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Kurzfassung

DieseDissertatiorstellt die XGuide Web Entwicklungsmethodgor. XGuide betontdie ter-
mingerechteEntwicklungvon Webapplikationemund garantiertqualitatv hochwertigeDesign-
dokumentaindwiedenerwendbarémplementierungerEsunterstitztdenvollen Lebenszyklus
vonWebapplikationemnddecktdie Phasenalyse ,Design,ImplementierungindWartungah

Die zentraleldeein XGuide ist die Einfuhrungder bevahrtenSoftware Engineeringkon-
zepte“interface”und“Vertrag”in die DomanedesWeb EngineeringVertragelegendie Anfor-
derungerundinternenAbhangigleitenvon Webseiterfestundfungierenals Spezi kationenfr
diefolgendelmplementierungum die paralleleDurchfihrungvon iImplementierungsttigkeiten
durchunterschiedlichd’ersonerzu fordern,fuhrt XGuide sogenanntenehrdimensional&er-
trageein, die die zeitgleicheEntwicklungvon Teilender Implementierungvie deminhalt, der
gra schenRepisentatiorundder Applikationslogikermbglichen.

Zusatzlichzur gleichzeitigerimplementierunginterstitzenVertrageauchdie De nition von
Web-Komponentenwiedenerwendbarefrragmentendie zu Webseitereusammengesetater-
den.EineWeb-Komponentast durchinrenVertragvollkommenspezi ziertunddasZusammen-
setzenvon Vertragengibt die Regelnfir die Integrationvon Komponentein Seitenvor.

Aufgrund der kurzenInnovationszyklendes World-Wide Web werdenWeb Entwicklungs-
methoderstandigmit neuenAnforderungerkonfrontiert.EineformaleDe nition vonVertragen
undderenKompositionbildetdie Grundlagdir ein offenesunderweiterbare¥ertragsmodeiin
XGuide,dasneueAnforderungerwie Zugriffskontrolle,Meta-DateroderGerateunabhngigleit
alsgetrennteModulerealisiererkann.

Der XGuide Prozessrerwendekinenmodellbasierte\nsatz,der anfanglicheAnforderun-
genschrittweisan Designdiagrammae/ertrageundImplementierungskmponentemmwandelt.
In derWartungsphaswerdenalle Anderungerals Aktualisierungder Diagrammeund Vertrage
formuliert, die sich letztendlichin der Implementierungwieder nden. Diese iterative Vorge-
hensweisestellt sicher dassalle Designmodellanit der Implementierungkonsistentsind und
gewahrleisteigut strukturierteProjekteund nachwlliziehbareAnderungen.

Um denEinsatzvon XGuidein echtenWeb Projektenzu unterstitzen,entwickeltenwir das
XSuite EntwicklungswerkzeugDasZiel der XSuite IDE ist es,die Entwicklerin allen Phasen
desXGuide Prozessmodelleau untersiitzen.Gra sche Designmodelleverdenautomatischn
Vertrageumgeavandeltund AssistenterbietenHilfe bei der Erstellungvon neuenSeiten,beim
Zusammensetzevon Vertragenund bei der Installationder Webapplikation XSuite setztauf
dasgenerisch&ntwicklungsmodelon EclipseaufundintegrierteineJavalDE, ein Systenmeur
VersionskntrolleundeinenWeb Sener in die eigentlicheWeb Entwicklungsumgeing.

Die Umsetzbarkit desXGuide Prozessesind die Anwendbarkit desXSuite Softwarepa-
keteswird anhandder Implementierungder Webapplikationfur die Wiener Festwochen2003
demonstriert.






Abstract

In thisdissertatiorwe proposdhe XGuideWebdevelopmenmethod . XGuidefocusesonthe
timely developmentof Web applicationswhile guaranteeindpigh-quality designsandreusable
implementatiorartifacts. It supportsthe whole life-cycle of a Web applicationand coversthe
analysisdesign,jmplementatiorandmaintenanc@hases.

Thecentralideain XGuideis to bring thewell-establishedoftwareengineeringconceptof
interfacesandcontractgo theWebengineeringlomain.Contractslearly statetherequirements
andinternaldependenciesf Web pagesand act as speci cationsfor a subsequenimplemen-
tation. To supportmultiple actvities beingcarriedout in parallelby differentpeople, XGuide
introducesmulti-dimensionakontractghat enablethe concurrenidevelopmentof implementa-
tion concernsuchasthe contentthe graphicalappearancandthe applicationlogic.

