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Kurzfassung

DieseDissertationstellt die XGuideWebEntwicklungsmethodevor. XGuidebetontdie ter-
mingerechteEntwicklungvon Webapplikationenundgarantiertqualitativ hochwertigeDesign-
dokumenteundwiederverwendbareImplementierungen.EsuntersẗutztdenvollenLebenszyklus
vonWebapplikationenunddecktdiePhasenAnalyse,Design,ImplementierungundWartungab.

Die zentraleIdeein XGuide ist die Einführungder bewährtenSoftwareEngineeringKon-
zepte“Interface”und“Vertrag”in die DomänedesWebEngineering.Vertr̈agelegendie Anfor-
derungenundinternenAbhängigkeitenvonWebseitenfestundfungierenalsSpezi�kationenfür
diefolgendeImplementierung.Um dieparalleleDurchführungvonImplementierungstätigkeiten
durchunterschiedlichePersonenzu fördern,führt XGuide sogenanntemehrdimensionaleVer-
trägeein, die die zeitgleicheEntwicklungvon Teilender Implementierungwie demInhalt, der
gra�schenRepr̈asentationundderApplikationslogikermöglichen.

Zus̈atzlichzurgleichzeitigenImplementierunguntersẗutzenVertr̈ageauchdieDe�nition von
Web-Komponenten:wiederverwendbarenFragmenten,die zu Webseitenzusammengesetztwer-
den.EineWeb-Komponenteist durchihrenVertragvollkommenspezi�ziertunddasZusammen-
setzenvonVertr̈agengibt die Regelnfür die IntegrationvonKomponentenin Seitenvor.

Aufgrund der kurzenInnovationszyklendesWorld-Wide Web werdenWeb Entwicklungs-
methodensẗandigmit neuenAnforderungenkonfrontiert.EineformaleDe�nition vonVertr̈agen
undderenKompositionbildetdieGrundlagefür einoffenesunderweiterbaresVertragsmodellin
XGuide,dasneueAnforderungenwie Zugriffskontrolle,Meta-DatenoderGer̈ateunabḧangigkeit
alsgetrennteModulerealisierenkann.

Der XGuideProzessverwendeteinenmodellbasiertenAnsatz,deranf̈anglicheAnforderun-
genschrittweisein Designdiagramme,Vertr̈ageundImplementierungskomponentenumwandelt.
In derWartungsphasewerdenalle ÄnderungenalsAktualisierungderDiagrammeundVertr̈age
formuliert, die sich letztendlichin der Implementierungwieder�nden. Dieseiterative Vorge-
hensweisestellt sicher, dassalle Designmodellemit der Implementierungkonsistentsind und
gewährleistetgutstrukturierteProjekteundnachvollziehbareÄnderungen.

Um denEinsatzvon XGuidein echtenWebProjektenzu untersẗutzen,entwickeltenwir das
XSuiteEntwicklungswerkzeug.DasZiel derXSuite IDE ist es,die Entwickler in allenPhasen
desXGuideProzessmodelleszu untersẗutzen.Gra�scheDesignmodellewerdenautomatischin
Vertr̈ageumgewandeltund AssistentenbietenHilfe bei der Erstellungvon neuenSeiten,beim
Zusammensetzenvon Vertr̈agenund bei der Installationder Webapplikation.XSuite setztauf
dasgenerischeEntwicklungsmodellvonEclipseaufundintegrierteineJavaIDE, einSystemzur
VersionskontrolleundeinenWebServer in dieeigentlicheWebEntwicklungsumgebung.

Die Umsetzbarkeit desXGuide Prozessesund die Anwendbarkeit desXSuite Softwarepa-
keteswird anhandder Implementierungder Webapplikationfür die WienerFestwochen2003
demonstriert.





Abstract

In thisdissertationweproposetheXGuideWebdevelopmentmethod.XGuidefocusesonthe
timely developmentof Web applicationswhile guaranteeinghigh-qualitydesignsandreusable
implementationartifacts. It supportsthe whole life-cycle of a Web applicationandcoversthe
analysis,design,implementationandmaintenancephases.

Thecentralideain XGuideis to bring thewell-establishedsoftwareengineeringconceptsof
interfacesandcontractsto theWebengineeringdomain.Contractsclearlystatetherequirements
andinternaldependenciesof Web pagesandact asspeci�cationsfor a subsequentimplemen-
tation. To supportmultiple activities beingcarriedout in parallelby differentpeople,XGuide
introducesmulti-dimensionalcontractsthatenabletheconcurrentdevelopmentof implementa-
tion concernssuchasthecontent,thegraphicalappearanceandtheapplicationlogic.

In additionto theparallelimplementationphase,contractsalsoenablethede�nition of Web
components—reusablepagefragmentsthat get assembledto form the �nal Web page.A Web
componentis fully speci�ed by its contractandcontractcompositionde�nes the rulesfor em-
beddingcomponentsinto pages.

Theshortinnovationcycleson theWebfurtherrequirea Webdevelopmentmethodologyto
constantlycopewith new requirements.In XGuide, a formal de�nition of contractsandtheir
compositionis thefoundationfor anopencontractmodelthatcanintegratenew concernssuch
asaccesscontrol,meta-dataor device independenceasseparatemodules.

The XGuide processappliesa model-driven approachto Web developmentthat iteratively
re�nes initial requirementsinto designdiagrams,contractsandimplementationcomponents.Af-
ter theinitial deployment,XGuidedirectly mapsmaintenanceandevolution tasksto updatesof
the designmodels(i.e., diagramsandcontracts).Model updatestrigger a new iterationof the
XGuide process,i.e., follow the samecontract-based,parallel implementationparadigm.This
round-tripengineeringensuresthatmodelsremainconsistentwith theimplementationandguar-
anteeswell-structuredandeasyto traceprojects.

In orderto supporttheapplicationof XGuide in real-world Web projects,we implemented
theXSuiteWebdevelopmentenvironment.Thepurposeof theXSuiteIDE is to supportthede-
veloperin all phasesof theXGuideprocess.Visualdesignmodelsareautomaticallytranscoded
into contractsandwizardsassistin creatingpages,composingcontractsanddeploying the ap-
plication. XSuite is built on top of thegenericEclipseframework andintegratesa Java IDE, a
versioncontrolsystemandaWebserver into theactualWebdevelopmentenvironment.

Thepracticalityof theXGuidemethodandtheXSuite tool suiteis demonstratedin the im-
plementationof theViennaInternationalFestival 2003(VIF) casestudy.
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CHAPTER 1

INTRODUCTION

The killer app will not be a shrink-wrapped program that sells millions.
The killer app will be a Web site that touches millions of people and

helps them to do what they want to do.

Lou Gerstner

1.1 MOTIVATION

Did you ever think abouthow your life would be without the Internet? How much of your
daily routinewould changewithout electronicmail? How muchharderit would be to access
informationwithout theWorld Wide Web?

Students,businesspeople,parents,andchildrenall over the world have email accountsto
keepin touchwith friends,relativesor businesspartners.CompanieshaveWebsitesto commu-
nicatewith their customersor advertiseandsell their products.Educationalinstitutionsprovide
teachingmaterialontheWeb,offer onlinetraining,anduseemailastheprimarycommunication
mediawith their students.But thereis muchmore: the Interneteffectively spreadsinto almost
all domainsof our daily life. The creationof termssuchaseCommerce,eLearning,eSupport,
eProcurementor eGovernmentclearlyemphasizesthis fact.

We keeptalking aboutthe Internetbut whatwe actuallyrefer to is usuallyeitherelectronic
mail (email)or theWorld Wide Web(Web,WWW). Thesetwo servicesby far outnumberany
otherapplicationon theInternet.This thesisfocuseson theWorld Wide Web.

On theWeb,wedistinguishWebsitesandWebapplications[5,37]. A Website'smainintent
is informationdissemination.It presentsstructuredinformationin a mostlystaticway, i.e.,does
notsupportuserinteraction.Newsportalsor productcataloguesareexamplesof Websites.Their
extensiveinformationis mainly for viewing anduserscannotinteractwith thesystemotherthan
following pre-de�nedhyperlinks.

1
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A Web application,on the other hand,usesthe World Wide Web as user interfacefor a
back-endsoftware application. In Web applications,user interactionand businessprocesses
outranktheinformationdisseminationaspect.Theback-endsoftwareof a Webapplication,i.e.,
its functionalbehavior, is alsocalledtheapplicationlogic. An onlineshoppingcartapplication
that letstheuserselectitems,storesthecontentsof thecart,validatespaymentinformationand
processesthe order is an exampleof a Web application;its functionality is implementedby a
customapplicationlogic.

1.1.1 A TYPICAL WEB DEVELOPMENT SCENARIO

Imagineyou own the company Orange Juice, Inc. anddecideto createa Web applicationto
representyour company on theInternet(theWorld Wide Webto bemoreprecise).

First you make a list of all the informationandfunctionality that shouldbe accessiblevia
your Web site. Thenthe graphicsdesignerproposesvariousgraphicaldesigns,e.g.,basedon
your corporateidentity policy. The next questionis how to implementthe graphicaldesign
templates,i.e.,whattechnologyto useandhow to integratethecontentwith thelayouttemplates.
This dependsheavily on theprogrammersandtheir know-how. Ofteneasy-to-usescriptingand
templatelanguagesareusedfor this purpose(e.g.,Microsoft'sActive Server Pages(ASP),Java
Server Pages(JSP),Perl,PHP, etc.). Eventually, thecontentmanagerscanstartto generatethe
contentfor theWebapplicationin theappropriateform. Whenall thecontentis available,it can
beintegratedwith theapplicationlogic andlayouttemplatesandthesitecangoonline.

Two monthsafteryour sitewentonline,theanalysisof theWebserver log �les indicatethat
a large numberof visitors is interestedin the site. As a consequenceyou decideto upgrade
your serviceto containane-commercecomponentto directly sell your productsover the Inter-
net. Thusyou iterateagainthroughtheabove steps,i.e., talk to thegraphicsdesigner, have the
programmersimplementtheapplicationlogic basedon thedesigntemplatesand,�nally , askthe
contentmanagersto provide thecontent.

In the processof extendingyour Web site, you realizethat it would be nice if you could
reusethe existing productcataloguewith the shoppingsystem,the contactinformationon the
orderpages,or thecustomerdatabasewith thefeedbackfacility. Unfortunately, many of today's
implementationchoicesdo not supportthis kind of separationandreuseof components.This is
becausethelayoutde�nitions, thecontentinformationandtheapplicationlogic areall scattered
acrossvariouspageandfragmentde�nition �les, andarepossiblyeven storedtogetherin the
same(content)database.

This scenariostill doesnot cover the so-calledmaintenancetask, i.e., continuouscontent
updates,additionandremoval of specialoffers, correctionof bugs in the applicationlogic or
integrationof new functionality.

In the end,what startedasa small Web site developmentprojectgrew to a complex, hard
to maintainWeb site with lots of dependenciesanda never endingamountof undocumented
updatesandchanges.And it keepsgrowing. It is not unlikely thataftera yearor two your Web
sitehasbecomesounmanageablethatyoudecideto startfrom scratchandbuild anew Website
to avoid themaintenanceandupdatenightmare.
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1.1.2 THE PROBLEM DOMAIN

Right from thebeginning,Tim Berners-Leepointedout that it is importantthat informationon
the Web canbe editedaseasilyasit canbe viewed [17,32]. With visual Web editorsandsite
managementtoolsthis vision becamereality to a largeextentfor moderate-sized,HTML-based
Websiteswith only little applicationlogic.

The above scenario,however, alreadydemonstratedthat today's Web applicationsdo not
havemuchin commonwith thesimple,pureHTML pagesof theearlydaysof theWeb. Scripting
languagesextendthefunctionalityof HTML on theclient side,dynamicpagesaregeneratedby
server-sideprogramming,andpersonalizedWeb sitesrememberuserpreferencesor behavior.
But thedynamicgenerationof Webpagesis not theonly reasonfor their tremendouslyincreased
complexity.

In additionto theoriginal ideaof informationdisseminationvia theWeb,otheraspectssuch
asan attractive and intuitive look-and-feel,a clearnavigation concept,up-to-dateandcorrect
information,securityandaccesscontrol,transactionalbehavior, databaseconnectivity, andback-
endbusinessprocesses(e.g.,integrationof legacy applications)play importantrolesin state-of-
the-artWebapplications.

The creationof suchWeb applicationsis not a trivial task and is often comparedwith a
full-�edged softwareproject. It requirescarefulplanninganda wide rangeof expertise[127]
to successfullydeploy a new Webapplication.Additionally, a considerableeffort continuously
goesinto maintenanceandevolutionactivitiesoncetheapplicationis deployed.

Thevaryinggoalsof thedifferentstakeholdersinvolvedin a Webproject,furthercontribute
to its complexity. Fromthecustomer'spointof view thebudgetof theprojectis usuallythemain
concern;theprojectmanagerfocuseson theprojectdurationandtheavailableresources;graph-
ics designersareinterestedin thevisualappearanceof theapplication;programmersusuallyare
concernedwith thefunctionalaspectsandtheintegrationof content,layoutandapplicationlogic;
otherstakeholderssuchastestersor marketingstaff haveyet anotheragenda.

Also in analogyto softwareprojects,time-to-market is an importantaspectin many Web
projects.In theabovescenario,thedevelopmentprocessis virtually serialized:thelayoutdesign-
ersdesignthe templates,thentheprogrammerstake over, andeventuallythecontentmanagers
provide theactualcontent.Thenit is againtheprogrammer's taskto integratethecontentwith
the layout templatesandmake it work togetherwith theapplicationlogic beforedeploying the
Website. If we couldparallelizethis processwe couldsigni�cantly reducetheprojectduration
whichoftenalsomeansadecreasein thetotal developmentcosts.

With theexplosionof possibilitiesandtechnologieson theWebover thelastyears,however,
Web developmentdid not get easieror faster. Insteadthe developmentof a Web application
soonbecamea somewhat chaoticandoften ad-hocprocesslacking systematictechniquesand
methodologies.As a consequence,Web applicationsbecameincreasinglydif�cult to maintain
or evolve,changesto thestructureor thelayoutof asitewerenotpossiblewithoutagreatamount
of work, andperformancedecreased.Ginigeet al. [68] usethetermWebcrisis to describethis
situation.

Two importantdevelopmentsstemfrom this unfortunatesituation: (i) theWebEngineering
disciplinewas foundedto overcomethe problemof ad-hocdevelopment. (ii) with XML and
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its relatedtechnologies,a whole set of new technologiesand languageswerestandardizedto
overcomethelimitationsof HTML.

1.2 CONTRACT-BASED WEB DEVELOPMENT WITH XGUIDE

Given the wealthof existing Web engineeringtechnologiesand tools, the challengeis not so
muchhow to developa new Websiteor how to useXML in doingso—thoughsuchanunder-
taking is still far from beingtrivial. The real challengein Web engineeringis how to develop
Web sitesandapplicationsin a way that quality factorssuchasmaintainability, performance,
extensibility, device independence,developmenttime,or �e xibility aretakeninto consideration.

Beforewe canachieve thesegoals,we needto masterthe complexity in Web engineering
projects,beableto de�ne andmeasuretheabovementionedquality criteria,andhave to under-
standthedirectandindirectdependenciesamongthe involvedartifacts.To this end,this thesis
introducesthenotionof acontract to theWebengineeringdomain.

The ideaof contractsoriginatedin the domainof softwareengineering.Therea contract
de�nes thepublic interfaceof a componentandstatestherequirementsthatneedto besatis�ed
beforeusingthecomponentaswell asguaranteeson theresultof any operationon thecompo-
nent.Unlikecontractsin softwareengineering[8,9,111,112],thenotionof contractsin thiswork
doesnotoperateon thetypeor methodlevel but dealswith thecharacteristicsandconstraintsof
thecomponentsinvolved in Webdevelopment.This includes,amongothers,speci�cationsfor
thestructureandthedatamodelof thecontent,therequiredinterfacesto theapplicationslogic,
securityproperties,navigationmodeling,etc.

From a high-level point of view, Web contractscanbe seenasagreementsamongandin-
terfacesbetweenall stakeholdersinvolved in the developmentof the artifactsthat eventually
make up the Web application(e.g., contentmanagers,graphicdesigners,programmers,etc.).
More concretely, a contractprovidesspeci�cationsfor all theseartifactsandmakesdependen-
ciesexplicit. As opposedto thesoftwareengineeringdomainwherecontractsexclusively deal
with softwareartifacts,Web contractshave to dealwith multiple dimensions(e.g.,the content
dimension,thelayoutdimensionandtheapplicationlogic dimensionof aWebpage).

Webcontractsnot only giveusa speci�cationtechniquefor Webartifacts,they alsoprovide
thebasisfor four importantconceptsin orderto meetthechallengespresentedat thestartof this
section:strict separationof concerns,composability, paralleldevelopment,and�e xibility:

� Separation-of-concerns. Theconceptof separationof concernsenablesthebetterunder-
standingof complex systems.Contractsde�ne theconcernsinvolvedin thedevelopment
of a Web page. They separatethe concernsandprovide a speci�cationof eachconcern
including its dependencies.Typical concernsof a Web pagearethe content,the graphi-
cal appearance(i.e., the layout)or the functionality (i.e., theapplicationlogic) of a page.
Sinceconcernsareseparated,they canbeeasilyreusedon otherpagesfurtherdecreasing
developmenteffort andavoidingpotentialinconsistencies.
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� Composability. Webpagesaretheprevailing unitsof perceptionontheWeb. Thoughthey
arepresentedasatomicentitiesto the user, they arefrequentlystructuredinternally into
multiple areas.A navigationarea,a headerareaanda contentareaaretypical examples.
Contractssupportthe de�nition of suchpagefragmentsandtheir compositioninto Web
pages.Thusnot only cantheconcernsbereusedbut wholepagefragments(e.g.,aheader
fragment)canbe reusedon many pages.Unlike otherobject-or component-basedWeb
systems,a contractcompositionlanguageexplicitly statesthe compositionrelationship
amongcomponentsandpages.

� Parallel Development.ExistingWebdevelopmentmethodsareinherentlysequential.The
samplescenarioabove demonstratesthis fact. Thegraphicaldesign,theapplicationlogic
development,andthe contentcreationandintegrationareperformedoneafter the other.
Creatingthese(separate)concernsin parallelcansigni�cantly reducetheprojectduration
andfor this reasonthedevelopmentcosts.Contractsprovideaclearspeci�cationfor each
concernandits interfaceto otherconcerns.As a result,all concernscanbedevelopedin
parallel. This is similar to interface-basedprogrammingwherean interfacespeci�esall
externalbehavior of acomponentanddecouplesany concreteimplementation.

� Flexibility . A Webapplicationis a continuouslychangingsystem.Maintenanceandevo-
lution of Web applicationsareimportantaspectsof Web engineering.Contractssupport
maintenanceandevolution in that they clearly identify the affectedconcernsandisolate
thepotentialimpacton otherpagesor components.Also new concernssuchassecurity,
accesscontrolor navigationaldesigncanbeaddedto a contractwith no or minimal inter-
ferencewith existing concerns.In somecases,even the implementationtechnologyof a
concerncanbechangedtransparently.

Ourvisionfor thefutureof contract-basedWebengineeringis thattherearetwo phases:�rst,
thecontract phase—ananalysisanddesigneffort which resultsin a setof contractsdescribing
the Web site. Only then the realizationphasestartsin which the contractsget implemented.
Whenall aspectsof all contractsarefully implemented,thedevelopmentis �nished andtheWeb
siteis deployed.

If supportedby appropriatedevelopmenttools,we arguethat contract-basedWeb develop-
mentcansigni�cantly improve Web engineeringin termsof a shorterdevelopmenttime, easy
reuseof existingcomponents,enhanced�e xibility andmaintainability(by clearlyseparatingthe
differentaspectsof theWebapplication),andautomaticconsistency checkingwith respectto the
speci�edcontracts.
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1.3 CONTRIBUTIONS

Management by objectives works if you �rst think through your objectives.
Ninety percent of the time you haven't.

Peter F. Drucker

Theobjective of this thesisis to introducethenotionof contractsinto theWebengineering
domain.Contractsprovidespeci�cationsof all artifactsin thedevelopmentprocess,enforcestrict
separation-of-concerns,enableparalleldevelopment,supportcompositionof pagefragmentsinto
Webpages,andfacilitateseamlessevolutionscenarios.

To fully exploit the conceptof Web contracts,we presentXGuide, a contract-baseddeve-
lopmentmethodologyfor Web applications. XGuide provides full life-cycle supportfor the
development,maintenanceandevolution of Web applications. It conceptuallymodelsa Web
applicationas a set of contracts(i.e., speci�cations)that themselvesstay independentof any
concreteimplementationtechnology. Subsequentlytheconceptualmodelis re�ned andimple-
mentedin thetechnologyof choice.Thehighreusepotentialof many artifacts,themodel-driven,
fully parallel implementationphaseandthe structuredmaintenanceandevolution scenarioare
direct bene�ts of applyingthe contractconcept.An additionaladvantageof usingcontractsis
thatimplementationscanbevalidatedagainstthecontracts,i.e.,we cancheckwhetherour Web
siteconformsto thespeci�cationsgivenin thecontracts.

To substantiatethe conceptsusedin the XGuide developmentmethod,we devise a formal
modelfor Webcontractsandconcerns.Themodelcanexpressindependentaswell asdependent
concerns.Dependentconcernscannotexistalonebutalwaysdependonanotherconcern.Further,
theaggregationof concernsinto contractsandthecompositionof contractsinto largercontracts
is presented.

This thesisfurther contributesthe XSuitetool suite, an open,extensibledevelopmenten-
vironmentsupportingall phasesof the XGuide methodology. A visual modelingenvironment
basedon theEclipse[142] framework supportsthecreationof theconceptualmodelsthatarein
consecutivestepstransformedinto �ne-grainedcontractsandconcerns.Thesespeci�cationsare
translatedinto aconcreteimplementationthatcanbedirectly deployedon thetargetplatform.

A casestudyillustratestheuseof theXGuidedevelopmentmethodologyandtheXSuitetool
suite.
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1.4 STRUCTURE OF THIS THESIS

Theremainderof this thesisis structuredasfollows.

Chapter2 points out the fast evolution from the �rst Web servers to today's world-wide
informationnetwork. It discussesthe problemsat the variousstagesof this developmentthat
resultedin the creationof the Web engineeringdiscipline. Furtherit givesa brief overview of
XML andits relatedtechnologiesthataresubsequentlyusedin thiswork.

Chapter3 presentsa classi�cationof Webengineeringmethodologiesbasedon sevenchar-
acterizationproperties.It thendiscussesrelatedWeb engineeringwork andevaluateseachap-
proachwith respectto thegivenclassi�cationscheme.Thechapterconcludeswith acomparison
of existingmethodsanddemarcatesXGuidefrom theapproachestakenin existingwork.

Chapter4 discussesin detail thesevenphasesof theXGuideWebengineeringmethodology
and the diagrams,notationsandterminologyused. The OrangeJuices,Inc. Web application
introducedabove is usedasrunningexampleto demonstratetheapproach.

Chapter5 focuseson theconceptof contracts.It de�neswhatthesemanticsof a contractis
andhow it is represented.Separationof concernson thecontractlevel andcontractcomposition
operationsrely ona formal modelof contractsandcontractconcernsintroducedin this chapter.

Chapter6 describesthearchitectureanddesignof XSuite. The integrateddevelopmenten-
vironmentsupportsall stepsof theXGuidedevelopmentprocessandexploitsEclipse'spotential
to offer usabilityfeaturessuchasautomaticdeployment,wizarddialogsandcreationof contract
andimplementationtemplates.

Chapter7 presentsthe ViennaInternationalFestival casestudy. It demonstrateshow we
usedXGuide andXSuite for the analysis,conceptualdesignand implementationof this Web
application.

Chapter8 evaluatesthe XGuide methodologyand XSuite tools with respectto other ap-
proachesandthelessonswe learnedfrom thecasestudy.

Chapter9 concludesthethesisandsummarizesthemajorcontributionsof this work. It also
givesan outlook on potentialfuture extensionsandthe integrationof additionalconcernsinto
XGuide.
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CHAPTER 2

WEB ENGINEERING REVIEW

We've all heard that a million monkeys
banging on a million typewriters

will eventually reproduce the entire works of Shakespeare.
Now, thanks to the Internet, we know this is not true.

Robert Wilensky

This chapter�rst de�nes the meaningof the vocabulary usedthroughoutthis thesisandil-
lustratesthedifferentarchitecturesusedon theWeb. It thengivesanoverview on how theWeb
evolvedsinceits birth at CERN in 1989andpresentsthe technologiesthatwereintroducedas
theWebgrew andarestill commonlyusedto implementWebsitestoday.

As we move throughthe variousstagesof evolution of the Web, we point out problems
in today's Webdevelopmentpractice.This discussionresultsin theintroductionof theresearch
�eld of WebEngineering, its missionstatementandits goals.Thechapterconcludeswith awalk-
throughof somefundamentalsof XML andits relatedtechnologiesandstandards.They build
the foundationnot only for the XSuite approachbut arethe successorsof HTML on the Web
andkeepspreadinginto otherdomainssuchas(cross-platform)dataexchangeor information
storage.

2.1 TERMINOLOGY

Understandingthemeaningof the termsusedin any givencontext is a crucial requirementfor
effective andunambiguouscommunication.Unfortunatelyquite someconfusionexists when
it comesto frequentlyusedWeb engineeringtermssuchasWeb site, Web applicationor Web
service.Thissectionpresentswhatweunderstandby thesetermsin thecontext of this thesis.

9
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� WebPage.A Webpageis asetof informationitemswhichareperceivedasanindivisible
entity by theclient applicationor browser. In thecaseof HTML, anHTML pagewould
be a Web page;in the caseof the WirelessMarkup Language(WML) [148] a cardin a
WML deckis referredto asa page.This termis sometimes(mis)usedfor 'Website', i.e.,
meaningall thepagesavailablethroughagivenbaseURL.

� Web Site. A Web site is a collectionof staticand/ordynamicallygeneratedWeb pages
thatform aunit in termsof thecontentthey provide,oftenshareacommonlook-and-feel,
andareavailablethroughthesamebaseURL.

� WebApplication. A Webapplicationis similar to aWebsitein thatit alsopresentsrelated
informationin a uniform graphicallayout. The focusof Web applications,however, lies
in the applicationlogic (functionality) offeredvia the Web. A Web applicationcan be
seenasa softwareapplicationor businessprocessleveragingthe Web asa new type of
userinterface. In somede�nitions, a Webapplicationis evencharacterizedasa software
applicationthatisdownloadedvia theWebandexecutedontheclientnottakingany server-
sideprocessesinto account.Websites,in contrast,focuson beinganinformationsystem
andnot on theapplicationlogic on theback-endor theclient device. Sincethedistinction
betweenWeb sitesandWeb applicationsis not alwaysclearto make, thereexist hybrid
formswheretheinformationsystemandtheback-endprocessesareequallyimportant.A
similar de�nition is foundin [37]:

“In thisarticle,aWebapplicationwill belooselyde�nedasaWebsystem(Web
server, network,HTTP, browser)in whichuserinput(navigationanddatainput)
effectsthestateof thebusiness.Thisde�nition attemptsto establishthataWeb
applicationis a softwaresystemwith businessstate,andthat its front endis in
largepartdeliveredvia aWebsystem.”

� Web Service. The termWebserviceis de�nitely oneof themostover-usedtermsin the
Webarena.In theearlydaysof theWorld Wide Web,many researchersandpractitioners
usedit asasynonym for eitheraWebsiteor aWebapplication.As suchaWebservicewas
a very genericterm. More recently, thetermwasrede�nedin thecontext of machine-to-
machineservices.Theseservicesexchangemachinereadableinformationutilizing Web
technology;themostprominentrepresentativeto dateis theSimpleObjectAccessProtocol
(SOAP) thatcommunicatesviaXML messageswhichare(usually)transmittedoverHTTP.
For theremainderof thiswork,werestricttheterm'Webservice'to thelattermeaning,i.e.,
a machine-to-machinecommunicationon thebasisof XML messages.This is sometimes
alsocalledbrowser-lessaccesstoaservice,indicatingthatthereis novisualclientinterface
andtheinformationis furtherprocessedby therequestingmachine.

� Web Development. In thescopeof this thesis,we understand'Webdevelopment'asthe
actualimplementationprocessof aWebsite.Thisdoesnotincluderequirementsgathering,
domainanalysis,orotherphasessuchasdesign,maintenanceorevolutionfrequentlyfound
in softwareandWebengineeringmethodologies.
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� WebEngineering. Weusetheterm'WebEngineering'asde�ned in [56]:

“WebEngineeringis theapplicationof systematic,disciplinedandquanti�able
approachesto thecost-effectivedevelopmentandevolution of high-qualityap-
plicationsin theWorld Wide Web”

This includesall the activities involvedin the planning,design,implementation,deploy-
ment,maintenanceandevolution of a Web site or application. As a consequence,Web
engineeringeffectively is asupersetof theactivitiesassociatedwith Webdevelopment.

2.2 THE ARCHITECTURE OF THE WORLD WIDE WEB

You affect the world by what you browse.

Tim Berners-Lee

Right from the beginning, the World Wide Web was designedas a client-server system.
Clients(usuallyWebbrowsers)accessthecontentof aWebserverusingUniform ResourceLoca-
tors(URLs) thatuniquelyidentify any resourceon theWeb. SuchaURL contains(amongother
information) the Web server's name,the protocol to contactit, andthe nameof the requested
resource(see[21] for furtherdetails).Theserverdealswith incomingrequestsby deliveringthe
requestedresourceto theclient. Over timethissimplearchitecturewasslightly extendedto keep
upwith theincreasingdemand;client-sidecaching,proxycachesandWebserverclustersarethe
mostprominentextensionsof this kind. Neverthelessthebasicclient-server principleremained
intact.

ModernWeb sitesarealsodescribedasthreetier or multi tier architectures.This catego-
rization hasits origins in the server-sideseparationof many Web sitesin a Web server anda
datarepository/databaselayer. This againeasesthe developmentandmaintenanceof large or
complex Websites,but leavestheunderlyingclient-serverarchitectureuntouched.

Figure 2.1 depictsthe extendedclient-server architectureof the World Wide Web. Web
browsersform the client-sideof the system. Theseclientsuseclient-sidecachingto improve
performanceandcanusesharedproxy cachesto broadentheeffectivenessof thecachefrom a
singleclient to a clusterof clients. Web serversrepresentthe server-side. A Web server fre-
quentlyserves �les from its local �lesystem andcollaborateswith dedicateddatabaseservers
thathostthecontentrepositories.To improve theresponsetime,Webserverscanbegroupedin
Web server clusters.A loadbalancerdistributesthe incomingrequestson the separateservers
improving performanceandavailability.

In general,WebsitesandWebapplicationsareperfectexamplesof distributedapplications
asoutlinedin [138]. Tanenbaumet al. classifyapplicationsaccordingto wheretheir processing
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Figure2.1: Theextendedclient-serverarchitectureof theWorld Wide Web.

happens.SomeWeb applicationsrequirethe client to performa large shareof the workload;
especiallyif theapplicationrequiresa rich userinterface,solutionsbasedexclusively on HTML
areofteninsuf�cient. A technicalsolutionto thisproblemwasintroducedwith Javaappletsthat
allow Java codeto be executedon the client. They assume,however, a Java virtual machine
beingpresentat theclientdeviceandtheclient'sability to downloadexecutablecodeat runtime.
Anotherexampleis Macromedia's Flashtechnologythatfacilitatesfull-�edged multimediaani-
mationsbut requiretheclient to run thecorrespondingFlashplayer.

While we canrequirecapableclientsto beresponsiblefor many tasks,therearealsomany
reasonsto supportthin clients:you do nothave to upgradeall theclient devicesto new versions
of theapplication,moredevicescanbesupportedeasily, andtoday'smobiledeviceswith limited
batteryandprocessingcapabilitiesbene�t in termsof alongerruntime.Thoughthesedevicesare
likely to becomemoreandmorepowerful, their relative thinnesscomparedto other(stationary)
deviceswill remain. For the purposeof this thesis,we focuson the basicworking of the Web
asa client-server architectureandon keepingtheclient-sideasthin aspossiblefor the reasons
givenabove.To fully exploit morecapableclients,XSuiteextensionscanbeintroducedthattake
clientpro�les into accountto providearicheruserexperience,increasetheperformanceor better
distributetheprocessingload.
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2.3 THE COMMUNICATION MODEL OF THE WORLD WIDE

WEB

Thecommunicationmodelon theWeb is equallysimple: client andserver communicatevia a
TCP/IPconnectionandassoonasa client requestis completed,the connectionis terminated.
The detailsof this synchronouscommunicationprotocolarespeci�ed in the HyperText Trans-
fer Protocol(HTTP) [20,66]. HTTP is an ASCII-basedprotocolon top of TCP that transmits
requestsand responsesenrichedby a messageheaderthat carriesadditionalstatusand meta
information. Over time, HTTP evolved only marginally to supportnew requirementssuchas
virtual hosts(i.e., runningmultiple serverswith varyingnameson thesamephysicalmachine).
As mentionedbefore,HTTP is a state-lessprotocol,i.e., the server doesnot maintainstateon
behalfof theclient. Thusaservercouldnever identify subsequentrequestsof thesameclientas
related.While thiskeepstheserversimpleandincreasesits performance,it is clearlyinsuf�cient
in thecontext of, for instance,e-commerceapplicationswhereclientscancreateshoppingcarts
and,at somelater time, orderall articlesin theshoppingcart. This meansthat theserver must
beableto relatea requestto a previously createdshoppingcartandtheitemsin it. As a conse-
quence,clientsarerequiredto storesessioninformationthemselvesandretransmitit to theserver
with eachrequest.Two approachesarewidely used:URL re-writing andcookies.UsingURL
re-writing, theURLs in theresponseto aclient requestaredynamicallymodi�ed to alsoinclude
the client state. Cookies,on the otherhand,arestoredby the client andtransmittedasheader
informationof subsequentrequeststo the sameserver. Thereweremany discussionswhether
a statefulprotocolwould have beensuperiorto HTTP; thesuccessof HTTP andits global de-
ploymentmake thesediscussionsmoot. Sincetoday's WebserverssupportURL re-writing and
cookiestransparently, we take themfor grantedin our furtherdiscussions.

Summingup we seethattheWebis basedon a simpleclient-server architecturewith a text-
basedcommunicationprotocol.Thesimplicity andextensibility of theoriginal designwerekey
criteria for the successof the Web. In the next sections,we give an overview of the evolution
of the Web and the usedtechnologiesthat resultsin the discussionof somemajor problems
traditionalWebdevelopmentsuffersfrom.

2.4 A SHORT HISTORY OF WEB EVOLUTION

It's [the Internet] like the �u -
it just spreads like crazy.

Jack Welch

The originsof the ideaof hypertext canbe tracedbackto the1940s(see[18]). TheWorld
Wide Webitself was'born' in 1989at theCERNlaboratories.Tim Berners-Leethencirculated
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the paper“Information Management:A Proposal”for commentsand wrote “HyperText and
CERN” in which he proposedthe establishmentof a global hypertext space. The following
historicaldevelopmentsarepresentedherebasedon informationavailablefrom theWorld Wide
WebConsortium(W3C) [2,32] andTim Berners-Lee[17,19].

2.4.1 A FIRST SERVER AND BROWSER - THE WEB INFANCY

In 1990,Tim Berners-Leegot thego-aheadfor pursuinghis ideaandimplementedtheWorlD-
widEwebprogram—a'What YouSeeIs WhatYouGet' Webbrowserandeditor. It is remarkable
to notethatsincethen,Webclientswereintendednot only for viewing but alsofor editingWeb
documents.In fact,it shouldbeeasyfor everybodyto edit documentson theWeb.

The�rst Webserver at CERNinitially containedmainly materialabouttheWebitself (e.g.,
thespeci�cationsfor HTML, HTTP, URLs,etc.) to helpspreadingtheknowledgeof how to run
or implementaWebserverandbrowser. Morebrowsersfor otherplatformseventuallyappeared.
In the�rst threeyearstheloadof the�rst Webserver increasedsteadilyby a factorof 10. When
academiaandindustryweretaking notice,Tim Berners-Leedecidedto found the World Wide
WebConsortium(W3C) to coordinatetheefforts. Accordingto him,

“The Consortiumis a neutralopenforum wherecompaniesand organizationsto
whomthefutureof theWebis importantcometo discussandto agreeon new com-
moncomputerprotocols.It hasbeena centerfor issueraising,design,anddecision
by consensus,andalsoa fascinatingvantagepoint from which to view that evolu-
tion.” [19]

Herearesomeof the major developmentstepsin catchwords: in December1991,the �rst
WebserveroutsideEuropewasinstalled(by PaulKunzattheStanfordLinearAcceleratorCenter
(SLAC)); in November1992,a list of 26 reasonablyreliableserverswaspublished;in March
1993,theWebtraf�c (HTTP on port 80) on theNSFbackbonewasmeasuredto be0.1percent;
in September1993,theWebtraf�c increasedto 1 percentof theNSFbackbonetraf�c; in October
1993,about200Webserversexist; in May 1994,the�rst World Wide Webconferencewasheld
atCERNandis referredto asthe'Woodstockof theWeb'; in June1994,1500Webserversexist;
in October, theWorld Wide WebConsortiumis founded.

A morecompleteoverview of the history of the Web canbe found in the referencescited
aboveandGromov'sarticle“History of InternetandWWW: TheRoadsandCrossroadsof Inter-
netHistory” [73].

With the increasingpopularityof WebsitesandHTML, developerssoonstartedto demand
languageextensionsto dealwith renderingrelatedinformationsuchasfonts, colors,margins,
etc. It wasalreadythenthat theabuseof HTML for layout-speci�ctasksstarted.A prominent
exampleis a buttonwith roundcorners.To achieve this in HTML, developersuseda 3 x 3 table
wherethefour cornercellscontainedalittle picturesimulatingaroundededge.If thebackground
color of the tablecells andthe color usedin the imagesis the same,the desiredimpressionis
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achieved—atthecostof polluting theHTML codewith tablesandimagessolelycontributing to
thelayout.

CascadingStylesheets(CSS)becameaW3Crecommendationin 1996andsupportthespec-
i�cation of layoutpropertiessuchasfonts,font sizes,colors,etc.externallyto theactualHTML
code.Supportfor CSSversion1 is built into all popularbrowserstoday. A morepowerful second
versionof CSS(CSS2) extendstheoriginal speci�cationsupportingaddingof text, a selection
mechanismfor elementsandmultiple classesof devices. Unfortunately, CSS2 is still not fully
implementedbyexistingbrowsers;evenworse,somefeaturesareimplementeddifferentlyacross
browsershinderingthesuccessful,large-scaledeploymentof CSS2.

2.4.2 THE WEB GETS DYNAMIC - THE CHILDHOOD

Soonprede�ned,staticWebpagesalonewerenotsuf�cient. Userinputprocessinganddynamic
pagecreationwereneededto implementfeaturessuchassearchenginesor feedbackforms.The
CommonGatewayInterface(CGI) wasthesolution.Up to thattime,aWebservermainlylocated
therequested�le on theharddiskandreturnedits contentto theclient. With theimplementation
of CGI-capableWebservers,requestscouldbedispatchedto arbitraryotherprocessesrunning
on theWebserverandclientparameterscouldbepassedto suchprocesses.

Now any software programcould be maderesponsiblefor processinga Web requestand
respondingwith anappropriateHTML document.With the integrationof databasesascontent
repositoryfor dynamicWebpagecreation,a wholenew classof Websitesappearedthatcould
deliver up-to-date,user-tailoredinformation;andthis numbercontinuesto grow sincethen. In
the year 2000, a report basedon real Internet traf�c estimatedabout40 percentof all page
requeststo go to dynamicallygeneratedpages.

To avoid theperformancedrawbackof theoriginal CGI proposalwhich requireda new pro-
cessto becreatedfor every request,similarapproacheswereintroducedwhich reusedprocesses
or implementedmulti-threadedsolutions. Furthermore,specialWeb server modulesexist for
many Web servers and programminglanguagesthat allow the handlingof dynamicrequests
within theWebserver process.Perlscriptswerethedominantlanguagefor implementingCGI
interactionfor quitesometime. Todaymany otherlanguagesarealsowidely usedwith Java in
thelead.

An importantcharacteristicsof CGI solutionsis thattheCGI scriptor programis responsible
for creatingtheHTML responsepagesentto theclient. A typical CGI script in Perl is shown in
Figure2.2.

Thescriptgeneratesa simpleHTML pageandusesthe input parameterkeyword to querya
databaseandsearchfor news itemswith thegivenkeyword in their titles. Theresponsecontains
a tablelisting all itemsfoundandprovideslinks to eachitembasedon theitem's identi�er.1

Themajordrawbackof solutionspurelybasedonCGI is thattheprogramhandlingarequest
is responsiblefor generatinganHTML pageor fragment.ThustheHTML de�nitions aremixed

1More sophisticatederrorhandlingandextendedfunctionality(e.g.,createa differentresponsepageif no news
itemsmatchingthequerywerefound)wereomittedfor spacereasons.
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#!/usr/bin/perl
use CGI; use DBI;

$query = new CGI;
$keyword = $query->param("keyword");

$sql_command = "SELECT id, title FROMNews where title like '%$keyword%'";
$dbh = DBI->connect("DBI:mysql:WWW:dbhost" ,"log in","p asswo rd");
$sth = $dbh->prepare($sql_command) or die("Something went wrong!\n");
$rv = $sth->execute or die("Can't execute statement...");

print "Content-Type: text/html\n\n";

print "<HTML> <BODY> <CENTER><H2>Search Results</H2></CENTER>
<TABLE>

<TR> <TD> <B>Title</B> </TD> </TR>
";

while (@row= $sth->fetchrow_array) {
$id = $row[0]; $title = $row[1];
print "<TR><TD><A HREF=\"/cgi-bin/news.pl?id=$id">", $titl e,"</ TD></T R>";

}

print "</TABLE> </BODY> </HTML>";

Figure2.2: A sampleCGI scriptimplementedin thePerlscriptinglanguage.
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with codefragmentsandoftenscatteredthroughoutmultiple programs.Changesto the layout,
integrationof new featuresandsitemaintenancebecameextremelydif�cult anderror-prone.

2.4.3 VARIOUS WEB TECHNOLOGIES FLOURISH - THE YOUTH

Basedon the experienceswith CGI-basedWeb development,peoplearoundthe world started
to implementtools that helpedthemto overcomethe problemswith CGI-baseddevelopment.
In a �rst step,modulesin variouslanguagesfor betterandeasierhandlingof HTTP requests
appearedonthescene;thenpeoplestartedto refactorthepagecreationprocessandextractvalues
thatappearon many pages(e.g.,storethevalueof thebackgroundcolor in agloballyaccessible
variable).

Morepromisingapproacheswerebasedonso-calledtemplatesor includes.An earlyexample
for suchanapproachareServerSideIncludes(SSI). An SSI-awareWebserverscanstheHTML
responseit sendsto theclient for aprede�nedlabelandreplacesthelabelwith thecontentof the
correspondingserver sideincludefragment.By this means,a commonheaderor footerHTML
fragmentcanbeinsertedinto all pages.Thelimitation of this approachis thattheinsertedpage
fragmentscanonly bestaticHTML text. Server sideincludesweretargetedat Webdevelopers
who build mostly staticHTML Web sites;whendoing dynamicpagegeneration,sucha func-
tionality canbeeasilymimicked.

Anotherwidely usedapproachusesthenotionof templates. Templatesin this context mean
HTML pagesthatcontainadditionalinformationsuchashooksfor someprocessingtool or ap-
plicationlogic to beexecutedbeforedeliveryto theclient. TheJavaServerPagesor Microsoft's
ActiveServerPagestechnologiesarewidely usedinstancesof this idea. Many moretemplate-
basedtechnologiesexist but a profounddiscussionandcomparisonis beyondthescopeof this
work.

Moresophisticatedversionsof this ideaareimplementedin toolssuchasWebMacro[51] or
HTML++ [11] andsupportcompositionof reusablepagefragmentswhicharenot requiredto be
staticany more.

Anothergroupof toolsfocuseson makingthecreationof Webpagesasintuitiveandeasyas
possiblefor theenduser. They typically supportWYSIWYG editingof HTML pages,haveprop-
erty dialogsfor colorsandfonts,andsometimesevenhave sitemaintenancefunctionalitysuch
asmaintaininglink consistency whenmoving pagesbuilt into them. Frontpage,Dreamweaver
or GoLivearesomepopulartoolsin this category.

A completelyorthogonalapproachis pursuedby theHyper-G/Hyperwave[106] project.Af-
ter an initial evaluationof the Web (as it existedat that time), a betterstructuredinformation
base,asolutionto the'danglinglink' problem,accesscontrolandsupportfor multiple languages
formedtheprojectobjectives.A Hyper-G server thusclassi�esthedocumentsit hostsaccording
to so-calledcollections—setsof documentsthataregroupedby topic. Collectionsform a hier-
archyanddocumentscanbelongto morethanonecollection.Theresultinginformationspaces
guaranteeto only provide relateddocuments.Sincea Hyper-G server takescareof storingdo-
cuments,consistentappearance,accesscontrol and link consistency canbe guaranteed.Link
informationin Hyper-G is notstoredwithin thedocumentsbut in aseparatelink base;asaresult
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not only text documentsbut arbitrary(e.g.,multimedia)documentscanactaslinks or betargets
for hyperlinks.

A �nal groupof tools increasinglyusedin Web developmentis formedby so-calledappli-
cation servers. Application serversprovide developmentframeworks that offer servicessuch
aspersistencemanagement,transactionhandling,securitymechanismsor transparentdatabase
connectivity. While applicationserverscanbeusedfor generalpurposesoftwaredevelopment,
they areoftenbundledwith a Webserver andsometemplatetechnology. As suchthey provide
a tightly integrateddevelopmentenvironmentfor Webapplicationsandareusedasmiddleware
layerin betweentheWebserverandtheback-endprocesses.

Thebene�tsof anapplicationserver mainlypayoff in largeprojectstakinginto accountthe
additionaloverheadof learningthecapabilitiesof thespeci�c applicationserver. An additional
problemof this approachis thatcommercialapplicationserverstendto beexpensiveandmight
evenlock customersin sincemigratingfrom oneapplicationserver to another(evenif basedon
thesametechnology)from a differentvendoris rarelyfully supported.Thethreemajorapplica-
tion server technologiestodayareSUN Microsystem's EnterpriseJavaBeans(EJB)speci�ca-
tion, Microsoft's counterpartbasedon COM+ andtheMicrosoft transactionserver (MTS), and
the only slowly advancingCORBA ComponentModel (CCM) basedsystems.The CCM and
EJBspeci�cationssharemany basicconcepts,thustheCCM canbeseenasextensionof theEJB
modelandimplementationsof thesetechnologiesareexpectedto integrateeasily.

Thoughtheabove technologiesarewidely deployedtoday, they all suffer from a sharedar-
chitectural�a w: thecontentis directlygeneratedin thetargetlanguage.This is usuallyachieved
by nestedprocessing, i.e., thepagegenerationprocessis basedoncallsandsub-callsto software
modules.Theproblemhereis that theoutputis generatedby appendingtheresultof eachsub-
call to the �nal page.Neitherthevariouspartsnor thewholepagecanlaterbere-processedto
targetotheroutputformatsor customizecontentdependingon useror device pro�les. All that
changedwhenXML andXSL enteredthearenaof Webdevelopment.

2.4.4 WEB ENGINEERING - THE ADOLESCENCE

With XML andXSL �nally a strict separationof contentand layout can be achieved. XML
focusesonly on the structureof the contentand supportsarbitrary XML vocabularies. XSL
consistsof XSLT andXSL-FO. XSLT is a powerful transformationlanguageto transforman
XML input documentinto an outputdocument.The outputdocumentcanagainbe an XML
documentor containplain text, HTML, LATEX, etc. XSL-FO is a page-orientedformattinglan-
guagethatsupportspublishing-orientedconceptssuchaspagemasters,pagesequences,headers,
pagenumbers,etc. Soonseveral XML-baseddevelopmenttools including Cocoon[107] and
MyXML [84,85,89,93] becameavailable.Thesetoolssupportastrictseparationof content,lay-
out andapplicationlogic andusechainedprocessingasopposedto nestedprocessing.Chained
processingmeansthata documentis passedthrougha seriesof processingstepsbeforeit is de-
liveredto theclient (seealso[28]). Thusthegeneratedcontentcanbeprocessedmultiple times
andin differentwaysdependingon theclient's capabilitiesor userpro�les. Figure2.3shows a
samplepipelinefor chainedprocessing.A requestis �rst extractedandits parameterdecoded.



Chapter2: WebEngineeringReview 19

Next theapplicationlogic processestheinput parameteranddecideswhatcontentto includein
theresponse.Thecontentis subsequentlygenerated.Thecontentgenerationcantriggerfurther
applicationlogic andcontentgenerationtasks. A sequenceof transformationstepstransforms
the�nal contentinto theappropriateoutputformator markuplanguage.Eventually, theserver's
reply is serializedandencodedandreturnedto theclient. Theretheresponseis deserializedand
rendered.Subsequentuserinteractionscausefurtherrequeststo theserverandtheprocessstarts
anew.

Figure2.3: A sampleprocessingpipelinefor thechainedprocessingapproach.

Our experiencewith XML-basedWeb engineeringas presentedin [86,94] revealedboth
positiveandnegativeeffectsof deploying XML technologyon theWeb. Onedrawbackwasthat
learningof XML andXSL conceptswasnot easyfor the developers.The strict separationof
contentandlayoutwasmisunderstoodandmisusedby thedevelopers.For example,therewas
a generaltendency to markcontentusingXML tagssuchas � left � , � right � , � middle� , etc.
thatactuallyre�ected the layoutdesignrequirementsanddid not describethecontent.Another
frequentmisconceptionwasthatcontentmanagementcoulddirectlybene�t from XML. Content
managersareusedto a rich text-editorenvironmentto managecontentandavailableXML edi-
tors,thoughcomfortablefor XML editing,couldnotprovide thesameuserexperience.Thuswe
built customcontentmanagementinterfaceson top of XML. Finally, graphicscompanieswere
usedto creatingdesigntemplatesusingWYSIWYG HTML editorsratherthanXML andXSLT.
As a result,thetranslationof theHTML templatesinto appropriateXSLT stylesheetsincreased
the overall developmenteffort. In the long run, thesenegative experiencescanbe expectedto
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diminishasXML technologyspreadsandappropriateeditingtoolsbecomeavailable.
Even taking above problemsinto account,theadvantagesof usingXML technologyeasily

outweighthedisadvantages.Foremost,thestrictseparationof contentandlayoutachievesahigh
layout �e xibility that makesit easyto changethe layout speci�cationsandto supportmultiple
output formats. Furthermore,consistentnavigational structures(navigation bars,hierarchical
menus,etc.) throughouta Web site canbeeasilyimplemented.Also supportfor multi-lingual
sitesenhancesby reusingstyle elementsfor all languages.In combinationwith XML-based
navigationalstructures,switchingbetweenlanguageswhile preservingtheusercontext (i.e., the
currentlyviewedpage,thecontentsof a shoppingcart,a searchresult,etc.) becomespossible.
More detailson how we could exploit the power of XML technologyon the Web are given
in [86,91,94,95].

Having built anddeployed many large-scaleandcomplex Web sitesusingabove technolo-
gies,peoplecameto realizeseveral importantissues.First, the maintenanceandevolution of
suchWeb sitesis an extremely time-consumingand tedioustask. In somecasesit waseven
easier(andcheaper)to re-build thewholeWebpresencefrom scratchinsteadof evolving it. This
wasmainlyaresultof having thelayoutinformationof thesite(i.e.,theactualHTML tags)scat-
teredacrossdifferentplaces:staticHTML �les, template�les, in theapplicationlogic or even
thecontentrepository.

Second,theprocessof creatingaWebsitewasoftenanad-hocandsomewhatchaoticproce-
duresincethevariousrolesandresponsabilitiesinvolvedin suchanundertakingwerenot prop-
erly understood.Especiallytheunre�ecteduseof existing methodsfrom softwareengineering
did notwork out to thedesiredextent.Thesigni�cant differencesbetweenWebdevelopmentand
softwaredevelopmentsuchasthe integrationof new disciplines(e.g.,artsandgraphicdesign)
andcontentmanagementwerenot considered.

Third, many Web projectssuffered from continuouslychangingrequirements. It is well
known in softwareengineeringthat changesto the requirementslater in the developmentpro-
cessarecostly [26]. Thesameis true—maybeevento a greaterextent—forWebdevelopment;
neverthelessproperrequirementsengineeringis still rarely found in Web development.Other
topicscommonlydisregardedare easeof navigation, accessibility, compatibility, cultural and
legalaspects,andreliability.

In our Webprojects,we alsosaw thatXML persedoesnot helpfor arbitrarychangesin the
requirementsfor a Web site or Web application. This requiresa more �e xible andextensible
framework for separatelyevolving concernsof Webapplications.

Thekeynoteheldby RandyKatzattheNetworking2002conferencefollowedthesamelines.
It pointedout that the Web developsso fast,you do not know what the next killer application
or technologyor device will be. Nevertheless,you have to bepreparedto developapplications
for this yet to be appearinginfrastructurein a �e xible andmaintainableway quickly. What is
needed,thus,is a framework thatenablesapplicationdevelopmentin suchanenvironment.The
sameis truefor thedevelopmentof WebsitesandWebapplicationsthemselves.

A reportby theCutterconsortiumon Webprojects[38] lists alarmingfacts: thedeveloped
systemsdid not meetrequirementsin 84 percentof the cases,79 percentof the projectswere
delayed,63percentof theprojectsexceededtheir budget.
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For all thesereasons,the previously cited term Web Crisis wascoinedasa parallel to the
software crisis [117] whentoo many incompatibleprogramminglanguages,exceededbudgets
andschedules,agapbetweenusersandprogrammers,andhackingtypeof programmingmethods
weresomeof the problems. A cite from the Wikipedia free encyclopediahits the spot: “Try
http://www.google.com to searchfor 'softwarecrisis' andreadthroughthehalf amillion
web pagesthat matchthis simple query. Then try to summarizethis knowledgewithin your
budgetanddeadline.Now you might start to understandthat the root of the softwarecrisis is
complexity.”

In responseto theWebcrisisandtheabove challenges,a groupof peopleat theUniversity
of WesternSydney in Austrialiacoinedanamefor theemerging researchdisciplines:WebEngi-
neering. A de�nition of Webengineeringwasalreadygivenin 2.1above; a secondoneis given
here:

“WebEngineeringis theestablishmentanduseof soundscienti�c, engineeringand
managementprinciplesanddisciplinedandsystematicapproachesto thesuccessful
development,deploymentandmaintenanceof high quality Web-basedsystemsand
applications.” [52]

Themainfocusin Webengineering,thus,is not somuchon how to developnew Websites
but onhow to developthemin asystematicandquanti�ableway thatreducesdevelopmentcosts
andsupportsqualityattributessuchaschangingrequirements,futureextensionandevolution.

The variousexisting Web engineeringapproachesarepresentedandevaluatedin the con-
text of our problemde�nition in Chapter3. The remainderof this chaptergivesa brief, non-
exhaustiveoverview of theeXtensibleMarkupLanguage(XML) andrelatedtechnologieswhich
arethefoundationonwhichXGuideandmostothernew developmentsin Webengineeringbuild.

2.5 SCRATCHING THE SURFACE OF XML AND SOME RE-
LATED TECHNOLOGIES

Getting information off the Internet
is like taking a drink from a �re hydrant.

Mitchell Kapor

Theoriginal intentionof theHyperText MarkupLanguage(HTML) wasnotonly to structure
Webcontentbut alsore�ect somesemanticnotion,e.g.,using<h1> to indicatethattheenclosed
contentformsaheadingof level one.Webdevelopers,however, soonstartedto requestrendering
relatedtagssuchas<font> to specify the font in which somecontentshouldbe displayed.
Evenbrowser-speci�c tagssuchasthe infamous<blink> and<marquee> elementsfurther
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pollutedthe language.TheCascadingStylesheetSpeci�cation(CSS)is theattemptto separate
layout informationfrom theactualHTML content.Unfortunately, CSSsupport—whichis now
availablein anextended,powerful secondversion—isnot consistentlyimplementedacrossthe
majorbrowsers(not eventhenewestversions).

Parallel to this development,the limited set of HTML tags, their nestingrules and �x ed
semanticswereperceivedaslimitation. Otherproblemswith HTML includethemissingability
to specify semanticinformation (except for <meta> tags), the fact that supportfor reusein
HTML is hardly possible,and the in�e xible model of embeddinglinks into a document. A
restrictiongaining in importancewith the increasingnumberof Web-enableddevices is that
HTML wasneverdesignedwith deviceindependencein mindandthusdoesapoorjob onseveral
small devicesandfor differentoutput formats. A detaileddiscussionof device independence
issuesin Webengineeringcanbefoundin EnginKirda's dissertation[90].

