsanadditionallevel of compleity. In generalyequirements
for generalityandefficiengy at the sametime leadto the implementatiorof
several variantsof componentsvhich canbe usedon a differentabstraction

level.

2.5.2 Evolution of Functional Requirements

Thedevelopmenbf reusableomponentsvould be easieiif thefunctionalre-
guirementsdid not evolve duringthe time of the development.New require-
mentsfor the componentsieedto beredefinedf therearenew requirements
for the products. The morereusablea componenis, the moredemandsare

placedonit.

2.5.3 Migration BetweenDiffer ent Platforms

Thereasorfor themigrationof platformcanbe customerequirementhange
to run the productin a specific platform or generaltrendsin the growing

popularityof certainoperatingsystemswvhich might supportnewer, betteror
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cheapehardware. As animportantpartof the reuseconceptwasto keepthe
high-level componentsinchangedand encapsulatehe differencesbetween

operatingsystemsn low-level components.

2.5.4 Compatibility

A componentanbe replacedeasilyor addedin new partsof a systemif it
is compatiblewith its previous version. This is animportantfactorfor suc-
cessfulreusability Compatibility issuesarerelatively simplewhenchanges
introducedn the productsareof maintenancandimprovementature.More
complicatedoroblemsoccurwhennew changesntroducedn areusableeom-
ponenteliminatethecompatibility, suchas,thereis aneedo useanadditional

softwareto managebothversions.

2.6 Advantagesand Drawbacks of Using Frame-

works

2.6.1 Advantages

The popularity of framewnorks is justified by their strengthsn enablingthe
reuseof softwarecomponentsgesignandanalysis.

The mainadwantageof framewnorksis thatthey capturethe programming
expertisenecessaryo solve a particularclassof problems.Programmersise
frameworks to obtain suchproblem-solvingexpertisewithout having to de-
velopit independently Frameavorks allow reusenot only at the codinglevel
but also, more important,at the designlevel and even at the analysislevel
(Johnsor& Russ01991).

Onceaframenork is understoodthe developmentime for anapplication

shoulddrop. Besidesthe modellingandthe designare easiersinceframe-
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works offer guidancein developingthe application. Besides,it is easierto
maintainseveralapplicationgouilt ontop of aframework thanthe sameappli-
cationsbuilt independentlyThisis aconsequencef thefactthataframework
imposesa similar designstructureandfunctionality on all its applicationsn
contrastwith thedesignof theindependenapplications.

As theframeawork is used,it is alsotestedmoreoftenandmorebugsand
errorsare reportedand solved. This makes applicationsbuilt using stable
framewvorks morereliablecomparedo thosedevelopedfrom scratch.More-
over, expertiseis embodiedin a framework, problemsare solved onceand
the solutionis usedconsistently This enablesoftwaredeveloperso concen-
trateontheir particularproblemdomainandrely ontheframework to provide

consistenservices.

2.6.2 Drawbacks

Therearea numberof challengeshatmustbe addressedh orderto employ
frameworkseffectively (Fayad& Schmidt1997):

Developing reusableframavorks for complex applicationdomainsis a
very difficult task. Very often only expert developersposseghe skills re-
quiredto produceframavorks successfully The learningcurve to usean OO
framawork typically requiresmoreeffort dependingon the compleity of the
framavork. Hands-onmentoringand training coursesare requiredfor im-
proving thelearningprocess.

As applicationdecomanoreandmorecomplex, they will beincreasingly
basedon the integrationof multiple framewvorks, classlibrariesandexisting
componentsSincemary earliergeneratiorframeavorks weredesignednly
for a specificproblemdomain,difficulties may be encounteredh integration
with otherframavorksspecialisedor otherdomains.

Mechanismghat frameworksrely on, suchasdynamicbinding, employ
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additionallevels of indirection. The useof dynamicbinding improvesthe
generalityandflexibility of the framework but reducesefficiengy. This also
appliesto otherOO specificoperationsuchasdynamiccreationanddeletion
of objects,virtual methodsetc.

Currently the lack of acceptedstandardgor designing,implementing,
documentingand adaptingframavorks impedesthem from being truly ef-
fective acrosamultiple applicationdomains.A framework developedin one
languagecannotbe usedfor applicationghatuseotherlanguagesilt is impor-
tantfor companiesanddevelopersto work with standard®rganisationsand
middlewvare vendorsto ensurethat the emeging specificationsupporttrue

interoperabilityanddefinefeatureghatmeettheir softwareneeds.

2.7 Concluding Remarks

Object-orientedpplicationframenork presentsa provensoftwaredesignand
implementationio developreusableassetsn softwareindustry Thecommon
problemsandcoredomainconceptdor statisticalprocessontrolin manugc-
turing domainarecapturedn thedevelopmenbf this applicationframenork.
This helpsto reducethe software developmenttime. Software developers
canfocuson solving the businessdomainproblemsinsteadof programming
problemsconcerninghe architectureanddesignfoundation.

SPCin manugcturingdomainconsistsof much commonalityand vari-
ability. Moreover, this domainis a complex domainandthe ervironmentis
rapidly changingovertime. It is a suitabledomainfor applicationframenork

development.
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Chapter 3

An Ar chitectural View of
Object-Oriented SPCApplication

Framework

Modernlarge-scal@nformationsystemsarevery comple, impactedoy con-
stantly changingstandardsand combinedistributed computing,mary sys-
temsandplatform. This scenariccannotbe avoidedbut canbe managedvith

a good software architecture. Software architectureaffectshow softwareis

designedand structuredandthereforesubstantiallyinfluencesthe character
istics of the software systems.Choosingthe right architecturds one of the
mostimportantdecisionsa softwareengineerindgusinescanmalke. Software
architecturas importantto maintainthe integrity of system.This is to avoid

patchwork of uncoordinatedixesin the software developmentand mainte-
nance.A well-articulatedsoftware architecturds alsokey to managingthe
compleity of softwaresystemsallowing large organisationso work on parts
in parellel. A goodsoftwarearchitectureallows the componenandapplica-
tion systemdo evolve gracefullyovertime. Thearchitecturenustbedefined

anddescribedn sucha way thatit canbe easilymodifiedandimproved as
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new andchangedequirementareimplemented.

3.1 LayeredArchitecture

Layeredarchitecturas akind of softwarearchitecturg¢hatorganisesoftware
in layers,whereeachlayeris built on top of anothermoregenerallayer A
layer canbe definedasa setof subsystemsr systemswith the samedegree
of generality Upper layersare more applicationspecific, lower are more
general. One of the advantagef the layeredarchitecturds thatit divides
the compleity of differenttypesof software componentsnto manageable
andrelevantlayers.This type of architectureallows softwareto be organised
in layersaccordingto applicationspecificity The further down the layers,
the moregeneralthe componets.The softwareengineeringorocessesanbe
thencustomisedo develop and evolve componentswith differentlevels of
specificity

The object-orientedsPCapplicationframework is built basedon the lay-
eredsoftwaresystemasshavnin Figure3.1,whichis adaptedrom (Jacobson
etal. 1997).Eachlayerin the systemis constructedrom anapporopriateset
of componentslravn from several componensystemsn lower layers. Ap-
plicationsystemsanbe built from componensystemsComponensystems
mayin turn be built from othercomponensystemsn lowerlayers.This lay-
eredsystemis composedf applicationsystemsat the top and component
systemaunderneath.The designis madein sucha way that the application
framawvork canbe built from the lower layerswhich arewell constructedor

reuse.
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System Software Layer

Middleware Layer

Component Layer

Application Layer

Figure3.1: A LayeredArchitectureSystem

3.1.1 Application Systems

In thelayeredarchitecturethefirst layeris calledapplicationayer. Thislayer
containdifferenttypesof applicationsystemdor a specifictypesof domain.
This applicationsystemis thefinal softwaresystemthatoneusercanuseand
feel it directly. This applicationsystemoffersa coherentsetof usecasedo
enduser Applicationsystemsnayinteroperatelirectly or indirectly through

someinterfacesor servicegrovided by the systemin thelower layers.

3.1.2 ComponentSystems

The next layer, componentsystemslayer containsthe componentsystems
thatoffer the usecasesandobjectcomponentso the developersto build ap-
plication systems.This layer is the layer to be reusedto develop a specific
applicationsystembasedon the reusebusinesss needs.Dueto this reason,
thecomponensystemsn this layeraremadeto be generic. Applicationde-
veloperscanreusethesegenericcomponentdo build a specificapplication
by extendingor modifying thegenericcomponentsvhich areprovidedby the
componeniystems. This layer is built on top of the lower layer, which is

middlewarelayer.
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3.1.3 Middleware Layer

While objectsandcomponentslefinedn atraditionalprogrammindanguage,
suchasC++which providescapabilitiesthesearelimited to executingin one
fixed environmentandboundto alanguage.The emepgenceof standardised
platformsfor interoperablalistributedobjectcomputingis animportantstep
towardsglobalisedenterprisanformationsystems.
Themiddlewarelayerofferscomponensystemsvhich areproviding util-
ity classesndplatformindependenservicessuchasdistributedobjectcom-
puting in heterogeneousrvironment. Examplesto thesemiddlewvare com-
ponentsystemsare CORBA andJava. This layer also containscomponent
systemdor interfacedo databasenanagemergystemspperatingsystenser
vices,etc. Thesecomponentareusedby applicationdeveloperssothatthey

canfocusto build businesspecificcomponentaindapplicationsystems.

3.1.4 SystemSoftware Layer

Thebottomlayeris systensoftwarelayer. Thislayercontainghesoftwarefor
the computingand networking infrastructure suchas operatingsystemand
interfacesto specifchardware. Well-known operatingsystemsareWindows,

Linux, Unix andMacintosh.

3.2 Statistical ProcessControl Application Lay-
ered Ar chitecture

Thelayeredarchitectureof the SPCapplicationframenork containsfour lay-
ers,which arethe Application Layer, Componentayer, Middleware Layer
andSystemSoftwareLayer. All componensystemsn eachlayerof the lay-

eredarchitecturareinteroperatingvith eachotherwithin the samdayerand
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with somedependencieisetweerdifferentlayers.In theapplicationlayer, the
applicationsystemsthat can be constructedrom the framework are known
beforehand.This layer offers a coherentset of applications,which canbe
developedfrom theapplicationframavork. In the componentayer, the com-
ponentsystemshat are neededo constructa particularapplicationsystem
arealsoknown beforehand.The middlewarelayer containscomponensys-
temsfor interfacesto databasenanagemensystems platform-independent
operatingsystenservicesanddistribution service.The systenmsoftwarelayer
containsthe softwarefor the computingandnetworking infrastructure such

asoperatingsystemsand TCP/IPnetworking protocol.

