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ABSTRACT

The increasinggrowth in sizeandcomplexity of web applicationsrequiresa systematicway to web appli-
cationdevelopmentthat is ableto incorporatethestringentdemandsimposedon both thedevelopmentand
maintenanceof thesesystems.In thepasta commonstrategy to alleviatetheseproblemshasbeenmodular-
ization. This paperoutlinesdistinct initiativeswithin theXML researchthatattemptto presentalternatives
for accomplishingmodularizationat distinct levels of a Web application. The initiativescomparedin this
paperincludeXLink, theWebCompositionMarkupLanguage, theWebObjectCompositionModel,andthe
InteractiveWebServiceendeavour, andthey arepresentedtogetherwith examples.

KEYWORDS: Web development, XML, Languages

1. INTRODUCTION

Web applicationdevelopmentis currently suffering from a severe bottleneckas the gap betweenavailable
implementationtoolsandapplications’requirementsis widening. Nevertheless,the increasingcomplexity of
Web-applicationscontinuesto beaddressedwith a ratherunstructuredandmonolithicapproachwhich hinders
applicationdevelopmentandmaintenance.Indeed,HTML pagesarestill the pivotal artifact aroundwhich
mostWeb applicationsaremodelledandimplemented.However, HTML pagesarerarely limited to deliver
staticcontent,which complicatesthemodelingandimplementationof websites.Furthermore,suchsituation
makesdesigndecisionsvery hardto track in low-level implementation,i.e. in HTML pages.Consequently
theWebapplicationevolution is hinderedandupdatescaneasilyleadto inconsistencies.Becausequality Web
applicationsarecharacterizedby their rapidevolution,poormaintainabilityis a crucialissue.

This situationsoundsfamiliar to traditionalsoftwaredeveloperswho havesufferedsimilarproblemsin the
lastdecades.Onemainstrategy to overcomepreviousproblemshasbeenmodularization[12]. Modularization
bringsa numberof well-known advantages:it facilitatesre-use,it supportsseparationof concerns,it eases
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Figure1: Thecar-retailer site: somescreenshots.

tracebilitybetweendesignandimplementationartifacts,it amelioratesmaintenancesincerequirementchanges
canbe addressedby focusingin onemoduleor a small numberof modules,etc. Theseadvantagesarealso
cogentlyneededfor thecurrentWebdevelopmentrealm.

Therefore,this paperoutlinesdistinctXML initiativeswhich promotemodularizationpracticesin thecur-
rentWebapplicationdevelopment.We arrangetheseinitiativesaccordingto thesizeandconcernof theresult-
ing modules.In thispaper, wereferto element-basedmodularizationwhenthemoduledescribesthedefinition
of an element(usingXML Schematerminology),to layout-basedmodularization,whenthe module’s ratio-
nale is the presentationstructure,and to component-basedmodularizationfor coarser-grainedmodulesthat
encompassachunkof functionalitythatcanbedeliveryasaunit.

TheinitiativespresentedincludeXLink, theWebCompositionMarkupLanguage, theWebObjectCompo-
sition Model,andthe InteractiveWebServiceinitiative. We do not intent to provide anexhaustive list, but to
promotea differentway of conceiving andsupportingWebapplicationsby divulgingdistinctinitiatives.

The next sectionintroducesthe car-retailer examplewhich is usedto illustrate the different initiatives
throughoutthe paper. Section3, 4 and5 presentthe element-based,layout-basedandcomponent-basedap-
proaches,respectively. A comparisonof thedistinct initiativesis providedin section6, aswell astheconclu-
sionsare.



Figure2: Thecar-retailer site: somedesignartifacts.

2. THE CAR-RETAILER SITE EXAMPLE

We useda car-retailersiteasour runningexample.Figure1 illustratessomeof the interactionsthatcantake
placeat this site. Thesystemstartsby promptingtheuserto provide thedesiredcarmodel(seefigure1, first
page);if morethanonecar matchesthe querycriteria, the site returnsa list with the matchingcars(second
page);oncea carhasbeenunivocally identified,thesiterendersthecorrespondingcardetails(page3).