In additionto the parallelimplementatiorphasecontractsalsoenablethe de nition of Web
components—reusabfmgefragmentshat getassembledo form the nal Webpage. A Web
components fully speci ed by its contractand contractcompositionde nes the rulesfor em-
beddingcomponent@nto pages.

The shortinnovationcycleson the Web further requirea Web developmentmethodologyto
constantlycopewith new requirements.In XGuide, a formal de nition of contractsandtheir
compositionis the foundationfor an opencontractmodelthat canintegratenen concernssuch
asaccesgontrol,meta-datar device independencasseparatenodules.

The XGuide processappliesa model-driven approachto Web developmentthat iteratively
re nesinitial requirementito designdiagramsgontractsandimplementatiorcomponentsAf-
ter theinitial deployment,XGuide directly mapsmaintenanc@ndevolution tasksto updatesof
the designmodels(i.e., diagramsand contracts). Model updatedrigger a new iterationof the
XGuide processij.e., follow the samecontract-basedparallelimplementatiorparadigm. This
round-tripengineeringgensureshatmodelsremainconsistentith theimplementatiorandguar
anteesvell-structuredandeasyto traceprojects.

In orderto supportthe applicationof XGuide in real-world Web projects,we implemented
the XSuite Web developmentervironment. The purposeof the XSuite IDE is to supportthe de-
veloperin all phase®f the XGuide processVisualdesignmodelsareautomaticallytranscoded
into contractsandwizardsassistin creatingpagescomposingcontractsanddeploying the ap-
plication. XSuite s built on top of the genericEclipseframavork andintegratesa Java IDE, a
versioncontrolsystemanda Web sener into the actualWebdevelopmeniernvironment.

The practicality of the XGuide methodandthe XSuite tool suiteis demonstrateth the im-
plementatiorof the ViennalnternationaFestval 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 much harderit would be to access
informationwithout the World Wide Web?

Studentspusinesgpeople,parents,and childrenall over the world have email accountgo
keepin touchwith friends,relativesor businesgpartners Companiehave Web sitesto commu-
nicatewith their customersr adwertiseandsell their products.Educationainstitutionsprovide
teachingnaterialonthe Web, offer onlinetraining,anduseemailasthe primarycommunication
mediawith their students.But thereis muchmore: the Interneteffectively spreadsnto almost
all domainsof our daily life. The creationof termssuchaseCommerceglLearning,eSupport,
eProcuremertr eGovernmentlearlyemphasizethis fact.

We keeptalking aboutthe Internetbut whatwe actuallyreferto is usuallyeitherelectronic
mail (email) or the World Wide Web (Web, WWW). Thesetwo servicesby far outhumberarny
otherapplicationon the Internet.This thesisfocuseson the World Wide Weh

OntheWeb,we distinguishWeb sitesandWebapplicationg]5,37]. A Website's mainintent
is informationdisseminationlt presentstructurednformationin a mostly staticway; i.e., does
notsupportuserinteraction.News portalsor productcataloguesreexamplesof Websites. Their
extensie informationis mainly for viewing anduserscannotinteractwith the systemotherthan
following pre-de nedhyperlinks.



2 1.1 Motivation

A Web application,on the other hand, usesthe World Wide Web as userinterfacefor a
back-endsoftware application. In Web applications,userinteractionand businessprocesses
outranktheinformationdisseminatioraspect.The back-endsoftwareof a Webapplication,i.e.,
its functionalbehaior, is alsocalledthe applicationlogic. An online shoppingcartapplication
thatletsthe userselectitems,storesthe contentsof the cart, validatespaymentinformationand
processeshe orderis an exampleof a Web application;its functionality is implementedby a
customapplicationlogic.

1.1.1 A TypicAL WEB DEVELOPMENT SCENARIO

Imagineyou own the compalty Orange Juice Inc. anddecideto createa Web applicationto
represenyour compaiy ontheInternet(the World Wide Webto be moreprecise).

First you make a list of all the information and functionality that shouldbe accessiblevia
your Web site. Thenthe graphicsdesignemproposesvariousgraphicaldesigns.e.g.,basedon
your corporateidentity policy. The next questionis how to implementthe graphicaldesign
templatesi.e.,whattechnologyto useandhow to integratethecontentwith thelayouttemplates.
This dependseaily onthe programmersndtheir know-how. Ofteneasy-to-usacriptingand
templateanguagesreusedfor this purposeg(e.g.,Microsoft's Active Sener Pages(ASP),Java
Sener Pages(JSP),Perl, PHR etc.). Eventually the contentmanagersanstartto generatehe
contentfor theWebapplicationin theappropriatdorm. Whenall the contentis available,it can
beintegratedwith the applicationlogic andlayouttemplatesandthe site cango online.