Application

X-Bar Chart Sigma Chart C Chart np Chart
Layer

Data Management
Variable Chart Plotting
Variable Chart Calculation Component Layer
Attribute Chart Plotting
Attribute Chart Calculation

1
Java Utilities Middleware Layer
Classes
1
OS Platform System Software Layer

Figure 3.2: StatisticalProcesControl Application Framevork LayeredAr-
chitecture
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3.2.1 Application Layer of SPCApplication Framework

StatisticalProcessControl consistsseveralmeasuremerdapplicationsystems
thatarewidely usedo appraisingandmonitoringquality performanceandare
thekey ingredientgo successfuapplicationsof quality control. Quality con-
trol relieson the continuousmonitoringof quality of the input and outputof
theprocesseproducingproductsandservices For example,acontrolchartis
usedto monitorthe quality of the productsin the productionline. The appli-
cationsystemsonsistof severaltypesof control chartssuchasx-bar chart,
sigmachart, range chart, p chart, np chart andc chart, which canbe cate-
goriedasvariablecontrolchartandattribute controlchartrespectrely. These
applicationsystemscanbe built from the lower layer of the layeredarchitec-
ture. For instanceto build the attribute control chartapplicationsystem the
componentsn the lower layer canbe importedand customised.Eachtype
of the control chartcontainsthe samecommonfunctionalitiessuchas data
managementhartplotting managemenand chartcalculationmanagement

asshown in Figure3.2.

3.2.2 ComponentLayer of SPCApplication Framework

Thisis themostimportantpartof thelayeredsystemo enablethe reusability
of the applicationframenork to happen. Basically this layer provides sev-
eral genericcomponentghat canbe reusedto build the specificSPCappli-
cationsystemsn the upperlayer Thesecomponentsaninteroperatewith
eachotherin orderto form therequiredinfrastructureof the SPCapplication
framavork. This layer provides somegeneraland commonbehaiours for
the applicationsystemdo reusewithout developingthe systemfrom scratch.
While variationpointsare capturedo identify the potentialplaceto be cus-

tomisedto suitthe specificrequirements.
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3.2.3 Middleware Layer of SPCApplication Framework

Themiddlewarelayerof SPCapplicationframevork useslavaasthe middle-
waresystem.Javaprovidesseveralusefulutility classesndservicepackages
thatarebeingusedfor this applicationframavork acrosshe domain,for ex-
ample,Swing, AWT, which providesthe utility classedor GraphicUserIn-
terfaces(GUI), while RemoteMethodInnovation (RMI) providesthe sener
andclient communicatiorfacilities. This enableghe applicationframenork

to becomea distributedandmulti-tier system.

3.2.4 System Software Layer of SPC Application Frame-

work

Java programminganguages usedfor the implementatiorof SPCapplica-
tion framework. SinceJavais aplatformindependenprogrammindanguage,
thisapplicationframenork canbedeployedin severalplatformssuchasWin-
dows, Linux and Unix, provided that particularsystemhasthe Java Virtual
Machine (JVM) installed. TCP/IP network protocolis usedto handlethe

communicatiorbetweerhardwareandtheapplicationfrmework.

3.3 DevelopmentMethodology

The methodologyusedin this projectis basedthe integration of someex-
isting conceptof Object-Orientedsoftware Engineering OOSE)modelling
notationandmethod,which makesit easyto composereusablecomponents
(Jacobsoret al. 1997,Lam 1997, Bellinzona,Fugini & Pernici1995,Chan
& Lammersl1997). It is a systematidechniqueto establishthe "right” sys-
tem architectureto help managersand engineerscontrol the compleity of

the system.The processes the projectcanbe groupednto two major cate-
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gories:DomainEngineering DE) andApplicationEngineering AE). DE can
bedividedinto Application ArchitectureEngineering AAE) andComponent
Engineering CE), eachis shavn asanellipsein Figure3.3. Application Ar-
chitectureEngineering(AAE) is a procesgo determinefrom the compary
andenduserstheway to decomposé¢he overall standardisedetof applica-
tionsinto a suite of applicationsystemsandsupportingcomponensystems.
Theprocessarchitectghe LayeredArchitectureSystemwhich consistsof fa-
cades,nterfacesof the subsystemsndcomponensystemshat supportthe
completearchitectureof relatedapplications.ComponenEngineering(CE)
Is a procesdo designandconstructreusablecomponent@and packagehem
into componensystems.The sourcef this processarethe resultsfrom the
AAE andrequirementsf thecompaly andendusers.Thegoalis aconsistent
modelthat explicitly expressexommonalityandvariability acrossthe suite
of applicationghatwill reusethesecomponents.

AAE startsfrom the study of domainsselectionthroughto framework
implementatiorandasthe way to decomposé¢he overall standardisegdetof
applicationsinto a suite of applicationsystemsand supportingcomponent
systemsasshowvn in Figure3.4. The processarchitectehe LayeredArchitec-
ture Systemwhich consistf theinterfacesof thesubsystemandcomponent
systemghat supportthe completearchitectureof relatedapplications.There

areseveraliterative stagef the processlescribedasfollows:

e Study of domainsselection: Conducta study for someselecteddo-
mainsandselectonethatis critical to the succes®f theresearchThe
manufcturingdomainis selectedlueto its compleity anddiversityin

applicationswhichis believeda goodcandidatdor theresearch.

e Surnwey of existing domainsystems: The surnwey lays the foundation

of knowledge aboutthe domain. In the surwey, the requirementsof
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eachdomainsystems external actors,businesgprocessesind models
arecaptured Functionalitieof themanufcturingdomainareidentified
in termsof variablefunctionality andnon-variablefunctionality. Non-
variablefunctionality providesgoodcandidategor genericcomponent
systemsThemainaimis to identify the candidate$or applicationand

componentsystemdor constructinghigh-level domainmodels.

Define high-level domainmodels: Genericdomainmodelson the se-
lecteddomainaredefined. Thesemodelsaredefinedandupdateddur-
ing the AAE procesdor enhancemerandto reflectnew information

represented.

Identify patternsandcomponentsPatternsandgenericcomponentsire
identifiedacrosghe domainto provide a high level abstractiorfor the
domainmodels.The high-level domainmodelssene asthe foundation
for producinga prototypedesignmodelthat definesthe layeredarchi-

tecturesystemin termsof applicationsystemsandcomponensystems.

DefinedesignstandardsbDesignstandardsiredefinedtio provide guide-
lines on the definition of classesijnheritancehierarchiesandrulesfor

definingstructuralrelationshipsetweerclasseandcomponents.

Definedomainobjectmodels: Staticanddynamicdomainmodelsare
definedby doingadetailedstudyonthedomainmodelsgeneratedrom
the previous phase.Both static(structural)anddynamic(behaioural)

aspectof thedomainaremodelledin detail.

Coherencecheckingand evaluation: Coherencecheckingand evalu-
ation will be doneon the static domain model and dynamicdomain

modelto identify any inconsisteng andinefficiency.
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e Framavork detaileddesign: Develop a detaileddesignand architec-
ture of the associatedpplicationframewnork by taking into account
its implementatiorin a client-serer ervironment. The detaileddesign
model, which containsseveral designpatternsaswell as a library of
classinheritancehierarchyusedby variouscomponensystemsis built
basednthelayeredarchitecturesystem.Thelibrary includesconcrete
classesand abstractclasseswith variationpoints. Most attributesand

methodf eachclassarealsodefinedin this phase.

e Framavork implementation:The applicationand componentsystems
will be implementedas definedin the detaileddesignof the layered

architecturesystem.

e Testing,integrationandevaluation:To discover ary errorsor problems

in theimplementatiorasawhole.

Study of Survey of Define high-level Identify patterns Define design
domain existing domain domain models and components standards
selection systems
_ Test_lng Framework Framework Coheren checking Define domain
integration and implementation detailed design and evaluation object models
evaluation

Figure3.4: Stagef Application ArchitectureEngineering AAE) Process

3.4 Summary

Softwarearchitecturedefinesthe staticorganisationof softwareinto subsys-
tems,interconnectethroughinterfacesanddefineshow thosenodesnteract.

A software architectureconformsto one or several styles. The subsystems
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are partitionedaccordingto generalityinto groupscalled layers. Theseare
arrangedn a pagewith thelayersrunningfrom top to bottom,with the most
specificoneat the top andthe mostgeneralat the bottom. An ironcladrule
is that a layer cannotusearything above thatlayer This guaranteesoose
coupling. Theresultis thata subsystenin onelayercanbe changecdr even
removedwithoutimpactinglowerlayers.Sincetheloweralayeris, theharder
it is to changeandthe moredependencies is involvedin.

The statisticalprocesscontrol applicationframenork is organisedn the
layeredarchitecturewhich containsfour layers. They areapplicationlayer,
componentayer, middlevarelayerandsystenmsoftwarelayer In theapplica-
tion layeranapplicationsystems a systemdeliveredto customersutsideof
the reusebusiness.While in the componentayer, a componensystempro-
videsa setof compatiblecomponentsisedto engineeranotherapplicationor
componensystem.Themiddlevarelayerprovidesthe utility classesandser
vicessuchasdistribution facility, interfacesto databasenanagemergystem,
etc. Thelastlayer, systemsoftwarelayerwhich containsthe servicedor the
computingandnetworking infrastructureandinterfacesto specifichardware
devices.

By usingthis layerarchitecturehe benefitsgainarelower life cycle cost,
fastertime to market, morerobustandlower defectssoftwareis developed.

The methodologyusedin the researchis referredto as Application Ar-
chitectureEngineering(AAE). Thereare several iterative stagesof the pro-
cess.AAE startsfrom studyof domainsselectionsurwey of existing domain
systemsgdefinehigh-level domainmodels,identify patternsandcomponents,
definedesignstandardsdefine domainobject models,coherencechecking
and evaluationframework detaileddesign,framevork implementationand

throughtesing,integrationandevaluation.
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Chapter 4

Analysis and Designof
Object-Oriented SPCApplication

Framework

This researchs basedon an Object-Orienteddomain EngineeringlOODE)
methodto be definedwithin the applicationframenork of the project. The
OODE developmentlife cycle containsseveral main phases.Thesephases
are OO Domain Analysis (OODA), OO Domain Design(OODD) and OO
Application Frameavork Implementation.The variousactiities or processes
of the OODEmethodwill finally leadto agenericdomainmodelwhichspans
a generalapplication,and which an OO applicationframewnork will be de-
velopedfor the rapid assemblyof applications. The OODE developmentis
iterative andincremental.