Figure 2 shows the designartifactsassociatedwith the screen-shotsof the previous figure. We usethe
UML stereotypesintroducedin [4] to illustratethis. Thesestereotypesfacilitatetheseparationof thedistinct
concernsthatareusuallyhiddenwithin serverpages.Theideais to explicitly surfacethemodel-view-controller
patternthat is normally followed by server pages. Therefore,this notion distinguishesbetween(1) client
pages,which are renderedon the browser to supportboundaryobjects,(2) server pages,that interactwith
server resourcesand supportcontrol objects,and (3) the model itself, which in this case,is realizedas a
UML structuraldiagramindicatingthemaindomainentities.Theinteractionsbetweentheseartifactsarealso
indicatedthroughstereotypedrelationships1.

As shown in figure2, the“carSearch” client page(thefirst pagein figure1) providesa link to the “Cata-
logueSearch” server page.This servletaccessesthe“SecondHandCarCatalogue” domainobject-themodel-,

1MoreelaboratedMVC patternshavebeenproposed(see[11]) thatexplicitly distinguishbetweenanapplicationcontroller(e.g.respon-
sible for theflow of controlandcoordinationof distinctGUI widgets)andan input controller(e.g. in chargeof parsinginput, extracting
any necessaryinformation from the request,etc). For the purposeof this paperhowever, a simpleMVC suffices to framethe distinct
approachespresentedin thepaper.



Figure3: Modularisingthemodellayer: anexamplefor thesecondHandCataloguemodel.

andinvokesthe “BuildCarList” servletwhich builds thepresentationof thecar list (thesecondpagein figure
1). This interactionpatternis repeatedfor theremainingscreen-shots.

Therefore,separationof concerns(e.g. model, view, controller) is indeeda way to enhancethe modu-
larizationof an application. Basedon this architecture,the next sectionsterm modularizationapproachesas
element-basedif they focusedon themodel,aslayout-basedwhentheview is addressed,andascomponent-
basedif they advocatefor a model-view-controllercompoundastheunit of decomposition.

3. ELEMENT-BASED MODULARIZATION

Somepartsof a Web applicationcandescribetheir modellayer throughan XML document.Catalogueren-
dering is an exampleof a model that canbe betterrealizedthroughan XML documentratherthana setof
Javaclasses.Insteadof having aself-containeddocument,a modularapproachwill favourascenarioin which
the XML catalogueonly holdsspecificinformation,andleavesadditionalor contextual informationto other
relateddocuments.For instance,DTD via entities[9, Chapter33], XLink [17] andXInclude[18] areableto
supportsuchanapproach.Figure3 illustratesthisscenariofor thesecondHandCarCatalogue.

Thecontentwhich is specificallyassociatedwith a catalogueis describedin thecataloguedocumentitself
(e.g. in the<logo>, <title>, <year> elements).On theotherhand,additionalinformation,commonlyshared
with othercatalogues,is indicatedby meansof “link ed” documents.For instance,the<publisher> contentis
obtainedfrom a separatedocumentaccordingto thepublisherid. In this way, thepublisher’sdatais kept in a
singleplaceregardlessof thenumberof cataloguesbeingedited. Besidesreusabilityandmaintenancegains,
this approachaccountsfor a moreefficient andflexible documenttraversal: the consumerretrievesonly the
relevantdataandadditionalinformationis availableon demandby meansof hyperlinks.

It is importantto mentionthatrelateddocumentsdo not needto bestaticXML documents.Instead,func-
tion callscanbeusedto generateXML documentsonthefly whenrequired.This is theapproachthathasbeen
followedfor the<cars> elementin figure3. Dataaboutthecar is not staticallystoredin anXML document
but retrieved from the databasedynamically. SomeDBMS manufacturersalreadyprovide supportfor easily



generatingXML from dynamicdatabasequeriesvia SQL. The <cars> elementin figure3 usestheOracle’s
XSQLPagesPublishingFramework [14] to obtainits contenton thefly. This framework is supportedthrough
the XSQLServletEngineto be installedon the web server. In the above code,a connectionto the database
is openedby usingtheSQL connectionattributewhosevalue“myConnection”is thenameof oneof thepre-
definedconnectionsin theXSQLConfig.xmlconfigurationfile. Thisconnectionhandleis usedto executeaSQL
queryheld by the query tag. The result is formatedasan XML fragmentwhoseroot is a <rowset>element
whichcontains<row> elements.These<row> elementshold in turnasub-elementfor eachattributereturned
by theSQL query. In this approach,theXML file which containstheXSQL elements(e.g. thesecondHand-
CarCataloguedocument)is processedasa server page. The secondHandCarCataloguedocumentis copy to
a directoryunderthe web server’s virtual directoryhierarchy, an wheninvoked(e.g. by requestingthe URL
http://yourcompany.com/secondHandCarCatalogue.xsql) thewebserver returnsthesecondHandCarCatalogue
documentwheretheXSQL elementshavebeenmaterializedautomaticallyasXML fragments.