TheeXtensibleMarkupLanguage (XML) andaccompanying speci�cationsline up to tackle
theseproblemsandcanbeusedin combinationwith existing technologiesor on their own. This
sectionbrie�y discussesthemostimportantconceptsandapplicationsof thesetechnologiesand
givespointerswhereto �nd further information. Note that this discussioncanonly cover the
most basicconceptsneededin the scopeof this thesis. Many detailshad to be omitted for
spacereasons;the readeris referredto the of�cial W3C Web site for more information,new
developmentsandthefull speci�cationdocumentsof thetechnologiespresentedhere[3,24,31,
39,143].

2.5.1 THE EXTENSIBLE MARKUP LANGUAGE - XML

XML is ameansto de�ne new markuplanguages.Suchamarkuplanguagestructuresdocuments
into severalsections.Thesectionsof adocumentarecalledelementsandcontaintext contentand
furthernesteddocumentsections(elements).Thehierarchyof all elementsin adocumentforms
asingle-rootedtreestructure.All elementsin this treehaveastartandanendtag.A tagconsists
of an openinganglebracket followed by the elementsnameanda closinganglebracket, e.g.,
<order> . The endtag further usesa slashasdistinctioncriteria, i.e., </order> . Elements
cancontainotherelementsor plain text. In thestarttag,attributescanbede�ned askey/value
pairs.To addanattributeid to theorderelement,we justwrite <order id="294"> .

ThuswhenusingXML, thereis no�x edsetof tagsbut tagscanbechosenasseenappropriate
for the intendedpurpose.Technically, XML is a restrictedversionof theStandardizedGeneral
Markup Language (SGML) [1] while beingmuchmore �e xible thanHTML. As suchHTML
canbe completelyformulatedasonespecialinstanceof an XML language(andis thencalled
XHTML). Figure2.4 shows a simpleXML documentfor an orderusingcustomelementsand
attributes.

Also note that XML is, unlike HTML, casesensitive. Thus <order> , <ORDER>and
<Order> arethreedifferentelements.

Two differentways to processXML documentsexist today: the DocumentObjectModel
(DOM) and the SimpleAPI for XLM (SAX). The DOM approachstrongly builds on the tree
structureof anXML documentandprovidesaninterfaceto anin-memoryrepresentationof this
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<order id="294">
<customer>

<name>Clemens Kerer</name>
</customer>
<product id="21">

<name>Orange Juice</name>
</product>

</order>

Figure2.4: A sampleXML documentrepresentinganorder.

tree. SAX, on the otherhand,iteratesthroughthe documentin a depth-�rst mannerand�res
eventswhenever a new element,a new attribute,sometext or theendof anelementor attribute
aredetected.UnlikeusingDOM, SAX providesnomeansto navigatetheXML document(e.g.,
�nd the parentnode,list all child nodes,etc.). The downsideof DOM is the low performance
comparedto SAX andthememoryrequirementsthatincreasewith thesizeof thedocument.

BesidesWebdevelopment,many otherapplicationareasfor XML exist: platformandappli-
cationindependentdataexchange,XML messaging,XML contentrepositories,etc. In thiswork
we concentrateon exploiting XML for Web developmentanddo not discussotherapplication
areasof XML. Wewill laterseehow someof them(e.g.,XML databasesascontentrepositories
or XML WebServicesascontentproviders)canbeusedandintegratedin XGuide.

2.5.2 DOCUMENT TYPE DEFINITIONS - DTDS

To describewhat elementsandattributesmay be usedin an XML document,a corresponding
DocumentTypeDe�nition (DTD) canbede�ned andassociatedwith thedocument.Figure2.5
showstheDTD for theorderdocumentfrom Figure2.4.

<!ELEMENT order (customer, product+)>
<!ATTLIST order id CDATA #REQUIRED>

<!ELEMENT customer (name)>

<!ELEMENT product (name)>
<!ATTLIST product id CDATA #IMPLIED>

<!ELEMENT name (#PCDATA)>

Figure2.5: Thedocumenttypede�nition for thesampleorderdocument.

It de�nes element<order> to containa <customer> and one or more <product>
elements(quanti�ersarespeci�edusingexpressionsknown from regularexpressionssuchas+,
* or ?). Bothelementsfurthercontain<name> elementswhich in turnconsistof text (indicated
by thespecial#PCDATAkeyword).

Attributesarede�nedin <!ATTLIST> itemsspecifyingthenameof theelementthey belong
to, their datatype(CDATAin the example, i.e., text), and optional modi�ers specifyingif an
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attribute is requiredor optional (i.e., implied) for an element. In the example,attribute id is
de�ned for elements<order> and<product> , mandatoryfor the former, optional for the
latter.

To associatetheDTD storedin order.dtd with ourorderdocument,weaddaspecialline
at thebeginningof theXML documentasshown in Figure2.6.

<!DOCTYPE order SYSTEM"order.dtd">
<order id="294">

...
</order>

Figure2.6: AssociatingaDTD to anXML documentusingtheDOCTYPEdeclaration.

WhenanXML parserprocessesadocumentwith anassociatedDTD; it automaticallychecks
if all rules given in the DTD are followed. If not, an error is reported. To distinguishXML
documentswith andwithout DTDs,anXML documentthatonly obeys thebasicrulesof XML
(e.g.,everyopeningtagmusthaveaclosingtag,attributevaluesmustbeenclosedin quotes,etc.)
but doesnot have an associatedDTD is saidto bewell-formed. If a document—inadditionto
beingwell-formed—obeystherulesin anassociatedDTD, it is saidto bevalid. Thusoursample
documentin Figure2.4 is valid with respectto theDTD givenin Figure2.5.

2.5.3 XML 2
���

EDITION

When peoplestartedcomposingXML documents,they realizedthat elementswith the same
namebut different DTD de�nitions causeproblems. Assumeyou want to composethe two
documentsshown in Figure2.7;whatde�nition couldyou give for element<address> in the
resultingdocument?

Onesolutionto this problemwould be to renameoneof theaddresstagsto ensureunique-
nessof elementnames.SincetheDTD of thatdocumentmight not beunderyour controlanda
modi�cation of elementsis undesireablein general,amorepowerful solutionwasneeded:XML
Namespaces. The conceptof namespaceswasalreadysuccessfullyappliedto solve a similar
problemin programminglanguages.If severaltypeswith thesamenameneedto work together,
namespacesareuseddistinguishthedifferenttypes(e.g.,C++ or .NET namespaces,Java pack-
ages,etc.).

You can think of a namespaceas a unique id for a DTD that is addedto all elements
of the DTD to be able to traceelementsback to its original DTD. In fact, the namespaceis
addedaspre�x to elementsresultingin thefollowing form for elementnames:	 namespace-
identifier 
 : 	 element-name 
 , e.g.,for a namespaceorder andelementcustomer, this
would resultin order:customer .

The remainingquestionis how to ensureuniquenessof namespacenames(i.e., make sure
nobodyelsealso usesnamespaceorder). By convention, namespacesare basedon URLs—
andtheuniqueassociationof URLs to their owning principals(e.g.,companies,organizations,
persons,etc.) is implicitly ensuredbecauseIANA (Internet AssignedNumbersAuthority)
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<customer>
<name>Clemens Kerer</name>
<address>

<street>Hetzend orf er st ra ss e</ st re et >
<number>93/6/8< /nu mber >

</address>
</customer>

(a)

<producer>
<name>Orange Juices Inc.</name>
<address number="23a" street="Orange Street">
</address>

</customer>

(b)

Figure2.7: Two XML documentswith con�icting de�nitions for the<address> elements.

globally managesURL names. Thus to de�ne a new namespace,you take your URL (e.g.,
http://www.orangejuices.com/ ) aspre�x andappendthedesirednamespacenameto
it. You arelocally (i.e., within your organization)responsiblefor theuniquenessof all names-
pacesusingyourURL aspre�x. Principally, however, namespacenamescanbearbitrarystrings
andtechnicallynothingkeepsyou from usingany otherstringfor your namespace.Not obeying
the above conventionquickly rendersthe ideaof namespacesunusablesincenameclashesare
likely to appearagain.Following this convention,we would reformulatetheabove exampleas
http://www.orangejuices.com/o rder: cust omer .

Theelementnameincludingthenamespacepre�x is alsocalledfully-quali�ed elementname
asopposedto theelementnamewithout namespacepre�x (i.e., 'customer')which is calledthe
element's local name. If you would now write a namespace-quali�edXML document,it would
be a tedioustask to keeptyping the URL-basednamespacesall over againand again. As a
consequence,abbreviation for namespacenamescan be introducedusing the specialxmlns
syntaxshown in Figure2.8.

If you do not specifya namespacepre�x for an element,it is saidto belongto the default
namespace. Thisnamespaceis implicitly alwaysde�ned but canalsobeoverriddenasshown in
line 2 of Figure2.9. Thedefault namespaceis changedto http://www.orangejuices.
com/order by not specifyingan abbreviation for the associatednamespace.All elements
withoutanexplicit namespacepre�x arethenassumedto lie in thespeci�ednamespace.

A �nal remarkon namespaces:namespaceabbreviationsarevalid alwayswithing thescope
of theelementin whichthey arede�nedandcanbeoverriddenin nestedelements.In Figure2.10
thismechanismis usedextensively.
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<o:order id="294"
xmlns:o="http://www.orangejuices. com/o rder">

<o:customer>
<o:name>Clemens Kerer</o:name>

</o:customer>
<o:product id="21">

<o:name>Orange Juice</o:name>
</o:product>

</o:order>

Figure2.8: ThesampleXML documentusingnamespaceabbreviations.

<order id="294"
xmlns="http://www.orangejuices.co m/ord er">

<customer>
<name>Clemens Kerer</name>

</customer>
<product id="21">

<name>Orange Juice</name>
</product>

</order>

Figure2.9: ThesampleXML documentoverridingthedefault namespace.

<o:order id="294"
xmlns:o="http://www.orangejuices. com/o rder"
xmlns="http://www.orangejuices.co m/ord er2">

<customer>
<name xmlns="http://www.orangejuices.com/ name">

Clemens Kerer
</name>

</customer>
<o:product id="21"

xmlns:o="http://www.orangejuices.com /prod uct">
<n:name xmlns:n="http://www.orangejuices. com/na me">

Orange Juice
</n:name>

</o:product>
</o:order>

Figure2.10:ThesampleXML documentusingandoverridingseveralnamespaceabbreviations.
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In the <order> element,the order namespaceis bound to o and the default names-
paceis overriddenwith namespaceorder2 . Consequently, the <o:order> elementis in
the order namespacewhile the customerelementlies in the order2 namespace.The cus-
tomernameelementagainoverridesthedefault namespacewith a name namespace.Similarly,
the<o:product> elementbindstheproduct namespaceto pre�x o—resultingin adifferent
meaningof theo pre�x of theproduct andorder elements.

2.5.4 THE EXTENSIBLE STYLESHEET LANGUAGE - XSL

TheExtensibleStylesheetLanguagespeci�cationis furtherstructuredinto threeparts:

� XPath. XPath is a selectorlanguageto selectarbitrarypartsof anXML document.This
could be a single element,a set of elements,text valuesor any other part of an XML
structure.XPath takesadvantageof the treestructureof an XML documentandusesan
addressingschemebasedon the branchesof the tree(e.g.,selectall nodeswith a given
name,selectall successorsof thecurrentnodewith agivenname,etc.).Predicatesfurther
enrichthesemanticsof suchexpressionsby addingconditionssuchasonly selectingele-
mentswith agivenattribute,with agivensuccessorelement,or with a giventext content.

� XSL Transformations (XSLT). XSLT is a transformationlanguagethatprovidesrulesto
transforman input XML documentinto a differentoutputrepresentationsuchasanother
XML formator plain text. XSLT consistsof so-calledtemplateswhich transforma setof
nodesselectedby anXPathexpressioninto someotherrepresentation.XSLT processing
alwaysstartsat theroot elementof anXML document.In eachtemplate,recursive calls
to othertemplates(againbasedon XPathexpressionsor names)canbeembeddedwhich
resultsin aninherentlyrecursiveprocessingof XML documents.

� XSL Formatting Objects (XSL-FO). XSL-FO is an XML vocabulary for specifying
page-orientedformatting information suchas pagedimensions,margins, headers,foot-
ers,pagenumbersandmuchmore.Thebasicideais to �rst specifythepropertiesof a set
of masterpages,thenarrangea setof referencesto themasterpagesto form thesequence
of pagesin the document,and�nally , �ll the pageswith the actualcontent. A common
applicationof XSL-FOis to generateRTF or PDFdocumentsfrom XML content.Though
currentlynot implementedin any browser, XSL-FO capableWeb browserscanalsobe
envisionedin thefuture.

In XSuite,we mainly useXPath andXSLT to transforminput XML documentsinto other
markuplanguagessuchasXHTML. Both partsarerelatively complex on their own renderinga
moredetailedtutorialhereimpractical.In Figure2.11weprovideasamplestylesheetto convert
theorderdocumentfrom Figure2.4 into anXHTML page.

The stylesheet�rst de�nes a templatefor the <order> elementand createsa skeleton
HTML documentin its body. It thenrecursively invokesthe templatesfor the <customer>
andproduct elements.In thecaseof acustomer, weoutputthenameof thecustomerenclosed
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<xsl:stylesheet version="1.0"
xmlns:xsl="http://www.w3.org/1999/X SL/Tr ansfor m">

<!-- start with 'order' element -->
<xsl:template match="order">

<html>
<head>

<title>Order Document</title>
</head>
<body>

<!-- continue with customer -->
<xsl:apply-templates select="customer" />

<!-- continue with product -->
<xsl:apply-templates select="product" />

</body>
</html>

</xsl:template>

<!-- transform 'customer' element -->
<xsl:template match="customer">

<h1><xsl:value-of select="name" /></h1>
</xsl:template>

<!-- transform 'product' element -->
<xsl:template match="product">

<h2><xsl:value-of select="name" /></h2>
<p>Product id = <xsl:value-of select="@id" /></p>

</xsl:template>

</xsl:stylesheet>

Figure2.11:ThesampleXSLT stylesheetto transformanorderdocumentinto anXHTML page.
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by <h1> tags.In thecaseof a product,we do thesameusing<h2> tagsfor theproductname.
We alsoadda paragraphwith sometext indicatingthe valueof the productidenti�er (i.e., the
attributeid of theproductelement).

Theresultof processingthesampleorderdocumentwith this stylesheetis illustratedin Fig-
ure2.12.

<html>
<head>

<title>Order Document</title>
</head>
<body>

<h1>Clemens Kerer</h1>
<h2>Orange Juice</h2>
<p>Product id = 21</p>

</body>
</html>

Figure2.12:Theresultof applyingthesampleXSLT stylesheetto theorderdocument.

2.5.5 XML SCHEMA

XML Schemasarethe successorsof documenttype de�nitions to overcomeseveral problems
with DTDs: DTDs arenot XML documentthemselvesandthuscannotbe processedwith the
sametools; DTDs supportonly a small numberof datatypes;nestingof elementscanbe con-
strainedin arudamentarywayandnamespacesarenotsupported.TheXML schemarecommen-
dationis basedon many otherschemalanguagessuchasXML Data[102], DocumentContent
Description(DCD) [30] andSchemafor object-orientedXML (SOX) [42] that tried to solve
partsof theproblemswith DTDs.

Thespeci�cationconsistsof a parton datatypesanda parton structures.Thedatatypepart
de�nes a completetype systemfor XML documentsincluding simpletypes(i.e., string-based
types)andcomplex types.Thelattersupportelementnesting,attributes,andmixedcontent.Fur-
ther inheritancerulesarede�ned to supportextensionandrestrictionof alreadyexisting types.
Theparton structuresdealswith how elementscanbenestedandhow this nestingcanbecon-
strained(e.g., how often an elementmay appearas child, whetherit is requiredor optional,
whetherit maybesubstitutedby anotherelement,whetherthesequenceof child elementsmat-
ters,etc.).

XML schemasareregular XML documentsliving in a �x ed schemanamespacesandfully
supportnamespacesby so-calledtarget namespaces. A target namespaceindicatesto which
namespaceanelementspeci�edin thisschemabelongs,effectively solvingthenameclashprob-
lem mentionedbefore.An excellentintroductioncanbefoundin theXML schemaprimer[53].
A sampleschemafor theorderdocumentof Figure2.4 is shown in Figure2.13.

XSuite usesschemasaspart of the contractto specify the structuresanddatatypesof the
componentsusedandintroducesseveraloperationson schemasto composeseveralcomponents
or generatedocumentsfrom theschemas.



30 2.5Scratching theSurfaceof XML andSomeRelatedTechnologies

<xsd:schema xmlns:xsd="http://www.w3.org/2001/X MLSchema"
targetNamespace="http://www.orangejui ces.c om/fru it"
xmlns:f="http://www.orangejuices.com/ fruit ">

<xsd:element name="order">
<xsd:complexType>

<xsd:sequence>
<xsd:element ref="f:customer"

minOccurs="1" maxOccurs="1" />
<xsd:element ref="f:product"

minOccurs="1" maxOccurs="unbounded" />
</xsd:sequence>
<xsd:attribute name="id" type="xsd:integer"

use="required" />
</xsd:complexType>

</xsd:element>

<xsd:element name="customer">
<xsd:complexType>

<xsd:sequence>
<xsd:element ref="f:name" />

</xsd:sequence>
</xsd:complexType>

</xsd:element>

<xsd:element name="product">
<xsd:complexType>

<xsd:sequence>
<xsd:element ref="f:name" />

</xsd:sequence>
<xsd:attribute name="id" type="xsd:integer"

use="required" />
</xsd:complexType>

</xsd:element>

<xsd:element name="name" type="xsd:string" />

</xsd:schema>

Figure2.13:A sampleschemafor theorderdocument.
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2.5.6 OTHER X TECHNOLOGIES

Apart from XML, namespaces,DTDs, schemasandXSL, otherinterestingXML relatedtech-
nologiesexist in the context of Web engineering.XFormsarean extendedform speci�cation
that is muchmorepowerful thanHTML forms. XIncludeis anemerging technologysupporting
compositionof XML documents.XLink is a new linking speci�cationthat supportsthede�ni-
tion of links outsidethe actualXML document(againa separationof concernsissue),de�nes
multi-directionallinks andone-to-many links. RDF, DAML, OIL arespeci�cationsrelatedto se-
manticinformationontheWeb. XML Queryis thecounterpartto theStructuredQueryLanguage
(SQL)in theXML world. XML SignatureandXML Encryptionaddsecurityto XML documents.
VoiceXMLsupportsvoiceinputandoutput.

Thoughthesetechnologiesareinterestingandimportantto Webengineeringin general,they
do not directly affect thecoreXGuideprinciples.For this reason,we provide no furtherdetails
but referthereaderto theirof�cial hompagesavailablevia http://www.w3.org .
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CHAPTER 3

RELATED WORK

Reviewing has one advantage over suicide:
in suicide you take it out on yourself;

in reviewing you take it out on other people.

George Bernard Shaw

As the Web evolved over the years,so did the methodologiesfor Web engineering.This
processis very similar to theevolution of softwareengineeringmethodologies.Theneedfor a
structuredprocessmodelfor thedevelopmentof softwarebecameobviousduring thesoftware
crisis[117]: ad-hocdevelopment,missingrequirementsengineeringandaplenitudeof program-
minglanguagesandenvironmentsledto unmanageablesoftwareandprojectsconstantlyexceed-
ing their budgets.Many of theseproblemsalsohold for earlyWebdevelopment.Webprojects
keptmissingdeadlines(andstill frequentlydo),ad-hocdevelopmentresultedin overly complex
systemsandmaintenancewasexceedinglydif�cult sinceHTML fragmentsweredistributedover
templates�les, programcodeandevencontentrepositories.

In the�eld of softwareengineering,new methodologiesappearedwith thevictory of object-
orientedprogrammingover modulartechniques.Onceobjectorientationwassuf�ciently un-
derstood,component-orientedandaspect-orientedapproachesintroducedevenhigherlevelsof
abstractionandseparationof concerns.The correspondingdevelopmentsin Web development
areobject-orientedapproachesthatview aWebpageasanobjectcomposedfrom severalsmaller
objectsandsupportinheritanceand reuse. More recentlyanddriven by the rapid acceptance
of XML, separationof concerns(namelycontent,layout and applicationlogic) are the dom-
inant featuresof Web engineeringmethodologiesparallelingcomponentand aspect-centered
approachesin softwareengineering.

In this chapter, we discussWeb engineeringapproachesand comparethem with the sce-
nariooutlinedin this work. We �rst introducea taxonomyfor Webengineeringmethodologies

33
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capturingthe key characteristics.A detaileddiscussionof existing methodologiesfollows. A
comparisonandclassi�cationof thepresentedapproachesshows their applicabilityfor different
kindsof Webprojectsandpointsout how theapproachtakenin this thesisdiffersfrom them.

3.1 A TAXONOMY OF WEB ENGINEERING METHODOLOGIES

This sectionintroducesthecharacteristicsusedto classifyWebengineeringmethodologiespre-
sentedin subsequentsections.They areindependentof any particulardomainor implementation
technology. But asalways,somemethodsandtechnologieslendthemselvesmoreeasilytowards
integrationwith a technologyor domainthanothers.Theselectedcharacteristicscover a broad
rangeof requirementsamodernWebengineeringmethodhasto dealwith. It is importantto em-
phasize,however, thatanevaluationon suchanabstractlevel necessarilyignoresthespecialties
of amethodologyandcanonly beusedasahigh-level indicatorratherthantheonly sourcefor a
decisionfor a real-world Webproject.

The�rst andoneof themostimportantcharacteristicsfoundin all Webengineeringmethods
is Separationof Concerns. A strict separationof concernsis desirablebothduringdevelopment
andevenmoreduringthemaintenancephaseto decoupletasks,avoid redundancies,andsupport
reuseof designandimplementationartifacts. Web applicationsintegratea growing numberof
disjoint concerns;mostcommonlytheactualcontent,thelayoutinformationandtheapplication
logic. For thepurposeof this evaluationwe take into considerationthefollowing � ve concerns
commonlyfoundin today'sWebapplications:content(data),sitestructure,graphicalappearance
(layout),applicationlogic, navigation.

� Thecontent is theactualinformationto bepublished.Thedatais kept in �les, relational
databases,objectstoresor repositoriesfor semi-structureddata.

� The site structure de�nes all the Web pagesin the applicationand how the contentis
distributedamongthem.For largeprojects,it cande�ne subsections(e.g.,for internalvs.
external,publicor restrictedaccess,etc.).

� The graphical appearanceaddsthe formattinginstructionsto the actualcontenton the
pages.This oftenmeansto transformthecontentinto HTML pages.It is desirable,how-
ever, to supportotheroutputformatssuchasWML, text or PDFdocuments.

� Integrationof andinteractionwith theapplication logic is crucialasmany Webapplication
getmoreandmoredynamic. The applicationlogic dealswith theability to dynamically
generatepagesandprocessuserinteractionin businessprocesseson theback-end.

� The navigation concerndescribeshow pagesarerelatedandwhat navigation pathsare
offeredto users.Typical navigation structuresincludenon-contextual structuressuchas
sequentialor hierarchicalmenubarsfor quick accessto differentpartsof a Websiteand
contextualstructuressuchasindexers,guidedtoursandindexedguidedtoursbasedonthe
user'scurrentcontext (e.g.,searchresult,selectedpage,etc.).
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In additionto these� ve concerns,thereareseveral othersthat arelikely to gain in impor-
tancein the future. Theseincludefull device-independence,securityandmeta-data.Device-
independenceis not only aboutsupportingmultiple outputformatsbut alsohow to supportthe
samebusinessprocesseson multiple deviceswith varying capabilities. The securityconcern
talksaboutthenecessarycredentialsa usermusthave in orderto accessa pageor triggera user
interaction.Meta-datacurrentlyattractsmany researchersin thecontext of theW3C's semantic
Web [145] initiative. Thoughthe usefulnessof meta-dataon the Web is not completelyclear
to date,it is obviousthatmetainformationcanimprove thesearchingandinformationretrieval
process.As such,a separateconcernmight talk aboutthe availableor requiredmeta-datafor
Webapplications,sites,pagesor evendedicateditemson a page.Theseconcernsarecurrently
not commonlyfoundeitherin Webengineeringmethodologiesor in Webapplications.For this
reasonwe do not considerthemin the review of relatedwork directly but includesupportfor
theseconcernsin theevaluation.

We measurethe degreeto which a methodsupportsseparationof concernsby giving the
numberof how many of the above � ve concernsareexplicitly supportedin the method. We
furtheradd(+) to thisnumberto indicatethatamethodsupportsadditionalconcernsor supports
a concernmuchbetterthantheothermethods.We add(-) if a methodidenti�es a concernbut
falls shortin explicitly supportingit asaseparateconcern.

Thesecondcriterionweusein thisevaluationis Reuseof Artifacts. Reuseis oneof themajor
contributorsto improvequality, supportfasterdevelopmentcyclesandensureconsistency. This
propertyof a methodologyis often closelyrelatedto its ability to separateconcernsandmake
themreusableasseparateentities.However, this is not alwaysthecase.While a methodmight
identify thelayoutasa separateconcern,theuseof HTML fragmentsto addlayout information
is oftenpage-speci�canddoesnotallow for layoutreuse.

Wede�ne threelevelsof reuse:onthehighestlevel (3), all artifactscanbereused.Depending
onthemethod,thisreferstobothdesignandimplementationartifacts.Onlevel (2),someartifacts
canbe reused,but the methodalsorequiresnon-reusableartifacts. On the lowestlevel (1), no
explicit supportfor reuseis provided.

Anothercriterionwe includein the evaluationis Complexity of a method.This criterion is
especiallyimportantto seta context for themeasurementsof theothercriteria. Somedevelop-
mentmethodologiesareintentionallykept simplefor educationaluseor beginnersin the �eld
of Webengineering.Obviously, they cannotachieve thesamedegreeof evaluationresultscom-
paredto methodsthatarenotconcernedaboutcomplexity. Thusall otherevaluationresultsmust
beviewedrelatively to a method's complexity value. Thecomplexity valueincludeswhethera
methodis easyto understand,thecomplexity of thetasksproposedby themethod,therequired
knowledgeto apply the methodandwhethera methodusesstandardsratherthanproprietary
notations,diagrams,modelsor technology.

We ratea methodof having complexity (1) if it is easyto learnandapply, doesnot have a
steeplearningcurve in termsof new conceptsandmainly relieson existing, well-known tech-
nologies.Methodswith a mediumcomplexity (2) requireacquisitionof somenew knowledge
andextendexisting technologiesto matchtheir requirements.High complexity (3) methods,
�nally , usewhatever techniquesthey see�t to achieve their goalsasbestasthey can. They are
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not concernedaboutcomplexity andassumea developeris willing to learnthe new notations,
diagramsandtechniquesthatcomewith themethod.

An importantaspectin all state-of-the-artWeb applicationsis the ability to dynamically
createpagesandprocessuserinput in (sometimeslegacy) businessprocesses.Integration of
ApplicationLogic coversbothof thesemoreandmoreimportantissues.

We say a methodhas low (1) supportfor dynamismif no supportfor the integration of
dynamicallygeneratedpagesand user input processingis includedin the method. Medium
support(2) meansthattheremightbeasetof pre-de�nedoperationsthatcanbeusedfor dynamic
pagecreation(e.g.,a setof templatesto includedatabasequeries).Theseoperations,however,
arenot extendableandno userinput processingrelieson any sort of CGI programs. A high
support(3) in this category meansthata genericway of integratingdynamiccontentinto pages
exists; ideally accompaniedby a way of de�ning an explicit interfacebetweenthe back-end
businessapplicationandtheuserinput in aWebpage.

The next criterion distinguishesbetweenuser-centric and data-centricapproaches.Most
existing methodologiesarerootedeither in softwareengineeringor in databasedesign. Since
theearlydevelopmentof dynamicWebapplicationswasdrivenby therequirementto integrate
(relational)databasecontent,severalmethodologiesstartwith thedatamodelathandandmapit
into aWebapplication.Othermethodologiesfocuson anobject-orienteddatamodelof theWeb
application.Anothercategory of approachesis basedon userexpectationsanduseranalysis.In
this scenario,a Web applicationis modeledto meettheexpectationsof a usercommunityand
the actualimplementationin termsof softwaremodulesanddataorganizationis derived from
that.

Often, a user-centric, requirements-driven approachis preferableto creatingthe Web site
accordingto theunderlyingdatamodel. In somedata-intensive publishingscenarioswherethe
goalis to publisha largeamountof highly structuredandconsistentinformation,thedata-centric
approachmight be the betterchoice. We thusclassifya methodin beingeitheruser- or data-
centric.

Transformability(Modelto ImplementationMapping)indicateshow dif�cult it is to mapthe
designof a Webapplication(i.e., conceptualmodels,layouttemplates,etc.) to anactualimple-
mentation.We do not focuson any specialimplementationtechnologybut considerthegeneric
mappingprocessto any implementation.Dependingonthelevel of abstractionamethodis oper-
atingon andtheavailability of developmenttoolssupportingthemethod's tasks,we distinguish
threedifferentlevelsfor this characteristic:

� Level 1 - ConceptualModelingOnly: in thisapproachaconceptualandoftenveryexpres-
sive modelcanbe formulated. The methodologyonly livesin the conceptualspaceand
doesnot provide any supportto transformtheconceptualdesigninto an implementation.
It is left to thedeveloperto implementsuchamodelin termsof anexisting technology.

� Level 2 - Partial Generation:in this case,theconceptualmodelis analyzedandtheactual
Webapplicationcanbepartiallygeneratedfrom it. Usuallyasetof templatesandskeleton
�les thatneedfurthermanualadaptationor extensionaregenerated.
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� Level 3 - AutomaticGeneration:herethecompleteWebapplicationis automaticallygen-
eratedfrom themodelanddoesnot needany furthermanualadaptation.In this scenario,
any updateor evolutiontasktakesplaceontheconceptuallevel andtheWebsiteis merely
generatedfrom theupdatedmodel.

Methodologieswith a high degreeof abstractionfrequentlydo not provide implementation
support.A lowerlevelof abstraction,ontheotherhand,rendersautomaticapplicationgeneration
possible.Thisbecomesespeciallyimportantin themaintenancephasewhenupdates,extensions
andmodi�cationshavetobeintegrated.With only aconceptualmodel,nosupportfor integrating
changesis possible;usingthesecondapproach,carehasto be taken to not overwriteprevious
manualchanges;if the model is automaticallytransformedinto the �nal application,only the
re-generationof theapplicationis necessaryto re�ect theupdatedstateof its model.

A characteristicthat re�ects the rapidly changingrequirementsandshortlife-cycleson the
Web is ConcurrentDevelopment. It re�ects theability of a methodto reducetheoverall deve-
lopmenttime by decouplinganddoingasmany tasksaspossiblein parallel.Most existing Web
engineeringmethodologiesdo not supportparalleldevelopmentbut stick to a strictly sequential
process.This propertyonly focuseson the implementationof theWeb site; during thedesign,
paralleldevelopmentis hardlypossibleandusuallynotdesirable.

We againdistinguishthreelevelsof parallelismin Webengineeringmethodologies.On the
lowestlevel (1), all tasksareexecutedin sequenceanddependon eachother. No parallelismis
possible.On a mediumlevel (2), at leastsometaskscanbe executedin parallel. The highest
level (3) requiresthatmostof thetasksinvolvedin creatingtheactualWebimplementationcan
occurconcurrently.

Finally, weincludetheAdditionalValuecharacteristicsthatcoversany specialpropertiesand
featurestheothercharacteristicsdid not cover. Thespanof existing Webengineeringmethod-
ologiesis sobroad,a classi�cationcannever includeall propertiesof every method.Thuswe
addthis characteristicto captureany specialvaluea methodhas. A valueof (1) meansthat a
methodhasno or insigni�cant additionalvalueotherthanincludedin theothercharacteristics.
A valueof (2) meansthattherearesomeusefulandinterestingfeaturesthataresuperiorto what
othermethodsprovide. Finally, a valueof (3) meansthat a methodprovidesmany additional
featuresandconceptsthatdo not �t in theaboveclassi�cationbut contributesigni�cantly to the
usefulnessof themethod.

We consideredbut ruledout Processcoverage andApplicability asfurthercriteria. Process
coveragegives an indication of how much of a Web application's life cycle is coveredby a
methodology. Several of the methodologiespresentedbelow do not explicitly includephases
suchasfeasibility, requirementsanalysisor maintenance.At a closerlook, however, it becomes
obviousthatall of themunderstandtheimportanceof thesephasesbut (mostlyfor spacereasons)
did not includethemin a detaileddiscussion.It would thusbe misleadingto includesuchan
evaluationcriterionhere.Applicability discussedthepotentialapplicationdomainsof amethod.
After evaluatingthemethods,it becameclearthatthis criterioncanbedescribedin termsof the
data-centricvs. user-centricpropertyandthe level of supportfor the integrationof application
logic. Themoreuser-centrica methodis andthebetterintegrationfor applicationlogic it pro-
vides,thebroaderits applicationdomainis. A data-centricmethod,on theotherhand,thatdoes



38 3.2A Discussionof ExistingApproachesTowardsWebEngineering

not supportdynamicpagegeneration,is only applicableif largeamountsof staticinformation,
e.g.,in classicalWeb-basedinformationsystems,is published.

In the remainderof this chapter, we discussseveral Web engineeringmethodologieswith
respectto thesecriteria. We evaluateeachof themwith respectto thecriteria presentedabove
andcomparethemethodsto eachotherat theendof thechapter.

3.2 A DISCUSSION OF EXISTING APPROACHESTOWARDSWEB

ENGINEERING

This sectionstartswith the discussionof the most widely known and referencedmethodolo-
giesincludingHDM/OO-HDM, RMM andextendedRMM. Thesemethodologieshaveastrong
backgroundin hypertext anddatabaseresearchrespectively. While they form asolid foundation
for our discussion,they areboth relatively old approachesanddo not take into accountnewer
requirementssuchasnon-structuredinformationdomains,functionality-centricdynamicWeb
applicationsor device independence.

Severalnewerandless-knownapproachesareproposedin literatureandpresentednext. They
includeadiverserangeof perspectivesfrom user-centeredmethodsto purelyobject-basedmod-
els.

3.2.1 THE RELATIONSHIP MANAGEMENT METHOD - RMM

Therelationshipmanagementmethod(RMM) [77,79] views hypermediaasmanagingrelation-
shipsbetweeninformationentities.TheRMM datamodel(RMDM) is inspiredby andbasedon
thehypertext designmodel(HDM) [62] andits successorHDM2 [63]. UnlikeHDM which is a
datamodelin its own right, RMDM is embeddedin amethodologythatshowshow to createand
usethedatamodel.

RMM methodde�nessevenphasesstartingwith thede�nition of theentity relationship(E-
R) design. The well-documentedE-R approach[139] waschosensinceit is easyto useand
alreadycommonlyappliedin databasedesign.Justasfor databases,thediagramde�nesentities
representingthe actualinformation items that have attributes/�elds holding the content. Also
derivedfrom databasedesign,one-to-many andmany-to-many relationshipsamongentitiescan
beintroduced.In thenext step,theentitiesarefurthersplit into slicesthatgroupthoseattributes
of anentity thatwill appeartogetheronthe�nal Webpage.Structurallinks areaddedto navigate
thesliceswithin anentity. Thethird phasedealswith navigationaldesign.Navigationaldesign
is basedon the inter-entity relationshipsin the E-R diagramand includesa variety of access
structuressuchasindices,guidedtours,andgroups.Theoutputof this phaseis therelationship
managementdatamodel(RMDM) thatenrichestheE-R diagramby all accessstructures(inter-
andintra-entity)thathave to beimplemented.

TheRMDM is theinput for theconversionprotocoldesignthatde�neshow theelementsof
theRMDM aremappedto objectsin a particulardevelopmentenvironment. Theseobjectsare
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thenintegratedin theuserinterfacedesignphasewith theactuallayoutinformationthatdescribes
how RMDM objectsshallbevisually representedin the�nal page.Theruntimebehavior design
phasede�neshow navigationalaccessstructuresareimplementedandhow contentis generated
dynamically. Finally, theconstructionandtestingphasecompletesthedevelopmentprocessand
turnstheoutputof thepreviousphasesinto the�nal Webapplication.This laststepcanhappen
automaticallywith appropriatetool support.

Basedon their experienceswith RMM, Isakowitz etal. presentedanextendedversionof the
RMM in 1998[78]. Thetwo majorchangesweretheextensionof theslicemodelto m-slices[77]
andthereplacementof thenavigationmodelby theapplicationdiagram.Theconceptof m-slices
overcomestherestrictionof theoriginalRMM thataslicecanonly containattributesof asingle
entity. Theoriginal designresultedin overly complex navigationstructuressinceno pagecould
containinformation from more thanoneentity. Also userseasily lost traceof the navigation
context. Furtherm-slicescanbecomposedwith otherm-slicesto form larger informationitems
andare the corecomponentin RMM. The applicationdiagramwas introducedto modify the
developmentprocessto not requirea strict top-down approach.First, therequirementsanalysis
phasemissingin the original versionwasexplicitly addedto the developmentprocess.A top-
downview of theapplicationdiagramthencontainsall theWebpagesandthehyperlinksbetween
them. Them-slicedesignthende�nes thecontentcomponentsandhow they arerelated.Next,
a bottom-upapproachtowardsthe applicationdiagramis undertaken by addingall identi�ed
m-slicesto the diagramandde�ning the links betweenthem. Dependingon how muchof the
applicationis alreadyimplementedandwhethertherequirementswerecorrectlycapturedin m-
slices,the resultof the bottom-upapplicationdiagramshouldmatchthe envisionedtop-down
version. Also navigation modelingis bettersupportednow. Hyperlinks consistof a content
anchor, astartingpoint,a targetandanendingpoint.

The relationshipmanagementmethodde�nes a sequentialprocessthatcoversall phasesof
thelife-cycleof aWebapplicationandstartsoutatanabstractlevel thatgetsre�ned towardsthe
actualimplementationin everystep.RMM is notboundto any concreteimplementationtechnol-
ogy or platform;a casetool calledRMCasesupportingthemethodologyexists[46]. Separation
of concernis an issuein termsof content,structure,layoutandnavigation. Reuseis supported
on thelevel of m-slices.In [78] theauthorsuseadatabasereportgeneratorto addHTML layout
to theRMDM objects.Thisapproachfalls shortin fully separatingthelayoutinformationandit
remainsvaguehow applicationlogic is integrated.

Themostlimiting factorof theRMM de�nitely is its tight couplingwith relationaldatamod-
els.While RMM worksgreatif all contentis storedin a databaseandtheinformationdomainis
highly structured,semi-structureddatasuchasXML documentsarenot supported.Considering
that RMM was�rst presentedin 1995,it is not surprisingthat XML, device-independence,or
logic centricWebapplicationsarenotamajorconcern.

3.2.2 ANALYSIS AND DESIGN OF WEB-BASED INFORMATION SYSTEMS

An earlyapproachtowardstheanalysisanddesignof Web-basedinformationsystemsthatuses
RMM (see3.2.1)as foundationis presentedin [137]. The authorspoint out that RMM and
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OOHDM (see3.2.3) are mainly suitedfor information disseminationbut largely ignore user
interaction,applicationlogic andmaintenance.Thusthemethodfocusesonthearchitecturaland
functionalaspectsof a Website explicitly including themaintenancecosts;it is not concerned
aboutthegraphicalappearance.Theproposedmethodconsistsof two approaches:a staticand
a dynamicapproach.The staticapproachexploiting RMM' s entity relationshipmodelingand
the dynamicapproachusingscenariosto tracehow andby whom resourcesareaccessedand
updated.

After the requirementsanalysis,the E-R analysisof the problemdomainidenti�es entities
andrelationshipsandcreatesan E-R model. The entitiesin the modelarefurther classi�ed as
agents,eventsandproducts.Following this terminology, agentsareactorsthatconductevents;
the outcomeof an event is a product. Membersof a committeewould be actors,a meeting
would be an actionandthe meetingnoteswould be the product. This distinctionis necessary
to betterstructureandexecutethe maintenanceactivities later. In the next step,the scenario
analysiscapturespotentialusers,their goals,the Web resourcesneededandhow the systemis
goingto interactwith theuser. Scenariotablesdetailon how a usercanachieve its goals.They
list thesequenceof steps(a navigationpath),theagentexecutinga step,theactionandtheWeb
resource(s)involved. They alsobuild thebackbonefor thesystem'sarchitecturedesign.

The architecturedesignis a datamodeldiagramthatagainexploits RMM' s datamodel. It
alsocontainsthenavigationstructuresfor the�nal siteandmapsentitiesto actualWebresources.
As in the�rst versionsof RMM, entitiescannotbecombinedandplacedon a singlepage.The
methodsupportsthreenavigation methods:guidedtour, index, andindexed guidedtour. The
scenariodesignandthearchitecturedesignareperformedconcurrentlyandcross-checksbetween
the two modelsensureconsistency. A �nal stepde�nes the attributesfor the Web resources.
Attributesaremeta-informationon theresourcesthemselves(e.g.,lastmodi�ed date,managed
by, expires,etc.) that is usedfor maintenanceactivities. A noti�cation systemkeepstrack of
the expectedandactuallyperformedchangesandcanreportmissingmaintenanceactivities or
changesin thesystem.

Meta-level links areintroducedto expressasemanticrelationshipbetweenWebpagesoutside
thepagesthemselves.For this purpose,themethodrequiresanextendedWebserver andclient.
The meta-navigation information is carried in the headerof the HTTP requestand response
messagesandpursuethesameideasastheout-of-linelinks recentlypresentedin thecontext of
theW3C's XLink/XPointer recommendations.Theproblemwith this sortof meta-linksis that
they cannotbe linked to a speci�c position or semanticcontext in a document. Thussucha
link only establishesa relationshipbetweenpagesbut doesnot haveadedicatedsourceor target
within thepagesthemselves.

Thoughthis approachalsosuffersfrom therequirementof a structuredinformationdomain,
it identi�es severalimportantaspectsthatarestill rarelyfoundin othermethodologies.First the
applicationlogic is explicitly considered(thoughno concretehint is givenhow it is modeledor
implemented).Secondthe userof meta-data(in this casefor maintenance)is includedin the
method.Finally, theauthorsstatetheneedfor meta-level links thatdo not requiremodi�cation
of thesourceor targetdocuments;a requirementthatis, eventoday, rarelyconsidered.
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3.2.3 OBJECT-ORIENTED HYPERTEXT DESIGN METHOD - OOHDM

The object-orientedhypertext designmethod(OOHDM) [131–133]usesabstractionandcom-
positionmechanismsin anobject-orientedframework to supportthedescriptionof information
items,navigationalpatternsandinterfacetransformations.OOHDM splitsthedevelopmentpro-
cessinto four phasessupportingincrementalmodeling,i.e.,eachphaseaddsnew object-oriented
modelsor enrichesexistingmodelsfrom previousphases.

Theconceptualdesignphasede�nesanobject-orientedmodelof theapplicationdomain.It
is only concernedaboutthesemanticsof thedomainanddoesnotincludeany useror taskrelated
considerations.Themodelitself is a slight extensionof thewell-known classdiagramsusedin
UML. Theonly differenceis that relationshipscanbegivenanexplicit directionandattributes
of classescanhaveenumerationtypes(e.g.,asequenceof valuetypesratherthanasingletype).
This is similar to de�ning collectiontypesoveranexisting typesystem.

Themain focusof OOHDM is on thenavigationaldesign.Thenavigationaldesignde�nes
anapplicationasa navigationalview over a conceptualdomainmodel.Thenavigationalmodel
containsnavigationalclassesincludingnodes,links, accessstructuresandindices. The impor-
tantconceptof anodede�neswhatpartsof theconceptualmodelareaggregatedin asinglenode
andcanbecomparedto m-slicesin RMM. Navigationalnodescanalsobethoughtof modeling
the actualpagestructureof a Web application. A querylanguagesimilar to the onepresented
in [88] is usedto expresswhata navigationalnodeshouldcomprise.Links betweennodesare
derivedfrom therelationshipsde�ned in theconceptualmodel.Oncethenavigationalmodelis
completed,thenavigationalclassesaregroupedin so-callednavigationalcontexts. A context de-
scribeshow thenavigationalmodelis accessibleto theuser, e.g.,usingguidedtours,indices,etc.
Contexts furtherstructurethenavigationspaceandform thecontext model. An approachhow
navigationdesignscanbesynthesizedis presentedin [74]. First userpro�les andcorresponding
scenariosarecreated;thenasimplediagramof navigationalpathsis createdwhichis thenre�ned
in a partialand,eventually, a �nal context diagram.

In thenext stepanabstractrepresentationof theuserinterfaceis createdusingabstractdata
views(ADVs) [41]. An abstractdataview de�nesuserinterfaceclassesthatdescribeapageasa
compositionof primitiveuserinterfaceclassessuchasbuttons,images,andtext. Thestructural
compositionis enrichedby de�ning how userinterfaceeventsarehandledandwhateventsresult
in a changeof thecurrentlyvisibleview of thenavigationalmodel.

The �nal phaseof OOHDM is the implementationof the interfaceclassesin termsof an
actualdevelopmentenvironmentandplatform. OOHDM doesnot proposeor de�ne any imple-
mentationtechnologyor platformbut suggeststo storeall modelingartifacts(conceptualclasses,
navigationalclasses,contexts, etc.) in oneor moredatabases.Navigationcontexts arethenim-
plementedasstatefulobjectsthatalwayskeeptrackof thecurrentlyvisible pageandtheother
pagesin thesamecontext (e.g.,to correctlyswitch to next or previouspagesin a guidedtour).
Theintegrationof anlayout informationis envisionedusingHTML templatesthatareenriched
by functioncallstoobjectsof theconceptualmodelto retrieveandembeddynamicallycalculated
values.

OOHDM-Web [130] is a developmentenvironmentfor OOHDM that is basedon the CGI
Lua scriptinglanguageanda moduleto connectto relationaldatabases.Thesedatabasesstore
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all informationand modelingartifactsandprovide a library of functionsto completeHTML
templateswith dynamicinformation.

Thehigh level of abstractionof OOHDM enablesit to beusedin a broadvarietyof applica-
tion domains.OOHDM is missingananalysisphasein theprocessandalsodoesnot explicitly
considertesting,maintenanceor evolution. Separationof concernsis only achievedon thecon-
ceptuallevel but lost on the (suggested)implementationlevel wherecontent,applicationlogic
andlayout informationis againintermixed. Reuseof conceptualclassesis supportedby sepa-
rating theconceptualclassesfrom thenavigationalnodes.Theabstractdataviews alsobene�t
from thereuseof existinginterfaceobjects.Thesuggestedimplementationenvironmentdoesnot
supportseparationof concernsor reuseof implementationartifacts. The transformabilityfrom
theconceptualmodelto theimplementationspaceremainsunclear.

3.2.4 A SCHEMA-BASED APPROACH TO WEB ENGINEERING

Unlike RMM andOO-HDM, the schema-basedapproachtowardsWeb Engineeringpresented
in [100] takesadocument-orientedview of thedevelopmentprocess.Thecreationof a Website
is considereda combinationof documentengineeringandsoftwareengineering.The method,
however, only considersthe documentengineeringpart including detailedcontentstructuring,
quality factorsfor content,and contentadaptationfor selectedtarget audiencesand contexts
(language,culture,etc.).

The developmentprocesscomprisesphasesfor analysis,design,authoringandproduction.
Whilemaintenanceandevolutionisnotmentionedatall, testingisseenasintegralandcontinuing
taskthroughouttheprocess(thoughnodetailsaregivenonhow andwhatshouldbetested).The
phasesthemselvesareagaindocument-centric.As suchtheanalysisphasetalksabouteditorial
guidelinesandwriting standardsbut doesnot includefunctional requirements,target devices,
or platform decisions. The designandauthoringphasesare said to be inseparableandoften
indistinguishableandthuseffectivelycollapsed.Bothphases,however, aresplit in into twosteps:
design/authoring-in-the-large and design/authoring-in-the-small.As a consequence,it would
be moreappropriateto separatethe in-the-large phasefrom the in-the-smallphaseratherthan
authoringfrom design.Accordingto theauthors,theproductionphaseshouldmerelyconsistof
turningthedesignedhypertext componentsinto anactualWebsite.

Themethodis basedon theclassichypertext modelof (information)nodesandhyperlinks.
Kuhnke et al. [100] introducedifferentclassesof nodesandlink typesthataredesignedduring
theauthoring-in-the-largeanddesign-in-the-largephase.Theresultof thesephasesarepatterns
and templatesthat can later be usedto createinstancesof nodesand links that correspondto
actualWeb pagesandhyperlinks. The in-the-large phasescanto somedegreebecomparedto
the ideaof having a contractfor the contentconcernor an XML schemadescribinga classof
XML instancedocuments.Thisapproachis differentfrom mostothermethodsin thatit focuses
onthestructureandcontentof theactualinformationnodesratherthanusingagiven,underlying
datamodelandtransformingit into a hypertext model.

Separationof concernsis identi�ed asan importantissue;however, the contentis clearly
thedominantconcern.Otherconcernssuchaslayoutandnavigation informationareaddedby
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so-calledexpanders,macro-like codefragmentsthatoperateon thecontent.Theideaof having
standardizedcataloguesof transformersto solvestandardproblemsfor standardparameterscan-
not make up for that. Reuseis supportedwherethe designprocessallows it. Nodesandlink
typescanbereusedandexpanderscanbeappliedto multiple nodesto solve thesamestandard
problem,alsorequiringthe nodesto conformto a standardsetof parameters.In extensionof
the original hypertext model, links play an importantrole andnavigation pathsandstructures
betweennodesarewell supportedon theconceptuallevel. Unfortunately, their implementation
againreliesonexpandersstrictly limiting theapproachto standardsolutions.

Thedecisionto includeonly thestatic,document-orientedpartof thedevelopmentprocessin
themethodologyallows tools to automaticallygenerate(static)Websitesfrom hypertext mod-
els. SchemaText is a commercialtool thatsupportsthis approach.Themajordrawbackof this
decisionis thatonly staticWebsitescanbesupported.Hardlyany Websiteor applicationtoday
consistsof only staticpages.On the contrary, moreandmoreWeb applicationsaredeveloped
that do not containstatic informationat all but generateall pagesdynamically. The integra-
tion of applicationlogic with hypertext conceptsturnsout to beoneof thekey requirementsfor
state-of-the-artdevelopmentmethodologiesandis completelyignoredin [100].

3.2.5 SWM - A SIMPLE WEB METHOD

ThesimpleWebmethod(SWM) [40] tacklestheproblemthatmany developers�nd methodolo-
giestoo complex andhardto understand[10]. SWM is primarily intendedfor educationaluse
andfor inexperiencedusers.Thefundamentalphilosophyfor thisapproachbesidesbeingsimple
is to stronglysupporttheearlyphasesof thelife-cycleof aWebapplication,providetool support
andtraceabilityof changes.

SWM distinguishes� ve phases.The �rst phase,planning, is concernedabout feasibility
andprojectmanagement.The following analysisde�nes the target audience,thecontentto be
presented,themarketsituationandconstraintssuchascopyright, developerexpertise,etc. In the
designphase,thestructure,thevisual layoutandthenavigationstyle is de�ned andresultsin a
setof storyboards.In thebuilding phase,theactualWebapplicationis built. Themaintenance
phase�nally coversall activitiesaftertheinitial deploymentof theWebsite.

Thepresentedmethodextendsexistingsoftwareengineeringtechniquesby anavigationchart
andpagemockups.No moredetaileddescriptionof the phasesor the developmentprocessis
given.Consequently, SWM operatesonaveryabstractlevel thatdoesnotprovidemuchguidance
for developers.

A moreinnovativeapproachis takenin ordertosupportthewholelife-cycleof theapplication
andprojectmanagement.Theneedfor processmodeling,projectmanagement,qualitymanage-
ment,andcon�guration managementtools interactingwith developmenttools to appropriately
supportthe developeris stated.PAWS, the ProjectAdministrationWeb Site, is the attemptto
combineseveral suchtools in an interactive Web site accessedandupdatedby the developers.
PAWS supportsa simpleprocessmodel,actionminutes,deliverableandtasks.Developersand
managerscanobtaina detailedstatuson all tasksanddeliverables.In a small casestudy, most
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participantsunderstoodtheSWM mostlyor completely. Action minutesandtaskmanagement
werefoundto bethemostusefulaspectsof PAWS.

Due to thehigh abstractionlevel andonly vaguede�nition, SWM doesnot easily�t in the
categorizationschemepresentedin 3.1. It doesnottouchseparationof concerns,supportof reuse
or its applicability. It does,however, supportthefull life-cycleof aWebsiteandpracticabilityis
goodin thatthemethodis easyto understandandapply. Unfortunately, no existingstandardsor
toolsareexplicitly supported.

Regardingmany of today'sapplicationscenarios,SWM cannotbeconsideredtheappropriate
methodology. It leavesout too many crucial requirementssuchasconcretemodelingdiagrams,
supportfor reusablecomponentsandseparationof concerns.SinceSWM wasdesignedto be
simpleandfor educationaluse,it probablyalsowasnever intendedfor complex Webprojects.
SWM contributesandoutdoesotherapproachesintegratingprocessandprojectmanagementinto
theactualdevelopmentprocess.

3.2.6 THE OBJECT-ORIENTED-HYPERMEDIA METHOD (OO-H)

Likeotherapproaches( [37,105]),theobject-orientedhypermediamethod(OO-H)[70,71] looks
ataWebapplicationasanobject-orientedsoftwareartifact. It extendstraditionalobject-oriented
developmenttechniqueswith two new views: thenavigationview andthepresentationview. The
navigationview extendsa classdiagramto includelink informationbetweeninformationitems,
thepresentationview providesdefault rulesto transformcontentinto the�nal output.

TheOO-Hdesignprocessstartswith aclassdiagrammodelingtheinformationdomain.Then
severalnavigationaccessdiagrams(NADs) areadded,onepertargetdevice or audience.Based
ontheNADs andasetof default rules,abstractpresentationdiagrams(APDs)arecreatedto help
thedevelopersmaptheinformationto thedesiredtargetlanguage.A patterncatalogueprovides
user-centeredsolutionsfor presentinginformationandcapturinguserinteraction.Otherphases
suchasanalysis,testingor maintenancearenot explicitly coveredin thedesignprocessbut can
easilybeadded.

The abstractpresentationdiagramseparates� ve concernscontributing to the �nal Web ap-
plication: the content(tStruct), the layout (tStyle), the userinput (tForm), client-sidescripts
(tFunction),andviews/windowsshown to theuser(tWindow). Thisclearseparationis basedon
XML �les for eachconcernthatarebackedby a customdocumenttypede�nition (DTD). The
DTD de�nes the valid elementsandinteractionstylesfor the Web application. This is neces-
saryto enableautomaticgenerationof a default implementation.On theotherhand,it restricts
thepracticabilityof theapproachanddoesnot supportalternativewaysof de�ning information
and/orinteraction.For instance,all contenthasto beprovided in asa collectionof objectsand
links with speci�ed attributes. Sucha DTD canbe seenaspagedescriptionlanguagethat ar-
rangesa givennumberof objectsandlinks on a page.It doesnot supportotherstructuresor the
introductionof new elements.Transformationrulesin anOCL-likesyntax(objectconstraintlan-
guage,[121,149]) canbeusedto transformartifacts,e.g.,a templatein theAPD into anHTML
page.
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OO-H builds on existing standards(XML, DTD, OCL, etc.),de�nes a sequentialdevelop-
mentprocesssimilar to otherobject-orientedapproaches,clearly separatesconcernsandpro-
vides high transformability. Among the goalsof OO-H are �attening the learningcurve and
decreasingthecostof Webdevelopment.While thelatteris likely to beachieved,themethodas
awholeremainsrathercomplex, especiallyregardingthede�nition andsyntaxof transformation
rules.Also theintegrationof andinteractionwith applicationlogic is notclearlyde�ned though
the tForm concernmentionedabove providessomesupportfor userinput. It remainsunclear,
however, how theclaimeddevice independencefeaturesareachieved,how the input is handed
to theback-endbusinessprocessesandhow theapplicationlogic interfacesfor interactingwith
thecontenttemplateswork. OO-H is, at leastconceptually, oneof themoststate-of-the-artWeb
engineeringmethodologies.

3.2.7 THE FIVE-MODULE FRAMEWORK FOR INTERNET APPLICATION DE-
VELOPMENT

The � ve-moduleframework for Internetapplicationdevelopment[48] proposesa novel archi-
tecturefor Webapplications.It extendsthecommonlyusedthree-tierarchitecture(presentation,
businesslogic, andsystemlayer) into � ve modules:the presentation,UI component,business
logic, datamanagement,andsysteminfrastructuremodule.Theunderlyingthemeof thiswork is
thetight couplingof thevariousaspectsinvolvedin Webdevelopment.In the� ve-moduleframe-
work, a loosercouplingandanobject/component-basedapproachtowardsWebdevelopmentis
envisionedresultingin theability to independentlyevolvethebusinesslogic.

Thenewly addeduserinterfacecomponentlayerconsistsof a setof objectsthatrepresenta
pagein termsof its userinterface.Thepresentationlayerthentransformseachsuchobjectinto
its correspondingHTML representation.Theclaimedbene�t is thatUI componentscanbeadded
dynamicallywhile not modifying thepresentationinformation. This is only true if all possible
componentsareknown in advanceor only componentsof alreadyexisting typesareadded.We
doubtthatthisbehavior justi�es aseparatelayer.