Two monthsafteryour sitewentonline,the analysisof the Websenerlog les indicatethat
a large numberof visitors is interestedn the site. As a consequencgou decideto upgrade
your serviceto containan e-commerceomponento directly sell your productsover the Inter-
net. Thusyou iterateagainthroughthe above steps,i.e., talk to the graphicsdesignerhave the
programmersmplementthe applicationlogic basednthedesigntemplatesand, nally , askthe
contentmanagerso provide the content.

In the processof extendingyour Web site, you realizethat it would be nice if you could
reusethe existing productcataloguewith the shoppingsystem,the contactinformationon the
orderpagespr thecustomedatabasevith thefeedbackacility. Unfortunately mary of today's
implementatiorchoicesdo not supportthis kind of separatiorandreuseof componentsThisis
becausé¢helayoutde nitions, the contentinformationandthe applicationlogic areall scattered
acrossvariouspageandfragmentde nition les, andare possiblyeven storedtogetherin the
same(content)database.

This scenariostill doesnot cover the so-calledmaintenancdask, i.e., continuouscontent
updatesadditionandremoval of specialoffers, correctionof bugsin the applicationlogic or
integrationof new functionality.

In the end, what startedas a small Web site developmentprojectgrew to a comple, hard
to maintainWeb site with lots of dependencieand a never endingamountof undocumented
updatesandchangesAnd it keepsgrowing. It is not unlikely thatafterayearor two your Web
site hasbhecomesounmanageablthatyou decideto startfrom scratchandbuild anev Website
to avoid the maintenancandupdatenightmare.
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1.1.2 THE PROBLEM DOMAIN

Right from the beginning, Tim Berners-Legointedout thatit is importantthatinformationon
the Web canbe editedaseasilyasit canbe viewed[17,32]. With visual Web editorsandsite
managemerntbolsthis vision becameeality to a large extentfor moderate-sized;i TML-based
Web siteswith only little applicationlogic.

The above scenariohowever, alreadydemonstratedhat today's Web applicationsdo not
have muchin commonwith thesimple,pureHTML pageof theearlydaysof theWeh Scripting
languagesxtendthe functionalityof HTML ontheclient side,dynamicpagesaregeneratedby
sener-side programming.and personalizedVeb sitesrememberuserpreference®r behaior.
But thedynamicgeneratiorof Webpagess nottheonly reasorfor theirtremendouslyncreased
compleity.

In additionto the originalideaof informationdisseminatiorvia the Web, otheraspectsuch
asan attractve and intuitive look-and-feel,a clear navigation concept,up-to-dateand correct
information,securityandaccesgontrol,transactionabehaior, databaseonnectvity, andback-
endbusinesgrocessege.g.,integrationof legag/ applications)play importantrolesin state-of-
the-artWebapplications.

The creationof suchWeb applicationsis not a trivial task and is often comparedwith a
full- edged software project. It requirescareful planninganda wide rangeof expertise[127]
to successfullydeploy a new Web application. Additionally, a considerableffort continuously
goesinto maintenancandevolution actwvities oncetheapplicationis deployed.

Thevaryinggoalsof the differentstaleholdersanvolvedin a Web project,further contribute
to its complity. Fromthecustomers point of view the budgetof the projectis usuallythe main
concernthe projectmanagefocuseson the projectdurationandthe availableresourcesgraph-
ics designersareinterestedn thevisualappearancef theapplication;programmersisuallyare
concerneavith thefunctionalaspectandtheintegrationof contentJayoutandapplicationogic;
otherstaleholderssuchastestersor marketing staf have yetanotheragenda.

Also in analogyto software projects,time-to-marlet is an importantaspectin mary Web
projects.In theabove scenariothedevelopmenprocesss virtually serializedthelayoutdesign-
ersdesignthe templatesthenthe programmersake over, andeventuallythe contentmanagers
provide the actualcontent. Thenit is againthe programmess taskto integratethe contentwith
the layouttemplatesandmake it work togethemwith the applicationlogic beforedeploying the
Website. If we could parallelizethis processve could signi cantly reducethe projectduration
which oftenalsomeansa decreasén thetotal developmentcosts.