In this researchlUnified Modelling Languagg UML) which canbe used
to analyseand designobject-orientedsoftware developementequirements
is being used. Several typesof diagramssuchas use casediagram,class
diagram collaborationdiagram arebeingusedto showv the overview andthe

actvities of theentireframework in the SPCdomain.
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4.1 OODA on SPCDomain Model

OODA is the processof discovering and recordingthe commonalitiesand
variabilitiesof the systemin the domain. In thefirst phaseof the OODE life
cycle,i.e. OO DomainAnalysis,processearecarriedout eithersequentially
or in an iteratve manner A study hasbeenconductedor the selectionof
appropriatedomainsthat are critical to the succesf the project(Ahamed
etal. 2004). Besideghis, studyon existing relatedOO domainsystemson-
cerningtheir externalactorsandprocesseaswell astheir structuralandbe-
havioral aspectshasbeenconductedaswell. The following actwvity is on
defining genericdomainmodelswith object-orientatioron the selecteddo-
main. The modelis refinedand updatedduring the OODE procesdor en-
hancemenandto reflectnew informationrepresentedin this stage patterns
andothergenericcomponentsvill beidentifiedacrosgshedomainin orderto
provide a higherlevel of abstractiorfor thedomainmodels.

OODA includestheprocesgo createa setof reusableeomponentswhich
is beingusedin the developmeniof systemsn thedomain. The SPCdomain
hasactuities of plotting chartor statisticalcalculationfor differenttypesof
measurementf canbe variableor attribute measurementlependingon the
usage.Theseactvities arecommonacrosghe systemsandcanbeimplemen-

tatedasframavork components.

4.1.1 Domain Analysisof SPC

Quality controlrelieson the continualmonitoringof theinputsandoutputof

the processeproducingthe productsandservices.SPCis the applicationof

statisticaltechniquego ensuresatishctoryquality asshavn in Figure4.1.
Theinput of the systemis varioustypesof quality specificatiorandpro-

cesametricsneededy theorganisation.Thebasicprocedurdor determining
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Product Quality Chart ! Reject
Specification :
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Calculation : Is judged
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Process l |
Performance _ ; _
Attribute Control | Continue
Chart !
1

Figure4.1: TheBasicStructureof a StatisticalProcessControl System

whethera processs in controlis, firstly, arandomsampleis taken from the

productor service thenthe quality characteristiés measuredIf the sample
measuremens foundto beoutsidetheuppercontrol limit (UCL) or thelower

contmol limit (LCL), the processs checledto determinghe assignableause
of variation. By usingthe methodsrvidedby SPCsuchascontrolchart,the

quality of the productis judged.

In SPC,toolscalledcontrol chartsareusedprimarily to preventor detect
productionof defectve productgfinishedgoods,assemblies;omponentspr
service.The primary objectve is to make timely decisionsaboutwhetheror
not a particularprocesss in statisticalcontrol. In any procesgherewill be
variationfrom onemeasuremerdr unit producedo thenext. If theprocesss
outof statisticalcontrol,theprocesss stoppedandinspections carriedoutto
find theroot cause .Therearetwo basictypesof controlcharts,controlcharts
for variablesandcontrolchartsfor attributes.Variablecontrolchartsareused
to controla measurableharacteristicwhereasttributescontrol chartscon-
trol a countablecharacteristic.

Thedevelopmenbf theobject-oriente@pplicationframenork is basedn

the commonapplicationsystemf the SPC,whichis widely usedin quality
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controlin themanufcturing.Theconstructiorof thecontrolchartapplication
systembasicallyinvolvesimplementinga reusablestatisticalprocesscontrol
componentn the framavork for the purposeof adaptionor configuration.A
genericstatisticalprocessontrolcomponentill beprovidedby theapplica-
tion framework to supportavarietyof controlchartssuchasR-chart, X-chart,
n-chart, etc,in oneof its variability pointsmeantfor adaptatiorto thespecific

needsof thereuser

4.1.2 UseCaseModelling of SPCApplication Framework

Usecasemodellingis usedto capturereusableaequirement®f the SPCsys-
tem. By usingausecasemodel,thetransitionof thedomainknowledgefrom
a domainexpertto a software architectbecomeeasierandsimple. The use
casediagramprovidesa high-level abstractiorof the overview of the entire
system. This is neededeforeone canstartto definethe designand details
of the classes.Usually usecasemodellingis the first stepto take in object
modellingactvities andwill startoff the softwaredevelopementvork.

A usecasemodeldefineghefeatureor functionalitiesof asystenshould
provide for the users. In the usecasemodel, usersof the systemare called
actors. A distinctrole to interactwith the systemis assignedo eachactor
Eachway an actorusesthe systemis a distinctusecase.Eachusecasede-
finesa setof interactionswith the system.The usecasemodelis usedasan
importantinput to the later phasef modellingsuchasanalysisanddesign
models which describehow the systemis architectecanddesigned.

The usecasecomponenimodelin SPCapplicationframeavork is shovn
in Figure4.2andFigure4.3. All of theusecaseshavn aregenericusecases
for SPCapplicationframenork. The usecasemodelcanbedividedinto four
moduleswhicharevariablechartcalculation yvariablechartplotting, attribute

chartcalculationandattributechartplotting. Therearethreegenericusecases
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in variablechartcalculationmodule. They arevariable inspectiondata han-
dling, variablebasicstatisticcalculationandvariablechart limit calculation

Theactorof theusecasess quality controller. Variable inspectiondatahan-
dlingisto captureandformattheinputdatafrom theactor Theformatteddata
Is calculatedyy varioustypesof statisticalprocesseandmethodsy variable
basic statistical calculationusecase Variable chart limit calculationis to

handlethe calculatedand formatteddatafrom previous stepsand performs
thecontrollimit calculation.Thecalculationis basedn severalcontrolchart
statisticalalgorithms. This datais neededor the plotting of the selectionof

controlchart,suchasX-Bar chart.

Thevariablechartplotting moduleis mainly usedto plot thetypesof con-
trol chartby theselectiorof theuser In thismodule therearetwo genericuse
casesThey arevariablechart datahandlingandvariablechart plotting. The
actorinvolvedhereis calledplotter. Variable chart datahandlingusecaseis
to handletheinputdataof thegraphplotting anddisplaythe outputdatato the
graph. While variable chart plotting will displayout the datain the control
chartwith the calculatedcontrol limits (uppercontrol limit, centerlineand
lower controllimit) asareferenceo indicatethe extremesof the acceptable
behaiour of aprocessThischartis very usefulto monitorthequality control
of aprocessn theaspecof processverage rangeandstandardieviation to
controlthe processariability or dispersionin the manufcturingprocess.

The attribute chartcalculationmoduleconsistsof threeusecases.They
are nonconformingdata handling fraction nonformingcalculation and at-
tribute chart limit calculation. The actorin this moduleis called quality
contoller. Nonconformingdatahandlinguse caseis neededo preparean
interfaceto handlethe raw datainput by theuserandmalke the datareadyfor
fractionnonconformingalculationusecaseo calculate Attributechart limit

calculationusecasewill dothecalculationfor thecontrollimit datawhichis
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usedto plot graphs.

Theattribute chartplotting modulehastwo usecasesattributechart data
handlingand attribute chart plotting. The actorfor this usecasemoduleis
calledplotter. Attributechart datahandlingusecases to handlethedataand
formatit to bereadyto plot. Attribute chart plotting usecaseplots the data

into a graphby usingprevious calculatecdata.

Variable Inspection Data
Handling

Variable Basic Statistic
Calculation

TA>

Quality Controller

Variable Chart Limit
Calculation

Variable Chart Calculation

v( Variable Chart Data Handling

Variable Chart Plotting
Plotter

Variable Chart Plotting

Figure4.2: UseCaseComponenModel of StatisticalProcessControl Appli-
cationFramevork for VariableControl Chart
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Attribute Chart Plotting
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Figure4.3: UseCaseComponeniModel of StatisticalProcessControl Appli-
cationFramevork for Attribute ControlChart
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4.1.3 Analysis Component Modelling of SPC Application

Framework

The analysiscomponenimodelis a high-level abstractiorof the systemim-
plementation Analysisobjectsinteractin performingthe usecaseinstances.
Eachobjectplaysoneor morerolesin at leastone usecaseinstance. The
objectsthat performthe usecaseinstanceare presentedn collaborationor
sequencaliagramswhich are preparedfor eachindividual usecase,or for
eachgroupof usecase.

The analysiscomponentmodel of SPC Application Framevork is pre-
sentedusingthe boundary-control-entityBCE) diagramasshawn in Figure
4.4. Thereare several kinds of analysistype stereotypesboundary entity
control classes. The boundarycomponenthandlesthe communicationbe-
tweenthe systemandits surrounding.The control componenperformsuse
casespecificbehaiour. The entity components in generala long-lived ob-
jectin the system.Entity typesaregenericandoften usedto modelbusiness
objects,which aredealtwithin mary usecases.Thevariationpoint areused
to definevarying responsibilitiesn the analysiscomponenimodel. This is
the point whereextensionand customisatiorcan be donein the component
system.

The analysiscomponenmodelof SPCApplication Framevrok is devel-
opedfrom the usecasecomponenimodelin the previous section. The anal-
ysismodelis divided into variablechartcalculation,variablechartplotting,
attribute chart calculationand attribute chart plotting modulesas showvn in
Figure4.5, Figure4.6, Figure4.7 andFigure4.8. The variationpoint shovn
in theanalysismodelis the placefor theobjectcomponento beextendedand
customised.For example,variable centerlinecontmller control component

canbe customisedo differentlogic thuscreatecompletelydifferenttypesof
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Figure4.4: BCE Diagramusedin AnalysisModel

calculationandalgorithmsfor the variablechartcalculationmodule.
Themappingof theanalysiscomponenmodelis perusecasecomponent

model. For instance Variable Chart Plotting usecaseof the variablechart

plotting modulecanbe tracedto the analysiscomponenmodelasshavn in

Figure4.9.

4.2 Object-Oriented Domain Designon SPCDo-
main Model

The following phaseof the OODE life cycle is startedby defining OODE
designstandardso provide guidelinesonthedefinitionof classesinheritance
hiearchiesandrulesfor definingstructuralrelationshipdetweerclasses.
The high-level designmodel of SPC systemis shown in Figure 4.10.
The designcomponenimodelis presentedn the form of layeredarchitec-
ture which consistsof applicationsystemlayer and business-specifitayer.
The modelshaows the interoperabilityof the componensystemsandthe ap-
plication systemsin form of layeredarchitecture. Application layers con-

sist of variable chartcalculation,variable chart, attribute chart calculation,
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Figure4.7: Attribute ChartCalculationModule

Attribute Chart Plotting

Attribute Chart
Module Interface

Attribute Chart Attribute Control
|‘ Controller Chart Data

Attribute Chart
Displayer

Figure4.8: Attribute ChartPlottingModule

56




Variable Chart Y\ race> >_,( ~ Variable Chart ™y
Plotting _ - ”2~__Plotting __~
Ve

- T - P
—~ s/

Variable Chart/
Module Interface
7/

£ Variable Chart Variable Control
|‘ Controller Chart Data

Variable Chart
Displayer

Figure4.9: Traceabilityof UseCaseComponeniodelto AnalysisCompo-
nentModel

attribute chartand databasenanagemenapplicationsystems. Theseappli-
cationsystemsanbe developedby reusingthe reusablecomponensystems
in the businessspecificlayer Componensystemsvhich areprovidedin the
businessspecificlayerarevariablechartcalculation,variablechart, attribute
chart calculation,attribute chartand databasenanagementomponentys-
tems. Within thesereusablecomponentsystemshereare specialpackages
calledfacades.

