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ABSTRACT

The increasinggrowth in sizeandcompleity of web applicationsrequiresa systematiovay to web appli-
cationdevelopmentthatis ableto incorporatethe stringentdemandsmposedon both the developmentand
maintenancef thesesystems.n the pasta commonstratey to alleviate theseproblemshasbeenmodular
ization. This paperoutlinesdistinctinitiativeswithin the XML researchhatattemptto presenalternatves
for accomplishingmodularizationat distinct levels of a Web application. The initiatives comparedn this
paperinclude XLink, the Web CompositionMarkup Languaye, the Web ObjectCompositionModel, andthe
InteractiveWeb Serviceende&our, andthey arepresentedogethemwith examples.
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1. INTRODUCTION

Web applicationdevelopmentis currently suffering from a severe bottleneckas the gap betweenavailable
implementatiortools andapplications’requirementss widening. Neverthelessthe increasingcomplexity of
Web-applicationgontinuego beaddressewvith aratherunstructurecandmonolithicapproactwhich hinders
applicationdevelopmentand maintenance.Indeed,HTML pagesare still the pivotal artifact aroundwhich
mostWeb applicationsare modelledandimplemented.However, HTML pagesarerarely limited to deliver
staticcontent,which complicategshe modelingandimplementatiorof web sites. Furthermoresuchsituation
makesdesigndecisionsvery hardto trackin low-level implementationj.e. in HTML pages.Consequently
theWebapplicationevolutionis hinderedandupdatesaneasilyleadto inconsistenciesBecausejuality Web
applicationsarecharacterizedby their rapid evolution, poormaintainabilityis a crucialissue.

This situationsoundgamiliar to traditionalsoftwaredeveloperswho have sufferedsimilar problemsn the
lastdecadesOnemainstratey to overcomeprevious problemshasbeenmodularizatior{12]. Modularization
bringsa numberof well-known adwantages:it facilitatesre-use,it supportsseparatiorof concernsjt eases

*This researchwas supportedby the Secretariade Estadode Politica Cientificay Tecnolégicaof the SpanishGovernmentunder
contractTIC 1999-1048-C02-02Foundingwas alsoreceved by the Departamentae EducacionUniversidade® Investigacionof the
BasqueGovernmentundercontractUE2000-32.
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Figurel: Thecar-retailer site: somescreershots.

tracebilitybetweerdesignandimplementatiorartifacts,it amelioratesnaintenancsincerequirementhanges
canbe addressedby focusingin one moduleor a small numberof modules,etc. Theseadvantagesarealso
cogentlyneededor the currentWeb developmentealm.

Thereforethis paperoutlinesdistinct XML initiativeswhich promotemodularizatiorpracticesn the cur-
rentWebapplicationdevelopment We arrangehesenitiativesaccordingo the sizeandconcernof theresult-
ing modules.In this paperwe referto element-basethodularizatiorwhenthemoduledescribeghe definition
of an element(using XML Schemaerminology),to layout-basednodularizationwhenthe modules ratio-
naleis the presentatiorstructure,andto component-basethodularizationfor coarsergrainedmodulesthat
encompasa chunkof functionalitythatcanbedelivery asaunit.

Theinitiativespresentednclude XLink, the Web CompositiorMarkup Languaye, the Web ObjectCompo-
sition Model, andthe InteractiveWeb Serviceinitiative. We do notintentto provide an exhaustve list, but to
promotea differentway of conceving andsupportingWeb applicationsby divulging distinctinitiatives.

The next sectionintroducesthe car-retailer examplewhich is usedto illustrate the differentinitiatives
throughoutthe paper Section3, 4 and5 presenthe element-basedayout-basednd component-basedp-
proachesrespectiely. A comparisorof the distinctinitiativesis providedin section6, aswell asthe conclu-
sionsare.
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Figure2: The car-retailer site: somedesignartifacts.

2. THE CAR-RETAILER SITE EXAMPLE

We useda carretailersite asour runningexample. Figure 1 illustratessomeof the interactionghat cantake
placeat this site. The systemstartsby promptingthe userto provide the desiredcar model(seefigure 1, first
page);if morethanone car matcheghe querycriteria, the site returnsa list with the matchingcars(second
page);oncea carhasbeenunivocally identified,the siterenderghe correspondingar details(page3).