With the explosionof possibilitiesandtechnologie®n the Weboverthelastyears however,
Web developmentdid not get easieror faster Insteadthe developmentof a Web application
soonbecamea somavhat chaoticand often ad-hocprocesdacking systematidechniquesand
methodologies As a consequence)Meb applicationsbecamencreasinglydif cult to maintain
or evolve,changeso thestructureor thelayoutof a sitewerenot possiblevithoutagreatamount
of work, andperformancealecreasedGinige et al. [68] usethe termWeb crisis to describethis
situation.

Two importantdevelopmentsstemfrom this unfortunatesituation: (i) the Web Engineering
discipline was foundedto overcomethe problemof ad-hocdevelopment. (i) with XML and
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its relatedtechnologiesa whole set of new technologiesand languagesvere standardizedo
overcomethelimitationsof HTML.

1.2 CONTRACT-BASED WEB DEVELOPMENT WITH XGUIDE

Giventhe wealth of existing Web engineeringechnologiesandtools, the challengeis not so
muchhow to develop a nev Web site or how to useXML in doing so—thoughsuchan under
takingis still far from beingtrivial. The real challengein Web engineerings how to develop
Web sitesand applicationsin a way that quality factorssuchas maintainability performance,
extensibility, device independencalevelopmentime, or e xibility aretakeninto consideration.

Beforewe canachieve thesegoals,we needto masterthe compleity in Web engineering
projects,beableto de ne andmeasurehe above mentionedquality criteria,andhave to under
standthe directandindirectdependencieamongthe involved artifacts. To this end, this thesis
introduceghe notionof a contractto the Webengineeringlomain.

The ideaof contractsoriginatedin the domainof software engineering. Therea contract
de nesthepublicinterfaceof a componenaindstateshe requirementshatneedto be satis ed
beforeusingthe componentiswell asguaranteesn the resultof any operationon the compo-
nent.Unlike contractsn softwareengineering8,9,111,112],thenotionof contractsn thiswork
doesnot operateon thetype or methodlevel but dealswith the characteristiceandconstraintof
the componentsnvolvedin Web development. This includes,amongothers,speci cationsfor
the structureandthe datamodelof the content the requiredinterfacesto the applicationdogic,
securitypropertiespavigationmodeling,etc.

From a high-level point of view, Web contractscan be seenasagreementeamongandin-
terfacesbetweenall staleholdersinvolved in the developmentof the artifactsthat eventually
make up the Web application(e.g., contentmanagersgraphicdesignersprogrammersetc.).
More concretely a contractprovidesspeci cationsfor all theseartifactsand makesdependen-
ciesexplicit. As opposedo the software engineeringdomainwherecontractsexclusively deal
with softwareartifacts, Web contractshave to dealwith multiple dimensionge.g.,the content
dimensionthe layoutdimensionandthe applicationlogic dimensionof a Webpage).

Web contractsnot only give usaspeci cationtechniquefor Web artifacts,they alsoprovide
thebasisfor four importantconceptsn orderto meetthe challengegresentedtthe startof this
section:strict separatiorof concernscomposabilityparalleldevelopmentand e xibility:

Separation-of-concens. The concepif separatiorof concernsnableghe betterunder
standingof complex systems.Contractsde ne the concernsnvolvedin the development
of a Web page. They separate¢he concernsand provide a speci cation of eachconcern
including its dependenciesTypical concernsof a Web pagearethe content,the graphi-
cal appearancé.e., the layout) or the functionality (i.e., the applicationlogic) of a page.
Sinceconcernsareseparatedhey canbe easilyreusedon otherpagedurtherdecreasing
developmentffort andavoiding potentialinconsistencies.
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Composability. Webpagesaretheprevailing unitsof perceptiorontheWeh Thoughthey

arepresentedisatomicentitiesto the user they arefrequentlystructurednternally into

multiple areas.A navigationarea,a headerareaanda contentareaaretypical examples.
Contractssupportthe de nition of suchpagefragmentsandtheir compositioninto Web

pages.Thusnotonly canthe concerndereusedout whole pagefragmentge.g.,aheader
fragment)canbe reusedon mary pages.Unlike otherobject-or component-basedeb

systems,a contractcompositionlanguageexplicitly statesthe compositionrelationship
amongcomponentsindpages.

Parallel Development. ExistingWebdevelopmenmethodsareinherentlysequentialThe
samplescenaricabove demonstratethis fact. The graphicaldesign,the applicationlogic

developmentandthe contentcreationandintegrationare performedone after the othet

Creatingthese(separategoncernsn parallelcansigni cantly reducethe projectduration
andfor this reasorthe developmentcosts.Contractgrovide a clearspeci cationfor each
concernandits interfaceto otherconcerns.As aresult,all concernsanbe developedin

parallel. This is similar to interface-basegrogrammingwherean interfacespeci esall

externalbehaior of acomponentanddecouplesny concretamplementation.