A facades definedasa packagedubseibf component®r referenceso
componentsvhichis selectedrom a componensystem Eachfacadeactsas
akind of publicinterfaceto thecomponensystem(Jacobsortal. 1997).Fa-
cadesencapsulatéheinternalsof thecomponensystemin orderto minimise
dependencieandchangessthe componensystemevolves. This public ac-
cessallows the developerto reusethosepartsof the componensystemthat
have beenchosento be available for reuse. From Figure 4.10, the variable
centerlinecontroller facadeof variablechartcalculationcomponensystem
canbeextendedandcustomisedo allow thedeveloperto defineanewv method
to calculatethe centerlinefor variablechartfor a selectedypesof chart.

The interoperability of componentsystemsand applicationsystemsis

shovnin Figure4.11. Thesecomponensystemareinteractingwith theother
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<<application system>> <<application system>> <<application system>>
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variable chart variable chart _
calculation

calculation

<<application system>>

<<application system>>

attribute chart database o
management Application Systems Layer
<<component system>> <<component system>>
Variable Chart Plotting Variable Chart Calculation
<<facade>> | <<facade>> <<facade>> <<facade>> <<facade>>
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Figure4.10: DetailedFacadeView of SPCDesignComponeniModel
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Figure4.11:InheritanceView of SPCDesignComponeniModel
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componensystemswithin business-specifi@yer. Thisis to ensuregheappli-
cationsystemduilt from thesecomponensystemsarewell integrated.Vari-
ablechartplotting componensystemis interactingwith variablechartcalcu-
lation componensystemwhile attribute chartplotting componensystemis
interactingwith attributechartcalculationcomponensystem.Databasenan-
agementomponensystemis handlingall the entity componentasdefined
in analysiscomponentmodel. The entity componentor persistentclasses
developedin SPCapplicationframewvork arevariablecontrol chartdataand
attribute controlchartdata. Theseclassesanbe extendedandcustomisedy
usingthis databasenanagementomponentsystem. Basically this compo-

nentsystemis interactingwith the databaséhroughseveralsimplequerries.

4.3 ClassHierarchy

Figure 4.12 shaws the inheritancehierarchyof persistancebject for SPC
applicationframevork. Thetop level of the hierarchyis persistenceobject.
Persistencebjectis providedby persistencéroker (Khor 2000)whichtrans-
latesobjectsto a few recordsandsave theminto the databaseandtranslates
recordsto objectswhenretrieving from the databaseBy inheriting the per
sistanceclass Mitemobtainsthe persistenceapability Mitemis theabbrevi-
ation of manufcturingitem, which is usedto represent materialor itemin
productionline of factory The classeghatinherit from Mitem arevariable
control chart dataandattribute control chart data. Dueto thefactthatthese
objectsneedto be storedin the databasetheidentifier of the objectsmustbe
unique.

Figure 4.13 shaws the inheritancehierarchy of componentclassesfor
componentystemin SPCapplicationframevork. The baseclassis Mod-

ule. Subclassearevariablechart calculationmodule variable chart plotting
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Persistence Object

Mitem

Variable Chart Data Attribute Chart Data

Figure4.12: InheritanceHierarchyof Persistanc®©bjects

module attribute chart calculationmoduleandattribute chart plotting mod-
ule. BaseclassModule providesthe default interfacefor the integration of
the applicationsystemswvhich aredevelopedfrom componensystemdo the
whole system.All of thecomponensystemsn business-specifitayer must

inheritfrom Moduleclass.

Module

Variable Chart Variable Chart Attribute Chart Attribute Chart
Calculation Module|| Plotting Module [|Calculation Module|| Plotting Module

Figure4.13: InheritanceHierarchyof ComponenClasses

Figure4.14and4.15showvstheinheritancehierarchyof variablechartand
attribute chart. The classeghatinherit from variable chart classarerange
chart, sigmachart, x bar range chart andx bar sigmachart. The classeshat
inherit from attribute chart classarec chart, np chart andp chart. Variable
chart classandattribute chart classprovide the basicfunctionalitiesto plot a
variablechartor attributechart. A new typeof variablechartor attribute chart
canbedevelopedby inheritingvariable chart classor attribute chart classas

superclass.
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Variable Charts

I
I | I I
X Bar X Bar
Range Chart Sigma Chart

Range Chart Sigma Chart

Figure4.14:InheritanceHierarchyof VariableCharts

Attribute Charts

¢ Chart np Chart p Chart

Figure4.15: InheritanceHierarchyof Attribute Charts

4.4 DesignPattern

Designpatternsaarerecognisednamedsolutionsto commondesignproblems.
Theuseof the mostcommonlyreferencediesignpatterngoromoteadaptable
andreusablepplicationframevork. Whenasystemevolves,changeso code
involving designpatternswill consistof creatingnew concreteclasseshatare
extensionsor subclassesf previously existing classes.

The designpatternusedin the developmentof SPCapplicationframe-
work is basedon the TemplateMethod patternasdefinedin (Larman1997).
This patternis the core of the SPCapplicationframevork implementation.
A skeletonof analgorithmwith its varyingandurvarying portion of codeis
definedin thesuperclassThetemplatemethodinvokesothermethodswhich
may be overridenin an extendedclassor a subclass.The subclassanover-
ridethevaryingmethodsin thevaryingmethod anew versionmethodwhich
hasuniqueanddifferentbehaiour from the superclassanbe definedat the
point of variability.

Figure4.16showvsthedesignpatternof variablechartplotting component

system. Superclas€hartshasa templatemethodcalledChart. In thetem-
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plate methodthereis an abstractmethodcalled plotChart. This methodis
overriddenin the extendedconcreteclass,RangChartandSigmaChart The

abstracmethodis redefinedo plot differenttypesof chart.

/ltemplate method Charts
Chart()
{
/I set the properties of chart Chart()
/I retrieve the subgroup array plotChart(Subgroup[])
flotChart(Subgroupﬂ) y| N
RangeChart SigmaChart
/ plotChart(Subgroupl]) / plotChart(Subgroupl])
/I redefine method /l redefine method
plotChart(Subgroupl]) plotChart(Subgroupl])
{ {
/I Overriden abstract method /I Overriden abstract method
/I to plot Range Chart /I to plot Sigma Chart
} }

Figure4.16: DesignPatternof SPCapplicationFrameavork

4.5 Summary

In the developmentof the SPCapplicationframewvork, the usecasesandas-
sociatednformationidentifiedin the analysisarethe highestlevel of system
stratggy. UML is usedthroughoutthe projectlifecycle to captureand com-
municateanalysisanddesigndecisions.

Thedevelopmentife cycle of SPCapplicationframenork beginswith do-
mainanalysigo developausecasemodelandanalysiscomponentnodel.in
thedomainanalysisasetof reusableomponensystemsandcomponensys-

temswith the commonalityandvariationpointshasbeenidentified. The use
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casemodelis mappedto differentcomponensystemsn the layeredarchi-
tecture. The analysiscomponentodelwhich is a high-level staticstructure
helpsto definethedomainlayeredarchitecturdor theapplicationframenork.
Fromtheusecasemodelandanaylsiscomponenimodel,a high-level de-
signcomponeninodelis definedin a layeredarchitecturesystem.This lay-
eredarchitecturesystemconsistsof applicationsystemsin the application
systemlayer and componentsystemsin the business-specifitayer Inher
itance hierarchyand the templatemethodsshaows the relationshipsand the

designpatternusedin the SPCapplicationframework.
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Chapter 5

Implementation of
Object-Oriented SPCApplication

Framework

Following from the detaileddesignphase,the next phaseis relatedto im-
plementingthe applicationframenork concerned. Towardsthe end of the
implementationaready-to-assemblaodelwill bedefinedsoasto provide a
guidelineon the usageof the framework during delivery. This modelwill in-
troducea ready-to-assemblapproacho the applicationengineergo rapidly
assembl@andcustomisean OO applicationframavork for multiple OO appli-
cationswithin the generalapplicationdomainof SPCapplicationframevork
for differentcustomersDueto theiterative natureof the OODE methodiit is
possiblethatany recovery of errorsmight leadto the needto go backto the
previous phasesTheautomatedpplicationframevork will eventuallybein-

tegratedandcombinedo form anoverall applicationframenork architecture.
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5.1 Implementation Classes

Java programmindanguageprovided by SunMicrosystemis usedin theim-
plementatiorof SPCapplicationframavork. Jasais a very powerful object-
orientedprogramminganguage. The Java DevelopmentKit (JDK) version
1.2.2.isused.JDK 1.2.2containgheenhancementer Swing,AWT, Java2D
APl andalot of utility classes.

The implementationof templatemethodin this applicationframevork
is shawvn in Figure5.1. The inheritancekey word in Java is extends Ab-
stractclassChartshasatemplatemethodcalledchart andanabstracitnethod
plotChart The RangChartclassextendsthe Chartsclassandimplements
theabstracmethodplotChartto performthealgorithmto plot arangechart.

The Chartsclassmplementedn the SPCapplicationframeavork supports
barchartandline chartcurrently Chartsclasscoordinateseveral objectsto
achieve its aim of beingableto drav a charton a Java 2D graphicsdevice: a
Title, aLegend aPlotandaDataSouce ThePlotclassn turnmanageshor-
izontal axisanda vertical axis of the chart. Title classdisplaysa description
for achart. ChartLegendclassshavs the namesandvisualrepresentationsf
the seriesthatareplottedin a chart. A Plot is a classthatcontrolsthe visual
representationf data.DataSouce classcontainssomemethodghatperform

varioususefulfunctionsrelatingto datasources.

