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Abstract. In this paper, we proposea framework wherefunctional requirementsare tracedfrom use
casemodelto componentmodelvia analysisanddesignmodels.Here,componentsof thecomponent
modelsarederivedby groupingandpackagingdesignclassesbasedon thetypeof analysisclassesthey
arederivedfrom. As therearethreedifferenttypesof analysisclasses:boundary, controllerandentity,
thedesignclassesderivedfrom thecorrespondinganalysisclassesgetclassi�edat the�rst iteration.The
componentsthusderivedusingthis approachform thecomponentsof Model View ControllerArchitec-
ture;differentcomponentshaving designclassesof similar functionalities.This framework canbeused
to verify andensurethatusecase�o w of eventsis tracedin analysismodelandthento componentmodel
via designmodels. The architecturewith the componentsdesignedusingthis framework alsoensures
separationof concerns,rolesamongthecomponentsto achievehigh cohesionandlow coupling.
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1 Intr oduction

Component-Baseddevelopment,realizingthe intuitive
andattractive idea of rapidly obtainingcomplex soft-
waresystemsby theassemblyof simplercomponents,
haslong captivatedtheindustrialpractitionerswith the
promiseof cheaperproductswith higherreliability and
maintainability. A softwarecomponentisaunit of com-
positionwith contractuallyspeci�ed interfacesandex-
plicit context dependenciesonly. Reusability, whose
bene�tsincludeboththereductionof costsandtime-to-
market of softwareproducts,is a key issuein software

engineering.Component-basedsoftwaredevelopment
hasemergedto increasethe reusabilityand interoper-
ability of piecesof software. Component-baseddevel-
opmentaims at constructingsoftware artifactsby as-
semblingprefabricated,con�gurableandindependently
evolving building blocks,theso-calledcomponents.
However, it is only via a rigorousdesigndisciplineand
byadoptingstandardmodelingnotationsaswell asstrict
documentationanddesignrulesthatcomponentsinde-
pendentlybuilt caneffectively interact.Thisis thebasic
notionof Design-by-Contract[22], disciplineoriginally
conceivedfor Object-Orientedsystems,but evenbetter



suitedfor ComponentBaseddevelopment;indeedOb-
jectsandComponents,thoughdifferingconcepts,share
many aspects.In recentyears,thefocusof softwarede-
velopmenthasprogressively shiftedupward, in thedi-
rectionof theabstractlevelof architecturespeci�cation.
High-levelandstandardizedmodelsmustbeadopted,in
sucha way that theconsistency (compatibilityandthe
interoperability)amongcomponentscanbeveri�ed as
earlyaspossible.Thewidespreadadoptionof theUni-
�ed Modeling Language(UML) evidencesthis trend,
andits �e xibility to specializedyetstandard-compatible
extensions,wherenecessary, providesa valuabletool
for pursuingthisdirection.In particular, Cheesmanand
Daniels[11] describehow UML canbespecializedfor
modelingwithin aComponentBasedparadigmembrac-
ing the basicprinciplesof the Design-by-Contractap-
proach[22]. Very recently, the OMG Model Driven
Architecture(MDA) approachto developmentpursues
a completeseparationbetweenthe baseplatform in-
dependentmodel of an application,and the descrip-
tionsof oneor moreplatform-speci�cmodels,describ-
ing how the baseis implementedon eachof the sup-
portedplatforms[6]. Thebasemodelin MDA is speci-
�ed in UML.
Model-view-controller (MVC) is an architecturalpat-
tern usedin software engineering. In complex com-
puterapplicationsthat presentlots of datato the user,
oneoftenwishesto separatedata(model)anduserin-
terface(view) concerns,so thatchangesto theuserin-
terfacedonotaffect thedatahandling,andthatthedata
canbereorganizedwithoutchangingtheuserinterface.
The model-view-controllersolvesthis problemby de-
couplingdataaccessandbusinesslogic from datapre-
sentationanduserinteraction,by introducingan inter-
mediatecomponent:thecontroller.
This work focusesin that direction of designingand
packagingcomponentswith the designclasses.These
designclassestracethe analysismodel that is derived
from theusecasemodel.As therecanbethreetypesof
analysisclasses:boundary, controllerandentity, thede-
signclassesalsogetcategorizedaccordingly. Thecom-
ponents,too,beingderivedby packagingdesignclasses
of similarfunctionalitiesgettheirrolesde�nedatavery
earlystage.Therecanbethreetypesof roles:
Model: Domainspeci�c representationof theinforma-
tion, i.e., thedatamodels,
View: Components,throughwhich the usersinteract
with thesystem,
Controller: Componentsthatget invokeddirectly with
theuserinteractionandthey invoketheappropriatemod-
elsbasedon theuserinput.
Thesecomponentsbuild Model-View-Controller(MVC)

architecture,which is essentiallycomponent-basedar-
chitecture.