Flexibility . A Webapplicationis a continuouslychangingsystem.Maintenanceindevo-

lution of Web applicationsareimportantaspectof Web engineering.Contractssupport
maintenancendevolution in thatthey clearly identify the affectedconcernsandisolate
the potentialimpacton otherpagesor componentsAlso newv concernssuchassecurity
accessontrolor navigationaldesigncanbe addedto a contractwith no or minimal inter-

ferencewith existing concerns.In somecasesgventhe implementatiortechnologyof a
concerncanbe changedransparently

Ourvisionfor thefutureof contract-baseWebengineerings thattherearetwo phases:rst,
the contract phase—an analysisanddesigneffort which resultsin a setof contractsdescribing
the Web site. Only thenthe realizationphasestartsin which the contractsget implemented.
Whenall aspect®f all contractsarefully implementedthedevelopmenis nished andtheWeb
siteis deployed.

If supportedoy appropriatedevelopmenttools, we argue that contract-basedlveb develop-
mentcansigni cantly improve Web engineeringn termsof a shorterdevelopmenttime, easy
reuseof existing componentsenhancede xibility andmaintainability(by clearly separatinghe
differentaspect®f the Webapplication) andautomatiaconsisteng checkingwith respecto the
speci ed contracts.
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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

The objectve of this thesisis to introducethe notion of contractsinto the Web engineering
domain.Contractgprovide speci cationsof all artifactsin thedevelopmenprocessenforcestrict
separation-of-concernsnableparalleldevelopmentsupporicompositiorof pagefragmentsnto
Web pagesandfacilitateseamlesgvolution scenarios.

To fully exploit the conceptof Web contractswe presentXGuide a contract-basedeve-
lopmentmethodologyfor Web applications. XGuide providesfull life-cycle supportfor the
development,maintenancend evolution of Web applications. It conceptuallynodelsa Web
applicationas a setof contracts(i.e., speci cations)that themseles stay independentf ary
concreteémplementatiortechnology Subsequentlyhe conceptuamodelis re ned andimple-
mentedn thetechnologyof choice.Thehighreusepotentialof mary artifacts themodel-drven,
fully parallelimplementatiorphaseandthe structuredmaintenancend evolution scenaricare
direct bene ts of applyingthe contractconcept. An additionaladwvantageof using contractsis
thatimplementationganbe validatedagainstthe contractsj.e., we cancheckwhetherour Web
site conformsto the speci cationsgivenin thecontracts.

To substantiatehe conceptsusedin the XGuide developmentmethod,we devise a formal
modelfor WebcontractsandconcernsThemodelcanexpresandependenaswell asdependent
concernsDependentoncerngannotexist alonebut alwaysdependnanotherconcern Furthery
the aggreationof concernsnto contractsandthe compositionof contractgnto larger contracts
is presented.

This thesisfurther contributesthe XSuitetool suite, an open, extensibledevelopmenten-
vironmentsupportingall phasesf the XGuide methodology A visual modelingenvironment
basedon the Eclipse[142] frameavork supportghe creationof the conceptuaimodelsthatarein
consecutre stepstransformednto ne-grainedcontractsandconcernsThesespeci cationsare
translatednto a concretemplementatiorthatcanbedirectly deplojedon thetargetplatform.

A casestudyillustratesthe useof the XGuide developmenimethodologyandthe XSuitetool
suite.
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1.4 STRUCTURE OF THISTHESIS

Theremaindeiof thisthesisis structuredasfollows.

Chapter2 points out the fast evolution from the rst Web senersto today's world-wide
informationnetwork. It discusseshe problemsat the variousstagesof this developmentthat
resultedin the creationof the Web engineeringliscipline. Furtherit givesa brief overview of
XML andits relatedtechnologieghataresubsequentlysedin this work.

Chapter3 presents classi cationof Web engineeringnethodologiedasedon seven char
acterizationproperties.It thendiscusseselatedWeb engineeringvork and evaluateseachap-
proachwith respecto thegivenclassi cationschemeThechapterconcludesvith acomparison
of existing methodsanddemarcateXGuidefrom theapproachetakenin existing work.