A furtherdecouplingis attemptedby introducingthedatamanagementlayer thatrepresents
a system-andstorage-independentview of thecodeanddatain thedatabase.While this allows
changingtheunderlyingdatabasesystem,thebene�t over existing standardssuchasODBC or
JDBCis questionable.

Finally, a broker facility is introducedto decoupleany direct methodinvocationsbetween
modules. Thus,any object in a module�rst contactsthe broker to connectto anotherobject
offering thedesiredservice.While this approachfacilitatesthemodi�cation andupgradeof the
applicationat runtime,it alsointroducesasigni�cant overheadandperformancepenalty.

Thoughthe� ve-moduleframework proposesa new way of developingWebapplications,it
cannotbe considereda methodology. It alsoignoresmany crucial factorssuchasotheroutput
formatsthanHTML, otherdatasourcesthanrelationaldatabases,andnavigationdesignartifacts.
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3.2.8 THE WWW DESIGN TECHNIQUE - W3DT

TheWorld WideWebDesignTechnique(W3DT) [23] consistsof two parts:amodelingpartthat
supportsgraphicalmodelsof theWebsiteandacomputer-baseddesignenvironmentfor theim-
plementationof themodelsite.This is in contrastto theapproachespresentedsofar thatmainly
focuson supportingthemodelingpart. Oneof thegoalsof W3DT is that themodelsshouldbe
clearandintuitively comprehensibleatall times.Anotherimportantaspectis its modularitythat
supportsdistributeddevelopment,hierarchicaldecompositionof a site,andthedevelopmentof
distributedWebsites.

Anotherimportantdifferenceis thatunlikeRMM andOOHDM, W3DT doesnotstartwith a
dataor domainmodelbut is user-centricin thatit modelsthestructureandpagesof the�nal Web
siteandderivesthedatarequirementsfrom them. It alsointroducesanotherlevel of abstraction
by introducingtheW3DT metamodelthatde�neshow themodelingprimitivesarerelated(e.g.,
asiteconsistsof asetof diagrams,eachconsistingof pages,layoutsandlinks, etc.).

A concreteWeb site is modeledusingvariousmodelingprimitivessuchaspages,indices,
formsandlinks to createaninstanceof themetamodelthat representsthestructureof thesite.
Further, W3DT distinguishesbetweenstaticinformationanddynamicinformation(i.e.,informa-
tion that is collectedor createdat runtime)alreadyin thedesignphase.Similarly, a distinction
betweenstaticanddynamiclinks is made.

Themethodologydoesnot distinguishseparatephases;thebuilding of thesitemodelis the
maintask.Oncethesitemodelis �nished, it canimmediatelybeimplementedin W3DT'sdeve-
lopmentenvironmentcalledWebDesigner. WebpagesareimplementedusingHTML templates
from which skeletonHTML �les aregeneratedthat have to be completedin an HTML editor.
Separationof concernsis supportedonly marginally. Layoutsareseparatedfrom theactualpage
but consistonly of attributesfor thebackgroundcolor, thebackgroundimage,aheaderline anda
footerline. While thesimplicity of themethodmakesit easyto understandandthemodelssim-
ple, it is notsuitablefor themuchmoresophisticatedrequirementsof today'sWebapplications.

TheextendedWWW designtechnique[12,129] addsa new developmentprocessincluding
ananalysis,design,implementationandrecurringevolutionphase.It alsoconceptuallyseparates
thecontentproductionfrom its technicalseparation(i.e.,therolesof thecontentmanagerandthe
programmerareseparated).Further, userinput processingis explicitly includedbut only to the
extentasuseractionsdirectlymanipulatethecontentof adatabase.Moresophisticatedinterfaces
to businessprocessand their applicationlogic aremissing. The simplicity of W3DT models
is droppedin favor of morecomplex diagrams.A new notationexplicitly includespriorities,
responsibilitiesandexpectedmaintenanceeffort on thepagelevel.

However, key requirementssuchasseparationof concernsor supportfor reusearenot ad-
dressed.Themethodalsostatesthat it is intendedto beintegratedinto higherlevel methodolo-
gies.An implementationenvironmentsimilar to theoneincludedin W3DT is missing.

3.2.9 L IFEWEB: AN OBJECT-ORIENTED MODEL FOR THE WEB

LifeWeb[119,144] proposesanobject-orientedmodelfor theWebthatnot only modelssingle
Web sitesbut also the Web in its entity. It further tries to capturethe dynamicnatureof the
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Web(i.e., its fastgrowth, rapidchanginginformationservices,etc.).LifeWebtriesto modelthis
dynamismby introducingtheconceptof life. Similar to theconceptsin geneticprogramming,
it tries to exploit fundamentalprinciplesof life suchasreproduction,interaction,existenceand
evolution. Objectsareenrichedwith objectgenesthatcarrymeta-informationabouttheobject,
theclasshierarchyis comparedwith thespecieshierarchyin biology andsoon.

Themodelconsistsof four levels: theinstance,genetic,meta-genetic,andmeta-metagenetic
level. Theinstancelevel comprisestheactualWebdocumentsasseenby theclient, thegenetic
leveldealswith thedocument'sobject(in thecaseof LifeWebXML) representationontheserver,
themeta-geneticlevelde�nestheDTDsfor theXML documents,andthemeta-metageneticlevel
de�nesthegrammarto expressDTDs.

The evolution processis incrementalandde�ned by the evolution on every level. Evolu-
tionary thresholdsmodel the likelinessof evolutionaryactions. Only if a certainthresholdis
reached,evolution becomespossibleandchangesarepropagatedto higherlevels. Thus,a DTD
for anXML documentcaneffectively changeif thethresholdfor sucha changeis reached.Ac-
cordingto themodel,all documentsbasedon thisDTD wouldbechanged,too.

Evolution actionshappenin responseto userinteractionor long-termbehavior (e.g.,how
often a pageis requested,which contentis popular, etc.) and cumulateuntil a evolutionary
thresholdis reached.

Technically, LifeWebformulatespublicationon theWebasanobject-orientedactivity using
the samemodel for singlesitesas for modelingthe Web itself [120]. It introducesstructural
andpresentationalsubclassesbut mapstheobjecthierarchyto a setof XML documents.Sepa-
rationof concernsis achievedto somedegreeasresultof thedistinctionbetweenstructuraland
presentationalsubclasses.

LifeWeb is not a full methodologysinceit only proposesa modelbut no concretedevelop-
mentprocess.Thoughit is a factthattheWebevolvesandchangesall thetime,it is questionable
whetherit is anadvantageto think of aWebsiteasanautonomouslyevolving entity. Usually, this
automaticbehavior is not desired;however, the conceptof evolutionarythresholdscanalsobe
mappedto accessstatistics,Top 10 pagelistings,andsimilar artifactsthatarecommonlyfound
on today'sWebsites.

Reuseis supportedto the extent that the classhierarchysupportsit. As mentionedabove,
LifeWebdoesnot cover thewhole life-cycle of a Webapplicationbut merelythemodelingand
implementationpart.Analysis,test,or maintenancearemissing.

3.2.10 CONCEPTUAL MODELING AND WEB SITE GENERATION USING GRAPH

TECHNOLOGY

In [69] theauthorsdiscussanapproachtowardsdevelopingWebsitesthatexploits thepower of
graphtheory. As in many state-of-the-artmethodologies,a conceptualmodelis usedto present
the applicationdomainandunderstandthe relationshipsandconstraints.Correctlythe authors
pointoutthatsuchamodelis well suitedasameansof communicationsamongtherolesinvolved
in thedevelopmentprocess(contentmanagers,graphicsdesignersandprogrammers).
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Similar to thehypertext modelwherenodesareconnectedvia hyperlinks,[69] modelsaWeb
site asa Web of verticesandedges.The modelingapproachis basedon EER/GRAL [80] and
thusagainespeciallysuitedfor structuredinformationdomains. The conceptualgraphmodel
alsoprovidestype informationfor theclassof possibleWebsitesconformingto theconceptual
model;asa consequenceautomaticconsistency checkingis possible.All instancesof Websites
thatconformto theconceptualmodelaresaidto bein avalid statewith respectto themodel.

Oncethe conceptualmodel is stable,an actualinstanceof the graphmodel is createdby
acquiringandpopulatingtheconceptualmodelwith actualcontent.It is interestingto notethat
not only theconceptualmodelbut alsotheconcreteinstances(i.e., thecontent)is modeledand
storedas a graph. XML documentsare usedas genericdataformat thoughthe mappingof
the semi-structuredXML datato the EER/GRAL basedconceptualmodel is only possibleif
the documenttype de�nition of the XML contentis signi�cantly closeto the structureof the
conceptualmodel. In otherwords,only XML documentsthat representthe conceptualmodel
canbeused.

The site generationphasefollows the modelingphase.In this phasethe graph's contentis
extractedusinggraphqueriesandwritten into text �les. Theresultof thequeriesis a setof so-
calledXML bags,XML documentswith a speci�c structurere�ecting thecontentin thegraph.
This intermediatestepis necessaryto consecutively apply XSL transformationsto the content
andgeneratethe�nal Webpages.

Apart from neglecting requirementsanalysis,testingand maintenance,the main point of
criticism is thatonly staticpagesaregenerated.Althoughtheauthorsclaim that their ideascan
beextendedto alsocoverdynamicpages,it remainsunclearhow thiscouldbedonein amodular
way. Separationof concernsis only supportedfor contentandlayoutandtheseartifactscanbe
reused.Navigation is directly inferredfrom theedgesin thegraphwhich roughly corresponds
to theapproachestakenin othermethodologies.Theapplicationof thesameconcept(i.e.,graph
modeling)for both the conceptualand the implementationmodel is remarkablesinceit gives
youautomaticconsistency checkingfor free.With theinclusionof dynamicpages,however, this
becomesmuchmoredif�cult.

3.2.11 THE WEB MODELING LANGUAGE (WEBML)

TheWebModelingLanguage(WebML) [34,35] is a languagefor high-level, conceptualmod-
eling of Web sites. The model-driven developmentapproachis basedon distinct orthogonal
perspectivesmanifestedin four models: the structural,the hypertext, the presentation,andthe
personalizationmodel.

The structuralmodel capturesthe content(i.e., datamodel) of the site using entitiesand
relationships.It usesexistingnotationssuchasE/Rmodelsor UML classdiagramsfor this task.
Thehypertext modelconsistsof thecompositionandnavigationsub-models.Thecomposition
sub-modelspeci�eswhatpageswill make up thesiteandwhatcontentis includedin thepages.
The navigation sub-modeltalks aboutthe relationshipsof pagesandcontentunits in termsof
contextual andnon-contextual links. Contextual links arederived from the relationshipsin the
datamodelandconnectsemanticallyrelateditemsof information.Non-contextual links simply
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connectnon-relatedpages(e.g.,a link to a site'ssearchenginethatis reachablefrom all pages).
Next, thepresentationmodeldescribesthegraphicalappearancein anabstractXML syntaxthus
remainingindependentof the target output languageanddevice. Finally, the personalization
modelsupportsthe de�nition of usersandusergroupsandthe dynamicadaptationof the site
basedon high-level businessrules(e.g.,theshoppingbehavior of ausercanautomaticallymake
him memberof differentusergroups).

The proposeddevelopmentprocessis an iterationof requirementscollection,datadesign,
hypertext designin-the-largeandin-the-small,presentationdesign,userandgroupdesign,and
customizationdesign. Whenthe requirementsareestablished,the datadesignmodelsthe un-
derlying informationdomain. As otherapproaches,WebML is especiallywell suitedto highly
structureddatadomainsanddata-centricapplicationswhererich relationshipandconstraintin-
formationis available.It de�nessix unitsto modeldatarepresentationbasedon singleor multi-
ple entities,relationshipsandlists of informationitems.Thehypertext designin-the-largetalks
aboutthewholesite,thepagesthatshouldbeincludedandtheir relationships.Hypertext design
in-the-smallis consecutively concernedaboutsinglepagesandpage-level re�nements.Thenav-
igationmodelcreatedin thehypertext modelcanbeusedto expresssemanticallyrich navigation
structuressuchasmulti-stepindices,�ltered indices,indexedguidedtoursandrings. Thepre-
sentationdesignaddsthe presentationinformationto the pagesandthe userandgroupdesign
createsuserpro�les basedon theintendedpersonalizationbehavior. Eventually, thecustomiza-
tion designtakesadvantageof theuserpro�les andde�nes businessrulesthatspecifyhow the
siteis to becustomizedbasedon theuserpro�les andcustomizationrequirements.

Givenastructuredinformationdomain,WebML achievesmany of thedesiredcharacteristics
presentedin 3.1. It clearly separatesthe concernscontent,structure,presentation,navigation,
andpersonalization.Especiallypersonalizationis not coveredby any of theothermethods.The
level of abstractionreachesfrom high whenmodelingthe site in-the-large down to the imple-
mentationlevel wheretheToriisoft developmenttool turnsaWebML speci�cationinto anactual
implementation.Reuseof designartifactsis notasclearlysupportedasin otherapproaches.Fur-
ther, themodelingprocessonly supportsa limited numberof concepts(e.g.,thesix dataunits,
theabstractlayoutspeci�cation,thepre-de�nedclassesof links, etc.).While thismakesit easier
to dealwith the methodandto createa supportingtool, it might fall short in covering the so-
phisticatedrequirementsof today's Webapplications.Also a discussionof dynamicallycreated
pagesandhow to integrate(existing)applicationlogic is missing.

In otherareas,however, WebML proposesinnovativeconceptssuchasthenotionof a valid
hypertext that supportautomaticcheckingof a Web site for design�a ws. Further, the explicit
supportfor generatinga default hypertext from the speci�cation to validatethe modelwith a
working prototypeat all stagesis a valuablefeature.It stronglysupportsrapidprototypingand
theexplorationof designalternatives. Proposedextensionsalsoincludethe introductionof op-
erationsto modeluser-triggeredwrite accessto theunderlying(relational)datarepository, i.e.,
allowing usersto actively modify thecontentof thesite.
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3.2.12 WEBCOMPOSITION: AN OBJECT-ORIENTED SUPPORT SYSTEM FOR

THE WEB ENGINEERING L IFECYCLE

WebComposition[56,58,64,65] is an object- and component-orientedmodel for Web deve-
lopment. The changingcharacteristicsof Web applicationfrom mereinformationsystemsto
full-�edged softwareapplicationsandthefastpaceof changeson theWebresultin WebCompo-
sition'sgoaltostronglysupportreuseandmaintenancescenarios.A bettermodelingof theWeb's
coarse-grained,document-orientedstructureto preservedesigndecisionartifactsandcomponent
de�nitions is identi�ed ascritical successfactor.

To achieve its goals,WebCompositionde�nes component-basedWebEngineeringasa dis-
ciplinedWebEngineeringapproachthatsupportsreuseof componentsanddomainknowledge.
WebCompositionsupportscomponentson differentlevelsof abstraction.Its componentscanbe
as�ne-grainedassingleattributes(e.g.,thefont attributefor anHTML tag)or aslargeaswhole
pages.Componentshavesimpleproperties(e.g.,key/valuepair attributes,text content,etc.)and
agenerateCode() methodto producethecomponentsrepresentationin thetargetlanguage.

A componentis calledprimitive if it is not furtherdecomposed;compositecomponentscon-
sistsof oneor moreother(primitive or composite)components.Furtherprototypeinheritance
is supportedusingdedicatedprototypecomponentsothercomponentsinherit from. This is sim-
ilar to having HTML template�les andderiving instancepagesby re�ning the template.The
inheritanceandcompositionhierarchyof all componentsandtogetherwith their de�nitions are
storedin thecomponentrepositoryeffectively capturingthedesignartifactsrequiredto generate
the Web site. The componentrepository[59] usesan extensiblearchitectureconsistingof the
actualcomponentstores,meta-datastoresandtheactualrepositorytool that combinescompo-
nentstoreswith meta-datastoresto provide sophisticatedqueryandretrieval mechanismsfor
components.

The developmentprocessstartswith the creationof the WebCompositionmodel contain-
ing all componentsand their inheritanceandaggregationrelationships.While WebComposi-
tion suggesta not further speci�ed structuredapproachthat incrementallyre�nes themodel,it
alsoacknowledgesthe requirementandneedfor a tool to re-engineerexisting HTML designs.
Componentfactoriesareusedto createdefault contentcomponentfrom anunderlyingrelational
database.Whenthe initial model is created,a re�nementandabstractionprocesstowardsthe
�nal componentmodelconcludesthedesignphase.If themodelis fully speci�ed,themodelcan
be executedat runtimeor, in the caseof morestaticinformation,�le resourcescontainingthe
Webpagescanbegeneratedandstoredin the�le systemthatactsasacachefor theWebserver.
An importantfeatureof the WebCompositionsystemis that it supportsevolution andmainte-
nanceactivitiesat runtime.As soonasthecomponentspeci�cationis updated(andexisting �le
resourcesre-generated),thechangesarere�ected in the�nal Website. This is possiblebecause
thecomponentrepositoryservesasstorefor thedesignchangesaswell asa sourcefor theWeb
pagedeliveryprocess.

WebCompositioncomponentsare de�ned in the Web Composition Markup Language
(WCML) [57,60], an applicationof the XML. A componenthasa uniqueidenti�er, a set of
attributes,caninherit from oneor multiple prototypecomponentsandcanitself bea prototype
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for othercomponents.Componentscanoverrideinheritedattributesandbe parameterizedre-
sultingin acomponenttemplatemechanismthatsupportstheimplementationof designpatterns
on top of WCML components.WCML furthersupportsthede�nition of hyperlinkson thecon-
ceptuallevel by linking to othercomponents.Theselinks canbede�nedoutsidethecomponents
themselves,resultingin a powerful conceptto de�ne differentnavigationstructuresfor a given
componentmodel. The decoratorpatternis usedto extendexisting contentcomponentswith
device-speci�c layout information.Thusthesamecontentcanbepresenteddifferentlydepend-
ing on thetargetdevice.

The WebCompositionsystemprovidesa powerful componentandcompositiontechnology
thatsupportsreuseandmaintenanceof components.Separationof concernsis not directly sup-
ported; layout informationcanbe separatedusing the aforementioneddecoratorpattern. The
designprocesssupportsasmoothtransitionfrom thecomponentmodeltowardstheimplementa-
tion. Thecomponentmodel,however is closeto theimplementationsinceit alreadycontainsthe
�nal contentandlayout information. A realconceptualmodelandhigherlevelsof abstractions
arenotsupported.

3.2.13 SYNTHESIS OF WEB SITES FROM HIGH LEVEL DESCRIPTIONS

The work reportedin [33] attacksthe problemof increasedcomplexity of Web sitesandtheir
developmentfrom a differentanglethantheresearchdiscussedsofar. It de�nesa framework to
automaticallysynthesizedomain-speci�cformalrepresentationsof aWebsiteto makeits design
moremethodicalandmaintenancelesstime consuming. Informationprocessingis abstractly
representedby computationallogic. To prevent developersfrom having to dealwith the logic
representationdirectly, domainspeci�c dialectsof a logic arede�ned.

The developmentis structuredasa simplethree-level approach.An informal problemde-
scriptionis mappedto an intermediaterepresentationin a logic dialectandeventuallymapped
to an actualimplementation.The contentandstructureof the Web site is separatedfrom the
layout which is provided by stylesheets.Whenthe intermediaterepresentationis �nished, the
�nal Websitecanbeautomaticallyderivedfrom it. Thecontentitself is modeledusingpredicate
logic. Thedistributionof thecontentonWebpagesandlinks amongpagesaremodeledthesame
way. Thusdevelopersstill haveto dealwith logic andinferencerules,thoughtheircomplexity is
reducedby theintroductionof domain-speci�cpredicates.

Navigational structuresand pathsare describedusing conceptsfrom transactionallogic.
Paths are describedby de�ning the valid sequencesto visit Web pages. Sophisticatedrules
suchas'pagex mustalwaysbevisitedbeforepagey' canbeenforcedusingthis concept.For
largeWebsites,however, therulebasegetslarge.An importantconceptin thecontext of links is
thedistinctionbetweenlinks andoperations.Links representtraditionalhyperlinksthatconnect
two (static)Web pages.Operationson the otherhandrefer to executable(CGI) programsthat
executesomeapplicationlogic, take input parametersandreturna dynamicpageasresult.This
distinctionis not found in otherapproachesbut canhelp to bettermodelthe integrationof the
applicationlogic andtheoverallwork�o w of theWebapplication.
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This approachis operationalratherthandeclarative,givena descriptionof how to assemble
the�nal Webpagefrom rulesandfunctionalentities.It achievesseparationof concernfor con-
tentandlayoutby usingstylesheetsandcleanlyde�nestheinterfacesto theapplicationlogic. A
conceptualmodel,otherthanthedomain-speci�cpredicates,is missing;theinformaldescription
is directlyconvertedinto theintermediaterepresentation.Thoughtheintermediaterepresentation
servesasinput for theautomaticgenerationof the�nal site,it is doubtfulwhetherthecomplexity
of thisrepresentationandtheabsenceof aconceptualmodelachievethedesiredeffectof making
designmoremethodicalandeasingmaintenance.

3.2.14 THE EXTENSIBLE WEB MODELING FRAMEWORK (XWMF)

As severalothermethods,theExtensibleWebModelingFramework (XWMF) [96,97] proposes
anextensible,conceptualmodelof a Website consistingof classesandobjectssimilar to con-
ceptsin object-orientedsoftwaredevelopment.Unliketheotherapproaches,however, XWMF is
anapplicationof theresourcedescriptionframework (RDF) [101] andde�nesanextensibleset
of RDF schemataanddescriptionsfor de�ning Web applications.The ideabehindusingRDF
is to not only getsyntacticinteroperabilityaswhenusingXML directly but alsogeta machine-
understandabledescriptionof thesemanticsof thedataandthemeta-dataof aWebapplication.

XWMF modelsa Webapplicationasa singlegraph-baseddatamodelfacilitatingvalidation
of the semanticsof the modelbasedon �rst order logic. The framework de�nes genericWeb
applicationschematathat are specializedinto Web applicationschematafor a given problem
domain.Theseschemataprovide thevocabulary for Webapplicationdescriptionsthatrepresent
theconceptualmodelof theWebsite in termsof components.Thedescriptionsareeventually
convertedinto the�nal Webapplication.

Componentsin XWMF caneitherbesimplexonsor complexons. Simplexonsareleavesin
thegraphof aWebapplicationdescriptionandcontaintheactualcontent.Complexonsrepresent
the structureof the applicationby groupingsimplexonsandothercomplexonsthe larger enti-
ties. Theseconstructsarecloselyrelatedto theprimitivesandcompositesin WebComposition
(see3.2.12).

Separationof contentandlayout is only achieved to somedegree. To adddifferentlayout
stylesto the samecontentcomponent,simplexonshave to inherit from the contentcomponent
andenrichit with thelayout information.Thusthecontentcanbereusedbut a cleanseparation
is not provided. Furthereachsuchsimplexon only containsa small part of the actuallayout
information(e.g.,a tabledataor row in an HTML layout; the tableitself is de�ned in another
complexon). As aconsequenceof thisfragmentation,reuseof layoutinformationis notpossible.
Also the integrationof applicationlogic is donevia extensionsof existing complexons. Again
the problemof fragmentationand the lacking ability to reuseimplementationcodelimit the
approach.Theonly form of implementationreuseis thatmultiple objectsof thesameclassuse
thesameimplementationcode. De�nition of navigationalstructureson the conceptuallevel is
notsupported.
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3.2.15 STRUDEL

The Strudelsystem[54] takesa datamanagementperspective on Web Engineering. It starts
with the de�nition of a datamodelandappliesdatabasemanagementtechniquesto transform
the datamodel into an actualWeb site. Unlike most other approaches,Strudelusesa semi-
structureddatamodel basedon labeleddirectedgraphsand thus avoids the shortcomingsof
relationalmodels.Datasourcesarewrappedby translatorcomponentsthat integratethecontent
into Strudel's internal, graph-baseddatastructure. As Strudel's datamodel is targetedat the
Web, it containsatomicdatatypessuchasURLs, imagesandtext. The authorsalsostatethat
the integrationof multiple datasourcesis a key successfactorandlikely to becomeever more
importantin thefuture.

The key ideain Strudelis to separatethe modelingof the data,the site's structureandthe
site's appearance(i.e., layout) from eachother. the Strudelmethodologystartswith a semi-
structureddatamodel, the datagraph. This graphis similar to approachessuchasWebCom-
position3.2.12that useobjectsandcomponentscontainingkey/valuepairsof information. A
so-calledsite de�nition query is appliedto the datagraphto createthe site's structure. This
queryde�nes thepagesthesitewill compriseandthecontentthey included.The resultof this
queryis thesitegraphthatis similar to theconceptualmodelsin many othermethodsexceptthat
it is not a relationalbut a semi-structuredmodel. Sincethesitegraphcontainsboththecontent
andthestructureof thesite, it canbetransformedinto the �nal Websiteby applyingStrudel's
HTML templatelanguage.

Strudel's �e xibility mainly stemsfrom theStruQL,Strudel's querylanguage.Thecomplete
Websitecanbecreatedfrom severalqueries,eachspecifyinga smallerpartof theoverall site.
Also differentviewsof thesamesiteor evolutionscenariosof aWebsiteareexpressedin creating
new or updatingexisting site queries.Strudelappliesgraph-basedstructuresfor all its models
thus facilitating the de�nition of integrity constraintson top of this structureand incremental
updatesby evaluatingonly selectedqueries.

The applicationof formatting information is supportedby Strudel's HTML templatelan-
guagethat appliesenrichedHTML fragmentsto the site graph. Sucha fragmentconsistsof a
traditionalHTML codeextendedby format,conditionalandenumerationexpressions.Similar to
theapproachtakenin ActiveServer Pages(ASP)andJava Server Pages(JSP),theseexpression
supportif-statementsandloopsin theHTML fragmentandareresolvedatpagegenerationtime.

As with othermethodsthatuseHTML fragmentsto createthe�nal Webpage,layoutreuseis
hardlypossiblesincethepagecreationprocessdependsonmany suchHTML fragmentsscattered
over many nodesin thesitegraph.Anothermajordrawbackof Strudelis that themethoddoes
not supportdynamicpagecreationor theintegrationof existing applicationlogic. ThusStrudel
is only applicableto pageswith rarelychanging,staticcontent.This typeof Websitesseemsto
getlessandlessfrequentwhile dynamicsitesgrow in importance.

Strudelmakesan importantcontribution in usinga semi-structureddatamodelratherthan
a relationalone. However, the missingsupportfor dynamicallygeneratedpagesand the use
of HTML fragmentslimit its bene�ts to a small numberof Web sites. The site graphis an
importantmodelto communicatethesite'sstructureanddistributionof content.Navigationand
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linking issuesarenot coveredat all in Strudelandrely on thede�nition of HTML links in the
layout fragments.Accordingto the authors,severalpotentialusersof Strudelalsorequesteda
graphicalrepresentationor easierway to de�ne queriesin StruQL.

3.2.16 WOOM - THE WEB OBJECT ORIENTED MODEL

In [36] the authorspresenta strongcasefor a structuredWeb engineeringmethodology. They
correctlyclaim thatoften Web developmentis focusedon the �ne-grainedimplementationde-
tails andhappensin an ad-hocmanner. Softwareengineeringprinciplessuchasrequirements
analysis,speci�cationanddesignareoften ignored. This situationlargely stemsfrom the lack
of appropriateabstractionand modelingconceptsfor Web applications. Also the needfor a
technologicalsolutionthat bridgesthe gapbetweenhigh-level Web site designsandthe actual
implementationtechnologyis identi�ed.

Theauthorsde�ne a World Wide Websoftwareprocessthatstartswith a requirementsanal-
ysis andspeci�cation phase.The needsof the stakeholdersareassessedin termsof contents
(theactualinformation),structure(theorganizationof informationin pages),access(navigation
andaccessstructuresto the information)andlayout (thegraphicalappearanceof thecontents).
Other aspectssuchas the applicationlogic, multiple output devices or securityrequirements
arenot covered. SinceWOOM is anobject-orientedapproach,thestructuringof a Web site is
modeledusingobject-orientedconcepts:views andrelationships.Views selecta subsetof the
contentsto be presentedandrelationshipsestablishsemanticconnectionamongsuchcontents
(e.g.,is-a relationships).

The requirementsarefurther re�ned in the designphase.The overall structureof the Web
site,thenavigationalstructuresandinformationorganizationaredescribed.Thedesigneffort can
usevariousdesignmethodologyfor hypermediaapplicationssuchastheaforementionedHDM,
RMM, or OOHDM approaches.Togetherwith the advantagesof thesemodelingtechniques,
WOOM also inherits their drawbacks— most prominentlythe missingtransformationof the
conceptualmodelinto animplementationmodel.

Theimplementationphaseis furtherstructuredinto severalsteps:�rst theconceptualmodel
is mappedontoprimitivesof theimplementationtechnology. Second,theactualcontentis added
to the site, i.e., the site is populated. Finally, the site is deliveredby making it accessibleto
clients using standardWWW technologies.Again the semanticallypoor and low-level Web
technologiesrequirethedeveloperto 'manually' bridgethegapbetweentheconceptualmodel
andtheactualimplementation.

Unlike many other approaches,the maintenancephasereceives signi�cant attention in
WOOM. Maintenanceis identi�ed asa crucialphasefor WebengineeringandtheWOOM pro-
cessdueto thedynamicnatureof Websites,evenmorethanin thecaseof traditionalsoftware
engineering.Drawing from the�eld of softwareengineering[67], WOOM distinguishescorrec-
tive (bug �x es),adaptive (adjustmentsto the outsideenvironment)andperfective maintenance
(improvementsandextensions).In XGuide,we proposea slightly differentbut essentiallycom-
patiblecharacterizationof maintenanceactivities.
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WOOM abstractsfrom the low-level implementationdetailsandintroducesa fully object-
orientedframework for modelingWebsites.Themainentitiescanbearrangedin directacyclic
graphs(DAGs) to expresstheir dependenciesand relationships.Containersgroup setsof re-
sourcesto make themaccessibleusinga commonnavigation or accessstructureandexternal
resourcescanbeintegratedusingreferencesto them.WOOM alsoprovidesmechanismto work
onthelow-levelHTML implementationdetails(e.g.,attributesfor theBODYtag).EveryWOOM
resourcecanappearin several contexts dependingon its positionin the site DAG. Eventually,
thetranslateoperationof aresourceturnstheWOOM entity into anHTML �le. This translation
operateson the site graphusinga setof transformerson the resources.This conceptof trans-
formersis thecentralmechanismto keepthecontentsseparatefrom its variousoccurrenceson
thesiteandits graphicalrepresentation.

TheWWW ObjectOrientedModel is a directextensionof softwareengineeringmethodsto
theWebengineering�eld. It emphasizestheneedfor astructuredandmethodologicalapproach
towardsWebdevelopmentandpostulatesaconceptualmodelthatcanbesmoothlytranslatedinto
animplementation.TheWOOM approachis strictly object-orientedanddoesnot takeadvantage
of recentWeb technologiessuchasXML or XSL. Separationof concernsis only coveredfor
the contents,the structureof the Web site, and the graphicalappearance.The integrationof
applicationlogic anddynamicpagesis notdiscussedatall.

3.2.17 COMPARISON OF THE PRESENTED WEB ENGINEERING METHOD-
OLOGIES

Basedon the comparisonof the Web methodologiespresentedin this chapter, we can make
severalinterestingobservations.First,mostmethodsarestronglydata-centricandthedatamodel
(relationalor object-oriented)of theproblemdomainusuallydrivesthedevelopmentprocess.To
achievehigh useracceptanceandgoodusability, we believe it is bene�cial to think of theuser's
needs�rst andde�ne thestructureandfunctionalityof thesitebasedon thetargetaudienceand
theirexpectations.Thenthedatamodelandstructureof thetargetdomaincanbemodeledin the
requiredgranularityandintegratedwith theuserscenarios.

Anotherobservation is that the integrationof existing applicationlogic and its interaction
with theWebapplicationis poorly speci�edin mostcases.Methodsthatrely on object-oriented
frameworks frequentlyrequirea runtimeprocessto transformthe objecthierarchyinto a Web
page.Thesemethodscaneasilyintegrateadditionalapplicationlogic, thoughdetailedinterface
speci�cationsarerare.Anothersimplisticapproachto integrateapplicationlogic is to re-routea
completeHTTP requestto someexternalprocessthatsubsequentlycallsbackinto thedevelop-
mentframework or independentlysendsaresponseto theclient. If aclearseparationof concerns
andtheability to developin parallelis agoal,this is notacceptable.

Parallelismandtime-to-market, which arekey foci of this work, areonly poorly addressed
in the presentedmethods.Most frequentlythe developmentprocessis a strictly sequentialset
of stepswhereeachstepdependson theresultof thepreviousstep.Also sequencesof process
stepsarecommonlyiteratedto further re�ne a modelor integratemaintenanceandevolution
activities. It is evidentthata Webengineeringprocesscanneverbefully parallel.At leastat the
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beginning,a joint effort hasto bemadeto createaconceptualview of theenvisionedWebsiteor
application.Only thenandonly if appropriatesupportingconceptsareavailable,thework canbe
parallelized.In this thesis,we try to extendthe level of parallelismasfar aspossible,reducing
thenumberof sequential,dependenttasks.

Separationof concernsis the main vehicleto achieve this goal. Many of the existing Web
engineeringmethodologiesfall shortof achieving full separationof concerns.A prominentex-
ampleis if amethodusessomeHTML-basedtemplatelanguagethatis enrichedbyspecialtagsto
embedcontent.Clearly, formattingandcontentinformationareintermixedin suchanapproach,
resultingin a lossof reusepotentialandsubsequentlyprohibiting device independenceanda
�e xible andeasy-to-changegraphicalappearance.A similarproblemexistswith approachesthat
embedapplicationlogic directly into thecontent.Moresubtleexamplesof notcleanlyseparated
concernsincludethederivationof thestructureof aWebsitefrom theunderlyingdatamodel,the
implicit modelingof navigationinformationaspartof thelayout,andstoringlayoutinformation
(e.g.,line breaks)in contentdatabases.

We strongly believe that XML and its relatedstandardsare the technologiesof choiceto
achieve separationof concernson the World Wide Web. As a consequence,this work focuses
on deploying XML technologiesfor Web engineering. We further exploit the advantagesof
fundamentalconceptsfrom softwareengineeringsuchasinterfaces,component-baseddevelop-
mentanddesign-by-contractfor Webengineering.Theseideasarekey in ourattemptto support
paralleldevelopmentthroughoutthedevelopmentprocess.

Theremainderof this thesispresentsour approachtowardscontract-based,concurrentWeb
developmentwith XML technologies.We �rst presentanoverview of XGuide,our methodof
parallel Web development,beforedetailing on the conceptsand technologiesinvolved in the
XGuide process.We further discussa tools suitesupportingthe XGuide developmentprocess
andearlyresultsfrom applyingXGuideto theWebsiteof theViennaInternationalFestival.
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CHAPTER 4

XGUIDE - A NOVEL APPROACH TOWARDS

XML-BASED WEB ENGINEERING

The important thing in science is not so much to obtain new facts
as to discover new ways of thinking about them.

Sir William Bragg

There won't be anything we won't say to people
to try and convince them that our way is the way to go.

Bill Gates

Having analyzedexisting Web engineeringmethods,this chapterpresentsXGuide,our ap-
proachtowardsXML-based,concurrentWebengineering.XGuidepromotesa parallelprocess
thatreducesdevelopmenttimeandextendstheconceptof separation-of-concernsto a new level
by introducingconcernspeci�cationscalledcontracts. Todaytheprevailing topicsin Webengi-
neeringresearchareconceptualmodelingof Webapplicationsandsupportfor separationof con-
cerns.XGuidefurtheraddsstandardsconformance,strongsupportfor theintegrationof legacy
systemsandapplicationlogic, anduser-centereddesignto the list. Finally, XGuide proposes
a way to overcomethegapbetweentheconceptualandimplementationworld. All conceptual
artifactsandconcerncontractsform thebasisfor thegenerationof implementationskeletonsthat
canbedirectlydeployed.

This chapter�rst givesan overview of the XGuide developmentprocessusinga small ex-
amplebeforeeachphaseis discussed.We focuson themethodologicalandconceptualaspects
of theprocessanddefera detaileddiscussionof concerncontractsandcontractcompositionto
thenext chapter. Chapter5 presentsa formal modelof contracts,their representationin XML,
extensibilitypropertiesof contractsandthesemanticsof contractcomposition.

59
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4.1 AN OVERVIEW OF THE XGUIDE METHODOLOGY

Beforewe introducethephasesof theXGuidemethodology, we brie�y discusswhata method-
ology is andhow XGuideful�lls therequirementsof amethodology. Kronlof etal. [99] de�ne a
methodasconsistingof thefollowing (aspresentedin [40]):

� An underlyingmodel,or setof models,which is theclassof objectsrepresented,manipu-
latedandanalyzedby themethod(e.g.,adatamodel).

� A language,or setof languages,which is thenotationtechniquefor model(s)(e.g.,a data
modelcanberepresentedby anentity relationshipdiagram).

� A processmodel,which is themethod'sde�ned stagesandtheorderingof thesestages.

� Guidance,which is themanuals,handbooks,andguideswhichexplain themethod.

XGuidecomplieswith thisde�nition. It de�nesasetof conceptualmodelson variouslevels
of abstractionsand iteratively re�nes themtowardsthe implementationmodel. XGuide relies
on XML asa notationfor the modelsandde�nes a partially concurrentdevelopmentprocess.
The discussionof the phasesin the XGuide processis a handbookon how to usethe method
and its artifactsin real-world projects. XGuide is alsoconsistentwith an extendedde�nition
from [16] wherethemethod's input andoutputandtheunderlyingphilosophyareaddedto the
list of requirements.

A methodology, however, is notsuf�cient. In thepreviouschapter, severalmethodsfor mod-
eling, understandingandbuilding Web applicationswerepresented.Still a recentsurvey [10]
shows that they are not used. Almost one-quarter(24.6 percent)of the respondents(compa-
niesfrom generalandmultimediaindustry)statedthat they do not usea methodologyat all for
building their Webpresence.Themainreasonis not somuchthedif�culty in understandingthe
methodsbut that they areperceived astoo cumbersometo usefor real-world projects. Of the
companieswhouseamethodologyto developWebapplications,only 2 outof 19companiesuse
Web engineeringmethodologiessuchasHDM, OO-HDM or RMM. Oneof the resultsof the
survey is thattool supportfor a methodis necessary—otherwisethemethodis considered'use-
less'. A typical examplefor suchamethodis OO-HDM. Three-quartersof thesecompaniesuse
in-housemethodsratherthanexistingones.Thereasonsgivenfor thisbehavior arethatexisting
methodologiesarenot costeffective andtoo time intensive. Still mostof the participantsfelt
thata structuredapproachwould improve thecurrentsituationand77%expectthe importance
of methodsto increase.

With theproblemsof today'sWebdevelopmentpracticeandexistingmethodologiesin mind,
we designedtheXGuideprocessto besimpleenoughto beunderstoodandusedby Webdevel-
opersandpowerful and�e xible enoughto cover largeandcomplex domains.Specialemphasis
lieson themodelinganddesignphase,theconcurrentimplementationandtherecurringmainte-
nanceandevolution activities. We alsoprovide a tool suiteto supporttheXGuideprocessthat
is presentedin Chapter6. Figure4.1depictstheactivity diagram[27,122,128] for theXGuide
process.
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Figure4.1: TheXGuideDevelopmentProcess
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At thebeginningof theprocess,adetailedrequirementsanalysiscreatesacommonvisionof
thegoalanda sharedvocabulary anddomainunderstandingamongall thepartiesinvolved. At
the endof the requirementsphase,all requirementsaremappedto a high-level sitemap.Once
therequirementsareknown, feasibilityconsiderationsclarify whethertheprojectcanbehandled
with theavailableresources(e.g.,humanresources,knowledge,hardware,technologies,money,
etc.) and time. The requirementscapturedin the high-level sitemap(calledthe requirements
diagram) is thenre�ned andexpandedto cover all designdecisions,components,anddepen-
denciesandrepresentsa full-�edged sitemapandconceptualmodelof theWebapplicationto be
developed.Fromthismodel,asetof contractsis derivedthatactasspeci�cationsfor theseparate
pagesandcomponents.The contractsencapsulateall informationaboutthe aspectspresentin
a givenWebpage(e.g.,content,structure,layout,API, etc.) andenabledevelopersto work on
themin parallel. Oncesuchanaspect(or concern)is implemented,it canbe validatedagainst
thecontract.All concernimplementationsarecombinedandtestedlocally beforethey arede-
ployedto theproductionenvironment.We distinguishbetweenmaintenanceandevolution. As
indicatedin thediagram,maintenancedealswith intra-concernactivities thatareindependentof
otherconcerns.Evolution, on theotherhand,is an inter-concerntaskandcanberegardedasa
miniatureprojectin itself; for majorevolution scenarios,not only thedesignandthecontracts
areadaptedbut theprocessstartsanew with a feasibilityanalysis.

We usea simpli�ed versionof the Orange Juices,Inc. Web site asan examplethroughout
this chapterto demonstratehow XGuide is used. The Web site backboneconsistsof a home-
page,theproductcatalogue,a sitemap,anda searchfacility. Thehomepagedisplaysup-to-date
informationaboutnew productsor specialoffers dependingon the currentdate. The product
cataloguelists all availableproductsin an overview pageandprovides links to moredetailed
productpages.Thesitemapis astaticpagethatoffersgeneralinformationaboutthesiteandthe
informationandservicesavailable.Onthesearchpage,afull-text searchengineis usedto search
all pagesfor keywords.This simpleexampleis only usedto demonstratetheXGuideconcepts;
ourexperiencesusingXGuidefor a real-world Webprojectarepresentedin Chapter7.

Theremainderof thischapterpresentstheXGuideprocesswith its phasesandintroducesthe
terminologyusedin eachphase.

4.2 REQUIREMENTS ANALYSIS

As in many othersoftwareandWebengineeringapproaches,therequirementsanalysisphaseis
the initial phasein the XGuide process.Several rolessuchasprojectmanagers,contentman-
agers,graphicdesignersandprogrammersareinvolvedin a Webproject. Projectmanagersare
concernedaboutthescopeandtime frameof theprojectandhave to make surethat theproject
deadlinesandobjectivesaremet. Contentmanagersareresponsiblefor the informationto be
publishedon theWeb. Graphicdesignersdealwith thevisual representationandformattingof
thecontentontheWeb(e.g.,basedonacorporateidentitypolicy, accessibilityguidelinesfor the
Web,etc.). Programmersprovide the applicationlogic that implementsthe businessprocesses
andselects,transformsandcombinesthe contentand the formatting templates.The XGuide
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processde�nesa domainanalysisactivity as�rst step.This is morethananinitial projectmeet-
ing. Herethebusinessdomainof thecustomershouldbepresentedanddiscussed.This offers
externalrolesthepossibility to getaccustomedwith theprocessesandproblemsin thedomain,
theterminologyused,theIT infrastructureat thecustomer, theexisting in-houseknowledge,and
any developersthatmight beassignedto theprojector have beenmaintaininganexisting Web
site(for moreinformationondomainanalysissee[4,118,123,146]; requirementsanalysisissues
arediscussedin severalbooksincluding[29,81,98]).

Sincethedomainof our demonstrationexampleis simpleandwe do not (yet) includemuch
interactionwith otherbusinessprocesses,thedomainandits terminologyshouldbeeasyenough
to understand.Still informationaboutthevariousproductcategoriesandproducts,theexisting
infrastructure,thedatarepositoriesused,andpotentialproblemsandexperienceswith anexist-
ing Web site areimportantto understandbeforecontinuingthedevelopmentprocess.Lacking
this informationcaneasilyleadto misunderstandingsthatresultin increaseddevelopmenteffort,
highercostsanda longerprojectduration.This doesnot evenincludeproblemson a socialin-
terpersonallevel whenprojectmembersin eitherrole feelmisunderstoodor ignored.Motivated,
open-mindedteammembersandaninformalandproductiveattitudeandcommunicationamong
thevariousrolesarekey successfactorsfor sucha project. SinceWebprojectscanhardlyever
satisfyall the wishesanddesiredfeaturesof the customer, it cannotbe over-emphasizedhow
importantit is to createandmaintainan environmentwhereproblemsandpotentialsolutions
or compromisescanbe discussed.To make this work, however, it requiresdevelopersthatare
�e xible enoughand willing to contribute to the overall project goalsratherthan insisting on
their particular, however justi�ed, demands.The otherimportantdimensionhereis a require-
mentsanalysisasdiscussedbelow that helpsto avoid problemsandmisunderstandingsin the
�rst place.

Wheneverybodyhasa goodunderstandingof thecustomer's business(or problem)domain,
a commonvision for the projectshouldbe created.This meansthat all partiesshouldhave a
similar understandingof what thegoalof theprojectis, what functionality theWebapplication
will provide,andwhatwill beexcludedfrom theproject.

In severalof our Webprojects,we foundthatit is not suf�cient to reachthis commonvision
but that it alsohasto be documented.Furtherany additionsor modi�cations to this initial vi-
sion of the projectagainneedto be documentedandtraceablethroughoutthe project. This is
especiallyimportantif, which is oftenthecase,thecustomersdonotcompletelyknow whatthey
want. In a�rst attempt,wetriedtocapturethevisionof theprojectbydescribingthefunctionality
thatshouldbesupportedby theWebapplication.We soonlearnedthatcustomerscannoteasily
visualizeasetof functionalrequirementsandconnectthemto theresultingWebapplication.As
a consequence,XGuide introducesa simple,graphicalnotation(theXGuide requirementsdia-
gram)thatmodelsthepagesanddependenciesof theWebapplicationandfacilitatesadditionof
furtherrequirementsto all artifacts.Thisnotationreliesonasimple'boxesandarrows' diagram
andis easyto understandandusefor customers.

The main modelingartifact in this diagramis the SimplePage. A simplepagerepresents
a traditionalWebpage.Typical examplesfor simplepagesarehomepages,sitemaps,or search
pages.Figure4.2showsthesimplepageelementcharacterizedby thesinglepageicon. Theonly
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informationaboutsuchapagein themodelis its identi�er, i.e., thepagename.Additionalanno-
tationsandnotescapturingpage-speci�crequirementscanbeaddedon a separaterequirements
cardfor the page. If a pagehassucha requirementscard,this fact is re�ected in the diagram
by addingtheadditionalrequirementicon (a blackplussymbol)at thelower right cornerof the
element.The'Search'simplepagein Figure4.2 indicatesthatit hasanadditionalrequirements
page.

Figure4.2: A simplepagenamed'Homepage'thathasa navigationaldependency to thesimple
page'Search'thathasadditionalrequirementsassociatedwith it.

Navigationaldependencies,i.e., hyperlinks,betweenany two modelartifactsareexpressed
usingarrows connectingthesourceartifact(e.g.,page)andthedestinationof thehyperlink(see
Figure 4.2). Suchnavigational dependenciesdo not describewhat the sourceor destination
elementin a pageis but stateconceptuallythat the destinationpageis directly reachablefrom
thesourcepage.To increasetheexpressivenessof themodel,we introducedExternalPagesand
Multi Pagesasshown in Figure4.3.

Externalpages(with a gray pageicon) aresimilar to simplepagesbut arenot includedin
the scopeof the project. Examplesfor suchexternalpages(or services)could be third-party
Web sitesthat act aspart of the Web applicationor legacy systemsthat have to be integrated.
Externalpageshave an associatedshortdescriptionto clarify the functionality of the external
entity. Furthermore,additionalrequirementscanbeassociatedwith externalpagesjust aswith
all otherdiagramartifactsusingtheadditionalrequirementicon.

Multi pages,on theotherhand,representa setof similar pages.Basicallythis meansthata
groupof pagessharecommoncharacteristics(suchaslayout,structureandnavigationaldepen-
dencies)andonly differ in theircontent.Productcataloguesasin ourexampleWebsiteoftenuse
multi pages.They de�ne a singlepagetemplateandonly exchangethecontentin this template
to presentall productsin a consistentway. Goodexamplescanalsobefoundin otherdomains
with well-structuredinformationsuchaslegaldocuments,humanresourcesor �nancial informa-
tion. XGuidemodelsdepictmulti pagesasrectangularelementswith two cascadedpageicons.
Externalpagesandmulti pagesalsohaveauniqueidenti�er or name.

With theconceptof simple,multi andexternalpages,XGuideprovidesa simplebut �e xible
andpowerful modelingnotationfor therequirementsof Webapplications.Figure4.4shows the
XGuiderequirementsdiagramfor theOrangeJuices,Inc. Website. It de�nes thesimplepages
for the homepage,the sitemap,the searchpageand the productcatalogueoverview page. It
further shows the externalservicefor customerfeedbackthat is not in thescopeof theproject
andthemulti pagefor theproductdetail pages.Thehomepageandthesearchpagearefurther
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Figure4.3: A legacy Webapplicationfor customerfeedbackis modeledasexternalpagenamed
'CustomerFeedback'.The'ProductDetails'multi pagecouldbeusedasatemplatefor aproduct
catalogue.

labeledashaving additionalrequirements:in thecaseof thehomepageit saysthatthehomepage
will display specialoffers dependingon the currentdate; for the searchpagethe additional
requirementstatesthatthesearchfunctionalitymustdistinguishbetweenadatabaseandfull-text
searchquery.

Figure4.4: Theinitial XGuiderequirementsdiagramfor theOrangeJuice,Inc. Website.

The XGuide requirementsdiagram,however, is only the �rst part of the analysisphase.It
servescustomersanddevelopersasa meansof communicationbut doesnot yet includenon-
functionalrequirementsandorganizationalor environmentalconstraints.If sucha requirement
is page-speci�c(e.g.,theperformanceof thesearchengine,aspeci�c searchenginethatmustbe
used,etc.) it canbedirectlyaddedasadditionalrequirementto thecorrespondingpage.All other
requirementssuchasavailablehardware,humanresources,deadlines,projectbudgetor status
reportsarecollectedin a separaterequirementsdocumentthat complementsthe requirements
diagram. Thoughthis dependson the sizeof the project,we suggestto usethe requirements
diagramasthemaincommunicationfacility andthusto integrateasmuchof therequirementsas
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possibleinto thediagram.
In the caseof the OrangeJuice,Inc. example,the non-functionalrequirementsdocument

mightspecifythatanexistingdatabasesystemonaparticularhostand/oroperatingsystemmust
beused,themaximumprojectdurationandaweeklyprogressreportingscheme.

A �nal noteon the requirementsanalysisphaselooks aheadto evolution scenariosfor the
Website.By nature,evolutionscenariosarenotknown in advance.However, in somesituations
ideasfor futureextensionsof theWebapplicationalreadyexist. Our exampleWebsite, for in-
stance,mightalreadyplanto migratethelegacy feedbacksystemor integrateanonlineshopping
cart.Suchforeseeableextensionsmightalsoin�uence therequirementsanalysis,e.g.,in termsof
theinfrastructureusedor theorganizationof thedatarepository. Theearliersuchconsiderations
areincludedin thedevelopmentprocess,thelesseffort it will requirelateron to implementsuch
extensions.

At theendof therequirementsanalysisphase,therequirementsdiagramshouldcontainall
pages,their navigationaldependenciesand additionalrequirements,and the separaterequire-
mentsdocumentfor generic,non-functionalconstraints.It mustbeclearto all partiesthatonly
what is includedin thesedocumentswill be in thescopeof theproject;anything thatdoesnot
appearin thediagramor therequirementsdocumentis excludedfrom theproject.

4.3 THE FEASIBILITY DECISION

Thefeasibility decisionbasicallyis aninitial assessmentof therequirementsanda commitment
to theproject.Explicitly includingsuchadecisionin amethodis unusualbut toooftenfeasibility
considerationsareneglected. In softwareengineeringit is widely acceptedandacknowledged
thatmeasurementsorestimationsfor thecomplexity, durationanddevelopmenteffort of aproject
areimportantfor projectplanningandmanagement[25].

In thecontext of Web-basedsystemsonly few andpreliminarymethodsexist to de�ne met-
rics for Web applications.Rollo [126] appliesthe IFPUG function point method[76,82] and
theCOSMIC-FFP[147] from softwareengineeringto Websites.HeconcludesthatCOSMICis
themost�e xible approachfor countingthefunctionalsizeof any Website. In [108] and[109],
Mendesetal. statethatthereis anurgentneedfor adequate,early-stageeffort predictionmecha-
nismsin Webengineeringandproposeasetof new metricsfor estimatingthedesignandauthor-
ing effort of Web sites. Their methodincludesmetricsfor lengthsize,reusability, complexity
andeffort. Theestimationprocessis basedon linearregressionandstepwiseregressionmodels.
In thefuture,theauthorsplanto notonly measurethesiteauthoringeffort but extendtheirmod-
elsto cover thewholeWebdevelopmentlife-cycleandbeableto comparethepredictionresults
againsthumanestimations.

In XGuide, we apply a more informal feasibility process. We believe that the exist-
ing approachesrequire“too much” mathematicalandstatisticalknowledgeandare too time-
consuming.Furtherregression-basedmodelsarebasedon anexisting setof homogeneous(i.e.,
thesamegroupof developers,technologies,etc.) Webapplicationswhich is oftennot available
giventhemany rolesinvolvedin a Webprojectandthefastevolving �eld of Webtechnologies.
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Instead,XGuideprovidesachecklistof aspectsthatmight in�uence thefeasibilityof theproject
andexplainstheir impact. It is up to theprojectmanagerto evaluatethemin thecontext of the
actualprojectandtheavailableassetsandresources.

The importanceof theaspectsbelow alsodependson thekind (e.g.,in-housevs. external)
andsizeof theprojectbeingdiscussed.Thusthefollowing checklistis intendedasaway to rule
outpotentialproblemsassoonaspossible.

� Money. As sooften,money is oneof themainconcerns.Thebudgetfor aWebprojectcon-
sistsnotonly of thesalariesof thevariousrolessuchasgraphicsdesigners,programmers,
andcontentmanagers.It alsohasto take into considerationcostsfor buying new hard-
ware and software, software licenses,consulting,educationand training of employees,
Internetconnectivity, backupfacilities,fault-toleranceequipmentandtheestablishmentof
appropriate(e.g.,air-conditioned)environmentfor theserver(s).Especiallyindirectcosts
suchason-goingmaintenanceor InternetServiceProvider (ISP)feeshave to beexplicitly
calculatedor excludedfrom the project's budget. If, asis seldomthe case,an unlimited
budgetis available,many of the following considerationslapsesincealmostanything is
possiblewith in�nite resources.

� Time. Timeis acritical resourcein all Webprojects.TheWebevolvesandchangessofast
that—asa matterof principle—youcannever �nish a Web-basedsystemearly enough.
More importantly, however, customersusuallyhavea tight schedulefor aWebprojectand
oftendo not appropriatelyplan for all theprojectactivities. A too tight projectschedule
is a hard problem. Customersfrequentlydo not want or cannotextend the time frame
andsimplyaddingotherresourcesoftendoesnotsolve theproblem.Especiallyin today's
Web engineeringapproachesmany dependenciesamongthe involved peopleexist. For
instance,nobodycanstartworking beforethe graphicsdesignerhas�nished the layout
templates.With XGuideandits supportfor paralleldevelopment,wehopeto alleviatethis
problem.

� Peopleand Responsibilities. Dependingon the sizeof the project,the numberof team
membersand their distribution on the separaterolescanbe a non-trivial task. This es-
peciallybecomesanissuein largerprojectswhereit is not obviouswhetheraddingmore
peopleto thecontentmanagementor programmingrole would increasetherole's produc-
tivity. Also theclearandunambiguousassignmentof responsibilitiesis importanttoensure
traceabilityof progress,haveadedicatedcontactin thecaseof problemsandavoid misun-
derstandingswithin andamongroles. For smallprojects,it is importantto ensurethatall
roleshave beenassignedteammembersandthat this assignmentandthe responsibilities
of every rolearemadeexplicit.

Anotherconsiderationwith respectto humanresourcesis whetherprojectmembersare
guaranteedto work full-time ontheprojector not. Thisalsohasto involveamid-termand
long-termanalysisto measurethe likelihoodof peoplegettingassignedto otherprojects
or tasks.If somebodyis alsoinvolvedin otherprojects,theirprojectdeadlinesandpriority
within anorganizationshouldbechecked.
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Finally, themaintenanceandevolutionof theWebsitewhentheprojectis �nished should
bediscussed.Frequently, Webdevelopmentis regardedasaone-timeeffort. Thisis clearly
notthecase.Whentheinitial designandimplementationeffort is �nished, themaintenance
of content,bug �x es,functionalextensionsandadjustmentsof the graphicalappearance
will continueto happenon a regularbasis.Thushumanresourceshave to beallocatedfor
thesetasks.

� Dependencies.XGuidedistinguishestwo kindsof dependencies:externalandinternalde-
pendencies.An externaldependency describesa relationshipwith a serviceof anexternal
third party. Externaldependenciesareimportantsincethey usuallycannotbe in�uenced
andhencepotentiallydictateinterfacesandtechnologiesthat mustbe used. They might
furtherlimit asystem'savailability and�e xibility in termsof serviceevolutionor software
upgrades.Internaldependencies,on theotherhand,referto alreadyexisting in-housesys-
tems. This canbeanalreadyexisting Websitewherepartsof thecontentor a dedicated
servicehave to bereused.This couldalsobea legacy applicationat theback-endsuchas
adatabaserepository, abusinessprocessor severapplication.