5.2 Application Framework Customisations

An SPCapplicationframenork canbe very difficult to be adoptedandreuse
dueto its compleity andsize. Dueto this fact, to reusethe SPCapplication
framavork, wizad tools that assistdevelopersin choosingand customising
the componentsystemsn SPCapplicationframework is integratedinto an

IDE whichhasbeendeveloped(Lee, Thin & Liu 2001b). By usingthewizard
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package moos.module.vChart;
abstract public class Charts {

public void chart() {

Il set the properties of chart

/I create menu bar and chart properties
/I retrieve the subgroup array to plot chart

}
}

abstract public JChart plotChart(Subgroupl[] sub);

package moos.module.vChart;
public class RangeChart extends Charts {
public JChart plotChart(Subgroup[] sub) {

/l implementation of the range chart

}
}

Figure5.1: Implementatiorof TemplateMethod
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to developa new application,developershave a fasterway to reusethe SPC
applicationframewvork, andmoreimportantly to benefitfrom the application
framework which shortensoftwaredevelopmentife cycle.

The wizard leadsthe developerthrough several stepswhich consistof
moduleselectionsand featurecustomisation$o develop a new working ap-
plication without hassle. A wizard hasa step-by-stepuserinterfacefor the
developerto follow to customiseandextendthe componensystemvisually.
Therearefour wizardsbeingdevelopedandintegratedin the IDE. They are
VariableControl ChartCalculationWizard, VariableChartWizard, Attribute
ControlChartCalculationwWizard andAttribute ChartWizard.

Beforecreatingarny nev modulefrom the wizard, 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
ChartPlotting Module

(Files |Modules |
variable Chart Calculation |a "Pruject name:

Attribute Chart Calculatian |
Variable Chart Plotting [}
Attribute ChartPlotting |=

Cancel

Figure5.2: CreatingNew Module

5.2.1 Variable Control Chart Calculation Wizard

For thevariablecontrolchartcalculationwizard,thefirst stepto customisas

to selectandview the persistentlass.Figure5.3showvsthatthereis only one
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persistentlasswhichis variablecontrolchartitem providedfor the customi-

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

with typeandnameof thepersistentlassasshavn in Figure5.4. By clicking

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

Selected the class that you want to madify.
Click "View" to see the content of the class.

I moos.data YariableControl Chartitem View |
Next:» Cancel

Figure5.3: ClassSelectionof VariableControl ChartCalculationwizard

o moos.data VariableControlChartiten

Data Type

Mame

java.lang.5tring

Material _Code

douhble

sigma_Upper_Control _Limit

java.lang.5tring

Description

douhble

¥barRange_Upper_Caontral _Limit

double sigma_Centerline

double ¥barsigma_Centerline

double ¥barRange_Lower_Caontrol _Limit
double ¥barSigma_Upper_Contral _Limit
double Sigma_Lower_Control _Limit
double Range_Centerline

double ¥barRange_Centerline
java.lang.5tring prikey_ltem_|D

int subCount

double Range_Upper_Control _Limit
double Range_Lower_Control _Limit
double ¥barsigma_Lower_Control _Limit

Figure5.4: AttributesList for classVariableControlChartltem

The next dialog box containsa “Add” buttonto addnew attributesto the

persistentclassand a “Remove” button to remove an attribute as shown in
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Figure5.5. Thereis atextfield to shov theextendedhew persistentlassname
andthelist of new attributesadded.For instancethreenew attributesadded
are MR_Upper_Control_Limit MR_Centerline MR_Lower_Control_Limit

of typedouble.

class maas.data.VariableContralChartltem

Data Type | Name
java.lang.string Material _Code
douhle Sigma_lUpper_Control _Limit
java.lang.string Cescription
double ¥bharRange_Upper_Contral _Limit -

Mow Class Name: | data VariableControlChartltemMew

Data Type | Marme
double MR _Upper_Caontral _Limit
double MR_Centerline Add
double MR _Lower_Caontral _Limit
Remaoava
=Back Next:= Cancel

Figure5.5: VariableControl ChartCalculationWizard Customisation

After addingthe new attributes,by clicking the“Next” button,thewizard
will showv information of the extendedpersistentclasswith the list of new
attributesasshavn in Figure5.6. The next stepis to customisethe display
of variablecontrolchartcalculationmodule.A new field canbe addedto the
tablein Subgroupclassfor calculation. The wizard is shavn in Figure5.7.
By clicking the“OK” button,thewizardwill retrieve all theinformationfrom
theinputthroughthepreviousstepsandgeneratall thenecessargourcdfiles

andcodes.
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finformation of Modification#

Mew class moos.data VariableControlChartltemMNew
extends class maos.data variableCantrolChartltem
MR _Upper_Control _Limitidouble)

MR _Centerline(double)
MR _Lower_Control _Limit{double)

=]

Figure5.6: New PersistenClasswith New AttributesList

xbar

range
subgroupMum
sigma

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

Variablechartwizardis usedto customisehe VariableChartPlottingModule
for the developerto add new typesof chart. Figure 5.8 shaows the variable
chartwizardcustomisatiomlialogbox. Thisdialogboxshownsalist of existing
variablecharts. By clicking the “Add” button, a new type of chartcanbe
addedto the variablechartplotting module. The chartnameandthe chart
classnamehave to be specified After providing the necessarinformationto
thewizard,on clicking “Next” button,a summaryof thevariablechartadded
to thewizardis shovn in adialogbox asshowvn in Figure5.9. Thewizard at
this stageis ableto generateéhe codeandthe sourcefiles basedon the input

from the previous steps.Thisis achiezed by clicking onthe“Finish” button.

o aria fiz:

Existing Yariable Chart
¥Bar Range Chart
Range Chart

¥Bar Sigma Chart
Sigma Chart

Add HNew Variable Chart

Chart Mame | Chart Class Mame
Moving Range MovingRange
Add
Ramavea
Next:= Cancel

Figure5.8: VariableChartWizard
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FHlnformation of Madification®

Chart Mame: Moving Range
Chart Class Mame: MovingRange

| <Back || Finish || Cancel |

Figure5.9: VariableChartWizard Summary
5.2.3 Attrib ute Control Chart Calculation Wizard

Attribute controlchartcalculationwizardis usedto customisehe calculation
of attribute control chart. By usingthis wizard, the developercanadd new
typesof attributesand definea new algorithmfor calculation. Figure5.10

andFigure5.11shawv thepersistentlassandthe completdist of attributesin

theclass.

£

T

Salected the class that vou want to madify.
Click "View" ta see the content of the class.

[¥] moos.data AttributeControlChartitem | View

Next:= Cancel

Figure5.10: ClassSelectionof Attribute Control ChartCalculationWizard

The next stepof thewizardis to addnew atributesto the attribute control
chartcalculationmoduleasshown in Figure5.12. The “Add” buttonis to
adda new attribute to the persistentlassandthe “Remove” buttonis to re-

move an attribute. After addinga new attribute,the new attribute will appear
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= Mmoo X
Data Type MName

int sampleSize

java.lang. 5tring Material _Code

java.lang. string Cescription

dauhle F_Centerline

double C_Upper_Caontrol_Limit

dauhle C_Lower_Cantral_Limit

int samCount

dauhle C_Centerline

double MP_Centerline

dauble MP_Upper_Control _Limit

java.lang. 5tring prikey _ltem_ID

dauble F_Upper_Contraol _Limit

double MP_Lower_Caontrol _Limit

double P_Lower_Contral _Limit

Figure5.11: AttributesList for classAttributeControlChartltem

at the columnwhich shaws the datatype andthe attribute name. Thereis a
textfield to shav the new extendedpersistentlassname.For instancethree
new attributesare addedwhich areU_Upper_Control_LimitU_Centerline,
U_Lower_Control_Limitof type double. After addingthe attributesto the
wizard,thenext dialogboxwill shov thesummaryfor theresultof the previ-
ouscustomisatiorasshavn 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
be addedto the tablefor Sampleclassfor this purpose.As shavn in Figure
5.14,the wizard dialog box is usedto adda new field for Sampleclass. By
clicking onthe*OK” button,thewizardwill retrieve all theinformationfrom
theinputthroughthe previousstepsandgeneratall thenecessargourcefiles

andcodes.
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™ Attribute Control Chart Calculation §

class moos.data. AttributeControlChartltemn
Data Type Mame
int samplesize -
java.lang.5tring Material _Code
java.lang.5tring Descriptian
douhle F_Centerline =
Mew Class Name: [LAttributeControl ChartltemNew
Data Type Mame
douhle U_Upper_Contral_Limit
douhble U_Centerline Add
double U_Lower_Control_Limit
Remave
<Back Next: Cancel

Figure5.12: Attribute Control ChartCalculationWizard

™~ Attribute Control Chart Calétl

Hinformation of Modification#

Mew class moos. data AttributeContral Chartitem Mew
extends class moos.data AttributeControlChartitem
U_Upper_Control_Limitidouble)
U_Centerlineldouble)
U_Lower_Contral_Limitidouble)

<Back Finish Cancel

Figure5.13: Attribute Control ChartCalculationWizard Summary

75



Existing fields in Sample far Attribute Cant...

Data Type | Mame
int sampleMum
double nanconformities_per_unit
double fraction_nonconforming
int number_nonconforming

Add new field ta Sample

Data Type | Mame
String nonconforming _types

Add

Remave

oK Cancel

Figure5.14:New Columnfor SampleClass
5.2.4 Attrib ute Chart Wizard

Attributechartwizardis usedto customisdahe Attribute ChartPlotting Mod-
ule to add new typesof attribute chartinto the SPCapplicationframenork.
Figure5.15shownstheattributechartwizard’s customisatiordialogboxwhich
hasa list of existing attribute charts. By clicking on the “Add” button and
specifingthe chart nameand the chart classname,a new type of chartis
added.After providing the necessarynformationto the wizard, by clicking
on “Next” button, a summaryof the attribute chartaddedto the wizard is
shown in a dialog box asshown in Figure5.16. The last stepof the wizard
is to click onthe “Finish” button. Thiswill generateéhe codeandthe source

files basedntheinputfrom the previoussteps.

5.3 CustomisationProcedure of Wizards

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

nentsystemss discussedn this section.Wizardsdevelopedin this research
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Figure5.15: Attribute ChartWizard

¥information of Maodification#

Chart Mame: Pareto Diagram
Chart Class Mame: ParetoDiagram

Chart Mame: U Chart
Chart Class Mame: UChart

Figure5.16: Attribute ChartWizard Summary
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project provide a simple way of customisatiorfrom the applicationframe-
work. By performingthe customisatiorof the applicationframework, the
stability andinteractionbetweercomponensystem®f theapplicationframe-
work, areliableway of reusingoneor morecomponensystemsanbedeter
mined. For moredetails,pleasereferto AppendixC for a casestudy

The customisatiorconsistsof addingtwo new typesof chartwhich are
U chart andPareto diagramto the existing applicationsystems.This canbe
achievedby addingadditionalfields with a particulardatatypeto a persistent
classandaddinga new calculationalgorithmto the atttibute chartcalculation
moduleandattribute chartplotting module.