Chapterd discusse# detailthe sevenphase®f the XGuide Web engineeringnethodology
andthe diagrams notationsand terminologyused. The OrangeJuices,Inc. Web application
introducedabove is usedasrunningexampleto demonstratéheapproach.

Chapters focuseson the conceptof contracts.It de neswhatthe semantic®f a contractis
andhow it is representedSeparatiorof concernn the contractievel andcontractcomposition
operationgely on aformal modelof contractsandcontractconcernsntroducedn this chapter

Chapter6 describeghe architectureanddesignof XSuite. The integrateddevelopmenten-
vironmentsupportsall stepsof the XGuidedevelopmeniprocessandexploits Eclipses potential
to offer usabilityfeaturessuchasautomatiadeployment,wizard dialogsandcreationof contract
andimplementatiortemplates.

Chapter7 presentghe ViennalnternationalFestval casestudy It demonstratebfiow we
usedXGuide and XSuite for the analysis,conceptualdesignandimplementationof this Web
application.

Chapter8 evaluatesthe XGuide methodologyand XSuite tools with respectto other ap-
proachesndthelessonsve learnedirom the casestudy

Chapter9 concludeghe thesisandsummarizeshe major contritutionsof this work. It also
givesan outlook on potentialfuture extensionsandthe integration of additionalconcernsnto
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 chapterrst de nesthe meaningof the vocalulary usedthroughoutthis thesisandil-
lustrateghe differentarchitecturesisedon the Weh It thengivesan overvien on how the Web
evolved sinceits birth at CERNin 1989andpresentghe technologiegdhatwereintroducedas
theWebgrew andarestill commonlyusedto implementWeb sitestoday

As we move throughthe various stagesof evolution of the Web, we point out problems
in today's Web developmentpractice.This discussiornresultsin the introductionof theresearch
eld of WebEngineeringits missionstatemenandits goals.Thechapterconcludesvith awalk-
throughof somefundamental®f XML andits relatedtechnologiesand standards.They build
the foundationnot only for the XSuite approachout arethe successorsf HTML on the Web
andkeepspreadingnto otherdomainssuchas (cross-platformdataexchangeor information
storage.

2.1 TERMINOLOGY

Understandinghe meaningof the termsusedin ary givencontext is a crucial requirementor
effective and unambiguoussommunication. Unfortunatelyquite someconfusionexists when
it comesto frequentlyusedWeb engineeringermssuchas Web site, Web applicationor Web
service.This sectionpresentsvhatwe understandby thesetermsin the context of this thesis.

9
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2.1Terminolayy

Web Page.A Webpageis asetof informationitemswhich arepercevedasanindivisible
entity by the client applicationor browser In the caseof HTML, anHTML pagewould
be a Web page;in the caseof the WirelessMarkup LanguaggWML) [148] a cardin a
WML deckis referredto asa page.This termis sometimegmis)usedor 'Website', i.e.,
meaningall the pagesavailablethrougha givenbaseURL.

Web Site. A Websiteis a collectionof staticand/ordynamicallygeneratedVeb pages
thatform a unit in termsof the contentthey provide, oftensharea commonlook-and-feel,
andareavailablethroughthe samebaseURL.

Web Application. A Webapplicationis similarto aWebsitein thatit alsopresentselated
informationin a uniform graphicallayout. The focusof Web applicationshowever, lies

in the applicationlogic (functionality) offered via the Weh A Web applicationcan be
seenasa software applicationor businesgprocesdeveragingthe Web asa new type of

userinterface. In somede nitions, a Web applicationis even characterize@sa software
applicationthatis downloadedvia theWebandexecutedntheclientnottakingarny sener-

sideprocessesto account.Web sites,in contrastfocuson beinganinformationsystem
andnotontheapplicationlogic on the back-endbr theclient device. Sincethedistinction
betweenWeb sitesand Web applicationsis not always clearto make, thereexist hybrid

formswherethe informationsystemandthe back-endorocesseareequallyimportant. A

similar de nition is foundin [37]:

“In thisarticle,aWebapplicationwill belooselyde ned asaWebsystem(\Web
sener, network, HTTR, browser)in whichuserinput (navigationanddatainput)
effectsthe stateof the businessThis de nition attemptdo establishthata Web
applicationis a softwaresystemwith businessstate,andthatits front endis in
large partdeliveredvia a Web systend.