� Quality of Service. As for any distributedsystem,quality factorssuchasperformance,
scalability, availability, securityandfault toleranceareimportantdesignandimplementa-
tion criteria. Thedesiredpropertiesfor thesecharacteristicsnot only in�uence the hard-
wareinfrastructurebut might alsoaffect thesoftwaredesignandthechoiceof the imple-
mentationlanguageand/ortechnology. Dependenciesof any kind asoutlinedaboveoften
limit the possiblechoicesfor somequality factors,e.g.,by introducinga singlepoint of
failureor providing poorperformancecharacteristics.

In the areaof Web-basedsystems,scalabilityandperformanceareespeciallyimportant.
OftenWebsitesareinitially small andeasyto maintainbut soontendto grow quite rad-
ically. If a Web site is popular, the numberof requeststo be served can also increase
quickly oververyshortperiodsof time. If theprojecthasthepotentialof growing rapidly
or receiving a �ood of requests,it shouldbeplannedfor suchdevelopmentsright from the
beginning. In otherprojects(e.g.,intranetWebapplications)this is not anissue.

The quality of serviceattributesalsoaffect the hardwareinfrastructurenecessaryfor the
project. Most performance,scalability, fault-toleranceand security requirementsneed
somesortof hardwareor network device to besatis�ed.

� Know-How. Theknow-how of thepeopleinvolvedin theprojectplaysamajorrole in the
overall planningof the project. With an experiencedteamof Web developers,a project
canwell be�nished in half of thetime comparedto a non-experiencedteam.Experience
in this context is primarily targetedat experiencewith Web technologies(e.g.,HTML,
XML, CSS,XSL, etc.) but alsoincludesexperiencewith softwaretools, teamwork, and
Webprojectsin general.Lackingknow-how eitherrequiresadditionaltrainingwhichcosts
timeandmoney or rulesout theunknown technologiesandtoolsapriori.

� Technology. On the technicalside, the implementationtechnologyandplatform is the
most importantchoiceto be made. Which of the many available implementationtech-
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nologiesis thebestoptionfor agivenWebproject,oftendependson therequirementsand
complexity of theproject. For Web-basedinformationsystems,for instance,supportfor
databaseaccessis critical. For moreprocess-orientedWeb sites,a �e xible integrationof
applicationlogic is moreimportant. Obviously, alsootheraspectssuchasperformance
andscalabilityrequirements,tool support,third-partyservicesthatmustbeintegratedand
availableknow-how in�uence this decision.Particularattentionmustbepaid to thesoft-
waresupportinga technology:Is it stable?Is it goingto beavailablein thefuture?What
is thecopyright and/orlicensingsituation?A softwareproductthatwill notexist any more
ayearfrom now is hardlyagoodchoicefor aWebsitewith a long lifetime.

The developmentanddeploymentplatform might alsoeliminatesometechnologiesand
usuallydependson thepredominatingplatformin theorganization.Apart from theimple-
mentationtechnologydecision,standardsandtoolsfor documentation,reports,conceptual
modelingandcommunicationshouldbeavailable.

TheXGuideprocesssuggeststo dealwith eachof theabovecriteriaandto recordtheresults
in a separatedocument.This feasibility documentshouldexplicitly list all therequirementsand
prerequisitesfor theproject,e.g.,theprojectis plannedfor 10 peoplewhowork full-time on the
projectandstaywith theprojectfor its full duration.Evenbetter, thenamesof thepeoplewith
theirquali�cationsandwhy they wereassignedto theprojectshouldbeincluded.Thisdocument
alsoformsa goodbasisfor discussionwith thevariousrolesto provide a roughoverview of the
requiredresourcesand infrastructure. It is not, however, a detailedproject plan. In XGuide
we do not proposeyet anotherway of de�ning a detailedprojectplan. Instead,we regardthe
projectplan asa re�nementof the feasibility document.The format andlevel of detail of the
plan dependson the sizeof the project, the experienceof the projectmanagerandthe modus
operandiof thecustomer.

Whenthefeasibility documentis �nished, theprojectcommitmentstatementis formulated.
Dependingontheoutcomeof thefeasibilityevaluation,theprojectcanbecanceled,thescopeof
theprojectcanbeadaptedor thestatedprojectrequirementsareapproved.

The cancellationof the projecthasto be consideredif the expectationsof the stakeholders
differ too muchfrom theexpectedcourseof theproject.Examplesfor this scenariosareunsus-
tainabledeadlinesor too low a budgetfor therequiredfunctionality. More frequently, however,
a rede�nition of theprojectgoalsandrequirementsin termsof theavailableresourcesandtime
takesplace.Alternatively, extensionsof theprojecttime frameor anincreasein thebudgetare
necessaryto ful�ll all requirements.Of course,a projectcanalsobe approvedas-isif the ini-
tial planningandassessmentwasaccurate.This,however, requiresanexperiencedprojectteam
andstakeholders.In our experience,the immediateapproval of a projectproposalis rare; the
modi�cation of therequirementsor thescopeof theprojectis morefrequent.

Eventually, if the(initial or rede�ned)projectis approved,therequirementsin theform of the
XGuide requirementdiagramandthe descriptionsof the additionalrequirementsmustbe cast
into a conceptualmodelanddesign.Thenext phase,thedesignphase,re�nes therequirements
modelto a full conceptualmodelof therequirementsthatalsocapturesdesigndecisionssuchas
componentizationandnavigationcontexts.
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4.4 CONCEPTUAL MODELING AND DESIGN

Theprevioustwo phases,requirementsanalysisandfeasibility evaluation,directly involvedthe
customerof a project.Thediagramsandnotationspresentedsofar werethusintentionallykept
simpleto facilitateunambiguouscommunicationwith thevariouspartiesinvolvedin theproject
andto capturethehigh-level requirementsof theproject.

In this phase,the architectureand designof the Web applicationtake centerstage. The
architecturefrequentlyis a classicthreetier architecture.A persistentstoragelayer(e.g.,�le or
databasesystem)is the �rst layer. TheWebor applicationserver is thesecondtier. Theclient
browseris responsiblefor theuserinterfaceandrepresentsthethird tier.

Comparedto the requirementsphase,the designis a more complex process. In the �eld
of traditional software engineering,establisheddesignnotationsfor software systemsexist—
amongwhichtheUni�ed ModelingLanguage(UML) [122,128]hasaprominentpositiontoday.
In Web engineering,however, a widely acceptednotationfor modelingWeb applicationsdoes
not exist. Instead,every approachde�nes its own notationto bestrepresentthe main focusof
therespective method.Well-known examplesof suchnotationsincludethegraphicalmodeling
notationsof OO-HDM [130,133],RMM [78,79]andWebML [34]. Conallen[37] takesaslightly
differentapproachin extendingtheUML towardsaWebmodelinglanguage.

In thecontext of theXGuideprocess,they all sharethesameinadequacy: they donotsupport
separationof concernsontheconceptuallevel or thenotionof contractsin theirmodels.Though
separationof concernsis identi�ed asimportantdesigncriteriaandis realizedto variousdegrees
in theimplementationapproachespresentedin Chapter3, their conceptualmodelstotally ignore
it. Sinceseparationof conceptualconcernsforms the basisfor contractsandconcurrentdeve-
lopmentin XGuide,we introducea modelingnotationthatallowsusto identify concernson the
conceptuallevel.

Apart from the separationof concernson the conceptuallevel, it even is still unclearwhat
theappropriatemodelingprimitivesfor Webapplicationsare.Mostapproachesusethenotionof
pagesandhyperlinksamongpages.Dependingonthemethod,additionalprimitivesfor thenav-
igationor thepagecontentexist. Anotherimportantaspectof Webapplicationsis theconsistent
graphicalappearanceandnavigationstructurethroughoutthewholeapplication.Reusablepage
fragmentsthatappearon severalpageswith thesameor a similar formattingarethesolutionto
thisproblem.Component-basedapproachesmodelpagesasasetof componentsthatrepresenta
pagefragmentandcanbereusedindependently.

In XGuide,we alreadyintroducedthemodelingprimitivesof simplepages,multi pagesand
hyperlinksin therequirementsphase.In thedesignphasewe introducenew modelingartifacts
andre�ne therequirementsdiagramto includeadditionaldesign-relatedinformation.Thedesign
phasehastwo subphases:thedesignin-the-large (on thearchitecturallevel) andthedesignin-
the-small(on themodulelevel). Designin-the-largere�nes therequirementsdiagramtowardsa
conceptualmodelof theapplication;Designin-the-smallfocusesonthedesignandspeci�cation
of singlepagesandcomponentsratherthanthewholeapplicationor site.
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4.4.1 DESIGN IN-THE-LARGE

Startingwith therequirementsdiagram,designin-the-largeextendsthediagramwith additional
artifactsto bettermodelthestructureandfunctionalityof theapplication.

Following the component-basedapproach,XGuide supportsso-calledWeb Componentsto
modelreuseandcompositionrelationships.Wethink of aWebcomponentasa reusable,con�g-
urablepagefragmentthatcanbereusedandcomposedwith othercomponentsto form theactual
Webpage.

FurthergeneralizingtheWebcomponentconcept,XGuidenot only supportscompositionof
Webcomponentsinto pagesbut alsothecompositionof Webcomponentsinto largerWebcom-
ponentsthatcanthenbereusedasseparateentities.Thusapageis aspecial,top-level component
thatcannotbefurthercomposed.Typicalexamplesfor Webcomponentsaretheaforementioned
navigationstructureof asiteanda commonheaderor footerfragmentthatappearson all pages.
XGuideusestheelementshown in Figure4.5tode�ne componentsandassignthemacomponent
(i.e.,unique)identi�er.

Figure4.5: A Webcomponentfor theheaderregionof theOrangeJuices,Inc. Website.

A �rst re�nementstep,thus,is the transformationof the requirementsdiagraminto a com-
ponentweb. The componentweb containsthe sameartifactsasthe requirementsdiagramand
augmentsit by thede�nition of reusableWebcomponents.

In thenext step,theWebcomponentshave to beembeddedinto theexisting pages.To keep
the diagramclearly arrangedandavoid confusionwith navigationaldependencies,we do not
usearrows to model compositionrelationshipsin the diagram. Especiallysincecomponents
are frequentlyusedin all or a majority of the pages,the diagramwould quickly be crammed
with arrows. Instead,we adda Referencessectionto thediagramelementsthatnametheWeb
componentsa pageor componentreferences.Figure4.6 shows the extendedversionsof the
diagramelements.

Figure4.7shows thecomponentwebfor theOrangeJuices,Inc. Webapplication.It de�nes
the HeaderWeb componentthat is referencedfrom all pagesin the diagram. Thus the page
elementslist its componentidenti�er in theirReferencessections.(For simplicity reasonswedid
not includeadditionalcomponentsfor thefooter, thenavigationbar, etc.)

Whenall Webcomponentsarede�ned andcorrectlyreferencedby therespective pages,the
modularizationof thesiteis �nished. Dependingon theexperienceandmodeof operationof all
thepartiesinvolved,Webcomponentscanalreadybeintroducedin therequirementsdiagramto
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Figure4.6: Theupdatediconsfor theXGuideelementsincludingtheReferencessection.

Figure4.7: Thecomponentwebfor theOrangeJuice,Inc. Website.
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bettervisualizethe physicalartifactsrepresentingthe pagein the discussionprocess.Another
alternative is to introducecomponentsalongthe way ratherthanasa post-processingmeasure
afterall pageshavebeende�ned.

Thesecondconceptintroducedin designin-the-largeareapplicationlogic processes. With
theincreasinguseof dynamictechnologiessuchasASP, JSPor Javaservlets,agrowing number
of Webpagesaregenerateddynamicallyat runtimeratherthandeliveredfrom a static�le. The
creationof pagesat runtimefollows a commonpatternindependentof theconcretetechnology
used. The Web server �rst receives a requestfor the page. It then identi�es the processor
applicationthat is responsiblefor the requestedpageandforwardsthe request.The so-called
requesthandlerthenexecutessomeapplicationlogic to generatetheresultpage(e.g.,queriesa
databaseandlistsall hits in anHTML table).Therequesthandlerthendirectly returnstheresult
pageto the client. Application logic processesmodelthe functionality of the requesthandlers
thattakea requestasinputandproducea resultingoutputpage.

Figure4.8depictsthediagramelementfor anapplicationlogic process.It hasauniquename
and a short descriptionof its functionality. Application logic processesare referencedfrom
pagesor componentsandproduceanotherpageasoutput.In theexample,thesearchinputpage
referencestheapplicationlogic processrepresentingthesearchengine,which in turnoutputsthe
searchresultpage.

Figure4.8: The'applicationlogic process'diagramelementusedby asearchpageandproducing
thesearchresult.

Application logic processesprovide detailson the transitionfrom onepageto another. On
the conceptuallevel, they aremerelyoptionalconstructs.The relationshipof the searchinput
andsearchresultpagecouldequallywell bemodeledwithout anapplicationlogic processsince
thetransitionfrom onepageto theotheris not themainfocusof thedesignphase.Furtherit is
implicitly clearfromthecontext thatafunctionalunit hastobeinsertedin between.Nevertheless,
in complex scenariosapplicationlogic processesarea goodmeansto clarify pagerelationships
andto make themexplicit.

The�nal diagramartifactwe introducefor designin-the-largeis theproxyelement. A proxy
hasa uniqueidenti�er andis a representative of theelementwith thesameidenti�er. It is used
to keepthediagramreadable,to avoid too many arrows throughlargepartsof thediagram,and
to facilitatereferencingof elementsif the diagramis split acrossseveral pages.The diagram
artifactfor theelementproxy is shown in Figure4.9.

Having split the pagesinto reusablecomponentsandhaving de�ned their compositionde-
pendencies,the designin-the-large is �nished. Designin-the-smallthen concentrateson the
�ne-grainedspeci�cationof theidenti�ed artifacts(i.e.,pages,componentsandapplicationlogic
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Figure4.9: Thegraphicalrepresentationof theproxydiagramartifact.

processes).Beforewecontinuewith thediscussionof thedesignin-the-smallactivities,however,
a separatesubsectionintroducesthenotionof inputandoutputinterfacesof components,pages,
andprocesses.

INPUT AND OUTPUT INTERFACES

Sofarweonly introducedoptionalapplicationlogic processes,but otherwisedid notdistinguish
betweenstaticanddynamicpagesor any information�o w betweenthem. The contentof dy-
namicpagestypically dependson someinput valuesprovidedby the framework or theuser. If
a pagehasno suchinput requirements,thereis no reasonto createit at runtime.Herearesome
typicalexamplesfor theinput requirementsof dynamicpages:

� A searchresultpageusesa keyword or searchexpressionas input to displaythe corre-
spondingsearchresult.

� A currency converterpage,for instance,needstheamountto beconvertedasinput.

� A pagedisplayingauser'sshoppingcartusesthecontentsof theshoppingcartasinput.

� A gradingservicepagedisplayingall gradesof a studentneedsthe student's nameor
identi�cation numberasinput.

� In the OrangeJuices,Inc. Web site example,the productdetailsmulti pagerequiresa
productnumberasinput to determinewhichproduct'sdetailsit shouldpresent.

As a consequencewe classifya pagewithout input requirementsasbeingstaticanda page
with at leastoneinput requirementasbeingdynamic. In XGuide,we denoteall input require-
mentsof a page(i.e., thesetof argumentsthat thepageneedsto becreated)asthepage's input
interface. Unlikeinterfacesin object-orientedprogramminglanguages,XGuide'sinterfacesonly
specifydata(i.e.,variables)but nobehavior (i.e.,methods).Thebehavior of aninput interfaceis
implicitly clearsincetheonly supportedoperationis thecreationof thepage.

To incorporateinput interfacesin the conceptualmodel,we further extendthe diagramto
containthe input interfacefor all componentsandpages.Input argumentsfor diagramartifacts
arede�ned in the interfacedialogof theelement.Figure4.10shows this dialogfor theproduct
detailsmulti pagethatindicatesthatit needsaninputargumentof typeinteger.
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Figure4.10: Theinterfacedialogfor theproductdetailsmulti pageindicatingits input require-
ments.

In additionto pages,we alsoclassifycomponentsinto staticanddynamiccomponentsde-
pendingon their input requirements.A commonuseof input interfaceson componentsarecus-
tomizednavigationbarsor menus.Suchcomponentstake a pageidenti�er asinput andrender
thecurrentlyviewedentry in themenudifferentlythantheothers(e.g.,usinga differentcolor).
In thecaseof ahierarchicalmenu,thebranchin themenutreecorrespondingto thecurrentpage
is displayedwhile theotherbranchesstaycollapsed.

After thespeci�cationof theinput interfacesfor thepagesandcomponentsin theconceptual
model,thequestionariseswherethevaluesfor theinputparameterscomefrom.

In thecaseof pages,two optionsexist: (1) theuserentersthemin a Webform andsubmits
themas input for the subsequentpageand(2) the valuesarederived from an externalsource
in theenvironment(e.g.,thecurrenttime or date)not requiringuserinteraction.In thecaseof
components,a third option exists. The componentcanderive the valuefor an input parameter
directly from the embeddingpage. Considera componentdisplayinga customizednavigation
bardependingon thepageit is embeddedin. If theenclosingpagespeci�esits identi�er (e.g.,
asanattributeof thepage's documentelement),thecomponentcanderive thevalueof its input
parameterfrom thatvalue.It doesnot requireuserinteractionnoranexternalsource.

As mentionedabove,a usercanonly provide input valuesvia Webformsthatareembedded
in pagesor components.XGuideintroducestheconceptof anoutputinterfaceto describetheset
of valuesa page(i.e., theuser�lling out the form) providesto theoutsideworld. Sincea page
cancontainseveralWebforms,it canalsohavemultipleoutputinterfacesasopposedto asingle
input interfaceasdiscussedbefore.

Considerthe simple exampledepictedin Figure4.11. A simple login pageis usedto let
theuserenterhername.Its interfacedialogspeci�esno input requirementsanda singleoutput
parameternameof typestring. Whenthe form is submitted,thenameoutputparameterserves
asinput argumentfor thesubsequentwelcomepagethat takesthesubmittedvalueto greetthe
userwith a personalizedwelcomemessage.The interfacedialog for thewelcomepagedepicts
the requiredinput parameterandan emptyoutputinterface. Note that the outputparameterof
the login pageandthe input parameterof thewelcomepagehave both thesamenameandthe
sametype.Thiscorrespondenceis importantto beableto matchinput to outputparameters.
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Figure4.11:A simpleexampledemonstratingthede�nition of anoutputinterface.

Although this examplenicely demonstratesthe conceptof input andoutput interfacesand
their dependencies,in practicea direct matchis rarely found. More frequently, the output in-
terfaceof a page(i.e., the valuesprovided by form �elds) do not directly matchthe input re-
quirementsof the subsequentpage. Instead,someapplicationlogic �rst processesthe output
argumentsof a page,transformsor modi�es them,andonly thenprovidestherequiredinput ar-
gumentsfor theresultpage.To beableto modelsuchscenarios,weusethepreviouslyintroduced
applicationlogic processdiagramelement(seeFigure4.8).

As theotherdiagramelements,theapplicationlogic elementhasaninputandoneor multiple
output interfaces. Figure 4.12 demonstratesthe useof the applicationlogic elementand the
de�nition of its interfacesin the simplesearchscenariointroducedin Figure4.8. The search
pageprovidesa form thattakesakeywordasinput. Consequently, thesearchpagehasanoutput
interfacethatprovidesa string(keyword) argument.Thesearchresultpage,on theotherhand,
takesa list of matcheditemsasinput argumentsanddisplaysthem.Thesearchenginematches
theinterfaces;it takesthekeyword asinput, performsthesearchandprovidesa list of matched
itemsasoutput.

Figure4.12:Theapplicationlogic processmatchestheinput/outputrequirementsof theconnect-
ing pages.

Figure4.13shows an alternative way to modeltheabove searchexample. In this case,the
two pagesaredirectly connectedandtheapplicationlogic elementis removed. Sincethe input
andoutputargumentsof the two pagesdo not match,anapplicationlogic artifact thatmatches
thesearchpage's outputinterfaceto the resultpage's input requirementsis implicitly addedto
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thede�nition. Theadvantageof this implicit de�nition of applicationlogic processesis thatthe
diagramremainssmallerandeasierto understand.

Figure4.13:Theabbreviatednotationfor theconceptualmodelof thesearchexample.

In thepreviousexamples,theoutputargumentsof applicationlogic elementsweredirectly
used(i.e., speci�ed as input parameters)by the subsequentresponsepage. In complex Web
applications,however, input valuesareoften storedacrossseveralpagerequestsusingcookies
or sessionmanagement.In XGuide,anextendedde�nition of outputparameterssupportsthese
concepts.If anoutputparameteris followedby thesessionquali�er [S], therespectiveparameter
is storedin the user's sessionfor later reuse. If the quali�er is missing,the parameteris not
storedacrosspagerequestsand only available in the immediateresponsepage. Thus name:
string denotesa parameterthat is not storedin theuser's session,whereasname[S]:stringadds
theparameterto thesession.

Finally, we call a conceptualmodelstrict if it doesnot rely on implicitly addedapplication
logic artifacts. The advantageof strict modelsis that the consistency of their input andoutput
interfacescanbechecked.Theconsistency checkingalgorithmis simple.For everypagewith an
input interface,we�rst analyzeits navigationdependency to identify thepagesfrom whichit can
bereached.We thenhave to make surethatthereferencingpagessatisfytheinput requirements
of thecurrentpage.This meansthat they mustprovide a valuefor all argumentsin thecurrent
page's input interface.Sucha valuecaneitherbedirectly providedby anargumentin a page's
output interfaceor by the value of a sessionparameter. In the former case,the referencing
pagemustspecifytheoutputparameterin oneof its outputinterfaces.In thelatterscenario,all
navigation dependenciesof the referencingpagehave to be recursively walked backto ensure
that therequiredsessionparameteris provided independentlyof how the referencingpagewas
reached.

Figure4.14shows a morecomplex strict conceptualmodel. A page � requirestwo input
parameters� and 
 of typesintegerandstring respectively. Thepageis referencedby page�

thatde�nesanoutputinterfaceprovidinganintegerparameter� . Thusthe�rst inputrequirement
of page� is satis�ed. Thesecondparameter( 
 ), however, is not directly providedby page� .
According to the above algorithm, we now recursively follow all navigation dependenciesof
page� to ensurethatasessionparameter
 is de�ned onall paths.In thisexampleweendupat
thepages� , � and � . Pages� and � de�ne themissingsessionparameterandtherecursive
searchstops.Page� , on theotherhand,doesnotprovidetheparameterandthesearchcontinues
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recursively—leadingto page� in thiscase.Sincepage� providesthecorrectsessionparameter,
all requiredinputparametersfor page� werefoundandthealgorithmcompletessuccessfully.

Figure4.14:An exampledemonstratingtheXGuideconsistency checkingalgorithm.

Thede�nition of inputandoutputrequirementsresidessomewherebetweenthedesignin-the-
largeanddesignin-the-smallactivities. Thoughit de�nes(page-level) propertiesof singlepages,
componentsandprocesses,it alsorequiresknowledgeabouttheir (site-level) dependenciesto
correctlyconnectinputandoutputrequirements.

With thede�nition of theinputandoutputinterfaces,theintroductionof explicit application
logic processes,anda successfulconsistency check,theconceptualmodelis complete.We also
call this �nal conceptualmodeltheXGuidesitemap. It is a �rst high-level speci�cationof the
Web applicationandis transformedinto its XML representationto serve asinput for themore
detailedpageandcomponentspeci�cationsin thedesignin-the-smallstep.Thestructureof the
XML representationof a �nal sitemapincluding pages,components,compositionreferences,
applicationlogic processes,inputandoutputinterfaces,andlinks is displayedin Figure4.15.

The sitemap's XML representationcontainsthreeseparatesectionsfor thepages,thecom-
ponentsandtheapplicationlogic processesof thesitemap.Thepagesectionis furtherdivided
into subsectionsfor thesimple,themulti andtheexternalpagesin thediagram.Eachdiagram
artifacthasaninternal(unique)integeridenti�er andanamederivedfrom thediagramrepresen-
tation. Furtherpagesandcomponentsde�ne Referenceselementsto indicatetheir composition
dependencies.A componentreferencespeci�es the componentidenti�er to uniquely identify
thereferencedcomponent.Navigationdependenciesaresimilarly speci�ed in LinkInformation
elementsthatindicatethepagesidenti�ers of thelinkedpages.Finally, theconceptof inputand
outputinterfacesis presentin pages,componentsandapplicationlogic processes(encapsulated
by Interfaceelements).Note that elementproxiesare not presentin this representation.All
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<?xml version="1.0" encoding="UTF-8"?>
<ConceptualModel xmlns="http://www.infosys.tuwien.ac. at/xg uide/ sitema p"

xmlns:xsi="http://www.w3.org/2001/XMLS chema-insta nce"
xsi:schemaLocation="http://.../xguide/ sitem ap ConceptualModel.xsd">
<Title>Orange Juice, Inc.</Title>
<Pages>

<SimplePages>
<SimplePage id="1" name="Homepage">

<LinkInformation>
<Target id="2" type="directLink"/>
<Target id="3" type="directLink"/>
<Target id="5" type="directLink"/>

</LinkInformation>
<References>

<Ref id="6"/>
</References>

</SimplePage>
<SimplePage id="2" name="Search"> ... </SimplePage>
<SimplePage id="7" name="Search Result"> ... </SimplePage>

</SimplePages>
<MultiPages>

<MultiPage id="4" name="Product Details">
<Interface>

<Input>
<Param name="productId" type="String"/>

</Input>
</Interface>
<References>

<Ref id="6"/>
</References>

</MultiPage>
</MultiPages>
<ExternalPages id="5" name="Customer Feedback">

<Description> ... </Description>
</ExternalPages>

</Pages>
<Components>

<Component id="6" name="Header">
<References />

</Component>
</Components>
<AppLogic>

<Process id="100" name="Search Engine">
<LinkInformation>

<Target id="7" type="directLink"/>
</LinkInformation>
<Description>Search the site with the given keyword</Description>

</Process>
</AppLogic>

</ConceptualModel>

Figure4.15:Structureof anXGuideXML sitemap.
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propertiesanddependenciesof proxiesarealreadyresolvedandintegratedin thede�nitions of
theelementstheproxiesrepresented.

4.4.2 DESIGN IN-THE-SMALL

Thesitemapnow containsall pagesandcomponentsthatwill eventuallymake up the�nal Web
application.Designin-the-smallbreaksthehigh-level sitemapspeci�cationdown into speci�ca-
tionsfor thepagesandcomponentsdenotedasXContracts. An XContractis structuredinto sev-
eralorthogonalconcernsthatrepresentdifferentcharacteristicsof apageor component.XGuide
currentlysupportsconcernsfor thecontent(i.e., informationthat is offeredto theusersuchas
thepriceof a book),thegraphicalappearance(i.e., thelayout– theformattinginformationwith
which thecontentis formattedfor presentation),andtheapplicationlogic (i.e., thefunctionality
that is necessaryfor providing thedynamicinteractionto theusers)of a page.Whena sitemap
is processed,basiccontracttemplatesfor all pagesandcomponentsareautomaticallygenerated.
Thedesignersthenadaptandcompletetheseconcernspeci�cationsto form the�nal contracts.

The speci�cationsfor all concernsareagainan applicationof the XML andcombinedin
the XContractXML document. They are reusableentitiesthat can be integratedinto multi-
ple contracts(e.g., the sameXML Schemais usedto describethe structureof several pages).
Figure4.16showsthebasicstructureof anXContract.Thecontractelementsthemselvesarede-
�ned in the http://www.infosys.tuwien.ac. at/x guide /con trac t namespace.
The<xcontract> elementcombinesasetof concerns(<xconcern> ) andasetof composi-
tion references(<reference> ).

TheconcernelementscontaintheXML speci�cationfor thegivenconcern(oftenin adiffer-
entnamespace,e.g.,anXML schema).An alternativeway to specifyconcernsis to referencean
externalsourcethatcontainstheconcernspeci�cation.A goodexampleis thestructureconcern.
The XML Schemathat is directly includedin the documentin Figure4.16could equallywell
bereplacedby a referenceto anexternalschemalocation.Suchexternalconcernspeci�cations
becomereusablesincethey canbereferencedfrom multiplecontracts.

In thecompositioninformation,we furtherde�ne contractcompositionoperationsto include
thecontractsof componentsin thecontractsof thepages(andcomponents)thatreferencethem
(dependingon thecompositiondependenciesin theXGuidesitemap).

For now, we assumethat we alreadyhave all XContractsfor the pagesand components
in the sitemap. Concernspeci�cations,moredetailson XContracts,a formal contractmodel,
andhow contractcompositionworksin XGuideis excludedfrom thediscussionof theXGuide
developmentprocess.Wededicateaseparatechapter(Chapter5) to thesekey issues.We,thus,

1. de�ned theconcernspeci�cationsof all pagesandcomponents,

2. createdthecorrespondingXContracts,and

3. composedtheXContractsof componentswith thoseof thereferencingpages.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract">

<xconcern name="structure">
<xsd:schema xmlns:xsd="...">

<!-- XML schema for component goes here -->
</xsd:schema>

</xconcern>
<xconcern name="interface">

<!-- definition of application logic concern goes here -->
</xconcern>
<compositionrefs>

<reference to="contract/header.contract">
<composition type="structure">

<!-- composition operation for structure concern -->
</composition>
<composition type="interface">

<!-- composition operation for interface concern -->
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure4.16:Thebasicstructureof anXContract.

XContractsform thefoundationof XGuide'sconcurrentimplementationphase.They capture
all informationnecessaryto implementthevariousconcernsindependentlyof eachother. Thus,
anXContractfor apagehasto containall theinformationto supporttheconcurrentdevelopment
andde�nition of content,layoutandapplicationlogic.

The translationandextensionof the sitemapinto a setof contractsis an effective way to
describethetransitionfrom theconceptualmodeltowardsa concreteimplementation.Concern
developersdirectly usethecontractsasspeci�cationsfor their implementation.

4.5 IMPLEMENTATION PHASE

Traditionally, the implementationphaseof a Web projecthasthreesequentialsteps.First, the
graphicsdesignerswork on thegraphicalappearanceof thesiteanddeveloplayoutandformat-
ting templatesfor all typesof pages.Next, thecontentmanagersprovide thecontentthatshould
bepresentedon thepages.Eventually, a programmerinsertsthecontentinto thepagetemplates
andintegratestheapplicationlogic.

Themajoradvantageof theXGuideimplementationphaseover thoseof otherapproachesis
that theconcernsareimplementedconcurrently. As a resultof thestrict separationof concerns
on the conceptuallevel andthe introductionof contracts,programmers,contentmanagersand
layoutdesignerscanwork independentlyof eachotherin theimplementationphase.Thismeans
thatthecontent,thelayoutandthefunctionalityof asitecanbedevelopedin parallel.
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ConsidertheXContractin Figure4.17. It de�nes a structure concernandaninterfacecon-
cern. Fromthis information,we canderive thespeci�cationsfor thethreeimplementationcon-
cerns:content,layout,andapplicationlogic. The contentmanageronly dependson the XML
schemathatspeci�esthestructureof thecontentandthevalid datatypes.Thegraphicaldesigner
alsousestheXML schemaasspeci�cationandbuildscorrespondingXSLT stylesheets.Thepro-
grammerusesthesecondcontractconcern,theinterfaceconcern,to deriveaninterfacebetween
the pageandthe applicationlogic. As a resultshecanuseautomaticallygeneratedstubsuntil
therealcontentandlayoutareavailable.

<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract">

<xconcern name="structure">
<xsd:schema xmlns:xsd="...">

<xsd:element name="webpage">
<xsd:complexType>

<xsd:sequence>
<xsd:element name="title" type="xsd:string" />
<xsd:element name="inputfield"

type="xsd:string" maxOccurs="2" />
</xsd:sequence>

</xsd:complexType>
</xsl:element>

</xsd:schema>
</xconcern>
<xconcern name="interface">

<Interface>
<Output name="out1" url="/xguide/welcome">

<Param type="String" name="loginname" />
<Param type="String" name="password" />

</Output>
</Interface>

</xconcern>
</xcontract>

Figure4.17:A simpleXContractfor aWebpage.

This examplealreadyshows that contractconcernsnot necessarilymapone-to-oneto im-
plementationconcerns.For instance,the contentandlayout implementationconcernsusethe
samestructurecontractconcernasspeci�cation.A concreteimplementationof thegivensample
contractis shown in Figures4.18- 4.20.

<webpage>
<title>Welcome Page</title>
<inputfield>Enter your login:</inputfield>
<inputfield>Enter your password:</inputfield>

</webpage>

Figure4.18:Thecontentconcernfor thecontractin Figure4.17.
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<?xml version="1.0" encoding="UTF-8" ?>
<xsl:stylesheet version="1.0"

xmlns:xsl="http://www.w3.org/1999/XSL /Tran sform ">
<xsl:template match="webpage">

<html>
<body>

<h1><xsl:value-of select="./title" ></h1>
<p>

<xsl:apply-templates select="./inputfield" />
</p>

</body>
</html>

</xsl:template>
<xsl:template match="inputfield">

<h2><xsl:value-of select="." /></h2>
<input type="text" name="input{position()}" />

</xsl:template>
</xsl:stylesheet>

Figure4.19:Thelayoutconcernfor thecontractin Figure4.17.

public class WelcomeServlet extends HttpServlet {

public void doGet(HttpServletRequest request,
HttpServletResponse response)
throws IOException, ServletException {

response.setContentType("text/html ");
PrintWriter out = response.getWriter();

String login = request.getParameter("loginname");
String password = request.getParameter("password");

if (Utils.validatePassword(login, password)) {
WelcomePage wp = new WelcomePage(login);
wp.print(out);

}
else {

ErrorPage ep = new ErrorPage("Login failed!");
ep.print(out);

}
}

}

Figure4.20:Theapplicationlogic concernfor thecontractin Figure4.17.
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Figure4.18shows theXML contentof the page. It adheresto thesimpleXML schemain
thecontract.In thegeneralcase,XML technologiessuchasMyXML [85,93] or Cocoon[107]
that support,amongothers,databaseaccessandconditionalprocessingareusedto implement
the contentratherthanplain XML documents.Figure4.19depictsa simpleXSLT stylesheet
(welcome.xsl)basedon the contractthat rendersthe contentas HTML. Figure 4.20, �nally ,
presentstheJava servletimplementationclass(WelcomeServlet.java) thatwasderivedfrom the
informationin theoutputinterface.1 Note that the classexpectsthe parametersloginnameand
password from thepage,validatesthelogin information,andthenoutputsthewelcomeor error
page(not shown in the �gure). Note that the welcomepagehasan input interfacerequiringa
singlestringparameter(thenameof theusercurrentlyloggedin). Thusit is instantiatedwith a
constructorusingasinglestringvalueasargument.

Concernvalidationof the separateimplementationconcerns(asindicatedin Figure4.1) is
thelasttaskof theconcernimplementation.Dependingontheconcern,differentvalidationtech-
niquesareused.For staticXML contentasusedin theaboveexample,validationsimplymeans
to validatetheXML contentagainsttheschemain thecontract.For theapplicationlogic imple-
mentation,validationmeansto verify that the implementationonly usesthe interfacevariables
speci�edin thecontract.

For dynamic content(e.g., retrieved from a databaseor a Web service)and formatting
stylesheets,it is not so clearwhat validationmeans.In dynamicpages,the actualcontentfor
thepageis constructedonly at runtime.Thustheschemavalidationcannotbeexecutedatdesign
time but hasto bedeferreduntil runtime,too. An XSLT stylesheetis a loosecollectionof tem-
platesandrulesthatde�nesformattingrulesbasedonXPathexpressions.Thusit is notpossible
for sucha stylesheetto prove that they correctlyprocesscontentconformingto a given XML
schema. In this worst case,no automaticcheckingoccursandvalidationmeansto manually
inspectthestylesheetor content-generatingXML document.

Whentheimplementationconcernsare�nished, they have to besomehow groupedto repre-
sentan implementationof thegivencontract.This groupof implementationconcernsis called
XPage. An XPagehasanassociatedcontractandprovidesimplementationsfor all concernsof
the page. Normally, XPagesare simple containersthat representpagesin the �nal Web site
andincludereferencesto the(externallyde�ned) implementationconcerns.Again,concernim-
plementations(e.g.,applicationlogic or formattinginstructions)canbe reusedacrossmultiple
pages.

Figure4.21showsa sampleXPagefor thecontractandconcernimplementationsof thepre-
vious example. The XPagereferencesits contractandprovides informationaboutthe imple-
mentationsof the concerns.In the example,we directly includedthe contentconcern(inline
concernimplementation) andreferencedthe layout andapplicationlogic concernimplementa-
tions(externalconcernimplementation). Thismakessenseif wedonotexpectthecontentto be
reused.

When the XPagesfor all pagesandcomponentsin the sitemapexist, the implementation
phaseis �nished andtheprojectentersthenext phase:thetestinganddeploymentphase.

1WeusetheJavaservlettechnologyfor presentationpurposes- thecodegenerationmodule,however, caneasily
bereplacedto generatesourcecodein adifferentprogramminglanguage.
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<?xml version="1.0"?>
<xpage xmlns=".../xguide/page">

<concern name="content">
<webpage>

<title>Welcome Page</title>
<inputfield>Enter your login:</inputfield>
<inputfield>Enter your password:</inputfield>

</webpage>
</concern>
<concern name="layout">

<ref target="welcome.xsl" />
</concern>
<concern name="applogic>

<ref target="WelcomeServlet.java" />
</concern>

</xpage>

Figure4.21:TheXPageimplementingthecontractin Figure4.17.

4.6 TESTING PHASE

As we discussedin the introduction,Web engineeringis a multi-disciplinary�eld. Hence,the
testingalso distinguishesmultiple aspectsof a Web applicationthat must be tested: content
freshness,correctnessand completeness,layout consistency, usability, functional correctness,
responsetime,andmany more.

No singletestingmethodexists to datethatcoversall aspectsof a Webapplication.On the
contrary, testingof Websitesandapplicationsis largely ignoredtoday. In thissectionwesketch
a possibletestingapproach.Thegranularityandeffort put in testing,however, mainly depends
onotherfactorssuchasthesizeor complexity of theproject.Also thelevel to whichaprojectis
missioncritical to anorganizationheavily in�uencesthetestingapproach.

In XGuidewe alreadydid a �rst validationstepat theendof the(concern)implementation
phase.All concernimplementationsarevalidatedagainstthe respective contract. We already
discussedabove thattheactivities involvedin contracttestingvary from fully automaticto com-
pletely manualdependingon the concern(e.g., static contentcan be automaticallyvalidated
againstanXML schemaandinterfaceconformancecanbeautomaticallychecked;contractver-
i�cation of thelayouttemplates,on theotherhand,canonly bedonemanually).

In thecontext of XGuide's Webcomponents,we follow anapproachsimilar to thosefound
in testingof softwarecomponentsand formal speci�cationsof programs. The assumptionis
that if theconcernsarevalidatedagainstthecontractsandthecompositionrulesaresound,no
additionalvalidation needsto be donefor the composites[22,47,72,134]. This, of course,
requiresthe contractsandcompositionrulesto be correct. More detailson a formal modelof
concerns,contracts,andcontractcompositionis presentedin Chapter5. As a result,we can
breakdown testingof XPagesinto testingof implementationconcerns.

Testingthe internalsof pagesandcomponents,however, is only the �rst step.More impor-
tantly, theinteractionof pagesandcomponentson theonehandandtheapplicationlogic on the
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otherhandneedsto bechecked. Also thecorrectnessof theimplementationof theapplication's
functionalityneedsto be'proven'.

Thepagesof a Websiteandthenavigationlinks betweenthemform a directedgraph.If we
identify asinglehomepageasthestartingpointof thegraph,wegeta treesimilar to theabstract
syntaxtreesof conventionalsoftwareprograms.To fully testtheinter-working of all pages,we
would have to evaluateall possiblepathsthroughtheWebsiteusingall possibleparametersas
input for dynamicpagesandapplicationlogic calls. Similar to white box testingin software
engineering,wecande�ne thearc coverageof our testcaseswith respectto thewholesite.One
approachcouldbethateacharcmustbeexecuted(i.e., navigated)at leastonce.Anothercould
requireoneexecutionof eacharc with a set of varying parameters(e.g., exceptionanderror
cases,regularvalues,edgeconditions,etc.).

An alternative approachfor testingthe interactionof pagesis model-basedtesting. An ab-
stractmodel–usuallyanabstractstatemachine–modelsthewholeWebsite. A stateconsistsof
theidenti�er of thecurrentlyviewedpageandthestateof themodelvariables.In ourcase,model
variablesaretheargumentsin the input andoutputinterfacesof theXGuidesitemap.They are
theonly externallyvisiblestateof theapplication.Giventhesetof states,thelinks betweenpages
de�ne thepossiblestatetransitions.A statetransitionoccursif theusertriggersanew requestto
thesameor adifferentpage.Furthermore,statetransitionscanhaveconditionsand—depending
on external information (e.g., the valuesthe userenteredin a form)—different transitionsare
triggered.As such,themodelof theWebapplicationcanbedirectly derived from thesitemap
thatspeci�esall pages,componentandnavigationpaths.

Using a model-basedtestingapproachhasseveral advantages.First, test casesfor a con-
creteapplicationcanbeautomaticallygenerated.If we require,for instance,thatall navigation
links aretakenat leastonce,theabstractmodelcanbeanalyzedandtestcasesthat satisfythis
conditioncanbe automaticallygenerated.A secondadvantageis that thebehavior of theWeb
applicationcanbemonitoredat runtimeandcheckedagainstamodel.Thusadeviation from the
expectedbehavior is immediatelydetected.Theimplementationof runtimeveri�cation (i.e., the
comparisonof the application's internalstatewith the expectedstateasde�ned in the abstract
model),however, is not easyto implement.Section4.6.1below presentstheabstractstatema-
chinelanguage(AsmL) [7–9], a promisingapproachfor model-andcontract-basedtestingand
explainshow runtimeveri�cation is achievedwith AsmL.

Testingthecorrectnessof theapplicationlogic basicallyinvolvesthelarge �eld of software
testing. Variousmethodsexist andcanbe directly appliedto thesoftwarerepresentingthe ap-
plicationlogic. We do not furtherdiscussdetailsof softwaretestingherebut refer thereaderto
relatedwork suchas[15,50,103,124,125].

Anotheraspectof thetestingprocessis usertesting.Dependingon thetargetedaudienceof
theWebapplication,usershave differentrequirementsandknowledge.Thepresentationof the
content,clearandconsistentnavigationstructures,andthe lack of 'surprises'(e.g.,unexpected
popupmenus,misleadinglink texts, etc.) areof interestfrom the user's point of view. Also
theuseof the applicationon differentdevices(e.g.,desktopcomputers,laptops,persondigital
assistants(PDAs), or mobile phones),differentoperatingsystems(e.g.,Windows, Linux, Ma-
cOS)andtheirvariousversions,differentlanguagesettings,differentoutputmethods(e.g.,voice
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output,largetext for betterreadability, text-only output)anddifferentWebbrowserproducts(In-
ternetExplorer, Netscape,Mozilla, Opera,Konqueror, etc.)andversionsneedto beinvestigated.

Eventually, otheraspectssuchasresponsetimes,consistency of theWebsite'sbuild process
or availability strategiesmustbeconsidered.

A completelydifferentfacetof the testingprocessis regressiontestingduring the mainte-
nanceandevolution phasesof theproject. If singleconcernsaremodi�ed, theapplicationlogic
updated,or wholenew pagesand/orcomponentsaddedto theapplication,regressiontestshave
to ensurethatthebehavior of thesitedid notchange–orchangedonly in theexpectedway.

XGuideproposesXML-basedregressiontests.Whenthe inter-working of pagesandappli-
cationlogic is testedasoutlinedabove(usingarccoverageor model-basedtesting),theinputand
expectedoutputof thetestsis recordedandstoredin anXML testrepository. Regressiontesting
thenmeansto executeall suchtestsagainsttheupdatedapplicationandverify theresults.The
runtimeenvironmentfor regressiontestscanbeeasilyprovidedusinga testdriver thatsimulates
the userinteraction,i.e., submitsthe correspondingrequests,receivesthe responsesandcom-
parestheresultswith theexpectedresults.While regressionsuiteswork well for modi�cations
of the applicationlogic, changesto the contentor layout of the site usually requirean update
of the regressiontests,too (sincethe resultpagesdiffer from the original resultpages).More
sophisticatedpagecomparatorsthatcouldextractthecontentof anXHTML pageandignorethe
formattingstatements(e.g.,Lixto [13,14]) or focusexclusively ontheformattinginstructionsig-
noringtheactualcontentcouldbeasolution.Thebasicproblemwith theseapproaches,however,
is that they post-processtheresultpageanddo not comparetheactualresultwith theexpected
result.As a consequence,thepost-processingtool might causeor hidepotentialinconsistencies
andcon�icts andcanonly beviewedasa reliablealternative if its correctnessis proven.

Extendedregressionscenarioscanspecifysequencesof pagerequeststo alsocover session
parametersasusedin shoppingcart,ticketorderingor similar applications.Regressiontestsare
executedperiodicallyor after every modi�cation of the application. The currentstatusof the
regressiontestsarebestexportedasseparateWebsitethatallowseasyandcomfortablechecking
of thecurrentstatusof theregressionsuite.

4.6.1 THE ABSTRACT STATE MACHINE LANGUAGE - ASML

The abstractstatemachinelanguage(AsmL) is developedby the foundationsof softwareen-
gineeringgroup at Microsoft Research[115]. AsmL is a contractor speci�cation language
applying the model-basedtestingapproach. An AsmL speci�cation is only concernedabout
a softwarecomponent's externallyvisible parts,i.e., its public interface.Giventhepublic inter-
faceof asoftwarecomponent(aclassor acompositeof classesthatprovidesapublic interface),
AsmL providestwo alternative waysto de�ne a contractfor the component:in the traditional
pre-/post-conditionstyleor usingexecutablespeci�cationscalledmodelprograms.

Speci�cationsusingpre-conditions,post-conditionsonmethodsandclassinvariantsarewell-
known in softwaretesting.AsmL de�nes constraintson themethodarguments,its returnvalue
and the internal stateof the component.Furtherit supportsaccessto an argument's or state
variable's resultingvaluein themethod'spostcondition.Theresultingvalueof a variableis the
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variable's valueafter the methodwasexecuted.At the sametime the variable's original value
(i.e., the valueit hadin the pre-conditionof the method)is still accessible.As a result,post-
conditionsandclassinvariantscande�ne constraintsthatrelatetheoriginalandthenew/updated
valueof a statevariable.Thesetof statevariablesde�ned for a componentimplicitly spansthe
spaceof potentialmodelstates.A modelstateis de�ned by the setof modelvariablesanda
uniqueassertionof valuesto thevariables.Whenever thevalueof a statevariablechanges,the
modelis in a new state.This basicconceptis extendedby the fact thatmethodargumentsand
returnvaluescan themselveshave models. Thuspre-/post-conditionexpressionscannotonly
includereferencesto statevariablesbut alsoto statevariablesof the modelsof argumentsand
returnvalues.

Executablespeci�cations(alsocalledmodelprograms) in AsmL usethesamebasicscheme
of modelsandstatevariablesbut insteadof de�ning the stateof the modelbeforeandafter a
methodexecution,it implicitly de�nes the statetransitionby specifyinga programthat trans-
forms the statevariablesaccordingly. Thus insteadof de�ning what the expectedstateof the
modelbeforeandafter themethodinvocationis, modelprogramsdescribethebehavior seman-
tics, i.e.,whathappensto thestatevariableswhenthemethodis executed.Theexpectedbene�t
of modelprogramsis that developersusuallyaremorefamiliar with writing coderatherthan
complex pre-/post-conditionconstraintswhich increasesthe acceptancerateof the technique.
Additionally, modelprogramscanbe usedashigh-level implementationsof softwarecompo-
nentsuntil a concreteimplementationbecomesavailable. Thesestubsare useful during the
developmentandtestingprocessandsupportearly testingof implementations(usingstubsfor
all componentsthatarenotyet available).

The ultimategoal of AsmL is to provide a mechanismfor runtimeveri�cation of software
componentsthat have an associatedAsmL speci�cation. SinceAsmL is a full .NET language
basedon theCLI [49,114] language,it is compiledinto its intermediatelanguagerepresentation
just asany other .NET language(e.g.,C#, VB.NET, etc) is. A specialprogramcalledAsmL
Weaveroperateson the intermediaterepresentationof the implementationandthespeci�cation
andinjectsthespeci�cationcodeinto theactualimplementation.Asaresult,pre-/post-conditions
andclassinvariantsareautomaticallycheckedwhenthecodeis executed.In thecaseof model
programs,the modelprogramis executedin parallelwith the real applicationandthe applica-
tion'sstateis continuouslycheckedagainstthemodelstate.

An approachsimilar to modelprogramsin AsmL might be an interestingareaof research
in Web engineering. As outlined above, the sitemapprovides the possiblemodel statesand
variablesand statetransitionscan be de�ned in termsof hyperlinksand requestparameters.
More informationaboutAsmL andits advancedfeaturesis foundin [7–9].

In practice,Webapplicationtestingoften focuseson themostcritical partsof the function-
ality. Time-to-market is importantandsuf�cient time for detailedtestsis rarelyavailable. As a
result,Webapplicationstendto betestedandimprovedaftertheir initial deployment.Thisagain
putsspecialemphasisonthemaintenanceandevolutionphasesthatarediscussedbelow afterthe
deploymentof Webapplications.
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4.7 DEPLOYMENT PHASE

A commonsetupfor a Web applicationdevelopmentenvironmentconsistsof threeseparate
machines:a developmentmachine,an internal test server, and the �nal productionmachine
thatoffers thesite to theoutsideworld. Deploying a Webapplicationthushastwo steps.First
the applicationis deployed from the developmentto the internal test server; after testingand
�nal clearanceit is thendeployedto theproductionmachine.Usually the testmachineandthe
productionmachinehaveasimilarsetupwhich resultsin similar deploymentmechanisms.

Ideally, deploymentof aWebapplicationwould only requireto copy thecontent,formatting
andapplicationlogic �les from thedevelopmentmachineto thetargetmachine.Moreabstractly,
we distinguishdeployment processesthat just copy �les from the developmentto the target
machine(deployment-by-copy) andprocessesthat modify andadaptsource�les andrequirea
new build of thesystemon thetargetmachine(deployment-by-adaptation).

With XML-basedpublishingframeworks(e.g.,Cocoon)deployment-by-copy is easilypos-
siblefor XML content�les andXSL stylesheets.Applicationlogic usuallyexistsin sourcecode
andneedsto becompiledinto somebinaryformator library thathasto bemadeavailableonthe
targetmachine.In thecaseof databasesystemsthatareinvolvedin almostall Webapplications
today, deploymentmeansto performsomesynchronizationactivity on thedatabase(e.g.,anup-
dateddatabasestructurehasto be publishedto theproductionmachineor someinternaltables
have to bemigrated).

In deployment-by-adaptation,acommondeploymentactivity is to replacethesettingsof the
testenvironmentwith thoseof theproductionenvironment. Typical examplesarethedatabase
connectstring, thedocumentroot or the installationdirectoryof libraries. In XML-basedWeb
development,documentandparameterentitiescanbeusedto reducethistaskto themodi�cation
of a globalde�nition �le. Alternatively, scriptsapplyingregular expressionsto all source�les
andtriggeringanew build processon theproductionmachinearenecessary.

In non-XML publishing environments,deployment-by-adaptationcan also involve more
complex tasks. In MyXML, for instance,all XML/XSL de�nitions are �rst translatedinto
XHTML �les andsourcecodethatcanthenbedeployedto any servletcontainerandWebserver.
Generally, thedeploymentof aWebapplicationis highly dependentontheimplementationtech-
nologyandpublishingframework. Dependingon theprojectandthetechnologiesusedmoreor
lesscustomtailoredprocessesareneeded.

After theinitial deploymentof theWebapplication,it entersthemaintenanceandevolution
phases.Thenext two sectionsdiscusstheseimportantphasesandrelatethemto XContractsand
theXGuidedevelopmentprocess.

4.8 MAINTENANCE AND EVOLUTION

Maintenanceof softwareapplicationsis adif�cult task.It is well known in softwareengineering
thatthemaintenancephaseof softwareprojectsconsumesabout70 percentof thewholeproject
effort [104,151]. It is also widely acceptedthat the earlier a bug is introducedin a system,
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the moreexpensive it is to remove. This alsomotivatesthe emphasisof softwarearchitecture
anddesignin mostof today's softwareengineeringmethodologies.The claim is that a well-
engineeredarchitectureandagooddesignsigni�cantly reducethenumberof (costly)bugsto be
correctedin thelaterphases,especiallythemaintenancephase.

In [67], theauthorsdistinguishcorrective, adaptive, andperfectivemaintenance.Corrective
maintenancecoverscorrectionsandbug �x esthatwereintroducedin theimplementationphase.
Typicalexamplesin theWebdomaincouldbethecorrectionof typosin thecontentor program-
ming errorsin the applicationlogic. Adaptive maintenanceis the adjustmentof the systemto
the outsideenvironment. The fastdevelopmentcyclesof softwaresuchasWeb servers,Java
servletcontainers,databasesandbuild toolsfrom timeto timerequiresanadaptationof theWeb
applicationto complywith new protocols,input/outputbehavior or con�gurationsettings.Short
productcyclesarenecessaryto keepup with thecontinuouslyevolving technologiesandstan-
dardson theWeband,evenmoreimportantly, to closesecurityvulnerabilitiesin therespective
products.Table4.1 shows the incredibly fastdevelopmenthistoryof theApacheXercesXML
parser[141] andtheJakartaTomcat[140] servletcontainerto give an impressionof how short
theproductcyclesare.

Finally, perfective maintenancedenotesall extensionsandimprovementsof theapplication.
Perfective maintenanceis of specialinterestin Web engineering.Softwareapplicationsevolve
in a step-wisemannerintroducingnew versionsof the product. Small changesandpatchesto
existingsoftwareproductsarelesscommon.Webapplicationsarelessrigid thansoftwareappli-
cationsandoftenexpectedto befrequentlyor evencontinuouslyupgradedandextended.As a
result,design-for-changeis evenmoreimportantin Webengineeringthanin softwareengineer-
ing. Todaydesign-for-changein Web engineeringis supportedby separatingimplementation
concerns.In XGuide, we further abstractthis principle andintroducemulti-concerncontracts
that supportseparationof concernsnot only on the implementationbut alsoon the conceptual
level.

SinceXContractsalsoactasspeci�cationsfor Webpagesandcomponents,they alsoalleviate
a secondproblemfound in softwaremaintenance:programunderstanding.In [55] the authors
statethat about50 percentof the overall maintenanceeffort is programunderstanding.In the
caseof Web engineeringthat meansto understandwherethe contentis storedand how it is
includedin dynamicpages;whatcomponentsareinvolvedin thepagegenerationprocess;where
the layout is de�ned andhow it is appliedto the contentbeforethe �nal pageis delivered. If
no Webengineeringconceptssuchasseparationof concernsis usedin theimplementationof a
Web site, content,layout andapplicationlogic de�nitions arefrequentlyintermixedmakingit
hardto understandwhat is goingon in a complex Webapplication–thisis especiallytrue if the
original implementationdatesbackacoupleof monthsor wasdoneby adifferentperson.While
separationof implementationconcernsalreadyhelpsto identify the de�nition of every single
concern,separationof concernsontheconceptuallevel (in XContracts)providestheinformation
to understandhow thevariousconcernswork togetheranddependon eachother.

To betterstructureandcontrol themaintenancephasein Webengineering,we introducean
orthogonalclassi�cation in additionto corrective, adaptive, andperfective tasksasintroduced
in [67]. Every activity in the maintenancephaseis classi�ed as being a maintenanceor an
evolutionactivity.
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Table4.1: The developmentcyclesof the ApacheXercesXML parserandtheJakartaTomcat
servletcontainer.