A drawbackof this approachis that it defeatslogical dataindependence2, meaningthat changeson how
car datais storedin thedatabasemight requirechangesto thecataloguedocument.However, sucha situation
canbe overcomeif the databaseis URL-addressable.In this case,the queryis encapsulatedwithin a stored
procedureso that the hostingXML documentis unaffectedby changesto the databaseschema.The latter
situationis exemplifiedby the<seller> element. Dataabouttheselleris obtainedthroughthegetSellerData
procedurewhichhasthe id of thesellerastheinputparameter. Therequesteris unawareof thebasetablesthat
ultimatelystorethedata.

Consequently, the designerof the secondHandCarCataloguedocumentcandecidebetweena staticor a
dynamicapproachto supportrelatedcontentrendering.The latter is preferableif thecontenthasa relatively
highvolatility althoughit increasesthetransmissionoverhead.

4. LAYOUT-BASED MODULARIZATION

An HTML pagetendsto bea too coarse-grainedunit which defeatsoneof themodularizationdesires:re-use.
Two modelshave beenproposedto attemptto overcomethis limitation by usinganobject-orientedapproach:
the Web ObjectCompositionModel [10] andthe WebCompositionComponentModel [8]. Both approaches,
clearly separatethe layout of a pagefrom how this pageis finally rendered. In this way, it is possibleto
describean “abstract” part of a page(e.g. a header)which can later be reusedor adaptedby other pages.
Furtherdetailsarepresentedin thenext subsections.

4.1 WebComposition Component Model

TheWebCompositionComponentModel (WCCM) offersa way to modularizeHTML code,usingthenotion
of componentas the decompositionunit. Moreover, it is basedon a prototype-instanceparadigmwhereby
the distinctionbetweeninstancesandclassesis blurred,andall componentscaninherit from any other. The
authorsarguethat“this paradigmnaturally suitsto Webapplicationmodelling, firstbecausemanyWebentities
-namely, thosemodellingcontent-are uniqueand,second,becauseprototypingreflectsthe copy-and-modify
typeof reuseoftenappliedin Webdevelopment”. Components,i.e. prototypes,aredefinedatdifferentlevelsof

2Logical dataindependenceis a key conceptfor databasepractitioners.It indicatesthe capability to changethe conceptualschema
withouthaving to changetheapplicationprograms[5].



<component id=‘CLogo’>
<property name=‘image’ value=’carcataloguelogo.gif’ />
<property name=‘credits’ value=’Car Sellers Co.’ />
<property name=‘url’ value=’http://www.carsellers.com/’ />
<property name=‘content’>

<p align=”center”> <img src=<refprop name=‘image’/> ></p>
<h2> <refprop name=‘credits’> </h2>
<h3> <a href=<refprop name=‘url’>> <refprop name=‘http’> </a></h3>

</property>
</component>
<component id=‘CSearch’>

<property name=‘content’>
<refprop name=‘content’ from = ’CLogo’/>
<refprop name=‘content’ from = ’CHeader’/>
<refprop name=‘content’ from = ’CForm’/>

</property>
</component>
<component id=‘CMainLogo’>

<prototype is=‘CLogo’/>
<property name=‘image’ value=’biggercarcataloguelogo.gif’ />
<property name=‘credits’ value=’Car Sellers Co.- Main St. 8 - Detroit’ />

</component>

Figure4: CLogo, CSearch andCMainLogocomponentdefinitionin WCCM

granularityandabstraction.High-level prototypesmightcorrespondto commonstructuralunitsof aWebpage
(e.g.aheader, a footer, a logoandthelike)whereaslower-level prototypeswould ’specialize’andrealizethose
structuresby addressingcontentandpresentationissues,i.e. they would be moreimplementation-concerned
prototypes.Besides,a componentdefinitionmaybereusedwhendescribinga new component.Thus,a com-
ponentmaybedefinedby theaggregationof othercomponents,i.e. a componentmaydelegatesomepartof
its definition to othercomponentswhich have beendefinedbefore. Componentsaredescribedthroughthe
WebCompositionMarkupLanguage (WCML), thatis basedon XML.