2 REVIEW OF RELATED WORKS

Lotsof researchworksaregoingonin the�eld of Com-
ponentbasedarchitecture.In mostof theseworks,spe-
cial interesthasbeengivenrecentlyto therecon�gura-
tion andmigrationof componentsin component-based
system.In [19], WallnauK et al have discussedabout
therelationshipof softwarearchitectureto softwarecom-
ponenttechnology.
Somedesignmethodologiesaddressingcomponent-based
developmenthavebeenproposedrecently. Mostof them
arebasedon theUML [5], c.f. [14].
CheesmanandDaniels[11] describehow UML canbe
specializedfor modeling within a ComponentBased
paradigmembracingthebasicprinciplesof theDesign-
by-Contractapproach[22]. Amber [29] is an abstract
componentbasedmodelinglanguagecombinesamodel-
basedapproach[29] with a UML-basedapproach[14].
This combinedapproachaimsat pro�ting from thead-
vantagesof bothapproaches.
Catalysis[15]is anothercomplex softwaredevelopment
processbasedon UML. Similarly to the Uni�ed Pro-
cess[17], Catalysisis much like a processtemplate,
which canbe tailoredaccordingto a particulardevel-
opmentproject.Catalysisbeing�e xible andscalable,it
is popularamongsoftwaredevelopers.A majorbene�t
of Catalysisis its explicit useof components.
However, beinga broadsoftwaredevelopmentprocess,
Catalysisisnotcompletelycomponent-oriented.A soft-
warecomponentis a unit of compositionwith contrac-
tually speci�ed interfacesand explicit context depen-
denciesonly. Thedifferencesof ComponentBasedAp-
proachto theObjectOrientedapproacharediscussedin
[27].
Component-basedsoftwaredevelopment(CBSD)focuses
on building large softwaresystemsby integratingpre-
viously existing software components.By enhancing
the �e xibility andmaintainabilityof systems,this ap-
proachcanpotentiallybe usedto reducesoftwarede-
velopmentcosts,assemblesystemsrapidly, andreduce
the spiraling maintenanceburdenassociatedwith the
supportandupgradeof largesystems.CBSDshiftsthe
developmentemphasisfrom programmingsoftwareto
composingsoftwaresystems[12]. Accordingto Bach-
mannetal. [7], in aCB system,componentsandframe-
worksshouldhave certi�ed properties;andthesecerti-
�ed propertiesshouldprovide the basisfor predicting
propertiesrelativeto thewholesystembuilt outof those
components.In recentyears,thefocusof softwarede-
velopmenthasprogressively shiftedupward, in thedi-