Figure 2 shaws the designartifactsassociatedvith the screen-shotsf the previous figure. We usethe
UML stereotypentroducedin [4] to illustratethis. Thesestereotypesgacilitatethe separatiorof the distinct
concernghatareusuallyhiddenwithin senerpagesTheideais to explicitly surfacethemodel-viev-controller
patternthat is normally followed by sener pages. Therefore,this notion distinguishesbetween(1) client
pages,which arerenderedon the browserto supportboundaryobjects,(2) sener pages,that interactwith
sener resourcesand supportcontrol objects,and (3) the modelitself, which in this case,is realizedas a
UML structuraldiagramindicatingthe maindomainentities. Theinteractionshetweertheseartifactsarealso
indicatedthroughstereotypedelationships.

As shavn in figure 2, the“carSearch” client page(thefirst pagein figure 1) providesalink to the “Cata-
logueSeath” sener page.This servletaccessethe“SecondHandCarCatalgue” domainobject-the model-,

IMoreelaboratedVC patternshave beernproposedsee]11]) thatexplicitly distinguishbetweeranapplicationcontroller(e.g.respon-
sible for the flow of controlandcoordinationof distinct GUI widgets)andaninput controller(e.g. in chage of parsinginput, extracting
ary necessarynformationfrom the request.etc). For the purposeof this paperhowever, a simple MVC suficesto framethe distinct
approachepresentedh the paper
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Figure3: Modularisingthe modellayer: anexamplefor thesecondHandCatalguemodel.

andinvokesthe“BuildCarList” servletwhich builds the presentatiorof the carlist (the secondpagein figure
1). Thisinteractionpatternis repeatedor theremainingscreen-shots.

Therefore,separatiorof concernge.g. model, view, controller)is indeeda way to enhancethe modu-
larizationof an application. Basedon this architecturethe next sectionsterm modularizationapproachegss
element-based they focusedon the model,aslayout-basedvhenthe view is addressedandascomponent-
basedf they adwcatefor amodel-viev-controllercompoundasthe unit of decomposition.

3. ELEMENT-BASED MODULARIZATION

Somepartsof a Web applicationcandescribetheir modellayer throughan XML document.Catalogueren-
deringis an exampleof a modelthat canbe betterrealizedthroughan XML documentratherthana setof
Java classeslinsteadof having a self-containedlocumenta modularapproactwill favourascenarian which
the XML catalogueonly holds specificinformation,andleavesadditionalor contextual informationto other
relateddocuments.For instance DTD via entities[9, Chapter33], XLink [17] and XInclude[18] areableto
supportsuchanapproachFigure3 illustratesthis scenaridor the secondHandCarCatafjue

The contentwhich is specificallyassociatedvith a cataloguas describedn the cataloguedocumenttself
(e.g.in the<logo>, <title>, <year> elements)Onthe otherhand,additionalinformation,commonlyshared
with othercataloguesis indicatedby meansof “link ed” documentsFor instancethe <publisher> contentis
obtainedfrom a separatelocumentaccordingto the publisherid. In this way, the publishers datais keptin a
singleplaceregardlessof the numberof cataloguedeingedited. Besidesreusabilityandmaintenanceains,
this approachaccountgor a more efficient andflexible documentraversal: the consumerretrievesonly the
relevantdataandadditionalinformationis availableon demandoy meansof hyperlinks.

It is importantto mentionthatrelateddocumentslo not needto be staticXML documentsinstead func-
tion callscanbeusedto generateXML document®nthefly whenrequired.Thisis theapproachhathasbeen
followedfor the <cars> elementin figure 3. Dataaboutthe car is not staticallystoredin an XML document
but retrieved from the databaselynamically SomeDBMS manufcturersalreadyprovide supportfor easily