Figure4 depictsCLogo, a componentwhich describesa page’s logo. A componentdescriptionincludes
a setof properties(e.g. image, credits or url for our CLogo example). A specialproperty, content,holds
a fragmentof HTML codewhich indicateshow otherpropertiesof the componentarerendered.Within the
HTML code,thetag<refpropname=’aProperty’ /> retrievestheaProperty’svalue(e.g. carcataloguelogo.gif.
for the imageproperty).

TheCLogo componentmaybereusedasa constituentelementor asa prototype.Theformeris illustrated
by the CSearch component(seefigure 4). The descriptionof this componentis restrictedto the HTML im-
plementationwhile thecontentis delegatedto CLogo, CHeaderandCForm components.How thesedistinct
fragmentsof HTML arearranged(i.e. the layout) is determinedby the order in which the componentsare
specified.CSearch canberegardedasanaggregationof theCLogo, CHeaderandCForm components.It is a
final componentthatmapsto a page(e.g.a pagesimilar to the1stonein figure1) while CLogo canbereused
by componentsrealisingthe2ndand3rd pages.

Thereuseof a componentasa prototypeis achievedthroughthe is property. TheCMainLogo component
is an example(seefigure4). The <prototypeis=’CLogo’/> tag statesthatpropertiesof CLogo areinherited
by CMainLogo. Becauseit is a prototype-basedapproach,bothcontentandfunctionalityareinherited,unless
explicitly overridden.For the CMainLogo example,image andcreditsof CLogo areoverriddenin favour of
thoselocally availableat the CMainLogo level. CMainLogo might supportthe main pageof our application
that“specializes”CLogo to accountfor a biggerlogo andtheneedto provide theaddressof theretailer. This



<rdfs:Class rdf:ID=” Logo”>
<xwmf:view>HTML</xwmf:view>
<xwmf:implementation rdf:parseType=”Literal”>

<p align=”center”> <img src=<var>lr:image</var> ></p>
<h2> <var>lr:credits</var> </h2>
<h3> <a href=<var>lr:url</var>> <var>lr:url</var> </a></h3>

</xwmf:implementation>
</rdfs:Class>
<rdf:Property rdf:ID=” image”>

<rdfs:domain rdf:resource=”#Logo” />
<rdfs:range rdf:resource= ... />

</rdf:Property>
<rdf:Property rdf:ID=” credits”> ... </rdf:Property>
<rdf:Property rdf:ID=”url”> ... </rdf:Property>

—————————–
<lr:Logo rdf:ID=” iLogo”>

<lr:image>carcataloguelogo.gif</lr:image>
<lr:credits>Car Sellers Co.</lr:credits>
<lr:url>http://www.carsellers.com/</lr:url>

</lr:Logo>

Figure5: Definition in WOCM of Logo simplexonclassandits iLogo instance

<rdfs:Class rdf:ID=” Search”/>

—————————–
<lr:Search rdf:ID=” iSearch”>

<xwmf:hasPart>
<rdf:Seq>

<rdf:li rdf:resource=”#iLogo”/>
<rdf:li rdf:resource=”#iHeader”/>
<rdf:li rdf:resource=”#iForm”/>

</rdf:Seq>
</xwmf:hasPart>

</lr:Search>

Figure6: Definition in WOCM of Search complexonclassandits iSearch instance

prototype-basedspecializationmightalsobeusedto definecomponentsthatshareacommoncontentbut differ
onhow this contentis rendered.