For the atttibute chartcalculationmodule,the persistentlassesnvolved
are moos.data.AttrinteContolChartitemand moos.data.SampleThe cus-
tomisationof theseclassess accomplishedby creatinga new subclassvhich
isinheritingfrom thebaseclassby addingnew attributesto thenew class.The
new classfor themoos.data.AttribteContolChartltemis moos.data.AttrinteContolChartitemNev.
The new attributesaddedare U_Upper_Control_Limitof datatype double,
U_Centerlineof datatype doubleandU_Lower_Control_Limitof datatype
double.Thesethreeattributesrepresenthethreecontrollimits which areup-
per bound,centerlineandlower boundof a U chart. The new classfor the
moos.data.Sampie moos.data.SampleMeThe new attribute addeds non-
conforming_type®f datatypestring. This attributeis the columnfor theuser
to input thetype of nonconfoming.

Thewizardstepsf customisatiomf theattributechartcalculationmodule
canbe referredfrom Figure5.10, Figure5.11, Figure5.12andFigure5.13.
Thecustomisatiorthroughthewizard of theattribute chartplotting moduleis
shavn in Figure5.14, Figure 5.15 and Figure 5.16. The chartsaddedare
U chart and Pareto diagram Thesetwo chartsare new classesextended

from the attribute chartbaseclass.In oderto plot a U chart, we needthe at-
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tributesaddedfor the classmoos.data.AttrinteContolChartitemNe&v which
areU_Upper_Control_LimitJ_CenterlineandU_Lower_Control_Limit.While
for the Paretodiagram,the attribute neededs nonconforming_typefor the
classmoos.data.SampleMe Theseattributes are definedfor the atttibute
chartcalculationmodule.FromFigure5.17,theseattributeshave beenadded
to theatttribute chartmoduleapplication.

Theplotting of thechartis handledby theatttributechartplotting module.
Thus, to add and plot a new chart, two modulesare involved in this case.
However, this canbe easilydoneby copying the projectJAR files from the
atttibute chartcalculationmoduleprojectfolder to the atttibute chartplotting
moduleprojectfolder. The projectJAR file is readyafterthe compilationof
the projectfor that particularmodulein IDE. The projectJAR file is a Java
binaryfile that containsthe compiledandlinked classes From Figure5.18,
U chart and Pareto diagram have beenaddedto the applicationfor the user
to selectandto plot. The outputchartsareshown in Figure5.19andFigure

5.20.

5.4 Summary

SPCapplicationframenork hasprovidedseveralreusable&eomponensystems
for the developerto reuse.The channelto customiseandmodify component
systemss throughthe wizardstool. Wizardsaredevelopedto redefine cus-
tomiseandextendthe existing componensystemso meettheusersrequire-
ment. It is a simple, powerful, easy-to-uséool providing a corvenientway
to developa SPCapplicationfrom the framework. Throughseveralstepsand
clicks onthe mousefiles andcodearegeneratedndreadyfor the developer
to deploy the changes.Four wizardsare provided, which are VariableCon-

trol ChartCalculationWizard, VariableChartWizard, Attribute ControlChart
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Sl Applet Viewer: MoosApplet.class - X

fipplet

File ¥iew Maodule Help

Item |1D: [moo1 =
rMaterial

Artribute_Control_Chart_Code accl Safety_Stock a

Cost 0 Unit_Measure

Description chipset Master_Schedule_Code mpsl

safety_Lead Time 0 prikey_Item_|D MOOL1

BOM_Code 1 variable_Cantrol_Chart_Code

Lead Time 1 MRP_Code mrpl

Production_Plan_Code ppl Low_Level_Code [}

Order_Quantity 1
rAttribute Cantral Chart Item

sampleSize 50 NP_Centerline 3.8
Material_Code Mool MP_Upper_Contrel _Limit 9,421
Description chipset prikey_ltem_ID accl

P_Centerline 0.076 |U_Lower_Contral_Limit 0
C_Upper_Contral _Limit 9.648 P_Upper_Control_Limit 0.188
C_Lower_Contral_Limit 0/NP_Lower_Contral_Limit 0
samCount 5 U_Centerline 0.078
C_Centerline 3.8 P_Lower_Control _Limit 0
U_Upper_Contral_Limit 0.193

nenconforming_types sampleNum nonconformities_per_unit fraction_noncenforming number_nonconferming
Blowholes 1 0.08 0.06 3
Unwetted 2 0.08 0.08 4
Unsolder 3 0.14 0.14 7
Pinhales 4 0.04 0.04 2
Sharts 5 0.06 0.08 3
-
‘Fsmtus

Start: spplet not initialized.

Figure5.17: Attribute ChartModule Application After Customisation

ibute CREe

Bl 25

Wilarning: Applet Window

Z Chart
U Chart
F Chart
P Zhart

Pareto Diagram

_ox ||

Cancel |

Figure5.18: Attribute ChartSelectionWindow After Customisation
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CalculationWizard,andAttribute ChartWizard.
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Chapter 6

Conclusion

TheSPCapplicationframenork in thedomainof manugcturinghasbeensuc-
cessfullydevelopedin offering genericandreusablecomponentsandachies-
ing the objectiesin thisresearctproject. Thefunctionalitiesprovided by the
SPCapplicationframenork arerunnableandcanbe easilyadaptedandcus-
tomisedto build new SPCapplicationsaccordingto the specificneedsof the
developer For moredetails,pleasereferto AppendixA for installationguide
andAppendixB for userguide.

This researchprojectpresentsan SPCapplicationframework in the do-
main of manufcturingbasedon the Object-OrientedTechonology(OQOT),
systematicsoftwarereuse layeredarchitectureandmostimportantlythe ap-
proachof applicationframevork. A layeredarchitectureis an architecture
style that simplifies systemevolution and enablessubstantiareuseof com-
ponentsystems.SPCapplicationframewvork’s approachfocuseson building
a systemin layered,modular object-orientedstyle which greatly enhances
large-scalesystematiaeuse.This makesits infrastructureo beeasilyreused
by the developerto build morespecificapplicationan thedomainof SPCin
themanufcturingenvironment.

The layeredarchitecturas an architecturghat organisesa software sys-
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temin layers,whereeachlayeris built on top of anothermoregeneralayer.
By separatingoperationsof a systemfrom the userinterface,it producesa
moremaintainableapplicationwith highercohesiorandlesscoupling. With
SPCapplicationframework, the applicationdevelopercanfocuson solving
the businesgddomainproblemratherthanprogrammingoroblemwhich is re-
latedto architecturdoundationmatter

SPCapplicationframenork is extendableand customisable.lt consists
of mostof the reusablecomponentdor SPC applicationssuchas variable
control chartcalculationcomponentyariablecontrol chart plotting compo-
nent,attribute control chartcalculationcomponentandattribute control chart
plotting component. Thesecomponentsan be modified and customisedo
developmorespecificSPCapplicationan manugacturingdomain.

Basedon this project,a few papersof the researctwork have beenpub-
lishedin local journalsaswell asinternationalconference¢Lee, Thin & Liu
1999,Lee, Thin & Liu 2000, Lee, Thin & Liu 2000, Leeetal. 20013, Lee
etal. 2001b).

6.1 Strengthof Reseach

The mainstrengthof the SPCapplicationframework is thatthe analysis de-
sign,andimplementatiortime for complex SPCapplicationan manufctur

ing systemsare greatly reducedby reusingthe provided businessanalysis,
designandcomponensystems SPCapplicationframevork canbe modified
and customisedeasily to suit a particularrequirementchange. This is ap-
plying to the domainin orderto let the manufcturerstay competitve in the
marketandeventuallyfulfill theultimategoalof reducingtime-to-marketand
producea standardyjuality of software.

SPCapplicationframework providesthe waysfor the developerto both
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usethe built-in functionality and modify or extendthat functionality. Typi-
cally, developerscanuseSPCapplicationframewnork’s built-in functionalities
directly without ary modificationand changes. If modificationis needed,
developerscanextendandmodify thefunctionalitiesby deriving new classes
andoverridingmemberfunctionsfrom theapplicationframevork. SPCappli-
cationframewvork minimisestheamountof codeneededo implementsimilar
applications.This is true sincethe commonabstractiongor the applications
arecapturedn the applicationframework, which reduceshe nen codeto be
developed.

In orderto shorterthetimeto customiseor developnew applicationdrom
the applicationframenork, wizard tool is integratedto provide step-by-step
instructionsto assistsoftwaredevelopers.The wizard providesa corvenient
way andaneasy-to-us&UI to customisehe applicationframenork.

The selectionof Java asthe developmentianguagehasprovided a lot of
featurego SPCapplicationframevork suchasportability, platform-independence
anda commonlanguageor remoteobjectinvocationby networking commu-
nication. A lot of utility classesareprovidedin Java. Theseclassexanbe
utilisedandeasilyintegratednto theapplicationframewvork to provideamore

powerful applicationframenork.

6.2 Limitation of Reseach

The developmentof SPCapplicationframework is an iterative procesghat
canbe refined. The applicationframenork hasto be changedrom time to
time to becomemore stableand attainable. Software developmentis itera-
tive. This is importantto evolve the applicationframewnork to becomemore
matureandreliable. Theiterationstartsfrom recapturingandredefiningthe

requirementsand more importantly the commonalityand variability across
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thedomain.

Applicationsbuilt using SPCapplicationframenork are easierto main-
tain becauseassumingthat the framework is correct, only the extensions
thatthe applicationantroducehave to be maintained.However, the applica-
tion framewvork will evolve over time andthusapplicationsamustevolve with
it. The optimum of the framework designis not yet attainableat this early
framawvork developmeniterationlife cycle. Theinitial expectedvariationsin
a reusablecomponentsystemcan becomea commonrequirementater that
warrantsnclusioninto the framewvork componensystemdesign.

In orderto achieveamoresignificantdegreeof succes softwarereusabil-
ity for SPCapplicationan thedomainof manugcturing,someotherapplica-
tionsin statisticalquality control (SQC)for manufcturingneedto beadded,
for instanceacceptanceamplingwhich consistf variousstandardef sam-
pling planssuchassinglesampling doublesamplingandunit sequentiabam-
pling. Thiswill make the applicationframenvork amorecomprehensie solu-
tion for manufcturingernvironment.

In SPC therearea numberof differentcontrolcharts,eachof which per
formsbestfor a particularkind of datafor differentsituations.Controlcharts
developedin the SPCapplicationframenork only supportline andbarcharts

in the currentimplementation.

6.3 FutureWork

Many factorscantriggertheiterationof the softwaredevelopmentife cycle,
suchaschangingof requiremenfrom thecustomemandfeedbackrom theap-
plication developers.The evolution of the applicationframeavork from each
iteration,makesthe architectureanddesignmorestableandreliable. There-

definitionof commonalityandvariability of theapplicationframenork which
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may consistof modificationof the variation pointsor commonrequirement
makesthe problemdomainto be addressedhoreaccuratelyandcorrectly

The domainof the SPCapplicationframevork can be extendedto add
componentfor other SQC applications. By developingthesenew reusable
componentsvithin SPCapplicationframenork, theissuesf integrationwith
othercomponensystemscanbe minimised.