generatingKML from dynamicdatabasejueriesvia SQL. The <cars> elementin figure 3 usesthe Oracles
XSQLPagesPublishingFramavork [14] to obtainits contenton thefly. This frameawork is supportedhrough
the XSQLServletEngineto be installedon the web sener. In the abose code,a connectiorto the database
is openedby usingthe SQL connectiomattribute whosevalue“myConnection”is the nameof oneof the pre-
definedconnectionsn the XSQLConfigkmlconfiguratiorfile. Thisconnectiorhandleis usedto executea SQL
queryheld by the querytag. The resultis formatedasan XML fragmentwhoserootis a <rowset>element
which contains<row> elementsThese<row> elementdold in turn a sub-elementor eachattributereturned
by the SQL query In this approachthe XML file which containsthe XSQL elementge.g. the secondHand-
CarCatalogualocument)is processe@sa sener page. The secondHandCarCatalogdecumentis copy to
a directoryunderthe web sener’s virtual directoryhierarchy an wheninvoked (e.g. by requestinghe URL
http://yourcompanycom/secondHadCarCatal@guexsq) theweb sener returnsthe secondHandCarCatalogue
documenwvherethe XSQL elementdhave beenmaterializecautomaticallyas XML fragments.

A drawbackof this approachs thatit defeatdogical dataindependence meaningthat changeson how
car datais storedin the databasenight requirechangeso the cataloguedocumentHowever, sucha situation
canbe overcomeif the databasés URL-addressableln this casethe queryis encapsulategvithin a stored
procedureso that the hostingXML documentis unafectedby changedo the databaseschema. The latter
situationis exemplifiedby the <seller> element Dataaboutthe selleris obtainedthroughthe getSellerData
proceduravhich hastheid of the sellerastheinput parameterTherequesters unavareof the basetablesthat
ultimatelystorethe data.

Consequentlythe designerof the secondHandCarCatafue documentcan decidebetweena staticor a
dynamicapproachto supportrelatedcontentrendering.The latteris preferableif the contenthasa relatively
high volatility althoughit increaseshetransmissioroverhead.

4. LAYOUT-BASED MODULARIZATION

An HTML pagetendsto beatoo coarse-grainednit which defeatsoneof the modularizationdesiresire-use.
Two modelshave beenproposedo attemptto overcomethis limitation by usingan object-orientecapproach:
the Web Object CompositionModel [10] andthe WebCompositiorComponentModel [8]. Both approaches,
clearly separatehe 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 canlater be reusedor adaptedby other pages.
Furtherdetailsarepresentedn the next subsections.

4.1 WebComposition Component Model

The WebCompositiorlComponenModel (WCCM) offersa way to modularizeHTML code,usingthe notion
of componeniasthe decompositiorunit. Moreover, it is basedon a prototype-instancearadigm whereby
the distinctionbetweeninstancesandclassess blurred,andall componentganinheritfrom ary other The
authorsarguethat“this paradigmnaturally suitsto Webapplicationmodelling firstbecausenanyWebentities
-namely thosemodellingcontent-are uniqueand, second becauseprototypingreflectsthe copy-and-modify
typeof reuseoftenappliedin Webdevelopment? Componentsi,e. prototypesaredefinedat differentlevelsof

2| ogical dataindependencis a key conceptfor databaseractitioners. It indicatesthe capabilityto changethe conceptuaschema
without having to changethe applicationprogramg5].



<conponent 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>

<conponent id='CSearch’ >
<property  name=‘content>

<refprop  name=‘content’ from = 'CLogo’/>
<refprop  name=‘content’ from = 'CHeader/>
<refprop  name=‘content’ from = 'CForm’/>
</property>
</component>
<conponent id=" CVhi nLogo’ >
<prototype is=‘CLogo’/>
<property = name=‘image’ value='biggercarcataloguelogo.gif’ />
<property  name=‘credits’ value="Car  Sellers Co.- Main St. 8 - Detroit’ />

</component>

Figure4: CLogo, CSeach andCMainLago componentefinitionin WCCM

granularityandabstractionHigh-level prototypeamight correspondo commonstructuralunits of aWeb page
(e.g.aheaderafooter, alogo andthelike) whereadower-level prototypesvould 'specialize’andrealizethose
structuresy addressingontentand presentationissuesj.e. they would be moreimplementation-concerned
prototypes.Besidesa componentefinition may be reusedvhendescribinga nev component.Thus,a com-
ponentmay be definedby the aggreationof othercomponentsi.e. a componenimay delegatesomepart of
its definition to other componentsvhich have beendefinedbefore. Componentsare describedthroughthe
WebCompositioMarkupLanguage (WCML), thatis basecon XML.