Xercesversion Releasedate Tomcatversion Releasedate

Xercesv1.0.0 November9, 1999 Tomcatv4.0 September17,2001

Xercesv1.0.1 January5, 2000 Tomcatv4.0.1 October14,2001

Xercesv1.0.4 May 9, 2000 Tomcatv4.0.2 February10,2002

Xercesv1.1.0 May 19,2000 Tomcatv4.0.3 March1, 2002

Xercesv1.1.1 June5, 2000 Tomcatv4.0.4 June13,2002

Xercesv1.1.2 June21,2000 Tomcatv4.0.5 October9, 2002

Xercesv1.1.3 July26,2000 Tomcatv4.1.0 April 26,2002

Xercesv1.2.0 August28,2000 Tomcatv4.1.2 May 14,2002

Xercesv1.2.1 October19,2000 Tomcatv4.1.3 May 29,2002

Xercesv1.2.2 November27,2000 Tomcatv4.1.5 June14,2002

Xercesv1.2.3 December6, 2000 Tomcatv4.1.6 June28,2002

Xercesv1.3.0 February1, 2001 Tomcatv4.1.7 July5, 2002

Xercesv1.3.1 March16,2001 Tomcatv4.1.8 July23,2002

Xercesv1.4.0 May 22,2001 Tomcatv4.1.9 August10,2002

Xercesv1.4.1 June22,2001 Tomcatv4.1.10 August30,2002

Xercesv1.4.2 July23,2001 Tomcatv4.1.14 October29,2002

Xercesv1.4.3 August20,2001 Tomcatv4.1.14 November14,2002

Xercesv1.4.4 November15,2001 Tomcatv4.1.15 November26,2002

Xercesv2.0.0 January29,2002 Tomcatv4.1.16 November26,2002

Xercesv2.0.1 March7, 2002 Tomcatv4.1.17 December17,2002

Xercesv2.0.2 June21,2002 Tomcatv4.1.18 December19,2002

Xercesv2.1.0 August28,2002 Tomcatv4.1.19 January15,2003

Xercesv2.2.0 September26,2002 Tomcatv4.1.20 February12,2003

Xercesv2.2.1 November11,2002 Tomcatv4.1.21 February25,2003



92 4.8MaintenanceandEvolution

Maintenancetasksare intra-concerntasks,i.e., they only affect a single concernand do
not requireupdatesto the contractor otherconcerns.As a result,maintenancetasksareself-
containedandcanbe performedat any time. Several maintenancetasksarecommonin Web
engineering:

� Content Updates.Thecontentof aWebapplication,especiallya Web-basedinformation
system,changesfrequentlyandcontentupdatesarethemostfrequentmaintenanceactivity
in Webengineering.Contentupdatesaffect theinformationprovidedby thesystembut do
not in�uence otherconcernssuchastheformattingrulesor theapplicationlogic.

� Layout Updates. Changesto the graphicalappearanceof a Web applicationarenot so
frequentbut still relatively common. Informationneedsto be arrangeddifferently on a
page,thecolor schemeof theWebapplicationhasto beadjustedto thecorporateidentity,
or hover effects (e.g.,when moving the cursorover a link) shall be introduced. These
changesexclusively requiremodi�cations to the formattingrulesbut do not affect other
concerns.

� Bug Fixes. Bug �x esin theapplicationlogic of a Webapplicationarealsotypical exam-
plesof maintenancetasks. The programlogic processingclient requestsis modi�ed but
theinputandoutputinterfacesto theclient, thecontentandtheformattinginstructionsare
left unchanged.

Referringto the classi�cation in [67], bug �x esarecategorizedascorrective maintenance.
Layout updatesreactto externalrequirements(e.g.,updatesto the corporateidentity) andcan
be seenasadaptive maintenance.Contentupdatesevolve the Website andcountasperfective
maintenance.Someupdatescorrectexistingerrors(e.g.,typos);othersaredueto timely changes
of content(e.g.,ona newsportal).

SinceXGuide featuresseparationof concernsandmaintenancetaskssolelydependon one
concern,they canbeintegratedinto theWebapplicationatany time. Thuscontentupdates,layout
updatesandbug �x escanbedoneindependentlyof eachotheror evenconcurrently. XGuide's
view of maintenanceis a greatadvantageover the prevalentWeb developmentpracticewhere
concernsarenot clearly separatedbut intermixed. A contentupdatein sucha systemthuscan
easilycauseunintendedside-effectson thelayoutinformationor theapplicationlogic.

Evolution, on the otherhand,denotesinter-concernupdates. In this case,the contractof
a pageor componentmustbe modi�ed andmultiple concernsareinvolved. Typical evolution
scenariosare:

� Extending Pages.Imagineyou havea Webpagewith a threecolumnlayout.Sofar, only
the middle column is usedto displaycontent;the left andright columnsare for layout
purposesonly. Now youwantto placesomespecialinformationin theleft or right column
of the page.Suchan updateinvolvesthe contentandthe layout concernssinceboth the
informationto bedisplayed(e.g.,text andimages)andits graphicalappearance(e.g.,font
sizes,colors,alignment,etc.)mustbede�ned.
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� Extending Forms. A form extensionis a specialcaseof a pageextension.An additional
form �eld is addedto anexistingWebform. Theupdatenotonly requiresthecontent(e.g.,
the �eld labels,explanationtext anddefault values)andthe layout (e.g., to positionthe
new �elds correctly)for thenew �eld to bede�ned but alsoinvolvestheapplicationlogic
thatmustprocessthevalueenteredin the�eld (e.g.,to storethemin adatabase).

� Adding Pages. Adding new Web componentsor pagesto an existing application,obvi-
ouslyalsoclassi�esasevolution. A wholenew contentstructure,graphicalappearanceand
potentialapplicationlogic codeneedto bede�ned. In specialcases,however, if thepage
doesnot requirelogic processingandcanreuseexisting formattingstylesheets,addinga
new pagecanshrinkto amaintenancetask.

Larger evolution scenariossuchasaddingwhole subsystemscanbe seenasmini-projects
themselvesstartingwith a requirementsanalysisandfeasibility decisionbeforetheconceptual
modelandXContractsareupdated.A goodexamplefor this casewould betheOrangeJuices,
Inc. example. If theexisting Website is extendedwith a shoppingcart functionality, thedeve-
lopmentandintegrationof theshoppingcartde�nesthemini-projectthatis eventuallyintegrated
into theexistingproject.

Documentationandversioncontrolof all artifactsplaysanimportantroleduringall phasesof
thedevelopmentprocessbut speci�cally soin themaintenanceandevolution phase.Documen-
tation furthereasesprogramandconcernunderstandingwhich is crucial for any modi�cations
to or updatesof a system.Versioncontrolof concernimplementationsandcontractsis alsoin-
dispensable.Consideranupdateof a Webpagethatembedsa Webcomponent.Consequently,
the Web component's contractevolves togetherwith the page. To not breakotherpagede�-
nitions that might usethe samecomponent,it is importantto uniquely identify which version
of a componentor componentcontractis referencedin a page.As a consequence,all artifacts
usedin anXGuidedevelopmentprocess(i.e.,XContracts,XPages,contentconcerns,formatting
stylesheets,applicationlogic, etc.) areversioncontrolledandall referencesor compositionde-
pendenciesusefully quali�ed references,i.e., theuniqueidenti�er of theartifact togetherwith
thedesiredversion.

Although the developmentprocessendswith the maintenanceandevolution phase,it can-
not be overemphasizedthata Web site or applicationis muchmoredynamicthana traditional
softwareproductandrequiresan ongoingmaintenanceeffort. If a Web site is well-designed,
mostly maintenancetaskssuchascontentupdatesandbug �x esshouldbe necessaryafter its
initial deployment. Evolution tasksshouldbe signi�cantly morescarce.Large-grainedevolu-
tion activities of the sizeof small mini-projectsshouldbe even morerarethanotherevolution
activities.

Generally, we candeterminethestateof a Webapplicationat any giventime usingtheclas-
si�cation shown in Table4.2. If no changesor extensionsaremadeto a Web application,all
artifactson all levels (i.e., the XGuide sitemapasconceptualmodel, the XContracts,andthe
actualimplementation)arestable.During a maintenanceactivity, the implementationchanges,
but thecontractsandtheconceptualmodelremains�x ed. Evolution scenariosalsoinvolve the
contractsthusonly keepingthe conceptualmodelunchanged.Extensionsof the sizeof small
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projects(e.g.,addinga shoppingcartor anothernew serviceto anexisting site)requireupdates
of all artifactsincludingtheconceptualmodel.

Table4.2: A classi�cationto determinethestateof aWebapplicationwith regardto updatesand
extensions.

ConceptualModel Contracts Implementation

No changes stable stable stable

Maintenance stable stable changing

Evolution stable changing changing

Mini-Project changing changing changing

As in all model-drivenapproaches,it is importantto keepthemodelinformationup-to-date.
In XGuide, the actualmodelis representedby theconceptualmodel(i.e., XGuidesitemap)it-
self andthe XContractsof the pagesandcomponents.Thusfor any maintenanceor evolution
activity, �rst the correspondingmodelartifact hasto be identi�ed andupdated.Only thencan
theimplementationbemodi�ed accordingto thechangesin thehigher-level artifacts.If this rule
is ignored,not only is thetraceabilityof thespeci�cationinformationlost but thewholemodel
cannotbeusedany more.As a resultno explicit designinformationwould exist andtheimple-
mentationwouldbetheonly sourceof information.While suchmodi�cationsmightwork in the
shortterm,they arestronglydiscouragedin termsof maintenanceandtraceabilityandcanonly
becomparedwith the(in)famousstatementon documentationin softwareengineeringprojects:
“The codeis thedocumentation”.

Keepingtheconceptualmodelandthecontractsconsistentwith the implementation,on the
otherhand,ensures—amongtheadvantagesdiscussedabove—thatside-effectsof maintenance
tasksareeasilydetectable,thework�o w of theapplicationis alwaysclear, no hiddendependen-
ciesamongcomponentsor concernsexists, andnew teammemberscaneasilyunderstandthe
innerfunctioningof thesystem.

4.9 CONCLUSION

This chapterintroducedtheXGuidemethodologyandits sevenphases:requirementsanalysis,
feasibility decision,conceptualmodelinganddesign,implementation,testing,deploymentand
maintenance/evolution. First, therequirementsdiagramis compiledtogetherwith thecustomer.
A simple notationfor modelinga high-level view of the Web applicationis usedto support
thecommunicationamongthevariousrolesinvolvedin a Webproject;additionalrequirements
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arerecordedon separaterequirementscards.Lackingestablishedmetricsfor Webprojects,the
feasibility decisionusesinformal decisionguidelinesto estimatethe effort and time frameof
the project. If the project is approved, the designphasedistinguishesbetweendesignin-the-
large anddesignin-the-small.Designin-the-large re�nes andcomponentizesthe requirements
diagramandintroducesapplicationlogic processesto modelwork�o w anddataprocessing.It
alsointroducesthe input andoutput interfacesof pagesandcomponents.Designin-the-small
usesthe re�ned conceptualmodel to de�ne XContractsfor pagesandcomponentsthat act as
speci�cationsfor theimplementation.Theimplementationphasethentransformspageandcom-
ponentspeci�cationsinto XPages,implementationsin a concretetechnology. Exploiting the
strict separationof concernson theconceptuallevel, the implementationof all concernscanbe
doneconcurrently. Thetestingphasestronglydependson therequirementsof theproject.Test-
ing of Webapplicationsinvolvesvarioustestingstrategies–oftenonly thecorrectfunctioningof
the applicationlogic is thoroughlytested.More sophisticatedapproachesinvolve XML-based
regressiontestingto ensurethatchangesdo not breakothercomponentsandmodel-basedtest-
ing which cancover morecomplex scenariosinvolving several subsequentrequests.After the
initial, technology-speci�cdeployment,theprojectentersthemaintenanceandevolution phase.
XGuideclassi�esmaintenanceasintra-concernupdatessuchascontentor layoutmodi�cations.
Maintenancetasksdo not dependon otherconcernsandcanbeintegratedeasilywhenever nec-
essary. In contrast,evolution tasksinvolve multiple concerns(inter-concern)andrangein their
complexity from simplepageextensionsto smallWebprojectsontheirown if wholesubsystems
areadded.

Although the importanceandcentralrole of contractsbecameobvious in the discussionof
XGuide, we postponeda detaileddiscussionof XContracts. So far, we only mentionedthat
contractsmustbe composableto supportembeddingof componentsinto pagesandextensible
to supportaddingof new concerns.Thenext chaptercatchesup on how contractsarespeci�ed
andcomposed,whatcontractconcernsare,andhow contractsareextensible.It alsopresentsa
formalmodelfor contractsthatde�nesthesemanticsof andoperationsoncontractsandcontract
concerns.
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CHAPTER 5

CONTRACTS AND CONTRACT

COMPOSITION

New ideas pass through three periods:
- It can't be done.

- It probably can be done, but it's not worth doing.
- I knew it was a good idea all along!

Arthur C. Clarke

Contractsandcontractconcernsarethecornerstonesof theXGuidemethodology. After the
high-level overview of their role in XGuide, this chapterpresentsa detaileddiscussionof the
syntaxandsemanticsof contracts.It alsointroducesa formal modelof contracts,describesthe
realizationof thismodelasXML contracts,andexplainshow contractcompositionis de�ned.

As explained in the previous chapter, contractsresidebetweenthe high-level conceptual
modelandtheconcreteimplementationof a Web application.Thusthey effectively bridgethe
gapbetweenthebig picturein theconceptualmodelandits implementationin a concretetech-
nology. To startthediscussionof contracts,we�rst introduceameta-modelfor Webapplications
andhow contractsareintegratedin themodel.

5.1 A META -MODEL FOR WEB APPLICATIONS

A meta-modelintroducestheconceptsandterminologyusedin modelingagivendomain.In the
context of Webengineering,oftenanimplicit meta-modelde�ning (Web)pagesandnavigation
links is assumed.Similarly, we implicitly useddiagramartifactssuchas pages,components
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or links in the requirementsdiagramandcomponentweb of theXGuidemethod.This section
introducestwo existingmeta-modelsusedin theWebengineeringdomain:theDexterHypertext
Model [75] andConallen's UML-basedapproach[37]. It thenmakesthemeta-modelusedfor
modelingWebapplicationsin XGuideexplicit andrelatesit to theDextermodelandConallen's
approach.

5.1.1 THE DEXTER HYPERTEXT REFERENCE MODEL

TheDexter Hypertext ReferenceModel [75] is theoutcomeof two smallworkshopson hyper-
text in 1988. The workshopwas held in the Dexter Inn in New Hampshire–hencethe name
for the model. The researchersstrived to answerthe questionwhat hypertext systemshave in
commonandhow they canbeclassi�ed. Anothergoalof theworkshopswasto comeup with a
terminologyfor thehypertext �eld.

The mostgenerichypertext modelconsistsof nodesandhyperlinks. The nodesrepresent
actualinformationor contentandthe hyperlinksprovide the possibility to connecttwo pieces
of informationwith eachother. Becauseof thewide rangeof usesandthegenericnatureof the
term“node”, theDexter modelusesthemoreneutralterm“component”instead.Fromtoday's
perspective wherethe term “component”is heavily overloaded,it is questionablewhetherthis
changereallymadethemodelclearerandeasierto understand.

TheDextermodeldividesahypertext systeminto threelayers:therun-timelayer, thestorage
layer andthe within-componentlayer. The modelstronglyfocuseson the storagelayer which
de�nestheinformationnodes(components)andhyperlinksof themodel.Thisnode/linknetwork
structureis theessenceof ahypertext system.Thewithin-componentlayeris concernedwith the
internalstructureandworkingsof thecomponentsthemselves. Becauseof thegreatvarietyof
possibleinformationnodesandcontenttypes,theDextermodelpurposefullydoesnot elaborate
on the within-componentlayer. The run-time layer describeshow the hypertext network of
informationcomponentsandlinks is representedanddisplayedat runtime. The main tasksof
therun-timelayer is thecreation,presentationandunpresentation(destruction)of components.
Furtherrun-timeoperationsincludefollow-link or sessionmanagementfunctions.OntheWorld-
Wide Web,therun-timelayer is usuallyrepresentedby a Webserver combinedwith somesort
of containerfor thebusinesslogic (e.g.,aservletcontainer, anapplicationserver, etc.).

Thefocusof theDextermodel,thestoragelayer, is centeredaroundthenotionof an(informa-
tion) component.A componentin theDextermodelis eitheranatomicor composedinformation
componentor a link. An atomicinformationcomponentonly containsthe actualinformation,
a compositecontainsadditionalreferencesto othercomponents.Supportfor compositesis one
of the key featuresthat supportsreuseandconsistency of information. Secondly, the Dexter
modelde�nes a componentto consistof a so-calledbasecomponentrepresentingthe content
andadditionalcomponentinformation. This additionalinformation includesall propertiesof
thecomponentotherthanthecontent:its graphicalrepresentation,linking information,etc. Al-
thoughnot designedasexplicit goal, Dexter componentsfeaturesomesupportfor separation
of concernssincethe actualinformation is separatedfrom the otherpropertiesof the compo-
nent.Togetherwith thecomposabilityof components,theextensibilityof basecomponentswith
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additionalpropertiesresultin a �e xible andpowerful modelfor informationsystems.

The missingcomponentfor a hypertext systemis the linking of informationcomponents.
The Dexter modelnot only supportslinks betweeninformationcomponentsbut alsoaddress-
ing locationsor itemswithin components.In the model, this mechanismis calledanchoring
which todayis commonlyseenon theWorld-Wide Webwhereanchorsaretheonly possibility
to addresslocationswithin anHTML document.To unambiguouslyidentify components,every
Dextercomponenthasauniqueidenti�er. Thetargetof ahyperlinkthusconsistsof suchaunique
componentidenti�er in combinationwith ananchorspeci�cationthatlocatesthereferencedpo-
sition within thecomponent.On theWeb,uniform resourcelocators(URLs) [21] containboth
thecomponent(i.e., resource)identi�er andthewithin-componentfragmentidenti�er basedon
existinganchors.With therecentW3C'sXLink/XPointer recommendation[43,44], theneedfor
embeddinganchorsin a Webresourceto beableto referencea speci�c positionin a component
vanishes.XLinks uniquely identify the target resourcewhile an XPointer identi�er locatesa
givenpositionin thecontent.Unlike theanchoringapproach,noembeddedanchorsarerequired
in the contentwhich is especiallyhelpful for referencingthird-partydocumentsfor which the
requiredwrite accessto embedanchorsusuallyis notgranted.

5.1.2 MODELING WEB APPLICATION ARCHITECTURES WITH UML

In [37], Conallenpresentsa UML-basedmeta-modelfor Web applicationsthat takes a com-
pletelydifferentapproachthantheDexter model. Conallenstartswith the de�nition of a Web
applicationasasoftwaresystemwith abusinessstatewhosefront endis deliveredvia aWebsys-
tem. This de�nition completelycoincideswith our de�nition in Section2.1. Regardinga Web
applicationasacomplex softwaresystemandgiventhedominantroleof theUML for modeling
softwaresystems,Conallenexploits theUML extensibility mechanismsandde�nesstereotypes
to modelWebapplicationsusingUML diagrams.

Unlike the Dexter modelthat is content-centric(i.e. the storagelayer), the extendedUML
notationis focusedonthebusinesslogic of aWebapplication.Conallenconcludesthatmodeling
WebapplicationsasUML classdiagramsalone,is not suf�cient. Theadditionalsemanticsand
inner workingsof Web pagesarethusrepresentedby stereotypedUML classes.The resulting
componentdiagramis similar to a sitemapandconceptuallycloseto theXGuiderequirements
diagram.To modelthecollaborationinsideWebpages(e.g.,client-sideor server-sidescripting),
the functionalentitiesusedin a Web pageareseparated.Again the principle of separationof
concernsis used.In thiscase,however, to separatevariouslogic concernsfrom eachotherrather
than to separatedifferent kinds of concernssuchas the content,the logic, accesscontrol or
graphicalpresentation.

In Conallen'smodel,eachcomponenthasaclient-sideandaserver-siderepresentation.This
is necessaryto modelthedifferentbehavior of acomponentdependingonthelocationwhereit is
displayedor executed.Theclient-sideview of acomponent,for instance,includestheJavaScript
functionalityandtheprocessingof potentialWebforms.Theserver-sideview, ontheotherhand,
representstheback-endapplicationlogic thatis necessaryto createthepage.Theclientpageand
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serverpagestereotypeclassesareusedin themetamodelto representthetwo differentviewsof
thesamecomponent.

Hyperlinks,thesecondingredientsfor a hypertext model,aredepictedby stereotypedasso-
ciation classes.Suchrelationshipscanhave quanti�ers (e.g.,0..*) to model links to multiple
pages.A typicalexampleis theresultof asearchrequestin aproductcatalogue.Theresultpage
containsa numberof links thatpoint to therespective productdetailspage–eachof which is an
instanceof astereotypedclassparameterizedby theproductidenti�er. Thenotionof quanti�able
hyperlink associationsis similar to the multi pageapproachin XGuide. Multi pagessimilarly
representacollectionof typedandparameterizedpages(e.g.,thesetof productdetailpages)that
canbereferencedfrom anotherpageor component(e.g.,thesearchresultpage).

A major drawback of the model presentedin [37] is that no real notion of a component
exists. Pagesarethe basicentitiesandonly the functionalaspectsof pagesarefurther re�ned
in anobject-orientedapproach.Apart from thebusinesslogic of a Webapplication,no compo-
nentization(e.g.,for pagefragmentsthatarecomposedto form the�nal Webpageor for layout
reuse)is supported.

5.1.3 THE XGUIDE META-MODEL FOR WEB APPLICATIONS

Implicitly we alreadyintroducedtheentitiesof theXGuidemeta-modelin thediscussionof the
requirementsanalysisanddesignphases.Unlike theaboveapproaches,XGuideimplementsthe
notionof aWebcomponentasa�rst-classprimitive. It doesnot focusspeci�cally onthecontent
(asin theDextermodel)or on thebusinesslogic (asin theConallenapproach).Instead,XGuide
componentsconsistof several equaland independentconcernsthat representthe content,the
layoutor theapplicationlogic.

Componentsin XGuide comein two �a vors: eitherascomposableor asnon-composable
entities.A composablecomponentrepresentsa fragmentof a Webpagethat is reusedandem-
beddedin othercomponents(e.g.,the footer of a page). Non-composablecomponentsarethe
Webpagesthemselvesthathave thesamecharacteristicsasany other(composable)component
but cannotbeembeddedinto othercomponentsor pagesthemselves. TheXGuidemeta-model
distinguishesbetweencomposablecomponents,simplepagesandmulti pagesthat representa
parameterizedcollectionof simplepages.Dependencieson third-partyor externalservicesare
coveredby externalcomponents.A compositiondependency describestheembeddingof acom-
ponentinto anothercomponentor page.

Linking information in the XGuide model is de�ned by navigationaldependencies.Such
dependenciesrepresentahyperlinkfrom onepageor componentto another. SinceXGuideintro-
ducesthenotionof amulti page,quanti�ersonnavigationaldependenciesasfoundin Conallen's
approacharenot necessary. Instead,hyperlinksto multi pagestransportcontext informationto
selectthe appropriatepageto displayout of the collectionof pagesrepresentedby the multi
page.Also notethatcomposablecomponents(pagefragments)aswell asfull pagescanactas
sourcesfor hyperlinks. In contrast,only Webpagesbut no pagefragmentsareallowedaslink
destinations.Usingpagefragmentsaslink destinationswould resultin thede�nition of one-to-
many hyperlinkssincethesourceof sucha link is implicitly linkedto all pagesthatembedthe
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referencedcomponent.One-to-many hyperlinksarecurrentlynot supportedin XGuidebecause
they areextremelyrarein Webapplications.With the(currentlymissing)broadsupportof the
XLink/XPointer recommendation[43,44], however, one-to-many links will beeasyto integrate
into XGuide.

Apart from the classicalelementsof a hypertext model (i.e., the informationcomponents
andthe linking structure),theXGuidemeta-modelintroducesadditionalartifactsto loosenthe
couplingamongcomponentsandprovidesupportfor theincreasinguseof dynamicallygenerated
Webpages.

Themostimportantsuchconceptis thenotionof acontract for aWebcomponent.Contracts
providespeci�cationsof Webcomponentsandpagesandclearinterfacesamongthecomponent's
internalconcerns.Contractsarediscussedin detail laterin this chapter.

A secondextensionto traditionalhypertext modelsis theexplicit modelingof interfacesand
informationprocessingusinginput-andoutput-interfaces. Input interfacesstatetheinformation
requirementsof acomponentin orderto beinstantiated.As aconsequence,only dynamicpages
have input interfaces.Outputinterface,on theotherhand,specifythe informationa pagepro-
videsvia Web forms–bothstaticanddynamicpagescanhave output interfaces. If input- and
output-interfacesof linkedpagesdo not directly match,a mediator(processing)componenthas
to beinsertedbetweenthem.Sucha processingentity is traditionallycalledthebusinessor ap-
plication logic of the Web application. In the XGuide model,applicationlogic processescan
be introducedto make the work�o w, the dependencieson externalsystems,andprocessingof
informationexplicit. Suchprocesses,asall othermodelartifacts,havea speci�cationthatstates
their input-andoutput-interfacesto ensureeasyandconsistentdeployment.

Table5.1 presentsa descriptionof all (visual andnon-visual)entitiesof the XGuidemeta-
modelfor Webapplications.

Regardingthelevel of detailof theXGuidemeta-model,it is positionedbetweentheDexter
andtheConallenmodels. In theDexter model,informationon the internalsof a componentis
explicitly excluded.Theauthorsstatethatthe internalsof suchcomponentscanbesomanifold
that their modelingis simply beyondthescopeof a genericmodel. In Conallen's approach,on
theotherhand,only theapplicationlogic is modeled–but in greatdetail. TheXGuideapproach
lies in betweenin that it providesa componentspeci�cationthatde�nes separateconcernsand
interfacesto othercomponentsbut otherwiseagreeswith the authorsof the Dexter modelthat
the internalsof eachconcerndependtoo muchon the concreteapplicationto be coveredby a
genericmodel. Modeling the contentconcern,for instance,might involve informationmining
andstructuringtechniques;thegraphicalappearanceis oftendeterminedusingstoryboards,UI
chartsor rapidprototyping;theapplicationlogic canbemodeledusingthestandardor Conallen's
extendedversionof theUML.

Comparedto theothermodelspresentedabove,theXGuidemodelcoversabroaderspectrum
of thedesignspacesinceit doesnot focusonasingleconcernbut providesanextensiblecontract
modelthatsupportsanarbitrarynumberof equalconcerns.AlthoughConallende�nesa client-
sideanda server-sideview of the Web components,a real componentapproachthat features
reusableandcomposableWeb components–asfound in the Dexter (composites)and XGuide
approaches–ismissing. Unlike the Dexter model,we do not explicitly supportoperationson
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Web componentsandpages.The Dexter modelde�nes both storage(e.g.,createcomponent,
destroy component,etc.) and run-time operations(presentComponent,followLink, etc.). In
XGuide,thelife-cycle of a componentis implicit, i.e., it is automaticallycreatedwhenit is �rst
requested,automaticallydisplayedasa responseto the request,andfollowing links is simply
modeledasrequestinganew component.

In XGuide,all informationon modelartifactssuchaspages,hyperlinksor applicationlogic
processesis capturedin contracts. Hencecontractsare the actualpresentationof the model
artifactsandactasspeci�cationsfor asubsequentimplementation.Theremainderof thischapter
discussestheideaof contractsfor Webcomponentsandpages.We�rst introduceaformalmodel
for contractsandcontractconcerns.The following sectionspresentthe actualimplementation
of contractsin XGuide as XML documentsand the semanticsof and operationsfor contract
composition.

5.2 A FORMAL MODEL FOR WEB COMPONENT CONTRACTS

The ideaof contractsoriginatesfrom the domainof softwareengineering.On the component
level, interfacesrepresentthecontractof a component,i.e., specifyhow thecomponentcanbe
usedfrom the outside. BertrandMeyer's design-by-contract[83,111,112] brings the ideaof
contractsto the next level. Not only the interfacebut alsopre-/post-conditionsand invariants
specifythe expectedbehavior of methods.Eiffel [110,113] providesbuilt-in supportfor such
contracts.The next level of evolution is reachedwith statemachinessuchasAsmL (Abstract
StateMachineLanguage)[6–8]. It supportsthe de�nition of contractsfor Microsoft's .NET
platform. Suchcontractsof pre-andpost-conditionandtype invariantscanthenbewoveninto
theactualimplementationcodeto have themcheckedat runtime.

Theideaof acontractin Webengineering—justasthetheideabehindinterfacesin software
engineering—isto revealall thenecessaryinformationto interactwith anartifact independently
of its innerworkings.Similarly, anXGuidecontract(XContract)describesthepropertiesof aset
of pageswith thesamecharacteristics.Sucha contractcould,for instance,specifythestructure
of thecontentonapage.It doesnot,however, sayhow thecontentis createdor collected.

The structureof the contentto be placedon a pageis one example. Similarly, contracts
de�ne speci�cationsfor thedevelopmentof thegraphicalappearanceandtheapplicationlogic.
The variouspropertiesof a pageor componentthat arecoveredby its contractarecalledcon-
tract concerns. In additionto de�ning a default setof contractconcerns,XContractsprovide an
extensibility mechanismto addandintegratenew contractconcernswithout affecting existing
ones.

Throughoutthiswork, wedevelopedanintuitivenotionandunderstandingof whatcontracts
are and how they can be used. This sectionpresentsthe formal foundationfor dealingwith
contractsin XGuide. It de�nes whata contractanda concernis andhow contractcomposition
works.

An XGuidecontract� is anunorderedtupleof concerns��� thatdenotethedifferentcharac-
teristicsof thepage.
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The structureof the contentmentionedabove, the input and/oroutput interfacesor access
controlconstraintsareexamplesfor concernsthatareaggregatedin acontract.

Furthermore,eachconcernhasan associatedtype which is usedto identify the concernin
the contract. A samplecontract,thus,could containa concernof type structure, a concernof
typeinterfaceandanotherconcernof typeaccesscontrol. Thetypeof aconcerncanberetrieved
usingthe ')(+*-, function,i.e.,thetypeof �.� is ')(+*-,��/� �

% . A contractcancontainatmostoneconcern
of any giventype.As a result,thecontractde�nition givenin 5.1hasto beextendedto
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If the type of a concern':�E�F')(5*-,��/� �

% is independentof anothertype '�9@�G')(5*-,����:9

% , we
call ')� orthogonal to '�9 . Independentin this context meansthatconcernsof type 'H� do not need
informationspeci�ed in a concernsof type 'I9 to expresstheir characteristics.If ':� is orthogonal
to '/9 wewrite

'=� J '/9 (5.3)

If type ')� of aconcernis independentof all othertypesof concernsin acontract,wecall this
typeof concernorthogonalto thecontractor simplyorthogonal.

'=� J � (5.4)

Sinceat mostoneconcernof any giventypemaybepresentin a contract,we canalsocall a
concernorthogonalif its typeis orthogonal.Thus,aconcern��� is orthogonalto concern�H9 if the
typeof � � is orthogonalto thetypeof �K9 .

��� J �:9 LAM '=� J '/9 (5.5)

If thetypeof concern� � is orthogonalto thecontract,we alsocall ��� orthogonalto thecon-
tract.

��� J � (5.6)

Finally, acontractis saidto beorthogonalif all theconcernsit containsareorthogonal.
Thestructureconcerndescribingthestructureof thecontentof apageis agoodexamplefor

a concernwhich is orthogonalto the contract. It doesnot dependon any otherconcernsince
thestructureof thecontentis self-containedanddoesnot requirefurtherinformationfrom other
concerns.

Althoughconcernsareindependentof eachotherin thedomainof the�nal application,their
de�nition mightrequiredependenciesamongconcerns.Theaccesscontrol concern, for instance,
de�neswhichpartsof thecontentareaccessibleto agivenprincipal.Clearly, thede�nition of the
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accesscontrolconcernmustdependonthestructureconcernto beableto referto theappropriate
partsof the content. As a consequence,we call the type 'N9 of concern �H9 dependenton ')� if
concernsof type '�9 rely onconcernsof type ':� .

'=� O '/9 (5.7)

Arguingasbeforethatthetype ':� of concern� � hasto beuniquewithin thecontract,we call
aconcern�H9 which reliesonanotherconcern��� dependenton � � denotedasshown in 5.8.

� � O �:9 (5.8)

For XGuide contractswe furtherenforcesomeruleson the useof dependency relationsto
restrictthecomplexity of contracts.Theoptimumis to have anorthogonalcontractsincein this
caseno concernis dependenton any other. If this is not possible,thenumberandcomplexity of
dependency relationshipsshouldbeassmallaspossible.We thusdo not supportaconcern��9 to
bedependentonmorethanoneconcern�.� . Multiple concerns�K92���:9KPQ� �3�H9HPR����!�!�! , however, canbe
dependenton thesameconcern��� .
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 O �:9 U�V/VXWZY-[\V)] (5.9)
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 (5.10)

Weallow transitivedependenciesof concerns,i.e., �39 is transitivedependenton ��� if thereare
otherconcerns��_ in � to form a dependencychain from ��� to �H9 .

���`L �:9DLAM ab� �`O � �TPQ�cO � �TPR�d!�!�!eO �H9 (5.11)

Thelengthof thelongestdependency chain f of a concerngh� canunambiguouslybede�ned
as

f:��gi�

%

�kj4	+g&lmO gn�oO !�!�!&O gi�pj�g&l is anorthogonalconcern
Ej (5.12)

Additionally, wede�ne qsr asthesetof all concernswith adependency chainof length t and
f#uwv:xh�/�

% asthelengthof thelongestdependency chainin � .
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Basedon theabovede�nitions, anorthogonalconcerngn€ has f:��g&€

%

�‚• and qƒl5�X„

% is theset
of all orthogonalconcernsin � .

Extensibility of contractscannow be de�ned as the additionof a new concern�

� and its
correspondingdependency relationshipstakinginto accounttheaboverestriction.
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For convenience,we also introducecompatibility amongconcerns. We call a concern ���

(type)compatibleto �K9 if bothconcernshave thesametype. Correspondingly, two concernsare
called(type)incompatibleif they havedifferenttypes.
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%
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% (5.16)

5.2.1 CONTRACT COMPOSITION

Using the de�nitions of contractsandconcernsfrom the previous section,we now discussthe
compositionof contracts.Let � �‡�/g\����g&����!�!�!���g

�i% and �ˆ�‡��‰�����‰��2��!�!�!���‰3u

% be XGuide con-
tracts.Wede�ne acompositionoperatorŠ and ���1����� ��� �2��!�!�!����)‹

% astheresultof thecompo-
sition:

� �Œ� • � (5.17)

Thebasicideaof the Š compositionoperatoris to composeall compatibleconcernsof the
contractstakingall dependency relationshipsintoaccount.Thefunctionalityof Š is thusde�ned
in termsof Š

v

�
Š�Ž

��!�!�! —thecompositionoperatorsfor theconcernsof types g , ‰ , . . . included
in � and � .

Thenumberof concerns* in thecompositionresultis determinedby thenumberof unique
typesof concernsin � and � . Thefollowing simpleconditionalwaysholdsfor * :

* • |}gi~w�/|•�3•

% (5.18)

For thediscussionof contractcompositionwe alsointroduce‘ —thesetof typesoccurring
in the result � of the compositionof � and � . Sinceno new typesareaddedto nor existing
typesareremovedfrom thecompositionresultby doingcontractcomposition,‘ is thesetof all
typeswhich occurin � or � . Thusfor �0�’�“Š � , wede�ne

‘}�=�

%

� 	2')(5*-,������

%

j�Bw��”4��!�!�!.�I*<
 (5.19)

‘}�=�

%

� 	2')(5*-,���gi�

%

j�Bw�•”i��!�!�!.�3•w
ƒ–c	2')(5*-,��/‰��

%

j�B{�•”i��!�!�!��3|—
 (5.20)

Finally, we de�ne �@j ˜ asthe concernin � with type ˜ . For any given contract � , �@j ˜ is
eithertheemptyset(if noconcernof this typeis present)or containsexactlyoneelement(since
only oneconcernof any giventypecanexist in agivencontract).

�@j ˜e�•	+gi�pj�')(5*-,���gi�

%

�8˜Z
 (5.21)

j2�@j ˜Ej™�Œ• š j��@j ˜Ej™�0” (5.22)
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Contract Composability. We call two contracts� and � composableif f thedependenciesin
thetwo contractsareuniquewith respectto therulesfor dependenciesasdescribedabove.
Speci�cally, this meansthat if a type f dependson a type › in � , then f must(if present)
alsodependon › in � , i.e., œ

j•›žO

œ

jŸf<L`M  ¡j•›¢O  djŸf (5.23)

5.2.1.1 COMPOSITION OF ORTHOGONAL CONTRACTS

To begin with, we discussthe compositionof orthogonalcontracts,i.e., contractswhich ex-
clusively containconcernswith no dependencies.Let again � � �/gz����g&����!�!�!���g

�i% and � �

��‰�����‰�����!�!�!��3‰�u

% becontractswith anarbitrarynumberof orthogonalconcerns.Dealingonly with
orthogonalconcerns,we get a set of composed,orthogonalconcerns�/�4����� ����!�!�!.���)‹

% where *

is the numberof orthogonaltypesin �£–¤� . Sinceno dependenciesexist, ¥ƒl+�/�

%

�¦� and
¥§l+���

%

�Œ� . Thecomposition� of � and � is de�ned asfollows:

���1�/�2� �3������!�!�!��3�:‹

%

�Œ�‚• �1�8qƒl5���

%

• qƒl+�/�

% (5.24)

For each ��_`>¨� we distinguishthreecases:the typeof �._ only exists in � , the typeof ��_

only existsin � , andthetypeof �._ existsin both � and � . Thuswede�ne a �._7>©� as:

��_ �

œ

j•›

6

ab‰)9«ªi')(+*\,���‰)9

%

�Œ› (i.e., �¬jŸ›¢�“	&
 )

��_ �  dj•›

6

abgi�wªi')(5*-,��/g&�

%

�‚› (i.e., �@j•›ž��	&
 )

��_ �

œ

j•›
Š

_

 ¡jŸ› abgi�I��‰)9†ª�g&� compatible‰:9

(i.e., �@j•›

6

�•	&
®­¯�¬jŸ›

6

��	&
 )

(5.25)

In otherwords,we simply addall orthogonalconcernsto the resultingcompositecontract
thatdo not have a counterpartof thesametypein theothercontract.For thoseconcernswhich
occurin bothcontracts,weapplythecompositionoperatorfor therespective type.

Example. Given the orthogonalcontracts � � �/g-� �3g��

% and � � ��‰�����‰��

% with '��1�

')(5*-,���gn�

%

�°')(5*-,���‰��

% , we would aggregate �¦�¦���5����� ����� ±

% accordingto the above rules
as �2�§�¨gn�

Š0²´³
‰�� , � �ƒ�¨g�� , and ��±m�¨‰�� .

5.2.1.2 COMPOSITION OF DEPENDENT CONTRACTS

In the caseof generaldependentcontracts,the situationis not asobvious asin the orthogonal
case.We alsohave to considerdependenciesamongconcernsincluding transitive dependency
chains.

in � and � with the lengthof the longestdependency chainof theconcern,i.e., we assign
eachconcernto its correspondingqƒ� whereB denotesthelengthof thedependency chain.Recall
thatevery concerncanonly have a singledependency on anotherconcern(similar to singlevs.
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multipleinheritancein object-orientedprogramming).As aresultwegetlabelsf:��gn�

% onall nodes
gi� of thedirectedacyclic graphof dependency relationsbetweenconcerns.Wecanfurtherdivide
the graphinto levels whereeachlevel consistsof all nodeswith the samelabel, i.e., level B

containsall nodesof qƒ� .
Assumefor thediscussionof compositionof dependentcontractsthat �‡�^��gz����g&����!�!�!���g

�i%

and � � ��‰�����‰��2��!�!�!.��‰3u

% are contractswith an arbitrary numberof orthogonaland depen-
dent concerns. As a result of the compositionof � and � , we get a compositecontract

�0�0��������������!�!�!����)‹

% where* is thenumberof all typesin ��–¬� , i.e., j�‘µ�=�

%

j .
We now de�ne by completeinductionhow contractcompositionis done.We �rst show how

the compositionworks for concernsin q¶l and thendescribehow compositionis donefor qs�

undertheassumptionthatall concernsof qo9 with C`�…B werealreadycomposed.
For qƒl2���

% and qƒl+���

% we dealwith orthogonalconcernsonly andthuscanapply the rules
from theprevioussection.Wecalculateq¶l5�=�

% as qƒl5�/�

%

Š·qml5���

% .
For theconcernsin qƒ� ontheotherhand,theconcernsin qs�¹¸\� in�uencehow thecomposition

is performed.Basically, thecompositionoperatorfor aconcern�

Ž of type ‰ ( Š Ž ) whichdepends
on anotherconcern ��v of type g hasto 'understand'what the compositionoperatorfor type

g ( Š

v

) means.This requiresa way to apply Š

v

to ŠkŽ to reformulate Š1Ž accordingto the
de�nitions in Š

v

.
Wede�ne thereformulatedcompositionoperator º

�

for aconcernof type B thatdependson
type B¼»y” astheresultof applying

º

�#¸\�

to Š

�

:

½

�

�

½

�#¸\�

•

�

�

½

�¹¸Z�

•

�¹¸\�

•

�

�0!�!�!&�

•

l

!�!�!

•

�¹¸\�

•

�

(5.26)

Remark. Note that for orthogonalconcernsof type B
Š

�

� º

�

. For all other concerns,
however, this is usuallynot thecase.

Returningto the compositionof qƒ�)���¾–¿�

% , we de�ne the composition �._’>¾qm�=�=�

% as
follows: be � uy�0�@j |‚º

u

�¬j |¦>@qm�¹¸\���N�

% and � u8O � _ . As in theorthogonalcase,we have
to distinguishthreecases:the ')(+*\,����._

%

�0')_ existsonly in � , ')_ existsonly in � , and 'H_ exists
in both � and � . Wecanthusde�ne a �._7>•qm�=�N�

% as:

� _ �

œ

j•› ��uÁÀ‚�@j |1­¬�¬jŸ›ž�•	&


� _ � º

u

œ

jŸ› ��u

6

À‚�@j |1­¬�¬jŸ›ž�•	&


(5.27)

��_ �  ¡jŸ› � uÂÀ‚�¬j |�­¬�@j•›ž�•	&


��_ � º

u

 ¡j•› � u

6

À‚�¬j |�­¬�@j•›ž�•	&


(5.28)

��_ �

œ

j•›Âº

_

 ¡jŸ› �@jŸ›

6

��	&
m­¬�¬j•›

6

��	&


(5.29)

This meansthat if thereis neithera concernof type › in � nor a concernof type | in � ,
we cansimply take what is de�ned in � . If no concernof type › is de�ned in � but a concern
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of type | is de�ned in � , we apply thereformulatedcompositionoperatorof type | (
º

u

) to
thede�nitions of type › in � ( �@j•› ). Thesameappliesvice versefor � . If a concernof type ›

is presentin both � and � , we usethereformulatedcompositionoperatorfor type | ( º

u

) on
Š

_

to obtainthereformulatedcompositionoperatorfor type › (
º

_

).

Remark. Note that we can reformulateboth compositionoperatorsas well asconcernsby
applyingcompositionoperatorsof typesthey dependon asunaryoperators.If we usea
compositionoperatorasabinaryoperator, weactuallycomposetwo concernsof thesame
typeto form acompositeconcern.

Example. Extendingthe previous exampleon orthogonalcontracts,assumecontracts� �

�/gR����g&�

% and �1���/‰����3‰ �

% with '��§�’')(5*-,���gn�

%

�8')(+*-,��/‰��

% , gn�§O g&� , and ‰��§O ‰�� .

Thecontractsin this examplecannotbe composedbecausethey arenot compatible,i.e.,
gn� and ‰�� have the sametype but do not have thesamedependencies.Speci�cally, gQ� is
orthogonalwhile ‰�� dependson ‰�� .

Example. A slight modi�cation of the previous examplemakes the contractscomposable.
Assumecontracts� �¦��gR����g&�

% and �¦�ˆ��‰�����‰��

% with '3�b�£')(5*-,��/gR�

%

�^')(+*-,��/‰��

% , ')�¢�

')(5*-,���g&�

% , ')±ƒ�8')(+*-,��/‰��

% , gn�§O g&� , and ‰ �mO ‰�� .

In this case,both gR� and ‰�� areorthogonalandthe typesof the concernsthat dependon
themaredifferentwhichdoesnotviolatethecomposabilitycondition.

Following the rulesof contractcompositionasdescribedabove, we createandlabel the
dependency graphanddivide it into thefollowing disjunctlevels: qÃl5���1–—�

%

�Ä	+gn����‰���


and q?�.�/�°–@�

%

�ˆ	+g&�2��‰���
 . Startingwith the orthogonalconcerns,we would calculate
qƒl2�=�

% as ���Å�¨gR�
Š0²

³

‰�� . For g&� wehaveadependency on g\� but wedonothaveaconcern
of type ')� in � . Thuswe applythereformulatedcompositionoperatorŠ

²
³

�
º

²
³ to g�� :

� �ƒ�Œº
²´³

g&� . Thesamestepshave to bedonefor ‰2� : � ±m�‚º
²´³

‰�� .

Theabovede�nitions andcompositionrulesform thebasisfor contractcompositionasused
in XGuide. It is alreadyclearthattheintroductionof dependentconcernssigni�cantly increases
the complexity of the overall compositionsincedependentconcernshave to 'understand'the
compositionoperatorsof theconcernsthey dependon. Fortunately, themostimportantcontract
concernsusedin Web applications(the content,the layout and the applicationlogic) do not
requiredependentconcerns.Additional concernssuchasaccesscontrolor meta-data,however,
do.

Thenext sectiondemonstratesa concreteimplementationof theformal contractmodelpre-
sentedhere.Contracts,concernsandcompositionoperatorsarecompletelyformulatedin XML
andtheresultof acompositionoperationagainis anXML document.
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5.3 XGUIDE CONTRACTS - XCONTRACTS

SinceXGuide focuseson XML-basedWeb engineeringandwe aimedat expressingcontracts
declaratively, it standsto reasonto useXML asthecontractlanguage.This choiceis especially
bene�cial sincesomecontractconcernscandirectly beexpressedin anXML language.Using
XML ascontractlanguagealsoprovidedus with a rich setof librariesandtools that could be
usedto createandmanipulatecontracts.

A �rst importantpropertyof a contractis thatit mustbeuniquelyidenti�able. Thusall con-
tractshaveauniqueidenti�er togetherwith a version.Theidenti�er is necessaryto differentiate
betweenthevariouscontracts.Theversionidenti�er distinguishesmultipleinstancesof thesame
contract.Multiple contractinstancesoccurif contractsevolve over time to satisfyextendedor
changedrequirementsof pages.Neverthelessotherpagesreferencingthe samecontractmight
not ful�ll theupdateandstill conformto theoriginalversionof thecontract.As aresult,boththe
contractidenti�er andtheversionidenti�er arenecessaryto unambiguouslyidentify a contract.

The structureof an XContractwrappingthecontractconcernsis shown in Figure5.1. The
xcontract documentelementandall contract-relatedelementsandattributeslie in the http:
//www.infosys.tuwien.ac.at/xg uide/ cont ract namespace.Thecontractandthe
versionidenti�er arebothrequiredattributeson thedocumentelement.

<?xml version="1.0"?>
<xcontract xmlns="http://www.infosys.tuwien.ac. at/xgu ide/c ontra ct"

id="SampleContract"
version="0.9"

>

<!-- concern definitions go here -->

</xcontract>

Figure5.1: Thestructureof anXContract.

As we pointedout before,a contractbasicallyis a collectionof contractconcerns.Each
contractconcerndescribesa certaincharacteristicof the Web componentor pageandmay, or
maynot,dependon otherconcerns.

As shown in Figure5.2, concernsareencapsulatedby theconcernelementandagainhave
anidenti�er attribute. Sincewe wantto beableto usearbitraryXML languagesto describethe
contentof a concern,we usetheconceptof XML namespacesto distinguishthevariousvocab-
ularies.In Figure5.2,thestructureconcernis representedby anXML schema(i.e.,by elements
from thehttp://www.w3.org/2001/XMLSche manamespace)andthe interfaceconcern
is representedby our own interface de�nition language(i.e., by elementsfrom the http:
//www.infosys.tuwien.ac.at/xg uide/ conc erns/ inte rface namespace).

Having introducedthiscontractstructure,theextensibilityrequirementof contractscaneasily
besatis�ed. To extendthecontract,only a new concernelementwith contentin theappropriate
markuplanguagehasto beadded.Theonly constraintis thattheconcernidenti�ers mustremain
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"

id="SampleContract"
version="0.9"

>
<concern type="Structure">

<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLS chema">

<!-- XML schema for component goes here -->

</xsd:schema>
</concern>
<concern type="Interface">

<idl:interface xmlns:idl="http://.../xguide/concern s/int erfac e">
<idl:in>

<idl:param name="page_id" type="int" dimension="0" />
</idl:in>

</idl:interface>
</concern>
<concern type="SomethingElse">

<ref src="external.xml" />
</concern>

</xcontract>

Figure5.2: An XContractwith concernsfrom differentnamespaces.

unique.Anotherdistinguishingcriterionfor concernsshown in Figure5.2is thatconcernscanbe
speci�ed directly in thecontractor merelyreferencedin thecorrespondingconcernsection.In
thecaseof thestructure andinterfaceconcerns,theconcernspeci�cationis inline, i.e., directly
provided in the contractusingdifferentnamespaces.The SomethingElseconcern,however, is
external, i.e., only referencesan external de�nition storedin the external.xml �le. The
importantadvantageof external concernde�nitions over internal onesis that they can easily
be reusedin multiple contracts.Inline concerns,on the otherhand,cannotbe embeddedin or
referencedfrom othercontractsandthusareonly usablein onecontract.

Before delving into the detailsof the structureand interfaceconcerns,we �rst introduce
thenotion of an implementationconcernversusa contract concern. Contractconcernsarethe
varioussubsectionsof contractsthatdescribethevariousaspectsof thespeci�cation.Implemen-
tation concerns,on the otherhand,arethe concernsusedin concreteimplementationsof Web
pagesandcomponents.

The interestingfact is that themappingof contractconcernsto implementationconcernsis
not necessarilya one-to-onemapping. The structurecontractconcern,for instance,is usedas
speci�cationinformationfor thecontentimplementationconcern(i.e.,it de�nesthestructureand
datatypesof thecontentdocument)andthelayoutimplementationconcern(i.e.,thedevelopment
of XSLT stylesheetsonly dependson the structureinformationin the schema).Othercontract
concerns(e.g.,theinterfaceconcern)directlymapto implementationconcerns(e.g.,in aspeci�c
programminglanguage).
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As a result,contractsfor the dominantthreeimplementationconcernsin Web engineering
(content,layout andapplicationlogic) only requiretwo contractconcerns(structureandinter-
face).Thefollowing subsectionsdiscussbothof thesecontractconcernsin detail.

5.3.1 THE STRUCTURE CONTRACT CONCERN

Thestructurecontractconcernis theheartof anXContract.It relieson theW3C XML Schema
recommendation[24,143]andde�nesboththestructuralandthedatatypeconstraints.Depend-
ing on the type of the concern(inline vs. external), the schemadocumentis either directly
embeddedin or only referencedby thestructuralconcern.We do not presentmoreinformation
aboutthe XML Schemarecommendationherebut refer the interestedreaderto the excellent
primer of the recommendation[53]. Figure5.3 shows the (internal)structureconcernsnippet
from asamplecontractfor aWebpage.

5.3.2 THE INTERFACE CONTRACT CONCERN

The interfacecontractconcernis morecomplex to introducebecauseno XML dialectcovering
input- andoutput interfacesasneededin XGuide exists. As a consequence,we introduceour
own markuplanguageto describethe input andoutputrequirementsof pagesandcomponents.
RecallthatanXGuidecomponentcanonly have a singleinput interfacestatingtheinformation
neededto createthe component.In contrast,a componentcanhave multiple outputinterfaces
accordingto the numberof embeddedWeb forms. Output interfacesconsequentlyrequirean
identi�er attributewhereasthesingleinput interfacedoesnot.

Both input andoutputinterfacessharea commonstructureconsistingof a setof parameters
thathave a name,a (data)typeanda dimension.Thedimensionattributespeci�esthewhether
a parameteris anarray, andif so,what its dimensionis. Accordinglya parameterof dimension
0 representsa singlevalue,a parameterof dimensiononea 1-dimensionalarrayof the given
type,andsoon. Note that thenotionof an interfacein XGuidediffers from interfacesasused
in softwareengineering.XGuide interfacesonly contain�eld membersbut no methods.The
reasonfor this restrictionis that alwaysa singledefault methodis (implicitly) usedby clients
of theinterfaces.For input interfacesof pagesandcomponents,this is theinstantiateoperation;
for output interfacesit is the submitoperation. Supportingadditionalmethodsin the XGuide
interfaces(e.g.,displaycomponent,destroy page,etc.) only makessenseif thecreatedsystem
needsto be dynamicallyeditedat runtime(seethe Dexter hypertext model [75] for detailson
this idea);XGuidecurrentlydoesnotsupportdynamiceditingof Webapplications.

Figure5.4 depictsthe input andoutput requirementsof a Web pagethat takesa string ar-
gumentasinput andprovidestwo outputinterfaces(i.e., two separateWeb forms). Thesearch
outputinterfaceprovidesa stringargument(e.g.,thesearchterm). Theorder interfacecontains
two integerargumentsrepresentingaproductidenti�er andthequantityto beordered.Thiscon-
stellationof interfacescould,for example,occurin a shoppingcartcontractthattakestheuser's
nameasinput to displaya customizedwelcomemessageandprovidesa productandquantity
selectionform togetherwith a (separate)searchform.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"

id="SampleContract" version="0.9"
>

<concern type="Structure">
<xs:schema xmlns:xs="http://www.w3.org/2001/ XMLSchema"

targetNamespace="http://xguide/we bpage"
xmlns="http://xguide/webpage"

>

<xs:element name="webpage">
<xs:complexType>

<xs:sequence>
<xs:element name="header" type="xs:string" />
<xs:element ref="content" />
<xs:element name="footer" type="xs:string" minOccurs="0" />

</xs:sequence>
<xs:attribute name="lang" type="xs:string" use="required" />

</xs:complexType>
</xs:element>

<xs:element name="content" type="ContentType"></xs:element>

<xs:complexType name="ContentType" mixed="true">
<xs:choice minOccurs="0" maxOccurs="unbounded">

<xs:element name="b" type="xs:string" />
<xs:element name="em" type="xs:string" />

</xs:choice>
</xs:complexType>

</xs:schema>
</concern>
<!-- other concerns go here -->

</xcontract>

Figure5.3: Thestructureconcernof asampleXContractfor aWebpage.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"

id="SampleContract" version="0.9"
>

<concern type="Interface">
<idl:interface xmlns:idl="http://.../xguide/concern s/int erfac e">

<idl:in>
<idl:param name="user_name" type="string" dimension="0" />

</idl:in>
<idl:out name="search">

<idl:param name="keyword" type="string" dimension="0" />
</idl:out>
<idl:out name="order">

<idl:param name="product_id" type="int" />
<idl:param name="quantity" type="int" />

</idl:out>
</idl:interface>

</concern>
<!-- other concerns go here -->

</xcontract>

Figure5.4: Theinterfaceconcernof asampleXContractfor ashoppingcartWebpage.

Theonlyelementsin thehttp://www.infosys.tuwien.ac.at /xgui de/c oncer ns/
interface namespacearetheinterface, in, outandparamelements.Thein andout elements
encapsulatethe input andoutput interfacesrespectively. The param elementrepresentsa sin-
gle argumentwith the speci�ed nameanddatatype in the respective interface. As explained
above,thedimensionattributedeterminesthedimensionof arraytypes.Notethatthedimension
attributecanbeomittedto usethedefault dimensionof zero.

The introductionof XContracts,contractconcernsand the contractextensibility model is
only a preparationfor the discussionof how contractscan be composed.The formal model
presentedin Section5.2 alreadyde�ned compositionoperatorsfor orthogonalanddependent
concerns.Thebasicstructure andinterfaceconcernsof XGuidecontractsarebothorthogonal.
Thenext sectionextendsour notionof XContractswith thede�nition of compositionrulesand
operatorsfor theseconcerns.

5.4 CONTRACT COMPOSITION

If we think of contractsasXML documentsasoutlined in the previous section,composition
meansto processandmergethecontractdocumentsto createtheresulting(composite)contract–
againin XML form. Althoughtheircontractssyntacticallydonotdiffer, recallthatwedistinguish
betweenpagecontractsandcomponentcontracts.Only the latter canbe embeddedinto other
componentsandpages;the former cannotbe reusedor further composed.Thuswhenwe talk
aboutcontractcompositionwe alwaysmeanthe compositionof a componentcontractwith a
pageor anothercomponentcontract.
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Also notethatcomposingtwo contractsdoesnot createa third, completelynew contractbut
embedsonecontractinto the other. The resultinghierarchyof composition(i.e., embedding)
dependenciesis naturalfor Webapplicationswherereusablepagefragments(e.g.,theheaderor
navigationbar)areembeddedinto pages.

Basically, two alternative waysof composingcontractsarepossible:composition-by-copy
andcomposition-by-reference. In the �rst case,the referencedcontractis mergedwith the re-
ferencingcontract. Oncethe contractsaremerged,the compositionis transparent,i.e., no in-
formationon what contractwasreferencedandhow thecompositionoperationwasperformed
exists.Usingcomposition-by-reference,on theotherhand,thecontractsareonly linkedandthe
compositionoperation ratherthanthereferencedcontract is addedto thereferencingcontract.