SPCapplicationframenork canbefurtherenhancedby addingmoretypes
charts,suchaspie chart,boxplotandscatterdiagram.Besideghis, theinput
datacapturingcan be automatednsteadof key in manuallyby the user In
the manufcturingervironment,datais capturedoy machineor robots. The
automationof the datahandlingwill enablethe dataanalysisto be donein

real-timemode.

6.4 Concluding Remarks

SPCapplicationframenork is modelledanddesignedn alayeredsystemar-
chitecturewhich offershigh-level reusabilitycomparedo a black-boxframe-
work andclasslibrary codereuse.The understandingf the businessmodel
andreuseprocesvecomesimplifiedby developingastableayeredsystemar-
chitecturethatcapturegheframevork designabstractiongnto packagecom-
ponentswith interfacesandfacades SPCapplicationframework is designed
to accommodateariationpoints,customisationsindassemblyof new appli-
cationswhich canbedevelopedeasilyby utilising the SPCwizardtools. The
conclusiorfrom theresearclprojectis, SPCapplicationframeavork canresult
in rapidapplicationsystemdevelopmentandprovidesflexibility to customise

SPCapplications.
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Appendix A

Installation Guide

A.1 SystemRequirement

Thesearethe hardwarerequirementso install the applicationframework:

e For personatomputeythe minimumrequirements Pentiumll 550.
e Memoryrequiresaminimumof 128 MegabyteRAM.

¢ 10 Gigabytehardiskspaceis recommendedor the datastorage.The

spaceequiredto installis atleastthan20 Megabtye.

Thesearethe softwarerequirementso install theapplicationframewnork on a

desktop:

e An operatingsystemhatsupportJavasuchasUNIX, Windows, Linux,

etc.

e SunMicrosystemJava DevelopmeniKit 1.2.2(JDK 1.2.2)installedon

thesystem.

e A databasehat supportslarza DatabaseConnectvity (JDBC) suchas
MySql.

e A websenerthatsupportslava Applet
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A.2 Installation

SPCapplicationframework is developedin Java. All of the binaryandclass
files neededto run the systemis packagedn differentfolders, which are
demq ide, serverand applet In orderto run the applicationsby using a
web browser the appletfolder hasto be copiedto the HTML folder of the
websener. Theotherfolderscanbe copiedto ary directory

Demo folder containssomeexamplesof the applicationmodulessuch
as AttributeChartCalculatiomodule, VariableChartCalculatiomodule, at-
tributeChartmoduleand variableCharimodule. Theseapplicationmodules
are createdby usingthe wizard tool which is includedin the IDE. The ide
foldercontainghelDE whichis usedto customiseSPCapplicationframeanrok
andcreatenew applications.Appletandserverfolderscontainall the devel-

opedJava classfiles of the SPCapplicationframenork.
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Appendix B

SPCApplication Framework
Sewver and Applet User Guide

SPCapplicationframenork is an object-orientechpplicationframavork de-
velopedfor statisticalprocesscontrol applicationsdevelopmentin manuc-
turing environment. SPCapplicationframavork is divided into threemain
componentssener, appletandIDE (IntegratedDevelopmentEnvironment).
Sener providestheinterfaceto the databasandis usedfor appletto connect
to the database.The Applet componenthasall of the core applicationsof
the statisticalprocesscontrol applications.IDE is the developmentool used
to createnew applicationmodulesandto customisethe existing application
modulesfrom the appletand sener components.This appendixfocuseson
the userguide for the sener and appletcomponents.The customisatiorof
the applicationframavork will be discussedn the next appendixthroughan

example.
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B.1 The Serwver Environmentof SPCApplication
Framework

TheSenercomponenhasapersistencérokerthatprovidestheobjectpersis-
tenceservicedo theuserapplicationwhile shieldingthe userfrom the details
of the storagemechanisnused(Khor 2000). It maintainsthe integrity of the
datain the databaseThe main usages to save the datafrom the appletto a
relationaldatabas@ndretrieve therecordswhenrecevedarequesfrom the
applet.

To run the sener of SPCapplicationframenrok, the usercanexecutea
bashfile calledrun from the consolein Linux or arun.batfile if the platform
is Windows. Thefile is locatedat the sener directory Basically thefile is
usedto executea Javacommandasshown below:

java -classpatiMoosSerer.jar <connectiorstring><user><passvord>

The connectionstring is usedto specify the connectionto the type of
databasejatabasép addressandthe databas@mame.Theformatis:

jdbc:<databastype>://<ipaddress>.<databasame>

Userandpasswod areusedfor authenticatiorio connecto the database.

The sener providesa GUI for the userto specifythe databaseype, IP
addres®f thedatabasajatabas@eame usemameandthe passvardasshovn

in FigureB.1.

B.2 The Applet Environmentof SPCApplication
Framework

Beforethe SPCapplicationframevork’s appletcomponentanbe executed,
the sener hasto belaunchedfirst in orderto establishthe connectiorto the

databaseThe applicationcanbe run from a web browser suchasNetscape
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B 1MOOS S:
File Wiew Help

_l<1 :++
el =
sQL: |
= P
Type: mysnql -
1F: loacalhost
MName: maoos
Usear:
................................................................................... Passward:
rStatus——
Bind_ Module Caonhnect || Cancel
Rebind: /f127.0.0.1:1099

FigureB.1: SPCApplication Framavork Sener

or InternetExplorerby enteringthe URL from thewebbrowser The URL is
setaccordingto theusers webbrowsersetting.For instance:

http://127.0.0.1/applet/SPCApplet.html

After the appletis launchedthe SPCapplicationframevork sener will
be connectedcautomatically Thereis a configurationfile called ClientMod-
ule.cfg in appletfolder. The purposeof thefile is to configurethe number
of applicationmodulesto be loadedwhenthe appletis launched. The file
containsthe appletmoduleand the moduleclassnames. By default, there
arefive appletmodulesthat will be loadedduring an appletstartup. These
modulesare DatabaseModulé/ariableChartModuleAttributeChartModule,
VChartModuleandAChartModuleasshovn below.

DatabaseModule moos.module.database.DatabaseModule

VariableChartModule moos.module ariableChart."riableChartModule

AttributeChartModule moos.module.attrilte Chart.AttriluteChartModule

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

CaseStudy : Variable Control

Chart Customisation

Thecasestudyof customisingandmodifying the SPCapplicationframenork
by usingthe IDE wizardtool is demonstrateth this appendix.The customi-
sationincludesthe stepsfrom usingthe wizardsin the IDE to developanew
applicationuntil the stepsto plug-in the newly developedapplicationto the

SPCappletandsener.

C.1 Modification of the Variable Control Chart

The objectie of the customisations to adda new chartto the existing vari-
ablecontrolchartsin SPCapplicationframenork. Thevariablecontrolcharts
providedin the SPCapplicationframavork are X-Bar chart,Sigmachart, X-
Bar Rang chartand X-Bar Sigmachart. The new chartto beaddeds called
Moving Range chart. To addthis new chart,two persistentlassesandbase
classof chartneedto be modified. The new persistentclassesare usedto
keepthe calculateddatato the databasdasedon the new algorithm, while

chartclassis usedplot the new chart. This customisatiorwill involve two
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modules.Variable Chart CalculationModuleis usedfor the persistentlass
modificationwhile Variable Chart Plotting Moduleis usedfor the plotting
chartoperation.

Thenameof thepersistentlassemeedo bemodifiedaremoos.data.Subgup
andmoos.data.&riableContolChartltem Thebaseclassof thechartis moos.moduleChart.Charts
The customisatiorof the persistentlassand chartclasscanbe doneby ex-
tendingor inheritingthebaseclassandaddingnew attributesto thenew class.

The new classnameof the moos.data.Subgupis moos.data.NeSubgoup

andthe addedattributeis Moving_Rangeof datatype double. Thenew class

of themoos.data.&fiableContolChartltemis moos.data.&tiableContolChartitemNev
andtherearethreenew attributesof datatypedoubleadded.They areMR_Upper_Contol_Limit,
MR_Centerlineand MR_Lower_Conwl_Limit. The new classnameof the
moos.moduleChart.Chartss moos.modul@Chart. MRChartA new attribute

“Moving Range” of stringdatatypeis added.

C.2 Using IDE Wizard Tool for the Customisa-
tion

Theprevioussectionhasdiscusse@boutthe changeghathave to bemadeto
the modules.This sectionis focusingon the modulecustomisatiorby using
the IDE wizard tool. To run the IDE wizard tool, the userhasto execute
arun script providedin ide folder. Thefirst stepis to modify the Variable
Chart Calculation Module by creatinga new projectby selectingthe File-
>Newfrom themenubarin theIDE. As shovnin FigureC.1,a“New” dialog
boxwill appear Selectthe Variable Chart CalculationModuleandenterthe
projectname. After that, click onthe “OK” button. The projectfile will be
savedatthelocationchoserby theuser

The variable chart calculationwizard will appearafter clicking on the
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.l Manufacture Builder
File Edit View Insert Project Build Window Help

MTEOdEd s B2EMA) o

L0k

B Manufacture Builder

[ﬁModules|

Varizble Chart Calculation[a|Project name:
Attribute Chart Calculatio |newVChar‘tCaI
Variable Chart Plotting
Attribute Chart Pl ot ting|w

oK ||

Location: 0,0 Size: Ox0

FigureC.1: VariableChartCalculationModule New Dialog Box

“OK” button. As mentionedearlier the persistentclassesnvolved in this
modulescustomisatioraremoos.data.&fiableContolChartltemandmoos.data.NeSubgoup.
The following menuas shown in Figure C.2 requiresthe developerto add
new attributesto the wizard for customisation.The“Add” buttonis usedfor
this purpose.For this demonstrationthreeattributesof doubledatatype are
added.They areMR_Upper_Conwl_Limit, MR_CenterlinendMR_Lower_Contrl_Limit.
By clicking on “Next” button, the summaryof the attributesis generatedor
referencasshavnin FigureC.3. Thenew classhameis moos.data.&iableContolChartitemNev
now. It hasthreeadditionalattributesif comparedo theoriginal baseclass.