Figure4 depictsCLogo, a componentwhich describesa pages logo. A componentescriptionincludes
a setof properties(e.g. image, creditsor url for our CLogo example). A specialproperty, content,holds
a fragmentof HTML codewhich indicateshow otherpropertiesof the componen@arerendered.Within the
HTML code thetag<refpop name="aPoperty’/> retrievestheaPropertysvalue(e.g. carcataloguelgo.gif.
for theimage property).

The CLogo componentnay be reusedasa constituenelementor asa prototype.Theformeris illustrated
by the CSeach componeniseefigure 4). The descriptionof this componenis restrictedto the HTML im-
plementatiorwhile the contentis deleggatedto CLogo, CHeaderand CForm componentsHow thesedistinct
fragmentsof HTML arearranged(i.e. the layout) is determinedby the orderin which the componentsare
specified.CSeach canberegardedasan aggreyationof the CLogo, CHeaderand CForm componentslt is a
final componenthatmapsto a page(e.g. a pagesimilar to the 1stonein figure 1) while CLogo canbereused
by componentsealisingthe 2ndand3rd pages.

Thereuseof a componentsa prototypeis achievedthroughtheis property The CMainLago component
is anexample(seefigure 4). The <prototypeis="CLogo’/> tag statesthat propertiesof CLogo areinherited
by CMainLogo. Becauset is a prototype-basedpproachboth contentandfunctionalityareinherited,unless
explicitly overridden. For the CMainLogo example,image and creditsof CLogo are overriddenin favour of
thoselocally available at the CMainLogo level. CMainLogo might supportthe main pageof our application
that“specializes"CLogo to accountfor a biggerlogo andthe needto provide the addresf theretailer This



<rdfs:Class rdf:ID="  Logo™>
<xwmf:view>HTML</xwmf:view>

<xwmf:implementation rdf:parseType="Literal">
<p align="center”> <img src=<var>Ir.image</var> ></p>
<h2> <var>Ir:.credits</var> </h2>
<h3> <a href=<var>Ir.url</var>> <var>Ir.url</var> </a></h3>

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

<rdf:Property rdf:ID=" i mage™>

<rdfs:domain rdf:resource="#Logo” />
<rdfs:range rdf:resource= 1>
</rdf:Property>

<rdf:Property rdf:ID=" credits”™ .. </rdf:Property>
<rdf:Property rdf:ID="url"> ... <Irdf:Property>
<IrLogo  rdf:ID=" i Logo™
<Ir:image>carcataloguelogo.gif</Ir.image>
<Ir:credits>Car Sellers  Co.</Ir:credits>
<Ir:url>http://www.carsellers.com/</Ir:url>

</Ir:Logo>

Figure5: Definitionin WOCM of Logo simplexon classandits iLogo instance

<rdfs:Class rdf:ID=" Sear ch"/>

<Ir:Search rdf:ID=" i Search”>
<xwmf:hasPart>
<rdf:Seq>
<rdf:li rdf:resource="#iLogo"/>
<rdf:li rdf:resource="#iHeader"/>
<rdf:li rdf:resource="#iForm"/>
</rdf:Seq>

</xwmf:hasPart>
</Ir:Search>

Figure6: Definitionin WOCM of Searh complexon classandits iSeach instance

prototype-basedpecializatiormight alsobe usedto definecomponentshatsharea commoncontentout differ
on how this contentis rendered.