In thecaseof XContracts,composition-by-copy meansto mergetheXML fragmentsrepre-
sentingthecorrespondingcontractconcerns.TheresultingXML fragmentthenreplacestheorig-
inal contractconcernde�nition in thereferencingcontract.This hastheadvantagethatchanges
to thereferencedcontractcannever breakthereferencingcontract.This fact,at thesametime,
is alsoa downsidesinceupdatesto the referencedcontractarenot propagatedandhave to be
integratedmanuallyinto a potentiallylarge setof contracts.Evenworse,if a contractembeds
severalcomponentcontractsby copy, it mightnotbepossibleto undothecompositionoperation
to integratea new versionof oneof thecomponentcontracts.

Alternatively, usingcomposition-by-referencebetterfacilitatesreuseandchangepropaga-
tion. However, it resultsin a problemsimilar to the fragile baseclassproblem[136] in object-
orientedinheritance. Changesto the referencedcontractsare immediatelypropagatedto all
referencingcontracts,but might well requirea subsequentupdateof the compositionoperator
in the referencingcontract.We meetthis problemby supportingstronglytypedcontractrefer-
ences,i.e., both thecontract's uniqueidenti�er andthe full versionnumberareincludedin the
reference.Thusif a referencedcomponentcontractis upgraded,it getsa new versionnumber
andreferencesto previousversionscontinueto work. Thuswe donot supportautomaticchange
propagationto thereferencingcontractsbut requireanupdateto thecontractreferenceto thenew
versionof theembeddedcontract.Theadvantageof thisapproachis thatnounexpectedchanges
arepropagatedandtheresultof a contractupdateis morepredictable.Updatinga contractref-
erenceto a newer versionof the contractis still easysinceonly theversioninformationof the
contractreferencehasto beupdated.

In thediscussionof theformal contractmodelwe statedthatcontractcompositionmeansto
iterativelycomposeall contractconcerns.As aresult,acontractcompositionoperatorconsistsof
a setof concerncompositionoperatorsfor theconcerntypespresentin thecontracts.Figure5.5
demonstrateshow theconcerncompositionoperatorsareaddedto thecontract.A separatecom-
positionrefselementcontainsall compositionreferences.Compositionreferencesareiteratively
integratedinto the contract. Thusin the exampleshown in Figure5.5, �rst a.contract is inte-
gratedandthenb.contract is addedto theresultof the�rst composition.Eachreferencespeci�es
a strongcontractreference(i.e., theuniqueidenti�er andtheversionof thereferencedcontract)
andprovidescompositionoperatorsfor all concerns.

Thesubsequentsectionspresentin detailtheconcerncompositionoperatorsfor thestructure
andtheinterfacecontractconcerns.They also�ll in themissingdetailsof theXML representa-
tion of theoperatorsasusedin XContracts.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"

id="SampleContract" version="0.9"
>

<concern type="Structure">
<!-- structure definition goes here -->

</concern>
<concern type="Interface">

<!-- interface definition goes here -->
</concern>
<compositionrefs>

<reference to="a.contract" version="1.2">
<composition type="Structure">

<!-- structure composition operator goes here -->
</composition>
<composition type="Interface">

<!-- interface composition operator goes here -->
</composition>

</reference>
<reference to="b.contract" version="0.9">

<composition type="Structure">
<!-- structure composition operator goes here -->

</composition>
</reference>

</compositionrefs>
</xcontract>

Figure5.5: Thestructureof anextendedXContractwith concerncompositionoperators.
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5.4.1 COMPOSITION OF STRUCTURE CONTRACT CONCERNS

Obviously, theconcerncompositionoperatorsthemselvesdirectly dependon the typesof con-
cernsto be composed.We alreadyoutlinedat the beginning of the chapterthat we useXML
Schemade�nitions to de�ne thestructureof a component.As a consequence,we needto de�ne
operatorsfor schemacompositionfor thestructurecontractconcern.

Our experiencein theWebengineeringdomainandananalysisof existing Websitesled us
to the assumptionthat complex compositionoperatorsfor Web componentsarenot necessary.
Usually componentsare integratedat prominentplaces(e.g.,only at the top-level of an XML
DOM treeor thebeginningof a givenelement).More sophisticatedcompositionoperatorsthat
could,for example,supportintegrationof componentssomewherein themiddleof asequenceor
collectionof elements,arenot used.This compositionbehavior is easyto understandgiventhe
fact that complex compositionoperationsimmenselyincreasethe complexity of a pagebut do
not addmuchadditionalvalue. This is especiallytruesincere-arranging,modifying or sorting
of elementsis subsequentlydoneby anXSL transformationratherthanby embeddingcontentat
theright places.

As anoutcomeof this observation,we alsokeepthestructurecompositionoperationsimple
andonly supportoperatorsthataddthereferencedstructureconcernatthebeginningor endof an
existingelementde�nition. Thisis alreadymorethanis usedin mostof today'sWebapplications
andstill straightforwardenoughto not increasecontractcomplexity too much. More powerful
compositionoperatorsthatfully exploit or evenextendthecompositionmechanismsin theXML
schemarecommendationcaneasilybeintegrated.Until weexperienceaneedfor suchpowerful
compositionmechanisms,we only supportthe default compositionoperatorthat speci�es the
elementandwhere(at thebeginningvs. at theend)thereferencedcomponentshouldbeadded.
Figure5.6showsasamplestructurecompositionoperator.

Thecontractin theexamplecontainsa simpleXML schemafor a Webpage.As de�ned in
thecontract's structureconcern,a Webpageonly consistsof stringcontent.We thenspecifya
compositionreferenceto thecontractof a headercomponent(header.contract). We furthersay
that the componentshouldbe structurallyaddedat the beginning (in the positionattribute) of
the webpage element.Assumingthat the headercomponentde�nes a headerelementof type
HeaderType, theresultingstructureconcernis displayedin Figure5.7. Sincethecompositionis
by referenceandspeci�ed by thecompositionoperator, this resultingconcernrepresentationis
only usedinternally.

5.4.2 COMPOSITION OF INTERFACE CONTRACT CONCERNS

With thecompositionoperationof thestructureconcernin place,wenow turnto thecomposition
of interfaceconcerns.Composinginterfacesis a morecomplex taskthancomposingschemas
sincewe have to deal with nameclashes,type con�icts and dimensionaldependencies,i.e.,
potentialadjustmentsof anargument's dimension.As a �rst step,we distinguishbetweencom-
positionof input interfacesandoutputinterfaces.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"

id="SampleContract" version="0.9"
>

<concern type="Structure">
<xs:schema xmlns:xs="http://www.w3.org/2001/ XMLSchema"

targetNamespace="http://xguide/we bpage"
xmlns="http://xguide/webpage"

>
<xs:element name="webpage">

<xs:complexType>
<xs:sequence>

<xs:element name="content" type="xs:string"/>
</xs:sequence>

</xs:complexType>
</xs:element>

</xs:schema>
</concern>
<!-- other concerns go here -->
<compositionrefs>

<reference to="header.contract" version="1.2">
<composition type="Structure">

<operator elementName="webpage" position="beginning" />
</composition>

</reference>
<!-- more references go here -->

</compositionrefs>
</xcontract>

Figure5.6: Thestructureconcerncompositionoperatorof a sampleWebpagethatreferencesa
componentcontract.

<concern type="Structure">
<xs:schema xmlns:xs="http://www.w3.org/2001/ XMLSchema"

targetNamespace="http://xguide/we bpage"
xmlns="http://xguide/webpage"

>
<xs:element name="webpage">

<xs:complexType>
<xs:sequence>

<xs:element name="header" type="HeaderType" />
<xs:element name="content" type="xs:string"/>

</xs:sequence>
</xs:complexType>

</xs:element>
<!-- more definitions go here -->

</xs:schema>
</concern>

Figure5.7: Thestructureconcernafter thecompositionwith thecontractof theheadercompo-
nent.
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5.4.2.1 OUTPUT INTERFACES

RecallthatoutputinterfacesrepresentWebformsthatareembeddedin a page.In otherwords,
anoutputinterfacecontainsanargumentfor every �eld, checkboxor optiontheuserentersin a
Web form. If thepagecontainsmultiple forms,multiple outputinterfacesaregenerated.Now
imaginethatyou embeda componentcontaininga Webform into anexistingpage.This simply
meansto add the whole form to the page;it doesnot make senseto combinethe form with
another, existing form. As a consequence,compositionof forms is in mostcasescumulative.
This meansthat if we referencea componentthatcontainsa form, i.e., hasanoutputinterface,
we simply adda new outputinterfaceto thereferencingcomponent.Theonly potentialcon�ict
with this strategy is thata form with thesamenamealreadyexistsin thereferencingcomponent
whichmeansthatwehave to renameoneof theformsto resolve thenameclash.

We considera singlespecialcasewhencomposingoutputinterfaces.If we embedthesame
form multiple timesin a page,we do not adda new output interfacefor eachnew instanceof
theform but unify themwith analreadyexisting or previously addedone. A goodexamplefor
this scenariois Google's searchresultpage.It containsa searchform bothat thetop andat the
bottomof theresultpage.In XGuide,we couldmodelthesearchform asa separatecomponent
that is includedtwice into the resultpage. The interfaceconcernof the resultpage,however,
would only containa single output interfacethat is usedby both forms and that submitsthe
searchinformationto thesearchengine.

5.4.2.2 INPUT INTERFACES

For input interfaces,the situationis morecomplex. The compositionoperationdoesnot deal
with thewholeinput interfacebut de�nesacompositionoperatorfor everyparameterin theinput
interfaceof thereferencedcomponent.This is necessarysincetheresultingpagecanagainhave
only a singleinput interfacethathasto alsoincludetheargumentsrequiredfor theinstantiation
of thereferencedcomponent.This meansthatunlike outputinterfaces,input interfaceshave to
bemergedandpotentialcon�icts betweeninterfaceargumentsmustberesolved.

For the purposeof this discussion,considera page

œ

that referencesa component  . The
parametersof theinput interfacesof

œ

and   aredenotedas �/gz���3g�����!�!�!.��g

�&% and ��‰�����‰��2��!�!�!���‰3u

%

respectively. TheXGuidecomponentwebfor this scenariois shown in Figure5.8.
Whencomposinginput interfaces,we distinguishthefollowing four compositionoperations

for composingagivenparameter‰ � with theinput interfaceof

œ

:

COMPOSITION-BY-ADDITION

Composition-by-Additionis the simplestcaseof compositionwhereno semanticrelationship
existsbetweencomponent  andpage

œ

. No semanticrelationshipin this context meansthat
the informationin component  doesnot dependon the information in the input interfaceof
page

œ

. Hence,each ‰�� is independentof any parameterg49 in the input interfaceof

œ

. As
a consequence,‰ � is simply addedto

œ

's input interfaceresultingin the new input interface
��gn����g&����!�!�!��3g

�

��‰3�

% for

œ

.
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(a) Page Æ with
input interface
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(b) Component Í

with input interface
Î
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.

Figure5.8: Thecomponentwebfor thesamplescenario.

Considera pageÐ that displaysthe currentuser's name. Its only input requirementis the
usernameasshown in Figure5.9(a).

(a) Page Ñ taking a
usernameasinput.

(b) The semantically
independent compo-
nent Ò .

(c) Theresultof thecomposi-
tion operation.

Figure5.9: Samplescenariofor thecomposition-by-additionapproach.

An exampleof a semanticallyindependentcomponentÓ (with respectto pageÐ ) couldbe
a menubar that takesthecurrentpageidenti�er asinput to highlight thecurrentlyviewedpage
or section(seeFigure5.9(b)). The input interfaceof componentÓ is clearly independentof
the input interfaceof pageÐ asit doesnot dependon thegivenusername.Consequently, the
input interfaceof the compositepage Ð

Š
Ó is a union of the input interfacesof Ð and Ó ,

i.e., theusernameandthepageidenti�er. Theresultof thecompositionoperationis shown in
Figure5.9(c).

In theconcretesyntaxof anXContract,composition-by-additionis denotedasshown in Fig-
ure 5.10 (only the interfaceconcernis shown). For eachparameterin the input interfaceof
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the referencedcontracta <param-ref> elementis addedthat containsan operationde�ni-
tion (in the <op> element)to specifyhow the parametershouldbe composed.In the caseof
composition-by-addition,the typeattributesimply statesthat theparametershouldbeaddedto
theinput interfaceof thereferencingpageor component.

<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="PageXContract" version="1.0">

<concern type="Interface">
<idl:interface xmlns:idl="http://.../xguide/concern s/int erfac e">

<idl:in>
<idl:param name="username" type="string" dimension="0" />

</idl:in>
</idl:interface>

</concern>
<compositionrefs>

<reference to="y.contract" version="1.0">
<composition type="Interface">

<param-ref name="page_id" type="int">
<op type="add" />

</param-ref>
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure5.10:A partialXContractdemonstratingthesyntaxof thecomposition-by-additioncom-
positionoperator.

Anotherexamplefor the composition-by-additionoperationis a shoppingcart application
that usesa statuscomponentto displaythe user's currentsettings(e.g.,paymentanddelivery
options). The statuscomponentrequiresthe useridenti�cation as input parameteruser id to
identify theuser. If we thencomposethestatuscomponentwith anoverview pagethatdoesnot
requireany input parameters,composition-by-additionwould addtheuseridenti�cation param-
eteruser id to theoverview page's input interface.

Notethatcomposition-by-additiondoesnot changethetypeor dimensionof thereferenced
parameters.They aresimply addedto theexisting input interface.To resolve potentialnaming
con�icts betweenexisting andaddedparameterswith the samename,we supportrenamingof
the addedparameter. We could, for instance,renamethe user id parameterfrom the previous
exampleto statususer id in thecompositeto indicatethattheparameteris requiredby thestatus
component.Sincenonameclashesexist in thisexample,wecanbut by nomeanshaveto rename
theparameter.

COMPOSITION-BY-UNIFICATION

A completely different situation arisesif semanticallydependentinterfacesare composed.
Composition-by-Uni�cationdealswith parameters‰�� that aresemanticallydependenton a pa-
rameterg59 , i.e., representthesameinformation. In this case,theparameter‰.� is uni�ed with an
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alreadyexisting parameterg™9 in the input interfaceof

œ

. Obviously, g49 and ‰�� mustbe of the
sametypeto make this work. Theresultinginput interfaceis theunmodi�ed input interfaceof

œ

. Only thecorrespondenceinformationbetween‰.� and g59 needsto bepreserved.
In a shoppingcart scenario,considera page ÔÕg&Ö5' that displaysthe contentsof the user's

shoppingcart. It alreadyde�nesaninput interfacewith parametercurrent userthatis neededto
retrievethecurrentuser'sshoppingcart(Figure5.11(a)).If wecomposethispagewith thestatus
component(Figure5.11(b)),we canunify thestatuscomponent's user id input parameterwith
theexisting current userinputparameter. Theresultingcomponenthasthesameinput interface
asthe ÔÕg&Ö5' page–annotatedwith thecorrespondenceof thecurrent useranduser id parameters
(Figure5.11(c)).

(a) The shopping
cart page taking a
usernameasinput.

(b) The status
component
requiring a
user id.

(c) The result of the composi-
tion operation.

Figure5.11:Samplescenariofor thecomposition-by-uni�cationapproach.

The syntacticrepresentationof composition-by-uni�cationin XContractsis shown in Fig-
ure5.12. As in thecomposition-by-additioncase,eachparameterof thereferencedinput inter-
faceis representedby a <param-ref> element.Thecompositionoperator, however, differs.
Thetypeattributeof theoperatorindicatesthatthereferencedparameteris uni�ed with anexist-
ing oneandthewith attributespeci�esthenameof thecorrespondingparameter.

Noteagainthatcomposition-by-uni�cationonly works for parametersof thesametypeand
dimension.Simpletransformationor castoperatorscould be imagined(e.g.,uni�cation of an
integerwith a long parameter)but arecurrentlynot viewedrelevant in practiceanddo not con-
ceptuallycontribute to the compositionoperation.Suchspecialuni�cation rulescanbe easily
addedby any implementation.Unlike composition-by-addition,the original input interfaceof
thereferencingpageremainsunchanged;only meta-informationaboutthecorrespondencerela-
tionshipsis added.

COMPOSITION-BY-ADAPTATION

Composition-by-adaptationis anextendedversionof composition-by-addition.It supportsmod-
i�cation of the referencedinput parametersdependingon the context wherea componentis
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="PageXContract" version="1.0">

<concern type="Interface">
<idl:interface xmlns:idl="http://.../xguide/concern s/int erfac e">

<idl:in>
<idl:param name="current_user" type="string" dimension="0" />

</idl:in>
</idl:interface>

</concern>
<compositionrefs>

<reference to="status.contract" version="1.0">
<composition type="Interface">

<param-ref name="user_id" type="string">
<op type="unify" with="current_user" />

</param-ref>
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure5.12: A partial XContractdemonstratingthe syntaxof the composition-by-uni�cation
compositionoperator.

embedded.The typical applicationof composition-by-adaptationis to embeda componentfor
eachitem in agivenenumerationor iterationin apage.

Imaginea pagein theshoppingcartscenariothat lists all customerswith their status.Thus,
thestatuscomponentis not only embeddedonce,but for every customerin thelist. Figure5.13
demonstratesthis situation. The ¥§B=×�' pagetakes a list of usernamesas input parameter. It
furtherreferencesthestatuscomponentthatdisplaysthestatusof asingleuserandtakestheuser
identi�cation asinput(Figure5.13(b)).In thecompositionprocess,wehaveto updatetheuser id
parameterof thestatuscomponentfromasingleuseridenti�cation to alist of useridenti�cations,
i.e., increasetheparameter'sdimensionby one.Theupdatedparameteris thenaddedto theinput
interfaceof thecustomerlist pageandresultsin the�nal input interfaceshown in Figure5.13(c).

Thusa ‰3� in the input interfaceof the referencedcomponentis not directly addedto

œ

, but
modi�ed (resultingin ‰��ÙØ ) andonly thenaddedto

œ

's input interfaceforming thenew input in-
terface ��gn� ��g&�2��!�!�!.��g

�

��‰3�ÙØ

% . The adaptationof an input parameteralwaysresultsin a modi�ed
dimensionattributeof theparameter. We do not supportotheradaptationssuchastypetransfor-
mations.

TheXML notationof thecomposition-by-adaptationoperatoris shown in Figure5.14. The
parameterreferenceof theuser id parameterspeci�esasingleintegervalue(dimensionis zero).
In thecompositionoperatorthedimensionis increasedby oneresultingin anintegerarraydata
type.

Frequentlybut not necessarilyis the increasein the dimensionof the parametertype an
increaseby one. If a componentis embeddedin a cascadediteration(e.g.,a list of customers
thatfor eachcustomercontainsa list of accountswith differentpaymentoptions),thedimension
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(a)The ÚzÛXÜ:Ý pagetakinga list
of usernamesasinput.

(b) The status com-
ponent requiring a
user id.

(c) The result of the composi-
tion operation.

Figure5.13:Samplescenariofor thecomposition-by-adaptationapproach.

<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="CustomerList" version="1.0">

<concern type="Interface">
<idl:interface xmlns:idl="http://.../xguide/concern s/int erfac e">

<idl:in>
<idl:param name="customer_names" type="string" dimension="1" />

</idl:in>
</idl:interface>

</concern>
<compositionrefs>

<reference to="status.contract" version="1.0">
<composition type="Interface">

<param-ref name="user_id">
<operator type="add" dimension="+1" />

</param-ref>
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure 5.14: A partial XContractdemonstratingthe syntaxof the composition-by-adaptation
compositionoperator.
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can increaseby two. Similarly the increaseis not always from dimensionzero to dimension
one. If thereferencedcomponentalreadytakesa parameterof dimensionone,for example,the
dimensionwill be increasedto two. An exampleof this scenariocould be a list of customers
that displaysthe list of items currently in eachcustomer's shoppingcart. The shoppingcart
componentwouldtakeaparameterrepresentingalist of articles(dimensionis one).If weembed
this componentin a pagewith a list of customers,theparameter's dimensionis changedto two
to holda list of articlesfor everycustomer.

A specialcaseof composition-by-adaptationis a combinedadaptationanduni�cation. Con-
sideragaintheexampleshown in Figure5.14.If wechangethecustomernamesinputparameter
into a customerids parameter, we �rst have to adaptthe dimensionof the statuscomponent's
user id by one(sinceit is embeddedin a list) andthenunify the modi�ed parameterwith the
existing customerids input parameter(sincethe customerids parameteralreadycontainsthe
necessaryuseridenti�cation information).

COMPOSITION-BY-OMISSION

Finally, composition-by-omissiondescribesthe scenariowhenthe input parameter‰�� of a ref-
erencedcomponentis not addedat all to the input interface

œ

of the referencingpage. This
situationoccursif thereferencingpageitself canprovide theinput parameterfor thereferenced
component.This most frequentlyhappenswith internalparametersthat arenot visible to the
user. Thevaluefor suchaparameteris directlyevaluatedby anXPathexpressionin thereferen-
cing page.As a result,theinput interfaceof

œ

remainsunchanged.Thecompositiononly adds
themetainformationhow to retrieve thevaluefor ‰�� to theinterfaceconcern.

Consideragainthepagedisplayinga list of customersaspresentedin previoussections.In-
steadof embeddinga statuscomponent,we now referencea navigationcomponentthat is used
to displaya customizednavigation bar dependingon the currentlyviewed page(e.g., the cur-
rently viewed item in the navigation bar is highlighted). Figures5.15(a)and5.15(b)show the
componentwebfor this scenario.The ÔeÞß×�':à5|},�Ö4¥§BN×�' pagereferencesthe á¡g&âZB/thg&')BIà+• compo-
nent.Thecustomerlist againtakesa list of customernamesasinput. Thenavigationcomponent
requiresthepageidenti�er (page id) of thecurrentlyviewedpageasinputargumentto highlight
theappropriatenavigationentry.

Thepageidenti�er of a pageis usuallyencodedin thepageitself, e.g.,asanattributeof the
documentelement.Figure5.16shows a snippetfrom a typical Webpagewith a pageidenti�er.
Thepageidenti�er is encodedasanattributeof the<webpage> documentelement.

To satisfythe input requirementsof thenavigationcomponent,we don't have to adda new
parameterto the input interfaceof the customerlist pagebut simply specifyhow the compo-
nentcanaccesstherequiredvalue. We useXPathexpressionsfor this purpose.In theexample
in Figure5.16,theexpressionwould be /webpage/@pageId . Thustheadditionalinput re-
quirementof the referencedcomponentis never visible externally but satis�ed at composition
time.

Figure5.17depictstheXML syntaxof thecomposition-by-omissionoperator. Thetypeat-
tributeof thecompositionoperatorelementindicatesthatcomposition-by-omissionis used.The
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(a) The ã{ä&Ü:ÝXå3æ†çKè�Ú-ÛXÜHÝ

pagetakinga list of user
namesasinput.

(b) The naviga-
tion component
requiring a
page id.

(c) The result of the composition
operation.

Figure5.15:Samplescenariofor thecomposition-by-omissionapproach.

<?xml version="1.0"?>
<webpage pageId="customer_list">

<heading>Our Customers</heading>
<customers>

<!-- customer information goes here -->
</customers>

</webpage>

Figure5.16:A snippetfrom a typicalWebpageofferingapageidenti�er.
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valueattributecontainstheXPathexpressionthatspeci�eshow therequiredvalueis retrievedin
thecontext of thereferencingpage.

<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="CustomerList" version="1.0">

<concern type="Interface">
<!-- potential input interface goes here -->

</concern>
<compositionrefs>

<reference to="navigation.contract" version="1.0">
<composition type="Interface">

<param-ref name="page_id" type="int" dimension="0">
<op type="omit" value="/webpage/@pageId" />

</param-ref>
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure5.17:A partialXContractdemonstratingthesyntaxof thecomposition-by-omissioncom-
positionoperator.

Thediscussionof thecomposition-by-omissioncompositionoperatorconcludesthepresen-
tation of input interfacecompositionoperators.With the concernsandcompositionoperators
discussedso far, the threedominantimplementationconcerns,i.e., the content,the graphical
appearanceandtheapplicationlogic, arefully speci�ed. Nevertheless,theXGuidecontractap-
proachis designedin amodularfashionto supportplug-insandthuscanbeeasilyextendedwith
additionalconcerns.Suchaconcernconsistsof its representationin XML andthecorresponding
compositionoperatorsfor concerncomposition. The extensibility mechanismcanbe usedto
extendcontractswith new concernssuchasmeta-dataor accesscontrol.

The structureand interfacecontractconcernsareorthogonalto eachotherwith respectto
thede�nition givenin Section5.2. As such,their compositionoperatorsdo not dependon each
other. The remainderof this chapterdiscusseshow concerncompositionworks for dependent
concernsandpresentstheeffectson therespectivecompositionoperators.

5.4.3 COMPOSITION OF DEPENDENT CONTRACT CONCERNS

A contractconcernis called dependentif its de�nition dependson the de�nition of another
contractconcern.A typicalexampleis theaccesscontrolconcernthatdetermineswhichpartsof
apagearevisible for a user. Thevisibility informationin theaccesscontrolconcernis speci�ed
asXPath expressions.Obviously, theseexpressionsdependon the schema(i.e., the structure
contractconcern)of thepage.If theschemaof thepagechanges,theaccesscontrol information
hasto beupdated,too.

In termsof thecompositionoperatorsfor dependentconcerns,thismeansthatsuchacompo-
sitionoperatoralsohasto 'understand'thecompositionoperatorof theconcernit dependson. In
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thecaseof theaccesscontrolconcern,it must�rst apply thecompositionoperatorof thestruc-
tureconcernto derive thenew schemainformation.Thentheaccesscontrolinformationof both
the referencingpageandtheembeddedcomponenthave to beupdatedto re�ect thecomposed
pagestructure.

Considerthe example in Figure 5.18. It shows a simple contract for a navigation bar
with an accesscontrol concernthat grantsaccessto all contentin the component(i.e., the
<navigation> documentelementandall its childrenareincludedin an<allow> rule).

<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="Navigation" version="1.0">

<concern type="Structure">
<xs:schema xmlns:xs="...">

<xs:element name="navigation">
<xs:complexType>

<xs:sequence>
<xs:element name="naventry" type="xs:string" />

</xs:sequence>
</xs:complexType>

</xs:element>
</xs:schema>

</concern>
<concern type="AccessControl">

<ac:accesscontrol xmlns:ac="...">
<ac:allow value="/navigation" />

</ac:accesscontrol>
</concern>

</xcontract>

Figure5.18:A contractfor asimplenavigationbarwith accesscontrolinformation.

Figure5.19showsapagecontractthatreferencesthenavigationcomponentandspeci�esthe
necessarycompositionoperators.It de�nes a webpage elementthat containsall the content
(only indicatedin the �gure). In theaccesscontrolconcern,only thecontentsof the �rst child
elementof the webpage element(i.e., /*[1] ) is madeaccessible.The dependency on the
structureconcernis madeexplicit in thede�nition of theaccesscontrol concern.Thedepends
attributespeci�esthisdependency.

The compositionoperatorfor the structureconcernde�nes that the navigation information
shouldbeembeddedat thebeginningof thewebpage element.Theaccesscontrolcomposition
operatorspeci�es that the accesscontrol information in the referencedcomponentshouldbe
mergedwith theaccesscontrolinformationof thepage.An alternativeoptioncouldbeto ignore
thecomponent'saccesscontrolinformation.

Thoughthedependsattributeis theonly explicit hint thattheaccesscontrolconcerndepends
on thestructureconcern,behindthescenesa lot morehasto beconsidered.

First, the accesscontrol informationof the samplepagein Figure5.19might not be valid
after theintegrationof thenavigationcomponentsincethestructureinformation(i.e., theXML
schemaof theresultingpage)haschanged.In ourexample,thenavigationbaris integratedat the
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract" id="SamplePage" version="1.0">

<concern type="Structure">
<xs:schema xmlns:xs="...">

<xs:element name="webpage">
<xs:complexType>

<!-- content definition goes here -->
</xs:complexType>

</xs:element>
</xs:schema>

</concern>
<concern type="AccessControl" depends="Structure">

<ac:accesscontrol xmlns:ac="...">
<ac:allow value="/webpage/*[1]" />

</ac:accesscontrol>
</concern>
<compositionrefs>

<reference to="navigation.contract" version="1.0">
<composition type="Structure">

<operator elementName="webpage" position="beginning" />
</composition>
<composition type="AccessControl">

<op type="merge" />
</composition>

</reference>
</compositionrefs>

</xcontract>

Figure5.19:A pagecontractembeddingthenavigationbarcontract.
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beginningof the<webpage> element.Thustheaccesscontrol informationthatgrantedaccess
to the�rst child elementof the<webpage> elementmustbeupdatedto now grantaccessto the
secondchild element.

Second,theintegrationof thecomponent's accesscontrol information(i.e., accessto every-
thingin thenavigationbar)hastobetransformedfrom/navigation to /webpage/navigation
to re�ect theembeddingat thebeginningof the<webpage> element.

As we mentionedin Section5.2.1.2,compositionof dependentconcernsis considerably
morecomplex thantheorthogonalcase.Althoughthedependsattribute is theonly visible sign
of dependentconcernsin a contract,the logic of concerncompositionis muchmorecomplex.
Especiallyin thecaseof several,chaineddependenciesaspresentedin Section5.2.1.2in which
casemultiple,consecutivecompositionstepshave to beperformed.

Thediscussionof thecompositionof dependentconcernsconcludesthischapteroncontracts,
contractconcernsandtheir composition.Having presentedthe formal contractmodelusedin
XGuideandtheconceptsof contractcomposition,thenext chapterdiscusseshow XGuideand
supportfor contractscanbeusedin practice.It presentsXSuite, anintegrateddevelopmentenvi-
ronment(IDE) for theXGuidemethodologythatsupportsthenotionof contractsandcontract-
baseddevelopment.



CHAPTER 6

XSUITE - AN INTEGRATED DEVELOPMENT

ENVIRONMENT FOR XGUIDE

A complex system that works
is invariably found to have evolved
from a simple system that worked.

John Gall

However sophisticatedand powerful any methodologyis, strongtool supportis a crucial
requirementfor its successfulapplicationin real-world projects[10]. XSuiteis an integrated
developmentenvironment(IDE) for Webprojectsfollowing theXGuideprocessandtheconcepts
presentedin the previous chapters.Suchan IDE mustsupportthe whole life-cycle of a Web
projectandshouldview theartifactsof therespectivemethodologyas�rst classobjects.As such,
XSuitenot only providesa projectandresourcemanagementplatformbut dealswith contracts,
contractconcerns,implementationof contractsanddeploymentstrategies.

Within the scopeof this thesisand the casestudy presentedin the next chapter, we use
the MyXML publishingframework asdeploymentplatform [85,92,93]. MyXML itself is im-
plementedin the Java programminglanguageandprovidesgoodsupportfor the integrationof
Java-basedapplicationlogic of Webapplications.For theXSuiteIDE we alsochoseJava asan
implementationtechnologyfor two reasons:�rst, we strive to achieve the samelevel of plat-
form independenceastheMyXML framework, i.e., only requirea Java virtual machineon the
target platform. Second,the Java-basedEclipseproject[142] providesan extremelypowerful
and�e xible framework for thedevelopmentof customizedIDEs. Despiteour choiceof Java as
implementationlanguage,it is importantto notethat theXGuideprocessby no meansdepends
on the Java languageor any Java-basedtechnology. It could equallywell be implementedon
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Microsoft's .NET platform[114], e.g.,asa VisualStudioplug-in,usingMicrosoft technologies
suchasActiveServerPages(ASP)asdeploymentplatform.

This chapterstartswith a brief introductionto the Eclipseproject that highlights its great
potentialfor thedevelopmentof new IDEs. Next we presenttheconceptsof theMyXML pub-
lishing framework thatis usedasdeploymentplatform. Theremainderof this chapterdiscusses
the architectureof XSuite in the context of the Eclipseframework and shows how it re�ects
XGuide's extensibility conceptspresentedin Section5.2. Thearchitectureanddesigndecisions
presentedin this chapteronly representonepossibleimplementationof theXGuideprocessin
a givensystemenvironmentandusingthe EclipseplatformandMyXML framework. Though
alternative implementationson otherplatformsand/orusingothertoolsmaychooseto usedif-
ferentimplementationapproaches,they maybene�t from theconcreterealizationconsiderations
presentedin thecontext of EclipseandMyXML.

6.1 THE ECLIPSE PROJECT

The EclipseProject[142] is a collaborative effort initiated by companiessuchasIBM, Ratio-
nal Software,RedHat, SuSe,TogetherSoftandothers. SinceNovember2001the consortium
grew considerablyandnow containsabout20 memberswho statedtheir commitmentandplan
to releasetools for the Eclipseplatform. In the Eclipseprojectcharterthe missionstatement
containsthe following sentencethat summarizeswhat Eclipseis: Eclipseis a kind of univer-
sal tool platform- an openextensibleIDE for anythingandyet nothingin particular. In other
words,theEclipseplatform is a genericenvironmentto build IDEs andhighly integratedtools
andprovidessupportfor commonconstructssuchasprojects,resources,build processes,ver-
sioncontrol,etc.Theplatform'sextensibilitymechanismdescribedlaterin thischapteris acore
conceptthat ' teaches'theplatformhow to dealwith suchdifferentresourcesasJava �les, Web
content,graphics,videoor any othercontenttypes.

Figure6.1showsthegraphicalappearanceof agenericinstanceof theEclipseplatformwith-
outany additionaltoolsor plug-ins.

The navigator(in the upperleft corner)is the centralresourcemanagementcomponentof
theEclipseplatform. It lists all availableprojectsandfor eachprojecta hierarchyof resources
thatit contains.Eclipseprojectsare�le-oriented, i.e.,aprojecthasabaseURL in the�le system
andprojectresourcesaremappedto �les in the projectdirectoryor oneof its sub-directories.
Editors are componentsto modify resources.Dependingon the resourcetype (e.g., the �le
extensionor contenttype),differenteditorssuchastext editors,colorchoosers,or graphdrawing
environmentsareused.Figure6.1shows thebuilt-in editorwith theEclipsewelcomemessage.
Thecontentof theeditoris anEclipsesystem�le containingthemessagethatis interpretedand
renderedby theeditor. In contrastto editors,viewsonly displaythecontentsof a resource.More
speci�cally, they provide a specialview on thecontentsof a resource.Thus,multiple different
viewsof thesamecontentcanbeusedto highlightdifferentpropertiesof thecontent.Theoutline
view in Figure6.1, for instance,could be usedto displaythe overall structureof the welcome
message(e.g., containthe sectionsand subsectionsand provide links to directly jump to the
selectedsection).
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Figure6.1: A genericinstanceof theEclipseplatform.
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Furthertheplatformprovidesmechanismsto annotateresources(calledmarkers) thatcanbe
usedto highlightsyntaxproblems,compilererrors,missinginformation,or anythingelse.Anno-
tationsaredisplayedin thetaskpaneshown at thebottomof Figure6.1. Projectbuild processes
de�ne what it meansto build a project(e.g.,compilesource�les, apply XSL transformations,
deploy Webcontent,etc.). An incrementalprojectbuilder keepstrackof thechangessincethe
last full build andcanbuild only thechangedresources.Additional built-in functionalityof the
platformincludessupportfor versioncontrolsystemsanda �e xible helpsystem.

Obviously this sectioncannotbea completeintroductionor tutorial to theEclipseplatform.
It shouldonly give you an impressionof how powerful the platform conceptis andwhat the
maincomponentsare. Many otherpowerful featuresdealingwith performanceconsiderations,
internationalization,deployment,updates,etc. arebeyond the scopeof this overview. All this
informationis availablevia theprojectWebsiteatwww.eclipse.org .

Apart from the coreplatform, the Eclipseprojectalsoincludestwo sub-projectsto support
the developmentof Eclipse-basedtools. The �rst is a showcasefor the power, �e xibility and
extensibility of theEclipseconcept.TheJava developmenttooling (JDT) is a full-�edged Java
IDE includingsyntaxhighlighting,anincrementalcompiler, andmany otherfeaturesto easethe
softwaredevelopmentprocess.Thesecondsub-projectis theplug-in developmentenvironment
(PDE)thatsupportsthedevelopmentof Eclipseextensions.

Figure6.2 depictsthe EclipseJava IDE andthe sourcesfor the XSuite tools andplug-ins.
Thenavigatorcontainsthehierarchicalsourceview correspondingto their internalorganization
in Java packages.An editor componentdisplaysthe main XSuite plug-in source�le with an
intentionalprogrammingerror(theinstancevariableresolvedInstallDirof typeURL is assigned
theintegervaluetwo). As a result,a marker is shown at thebeginningof this line, thetaskpane
containsthecompileerrormessageandthe�le' srespectivegraphicalappearancein thenavigator
andtheeditor's title bardisplayanerrormarker.

The basicconceptunderlying the Eclipseplatform is its extensibility via plug-ins. The
EclipseJava IDE is built exclusively usingthis plug-in mechanismto implementall its func-
tionality andextendthegenericplatform. Thenext sectioninvestigatestheEclipseextensibility
mechanismin detailandgivesseveralexamplesof plug-ins,i.e.,platformextensions.

6.1.1 THE ECLIPSE EXTENSIBILITY MECHANISM

We alreadyusedthenotionof Eclipseplug-insin theprevioussection.A plug-in is thesmallest
unit of functionalityanddeploymentin Eclipse.A plug-in cancontainasmuchfunctionalityas
anHTML editoror aslittle functionalityasanactionto save a resource.Thesizeof a plug-in
dependsonits internalarchitecture,e.g.,whetherpartsof thefunctionalityareintendedfor reuse
or whetherotherplug-insshouldbe allowed to extendandre�ne the plug-in's functionalityor
not.

Theplug-inarchitectureof theEclipseplatformintroducesthenotionof extensionsandexten-
sionpoints. An extensionpoint is awell-de�ned interfacethataplug-inor theplatformprovides
thatcanbeextendedby otherplug-ins. An extensionpoint canberegardedasa hookfor other
plug-insto contribute new functionality. The Eclipseplatform de�nes a large setof extension
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Figure6.2: TheEclipseJava IDE with theXSuitesources.
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pointsthatallow plug-insto extendandcustomizealmostall aspectsof the IDE. Examplesin-
cludeextensionpointsfor new projectbuilders,new resourcemarkers,new editorsandviews,
new (popup)menus,new toolbarsandtoolbarbuttons,andmany more.

The hooksde�ned by the extensionpointsareusedby otherplug-ins that contribute their
extensions,i.e., re�ned or extendedimplementationsof the extensionpoint's interface. Even
tools suchas the XSuite developmenttool comein the form of a plug-in that contributesan
extensionof the applicationsextensionpoint. Theseplug-insareloadedwhenthe platform is
run.

Figure6.3 shows the plug-in structureof all Eclipseapplications.A small runtimelibrary
providestherequiredplug-inservicesthattherestof theplatformuses.All applicationplug-ins
completelyandsolelyrely ontheextensionpointsofferedby theruntimeandtheplatform.They
in turn offer new extensionpointsto yet anotherplug-insthatcontributetheir functionality.

Figure6.3: Theplug-inarchitectureof theEclipseplatform.

In the context of the XSuite application,the XSuite plug-in contributesto the application
extensionpoint andis loadedat startuptime. It further de�nes a concernextensionpoint that
supportspluggingin new contractconcernsatany time. Thuseachcontractconcernis encapsu-
latedin aseparateplug-in thatcontributesto thisextensionpoint.

Thesetof all extensionpointsandall extensionsde�nesa dependency graphbetweenplug-
ins. At platform startup,this dependency graphis constructedby analyzingthe dependencies
(i.e., extensionsandextensionpoints)of all availableplug-ins. Whenanapplicationplug-in is
loaded,all dependentplug-insareloadedrecursively to complementtheapplication'sfunctional-
ity. Obviously, thisprocesswould resultin anenormousamountof plug-insthatmustbeloaded
assoonastheplatformis started.To avoid thismemoryandperformancebottleneck,eachplug-
in hasanassociatedmanifestthatcontainsmeta-informationabouttheplug-in. Themanifestis
anXML documentcalledplugin.xmlandincludesthedependency relationshipsof theplug-in.
As a result,only themanifestinformationneedsto beloadedto createthedependency graphof
extensionsandextensionpoints. The actualcodelibrariesareonly loadedon demand,i.e., as
soonastheuserinitiatesanactionthatrequirescodefrom therespectiveplug-in.

Summarizing,an Eclipseplug-in contributesto one or more extensionpoints, optionally
declaresnew extensionpoints,dependson a setof otherplug-ins,andcontainsJava codeli-
brariesandotherresources.Theplug-in's detailedmetainformation(contributions,new exten-
sionpoints,dependencies,etc.) is spelledout in themanifest.A snippetof themanifest�le for
theXSuiteapplicationplug-in is shown in Figure6.4.
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<?xml version="1.0" encoding="UTF-8"?>
<plugin

id="at.ac.tuwien.infosys.xsuite"
name="XSuite Plug-In" version="1.0.0" provider-name="Clemens Kerer"
class="XSuitePlug-In">

<runtime>
<library name="xsuite.jar">

<export name="*"/>
</library>

</runtime>

<requires>
<import plugin="org.eclipse.ui" version="2.1.0"/>
<!-- list of other required plug-ins -->

</requires>

<extension point="org.eclipse.ui.editors">
<editor default="true" name="XSuite Sitemap Editor"

icon="icons/img1.gif" extensions="xmap"
class="SitemapEditor"
id="at.ac.tuwien.infosys.xsuite.sit emap.S itema pEdit or">

</editor>
</extension>

<extension point="org.eclipse.ui.propertyPag es">
<page objectClass="org.eclipse.core.resou rces.I Proje ct"

name="XSuite Project Property Page"
class="XSuiteProjectPropertyPage"
id="at.ac.tuwien.infosys.xsuite.pro jectpr ops">

</page>
</extension>

<!-- more extensions here -->

</plugin>

Figure6.4: A snippetof theplugin.xmlmanifest�le for theXSuiteapplicationplug-in.
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Every plug-in manifeststartswith the plug-in identi�cation consistingof an identi�er, a
humanreadablename,a version,an optional provider nameand the classimplementingthe
plug-in. The <runtime> elementcontainsthe locationof the plug-in's codeandwhat parts
of it shouldbe exported. In the samplemanifest,the library xsuite.jar containsthe codeand
everything(indicatedby the star in the <export> element)is exported. The <requires>
sectionof the manifeststatesall dependencieson otherplug-ins(including the versionof the
plug-in). Finally, a list of extensions,i.e.,contributionsto extensionpoints,is given.Thesnippet
in Figure6.4 only lists two. First an extensionto the editors extensionpoint is speci�ed. It
de�nesacustomizededitorfor XGuidesitemapswith theextensionxmap. Thesecondextension
contributesanew propertypageto theplatformscollectionof propertypages.Thepropertypage
offers a set of optionsto con�gure the behavior of the XSuite application. Other extensions
de�ned in the XSuite plug-in manifest(not shown in the �gure) include customizedproject
de�nitions for Web projects,moreeditorsandseveralwizardsto createnew resourcessuchas
contracts,concernsor XPages.

After this brief introductionto the Eclipseplatform, its potentialandthe basicplug-in ex-
tensionmechanism,we now introducethe deploymentplatform usedin the XSuite reference
implementationandthecasestudy:theMyXML publishingframework.

6.2 THE MYXML WEB PUBLISHING FRAMEWORK

TheMyXML WebPublishingFramework consistsof alanguageandacompilerthatsupportsthe
creationof XML-basedWebapplicationswhile keepingthecontent,thelayoutinformationand
the applicationlogic separate.MyXML is an implementationlanguage(in the terminologyof
theXGuideapproach)thatwe developedtogetherwith our colleaguesEnginKirda andRoman
Kurmanowytsch.As in thecaseof theEclipseframework,weonly giveabrief introductionto the
potentialof theMyXML framework. Details,examplesandour experiencesin thedeployment
of MyXML-basedWebapplicationscanbefoundin [85,86,91,93–95].

The World Wide Web Consortium's eXtensibleMarkup Language(XML) [31] alongwith
theeXtensibleStyleSheet(XSL) [3] technologyaim at solving the layoutandcontentsepara-
tion problem.Ultimately, completelayoutindependencecanbeachievedby theuseof XML and
XSL. Althoughthelayoutandcontentseparationproblemhasbeenattackedintensively (e.g.,by
standardssuchasXML, XSL, CascadingStyleSheets,etc.),theproblemof separatingtheap-
plicationlogic from thelayoutandcontentin dynamicWebapplicationshasnot receivedmuch
attentionyet. Most popularWeb technologies(suchasPHP, JavaScript,Active Server Pages
(ASP)andJavaServer Pages(JSP))areXML unawareanddo notexploit its capabilities.These
toolsandtechnologieslack supportfor thecreationandmaintenanceof layout-independentdy-
namicWebcontent.

MyXML is anXML/XSL-basedtemplateenginethatsupportsa strict separationof layout,
contentandapplicationlogic. The contentand its structurearede�ned in well-formedXML
documents,the layout information is given as an XSL stylesheetand the applicationlogic is
de�ned separatelyin an arbitrary programminglanguage. The templatefunctionality of the
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MyXML engineis exploited by usingspecialMyXML elementsin the input XML document.
Thesetags(i.e., elements)arede�ned in the MyXML templatelanguagethat is basedon the
MyXML namespacede�nition (see[84] for details).Thelayoutstylesheetsthatcanbeapplied
to a MyXML documentarearbitraryXSL transformations.

The functionality of the MyXML templateengineis basedon the MyXML processwhich
de�nestheactionsto betakendependingonthetypeof theMyXML inputdocument.Figure6.5
showstheMyXML process.

Figure6.5: TheMyXML process.

Theprocessstartswith aMyXML inputdocument.Any well-formedXML documentwhich
may containelementsof the MyXML templatelanguagecanbe usedas input document. In
the next stepa pre-processingXSL stylesheetcanbe appliedto addlayout informationto the
document.Additionally, theXSL stylesheetcanbeusedto addstaticinformationto adocument
(e.g.,headerandfooter)or to restructurethe input document.After having passedthis second
stepof theMyXML process,thetemplateengineprocessesthemodi�ed input �le.

The MyXML templateenginedistinguishesbetweentwo kinds of input documents:static
anddynamicdocuments.A MyXML documentis consideredstatic if all MyXML elements
canberesolvedat processingtime. A dynamicMyXML document,on theotherhand,contains
at leastonedynamicMyXML elementsuchasa referenceto a CGI parameteror a dynamic
databasequerywhichcanonly beevaluatedat runtime.

If the MyXML enginedetectsa static input document,it processesthe MyXML elements
thatit contains.Optionally, it appliesapost-processingXSL stylesheetbeforecreatingtheresult
�le which usually, but not necessarily, is an HTML or an XML �le. Sucha post-processing
stylesheetcouldbeusedto addadditionallayout informationbasedon the resultof a database



140 6.2TheMyXMLWebPublishingFramework

query(e.g.,alternatethebackgroundcolor of a database-backedHTML tablefor every second
row).

If a dynamicinput documentis passedto the MyXML templateengine,sourcecodehas
to be generatedwhich handlesall dynamicaspectsde�ned in the input document. Arbitrary
programminglanguagescanbesupportedby theMyXML enginesinceaspecialcodegenerator
interfacerepresentsthelink betweentheMyXML templateengineandtheapplicationlogic. By
implementingthis interfacefor agivenprogramminglanguage,supportfor thatlanguagecanbe
addedto theMyXML engine.The referenceimplementationsupportsgenerationof Java code
which caneasilybeusedby servletsor otherprogramsencapsulatingtheapplicationlogic of a
Webapplication.

Figure6.6showsasampleMyXML content�le. It usesthe<myxml:sql> and<myxml:cgi>
elementsto modelthe userinput (i.e., the selectedevent) by meansof a CGI parameteranda
databasequerydependingon theuser's choice.In addition,we provide thecontentsof thetitle,
dateanddescription�elds in theresultsetusingthe<myxml:dbitem> element.Thesevalues
areformattedfurtherby theXSL pre-processingstylesheetandthenprocessedby theMyXML
enginethat retrieves the actualvalue of the CGI parameter, executesthe databasequery and
returnstheresultdocument.

<?xml version="1.0" encoding="US-ASCII"?>
<!DOCTYPE event_search>
<selected_event xmlns:myxml="http://www.infosys.tuwie n.ac. at/ns /myxml ">

<myxml:sql>
<myxml:dbcommand>

SELECT title, date, description FROMVIF_EVENTS
WHEREid = <myxml:cgi>id</myxml:cgi>;

</myxml:dbcommand>
<event>

<title><myxml:dbitem>title</myxml: dbite m></ti tle>
<date><myxml:dbitem>date</myxml:db item> </date >
<description>

<myxml:dbitem>description</myxml:dbit em>
</description>

</event>
</myxml:sql>

</selected_event>

Figure6.6: A sampleMyXML contentpagequeryingadatabaseto displayaneventwith agiven
identi�er.

The MyXML templatelanguagehasseveral other elementsbesides<myxml:sql> and
<myxml:cgi> . The <myxml:loop> and <myxml:multiple> elementsallow the en-
gine to repeatedlyprocesspartsof a document(e.g.,for generatingthe list of itemsa userhas
storedin a shoppingcart). The <myxml:single> elementrepresentsa user-de�ned vari-
able,whosevalueis determinedat runtime(e.g.,thenameof theusercurrentlyloggedin). The
<myxml:attribute> elementcanbeusedto dynamicallysettheattributeof anotherelement
(e.g.,the src attributeof anHTML <IMG> or the href attributeof an HTML link). A detailed
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discussionof all theseelements(andseveralmore)aswell astheirattributescanbefoundonthe
MyXML homepageatwww.infosys.tuwien.ac.at/myxm l/ .

AlthoughMyXML-basedWebsolutionsusuallyincludemore�les andhave a highercom-
plexity thantraditionalHTML-basedsolutions,it addsa greatamountof �e xibility , reusability
andmaintainabilityto thesite.Usingthestrictseparationof layout,contentandapplicationlogic
makesit easyto changeor reuseany of the threepartsindependentlyof theothers.All that is
neededafteranupdateor modi�cation of any partof theWebsiteis aregenerationof theaffected
pagesusingtheMyXML templateengine.

Therearemany template-basedproductsandtoolsfor Webdevelopmentin themarket. Most
of thesetoolsareHTML orientedanddo not supporta cleanseparationof content,formatting
informationandapplicationlogic. Thesetoolsdo not satisfytherequirementof anXML-based
implementationtechnologyandareconsequentlyexcludedfrom beinganXGuideimplementa-
tion technology.

Apart from MyXML, theApacheCocoonproject[107] is anexampleof analternativeXML-
basedimplementationtechnologythatcanbeusedwith XGuide. It offerssupportfor theclean
separationof layout andcontentandto a lesserdegreeof the applicationlogic. In contrastto
theMyXML approachthat tries to do asmuchprocessingaspossibleat compiletime, Cocoon
performsall processingstepsatruntime.As aconsequence,it usesasophisticatedcachingmech-
anismandde�nesaprocessingpipelinethatstartswith theXML contentassembly, followedby a
sequenceof (XSL) transformationsto bringthecontentin thedesiredoutputstructureor markup
languageanda�nal serializationstepthatencodestheresultdocumentandreturnsit to theclient.

For this thesiswepreferMyXML asanimplementationtechnologyoverCocoonsinceit has
a more�e xible conceptof separatingtheapplicationlogic from thecontentandbettersupports
Web components.As mentionedabove, Cocooncould also be usedfor the implementation
phasebut would requireamuchmoresophisticatedbuild processsinceWebcomponentsarenot
supported.

After this brief introductionto EclipseandMyXML that arethe coretechnologiesfor the
implementationof theXSuite IDE, we now presentselecteddetailsof the implementationsup-
portingtheXGuidedevelopmentprocess.

6.3 XSUITE CONCEPTUAL MODELING

To optimallysupporttheXGuideprocesswith softwaretools,wemustnotonly providetoolsfor
singletasksor stepsin theprocessbut needanenvironmentthatsupportsthefull life-cycle of a
Webapplicationasde�ned in theXGuideprocessshown in Figure4.1. Theconceptualmodel-
ing partof theprocessincludestherequirementsanalysisanddesign-in-the-large activities that
resultin anXGuidesitemap.We alreadyintroducedthesyntacticnotationfor therequirements
diagramandthesitemapin Chapter4. Creationandeditingof thediagramsis currentlynot fully
integratedinto the EclipseIDE but supportedby an externalmodelingtool: Microsoft Visio
(version2002). AlthoughEclipseprovidesa graph-drawing plug-in thatcouldalsobeusedfor
thegenerationof therespective diagrams,extendingandcustomizingVisio reducedtheoverall
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programmingeffort andletsusersbene�t from Visio's usabilityfeatures.Figure6.7depictsthe
XGuideenvironmentandtheshapesavailablein Visio.

Figure6.7: TheextendedVisio workspacefor XGuidedevelopment.

Visio supportsaconceptcalledstencils. A stencilis acollectionof drawing artifacts,connec-
torsandshapesthat topically belongtogether. For instance,Visio providesbuilt-in stencilsfor
UML modeling,network diagrams,databasedesignandwork�o w charts.For modelingXGuide
requirementsdiagramsandsitemaps,we createdanadditionalstencilwith theshapespresented
in Chapter4 andshown againin the �gure. A stencilcontainsso-calledmastershapesthatact
astemplatesandcanbedraggedinto adocument.In thedocument,acopy of themastershapeis
createdthatcanbefurtheradapted.Figure6.7demonstratesa sampledocumentwith theshapes
asthey appearin adocumentafterbeinginsertedfrom thestencil.Thedefault captionsandtext
informationis subsequentlyreplacedby theuser.

By extendingthe Visio environmentfor XGuide diagrammodelingratherthandeveloping
a proprietaryeditor, we alsoinherit Visio's comfortableediting functionality: shapesgrow dy-
namicallyin heightandwidth dependingon theamountof text they contain,connectionpoints
supportpersistentlinking of shapeseven if they aremovedin thedocumentor rearranged,Vi-
sio'sroutingalgorithmcanbeusedto optimally lay out theshapesonthepages,inputandoutput
interfacescanbeeditedusingpopupdialogs(anexampleis shown in Figure4.10),etc.The�nal
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sitemapis thenexportedasVisio XML drawing andtransformedinto the sitemapstructureas
presentedin Figure4.15usinganXSLT stylesheetthatstripsaway all Visio andeditingrelated
informationandrestructurestheremaininginformationappropriately.

6.4 XSUITE ECLIPSE IDE

As mentionedabove, the XSuite IDE is an applicationplug-in for the Eclipseplatform. This
sectiondiscussesthearchitectureof theXSuite IDE andpresentssomeof thekey decisionsfor
theimplementation.SincetheactualIDE implementationnot only dependson theEclipseplat-
form but alsoon third party libraries,we encapsulatedall requiredlibrariesin separateplug-ins
andinstalledthemin theplatform.Only thencantheXSuiteIDE bepluggedinto the(modi�ed)
platformusingtheplug-in extensionmechanism.Figure6.8shows this correlationin a layered
diagram.

Figure6.8: Thedependenciesof theplug-insconstitutingtheXSuiteIDE.

TheEclipseruntimeconstitutesthebottomlayer. Theplug-insrequiredby theXSuite IDE
areJAXB (Java XML DataBinding), PerlTools (regularexpressions),EMF (EclipseModeling
Framework), XSD (XML SchemaSupport),and JDT (Java DevelopmentTooling). They all
provide functionalitythatis directly usedby theXSuiteplug-in. Theplug-in in turn de�nestwo
coreextensionpoints: the Concernextensionpoint and the Technology extensionpoint. The
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formersupportspluggingin new contractconcerns,thelattersupportsdifferentimplementation
technologies.Independentof theXSuiteIDE, theTomcatplug-in integratestheservletcontainer
into theEclipseplatform.

Figure6.8 explicitly shows only the two XSuite speci�c extensionpointsfor concernsand
technologies.Effectively, many more(platform) extensionpointsare involved in building the
functionalityof theIDE. Table6.1showsanoverview of theextensionscontributedby theXSuite
plug-in (it doesnot list theextensionsprovidedby requiredplug-ins,concernplug-ins,technol-
ogyplug-insandtheTomcatplug-in).

To complementthediscussionof plug-in mechanismusedby theEclipseplatform, the fol-
lowing subsectionspresentthe XSuite-speci�cextensionpoints for concernsandtechnologies
in somedetail. They also introducethe interfacesthat standbehindthe extensionpointsand
explainstherationalefor theirdesign.

6.4.1 THE CONCERN EXTENSION POINT

The concernextensionpoint de�nes a hook that supportsplugging in new contractconcerns
(in addition to the default structureand interfaceconcerns).Suchconcernscould capturethe
navigationrequirements,accesscontrolinformation,or metadatafor agivenpageor component.
To integrateanew concernwith theXSuiteIDE, theconcernhasto interactwith theIDE in many
situations.Theplug-in interfacespecifyingall suchinteractionsis shown in Figure6.9.

public interface IConcern {
public String getTypeId();

// representation of concerns
public Element asXML() throws XSuiteException;
public boolean hasDataModelSupport();
public Object getDataModel() throws XSuiteException;

// composition of concerns
public void createConcernCompositionUIFor(Listener validationListener,

Composite c, IConcern concernToCompose) throws XSuiteException;
public String isConcernCompositionInfoValid();
public IConcernComposition getConcernCompositionInfo();
public void composeWithConcern(Node concernNode, IConcern otherConcern,

IConcernComposition compositionInfo) throws XSuiteException;
}

Figure6.9: TheJava interfacefor contractconcerns.