The next stepis to customiseclassmoos.data.Subgupafter clicking on
thefinishbuttononthesummaryfor classnoos.data.&fiableContolChartltemNev.
As showvn in FigureC.4,anew attribute calledMoving_Rang of doubledata
type is addedfor the new classmoos.data.NeSubgoup which is extended

from classmoos.data.Subgup.
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class moos.data.VariableControlChartitem
Cata Type | MName
jawa.lang.String Material _Code
double Sigma_lUpper_Caontrol _Limit
java.lang.String Cescription
double ¥barRange_Upper_Control _Limit
double sigma_Centerline
double ¥barsigma_Centerline |
drnhle ¥harBanas | mcer Conteal Limit -
MNew Class Mame: |moos.data VariableContralChartltemMew
Data Type | Name
double MR _Upper_Control _Limit
double MR_Centerline
double MR_Lower_Control _Limit
Add
Remave
‘ =Back || Next:= || Cancel

FigureC.2: Customisatiorof Classmoos.data.&iableContolChartltem

B Variable Control Chart Calculation Wizard

#nfarmation of Madification#

Mew class moaos.data VariableContralChartitemMew
extends class moos.data VariableContralChartltem
MR _Upper_Contral_Limit{double)

MR _Centerline(double)
MR _Lower_Control_Limit{double)

<Back Finish Cancel

FigureC.3: Summaryof Classmoos.data.&iableContolChartitemNev
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1 Ch a 25

Existing fields in Subgroup far Yaria...

Data Type | MName
double xbar
double range
int subgroupMNum
double sigma

Add new field to Subgroup

Data Type | Mame
double Mowing _range
Add
Remawve
| 0K || Cancel |

FigureC.4: Customisatiorof Classmoos.data.Subgup

After the customisatiorof the persistentclassesthe IDE will generate
the codebasedon the customisation.Therearethreefiles being generated
as shawn in Figure C.5. Thesefiles are NevSubgoup.java Nen\ariable-
ControlChartContoller.java and VariableContolChartltemNev.java. New-
Subgoup.javaandVariableContolChartitemNev.javaarethenew classen-
heritedfrom the persistentlassesNew\ariableContolChartContoller.java
provides the functionsfor the calculationof the three additional attributes
for the classVariableContolChartltemN&. Developerscan customisethe
functionsto addtheir algorithmfor the calculation.The sourcecodefor Vari-
ableContolChartltemNev.javais shovn in TableC.1. The sourcecodefor
NewSubgoup.javais shavnin TableC.2. The sourcecodefor New\Variable-
ControlChartContoller.javais shavn in TableC.3.

Thefinal stepsfor the customisatiorof Variable Chart CalculationMod-
ule is compilation. From the IDE menu, selectBuild->Compile Project
menu. The compilationis using Jarza compiler provided by Sun Microsys-
tem. After a cleancompilation, selectthe Build->Build Project menuto
createthe projectjar file. After this, plug-in the changedo the appletand

sener of SPCapplicationframevork. The stepsfor plug-inwill bediscussed
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Bl newVChartCal jpr
File Edit View Insert Project Build Window Help

EEHE L EBaMp 0 N IV E AT 3 [ eullE

W [FINewsubgroup.java:
- public ciass NewSuboroup extends moos.daln Subgrovy

@ newvChartCal jpr i
NewSubgroup java
NewVariableChartCant|||

1 variableControl Chartit

e class VariableConirolChartitemNew exlends moos.dala Vi
eRIS favalo.Seraizabie {

public doubie MR_Upper Control_Limit;
public doubie MR_Conterting;
PUBHE doubie MR_Lower Control Linit;

public VaribleControlChartitemew){
super(y

Line: 15 Col: O

Location: 0,0 Size: 380x300

FigureC.5: File Generatedrom VariableControl ChartWizard

packagemoos.data;

public classVariableControlChartltemNe extendsmoos.data.®riableControlChartitem
implementgava.io.Serializablg

publicdoubleMR_Upper_Control_Limit;
publicdoubleMR_Centerline;
publicdoubleMR_Lower_Control_Limit;

public VariableControlChartltemNe&(){
super();

}

TableC.1: SourceCodefor VariableControlChartitemNejava

After the customisatiorof the Variable Chart Calculation Module the
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public classNewSubgroupextendsmoos.data.Subgroup
implementgava.io.Serializablé

publicdoubleMoving_Range;

public NewSubgroup(){

}

}

TableC.2: SourceCodefor NewSubgroup.jaa

new attributesandthe calculationof theseattributeshasbeenimplemented.
The following moduleto be customisedor chartplotting is Variable Chart
PlottingModule Thefirst stepfor the customisatioris to createanew project
from theIDE by selectingheFile->New. A “New” dialogboxwill appeaias

showvnin FigureC.6.

e . 0
|Fi|es |Modu|es|

Variahle Chart Calculation |&|FPraject name:
Attribute Chart Calculation newvichart

Variable Chart Pl ot ti ng 7
attribute Chart Pl ot ti ng|w|

0K Cancel

FigureC.6: VariableChartPlottingModule New Dialog Box

After selectinghemoduleandenteringtheprojectname thevariblechart
plotting wizardwill appearto customisehechartplottingasshawvn in Figure
C.7. Click onthe “Add” buttonto enterthe chartnameandchartclassname
in the customisatiordialogbox. The summaryof the chartbeingaddedwill
appeaiafterclicking onthe“Next” buttonasshowvn in FigureC.8.

After addingthe new chart,a new classcalled“MovingRangewhich is
inheritedfrom chartbaseclassis created.A Java sourcefile called Movin-

gRange.javais generatedby thevariablechartwizardasshovn in FigureC.9.
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public classNewVariableChartControlleextends
moos.module &riableChart.¥riableChartControllef

public NewVariableChartController(){

}

public void calculation(moos.dataaviableControlChartltenaccitem){
supercalculation(vccitem);
calculationMwing_range(vccitem);
calculationMR_Upper_Control_Limit(vccitem);
calculationMR_Centerline(vccitem);
calculationMR_Laver_Control_Limit(vccitem);

}

public void calculationMwing_range(moos.dataaviableControlChartltemccitem){
Il write the codeto calculatethefield here

}

public void calculationMR_Upper_Control_Limit(moos.datanableControlChartlten
vceitem){
I/ write the codeto calculatethefield here

}

public void calculationMR_Centerline(moos.datanébleControlChartltemaccitem){
Il write the codeto calculatethefield here

}

public void calculationMR_Laever_Control_Limit(moos.dataariableControlChartlten
vceitem){
I/l write the codeto calculatethefield here

}

N

—

TableC.3: SourceCodefor NewVariableControlChartControllgava
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Existing Yariable Chart
¥Bar Range Chart

Range Chart

¥Bar Sigma Chart

Sigma Chart

Add Mew Variable Chart
Chart Mame
Mowing Range

Chart Class Mame
MowvingRange

Add

Remoawve

Next:= | | Cancel

FigureC.7: VariableChartPlottingModule Customisation

= Variable Chart Wizard >

Hinformation of Maodification##

Chart Mame: Maowing Range
Chart Class Mame: MovingRange

“waa ]| e || cancel |

FigureC.8: Summaryof VariableChartPlotting Module Customisation
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The sourcecodegenerateds shovn in TableC.4.

= E

File Edit View Insert Project Build Window Help

0@ EH L e BMy 0 N W E AT L [ IE D

Praject [Farms | [FIMovingRange.java FE
L @ = i Giass MovingRange oxieids moeos.modiie. veiart. Clarts {
I@ newWChart jpr fined Sitring - “Moving B -
MaovingRange java 3
pbiic String getiName() {
FOTun Hne;
}

PRIDIG 1008, modie.grapin ol . SOt plofChari{moos.oaia Subgro
moeos.mociie.graph.chart. Category DalaSowrce calegoryDaia = ot
H—— chopse fine chart or bar char? to plod ——————————————
Hohart = moos.moduie.graph.ohart. JChart.createlineChari{caleg
Aohart = moos.modiie.graph.ohart. JChart.create Vertical BarClar
FETINTY I

k

Location: 0,0 Size: 380x300

FigureC.9: File Generatedrom VariableChartWizard

Thenew attributesaddedn the customisatiorof Variable Chart Calcula-
tion Moduleis neededo plot the nev MR chart. Thus,for the compilation
to be successfulthe projectjar file from Variable Chart CalculationModule
needdo be copiedto this project.

After the customisatiorof themodules anadditionalchartis addedo the
applicationframenork. Thenew chartis MR Chart. As shovn in theappletin
FigureC.10,threenew attributes MR_CenterlineMR_Upper_Control_Limit
and MR_Lower_Control_Limitappearat the Variable Control Chart Item
field. Fromthe modulemenu,the usercanselectthe chartto plot afterenter
ing the datato the tablebelow VariableControl Chartltem field. The chart
selectionasshavn in FigureC.11hasthe MR Chartwhich hasbeenadded.

After theselectionof chart,the chartis displayedasshown in FigureC.12.
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public classMovingRangeaxtendsmoos.module.vChart.Cha#gs
final Stringname= "Moving Range";

public StringgetName(X
returnname;

}

public moos.module.graph.chart.JChpldtChart(moos.data.Subgrougfib){
moos.module.graph.chart.CgteyDataSourceategoryData= createCatgoryData-
Source(sub);

/- choosdine chartor barchartto plot

/[chart= moos.module.graph.chart.JChart.createLineChartfoat®ata);

/[chart= moos.module.graph.chart.JChart.creawtivalBarChart(catgporyData);

returnnull;

/- End

}

public moos.module.graph.chart.CgteyDataSource createCatgoryData-
Source(moos.data.Subgroup{jb){

returnnull;

}
}

TableC.4: SourceCodefor MovingRange.jaa
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FigureC.10: ThreeNew Attributesatthe SPCApplet
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FigureC.11: VariableChartSelection
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FigureC.12: Plottingof MR Chart

C.3 Plug-into SPCApplication Framework

Therearetwo projectjar files from the previous customisatiorthat needto
be pluggedin to the applicationframewnork. The nameof eachprojectjar
file follows the projectname.They arenewvVChartCal.jarandnenVChart.jar
whicharelocatedattheprojectfolderin theidefolder. Copy thesetwo project
jar files to the appletdirectoryin Web sener root directory In orderto load
the correctplug-in, a configurationfile called ClientModule.cfganda html
file calledSPCApplet.htmIn the appletfolder needto be modified.

Modificationon the ClientModule.cfg:

Changehis:

VariableChartModule moos.module ariableChart.griableChartModule

VChartModule= moos.module.vChart.VChartModule

to:

VariableChartModule VariableChartModule

VChartModule= VChartModule
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Modificationonthe SPCApplet.html:
Changeheentryin the html to:
<PARAM NAME="archive"VALUE="MoosApplet.jar nenVChartCal.jar

nenvVChart.jar">

For the sener plug-in, copy the two projectjar files to sener folder and
modify therun scriptto bringup sener.

Therun scriptis now:

java-classpatiMoosSerer.jar:nevVChartCal.jar:ne/VChart.jar<connec-

tion string><user><passvord>
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