4.2 Web Object Composition Model

The Web Object CompositionModel (WOCM) is “an object-basedormal metadatamodelfor designinga
Webapplication’s structure andcontent”. Unlike WCCM, this modelseparatebetweerinstancesandclasses,
thusthe objects’contentscanbe definedindependenthyf their Web implementationsThe modeldefinestwo
typesof constructssimplexonsandcompleons The simplexon classesareusedto definethe contentof Web
pagesandthe contentpresentatiorand layout, i.e. they defineabstractdatatypes. On the otherhand,the
compleon classedefinethe structureof the Web applicationsand are containersfor simplexons and other
complecons. A Web applicationconsistsof a setof componentswhich are specialcompleconsrepresenting
the physicalresourcege.g. a Web page)of the application. Complexonsandsimplexonsaredescribedusing
theResourc®escriptionFramevork (RDF)[3] andthe ExtensiblenebModelingFramavork (XWMF), which
is anapplicationof RDF.

Figure 5 depictsthe definition of the Logo simplexon classwhich hasthree properties(image, credits



<Ir:Search rdf:ID=" i Search™>
<xwmf: i sConponent rdf:resource = “http://www.carsellers.com/.../search.html” />
<xwmf:hasPart>

</l>;\./vmf:hasPart>
</Ir:Search>

Figure7: Definitionin WOCM of Seach component

<rdfs:Class rdf:ID="  Logo"/>

<rdf:Property rdf:ID="image"> ... <Irdf:Property>
<rdf:Property rdf:ID="credits"> ... <Irdf:Property>
<rdf:Property rdf:ID="url"> ... <Irdf:Property>

<rdfs:Class rdf:ID="  HTM.Logo">
<rdfs: subCl assOf rdf:resource="#Logo"/>
<xwmf:view>HTML</xwmf:view>

<xwmf:implementation rdf:parseType="Literal">
<p align="center”> <img src=<var>Iriimage</var> ></p>
<h2> <var>Ir:credits</var> </h2>
<h3> <a href=<var>Ir.url</var>> <var>Ir:url</var> </a></h3>

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

Figure8: Definitionin WOCM of Logo simplexon classandits CHTMLLaogo simplexon subclass

and url) andthe descriptionof a templatefor the HTML presentatiorand layout of theseproperties. The
<xwmf:view> tag allows settingthe languagethat is usedto describethe contentpresentatiorand layout.
This description,i.e. the template,is the value of the implementatiorproperty Any simplexon classto be
instantiatedmusthave animplementatiorproperty The <var>Ir:ima ge</var> referencewill bereplacedoy
the image value of aninstanceof the Logo class. With the <Ir:Lo go tag, figure 5 also givesan exampleof
aninstanceof Logo. TheiLogo simplexon instancenheritsthe threepropertiesof Logo andsetstheir values.
Moreover, theiLogo instancdnheritsthepresentatiomlescribedn Logo. The Logo simplexon andits instance
iLogo, areusedin WOCM in the sameasthe CLogo componenin WCCM. After definingthe contentin a
Webapplicationandits basicpresentatiorandlayout,complexon classesandinstancewill bedefined.These
instanceslescribehelayoutof thecompositionof severalsimplexoninstancesndothercomplexoninstances.
Figure6 depictsthe definition of the Seach complecon classandits instancaSearch. Thisinstanceasshown
by thehasRart property is thecompositionof theiLogo, iHeaderandiForm andits layoutwill bethesequence
of thelayoutsof formersimplexon instanceslt will receie the contentandpresentatiorfrom theseinstances,
too. Both simplexonsand complexonsusethe class-instanceelationshipasreusemechanismMoreover, by
meanf the hasRart property the complexoninstanceslsousethe aggrayationreusemechanism.

As we have said before,in WOCM a componentis a specialkind of complexon relatedto a physical
resource,a Web page. Soin figure 7 we shav the partial definition of the Seach component. The only
differencebetweerthis definitionandtheoneshownnin figure 6 is theisComponenproperty It definesSeach
asa componentwvhich might representhe 1stpage(in figure 1) of our Web applicationandit also setsthe
placefrom which the componenmay be obtained namelywwwecarsellers.com/.../seah.html

Unlike WCCM, this modeldistinguishebetweerclassandinstanceandallows thedefinitionof subclasses
of a givenclass. Figure 8 depictsthe definition of two simplexon classes].ogo and HTMLLogo. The first
oneis similar to the Logo simplexon in figure 5, exceptthatit doesnot includeanimplementatiorproperty
This meanghatthe classcannot beinstantiated With the subClassOfroperty theHTMLLogo instanceclass



Figure9: Embeddinghe secondHandCarServid®VsS into a containerapplication.Somescreen-shots.

indicateghatit will inheritall propertiegimage, creditsandurl) from the Logo simplexonclass.Besidessince
this classhasan HTML descriptionin its implementatiorproperty it is describinghe HTML presentatiorof
all theirinstancesWe might defineothersubclassesf Logo simplexon with differentimplementatiorvalues,
e.9.WML or XML, for differentpresentations.