rectionof theabstractlevelof architecturespeci�cation.
High-level andstandardizedmodelsmustbe adopted,
in sucha way that thecompatibilityandthe interoper-
ability amongcomponentscan be veri�ed asearly as
possible. The widespreadadoptionof the UML evi-
dencesthis trend,and its �e xibility to specializedyet
standard-compatibleextensions,wherenecessary, pro-
videsavaluabletool for pursuingthis direction[18].
At thefoundationof theComponent-Basedapproachis
theassumptionthatcertainpartsof largesoftwaresys-
temsreappearwith suf�cient regularity that common
partsshouldbe written once,ratherthanmany times,
andthatcommonsystemsshouldbeassembledthrough
reuseratherthanrewritten over andover. CBSD em-
bodiesthe “buy, don't build" philosophyespousedby
FredBrooks[8]. CBSDis alsoreferredtoascomponent-
basedsoftwareengineering(CBSE)[9], [10].
Component-basedsystemsencompassbothcommercial-
off-the-shelf(COTS)productsandcomponentsacquired
throughothermeans,suchasnon-developmentalitems
(NDIs).
Becauseindividualcomponentsarewritten to meetdif-
ferentrequirements,andarebasedondifferingassump-
tionsabouttheircontext, componentsoftenmustbeada-
ptedwhenusedin a new system.
Componentsmustbeadaptedbasedonrulesthatensure
con�icts amongcomponentsare minimized. The de-
greeto whichacomponent'sinternalstructureis acces-
siblesuggestsdifferentapproachesto adaptation[28].
One recenttrend is toward a “product line" approach
that is basedon a reusablesetof componentsthat ap-
pearin a rangeof softwareproducts.This approachas-
sumesthatsimilar systemshavesimilar softwarearchi-
tectureandthata majority of therequiredfunctionality
is thesamefrom oneproductto thenext. Thecommon
functionalitycanthereforebeprovidedby thesameset
of components,thussimplifying the developmentand
maintenancelife cycle. Resultsof implementingthis
approachcanbeseenin two differentefforts [21], [1].
While thereareseveral efforts focusingon component
quali�cation, thereis little agreementon which qual-
ity attributesor measuresof a componentarecritical to
its usein a component-basedsystem. A useful work
thatbegins to addressthis issueis “SAAM: A Method
for AnalyzingthePropertiesof SoftwareArchitecture"
[16]. Another techniqueaddressesthe complexity of
componentselectionandprovidesadecisionframework
that supportsmulti-variablecomponentselectionanal-
ysis [20]. Otherapproaches,suchas the quali�cation
processde�ned by theUS Air ForcePRISMprogram,
emphasize“�tness for use"within speci�c application
domains,as well as the primacy of integratebility of

components[4]. Anothereffort is ProductLine Asset
Support[3].
Therearea handfulof systemswhereCOTS hasbeen
implementedsuccessfully, e.g., DeepSpaceNetwork
Programat the NASA JetPropulsionLaboratory[25],
Lewis Mission at NASA's GoddardSpaceCenter[2],
Air ForceSpaceandMissile SystemCenter's teleme-
try, tracking,andcontrol (TT & C) systemcalled the
Centerfor ResearchSupport(CERES)[13].
As in recenttime the focus in the software industry
hasmovedinto reusabilityof componentsandcreation
of repositoryof components,it would be effective if
we candesigna componentmodelwherethe rolesof
differentcomponentsarevery well de�ned that would
make the componentseasily replaceableand modi�-
able as the componentsbecomehighly cohesive and
lesscoupledwith eachother. With that aim we have
proposeda XML basedframework for designingcom-
ponentsfrom requirementsin [24]. In [23] and [26],
we have proposedformal approachesusingZ notation
for formalizationof functionalrequirementsandsome
of thewidely usedUML diagramsin analysisandde-
signphasesof softwaredevelopment.In [24], we have
proposedamethodologyfor deriving componentsfrom
requirements.This paperis an extensionof that ap-
proach. In this paper, we proposearchitecture,based
on Model-View-Controllerdesignpatternin designing
a componentthattracefunctionalrequirements.

3 SCOPE OF WORK

A software componentis a physical,replaceablepart
of a softwaresystemthatpackagesimplementationand
provides realizationof a set of interfaces. When we
areconsideringsoftwarearchitecturebasedon compo-
nents,acomponentshouldhaveaspeci�cation,it should
haveanimplementation,it shouldconformtosomestan-
dards,it hasto be packageable into modules,and it
should be deployable. A componentspeci�cation is
usually complete;it containsall the information that
a client of the componentneedsto know. A compo-
nentspeci�cation makes it easierto buy, sell, andre-
placecomponentsif thecomponentful�ls itscontract,it
shouldfunctioncorrectlyin thesystem.Fromaclient's
perspectiveor user'sperspective,thereis noneedto ex-
plore into a lower level of detailbeforeusingthecom-
ponent.
But, from an architecturalperspective it is extremely
importanthow thesecomponentsarebuilt sothat there
is a very clear separationof concerns. The architec-
turebasedonthesecomponentscanachieveaveryhigh
cohesionandvery low coupling. With that vision, we
hereproposeto derive componentmodelsthat traceto