The getTypeId() methodsimply returnsthe uniqueidenti�er of this concernusedto
groupandcomposeconcernsof thesametype. Theremainingmethodsin theplug-in interface
canbedividedinto twogroups:methodsdealingwith therepresentationof concernsandmethods
for thecompositionof concerns.

Thenativerepresentationof aconcernis XML. TheasXML() methodprovidesaccessto the
documentobjectmodel(DOM) of theconcern.In somesituations,however, moresophisticated
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or comfortabledatamodelsfor concernsexist. Thestructureconcern,for instance,usesaschema
datamodelto representanXML schemaratherthantheDOM treeof theschema.All concerns
mustsupporttheXML representationof theconcern,customizeddatamodelsupportis optional.
ThehasDataModelSupport() methodreturnswhetheraconcernhasaseparatedatamodel.
If so,thegetDataModel() methodreturnsit.

The othermethodsin the concerninterfacedescribethe interactionfor contract,i.e., con-
cerncomposition.First thecreateConcernCompositionUIFor( ) methodis a callback
for the correspondingcompositionwizard andaddsa wizard pagewith all userinterfaceele-
mentsneededto gatherthecompositioninformationfor this concern.For thestructureconcern
this is the positionwherethenew schemashouldbe embedded.For the interfaceconcern,the
compositioninformationincludesoperatorsfor all parametersin all input andoutputinterfaces.
TheisConcernCompositionInfoVali d() andgetConcernCompositionInfo()
methodsareusedto validatethat all requiredinformationwasenteredandto returnan object
representingthe compositioninformation. Finally, the composeWithConcern() method
composestheconcernwith theconcernpassedasmethodargumentusingtheinformationin the
compositioninformationargument.

6.4.2 THE TECHNOLOGY EXTENSION POINT

The secondextensionpoint de�ned by the XSuite plug-in speci�es the interfaceto the imple-
mentationanddeploymenttechnologyusedin theproject.Perdefault, theMyXML technology
is usedfor this purpose,but othertechnologiescouldreplaceit by implementingthis extension
point. Figure6.10depictsthecallbackmethodsfor new technologyplug-ins.

public interface IImplementationTechnology {
public String getName();

// contribute pages to project creation wizard
public IProjectCreationContribution getProjectCreationContribution();

// contribute pages to XPage creation wizard
public IXPageCreationContribution getXPageCreationContribution();

// create a template for the given implementation concern
public IFolder getFolderForImplType(IFolder implementationFolder,

String type);
public void createTemplateFor(String implConcern, Element parentNode,

IConcern contractConcern, IFile target) throws XSuiteException;

// build, compile, deploy the project
public String getProjectBuilderName();
public IncrementalProjectBuilder getProjectBuilder();

}

Figure6.10:Theplug-in interfacefor new implementationtechnologies.
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Apart from thegetName() methodthatreturnsthenameof theimplementationtechnology,
the interfacehasmethodsfor thecreationof new implementationandXPage�les, thebuilding
of theprojectandthegatheringof con�gurationinformationatprojectcreationtime.

ThegetProjectCreationContributi on() methodprovidesoptionalwizardpages
for theprojectcreationwizard.Thesepagesgathercon�gurationinformationfor theimplemen-
tation technology. In thecaseof MyXML, for instance,we askfor thedefault deploymentdi-
rectory, thedefault outputtype,etc. Similarly, thegetXPageCreationContribution ()
methodcontributespagesto theXPagecreationwizard.Again,thepagescollectimplementation
speci�c informationsuchastheoutputname,theprocessingtypeor theprocessingscope(in the
caseof MyXML).

ThegetFolderForImplType() andcreateTemplateFor() methodsareusedto
createa new implementationtemplatefor the speci�ed concernandretrieve the folder where
suchconcernimplementationsare stored. Using the MyXML technology, the methodwould
generatea MyXML documentfor the contentimplementationconcern,an XSL stylesheetfor
thelayoutconcernandaJava interfaceandfactoryclassfor theapplicationlogic concern.

The �nal group of methodsdealswith the building of projects, folders and �les. De-
pendingon the implementationtechnology, building a project has a different meaning. In
MyXML it meansto processall XPageswith the MyXML engine, compile the generated
Java sourcesand copy all static and dynamic resourcesto the deployment directory. The
getProjectBuilderName() methodreturnsthe nameof the customizedprojectbuilder
that is subsequentlyused to locate and initialized the plug-in containing the builder. The
getProjectBuilder() methodthenprovidesaccessto thebuilder implementation.

The presentedinterfacesfor contractconcernsand implementationtechnologiesform the
backboneof XSuite's extensibility mechanismthat in turn relies on the Eclipseextensibility
mechanismvia plug-ins. Figure6.11 depictsa slightly modi�ed UML packagediagramthat
includesplug-in boundariesin additionto the actualsoftwarepackages.It further only shows
dependency but doesnotmodelcommunicationrelationships.

Thetotalnumberof classescontributingto thefunctionalityof theXSuiteIDE (includingthe
MyXML enginebut excludingtheTomcatintegrationandtherequiredlibrariessuchasJAXB,
EMF, XSD, etc.) is 355 (containinga little over 38 000 lines of sourcecode). A detaileddis-
cussionof theconcreteimplementationof thefull XSuitefunctionalityis not thepurposeof this
work. Thus,theremainderof this chapterfocuseson threeinterestingimplementationdecisions
that in�uenced thedevelopmentof theXSuite IDE: theseparationof implementationconcerns
with MyXML, theapplicationof JAXB (JavaXML DataBinding)andthecontractcache.

6.5 SEPARATION OF CONCERNS WITH MYXML

TheMyXML introductionin Section6.2explainsthatMyXML separatesthecontent,thelayout
andtheapplicationlogic. Theseparationof thecontentfrom thelayoutis doneusingXML and
XSLT. For dynamicpages,however, theseparationof theapplicationlogic from thecontentand
the layout is moreinteresting.In this case,MyXML �rst generatesan interfacethat describes
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Figure6.11:Themodi�ed UML packagediagramfor theXSuiteIDE.
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the input/outputbehavior of thepage.It thengeneratestheclassencapsulatingthecontentand
thelayoutfor thepageandensuresthatthis classimplementsthegeneratedinterface.

Figure6.12shows the MyXML generatedinterfacefor a pageSamplePage that takesa
string title asinput parameterandprovidesanoutputinterfacefor thestringarrayvalue1
andtheintegervalue2 .

public interface ISamplePage {

public void setInput(String title);
public void print(PrintWriter pw) throws Exception;

public interface IOutput {
public String[] getValue1();
public Integer getValue2();

}
}

Figure6.12:TheMyXML generatedinterfacefor asamplepagewith inputandoutputinterfaces.

For the purposeof paralleldevelopmentof Web applications,however, it mustbe possible
for theprogrammerto implementtheapplicationlogic withouttheconcreteMyXML generated
classwith thecontentandlayout(i.e., theoutputclass).

As a consequence,XSuite usesthe factorypattern[61] for the creationof outputclasses.
WhentheWebapplicationis deployed,the factorywill createan instanceof theMyXML gen-
eratedoutputclassandreturn it to the caller. During the implementationphase,however, the
XSuiteIDE generatestheinterfaceanda dummyimplementationof theinterfacefrom thecon-
tract. Thefactoryis thencon�gured to returnaninstanceof thedummyimplementationwhich
letstheprogrammerwork independentlyof thecontentmanagerandthegraphicsdesigner.

In practice,two XSL transformationsareusedto createtheinterfaceandthefactorywith the
dummyimplementationfrom the contract. The contractalreadycontainsall information(i.e.,
the page's input andthe output interfaces)requiredfor this processing.This codegenerating
transformationalsotakesthetypeandthedimensionof theparameterinto accounts.

For non-stringtypes,the transformationgeneratesappropriateconversionoperationssince
Web forms only dealwith strings. Thusan integer parameterin an input interfacehasto be
convertedto astring;in thesamewayanintegeroutputparameterrequiresaconversionfrom the
stringvalueprovidedby theWebform to anintegerobject.

Parameterdimensionsgreaterthanzerofurthercomplicatethecodegenerationprocesssince
we have to convert arraysto andfrom Web form values. Web forms don't have the notion of
arrayparametersbut requirethemappingof anarrayto a sequenceof singlevalue�elds. As a
solutionwe usethenameof thearrayasa basenameof the form �eld andappendthevalue's
arrayindex to thebasenamefor the �nal nameof the �eld. Whensubmittinga Webform, we
scanall parametersandreconstructanarrayfrom thesubmittedvaluesusingthe'basenameplus
index' namingconvention.
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To generatea dummyimplementationof theoutputinterfacethat thefactorycanreturnim-
mediatelyevenif the�nal outputclassdoesnotyetexist, thetransformationcodecreatesaclass
thatencapsulatesasimpleHTML pagewith thefollowing properties:

� For eachparameterin theinput interfacespeci�cation,thepagecontainsa line thatstates
thename,thetypeandthevalueof theparameter.

� For eachoutputinterface,thepagecontainsaseparateWebform. Againthenameandtype
of theexpectedvalueis displayed.For arrayvaluesa sequenceof � ve consecutive input
�elds is used.

Using this approach,the programmercanimplementthe applicationlogic without any de-
pendenciesonthecontentor thelayout.Shecaneventesttheinteractionamongmultipleservlets
by usingthegenerateddummyclassesthatimplementthesameinterfaceasthe�nal outputclass
will.

6.6 JAXB - JAVA XML DATA BINDING

Whenworking with XML documentsin a softwareapplication,it is a commontaskto parsean
XML documentandcreatea Java datastructurefrom it ratherthanworking directly with the
XML (DOM) tree.With theJavaXML DataBinding(JAXB) speci�cation[135], SunMicrosys-
temsprovidesa schema-basedapproachto easethe parsing,creationandvalidationof XML
documents.Startingfrom anXML schema,theschemacompilercreatesa setof Java interfaces
andclassesthatareableto representall documentsthatcomplywith theschema.

In the application,marshallerandunmarshallerclassesprovide operationsto readandval-
idateXML documentsand to accesstheir datamodel representation.The actualmappingof
schemaelementsto datamodelelementscanfurtherbeadaptedby so-calledcustomizedbind-
ingsthatspecifyhow aschemaelementshouldbetranslatedinto adatamodelentity.

In additionto readingof documents,alsothecreationof schemacompliantdocumentsand
their serializationto an outputstreamis supportedin JAXB. In XSuite we useJAXB to work
with con�guration�les, theMyXML project�le, interfacede�nitions andsitemapmodels.

6.7 THE CONTRACT CACHE

In Chapter5 we discussedin detail contractsand contractcomposition. We also statedthat
contractcompositionis performed'by reference'in XSuitewhichmeansto only embedapointer
to the referencedcontractand the requiredcompositioninformationasopposedto the actual
contentsof thecontract.

As a result,contractsin XSuite have a <compositionreferences> sectionthat con-
tainsall suchcompositionpointers.In somesituations,however, we needtheexpandedversion
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of the contract,i.e., the contractafter the compositionoperationwasperformedandthe refer-
encedcontractwasintegrated.Onesuchsituationis thecompositionof a contractwith another
contract.We have to �rst expandall existing compositionreferencessincethenew composition
informationmustbecollectedrelatively to expandedversionof thecontract.

Considerthat we needto specifythe compositioninformationfor a structurecontractcon-
cern. The compositioninformation consistsof an elementnameand the position within the
elementwherethenew contractis to beembedded.Obviously we must�rst expandthecurrent
contractto retrievethelist of availableelementsratherthanusingonly theelementsin thecurrent
contract'sschemaandignoringany elementsfrom referencedcontracts.

Contractcompositionrequiresto iteratively composeall contractconcernsof all referenced
contracts.As a result,thecompositionoperationis extremelyexpensive. Becauseof theevent
modelof Eclipsewizards,accessto theexpandedversionof a contractis neededfrequently. To
avoid theperformancepenaltyof continuouslyexpandingcontracts,we introducedtheso-called
contract cachethatstorestheexpandedversionof a contractandinvalidatesthecacheentriesif
thecontractis modi�ed.

6.8 GENERATING CANONICAL XML FROM AN XML SCHEMA

In theXPagecreationwizard, the �nal taskis to generateimplementationtemplatesfor all im-
plementationconcernsin the page. For the contentthis meansto generatean XML document
that re�ects the structureanddatatype informationof the page's contract. In otherwords,we
neededto generateanXML documentfrom a givenXML schema.

Sincean XML schemarepresentsa classof documentsratherthan a single instance,the
generationof a template�le cannotbedeterministic.Instead,it hasto bedecidedhow to react
on<xsd:choice> , <xsd:sequence> or <xsd:all> elementsandwhatto dowith facets
suchas the minimum andmaximumnumberof elementoccurrences.For the usein XSuite,
we de�ned a simplealgorithmto derive an instancedocumentfrom a schema.We apply the
following rules:

� For everyelementwith asimpletype,createastringvaluestatingthetype'sname.

� For every elementusing<xsd:choice> , continuewith the �rst elementin the choice
enumeration.

� For everyelementusing<xsd:all> or <xsd:sequence> , processtheelementsin the
orderthey appearin theschema.

� For everyminOccurs facetthatis zero,addacommentstatingthatthefollowing content
is optional.

� For everymaxOccurs facetthatis unbounded,adda commentstatingthatthefollowing
contentcanberepeatedin�nitely .
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� If minOccurs and maxOccurs are within a given lower and upperbound,generate
minOccurs numberof suchelementsandadda commentwith themaxOccurs upper
bound.

� If minOccurs andmaxOccurs arenot within thegivenbounds,inserta �x ednumber
of elementsandadda commentstatingtheminOccurs andmaxOccurs values.

� For attributes,alwaysinserttheattributeandaddacommentif theattributeis optional.

We introducethe term canonicalXML for an XML documentthat is derived from a given
schemausinga setof agreeduponrules.Somerequirementsfor theserulesarethatthey should
beableto createcustomizeddefault valuesfor simpletypeelementsandattributesthat take the
basetypeaswell asexistingfacetsinto account.For choices,acommentshouldoutlinetheother
possiblecontentmodelsfor agiventype.Thehandlingof minOccurs andmaxOccurs facets
shouldbeparameterizedto supportmore�e xible documentgeneration.

It is clearthat suchrulescanbe formulated,it remainsan interestingexercise,however, to
think aboutreasonableassumptionsin theserulesandto implementa full-�edged generatorfor
canonicalXML from agivenschema.

This chapterstartedwith an introductionto the EclipseandMyXML technologies.It then
presentedthe extensibility mechanismandthe architectureof the XSuite IDE plug-in anddis-
cussedsomeimplementationdecisions.Whatis still missing,is thefunctionaldescriptionof the
XSuiteIDE, i.e.,how theXGuideprocessis mappedontoactivities in thedevelopmentenviron-
mentandwhatwizards,dialogs,editors,projectbuilders,deploymentstrategiesandconsistency
checksthetool provides.

To betterillustrateXSuite's functionalitywe postponethefunctionaldescriptionto thenext
chapterwherewe introducethe ViennaInternationalFestival casestudy. On the basisof this
casestudy, wewill demonstratehow theXGuideprocessis supportedby XSuiteandwhatfunc-
tionality theIDE offersto thedeveloper.



CHAPTER 7

THE V IENNA INTERNATIONAL FESTIVAL

(VIF) CASE STUDY

Looking at the proliferation of personal web pages on the net,
it looks like very soon everyone on earth will have 15 Megabytes of fame.

MG Siriam

In this chapter, we demonstratehow theXGuideprocessandXSuiteIDE weredeployedfor
a �rst real-world casestudy:theVIF 2003Webapplication.

The ViennaInternationalFestival is a major cultural event in Vienna. This annualfestival
usually lastssix to eight weeksover a period in May andJune. The festivities take placein
varioustheaterlocationsandconcerthalls andconsistof operas,plays,concerts,musicalsand
exhibitions. Often, famousinternationaldirectors,performersandensemblesareguests.The
VIF attractsmany visitors from aroundthe globe. Most of the internationalvisitors, however,
comefrom neighboringcountriessuchasGermany, Italy andSwitzerland.As a consequence,
thecontentin theWebapplicationmustbefully bilingual (GermanandEnglish).

Sinceits �rst presenceontheWebin 1995,theVIF hasbeenchangingits look-and-feelevery
yearaccordingthethatyear'spromotionthemeof thefestival. Theservicesthesiteprovidesalso
vary annually. Informationsuchasevent locations,currentprogramme,an archive of earlier
performances,news updatesandpressreportsaretraditionallyprovidedto visitors. Additional
featuressuchasfeedbackfacilities,discussionforums,andhostingof smallerfestivalsandseries
dependon userfeedback,Webserver log statisticsandthethemeof thefestival. Further, oneof
thekey servicesof theapplicationis theonlineticketordering.Userscanchooseandbuy tickets
onlineusinga shopping-basket application.In total, thewholeapplicationconsistsof hundreds
of staticanddynamicpagesandattractedmorethan70 000 (different)visitors in two months
(resultingin about6 million hitsandmorethan22gigabytesof network traf�c).

153
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Until theyear1999,wehadbeenusingourHTML-basedtechnologiesfor building andman-
agingtheVIF Webpresence.Thesetemplate-basedtoolsenabledusto achievesome�e xibility ,
but we werenot ableto have a strict separationof thecontentandthe layout, let alonetheap-
plication logic. Startingin 2000, we implementedthe applicationusingXML, XSL andour
MyXML templateenginetechnology[85,92,93]. Our aim at that time wasto achieve a high
level of �e xibility in orderto decreasethenecessaryeffort in integratingnew layoutandservice
requirements.

With the MyXML implementationtechnologyandthe work introducedin this thesis,i.e.,
theXGuideprocessandthesupportingtools,we now cover– in additionto theimplementation
level – alsotheconceptualandmethodologicallevel. Theremainderof this chapterfollows the
XGuide processto discussthe designandimplementationof the casestudy. It startswith the
presentationof therequirementsfor theVIF 2003Webapplicationandconsecutively focuseson
selectedpartsof theapplicationfor an in-depthdiscussionto show our experiencewith theuse
of XGuide.

7.1 ANALYSIS OF VIF REQUIREMENTS

Theanalysisof therequirementsfor theVIF 2003Webapplicationweredrivenby theVIF man-
agers. The four main areasof concernwere the programmeinformation, the ticket ordering
system,the VIF archive and the disseminationof generalinformationaboutthe festival (e.g.,
contactinformation,specialoffers,cooperations,paymentoptions,etc.).Sincethewholeappli-
cation is bilingual, the customershouldbe able to switch languagesat any point in time, i.e.,
every Germanpage(be it staticor dynamic)hasan Englishcounterpartit is linked to. Addi-
tionally, a browseableWebgallerywasenvisionedthatcontainsimagesandtextual information
on selectedevents. The possibility to integratefuture news releases,pressreviews, critique,
highlightsandinterviewsconcludedthelist of mainrequirementsfor theVIF 2003.

In thecontext of theVIF project,weidenti�ed thefollowingstakeholdersthatneedto interact
to gettheprojectimplemented:

� VIF Managers.TheVIF managersaretheownerof theWebsiteandareconcernedabout
meetingdeadlinesandgettingfunctionality implemented.Thepay for thework doneby
theotherinternalandexternalstakeholders.

� Content Managers. The contentmanagersareVIF staff andthusinternalstakeholders.
Their only concernis the correctnessand freshnessof the informationavailablevia the
Webapplication.

� Graphics Designers. The designof the visual representationof the contentwas out-
sourcedto an externaldesigncompany whoseonly taskis to producethe (HTML) page
templates.
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� Programmers. In the VIF scenario,we take the role of programmerswho implement
the applicationlogic andintegrateit with the graphicallayout andthe content. In addi-
tion we performmaintenance/evolution taskssuchascontentupdatesor extensionsof the
application's functionality(e.g.,specialoffersif youbuy morethan5 tickets).

� SystemAdministrator . Thesystemadministratorrole is responsiblefor runningthe in-
frastructure(e.g.,hardware,network,Webserver, etc.)andprovidesecure,fastandreliable
accessto theservices.Weassumedthis role in cooperationwith theVIF' s technician.

� Customers. The customersare the usersof the VIF Web applicationwho want to get
informationaboutthefestival andordertickets.

In the following we provide detailedinformationon theprogrammeandticket orderingre-
quirements.We usethis centralandmostcomplex part of the applicationfor our casestudy
descriptionin theremainderof this chapter.

The programmeoverview pageis thecentralsourceof informationfor theclient regarding
events,locationsanddates.It containsa list of all events,shortcutsto theticketorderingsystem
for eachevent,indicateswhethereventsarestill availableandletsthecustomerbrowseeventsby
location,dateor keyword. A link for eacheventbringsup therespective eventdetailspagethat
containsdetailedeventinformation(e.g.,title, author, actors,location,dates,shortdescriptionof
thecontent,an image,etc.). Eventdetailspagesfurthersupportnavigatingthesetof all events
or aspeci�c searchresultwith links to thepreviousandnext eventin theset.

The ticket orderingprocesscoversall aspectsof selecting,reserving,orderingandpaying
for ticketsandmanagesa shoppingcart that the client canmodify at all times. Furthermore,
(host-based)third-partyservicesrunningonamainframecomputerneedto beintegratedinto the
work�o w to performonlinecreditcardvalidationandto interfacewith theticket issuingsystem
usedby therestof thefestival's ticketof�ces (e.g.,to globally reserve tickets).

Theorderingprocessis initiatedfrom theprogrammeoverview pageor from theeventdetails
page.First, thelist of availableperformancesof theselectedeventis shown. Whenthecustomer
haschosenthedesireddate,a list of availableticket categoriesandthenumberof freeseatsin
eachcategory aredisplayed.Shenow selectsthenumberandcategory of all ticketsshewishes
to buy. In thenext step,thecurrentcontentsof thecustomer'sshoppingcartis shown, including
thenewly addedtickets.This list alreadycontainstheexactrow andseatnumbersof thetickets
andallows thecustomerto cancelany numberof tickets. At this time, shecaneitherchooseto
go backto the programmeto ordermoreticketsor to �nish the transaction.In the latter case,
a pagerequeststhecustomer's personalandpaymentinformationandletsthecustomercommit
the order. Whenthe orderwassuccessfullyprocessed,sheobtainsa con�rmation pageon the
screenandanemailwith thesamecon�rmation information(including theorderedtickets,the
grandtotal andthereservationnumber).

Following the XGuide process,we modeledtheserequirementsin a requirementsdiagram
usingonly simpleandmulti pages.Figure7.1showstherequirementsdiagramof theprogramme
andshoppingcartsectionsof theapplication.
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Figure7.1: Therequirementsdiagramfor theprogrammeandticketorderingsectionsof theVIF
2003application.
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Theprogrammeoverview pageProgrammeis thestartingpoint for any eventinformationor
ticket orderingprocess.It is modeledasa multi pagesinceit is parameterizedwith thecriteria
thecustomerselected(e.g.,daterange,location,typeof event,etc.).After theclient selectedan
event,thecorrespondingeventdetailsaredisplayedin theProgrammeDetailsmulti pagethat is
parameterizedwith theidenti�er of theselectedevent.

Fromboththeprogrammemainandtheeventdetailspages,thecustomercanstarttheonline
ticket orderingprocess.In a �rst step,all datesfor theselectedeventareshown (ShowDates).
Having selectedaparticulardate,thevariousticketcategoriesandthenumberof availabletickets
percategoryaredisplayed(ShowCategories). Thecustomercanthenselectthenumberof tickets
percategoryshewantsto put into theshoppingcart.As aresultof puttingticketsin theshopping
cart, the contentsof the cart is shown in the ShowCartpage. Besidesthe possibility to cancel
theorderingprocess,thispageprovidesoptionsto gobackto theprogrammeto addmoretickets
for otherevents,to remove selectedtickets(change cart) from thecurrentshoppingcart,andto
proceedto theOrderpageto �nalize theorderingprocess.

The �nal pagein the online orderingprocessrequiresthe customerto enterher personal
information (e.g., name,address,email, phonenumber, etc.) and the preferredpaymentand
deliveryoptions.Onceall informationis provided,theorderis processedontheback-endsystem
includingcreditcardvalidationandonlinereservationof theselectedticketsin theticket issuing
system.Eventually, thecustomerreceivesacon�rmation page(Con�rmation) containingdetails
on her order (e.g., the exact seatand row numbers,reservation id, grandtotal of all tickets,
selecteddeliveryoption,etc.).

Also notethe`additionalrequirements'indicatorsontheShowCategories, OrderandCon�r -
mationpages.Therespective requirementscardsstatethat

� thenumberof availableticketspercategory in theShowCategoriespagemustberetrieved
from thethird-partyticketingsystem,

� �nishing the order in the Order pagemeansto �rst validatethe credit card information
(againusinga third-partyservice)andthenbooktheticketsin theback-endticketingsys-
tem,

� in additionto theCon�rmation page,thecustomermustgetacon�rmation emailcontain-
ing thesameinformationasthe con�rmation page.Furtherthe sameemail is for redun-
dancy reasonssentto theVIF ticketingof�ce (to cross-checkin theticketingsystem).

7.1.1 DISCUSSION

First it needsto beemphasizedthattherequirementsdiagramexplainedabove is theresultof an
iterative discussionprocess.We startedout with a muchsimplerversionof thediagram.When
discussingthework�o w, however, additionalrequirementswereaddedandthediagramevolved.
Examplesof suchchangesinclude:

� removing singleticketsfrom theshoppingcart's ShowCartpage(asopposedto canceling
thewholeshoppingcartor all ticketsof aselectedevent),
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� addingshortcutlinks to theProgrammeoverview pageto directly starttheticketordering
process(asopposedto requiringthecustomerto �rst navigateto theeventdetailspage),

� showing the exact numberof availableticketsper category in the ShowCategoriespage
(asopposedto merelyindicatingwhetherticketsin therespectivecategoryareavailableor
not).

Another requirementwe werenot able to easilycapturein the requirementsdiagramper-
tains to the bilingual natureof the Web application. As a consequence,every pageexists in
bothlanguagesandswitchingfrom onelanguageto theothershouldbeseamlesslyimplemented
throughouttheapplication.Theoreticallythiswouldmeanto duplicatetherequirementsdiagram
andfor everypageto addanavigationaldependency to its counterpartin theotherlanguage.This
would renderthediagramalmostunreadable.With respectto therequirementsdiagram,we de-
cidedto considerthe diagramto be language-independent(i.e., not to model the switchingof
languagesat this level); insteadwe addedthis requirementasa separatesectionto the require-
mentsdocument.

An importantaspectwith respectto the following feasibility decisionare representedby
the non-functionalrequirements.Apart from the technicalrequirementsof integrating legacy
or third-partysystems,two otherrequirementshadsigni�cant impacton the project: the short
developmenttimeandtheexpectedchangerateof theapplication.

In termsof developmenttime,aharddeadlinefor theWebapplicationwasdeterminedby the
dateof thepublic pressconferencein which theprogrammeof thenext year's VIF is presented.
The pressconferencefor the VIF 2003programmewasscheduledfor December13, 2002. In
theprojectplanningmeetingsit becameclearthat the �nal layoutandmostof thecontentwill
only beavailablein lateNovember. This left uswith about2-3 weeksto integratethecontent,
thelayoutandtheback-endapplicationlogic.

Theexpectedevolution rateof theapplicationwastheothersigni�cant concern.On theone
hand,the amountof information to dealwith continuesto grow aspressreleases,interviews
with artistsandreviews of performancesbecomeavailable. On the otherhand,our experience
with Web projectsandtheVIF in particularshows thatmanagersandWebsite ownersusually
do not think of all requirementsat the beginning of the projectbut tendto comeup with new
requirementslater in the project. Examplesaregiven in Section7.6 detailingon maintenance
andevolutionactivities.

7.2 THE FEASIBILITY DECISION

SincetheVIF casestudyis a relatively smallWebproject,assessingthefeasibilityof theproject
was relatively easy. Following the checklistpresentedin the XGuide process,we evaluated
the project in termsof money, time, people,dependencies,quality of service,know-how and
technology.
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Becausethe implementationof the casestudy was set up as a cooperationwith the VIF,
money wasnot theprimaryconcern.Also thepeopleinvolvedin theprojectandtheir responsi-
bilities androles(contentmanagement,projectmanagement,graphicsdesign,implementation)
hasbecomeclearover theyears.In termsof dependencieson third-partyproductsandservices
only the credit cardvalidationserviceand the ticket issuingsystemwere identi�ed. The lat-
ter is a host-basedsystemusingterminalemulationsto gatheruserinput. As a consequence,
an adapterserviceto translatebetweenthe Web-basedshoppingapplicationandthe back-end
ticketingsystemhadto bedeveloped.

Regardingtheknow-how of thepeopleinvolvedin theproject,thesituationwasmoreproble-
matic.ThepeopleattheVIF of�ce aremostlyusersof theWebbut did nothavemuchexperience
developingWeb-basedapplications.As aresult,weplannedfor increasedcommunicationto dis-
cusswhatis possibleandreasonableto do on theWeb. Also in termsof hardwareinfrastructure
(server machines,servicemaintenance,network security, etc.) the VIF could not provide the
necessaryknow-how asoutlinedwhendiscussingthe technologyaspectbelow. The graphics
designwasdoneby an externalcompany whoseexpertiseis in creatingHTML-basedlayouts
usingWYSIWYG tools suchasDreamweaver andscriptingusingJavaScriptandMacromedia
Flash. In thecaseof theVIF casestudy, we consideredtheknow-how of thedevelopersasbe-
ing no problemsincewe have enoughexperiencedeveloping,deploying andmaintainingWeb
applications.We alsodevelopedthe technologiesusedduring the implementationphase(e.g.,
MyXML, XSuite)ensuringsuf�cient familiarity with thetoolsandtechnologies.

The project setupas a cooperationwith the VIF gave us the possibility to decideon the
technologicalaspectof the project. For the VIF 2003we usean ApacheWeb server running
on Linux asbaseplatform. The applicationdevelopmentis doneusingXML, XSL, MyXML
andJava servlets.Theback-enddatastoreis realizedasMySQL database.Taking this setting
into consideration,the technologyaspectof the feasibility decisionbroughtup two potential
problems:�rst, theVIF did nothaveexperiencein settingupor maintainingaLinux-basedWeb
server;second,thegraphicsdesignersdid not haveknowledgeof XSL but only HTML.

The solutionto the �rst problemwasthat we took over the responsibilityfor con�guring,
securing,runningandmaintainingthe Web server machineandservices.Sinceit wasnot an
optionfor thegraphicsdesignersto providethelayoutasXSLT templates,weplannedfor a`pre-
processing'taskto analyzeandtranscodethe deliveredHTML mockupsinto XML andXSLT
de�nitions.

Also whatkindof qualityof serviceis requiredfor theVIF Webapplicationwasaninteresting
question. Sincethe Web presenceof the VIF is importantespeciallyfor foreign customers,
availability wasthe main concern.To cover the possibility of hardwaredefectsthat cannotbe
�x ed by replacingthe hardware,we have a cold stand-bysolution, i.e., copiesof all required
softwarepackagesto beableto setupanalternativeWebserver in acoupleof hours.Obviously,
alsoall thedatais backedup. Thesecurityof thesystemis ensuredby a restrictively con�gured
�re wall thatonly acceptsHTTP(S)requestsandmonitoringof the Web log �les. Only for the
network connectionto theInternet,theVIF fully rely ontheirproviderwhichconstitutesasingle
pointof failure.

The scalabilityof the systemis not a major concernsincethe Web server load still by far
doesnot tap the full potentialof the server and the lifetime of the Web applicationwill end
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with the �nal eventsin June(i.e., be lessthana year). The only critical point with respectto
scalability is the communicationwith the adapterservicefor the ticketing systemsinceonly
a limited numberof connectionsareacceptedby this service. On certaindays(e.g., the �rst
day whenthe ticketing serviceis available,the day of the openingceremony, etc.) we expect
the amountof concurrentticket orderingsto exceedthis limit. Regardingthe performanceof
the application,the situationis similar. The performanceof the Web anddatabaseserver are
morethansuf�cient, thecommunicationwith theadapterservice(which in turn connectsto the
ticketing system),however, causessomedelays. Sincethe adapterserviceis provided by an
externalparty, wecannotdirectly in�uence its properties.

Regardingthe projectdurationand implementationtime, however, the situationwasmore
dif�cult. We alreadymentionedthat the availabledevelopmenttime wasextremelyshortand
it wasnot clearat thebeginningwhetherwe could �nish the implementationin thegiven time
frame. As a result,we agreedto implementall functionality exceptthe ticket orderingbefore
the pressconferenceand,if necessary, provide the ticket orderingfunctionality at a later date.
As it turnedout, theintegratedsupportfor separationof concernslet us�nish everythingin time
(sincewe could implementall the functionality independentlyof the actualdataandgraphical
appearance).Still theonlineticket orderingcouldonly starta monthafter thepressconference
sincetheVIF couldnotprovide thenecessaryticket information.

7.3 DESIGNING THE VIF WEB APPLICATION

The designof the VIF casestudybuilds on the requirementsdiagramcreatedin the �rst step.
The designin-the-large activity re�nes the requirementsdiagramto includeWeb components,
applicationlogic processesandthenecessaryinput-andoutputinterfaces.Consecutively, design
in-the-smalltranslatesthehigh-leveldesigninto concretecontractsfor all pagesandcomponents.
Furtherit speci�esthecompositionoperatorsto embedcomponentsinto pages.

7.3.1 DESIGN IN-THE-LARGE

In the requirementsdiagram,the envisionedWeb applicationis viewed from the client's per-
spective. Design in-the-large meansto further analyzethe requirementsdiagramto identify
commonalitiesacrosspages(andseparatethemout into Webcomponents)andto preciselyspec-
ify all interfaces(i.e.,betweenpages,componentsandapplicationlogic processes).

Figure7.2depictsthesnippetfrom thediagramshowing theprogrammeoverview, searchand
detailspages.TheProgrammepagereferencesthreeWebcomponents:theHeader, Programme-
Search andProgViewDefaultcomponents.The headercomponentis embeddedin all pagesto
displaya commonheadersectionandnavigationstructurefor all pages.Theprogrammesearch
componentrepresentsa searchfacility thatletstheclient searchfor eventsdependingon these-
lecteddate,locationandeventcategory. Finally, the(default) view componentsdisplaysthelist
of eventsthatmatchthesearchcriteria.
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Figure7.2: Thesnippetof thedesigndiagramresponsiblefor theprogrammeoverview, search
anddetailspages.

Further the searchcomponentis linked to an applicationlogic processthat performsthe
actualsearchagainsttheback-enddatabasecontainingall eventsanddisplaysthesearchresult
in yet anotherpageof typeProgramme. This recursive dependency is alsothe reasonwhy the
programmepageis modeledas multi pageas opposedto a simple page—eachsearchquery
producesa new instanceof thepagethatonly differsin thelist of eventsto bedisplayed.When
initially navigating to the programmepage,no restrictionson the searchcriteria arespeci�ed
resultingin a list of all eventsin theview component.

From the list of eventsin the view component,the client can selectan event to view its
details.Thedetailspagereusestheheadercomponentanddisplaysall informationavailablefor
theselectedevent.TheProgrammeDetailspageagainis amulti pagesinceits pagespeci�cation
is parameterizedwith the identi�er of aneventandreusedfor all events.Fromtheprogramme
detailspage,alsotheticket orderingprocessstarts.If theclient choosesto orderticketsfor the
selectedevent,sheis �rst presentedwith a list of all dateswhentheevent is performed.In the
designdiagram,wemodeledtheticketorderingprocessonaseparatepage(shown in Figure7.3).
As aresult,weusedaproxycomponentin Figure7.2to indicatethefactthattheShowDatespage
is speci�edsomewhereelse(i.e.,on adifferentpage)in thediagram.

Sincethe input and output interfacesare propertiesof the componentsand pagesset via
a propertydialog, they arenot shown in Figures7.2 and7.3. In Figure7.2, for instance,the
ProgrammeSearch componenthasanoutputinterfacethatspeci�estheselectedsearchcriteria,
i.e., the daterange,the locationandthe event category. This outputinterfaceis matchedby a
correspondinginput interfaceof the ProgrammeSearchLogic applicationprocessthat usesthe
provided valuesto compilethe list of eventsthat matchthe searchcriteria. Consequently, the
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Figure7.3: Thepagefrom thedesigndiagramthatspeci�estheticketorderingprocess.
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processde�nesanoutputinterfacethatcontainsalist of events.Thislist is usedasinput interface
in theProgrammepageanddisplayedassearchresult.Thedualityof inputandoutputinterfaces
continuesfor all pages.

To �nish thediscussionof thedesignin-the-largeactivities in ourcasestudy, webrie�y walk
throughthediagramfor theticket orderingprocess.Theprocessstartswith theaforementioned
ShowDatespagethat displaysall dateswhenthe selectedevent is performed.Whenthe client
haschosena date,the availableticket categories(i.e., price categoriesdependingon the event
location)aredisplayedtogetherwith thenumberof ticketsavailablein eachcategoryin theShow-
Categoriespage.Theclient thenselectsthenumberof ticketsshewantsto order(percategory)
andputstheminto theshoppingcart.Ontheserver-side,thistriggersthe(internal)reservationof
thetickets(ReserveTickets) to avoid placingthesameticketsinto multiple shoppingcartsat the
sametime. The ShowCartpagedisplaysthe currentcontentof the shoppingcart andprovides
buttonsto changeor canceltheorder. In theformercase,thereservationis changedontheserver
andthemodi�ed shoppingcartdisplayedanew. In thelattercase,thereservationis canceledand
theprogrammeoverview is shown. If theclient decidesto �nish theorder, sheis askedto enter
thedeliveryandpaymentinformationontheOrderpage.Againshecancancelto reservationand
returnto theprogrammeoverview; or shechoosesto �nish theorder,i.e.,af�rmati vely booking
theticketson theserverand,in thecaseof a creditcardtransaction,validatingandcharging her
creditcard.Eventually, a con�rmation pagewith all ticket detailsis shown. Notethatall pages
embedtheheadercomponentto ensureaconsistentappearanceandnavigationexperience.

7.3.2 DESIGN IN-THE-SMALL

Sofar, all modelingwasdonein theVisio modelingenvironment. Startingwith designin-the-
small, visual modelingis replacedby the XSuite IDE. To make the Visio sitemapusablein
XSuite,it is �rst translatedinto anXML representation.Thepartsof theVIF sitemapthatmodel
theprogrammepagesareshown in Figure7.4.

You canseethatonly theessentialinformationsuchasthe identi�ers, thenames,input and
outputinterfaces,compositiondependenciesandlink informationareextractedfrom the Visio
diagram.

TheXSuiteIDE providesacustomizededitorfor sitemapsandsupportscreationof contracts
for all thepages,components,andapplicationlogic processesin thesitemap.To createacontract
for a pageor component,thedeveloper�rst choosesamongtheavailablecontractconcerns.All
pagesandcomponentsmusthaveaStructureconcernthatde�nestheirstructureanddatamodel.
Dynamicpages(andcomponents)might in additionusethe Interfaceconcernto de�ne their
input/outputbehavior. Application logic processes,on the otherhand,only usethe interface
concernsincethey do not have contentor a visual representationthemselvesbut only consume
andprovide informationfor pagesandcomponents.

Thecontractcreationwizardintegratedinto theXSuiteIDE supportsthedeveloperin creating
contracts.Figure7.5 shows the �rst pageof this wizard. It lets the userselecttheappropriate
concernsandde�nes a locationin theprojectwhereto storethecontract.Eventually, it creates
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<?xml version="1.0" encoding="UTF-8"?>
<ConceptualModel xmlns="http://www.infosys.tuwien.ac. at/xg uide/ sitema p"

xmlns:xsi="http://www.w3.org/2001/X MLSchema-i nstanc e"
xsi:schemaLocation="http://.../xgui de/si temap ConceptualModel.xsd">
<Pages>

<SimplePage><!-- simple page definitions go here --></SimplePage>
<MultiPages>

<MultiPage id="88" name="ProgrammeDetails">
<Interface>

<Input><Param name="eventId" type="String"/></Input>
</Interface>
<LinkInformation>

<Target id="1" type="proxyLink"/>
</LinkInformation>
<References><Ref id="14"/></References>

</MultiPage>
<MultiPage id="149" name="Programme">

<LinkInformation>
<Target id="88" type="proxyLink"/>

</LinkInformation>
<References>

<Ref id="14"/>
<Ref id="108"/>
<Ref id="114"/>

</References>
</MultiPage>

<!-- more multi pages here -->
</MultiPages>

</Pages>
<Components>

<Component id="14" name="Header">
<Interface>

<Input><Param name="pageId" type="String"/></Input>
</Interface>

</Component>
<Component id="108" name="ProgrammeSearch">

<Interface>
<Output name="output">

<Param name="date_from" type="String"/>
<Param name="date_to" type="String"/>
<Param name="keyword" type="String"/>
<!-- more parameters here -->

</Output>
</Interface>
<LinkInformation>

<Target id="95" type="directLink"/>
</LinkInformation>

</Component>
<Component id="114" name="ProgViewDefault"/>

</Components>
<AppLogic>

<Process id="95" name="ProgrammeSearchLogic">
<!-- more process-related information here -->

</Process>
<!-- more application logic processes here -->

</AppLogic>
</ConceptualModel>

Figure7.4: A fragmentfrom theXML representationof theVIF sitemap.
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Figure7.5: The�rst pageof thecontractcreationwizardof theXSuiteIDE.

a contracttemplatefrom the userinput and the information in the sitemap. Sucha contract
templateis shown in Figure7.6.

With the contracttemplateat hand,the designers�ll the contractwith the corresponding
information (e.g., interfacespeci�cation and XML schemade�nition). Eventually, when all
contractsarede�ned, thecontractscanbecomposedaccordingto thede�nitions in thesitemap.
Anotherwizard supportsthe designerin doing so. First the contractthat shouldbe composed
with the selectedcontractis chosen. Then the compositionoperatorsfor all concernsin the
contractarespeci�ed. If all requiredinformationis available,thecontractsarecomposed,i.e.,the
appropriatecomponentreferenceis insertedinto the<compositionreferences> section
of thecontract.Figure7.7shows aninput pageof thecontractcompositionwizardthatrequests
informationon how to composethe interfaceconcerns.As discussedin Section5.4.2,theuser
can chooseamongcompositionby addition, by uni�cation, by adaptation,and by omission.
Correspondinguserinterfacecontrolsareprovidedon thewizardpage.

Theeffect of thecompositionoperationon theXML representationof thecontract(i.e., the
updated<compositionreferences> section)is shown in Figure7.8. A new composition
referencewasaddedthat uniquely identi�es the embeddedcontractvia its nameandversion.
Furthera customcompositionoperatoris speci�ed for eachcontractconcernthat containsthe
informationon how to integratethereferencedconcern.

When all contractsare fully speci�ed and all compositionreferencessatis�ed, the design
phaseis �nished. The setof contracts(including the compositioninformation)actsasa spec-
i�cation for the developers.They encapsulateall informationnecessaryto develop thevarious
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<xcontract version="1.0" xmlns="http://.../xsuite/contract "
xmlns:xsi="http://www.w3.org/2001/X MLSchema-i nstanc e"
xsi:schemaLocation="http://.../xsui te/co ntrac t contract.xsd">

<concern type="Interface" id="interfaces">
<idl:interface xmlns:idl="http://.../xguide/conce rns/i nterf ace">

<idl:in />
<idl:out name="output">

<idl:param name="date_from" type="String" dimension="0" />
<idl:param name="date_to" type="String" dimension="0" />
<idl:param name="keyword" type="String" dimension="0" />
<idl:param name="location" type="String" dimension="1" />
<idl:param name="category" type="String" dimension="1" />
<idl:param name="search" type="String" dimension="0" />

</idl:out>
</idl:interface>

</concern>

<concern type="Structure"
docElement="ENTER_DOCELEMENT_HERE"
id="structure">

<xs:schema
targetNamespace="ENTER_YOUR_TARGETNAMESPACE"
xmlns:xx="ENTER_YOUR_TARGETNAMESPACE"
elementFormDefault="qualified"
xmlns:xs="http://www.w3.org/2001/XML Schema">

<!-- add your schema definition here -->

</xs:schema>
</concern>

<compositionreferences>
</compositionreferences>

</xcontract>

Figure7.6: Thecontracttemplategeneratedfor theprogrammesearchcomponentwith speci�-
cationsfor theinterfaceandthestructureconcerns.
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Figure7.7: A pageof thecontractcompositionwizard requestingcompositioninformationfor
theinterfaceconcerns.

implementationconcernsconcurrentlyandindependentlyof eachother.

7.3.3 DISCUSSION

The designphasedependsto large partson the expertiseandexperienceof the designers.In
the programmesearchexamplewe outlinedhow a pagecanbe factoredinto componentsthat
cansubsequentlybereusedacrossmultiple pages.As a resultof theconcretedesignpresented
before,the initial programmeoverview pageis merelya specialcaseof searchresult, i.e., the
list of eventsthatmatchno speci�c criteria. While this designhasadvantagesin termsof reuse
andimplementationeffort, it makesit moredif�cult (if not impossible)to updatetheProgramme
overview page(e.g.,with specialoffersor recentnews) without alsoaffecting thesearchresult
pages.Thusif changesto theprogrammeoverview pagecanbeanticipatedthat shouldnot be
re�ectedonthesearchresultpages,abetterdesignwouldbeto singleout theoverview pageand
modelit separately(againreusingtheheaderandsearchcomponents,though).

Anotheraspectto keepin mind is thecomplexity of themodel. The morecomponentsare
de�ned, the morecomplex andincomprehensiblethe modelgets. Dependingon the expected
change-or evolution-rateof theapplication,thismight make sense.A mereover-engineeringof
thedesigndiagram,however, (e.g.,splitting all pagesinto componentseven if thecomponents
cannotbereused)only addsto thecomplexity of thediagrambut notany value.

A goodexamplefor this kind of trade-off wasthe decisionto model the list of eventsre-
turnedby a searchqueryasa separatecomponent(calledProgViewDefaultin Figure7.2). In
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<xcontract>
<!-- concerns go here -->

<compositionreferences>
<reference version="1.0" with="programmeview.contract">

<composition type="Interface">
<in>

<param-ref name="locations">
<operator type="as-is"/>

</param-ref>
<param-ref name="sortByEvent">

<operator type="as-is"/>
</param-ref>
<param-ref name="sortByLocation">

<operator type="as-is"/>
</param-ref>
<param-ref name="ticketsAvailable">

<operator type="as-is"/>
</param-ref>
<param-ref name="event_ids">

<operator type="unify" value="events"/>
</param-ref>

</in>
</composition>
<composition type="Structure">

<operator elementName="programmeview" position="beginning"/>
</composition>

</reference>
</compositionreferences>

</xcontract>

Figure7.8: Theupdatedcompositionreferencesectionin thecontractthatcontainsall composi-
tion operators.
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therequirementsphase,wealreadydiscussedofferingalternativeviewsof thesearchresult(e.g.,
sortedby eventlocation,by date,etc.).Thuswe expectedothercomponentsto beusedtogether
with theexistingdefault view. If thisprobableextensionof theprogrammepagewouldnothave
beenobviousfrom thebeginning,it would not have madesenseto isolatethelist of eventsin a
separatecomponent.Instead,it wouldhavebeenpartof theProgrammepageitself.

7.4 CONCURRENT IMPLEMENTATION BASED ON CONTRACTS

Onceall componentand pagecontractsexist and the compositioninformation speci�es how
contractsarecomposed,the concurrentimplementationphasestarts. As explainedbefore,the
informationin thecontractsis everythingneededtocreatethevariouspartsof theimplementation
independentlyof others.Considerthecontractof a dynamicpage.It containsa structureandan
interfaceconcern.Thestructureconcern(i.e.,XML schemade�nition) de�nesthestructureand
datamodel.Theinterfaceconcern(i.e., interfacede�nition) speci�estheinput/outputbehavior.
Thusthecontentmanagerusesthestructurepartof thecontractto createthecontentdocuments,
the graphicsdesigneralsousesthe structureconcern(i.e., XML schema)to createappropriate
XSLT templates,andtheprogrammersolelyreliesontheinterfacede�nition whenimplementing
theapplicationlogic.

To initially createanimplementationof acontract,theXSuiteIDE againprovidesasupport-
ing wizard.Thewizardletsyou selectthecontractto beusedandletsyou enterthenameof the
resultingXPage(i.e., implementationof a contract).Sincean XPageonly containspointersto
theactualimplementation�les, wecaneasilysupportimplementationreuseby selectingexisting
implementation�les. If no suchimplementationexists, the wizard createsa new implementa-
tion skeletonbasedon theinformationin thecontract.Figure7.9shows thesecondpageof the
XPagecreationwizardthatprovidesa separatetabfor every implementationconcern.It further
letsthedeveloperdecideon a perconcernbasiswhethera new implementationtemplateshould
becreatedor anexisting implementationreused.

If the developertells the wizard to createa new implementationskeleton,it analyzesthe
contractto createa preliminarycontent(XML) document,layout (XSLT) stylesheetand(Java)
applicationlogic. For this purpose,the wizard processesthe structurepart of the contractand
createsacommentedXML documentconformingto theschema.Similarly, aschema-compliant
XSLT stylesheetis generated.For theapplicationlogic, thesituationis alittle morecomplicated.
First,aJavainterfaceis generatedbasedontheinterfacede�nition informationin thecontract.In
this process,the input interfaceis translatedinto a dedicatedmethodsignatureandeachoutput
interfaceis encapsulatedin a separatesub-interface. While this interfacewould be suf�cient
to develop andcompile the applicationlogic, the programmerwould not have a possibility to
test the applicationlogic until the �nal contentand layout are available. Insteadwe createa
factoryclassthat returnsa dummyimplementationof the applicationlogic interfaceuntil the
�nal contentandlayoutbecomesavailable.

Considertheexampleof a genericmessage contractthatde�nes a pageto displaya simple
text message.Thepagetakesa headeranda text parameterasinput. It doesnot provide output
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Figure7.9: TheXPagecreationwizardprovidesseparatetabsfor all concernsandtheoptionsto
reuseexisting implementation�les.

interfaces.If thedeveloperusesthepagecreationwizardto createa new implementationof this
contract,thewizardcreatesanXPageasshown in Figure7.10.TheXPageindicatestheidenti�er
andtheversionof thecontractit usesandcontainsreferencesto implementationsfor thecontent,
layoutandapplicationlogic. For spacereasons,wedonotshow theskeletonsfor thecontentand
layout�les here.Theinterfaceandafragmentof thecreatedfactoryis shown in Figure7.11.All
this sourcecodeis directlygeneratedfrom thecontractusingtwo XSLT stylesheets.

Basedon the createdimplementationskeleton,the developersuseXSuite to �nish the im-
plementation.For XML andXSLT documents,customizededitorswith syntaxhighlightingand
auto-completionsupportthedeveloper. For the applicationlogic, a completeJava IDE is inte-
gratedinto theXSuiteenvironment(includingeditor, compiler, debugger, etc.).Whenall imple-
mentationactivitiesare�nished, only thecreationof thepagetemplatein thenewInstance()
methodof Figure7.11hasto bechangedto usethe�nal contentandlayout.Thenthecomponent
or pagecanbetestedanddeployed.

To demonstratethattheimplementationtasksareindependentof eachother, weimplemented
the casestudystartingwith the applicationlogic and–inthe �rst step–completelyignoring the
contentandlayoutconcerns.With thecreateddummypages,we successfullyimplementedthe
full functionalityof thecasestudy(shoppingcart,programmesearch,archivesearch,etc.).Only
thendid weaddtheactualcontentandlayoutinformation(againindependentlyof eachother).In
this stepwe couldshow thata concurrentimplementationphasebasedexclusively on contracts
is possible.The experienceswe madein the variousimplementationtasksarecollectedin the
discussionsectionbelow.
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<xpage xmlns="http://www.infosys.tuwien.ac .at/x guide/ xpage "
contract="model\contracts\generic\g eneri cMessa ge.co ntrac t"
contractversion="1.0">

<concern type="Content">
<ref target="implementation\content\ge neric \gener icMes sage. myxml" />

</concern>
<concern type="Interface">

<ref target="implementation\logic\gene rated \IGene ricMe ssage .java" />
</concern>
<concern type="Layout">

<ref target="implementation\layout\gen ericM essage .xsl" />
</concern>

</xpage>

Figure 7.10: The generatedXPageacting as a containerfor referencesto the actualconcern
implementations.

After theimplementationphase,theVIF casestudyconsistedof 18 contractsthatwereused
in a total of 25 XPagesandcomponents.25 content�les, 13 stylesheetsand118 Java classes
wereinvolvedin theimplementationof thepagesandapplicationlogic. 93 of thetotal 118Java
classeswereautomaticallygeneratedby theXSuiteIDE andtheMyXML engine;theremaining
25classesencapsulatedthe`real' applicationlogic. Thenumberof actualHTML pagesdelivered
to usersis further increasedby the fact that many pagesare parameterizedmulti pages. For
example,the eventdetailspageis parameterizedwith the event identi�er andis usedto create
about50 differentHTML pages;similarly the archive detailspageis reusedfor hundredsof
articlesin thearchive.

7.4.1 DISCUSSION

In implementingthe VIF casestudy, we could show how the contentmanagers,graphicsde-
signersandprogrammerscanwork independentlyof eachother. In practicethis meansthat the
contentmanagersneedasimplestylesheetto validatetheenteredcontent.Thegraphicsdesigner
work with dummycontentthat lets themtestvariousformattingalternatives. Theprogrammer,
�nally , usesthe automaticallycreateddummypagesmentionedbeforeto test the input/output
behavior of theapplicationlogic. In this setting,XSuite's versioncontrol supportprovedto be
extremelyuseful. The integratedCVS moduleallowed thedevelopersto checkin their contri-
bution to theprojectwhile the temporary�les (dummycontent,simplelayoutde�nitions, etc.)
stayedlocal. As a result,thesharedrepositoryalwaysre�ected thecurrentstatusof theproject
evenif thedevelopersusedtask-speci�cenvironmentsettings.

The developmentof the applicationlogic took advantageof the integratedJava IDE. Es-
pecially the incrementalcompileranddebuggerhelpedto ensurecontractcompliancesinceall
sourcesgot immediatelycompiledagainsttheinterfacescreatedfrom thecontract.Thustheap-
plicationlogic–if compiledsuccessfully–automaticallyis guaranteedto ful�ll its contract.Also
for theotherconcerns,theintegrationof theindependentlydevelopedconcernimplementations
workedwithoutproblemsaslongasthey remainedcontractcompliant.
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public interface IGenericMessage {
public void setInput(String header, String text);
public void print(PrintWriter pw) throws Exception;

}

public class GenericMessageFactory {
private static GenericMessageFactory factory = null;

public static GenericMessageFactory getInstance() {
if (factory == null) {

factory = new GenericMessageFactory();
}
return factory;

}

public IGenericMessage newInstance() {
return new GenericMessageDummyImpl();

}

public class GenericMessageDummyImpl implements IGenericMessage {

private String header = null;
private String text = null;
private boolean initialized = false;

public GenericMessageDummyImpl() {
this.initialized = false;

}

public void setInput(String header, String text) {
this.header = header;
this.text = text;
this.initialized = true;

}

public void print(PrintWriter pw) throws Exception {
if (!initialized) {

throw new Exception("Output class was not initialized!");
}
pw.println("<HTML>");
pw.println(" <HEAD>");
pw.println(" <TITLE>Auto-generated page from XSuite</TITLE>");
pw.println(" </HEAD>");
pw.println(" <BODY>");
pw.println(" <H1>Auto-generated page for IGenericMessage</H1>");
pw.println(" <H2>Input Parameters</H2>");
pw.println(" <P>header (string) = " + this.header + "</P>");
pw.println(" <P>text (string) = " + this.text + "</P>");
pw.println(" </BODY>");
pw.println("</HTML>");

}
}

}

Figure7.11:Thegeneratedinterfaceandfactoryof theprogrammesearchcomponent.
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Eventually it remainsto be notedthat in someoccasionsthe createdcontractsturnedout
to be not complete,i.e., do not correctlyspecify the dependenciesandinterfacesbetweenthe
implementationconcerns.This is a resultof a not carefulenoughdesignphaseand,oncemore,
shows how importantit is to investenoughtime andthoughtsin thedesign.Oneexampleof an
incompletespeci�cationin thedesignphaseis relatedto hidden�elds in Webforms. Consider
theprogrammesearchcomponent:the from, to, location, category andkeyword argumentsare
obvious sincethey representform �elds in which the usercanenteror selectvalues. What is
easyto miss,is theexistenceof hidden�elds in Web forms(e.g.,to indicatewhetherthe form
is shown the �rst time, what languagethe form is shown in, etc.). In the designphase,such
information(thoughimportantto theapplicationlogic) is easilyoverlooked. This is especially
the caseif the designis driven by designand layout mock-upsand no cross-checkwith the
requirementsof theapplicationlogic is performed.Anotherexampleof an incompletecontract
turnedup in the implementationof theShowCartpage.This time thereasonwasthat thepage
usesseveralcommitbuttonsin thesameform (i.e., cancelorder, changecart, �nish order)and
thustheapplicationlogic hasto reactdifferentlydependingon which buttonwaspressed.The
necessaryinformation(i.e.,thenameof theselectedbutton)is crucialto theapplicationlogic but
wasnotpartof our initial contract.