5. COMPONENT-BASED MODULARIZATION

A componenhasbeendefinedas“a unit of compositionwith contractually specifiedinterfacesand explicit
conttdependenciesnly. A softwae componentanbedeployedndependenthandis subjectoy composition
bythird parties” [15]. Whenlooking for componentén currentWebdevelopmenpracticesthemostcommon
artifactis theHTML page.However, it is questionablevhetheranHTML pageis acomponentlt 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 contrastWeb servicesevolve the object-orientedision of assemblingoftwarefrom componenbuild-
ing blocksto the assemblyof serviceswhich may or may not be built on objecttechnology Web services’
interfacesare “contractually specified” throughthe Web ServiceDefinition Language (WSDL)[16], andcan
be “subject by compositionby third parties”. However, Web servicestandardsre normally restrictedto the



Figure10: ThesecondHandCarServideterface:anIM-IWS WSDL definition

businesdogic, and suggesthat Web serviceconsumershouldwrite a new presentatiorogic on top of the
businesdogic. However, suchpresentatiotogic is is notjustHTML but awholelayerdealingwith issuedike
statemanagementerror handling, client-sidescripting, etc. Codingthe presentatioriogic is a cumbersome
taskandwill certainlyenlagethedevelopmentime.

Interactive Web ServiceqIWSs) addresghis problem. They strive to provide coarse-grainedomponents
thatincludeboththe businesdogic andthe presentatiortogic. An IWS is a Web service(andthus,the stan-
dardWSDL is usedfor its specification)whereoperationamight not only return XML documentshput also
fragmentsof HTML (or anothempresentatiodanguage).In termsof design,an IWS operationis a cohesve,
purposefulunit of userinteraction.The sequencef screershotsshowvn in figure 1 renderghe presentatiorof
thecarSeach IWS operation.This setof pagessupportsa commongoal: retrieving the availablesecondchand
carsof thedesiredcarmodel. The moreintricatetheinteraction the moremake sensehenotionof IWS.

As ameaningfuldesignunit, anIWS operationcanbe “deployedindependently’and“be subjectby com-
positionby third parties”. Suchquality will certainly benefitcurrente-businesspracticeswherebusinesses
attemptto insurethattheir Internetinvestmentsill resultin increasedevenueshy usingmultiple distribution
channels.For example,our carretailercompaty could benefitfrom a wider availability of their Web appli-
cations(andthereforeof their cars)to a broaderrangeof potentialcustomerdy usingthird-party portalsas
additionaldistribution channels.Unlike traditionalWeb services]WSs allow for the carretailerto deliver its
serviceswithout given up brandingandinteractionlogic. Theaim is for newv Web applicationsto be created
seamlesslypy combining/adapting group of IWS components.From the provider’s view, IWSs presere
importantbusinessassetsuchasthe compaly’simageor the userinteractionstrategies. On the otherhand,



Tablel: Units of decompositiorandtheirimpactin distinctdimensions

Element-based Layout-based Component-based
Level of granularity - + ++
Reductionof the semantiggap - + ++
Informationhidden - - ++

the requestenf an IWS not only capitalizeson the businesdogic, but alsobenefitsfrom the userexperience
corveyed by the presentatiorayer  The laboriousprogrammingof the presentatiodayer is thereforeonly
performedonce,andreusedvherever necessary