4.2 Web Object Composition Model

The Web ObjectCompositionModel (WOCM) is “an object-basedformal metadatamodelfor designinga
Webapplication’sstructureandcontent”. UnlikeWCCM, thismodelseparatesbetweeninstancesandclasses,
thustheobjects’contentscanbedefinedindependentlyof their Webimplementations.Themodeldefinestwo
typesof constructs:simplexonsandcomplexons. Thesimplexonclassesareusedto definethecontentof Web
pagesand the contentpresentationand layout, i.e. they defineabstractdatatypes. On the otherhand,the
complexon classesdefinethe structureof the Web applicationsandarecontainersfor simplexonsandother
complexons. A Web applicationconsistsof a setof components,which arespecialcomplexonsrepresenting
thephysicalresources(e.g. a Webpage)of theapplication.Complexonsandsimplexonsaredescribedusing
theResourceDescriptionFramework (RDF)[3] andtheExtensibleWebModelingFramework (XWMF), which
is anapplicationof RDF.

Figure 5 depictsthe definition of the Logo simplexon classwhich has threeproperties(image, credits



<lr:Search rdf:ID=” iSearch”>
<xwmf: isComponent rdf:resource = “http://www.carsellers.com/.../search.html” />
<xwmf:hasPart>

...
</xwmf:hasPart>

</lr:Search>

Figure7: Definition in WOCM of Search component

<rdfs:Class rdf:ID=” Logo”/>
<rdf:Property rdf:ID=”image”> ... </rdf:Property>
<rdf:Property rdf:ID=”credits”> ... </rdf:Property>
<rdf:Property rdf:ID=”url”> ... </rdf:Property>

—————————–
<rdfs:Class rdf:ID=” HTMLLogo”>

<rdfs: subClassOf rdf:resource=”#Logo”/>
<xwmf:view>HTML</xwmf:view>
<xwmf:implementation rdf:parseType=”Literal”>

<p align=”center”> <img src=<var>lr:image</var> ></p>
<h2> <var>lr:credits</var> </h2>
<h3> <a href=<var>lr:url</var>> <var>lr:url</var> </a></h3>

</xwmf:implementation>
</rdfs:Class>

Figure8: Definition in WOCM of Logosimplexonclassandits CHTMLLogo simplexonsubclass

andurl) and the descriptionof a templatefor the HTML presentationand layout of theseproperties. The
<xwmf:view> tag allows settingthe languagethat is usedto describethe contentpresentationand layout.
This description,i.e. the template,is the valueof the implementationproperty. Any simplexon classto be
instantiatedmusthave an implementationproperty. The<var>lr:ima ge</var> referencewill be replacedby
the image valueof an instanceof the Logo class. With the <lr:Lo go tag, figure 5 alsogivesan exampleof
aninstanceof Logo. The iLogo simplexon instanceinheritsthethreepropertiesof Logo andsetstheir values.
Moreover, the iLogo instanceinheritsthepresentationdescribedin Logo. TheLogosimplexonandits instance
iLogo, areusedin WOCM in the sameasthe CLogo componentin WCCM. After definingthe contentin a
Webapplicationandits basicpresentationandlayout,complexonclassesandinstanceswill bedefined.These
instancesdescribethelayoutof thecompositionof severalsimplexoninstancesandothercomplexoninstances.
Figure6 depictsthedefinitionof theSearch complexonclassandits instanceiSearch. This instance,asshown
by thehasPart property, is thecompositionof the iLogo, iHeaderandiFormandits layoutwill bethesequence
of thelayoutsof formersimplexon instances.It will receive thecontentandpresentationfrom theseinstances,
too. Both simplexonsandcomplexonsusetheclass-instancerelationshipasreusemechanism.Moreover, by
meansof thehasPart property, thecomplexoninstancesalsousetheaggregationreusemechanism.

As we have said before, in WOCM a componentis a specialkind of complexon relatedto a physical
resource,a Web page. So in figure 7 we show the partial definition of the Search component. The only
differencebetweenthisdefinitionandtheoneshown in figure6 is the isComponentproperty. It definesiSearch
asa componentwhich might representthe 1st page(in figure 1) of our Web applicationandit alsosetsthe
placefrom which thecomponentmaybeobtained,namelywww.carsellers.com/.../search.html.