theusecasemodelsthathandlefunctionalrequirements
speci�edin theSoftwareRequirementSpeci�cation(SRS)
Document.Analysisclassesin theanalysismodelreal-
ize usecasemodelsandanalysisclassesare tracedto
designclasses.
As analysisclassesareclassi�ed as: boundary, control
andentity classes,thedesignclassesalsogetclassi�ed
accordingly.
Packagingdesignclassesthatplaysimilar kind of roles
in the architecturederives the componentsof compo-
nentmodel.This approachis illustratedin Figure1.
Whendifferentcomponentsareassembled,they areas-
sembledthroughthe interfacesthey implement. Inter-
facesarespeci�cationsof servicesprovidedby classes
or components.Interfacesaremostcloselyassociated
with components;acomponentwithoutaninterfacemay
betechnicallywell formed,butsuspect.FunctionalSpec-
i�cation of thesecomponentsandconsistency veri�ca-
tion amongthemarevery importantto ensurecostef-
fectivenessat averyearlystageof deployment.
In this paper, we proposea componentbasedarchi-
tecturalframework thatfollowsModel-View-Controller
designpatternwhererolesof thecomponentsarewell
de�ned; ensuringseparationof concerns. Packaging
designclassesof similar roles;ensuringhigh cohesion
andlow couplingbuild thesecomponents.We propose
severalXML schemasfor differentmodelsusedin dif-
ferentphasesof softwaredevelopment.

Figure1: TheComponentDesignModel

4 FUNCTIONAL REQUIREMENTS TO COMPO-
NENTS

Traditionalobject-orientedsoftwaredevelopmentaims
atprovidingreusabilityof objecttypede�nitions (classes),
at designandimplementationlevels. In contrast,com-
ponentbaseddevelopmentaimsatproviding reusability
of componentsat deploymentlevel. In this way, com-

ponentsrepresentpiecesof functionality thatareready
to be installedandexecutedin multiple environments.
In this paper, we proposeto addressa designissuein
component-baseddevelopment,i.e., separationof con-
cerns,rolesof componentsto achievelow couplingand
highcohesionamongthecomponents.For that,wepro-
posesomerestrictions,following bestpracticesthatare
adheredto by mostdesignersin any case,in designing
thesecomponents.Therestrictionsare:
1. Eachusecaseof usecasemodelhasto betracedin
a. Oneor moreboundaryclasses
b. Oneor moreentity classes
c. Oneor morecontrolclasses
In theanalysismodel
2. An analysisclasshasto betracedin oneor morede-
signclasses.
3. If adesignclassin designmodeltracesmorethanone
analysisclasses,thenthetypeof theanalysisclasseshas
to bethesame,i.e.,eitheroneof boundary, controland
entity.
4. Whena designclassor a setof classesaregrouped
andpackagedto build components,the designclasses
thattracesametypeof activity classeshaveto begrouped.
For example, if there are threedesignclasses,all of
themtracing“boundary"typeanalysisclasses,they can
build a component.But, if they tracedifferenttypesof
designclassesthey maynotbegroupedto build acom-
ponent.
The restriction4 ensuresthat eachcomponentplaysa
uniquerole in thearchitecture.
a. They canactas“interfaces"throughwhich theusers
interactwith thesystem,or, (View)
b. They canactascomponentsthatinvokedifferentdata
modelsbasedonuserinput,or, (Controller)
c. They canactasthedatamodelsthemselves.(Model)
ThisbuildsMVC architecture.
In thefollowingsections,weproposeXML schemasfor
differentmodelsusedin softwaredevelopment.These
XML schemasconformto OMG's XMI standard.Java
programsthatuseXML parserareusedto verify there-
strictionsproposed.

4.1 Use Case Models to Anal ysis Models

UML usecasediagramshavebecomethede-factostan-
dardfor de�ning andcapturingfunctionalrequirements.
In Uni�ed softwaredevelopmentprocessusecasemod-
els consistof UML usecasediagrams.A usecasedi-
agramis composedof usecases,their actors,their re-
lationshipsandtheir �o w of events(alsoknown asAc-
tivity Flows). In theanalysismodel,a usecaseis real-
ized in collaborationandcollaborationsaremappedto



theanalysisclasses.Therecanbe threetypesof anal-
ysis classes:Boundary, Control andEntity. Boundary
classesin generalareusedto modelinteractionbetween
thesystemandits actors.Entity classesin generalare
usedto modelinformationthat is long-livedandoften
persistent.Controlclassesaregenerallyusedto repre-
sentcoordination,sequencing,transactions,andcontrol
of other objects. And it is often usedto encapsulate
control relatedto a speci�c usecases.Here, in order
to tracefunctionalrequirementsinto componentdesign,
we proposea restriction:A usecasehasto betracedin
oneor many analysisclasses.This translationis dia-
grammaticallyrepresentedin Figure2.