Besidesthe conclusionthat we did not investenoughin the designof the application,the
setof incompletecontractsgave us the possibility to try out real-world evolution scenariosas
presentedin Section7.6.

7.5 TESTING AND DEPLOYING THE VIF CASE STUDY

Becauseof thelimited time, testingof theVIF casestudybeforetheinitial roll-out startedwith
themostcritical partsof theapplication,i.e., theprogrammesearchandticket orderingsystem.
Everythingelsewasthenvalidatedaccordingto its importanceandremainingtime beforethe
initial deployment.

Testingof theprogrammesearchandticket orderingsystembasicallymeantto ensurethat
thesystemreactsasexpected(i.e.,ontheclientaswell astheserverside)for arbitraryuserinput.
Thereforewe (manually)createda setof testcasesto cover the mostcommonuserscenarios,
severalfaulty inputsandcornercases.Sincetheinput/outputbehavior andthestateontheserver
could be testedusing the dummy pagesand the applicationlogic, the testingprocessstarted
togetherwith theimplementationof theapplicationlogic. Whenthe�nal contentexistedandthe
layoutwasintegrated,thesetof testswasexecutedoncemoreagainstthe�nal Webapplication
to ensurethattheintegrationof thecontentandlayoutdid not tamperthesystem'sbehavior.

We alreadymentionedat the beginningof this chapter, that the designof the graphicalap-
pearanceof theWebapplicationwasoutsourcedto an externalcompany thatproducedHTML
mock-upsratherthanXSLT stylesheets.As a result,testingof the layoutconcernmeantto en-
surethat the createdXSLT stylesheets(visually) producethe sameoutputasthe original (and
accepted)HTML mock-ups.Similarly, thecontentwasre-checkedin termsof correctnessof in-
formationandtyping errors.Eventually, a link checkingtool would ensurethatno brokenlinks
exist in theapplication.



174 7.5TestingandDeployingtheVIF casestudy

To re-runtheapplicationlogic testsandperformthecontentandlayoutcheckshaving inte-
gratedall concerns,weneededtodeploy the�nal applicationto atestenvironment.To deploy the
casestudy, weneededto invoketheMyXML templateenginefor all XPages,compilethegener-
atedandmanuallycodedJava sourcesandcopy the�nal runtime�les to a Java servlet-enabled
runtimeenvironment.For thispurpose,weusedXSuite's integratedJakartaTomcat[140] servlet
enginethat supportsrunningthe Web applicationunderdevelopmentdirectly from within the
IDE. Figure7.12shows theTomcatpropertypageto managethenecessarycon�guration infor-
mation. Everythingelseis donetransparentlyfor theuser, i.e., theWebapplicationdescription
�les (web.xml ) andtheservercon�guration�le (server.xml ) aremaintainedautomatically.
Supportedby Tomcat'scodehot-swappingability, changesto theapplicationlogic evenbecome
immediatelyvisible throughtheWebinterfaceandno longerrequiretime-consumingrestartsof
theservletcontainer.

Figure7.12:Thepropertypageof theintegratedTomcatservletengine.

The �nal deploymentstepis to copy the Web applicationto the productionserver. Based
on so-calledserverpro�les thatencapsulateall server-speci�c information(e.g.,documentroot,
databasedriver, databaseconnectstring,etc.),it suf�ces to copy all implementation�les to the
productionmachineandre-build theapplicationusingthecorrespondingserverpro�le.

Figure7.13shows the�nal programmeoverview pageafter integratingtheimplementations
for thecontentconcern,thelayoutconcernandtheapplicationlogic. Thecommonheadercom-
ponentresidesatthetopof thepage,theprogrammesearchcomponentis displayedin thevertical
baron theleft, andthelist of eventsin themainareaof thepage.
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Figure7.13:The�nal programmeoverview pageof theVIF casestudy.
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7.5.1 DISCUSSION

The main problemwhentestingthe VIF casestudywasthat thereis little or no work on how
to exhaustively testa Webapplication.Evenin thesoftwareengineeringdomain,thoughmuch
researchon software testingexists, testingof non-trivial softwareproductsis a dif�cult task–
not to speakof proving the correctnessof applications. Since the applicationlogic of Web
applicationsin most casesis non-trivial and needsto deal with transactionalprocesses(i.e.,
manageusersessions),the work on softwaretestingcanbe directly appliedto the application
logic.

For theotherconcernsof a Webapplication(e.g.,content,layout,etc.) andespeciallytheir
integration,it is not soclearwhattestingmeans.Furthermore,hypertext-relatedtesting(e.g.,to
avoid thebrokenlink problemor to make sureall pagesarereachable)andusertesting(e.g.,to
ensureuseracceptanceandusability)is important.It is alsounclearto whatextentthetestingof
Webapplicationscanbeautomatedsincethetestdriverhasto haveawayto evaluatetheserver's
reply. Sincesuchreplieschangedependingon thestateof theserver, theinput device used,the
graphicallayout deployed andmaybeeven environmentalvariables(e.g.,the time of the day),
this is anextremelydif�cult task.

Also the lack of appropriatemetricsto evaluatehow well an applicationis tested(suchas
block coverageor arc coveragein softwareengineering)makes it dif�cult to argueaboutthe
quality of a Webapplication.Existingmetricsmainly focuson thecomplexity of Webapplica-
tions[45,109].

In termsof regressiontesting,it is oftenimpossibleto derive from a changedresourcewhat
otherresourcesareaffectedby themodi�cation. Becauseof thestrict separationof all concerns
in XGuide,we cando a betterjob by maintainingdependency graphsthat trackall usesof any
givenresource.For everycontentor layout�le, for instance,we canderive in whatXPagesit is
used(i.e., whatpagesneedto be rebuilt). For every XPage,we can�nd the contractit usesto
ensurethat thechangedoesnot violate thecontract.Using this mechanism,we canbuild a list
of pagesthatareaffectedby any givenmodi�cation andthusneedto be re-built, re-testedand
re-deployed.

Thedeploymentof theWebapplicationitself, beit into thetestenvironmentor to theproduc-
tion environmentof the VIF application,did not causemuchproblems.The conceptof server
pro�les wasexpressive enoughto encapsulateall machine-relatedinformationandreducethe
deploymentactivities to copying all required�les andrebuilding the applicationwith the new
pro�le.

7.6 MAINTENANCE AND EVOLUTION OF THE VIF 2003 WEB

APPLICATION

OncetheWebapplicationis deployed,it entersthemaintenancephase.Recallthatwedistinguish
maintenanceandevolutiondependingonwhetheramodi�cation remainswithin asingleconcern
(andleavesthecontractunchanged)or is cross-concern(andrequiresanupdateto thecontract).
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In theVIF casestudy, we appliedmaintenancein theapplicationlogic to �x programming
bugsandextensively in thecontentconcernto addnew or updateexisting contentinformation.
Maintenancein thelayoutconcern,i.e.,changesto thegraphicalappearance,did notoccur.

Maintainingtheapplicationlogic is directly supportedwithin theXSuiteIDE by editingthe
sourcecodeand recompilingit. The newly generatedJava class�les are then automatically
copiedto the test environmentwherethe codehot-swappingfeatureof Tomcatusesthem to
replaceexisting, now out-datedversions.As a result,changesandbug �x esin thesourcecode
areinstantaneouslyactive in thetestenvironmentoncethecompilationprocesssucceeds.

Contentmaintenanceis morecomplicated.Thecontentof mostWebapplicationsis stored
eitherin staticXML/XHTML �les (for staticpages)or in a database(for dynamicpages).This
is alsothecasein theVIF example.Thuscontentmaintenancehasto dealwith changesto static
content�les andupdatesto databasecontent.

In the caseof static �les, XSuite offers the sameediting capabilitiesas for their creation,
i.e., syntax-highlightingandauto-completingtext editors. A modi�cation of a static�le is not
immediatelyvisible in thetestenvironmentsinceit requiresa rebuild of all XPagesthatusethe
modi�ed �le. Only then,do thechangesbecomevisible.

Databasecontentis a little different in that it doesnot directly affect the XGuide process.
Insteadit is usedby thegenerateddynamicpages.As such,anupdateof databasecontentdoes
not requireanupdateof any XGuiderelatedresource.To addresstherecurringrequirementof
updateinterfacesfor databasecontent,we createda MyXML-basedtool calledWebCUS(Web
ContentManagementSystem)[87,95] that canbe usedto provide generic,customizableWeb
interfacesto arbitraryrelationaldatabases(aslongasa JDBCconnectionto thedatabasecanbe
established).WebCUStakestheentity relationshipmodelof thedatasourceto manage(in XML
format) anda set of accesscontrol de�nitions (“who is allowed to do what on which table”)
as input andgeneratesa full XML/XSL-basedWeb applicationto maintainthe contentin the
database.The functionality of WebCUSincludesentering,updating,anddeletinginformation
and managingone-to-oneand one-to-many relationships. SinceWebCUSusesXSLT for its
formatting,it canbeeasilyadaptedto �t any givencorporateidentityor graphicallayout.

Summarizing,the maintenanceactivities of the casestudyworked well anddid not cause
problems.All concernscouldbemaintained(i.e., updated,testedanddeployed)separatelyand
integratedsmoothlywith existingconcernimplementations.

Apart from themaintenancetasks,alsoseveralevolution stepswereperformed.This started
with thecontractsthatlateronturnedoutto beincomplete(e.g.,becausesomehiddenform �elds
werenotmodeledin theinterface).In general,suchproblemscouldbesolvedquickly by updat-
ing thecontractandthecorrespondingXPageimplementation�les. To avoid inconsistencies,it
is importantto updatetheversionnumbersof thecontractandthereferencingimplementations.

Anotherexampleof evolution from theVIF casestudywasthat the ticket orderingprocess
shouldnotonly supportregularticketsbut alsodealwith reducedticketsfor childrenandspecial
offersinvolving multipleeventsand/ortickets(e.g.,youageta30percentpricereductionif you
buy ticketsfor all eventsin a series).Suchextendedfunctionalitywasnot originally considered
importantandneededto beintegratedlateron; it is a typical exampleof anevolution tasksince
it obviously is cross-concern:it requiresanupdatedcontentto describespecialoffers,updated
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layout to visually indicatethemandupdatedapplicationlogic to correctlyprocessthem(e.g.,
correctlycalculatethegrandtotal of anorderin thepresenceof aspecialoffer).

In a �rst step,we consideredwhat changesto the contractswere needed.Obviously the
structureconcernhadto re�ect theadditionaltextual informationdescribing(potential)special
offers.Further, theinterfaceto theapplicationlogic hadtobeupdatedto includeaparameterthat,
at runtime,would containtheactualdescriptionof thespecialoffer (dependingon theselected
eventandthe currentcontentsof the shoppingcart). Oncethe updatedversionof the contract
existed,theimplementationagainwasdonein parallel.Theprovision of thetextual description
of specialoffers was straightforward. Also the visual rendering(i.e., updatesto the layout)
wereeasyto do sincethespecialoffer descriptionshouldsimply appearin redcolor below the
existing ticket description.Only themodi�cations to theapplicationlogic thatneededto check
for potentialspecialoffers,createtheoffer descriptions,andcorrectlycalculatetheoverallprice
requiredsigni�cant effort. In the end,however, the supportof specialoffers wassurprisingly
easyto implementandintegrate.

7.6.1 DISCUSSION

Basically, themaintenanceandevolution tasksin thecasestudyworkedwithout problemsand
con�rmed the advantagesof contractsfor maintenanceaspostulatedin Chapter4. Furtherthe
separationof maintenanceandevolution activities betterstructuresthe post-deploymentphase
thatis–thoughoftencostlyandthelongestphase–traditionallybadlyneglected.

For thepurposeof maintenanceandevolution,theXSuiteIDE is not fully satisfactory. First,
contractupdatesdo not automaticallyresult in an updatedcontractversion. Second,modi�ed
contractsdonotyet invalidateall dependentXPagesandimplementation�les. And third, theuse
of CVS asversioncontrol systemdoesnot ideally supportusingmultiple versionsof thesame
resource.

Whenever a contractis modi�ed, its versionshouldbe increased. There is currently no
enforcingmechanismfor increasingversionsbuilt into XSuite.Suchamechanismshouldbeable
to dealwith thesituationthattheupdatedcontractis currentlynotusedin theprojectandshould
provide theability to intentionallysuppresstheautomaticupdateof thecontractversions(e.g.,
to correcta typo in acontract).Onceacontractis updated,all pagesthatusethecontractshould
be invalidated. This forcesthe developersto revisit the affectedpagesto make surethey still
complywith thecontract.Sucha featurebecomescritical to keeptrackof contractcompliance
whenmorethana few versionsof a contractareused.Eclipse's conceptsof incrementalproject
buildersand resourcechangelistenersoffer the requiredfunctionality for its implementation.
Finally, the useof CVS asversioncontrol systemis not perfectto concurrentlyusemultiple
versionsof thesameresourcein oneproject.CVSwasdesignedtokeeptrackof multipleversions
of a �le but usuallydoesnot supportconcurrent(even read-only)accessto multiple versions
easily.

In the VIF casestudy, theseissueswerenot a real problemsincewe never usedmultiple
contractversionsat thesametimebut updatedall componentsandpagesto usethelatestcontract
version. With the maintenanceandevolution phasethe VIF applicationentersthe �nal stage
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of its lifecycle in which it keepsreturningeither to the implementationphase(in the caseof
maintenance)or to thedesignphase(in thecaseof evolution). This loopbackiterationcontinues
for theremaininglifetime of theapplication,in thecaseof theVIF until theendof thefestival in
June.

In this chapterwe outlinedthe implementationwork for the VIF casestudy. It by far does
not coverall detailsof thefull implementationandcanonly show how theXSuiteIDE supports
theXGuideprocess.Thediscussionsat theendof eachsectionpresentedthestrengthsandopen
issuesin thecurrentprototypeimplementationof theIDE. In the�nal chapterswepresentfurther
evaluationdetailsof our approachandpresentadvancedtopicsandopenissuesthatneedto be
dealtwith in futureresearch.
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CHAPTER 8

EVALUATING THE XGUIDE WEB

DEVELOPMENT METHOD

If you use the original World Wide Web program,
you never see a URL or have to deal with HTML.

That was a surprise to me -
that people were prepared to painstakingly write HTML.

Tim Berners-Lee

This chapterdiscussestheusefulnessandapplicabilityof theXGuidedevelopmentprocess.
Evaluatinga developmentmethodologyis a dif�cult task,all themoreso if themethodis new
andnot muchexperiencewith it exists. This chapterlooks at the suggestedprocessfrom var-
ious anglesto presentdifferencesto andadvantagesover otherapproaches.It summarizesthe
experiencesfrom theimplementationof thecasestudyandpresentsthemostcritical factorsthat
in�uence thesuccessfuluseof themethod.

A goodmethodto evaluateany new productor processis to calculateits ratingdependingon
anagreeduponmetrics.In computerscience,many benchmarksfor processors,graphicschips,
harddisk, memorychips,etc. exist andhelp to evaluatenew products.In softwareengineering
metricsareusedto evaluatethecomplexity of softwareartifactsandto estimatethe lengthand
costof softwareprojects.OntheWeb,however, suchestimatesor metricsarerare.Only recently
a survey of Webmetrics[45] shows thatmostexisting approachesfocuson aspectssuchasthe
quality or complexity of a Website. Early work on estimatingthedevelopmenteffort of a Web
site is presentedin [109] wheretheauthorslimit themselvesto staticWebpagesandarguethat
merelyestimatingthedevelopmenteffort but neglectingthedesignandespeciallymaintenance
phasescanonly bea �rst step.As suchno usefulmetricsto comparetheXGuideprocesswith
otherapproaches(e.g.,by evaluatingthemusingthesameWebapplication)existsto date.

181
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Lackingobjective metrics,anotherpossibleevaluationtechniquecouldbeto run controlled
experimentsto evaluatehow well variousWeb developmentapproachescan deal with given
scenarios.We apply this approachto theevaluationof themaintenancephaseof XGuide. The
applicationof this techniqueto the whole processis not possiblesincethe early phasesof a
Webprojectheavily dependon theknowledgeandexperienceof theindividualsinvolved.Thus
it is closeto impossibleto createa controlledandcontinuousenvironmentfor whole process
experiments.

Onepossiblemeasureto makeup for thedifferentbackgrounds,knowledgeandexperiences
of theindividualsinvolvedin thedevelopmentprocessis to do asmany experimentsaspossible
with ashomogeneousdevelopmentteamsaspossible.Weconsideredsettingupstudentprojects
to gatherfeedbackfrom asmany studentsaspossibleimplementingthesameexampleproject.
The problemwith this approachwasthat the prerequisitesto successfullydeploy the XGuide
methodare too high for students.They neededto know the basicXML technologies(XML,
XML schema,XSLT, etc.),to understandtheXGuidedevelopmentprocess,to learntheMyXML
implementationtechnologyandto familiarizethemselveswith theXSuite IDE. This is beyond
whatasinglecoursecanteachwithin reasonabletime.

A similar approachof evaluatinga softwareproducton aslargea sampleaspossibleis pur-
suedby opensourceproducts.Suchsoftwareis downloadedfrom peoplearoundtheworld with
possiblywidelyvaryingcapabilities.Themainevaluationcriterionin suchasettingis theamount
of downloadsor, even better, installationsof the software. Again this approachis not directly
applicableto theevaluationof adevelopmentmethod.Successfullyusinganew methodrequires
muchmorethandownloadingandinstallinga softwarepackage.Theunderstandingandcorrect
useof the developmentprocess,designmodelsand implementationtechnologiesis of utmost
importance.

The remainingoption to evaluatea developmentmethodis to implementa casestudy. It is
obviousthattheexperiencesgatheredfrom asinglecasestudyarenotnecessarilyrepresentative
for all possiblekindsof Webapplicationsbut they provide a �rst indicationof theusefulnessof
a method. Having presentedthe VIF casestudyin the previous chapter, the remainderof this
sectionsummarizesour experiences,outlinesthe prerequisitesto successfullydeploy XGuide
anddiscussesin whatkind of projectsXGuidecanbestrealizeits potential.

8.1 EXPERIENCES FROM THE VIF CASE STUDY

We alreadygave detailson the deploymentof XGuide for the VIF casestudyin the previous
chapter. Herewe summarizeour experienceswith thecentralideasin XGuide, i.e., the model
driven,visualdesignphase,thenotionof contractsasspeci�cationsfor Webpagesandcompo-
nents,the parallel implementationbasedon contracts,pluggableimplementationtechnologies,
andtheXSuiteIDE.

Thevisualmodelingof a requirementsdiagramin Visio andits re�nementinto a high-level
designdiagramworkedwithout problemsfor thecasestudy. Thoughwe introducedproxiesas
away to make thediagrammorereadableandsupportsplittingof diagramsinto multiplepages,
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for largeprojectsthesediagramsmight still beoverly complex to analyzeandread.Especially
the'References'sectionof pagesthatlists theidenti�ers of embeddedcomponentsis aproblem.
We intentionallydid not addarrows or connectorsto indicatesucha relationshipto not pollute
thediagramwith lines. Fromthe list of componentnames,however, it is not trivial to �nd the
referencedcomponentsin the diagramandfor any givencomponentit is hardto �gure out all
theplaceswhereit is used.

Theintroductionof contractsasaspeci�cationfor pagesandcomponentsforcesthedesigners
to exactly specifyall thepropertiesof theartifact. Thoughthis is a desirableeffect, it alsoleads
to multipleevolutioniterationsif thedesignersarenotexperiencedor notenoughtimeis spentin
thedesignphase.Theonly otherproblemwith thede�nition of contractsis thattheexactschema
speci�cationof thestructureandthedatatypesof all elementsof a pageis time consumingand
requiresdetailedknowledgeof theXML schemalanguage.This limitation will vanishwith the
integrationof anXML schemaeditor.

The contractcompositionoperatorsneededin the casestudycould easilybe coveredwith
theoperatorsprovidedfor thestructureandinterfaceconcerns.Moresophisticatedandcomplex
operatorsdonotseemto bea majorrequirementfor Webapplications.

An unsatisfactoryexperiencewastestingtheWebapplication.As explainedin theprevious
chapterwe did not fully testtheapplication;on theonehanddueto lacking time, on theother
handdueto agenerallymissingunderstandingof whatit meansto testa Webapplication.Stan-
dardizedandwell-de�ned testingprocessesfor Web applications(including hypertext-related
testing,softwaretesting,acceptancetesting,etc.) remainan openissueandcall for future re-
searchinitiatives.

We further found the visual XSuite environmentand the integratedJava IDE andTomcat
servletengineto be really helpful. This is especiallyimportantsincethe contractcompliance
of thedevelopedapplicationlogic is automaticallycheckedwith everycompilationprocess.We
never experiencedany compatibilityproblemsat runtime(e.g.,missingor super�uousparame-
ters,etc.)aswell-known from previousWebprojectswith CGI-basedtechnologies.Wecanonly
emphasizetheclaimof [10] thattool supportis critical for any new developmentprocess.

8.2 XGUIDE FOR DEVELOPMENT

XGuide's main goal in the developmentphaseis to reducethe overall implementationtime
needed.Sinceweneedto investextratimefor thede�nition andcreationof contracts,weneedto
makeupfor it somewhereelse.WethusposethequestionwhetherXGuidereallysavestime–and
if so–how muchandin whatscenarios.We do not includethetime spenton requirementsgath-
eringandotheranalysistaskshere.Nor do we includetheeffort thatgoesinto maintainingthe
deployedWebapplication;wediscussthemaintenanceseparatelyin thenext section.Finally, we
donot includetheexperienceandknowledgeof thedevelopersinto thefollowing considerations
but assumethat in bothcasesthedevelopersareequippedwith all theknowledge(processand
technology)they need.
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For the following discussionwe de�ne the implementationdeliverytimeasthe time period
from startingthe implementationphaseto the initial deploymentof the Web application. The
total implementationeffort of aWebproject,on theotherhand,is calculatedfrom all man-hours
neededto implementthe Web application. Thusif the implementationphaseconsistsof three
paralleltasksthateachrequires2 man-days,thedelivery time would by 2 days(sinceall tasks
areexecutedconcurrently).Thetotal effort, however, wouldbe6 man-days.

Consideringtraditional(i.e., sequential)Webdevelopmentprocesses,thetotal delivery time
is calculatedfrom thesumof thetimesrequiredto providethelayout,thecontent,theapplication
logic and any other concerns. In XGuide, on the other hand, the delivery time is reduced–
becauseof theparallelimplementationphase–tothe longesttime requiredto implementany of
theinvolvedconcerns.Sincethedesignactivities(e.g.,thecreationof contracts)is aprerequisite
for theparallelimplementationof concernsanddoesnot exist in traditionalprocesses,we also
have to includeit into thecalculation.

The equationbelow shows the relationshipsof all the time factorsinvolvedwhere 'K� is the
time neededto implementconcernB and 'HéX€

��²Tê

vHé

² is the time neededto designandcreatethe
contracts.

�

ë

�SìRl

'=� í ')éX€

�.²Tê

v:é

²Rî

|}gi~w�ï'3���K')����!�!�!H'

�i% (8.1)

In otherwords,thebene�t of XGuidein termsof deliverytimedependsontheamountof time
spentfor design(i.e.,contractcreation)andtherelativedifferencesof the 'K� . If |}gi~w�X'3�.�K')����!�!�!H'
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is almostthesameas ðñ'=� (i.e.,thetimeto implementoneconcernis muchgreaterthanthetimes
neededfor all otherconcerns),XGuidemightnotbeagoodchoicesinceit requirestheadditional
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Note, however, that while XGuide's parallel implementationphaseshortensthe delivery
time, it usuallyaddsto the total effort sincecontractcreationis not consideredin traditional
approaches.In thelongrun,i.e.,alsoincludingmaintenanceandevolutionactivities,thebene�ts
of usingcontractsshouldcompensatefor theinitially increasedtotal effort.

For theVIF 2003casestudyweestimatethatthecreationof thecontentin thecorrectformat
took about2 weeks(assumingthecontentis available),thedesignof thegraphicalappearance
and formatting stylesheetsapproximately3 weeksand the implementationof the application
logic about6 weeks(2 weeksto implementthebasicfunctionalitysuchassearching;another4
weeksfor theimplementationof theshoppingcartfunctionality).For thecontractsweassessone
to two weeks.Thusa sequentialimplementationphasewould have taken11 weeks(of delivery
time aswell astotal effort). Using contracts,we could have reducedthe delivery time to 7-8
weekswhile increasingthe total effort by the1-2 weeksspentfor contractcreation.It mustbe
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noted,however, thatwe explicitly did not includeeducationeffort herewhich–especiallyfor the
�rst coupleof XGuideprojects–cansigni�cantly contributeto theoverallprojectduration.

Thoughit is greatto claim a net reductionof delivery time from 11 to 7 weeks(about36
percent),theaboveformulais notquiterealistic.Weexperiencedarelatively extremecasein the
VIF casestudybut in many projectsthe implementationactivities arenot executedstrictly one
after the other. Oftenpartial deliveries(e.g.,graphicaldesigntemplatesfor a coupleof pages)
allow for somedegreeof parallelism.As a result,theabove formulaonly representstheoptimal
upperboundof savedtime.

FurthertheVIF casestudyis not theoptimalexamplesincethecontentcreationandlayout
de�nition activities took signi�cantly lesstime thanthesix weeksof applicationlogic program-
ming. Hadall tasksusedthesameamountof six weeks,thereductionof developmenttimewould
havebeenfrom 18to 7 (or 61percent).It remainsopen,however, whetherthedevelopmenttimes
of theconcernsaresimilar or unbalancedin the`average'Webdevelopmentproject.A studyof
many Webprojectscouldcreateat leasta pro�le for suchanaverageprojectthatcouldbeused
to calculatetheaveragetimebene�t usingXGuide.

After all thesethoughtson saving time during the implementationphase,it hasto be em-
phasizedthat the parallel implementationphaseis just oneadvantageof the XGuide method.
Additional bene�ts stemfrom a bettercommunicationmeans,explicit documentation(through
contractsanddesigndiagrams)andadvantagesin maintenanceandevolution. Thenext section
detailson maintenanceandevolutionscenariosandoutlinesXGuide'sadvantagesin this �eld.

8.3 XGUIDE FOR MAINTENANCE AND EVOLUTION

In order to evaluateXGuide with respectto maintenanceandevolution, we introducea setof
scenariosof varyingsize,effect on the application,andcomplexity that we believe aretypical
for many Webapplications.We thenusedifferentimplementationapproachesto highlight how
eachof themwould managethegivenscenarios.We do not pick concreteimplementationtech-
nologiesfor thisdiscussionbut describethepropertiesof asetof technologiesto covermultiple
approachesthatsharesimilar characteristics.Wedistinguishthreeclassesof technologies:

1. Technologiesthat do not explicitly separateconcerns (Class1). In thisgroup,dynamic
functionalityis oftendirectlyembeddedinto HTML pagesandinterpretedby aserver-side
module.ScriptinglanguagessuchasPHP, ASPor JSP(withoutadditionaldesignpatterns
suchasmodel-view-controller)belongin thisgroup.

2. Technologiesthat separatethe application logic fr om content/layout templates(Class
2). This is traditionallythe�eld of templateengines.Content/layouttemplatesarecreated
in HTML andenrichedwith placeholdersfor dynamicallygeneratedcontentthatis inserted
atruntime.HTML++ [11], Webmacro[51] andscriptingapproachesthatapplythemodel-
view-controllerpatternareexamplesfor this category.
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3. Technologiesthat strictly separatecontent, layout and application logic (Class3). Re-
cent technologiessuchasCocoon[107] or MyXML [85] try to enforcethe principle of
separationof concerns.They provide themoststructuredapproachandbestsupportreuse
of artifacts.XGuidediffersfrom otherapproachesin thatit supportscompositionof pages
from componentsandusescontractsto modeldependenciesbetweenconcerns.

In thefollowing we discusscontentupdates,layoutchangesandapplicationlogic bug �x es
beforeattackingmorecomplex taskssuchas restructuringpages,addingpagesor modifying
the navigation structure. For eachscenariowe discusshow well approachesfrom the above
categoriesaresuitedto implementtherequiredchanges.

8.3.1 CONTENT UPDATES

Themostprimitive contentupdateis to simply changea typo on a singlepage.Independentof
theapproachyouhaveto �rst identify the�le thatcontainsthecontentto beupdated.Thismight
beeasierfor class1 approachesthanfor classes2 and3 sincethe latter involve more�les that
arefurthernotdirectlymappedto the�nal structureof theWebapplication.Theconcreteupdate
activity, however, is easiestfor class3 wherethedeveloperonly hasto dealwith thecontent.In
class2, contentandlayoutinformationmustbedealtwith. Class1 combinesall concernsinto a
single�le andthusundesiredsideeffectsof thechangecanbeintroducedeasily.

A contentchangeacrossall pagesof aWebsite(e.g.,updatingancontactemailaddressthat
appearsin thefooterof all pages),is morecomplicated.In principle,suchanupdaterequiresan
updateof all pages(class1), templates(class2) or content�les (class3). Goodsupportfor this
kind of changecanonly beachievedif componentor fragmentsaresupportedthatcanbereused
acrossall pages(e.g.,HTML++, MyXML). Thenonly a singlecomponentneedsto beupdated.
Pagefragmentsareonly supportedin few technologiesin classes2 and3.

8.3.2 LAYOUT UPDATES

For any layout-relatedtasks,we do not considerthe useof cascadingstylesheets(CSS)[150]
sincethey areapplicableto all approachesandwould nothelpin distinguishingthem.In princi-
ple, however, we stronglyencouragetheuseof CSS.A simplelayoutupdatecould includethe
changeof the backgroundcolor or the appearanceof links on all pages.Sucha modi�cation
requiresan updateof all pagesor layout templates–againwith the problemof implicit modi�-
cationsof the intermixedcontent(andpotentialfunctionalde�nitions) in classes1 and2. Most
class3 approachesuseXSLT to specifythegraphicalappearance.XSLT's conceptof importing
otherstylede�nitions (i.e.,componentization)makessuchachangealmosttrivial.

Thesituationis differentif thetaskis to highlightasinglesentenceona (single)givenpage.
Herethereplicationof layoutinformationin all pages(class1) is anadvantagesinceit is easyto
incorporatethedesiredchange.With approachesin classes2 and3 it is muchharderto dealwith
such'exceptions'. In this case,a new templateor stylesheethasto becreatedwhich is clearly
unacceptablefor many suchexceptions.
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More seriousupdatesincludethe rearrangementof informationon a pageanda complete
changeof apage'svisualappearance.For class1 approaches,this is almostimpossibleto imple-
mentwith respectto thetightly integratedapplicationlogic andcontent.Class2 approachesneed
to adjustall templates(andthecontainedcontentinformation)to thenew style. In class3, the
(reusable)XSLT stylesheetsaretheonly placewheresuchstructureandformattinginformation
is stored.Thusonly theaffectedXSLT stylesheetsneedto beupdated.

8.3.3 APPLICATION LOGIC UPDATES

Updatesto the applicationlogic (e.g., bug �x es)aremainly a problemin class1 approaches
wherethe functionality is mixed with contentand layout de�nitions. In thesecases,uninten-
tional modi�cations to the contentand/or layout are easyto introduce. Sinceclass2 and 3
approachesstrictly separatetheapplicationlogic from theotherconcerns,functionalupdatesare
straightforward(aslongasthey donot affect theinterfacesto theotherconcerns,e.g.,introduce
anew parameterthatneedsto bepassedto thecontenttemplate).

8.3.4 PAGE-RELATED UPDATES

Sometimes,larger evolution scenariossuchasaddingof a new pageneedto be implemented.
Class1 approachesrequirethedeveloperto startfrom scratch,i.e., implementthe content,the
layoutandtheapplicationlogic of thepageanew. In class2, layout/contenttemplatescaneasily
bereusedto createa new pageaslong asa suitabletemplatealreadyexisted.Otherwise,a new
templatemustbe created.Class3 approachesoffer the most �e xible alternative. Their strict
separationof concernssupportsreuseof arbitraryexisting concernimplementations(e.g., the
layoutor thecontent)andminimizestheamountof new implementationwork.

Anothercomplex evolution scenariois to introducea new header, footer or sidebaron all
pagesof a Web application. With class1 approachesthis is almostimpossible. It requiresto
edit all pagesandclone the componentto be addedfor every page. Supportfor this kind of
changein classes2 and3 dependsontheability to de�ne componentsandreuseimplementation
artifactsacrosspages.If, for example,a templateapproachsupportspagefragments,it is easyto
implementaheaderfragment.Thenthefragmenthasto beembeddedinto all existingtemplates.
Without suchfragmentsupport,alsoclass2 and3 do not provide signi�cant advantagesover
class1 sinceagainthedesiredfragmenthasto beembeddedinto all templatesor implementation
�les.

8.3.5 NAVIGATION UPDATES

When talking aboutnavigation updates,we distinguishtwo typesof links: contentlinks and
structurelinks. Contentlinksareembeddedinto thecontentanddenotecontent-relatedresources.
Structurelinks, on theotherhand,de�ne thenavigationstructureof theapplicationandarenot
boundto thecontent.



188 8.3XGuidefor MaintenanceandEvolution

Insertinga new contentlink into a pageis similar to the updateof the contentitself. New
informationis henceaddedto thecontent(seeabove). In class1 and2 approaches,not only the
contentfor the link but also its appearanceneedto be de�ned. Class3 normally just requires
extendingtheexistingcontentwith thenew link de�nition. Thevisualappearancedoesnotneed
to bespeci�edexplicitly but is reused.

Addinga link to thenavigationstructureof aWebapplication,requiresto updatethenaviga-
tion baronall pagesof theapplication.In class1, thisoncemorerequiresanupdateof all pages.
For class2 and3 it againdependson whethercomponentsor pagefragmentsaresupported.If
fragmentsupportis provided,thenavigationstructurecanbemodeledasasinglecomponentthat
is embeddedinto all pages.In this case,addingor modifying thenavigationstructureis easy.

8.3.6 NEW OUTPUT FORMATS

A �nal remarkon maintenancerefersto theability to presentcontentin anoutputformatother
than HTML. In a previous VIF casestudy, we showed how to implementaccessto the Web
applicationusinga cell phoneandtheWirelessMarkupLanguage(WML) [148]. In a different
project,wealsodemonstratedhow togeneratePDFdocumentsthatcompletelyre�ect thecontent
of a Website. Class3 approachesthatcleanlyseparateall concernsaretheonly candidatesthat
can provide sucha service. As soonasany layout information is encodedtogetherwith the
content,supportfor multipleoutputformatsis almostimpossible.

Abstractingfrom theabovescenarios,we canstatethatthemoreanapproachseparatescon-
cernsandsupportscomponents,pagefragments,andimplementationreuse,thebetterit is suited
to dealwith varying kinds of maintenancerequirements.The two exceptionsto this rule are
the increasedcomplexity having to maintainmany more�les andthe non-existing supportfor
`exceptions',i.e.,pageor layoutpropertiesthatapplyto only asinglepage.

Similar to otherclass3 approaches,XGuideexploits its strictseparationof concernsto struc-
ture maintenanceactivities. However, it hasthe additionaladvantageof using contractsthat
documentany changesandupdatesto thesystem,supporta concurrentmaintenancephase,and
indicatewhetherotherconcernsareinvolved in a given task(evolution) or not (maintenance).
Furtherit supportsa �e xible notion of Web componentsthat supportreusenot only of imple-
mentationartifactsbut of whole pagefragments.As a result,scenariossuchasmodifying the
navigationstructureor addingnew footercomponentcaneasilyberealized.

Thedrawbackof usingXGuidein themaintenancephaseclearlyis theoverheadof maintain-
ing andvalidatingthecontracts.This overhead,however, is not wastedbut directly contributes
to maintainingawell-documentedandwell-structuredWebapplication.

To summarizetheabovesectionsonevaluatingtheXGuideprocess,wepresentacondensed
view of ourexperiences.First, thebasicideaof usingcontractsasdesignartifactsof Webappli-
cationsthatenableaparallelimplementationphaseworkedto our(almost)completesatisfaction.
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The prerequisitesto usingthis approach,however, areconsiderable(at leastat the time of this
writing): developershaveto be�uent in severalXML languages,graphicsdesignersareexpected
to modelthelayoutin XSLT/CSS,contentmanagersarerequiredto createXML content,etc.To
date,this is not thesituationin themajorityof Webprojects;wehopethiswill changein thenear
future.

Therequirementsanddesigndiagramsusedin XGuideprovideagoodcommunicationmeans
with all therolesinvolvedin theWebproject.This is aconsiderableadvantageoverpreviousap-
proaches,especiallysincethediagramsaredirectly re�ned into the �nal contracts.We showed
that the implementationof contractscanbe donein parallelutilizing the MyXML technology
andthat thestrict separationof concernsfacilitatesa maximumof reusepotential.Thesupport
for Web componentsandcontractcompositionplaysa centralrole in reusingnot only imple-
mentationconcernsbut wholepagefragments.This is alsoimportantduringmaintenanceand
evolution.

Theoverall timesavingsfrom theparallelimplementationphaseis reducedby theadditional
cost of creatingcontracts. Thoughwe believe basedon the casestudy that XGuide saves a
remarkableamountof time,many moreexperimentsandWebprojectsarenecessaryto con�rm
thispreliminaryclaim. TheXSuiteIDE assupportingsoftwaretool is importantto thesuccessof
theXGuidemethod.It wasagreathelpin theimplementationof thecasestudy, mostremarkably
thecombinationof aJavaandWebdevelopmentenvironmentandthewell integrateddeployment
environmentrepresentedby theTomcatservletengine.
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CHAPTER 9

CONCLUSION AND FUTURE WORK

As an adolescent I aspired to lasting fame,
I craved factual certainty,

and I thirsted for a meaningful vision of human life -
so I became a scientist.

This is like becoming an archbishop so you can meet girls.

M. Cartmill

In thisdissertationwepresentedXGuide, anoveldevelopmentmethodologyfor Webprojects
basedon XML technology. With the progressionof Web sites(i.e., pureinformationdissemi-
nation)into Webapplications(i.e.,business-critical,highly complex softwareapplications),new
requirementson technologiesand developmentmethodswere introduced. Web technologies
suchasXML, XSL andXML Schemaaretheanswerto new demandssuchascustomizablecon-
tent languages,reusableformattinginstructionsandstrongly-typeddocuments.Thoughseveral
relatedapproachesexist (seeChapter3), they do not fully utilize thepotentialofferedby these
technologies.

XGuide fully leveragesXML technologiesand provides full life-cycle support for Web
projects–fromthe analysisto the maintenancestage. It proposesa novel notationfor the de-
signof Webapplicationsthatactsasacommunicationmeanswith customersandgraduallygets
re�ned into a high-level speci�cationof the Web application. Startingfrom this speci�cation,
we addressanotherkey issuein many Web projects: time-to-market. In Web projects,a short
developmenttime is oftencrucial to their success.XGuideaccommodatesthis requirementby
supportinga fully parallelimplementationphasebasedon theconceptof contracts.A contract
strictly separatesthevariousconcernsinvolvedin theimplementationof a Webpage(e.g.,con-
tent, layout andapplicationlogic) anddescribesall dependenciesamongthem. The contract
of a pageis all a developer(e.g.,contentmanager, graphicsdesigner, programmer, etc.) needs
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to implementher aspectof the page. At the end, all implementationsare testedfor contract
complianceandcombinedto form the�nal Webpage.

The reusepotentialfound in a Web applicationis impressive: formattingrulesareapplied
to all pages,pagefragmentssuchasheadersor footersarereusedacrossmany pages,thesame
contentis presenteddifferently dependingon the currentcontext of the user, andso on. We
introducethe notion of a Web componentto representa pagefragmentthat canbe reusedin
multiple pages.JustasWebpages,Webcomponentsarespeci�ed in contracts.Componentsare
thenembeddedinto othercomponentsor pagesby composingtheircontracts(i.e.,speci�cations)
to form thespeci�cationof thecompositepage.Apart from thespeci�cationreusein theshape
of contracts,a separatepagedescription�le supportsimplementationreusefor all concerns.
Thusthecontent,applicationlogic or graphicalappearancecanbereusedseparatelyfor arbitrary
componentsandpages.

We implementedthe XSuiteintegrateddevelopmentenvironmentto supportWeb develop-
mentfollowing theXGuideprocess.XSuiteusesa model-drivenapproachandis basedon the
genericEclipse[142] framework thatoffersa �e xible extensionmechanismto customizetheen-
vironment.TheXSuiteIDE supportsdesignandimplementationof Webapplications,provides
wizardsto guidethedevelopersthroughcontractcreation,compositionandimplementationac-
tivities,suppliescodegenerators,andstagesafull Javadevelopmentenvironment.XSuitefurther
hasdirectsupportfor versioningsystemsin orderto supportdistributedteamsandkeeptrackof
progress.TheintegratedWebserverandservletcontainerusingtheTomcatenginearetranspar-
ently includedinto XSuiteandfacilitateimmediatetestingof theapplication.

To demonstrateits practicality, we usedtheXGuidemethodin theViennaInternationalFes-
tival (VIF) casestudyto implementtheprogramme,programmesearch,archive, andshopping
cartfunctionality. Theresultsof this�rst casestudyarepromisingin termsof clearspeci�cations
derivedfrom visualmodelsandbasedon contracts,parallelandindependentimplementationof
all concerns,andcontract-basedround-tripengineeringin themaintenancephase.

9.1 ANALYSIS OF THIS DISSERTATION

The �rst observation addressesthe fundamentalconceptof separationof concerns.Although
a broadagreementexists on the importanceof this conceptin the Web engineeringdomain,
only few approachesprovide continuoussupportfor it. On theconceptuallevel, theactualcon-
tents,theformattingandthenavigationinformationarefrequentlycapturedin separateconcerns.
XGuide takesthis conceptonestepfurther in multiple respects.First, it doesnot operateon a
�x ed numberof conceptualconcernsbut introducesan openconcernmodel that supportsdy-
namicaddingof new concerns(e.g.,applicationlogic, meta-data,accesscontrol,etc.). Second,
thedependenciesof theconcernsaremadeexplicit throughthecontractsandthecorresponding
compositionoperators.Third, theseparationof concernsis notonly supportedontheconceptual
level but continueson theimplementationlevel supportingconcurrentdevelopment.

Several recentdevelopmentsin Web engineering(e.g.,templateengines,separationof for-
mattinginformationvia XSLT andCSS)focuson realizingthereusepotentialcommonlyfound
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in Webapplications(e.g.,contentreuse,stylereuse,alternativevisualrepresentations,etc.).Be-
causeof the strict separationof all concernsin XGuide, this form of reuseis fully supported.
Theconceptof Webcomponentsfurthersupportsanorthogonalform of reuseby realizingthat
pagescanbebrokendown into smallerparts,so-calledpagefragments.Thesefragments(e.g.,
headers,navigation structures,footers,etc.) areautonomousentitieson their own andcanbe
reusedacrossan arbitrary numberof pages. Although pagefragmentsare implicitly usedin
otherapproaches,thenovel conceptof contractsin XGuideexplicitly statestheir requirements,
dependenciesandexternalinterfaces.Contractcompositionthenexplicitly de�neshow compo-
nentscanbeassembledto largercomponentsandfull Webpages.

Theconceptof contractsis crucial to theXGuideapproach.Thoughcontractsprovedto be
effective in makingdesigninformationmoreexplicit andenablingparalleldevelopment,they
alsointroduceadditionalcomplexity to thedevelopmentprocess.Apart from learningthesyn-
tax of contracts,it often requiresa major rethinkingto adoptcontract-baseddevelopmentasit
requiresanextendeddesignphase,strict testsfor contract-compliance,andthecomprehension
of contractcompositionrulesandoperators,contractversioningandupdatepropagation.Even
in softwareengineering,moresophisticatedcontractsthanpure interfacesareusuallyavoided
becauseof their complexity. In XGuide, the one-dimensionalcontractsknown from software
engineeringareextendedto multi-dimensionalcontractsthat cover several concernsandtheir
dependencies.

Onemajor contribution of the XGuide processandthe XSuite IDE is their opennesswith
respectto new concernssuchasmeta-dataor accesscontrol. We arenot awareof any other
approachthat is ableto comprisearbitraryconcernsandspecify their interworking with other
concerns.TheXGuidecontractandcontractcompositioncalculusformsthebasisfor asemanti-
cally rich concernhandling.

Anotherfocusof this dissertationis the full life-cycle supportof Web applicationdevelop-
ment. Thoughits importancewas initially pointedout by [65], few approachesrespectthis
�nding. The XGuide processstartswith a requirementsdiagramthat getsre�ned towardsan
implementationand—afterthe initial deploymentof theWebapplication—introducesthededi-
catedmaintenanceandevolutionphasesto covermodi�cationsandextensionsof theapplication.
XGuide's model-drivennaturetherebyassuresthat themodelremainsconsistentwith thecon-
tractsandtheimplementation.

Building on the survey presentedin [10], we provide a prototypeof a visual development
environment(XSuite)supportingall phasesof theXGuideprocess.Despiteits prototypestatus,
theIDE provedits usefulnessin theimplementationof theVIF casestudywherenon-trivial con-
tractshadto bedesigned,composedandimplemented.Evenwith this preliminaryexperience,
weconcurwith [10] thatany reasonablycomplex developmentmethodwill not succeedwithout
propertool support.

Finally, we emphasizetheimportanceof anemerging role in theWebdevelopmentprocess:
the Web architect.Following the XGuide process,the developmenteffort is distributedacross
differentorganizationalunitsandroles.While thisdecentralizationandstrict separationenables
concurrentdevelopment,the global view of what is going on andhow it relatesto othertasks
in theprojectcaneasilyget lost. Oneresponsibilityof theWebarchitectis to bearin mind the
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`big picture' of all activitiesandto communicateit to theotherroles.Thearchitect'sview of the
projectis initially createdby guiding the developmentprocessfrom the businessrequirements
to a setof well-engineeredspeci�cations(i.e.,contractsin theXGuidesitemap)for components
andpages.With thenotionof contractsto capturethearchitecturalanddesigndecisions,XGuide
explicitly supportsthis phaseof thedevelopmentprocess.With thespeci�cations,theprogram-
mers,contentmanagersandgraphicsdesignerscanstarttheirwork. In theimplementationphase,
theWebarchitecthasamentoringrole for theimplementationteamsto clarify thespeci�cations
andensurethatall developersmaintainaconsistentview on theproject.

Decidingon thearchitectureandthedesignof a Webapplicationis an importantanddif�-
cult taskandthe resultingdecisionsmay have far-reachingconsequences.A goodexampleis
thedecompositionof pagesinto components.While componentsenablea �e xible architecture
andcanbereused,they alsoincreasethecomplexity of theoverall page.Failureof usingcom-
ponents,on the otherhand,resultsin implementingthe samefunctionality multiple timesand
entailsconsistency problems.Theadvantagesanddisadvantagesof suchdesigndecisionsneed
to becarefullybalancedto avoid undesiredimplications.Furthermore,a Webarchitectnot only
needsprofoundknowledgeof conceptualmodelingandsystemdecompositionbut alsohasto
know how to choosetheproperimplementationtechnologies.This is crucial to optimally map
thedesignto a concreteimplementation,satisfyperformance,scalability, or interoperabilityre-
quirementsandsupportevolution of theapplication.Thusa Webarchitectmustunderstandthe
bene�tsandlimitationsof existingtechnologieson theconceptuallevel andin combinationwith
othertechnologies.

9.2 ONGOING AND FUTURE RESEARCH

When a thing is done, it's done.
Don't look back.

Look forward to your next objective.

George C. Marshall

Thework presentedin thisdissertationis thefoundationfor severalongoingandfutureexten-
sionsof theXGuideprocessandtheXSuiteIDE. Oneareaof investigationdealswith dependent
concerns.Dependentconcernscannotexist ontheirown but directlydependonanotherconcern.
An exampleof adependentconcernis accesscontrolto theWebapplication'scontentthatmakes
heavy useof XPathto denotewhatpartsof adocumentshouldbepresentedto theuserandwhat
partsshouldremainhidden.This concernobviously is dependenton thestructureconcernsince
theXPathexpressionsassumethedocumentstructurede�ned in thestructureconcern.

As a consequence,the accesscontrol concernrequiresspecialattentionin the context of
contractcomposition.Basicallywe have to traceall modi�cations to thestructureconcern(re-
sultingfrom compositionoperations)andadapttheaccesscontrol informationandcomposition
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operatorsaccordingly. So far it is unclearto what degreesuchan adaptation,if at all, canbe
performedautomatically. Next, the effectson the implementationof the layout needto be re-
searched.Theformattingstylesheetsweredevelopedassumingacertainstructureandmightnot
work unchangedwith themodi�ed document.Imagineauserthathasnoaccessright atall; thus
all contentwill beremovedfrom a page.Thestylesheetneedsto bepreparedfor this situation.
As a resultwe planto contractuallystatewhatpartsof thedocumentmight beremovedbecause
of accesscontrollimitations.

All concernsdiscussedin this thesisde�ne aspectsof Webcomponentsor pages.It requires
a differentkind of concerns,however, to characterizerelationshipsamongwhole pagesrather
thanwithin pagesandcomponents.We call concernsthat capturedependenciesamongpages
site-level concernsasopposedto thepage-level concernsintroducedbefore.A typical example
for asite-level concernis thenavigationconcern.It containslinks amongpagesandspeci�esthe
possiblenavigationpathsthroughtheWebapplication.

In thecaseof thenavigationconcern,thecontractcould includethe links thatmustappear
on all pagesthatreferencethecontract(e.g.,navigationbarsor hierarchicalnavigationmenus).
Our preliminarythinking is that thesetof links to be includedon a givenpageshouldnot only
bepre-determinedby explicit speci�cationsin thecontractbut couldalsobecreatedat runtime
via link queries.Link queriessupportthe generationof link collectionsbasedon a querythat
operatesonmetainformationde�ned in themetadataconcern.A link querycould,for instance,
provide links to all pagesthat have the category 'sport' attachedin the metainformation. For
structurallinks (e.g., the 'next' and 'previous' links in a slideshow), the contractalsoshould
provideamechanismto specifywhatstructurallinks apagemustcontainto satisfythecontract.

While thedevelopmentof the accesscontrol andnavigationconcernsis ongoingwork, the
ideason integratingdevice independenceandmetadataare longer-term. We plan to support
publishingthesameWebapplicationonmultipleoutputplatformsbasedontheconceptsof page
splitting andprocesspartitioning [90]. The goal is to supportnew target environments(e.g.,
WML on a WAP-enabledmobile phone)by only providing a setof customizedstylesheetsfor
therespectiveplatform.Theotherconcernsshouldbemodi�ed aslittle aspossible.

Metadataaspectsof Webapplicationsarethefocusof severalinitiativesin theWebcommu-
nity, mostnotablytheW3C'ssemanticWebinitiative[145]. Sincemetadatawasdesignedfrom
thebeginningto work on top of existingWebcontent(i.e.,with little or no interference),it is an
ideal candidatefor a new contractconcern.Unlike device independence,the integrationof the
metadataconcernis lessa conceptualor implementationratherthana practicalissueof how to
provideandusesuchmetainformation.

Apart from addingnew concernsto themodel,severalsuggestionsfor extendingtheinterface
betweenthe applicationlogic andthe content/layoutinformationexist. Currently, we support
displayingthe informationasthe only operation. In somesituations,otheroperationssuchas
creating,updatingor deletinginformationmight alsobeuseful. This would, of course,require
a specializationof the componentconceptand requiresus to supportdifferent operationson
differentkindsof components.Oneexamplecouldbeto de�ne a datacomponentsimilar to or
wrappinganEnterpriseJavaBean(EJB)entitybean[116]. For suchcomponents,new operations
suchasaddor deletecouldmakesense.
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But theXGuideprocessis not theonly sourcefor futureimprovement.UsingtheXSuiteIDE
for the implementationof theVIF casestudyrevealedseveral interestingfeaturesthatcouldbe
integrated.Thesefeaturesincludeenhancedusability, improvedversioning,andbettersupport
for round-tripengineering(i.e., updatesto themodelshouldpropagateto the implementation).
As presentedin Chapter6, we designedtheXSuite IDE to provide a plug-in interfacefor arbi-
trary implementationtechnologies.So far only theMyXML technologyimplementsthis inter-
faceandis thususablein the tool suite. It is an interestingprojectto createa wrapperfor the
ApacheCocoontechnology[107] thatalsoimplementsthetechnologyinterfaceasanalternative
to MyXML. Themajorproblemfor thisundertakingseemsto bethemissingsupportfor compo-
nentsandpagefragmentsin theCocoonplatform. In theworstcase,thedeploymentprocessfor
theCocoonplatformwouldhave to directly integratethecomponentsinto all referencingpages.

Finally, morecasestudiesfollowing theXGuideprocessandusingtheXSuite IDE arenec-
essaryto strengthenthe evaluationresultsandthe experiencesfrom the VIF casestudy. Well-
de�ned studentprojectsseemto be the most likely environmentto get moreexperiencewith
the XGuideprocess.Groupsof studentscould implementthesameWeb projectandreporton
their experiences.Sucha settingwould alsoenablethecomparisonof teamsusingtheXGuide
processandteamsimplementingin any othertechnology. Thismightalsolet usreasonaboutthe
educationoverheadinvolvedwith initially deploying theXGuideprocess.
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APPENDIX

Theitemizationbelow showsthevisualmodelingelementsusedfor therequirementsanddesign
diagramsin theXGuideprocess.

Diagramelementscanincorporatea Referencesanda Descriptionsection. The references
sectionacceptsa list of pageor componentidenti�ers andwasintroducedto avoid �ooding the
diagramwith arrows thatwould indicatetherelationship.Thedescriptionof anelement,on the
otherhand,merelyprovidesashortstatementon thepurposeof theelement.

The input and output interfacesof a diagramelements(applicableonly to simple, multi,
andexternalpages,applicationlogic processesandcomponents)areattachedpropertiesof the
elementandnotdirectly visible in thediagram.

A simplepagerepresentsatraditionalWebpage.Typicalexamples
for simplepagesarehomepages,sitemaps,or searchpages.The
simplepageelementis characterizedby thesinglepageicon in the
upperright corner.

Multi pagesrepresenta setof similar pages.Basicallythis means
that a groupof pagessharecommoncharacteristics(suchaslay-
out, structureand navigational dependencies)and only differ in
their content. Productcataloguesasin our exampleWeb site of-
tenusemulti pages.They de�ne a singlepagetemplateandonly
exchangethe contentin this templateto presentall productsin a
consistentway. Good examplescan also be found in other do-
mainswith well-structuredinformationsuchas legal documents,
humanresourcesor �nancial information. XGuidemodelsdepict
multi pagesasrectangularelementswith two cascadedpageicons.
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Externalpages(with agraypageicon)aresimilar to simplepages
but arenot includedin thescopeof theproject.Examplesfor such
externalpages(or services)couldbethird-partyWebsitesthatact
aspart of the Web applicationor legacy systemsthat have to be
integrated.Externalpageshave anassociatedshortdescriptionto
clarify thefunctionalityof theexternalentity.

Following the component-basedapproach,XGuide supportsso-
calledWebComponentsto modelreuseandcompositionrelation-
ships. We think of a Web componentasa reusable,con�gurable
pagefragmentthat canbe reusedandcomposedwith othercom-
ponentsto form the actualWeb page. Furthergeneralizingthe
Web componentconcept,XGuide not only supportscomposition
of Web componentsinto pagesbut also the compositionof Web
componentsinto larger Web componentsthat canthenbe reused
asseparateentities.Thusa pageis a special,top-level component
thatcannotbefurthercomposed.Typical examplesfor Webcom-
ponentsarethenavigationstructureof asiteandacommonheader
or footerfragmentthatappearsonall pages.

Application logic processesmodel the functionality of dynami-
cally generatingWeb pagesand components.Application logic
processesare referencedfrom pagesor components,processthe
respective request(e.g.,booka ticket, checkthestatusof a reser-
vation,or any otherback-endbusinesswork�o w) andproducean-
otherpageasoutput.

A proxy hasa uniqueidenti�er and is a representative of the el-
ementwith the sameidenti�er. It is usedto keep the diagram
readable,to avoid too many arrows throughlarge partsof the di-
agram,andto facilitatereferencingof elementsif the diagramis
split acrossseveralpages.
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Theadditionalrequirementselementcanbeaddedto any diagram
elementand indicatesadditional(external) requirementsfor that
element. Suchrequirementsare �rst capturedon a requirements
cardfor therespective elementandeventuallycollectedin there-
quirementsdocument.Typicalusageexamplesfor thiselementare
non-functionalrequirementssuchasresponsetimes,resourcecon-
sumption,securityconstraints,etc.

Navigational dependencies,i.e., hyperlinks, betweenany two
modelartifactsareexpressedusingarrows connectingthe source
artifact (i.e., pageor component)and the destinationof the hy-
perlink. Suchnavigationaldependenciesdo not describewhatthe
sourceor destinationelementin a pageis but stateconceptually
thatthedestinationpageis directlyreachablefrom thesourcepage.