This ideais illustratedin figure 9. The sportwingcomportalis usedasa distribution channeffor second-
HandCarservicesIf presentationvereto be presered,atraditionalapproactwould have beento introducea
link (i.e. <href>) to the partners site. However, suchapproachmot only makesthe hostingsite loosecontrol,
but also defeatsthe improvementof the userexperienceasthe servicesof the hostingsite and thoseof the
carretailerarevery looselycoupled. This approacHeavesboth sportwingand carRetailercompaniesinable
to take full advantageof the potentialsynegiesthatresultfrom combiningtheir servicesandintegratingtheir
businessnodels.By contrastfigure 9 shovs atighterintegration. Theinteractionlogic of thecarSeach oper
ationcannow beachievedfrom insidetherequestingapplication(i.e. the sportwingcomportal). Thisimplies
first a sharedrenderingspace,and secondthe requestingapplicationshouldretain the control over invoca-
tion andparametepassing.Currentportaltechnologyonly achievesthe former, alsoknown as“side-by-side”
integration,but resortto ad-hocandlow-level mechanism$o accomplistthe latter.

The OMG standardodyis currentlyrevising distinctproposaldor IWS modelingunderthe “O ASISWeb
Servicefor Interactive Applications” initiative [13]. An IWS modelincludeshow to definean IWS (the
provider’s view) andhow a containercan usethis definition to integratethe Web servicein its display (the
requestesview, e.g.aportal). Distinct modelshave beenproposedthe IWSmodel[19], the WSUImodel[1],
the WSXLmodel[6]), or the Integration-MindedIWS (IM-IWS) model[2]. Figure10 givesanexampleof an
IWS definitionfor the secondHandCarServid&eb Serviceusingthe IM-IWS model.

6. DIsScUSsION

For the purposeof this paper a moduleis a unit of decomposition.Previous sectionspresentedlistinct pro-
posalsfor amelioratingthe level of modularity achiezed in Web application. This sectioncompareghese
approachealongthefollowing dimensiongseetablel):

level of granularity. Element-basethodulesrestrictthemselesto the contentwhile layout-baseadnod-
ulescomprisebothcontentandlayoutconcernsOnthe otherhand,component-basethiodulesencapsu-
latescontent presentatiorandcontrol.

reductionof the semanticgap. This stateshow directly are “design artifacts” mappedto the “imple-

mentationartifacts”. For example,if UML constructorsare usedasthe designartifacts,the structural
domainmodelis givenin termsof classesandattributes.If XML is usedastheimplementatiormodel,
the main constructorareelementsaandattributes(in the senseof XML attributes). However, it still has
to be decidedhow classesandattributesof a UML diagramshouldbe mappedio an XML document.



The mostcommonrecommendatiors to mapclassedo elementsandattributesto sub-elementsyhile
therole of XML attributesis to definethe meta-datdsee[7] for furtherdetails).

information hidden. Accordingto Meyer, “the designerof every modulemustselecta subsetof the
modules propertiesastheofficial informationaboutthemodule to bemadeavailableto authors of client
modules”([12], page51). Someelement-basedpproachegeopardizethis principle sincethe physical
storageof the contentis madeexplicit to theclientmodules.Only the useof storedprocedurepreseres
thedocumenfrom changedn theunderlyingdatabasechemaNeitherdolayout-basednodulesaccount
for thehiddeninformationprinciple. Suchprincipleis, however, obeyedby the IWS initiative.

6.1 Conclusions

Webapplicationsarecharacterizetdy shortlife cycleswhichputatremendougressur@ndeveloperdo “code-
and-publish”.In this ervisionment,the needfor a strict adherencéo proven softwarepracticess evenmore
important.Modularizationis oneof thesepracticeghathasbeensuccessfullyemployedin the pastto improve
software production. This paperoutlinesthreedistinct levels of modularity using XML as the underlying
technology:element-basedayout-base@ndcomponent-based.

As it turns out from the discussionelement-basednd layout-basedipproachesre too fine-grainedto
bring true component-basedevelopmentto the Weh On the onehand,the Interactive\Web Serviceinitiative
is contemplatedisa promisingtentatve. However, it hasto be seenhow problemsposedby componentsn a
traditionalproductionsetting,arehandledin a Web ervironment. Questionssuchas,whatdoesa component
deliver?or, how requirementsrefulfilled by a concretecomponent?shouldbe extendedto contemplatelso
the“interactive logic”, e.g.by meansof alist of usabilityrequirements.
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