Figure2: FromUseCaseto AnalysisModel

For this tracing,we proposeXML schemasrepre-
sentingusecasemodelandanalysismodelasshown in
Schema1 and2 respectively.
<?xml version=“1.0" encoding=“UTF-8"?>
<xsd:schematargetNamespace=“URI"xmlns:
xmi=“http://www.omg.org/XMI"
xmlns:xsd=http://www.w3.org/2001/XMLSchema
xmlns:p=“URI">
<xsd:importnamespace=http://www.omg.org/XMI schemaLo-
cation=“xmi20.xsd"/>
<xsd:complexTypename=“UseCaseModel">
<xsd:sequence>
<xsd:complexTypename=“UseCase">
<xsd:elementname=“ucId" type=“xsd:integer"/>
<xsd:elementname=“ucName"type=“xsd:string"/>
<xsd:complexTypename=“Events">
<xsd:complexTypename=“Event">
<xsd:attributename=“eventId" type=“xsd:integer"
use=“required"/>
<xsd:elementname=“eventDesc"type=“xsd:string"/>
<xsd:complexTypename=“tracedByAnalysisClasses">
<xsd:elementname=“analysisClass"type=“xsd:string" />
</xsd:complexType>
</xsd:complexType>
</xsd:complexType>
</xsd:sequence>
</xsd:complexType>
</xsd:schema>

Schema1: XML SchemarepresentingUseCaseModels

<?xml version=“1.0" encoding=“UTF-8"?>
<xsd:schematargetNamespace=“URI"xmlns:
xmi=“http://www.omg.org/XMI"
xmlns:xsd=http://www.w3.org/2001/XMLSchemaxmlns:p=“URI">
<xsd:importnamespace=http://www.omg.org/XMI schemaLo-
cation=“xmi20.xsd"/>
<xsd:complexTypename=“AnalysisModel">
<xsd:sequence>
<xsd:complexTypename=“AnalysisClass">
<xsd:attributename=“type"type=“xsd:string"/>
<xsd:elementname=“name"type=“xsd:string"/>
<xsd:complexTypename=“EventsDealt">
<xsd:sequence>
<xsd:complexTypename=“Event">
<xsd:attributename=“id" type=“xsd:integer" use=“required"/>
</xsd:sequence>
</xsd:complexType>
</xsd:complexType>
</xsd:sequence>
</xsd:complexType>
</xsd:schema>
Schema2: XML SchemarepresentingAnalysis Models

TheseXML schemasfollow theXMI standards.
A JavaprogramthatusesanXML parseris usedto ver-
ify if all theeventsin activity �o ws of usecasemodel
hasgot mappedto theanalysisclassesin the Analysis
model. The sameprogramis alsousedto ensurethat
thetypeof analysisclassescanbeeitheroneof bound-
ary, controlandentity.

4.2 Anal ysis Models to Design Models

Theanalysisclassesderivedin theanalysismodelsget
tracedto thedesignclassesof theDesignModel. This
is shown in Figure3.

Figure 3: FromAnalysisto DesignModel

Herewe proposea XML schemarepresentinga de-



signmodelin schema3.
<?xml version=“1.0" encoding=“UTF-8"?>

<xsd:schematargetNamespace=“URI"xmlns:xmi=
“http://www.omg.org/XMI"
xmlns:xsd=http://www.w3.org/2001/
XMLSchemaxmlns:p=“URI">
<xsd:importnamespace=http://www.omg.org/XMI schemaLo-
cation=“xmi20.xsd"/>
<xsd:complexTypename=“DesignModel">
<xsd:sequence>
<xsd:complexTypename=“DesignClass">
<xsd:elementname=“name"type=“xsd:string"/>
<xsd:complexTypename=“TracedAnalysisClasses">
<xsd:elementname=“analysisClass"type=“xsd:string"/>
</xsd:complexType>
</xsd:complexType>
</xsd:sequence>
</xsd:complexType></xsd:schema>
Schema3: XML Schemarepresentinga DesignModel