Web Sewice. Theterm\Web serviceis de nitely oneof the mostover-usedtermsin the
Webarena.In the early daysof the World Wide Web, mary researcherandpractitioners
usedt asasynorym for eitheraWebsiteor aWebapplication.As suchaWebservicewas
avery genericterm. More recently thetermwasrede nedin the contect of machine-to-
machineservices. Theseservicesexchangemachinereadablenformationutilizing Web
technologythemostprominentrepresentatie to dateis the SimpleObjectAcces$rotocol
(SQAP) thatcommunicatesia XML messagewhichare(usually)transmittecoverHTTP.
For theremaindenof thiswork, werestricttheterm'Webservice'to thelattermeaningj.e.,
amachine-to-machineommunicatioron the basisof XML messagesThis is sometimes
alsocalledbrowserlessaccesgo aservice jndicatingthatthereis novisualclientinterface
andtheinformationis furtherprocessetby therequestingnachine.

Web Development. In the scopeof this thesis,we understandWeb development'asthe
actualimplementatiorproces®f aWebsite. Thisdoesnotincluderequirementgathering,
domainanalysispr otherphasesuchasdesignmaintenancer evolutionfrequentlyfound
in softwareandWeb engineeringnethodologies.
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Web Engineering. We usetheterm'WebEngineering'asde nedin [56]:

“Web Engineerings theapplicationof systematicdisciplinedandquanti able
approacheo the cost-efective developmentandevolution of high-qualityap-
plicationsin the World Wide Web”

This includesall the actwvities involvedin the planning,design,implementationdeploy-
ment, maintenancend evolution of a Web site or application. As a consequencé)eb
engineeringeffectively is a supersebf the actwities associateavith 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-sener system.
Clients(usuallyWebbrowsers)accessheconteniof aWebsenerusingUniform Resourcé.oca-
tors(URLSs) thatuniquelyidentify any resourceonthe Weh Sucha URL containgamongother
information)the Web sener's name,the protocolto contactit, andthe nameof the requested
resourcegsee[21] for furtherdetails). Thesenerdealswith incomingrequestdy deliveringthe
requestedesourcdo theclient. Overtime this simplearchitecturavasslightly extendedo keep
upwith theincreasingdemandclient-sidecaching proxy cachesandWebsener clustersarethe
mostprominentextensionsof this kind. Neverthelesshe basicclient-serer principleremained
intact.

Modern Web sitesare also describedasthreetier or multi tier architectures.This cateyo-
rization hasits origins in the sener-side separatiorof mary Web sitesin a Web sener anda
datarepository/databadayer. This againeaseghe developmentand maintenancef large or
complex Websites,but leavesthe underlyingclient-sener architecturauntouched.

Figure 2.1 depictsthe extendedclient-serer architectureof the World Wide Weh Web
browsersform the client-sideof the system. Theseclients useclient-sidecachingto improve
performanceand canusesharedproxy cachedo broadenthe effectivenessof the cachefrom a
singleclient to a clusterof clients. Web senersrepresenthe sener-side. A Web sener fre-
guentlysenes les from its local lesystem and collaborateswvith dedicateddatabaseseners
thathostthe contentrepositories.To improve theresponsgime, Web senerscanbe groupedn
Web sener clusters. A load balancerdistributesthe incomingrequestn the separateseners
improving performancendavailability.

In general Web sitesand Web applicationsare perfectexamplesof distributedapplications
asoutlinedin [138]. Tanenbaunetal. classifyapplicationsaccordingto wheretheir processing
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Figure2.1: Theextendedclient-sener architectureof the World Wide Weh

happens.SomeWeb applicationsrequirethe client to performa large shareof the workload;
especiallyif theapplicationrequiresarich userinterface,solutionsbasedxclusively on HTML
areofteninsufcient. A technicalsolutionto this problemwasintroducedwith Java appletsthat
allow Java codeto be executedon the client. They assumehowever, a Java virtual machine
beingpresentttheclientdevice andtheclient's ability to downloadexecutablecodeat runtime.
Anotherexampleis Macromedias Flashtechnologythatfacilitatesfull- edged multimediaani-
mationsbut requiretheclientto run the correspondindrlashplayer

While we canrequirecapableclientsto be responsibldor mary tasks,therearealsomary
reasongo supportthin clients:you do not have to upgradeall the client devicesto new versions
of theapplicationmoredevicescanbesupportecasily andtoday's mobiledeviceswith limited
batteryandprocessingapabilitiesene tin termsof alongerruntime. Thoughthesedevicesare
likely to becomemoreandmorepowerful, their relatve thinnesscomparedo other(stationary)
deviceswill remain. For the purposeof this thesis,we focuson the basicworking of the Web
asa client-sener architectureandon keepingthe client-sideasthin aspossiblefor the reasons
givenabove. To fully exploit morecapableclients,XSuite extensionsanbeintroducedhattake
clientpro les into accounto provide aricheruserexperiencejncreasaheperformancer better
distributethe processindoad.
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2.3 THE COMMUNICATION MODEL OF THE WORLD WIDE
WEB