UnlikeWCCM, thismodeldistinguishesbetweenclassandinstanceandallowsthedefinitionof subclasses
of a given class. Figure8 depictsthe definition of two simplexon classes,Logo andHTMLLogo. The first
oneis similar to the Logo simplexon in figure 5, exceptthat it doesnot includean implementationproperty.
Thismeansthattheclasscannot beinstantiated.With thesubClassOfproperty, theHTMLLogo instanceclass



Figure9: EmbeddingthesecondHandCarServiceIWS into acontainerapplication.Somescreen-shots.

indicatesthatit will inheritall properties(image, creditsandurl) from theLogosimplexonclass.Besides,since
this classhasanHTML descriptionin its implementationproperty, it is describingtheHTML presentationof
all their instances.We might defineothersubclassesof Logo simplexon with differentimplementationvalues,
e.g.WML or XML, for differentpresentations.

5. COMPONENT-BASED MODULARIZATION

A componenthasbeendefinedas“a unit of compositionwith contractually specifiedinterfacesand explicit
context dependenciesonly. A softwarecomponentcanbedeployedindependentlyandis subjectbycomposition
bythird parties” [15]. Whenlooking for componentsin currentWebdevelopmentpractices,themostcommon
artifactis theHTML page.However, it is questionablewhetheranHTML pageis acomponent.It cancertainly
be “deployedindependently”and“be subjectby compositionby third parties” (throughthe href construct).
But, it is not clearwhatkind of unity it provides,neitherits interfacenor its context dependencies.

In contrast,Webservicesevolve theobject-orientedvision of assemblingsoftwarefrom componentbuild-
ing blocksto the assemblyof services,which may or may not be built on object technology. Web services’
interfacesare“contractually specified” throughthe Web ServiceDefinition Language (WSDL)[16], andcan
be “subject by compositionby third parties”. However, Web servicestandardsarenormally restrictedto the



Figure10: ThesecondHandCarServiceinterface:anIM-IWS WSDL definition

businesslogic, andsuggestthat Web serviceconsumersshouldwrite a new presentationlogic on top of the
businesslogic. However, suchpresentationlogic is is not justHTML but awholelayerdealingwith issueslike
statemanagement,error handling,client-sidescripting,etc. Codingthe presentationlogic is a cumbersome
taskandwill certainlyenlargethedevelopmenttime.

InteractiveWebServices(IWSs)addressthis problem.They strive to provide coarse-grainedcomponents
that includeboth thebusinesslogic andthepresentationlogic. An IWS is a Web service(andthus,thestan-
dardWSDL is usedfor its specification)whereoperationsmight not only returnXML documents,but also
fragmentsof HTML (or anotherpresentationlanguage).In termsof design,an IWS operationis a cohesive,
purposefulunit of userinteraction.Thesequenceof screenshotsshown in figure1 rendersthepresentationof
thecarSearch IWS operation.This setof pagessupportsa commongoal: retrieving theavailablesecondhand
carsof thedesiredcarmodel.Themoreintricatetheinteraction,themoremakesensethenotionof IWS.

As a meaningfuldesignunit, anIWS operationcanbe“deployedindependently”and“be subjectby com-
positionby third parties”. Suchquality will certainlybenefitcurrente-businesspractices,wherebusinesses
attemptto insurethattheir Internetinvestmentswill resultin increasedrevenuesby usingmultiple distribution
channels.For example,our car-retailercompany could benefitfrom a wider availability of their Web appli-
cations(andthereforeof their cars)to a broaderrangeof potentialcustomersby usingthird-partyportalsas
additionaldistribution channels.Unlike traditionalWebservices,IWSsallow for thecar-retailerto deliver its
serviceswithout givenup brandingandinteractionlogic. Theaim is for new Web applicationsto becreated
seamlesslyby combining/adaptinga group of IWS components.From the provider’s view, IWSs preserve
importantbusinessassetssuchasthe company’s imageor the user-interactionstrategies. On the otherhand,



Table1: Units of decompositionandtheir impactin distinctdimensions
Element-based Layout-based Component-based

Level of granularity - + ++
Reductionof thesemanticgap - + ++
Informationhidden - - ++

therequesterof an IWS not only capitalizeson thebusinesslogic, but alsobenefitsfrom theuserexperience
conveyed by the presentationlayer. The laboriousprogrammingof the presentationlayer is thereforeonly
performedonce,andreusedwherevernecessary.