Similarly aJavaprogramthatusesanXML parseris
usedto verify thateachanalysisclassin Analysismodel
getstracedto one or more designclasses.The same
Javaprogramis alsousedto ensurethatif adesignclass
in designmodeltracesmorethanoneanalysisclasses,
thenthetypeof theanalysisclasseshasto bethesame,
i.e.,eitheroneof boundary, controlandentity.

4.3 Design Models to Component Models

The Designclassesthat trace the activity classesare
packagedto build components.This is shown in Fig-
ure4. Here,we proposea XML schemathatrepresents

Figure 4: TheComponentModel from theDesignClasses

thecomponentmodelasshown in schema4.
<?xml version=“1.0" encoding=“UTF-8"?>
<xsd:schematargetNamespace=“URI"xmlns:
xmi=“http://www.omg.org/XMI"

xmlns:xsd=http://www.w3.org/2001/
XMLSchemaxmlns:p=“URI">
<xsd:importnamespace=http://www.omg.org/
XMI schemaLocation=“xmi20.xsd"/>
<xsd:complexTypename=“ComponentModel">
<xsd:sequence>
<xsd:complexTypename=“Component">
<xsd:attributename=“id" type=“xsd:integer" use=“required"/>
<xsd:elementname=“name"type=“xsd:string"/>
<xsd:elementname=“type"type=“xsd:string"/>
<xsd:complexTypename=“DesignClasses">
<xsd:complexTypename=“class"><xsd:attributename=“name"
type=“xsd:string"use=“required">
</xsd:complexType>
</xsd:complexType>
</xsd:sequence>
</xsd:complexType>
</xsd:schema>
Schema4 : XML Schemarepresentinga ComponentModel

A Java programthat usesa XML parseris usedto
verify that the designclassesthat build a component
trace the sametype of analysisclassin the analysis
model;asstatedin restriction4. In the following sec-
tion we explain our approachwith the help of a case
study.

5 CASE STUDY

Wehaveconsideredasimpleexampleof aLibrary Sys-
temwherea membercanregister, cancelmembership,
issueandreturnbooksfrom the library. The usecase
diagramis shown asin Figure5.

Figure 5: TheComponentModel from theDesignClasses

TheFlow of eventsfor “Registration"is:
1. Persondetailsareentered.
2. Checkingis madewhetheran existing memberor
not.
3. If not an existing member, membershipis created
andamemberID is generated.
TheFlow of eventsfor “IssueBook" is:
1. MemberID is enteredandvalidated
2. EveryMemberhasamaximumallowablelimit for is-



suingbooks,whichdependsonmembercategory. Check
whethermemberis allowedfor issuingbooks
3. If issueis allowedacceptBook ID andvalidateit.
4. Checkif the book is alreadyissuedto the member
andneedsre-issue.
a. If re-issuerequestthencheckif thereis any demand
pending
b. If yes,re-issuerequestrejected.
c. If no, thebookis re-issued.
5. If requestis for issue
a. Checkfor availability of book
b. If available,issuethebook
6. Otherwise,placedemandonhold.
TheFlow of eventsfor “ReturnBook" is:
1. MemberID is enteredandvalidated.
2. Book ID is enteredandvalidated.
3. Checkingis madewhetherthat book wasissuedto
thatmemberor not.
4. Bookdatais updated.
5. Memberdatais updated.
The�o w of eventsfor “CancelMembership"is
1. MemberID is enteredandvalidated
2. Checkif any book is alreadyissuedto the member
or not.
3. If no bookis issuedto themember, themembership
is cancelled.
Thepartof theXML �le representingthisusecasemodel
is shown in schema5.

<?xml version=“1.0"?>
<UseCaseModel>
<UseCase>
<ucId> 01<ucId>
<ucName>Register</ucName>
<Events>
<EventeventId= `1.1'>
<eventDesc>
Persondetailsare entered.
</eventDesc>
<tracedByAnalysisClasses>
<analysisClass>
AuthorizationInterface
</analysisClass>
</tracedByAnalysisClasses>
</Event>
<EventEventId= `1.2'>
<eventDesc>
Checking is madewhetheran existingmemberor not.
</eventDesc>
<tracedByAnalysisClasses>
<analysisClass>
Authentication

</analysisClass>
<analysisClass>Member
</analysisClass>
</tracedByAnalysisClasses>
</Event>
</Events>
</UseCase>
<UseCase>
<ucId> 01 <ucId>
<ucName>IssueBook</ucName>
<Events>
<EventEventId= `2.1'>
<eventDesc></eventDesc>
<tracedByAnalysisClass>
</tracedByAnalysisClass>
</Event>
<EventEventId= `2.2'>
<eventDesc></eventDesc>
<tracedByAnalysisClass>
</tracedByAnalysisClass>
</Event>
.......
</Events>
</UseCase>
................
</UseCaseModel>
Schema5: XML DocumentrepresentingUseCaseModel
of Library System

The usecasesof the UseCaseModel aretracesto
the Analysis classesthat build the analysismodel as
shown in Figure6.
The part of the XML �le that representsthe analysis
modelis shown in schema6.

<?xml version=“1.0"?>
<AnalysisModel>
<AnalysisClasstype=`boundary'>
<name>AuthorizationInterface</name>
<EventsDealt>
<Eventid=`1.1' />
</EventsDealt>
</AnalysisClass>
<AnalysisClasstype=`control'>
<name>Authentication</name>
<EventsDealt>
<Eventid=`1.1' />
<Eventid=`4.3 />
</EventsDealt>
</AnalysisClass>
..................
</AnalysisModel>



Schema6: XML Document representingAnalysis Model
of a Library System

TheAnalysisclassesaretracedto thedesignclasses.
Theprocessis depictedin Figure7.

Figure 6: AnalysisModelof LMS

Figure7: AnalysisClassestracedto DesignClasses

From this, we can derive the designmodel of the
Library Systemasshown in Figure8.
Thepartof thedesignmodelis representedin XML as
shown in schema7.
<?xml version=“1.0"?>
<DesignModel>
<DesignClass>
<name>Display</name>
<TracedAnalysisClasses>
<analysisClass>Authorization-Interface
</analysisClass>
<analysisClass>Issue-Return-Interface
</analysisClass>
</ TracedAnalysisClasses>
</DesignClass>
<DesignClass>
<name>Transaction-Management</name>
<TracedAnalysisClasses>

<analysisClass>Issuance</analysisClass>
<analysisClass>Return</analysisClass>
</ TracedAnalysisClasses>
</DesignClass>
</DesignModel>
Schema7: XML DocumentrepresentingDesignModel of
a Library System

Figure8: TheDesignModelof LMS

We now proposeto packageclassesinto compo-
nentsto generatetheComponentModel of theLibrary
Systemasshown in Figure9.
It is a Component-BasedModel-View-Controller Ar-
chitecture.Part of a ComponentModel of theLibrary
Systemis representedin XML formatin schema8.

<?xml version=“1.0"?>
<ComponentModel>
<Componentid=`01'>
<name>Library-Interface</name>
<type>View</type>
<DesignClasses>
<classname=“Display"/>
<classname=“Keyboard"/>
<classname=“Librarian"/>
</DesignClasses>
</Component>
<Componentid=`04'>
<name>Transaction-Management</name>
<type>6 Controller </type>
<DesignClasses>
<classname=`Transaction-Manager"/>
</DesignClasses>
</Component>
</ComponentModel>
Schema8: XML DocumentrepresentingComponentModel
of a Library System



Figure 9: TheComponentModel of LMS

6 CONCLUSION

In this paper, we proposea framework for designinga
systembasedonComponentBasedArchitecture.Here,
we proposeto achieve separationof concernsamong
thesecomponentsusingModel-View-Controllerdesign
pattern.Thiswouldenableusbuilding componentsthat
arehighly cohesiveandlesscoupledwith othercompo-
nentsmaking themeasily replaceableandmodi�able.
Reusabilityof suchcomponentswill behighastheroles
of thecomponentsaregoingto bewell de�nedandnon-
overlapping.
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