This ideais illustratedin figure9. Thesportwing.comportal is usedasa distribution channelfor second-
HandCarservices.If presentationwereto bepreserved,a traditionalapproachwouldhavebeento introducea
link (i.e. <href>) to thepartner’s site. However, suchapproachnot only makesthehostingsite loosecontrol,
but alsodefeatsthe improvementof the userexperienceas the servicesof the hostingsite and thoseof the
car-retailerarevery looselycoupled.This approachleavesbothsportwingandcarRetailercompaniesunable
to take full advantageof thepotentialsynergiesthatresultfrom combiningtheir servicesandintegratingtheir
businessmodels.By contrast,figure9 showsa tighterintegration.Theinteractionlogic of thecarSearch oper-
ationcannow beachievedfrom insidetherequestingapplication(i.e. thesportwing.comportal). This implies
first a sharedrenderingspace,andsecondthe requestingapplicationshouldretain the control over invoca-
tion andparameterpassing.Currentportal technologyonly achievestheformer, alsoknown as“side-by-side”
integration,but resortto ad-hocandlow-level mechanismsto accomplishthelatter.

TheOMG standardbodyis currentlyrevising distinctproposalsfor IWS modelingunderthe“OASISWeb
Servicefor Interactive Applications” initiative [13]. An IWS model includeshow to definean IWS (the
provider’s view) andhow a containercanusethis definition to integratethe Web servicein its display (the
requester’sview, e.g.aportal).Distinctmodelshavebeenproposed:theIWSmodel[19], theWSUImodel[1],
theWSXLmodel[6]), or the Integration-MindedIWS(IM-IWS) model[2]. Figure10 givesanexampleof an
IWS definitionfor thesecondHandCarServiceWebServiceusingtheIM-IWS model.

6. DISCUSSION

For the purposeof this paper, a moduleis a unit of decomposition.Previoussectionspresenteddistinct pro-
posalsfor amelioratingthe level of modularity achieved in Web application. This sectioncomparesthese
approachesalongthefollowing dimensions(seetable1):

� level of granularity. Element-basedmodulesrestrictthemselvesto thecontentwhile layout-basedmod-
ulescomprisebothcontentandlayoutconcerns.Ontheotherhand,component-basedmodulesencapsu-
latescontent,presentationandcontrol.

� reductionof the semanticgap. This stateshow directly are “designartifacts” mappedto the “imple-
mentationartifacts”. For example,if UML constructorsareusedasthe designartifacts,the structural
domainmodelis givenin termsof classesandattributes.If XML is usedastheimplementationmodel,
themainconstructorsareelementsandattributes(in thesenseof XML attributes).However, it still has
to be decidedhow classesandattributesof a UML diagramshouldbe mappedto an XML document.



Themostcommonrecommendationis to mapclassesto elements,andattributesto sub-elements,while
therole of XML attributesis to definethemeta-data(see[7] for furtherdetails).

� information hidden. According to Meyer, “the designerof every modulemustselecta subsetof the
module’spropertiesastheofficial informationaboutthemodule, to bemadeavailableto authorsof client
modules”([12], page51). Someelement-basedapproachesjeopardizethis principlesincethephysical
storageof thecontentis madeexplicit to theclientmodules.Only theuseof storedprocedurespreserves
thedocumentfromchangesin theunderlyingdatabaseschema.Neitherdolayout-basedmodulesaccount
for thehiddeninformationprinciple.Suchprincipleis, however, obeyedby theIWS initiative.

6.1 Conclusions

Webapplicationsarecharacterizedby shortlife cycleswhichputatremendouspressureondevelopersto “code-
and-publish”.In this envisionment,theneedfor a strict adherenceto provensoftwarepracticesis evenmore
important.Modularizationis oneof thesepracticesthathasbeensuccessfullyemployedin thepastto improve
software production. This paperoutlinesthreedistinct levels of modularity using XML as the underlying
technology:element-based,layout-basedandcomponent-based.

As it turns out from the discussion,element-basedand layout-basedapproachesare too fine-grainedto
bring truecomponent-baseddevelopmentto theWeb. On theonehand,the InteractiveWebServiceinitiative
is contemplatedasa promisingtentative. However, it hasto beseenhow problemsposedby componentsin a
traditionalproductionsetting,arehandledin a Webenvironment.Questionssuchas,whatdoesa component
deliver?or, how requirementsarefulfilled by a concretecomponent?,shouldbeextendedto contemplatealso
the“interactive logic”, e.g.by meansof a list of usabilityrequirements.
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