The communicatiormodelon the Web is equally simple: client andsener communicatevia a
TCP/IP connectionandas soonasa client requestis completedthe connectionis terminated.
The detailsof this synchronousommunicatiorprotocolarespeci ed in the HyperText Trans-
fer Protocol(HTTP) [20,66]. HTTP is an ASCII-basedprotocolon top of TCP thattransmits
requestsand response&nrichedby a messagéeaderthat carriesadditional statusand meta
information. Over time, HTTP evolved only mamginally to supportnewn requirementsuchas
virtual hosts(i.e., runningmultiple senerswith varyingnameson the samephysicalmachine).
As mentionedbefore, HTTP is a state-lesgprotocol,i.e., the sener doesnot maintainstateon
behalfof theclient. Thusa sener could neveridentify subsequemntequest®f the sameclientas
related.While this keepghesener simpleandincreaseds performanceit is clearlyinsuf cient
in the contet of, for instance g-commerceapplicationsvhereclientscancreateshoppingcarts
and,at somelatertime, orderall articlesin the shoppingcart. This meanghatthe sener must
be ableto relatea requesto a previously createdshoppingcartandtheitemsin it. As aconse-
guenceclientsarerequiredto storesessionnformationthemselesandretransmiit to thesener
with eachrequest.Two approachearewidely used: URL re-writing andcookies.Using URL
re-writing, the URLs in theresponséo a clientrequesaredynamicallymodi ed to alsoinclude
the client state. Cookies,on the otherhand,are storedby the client andtransmittedas header
informationof subsequentequestgo the samesener. Therewere mary discussionsvhether
a statefulprotocolwould have beensuperiorto HTTP; the succes®f HTTP andits global de-
ploymentmake thesediscussionsnoot. Sincetoday's Web senerssupportURL re-writing and
cookiestransparentlywe take themfor grantedn our furtherdiscussions.

Summingup we seethatthe Webis basedon a simpleclient-sener architecturawith atext-
basedccommunicatiorprotocol. The simplicity andextensibility of the original designwerekey
criteriafor the succes®of the Weh In the next sectionswe give an overview of the evolution
of the Web and the usedtechnologieghat resultsin the discussionof somemajor problems
traditionalWebdevelopmentsufiersfrom.

2.4 A SHORT HISTORY OF WEB EVOLUTION

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

Jack Welch

The origins of the ideaof hypertext canbe tracedbackto the 1940s(see[18]). The World
Wide Webitself was'born' in 1989atthe CERN laboratoriesTim Berners-Leghencirculated
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the paper“Information Management:A Proposal’for commentsand wrote “HyperText and
CERN” in which he proposedthe establishmenof a global hypertext space. The following
historicaldevelopmentsarepresentedherebasedon informationavailablefrom the World Wide
Web Consortium(W3C) [2,32] andTim Berners-Leg17,19].

2.4.1 A FIRST SERVER AND BROWSER - THE WEB INFANCY

In 1990, Tim Berners-Legot the go-aheador pursuinghis ideaandimplementedhe WorlD-
widEwebprogram—aWhat You Seels WhatYou Get' Webbrowserandeditor. It is remarkable
to notethatsincethen,Web clientswereintendednot only for viewing but alsofor editingWeb
documentsin fact,it shouldbe easyfor everybodyto editdocument®n the Weh

The rst Websenerat CERNinitially containedmainly materialaboutthe Webitself (e.g.,
thespeci cationsfor HTML, HTTP, URLS, etc.)to helpspreadinghe knowledgeof how to run
orimplementaWebsenerandbrowser More browsersfor otherplatformseventuallyappeared.
In the rst threeyearstheloadof the rst Websenerincreasedsteadilyby afactorof 10. When
academiandindustryweretaking notice, Tim Berners-Leealecidedto found the World Wide
Web Consortium(W3C) to coordinatehe efforts. Accordingto him,

“The Consortiumis a neutralopenforum where companiesand organizationsto
whomthefuture of the Webis importantcometo discussandto agreeon new com-
mon computemprotocols.It hasbeena centerfor issueraising,design,anddecision
by consensusandalsoa fascinatingvantagepoint from which to view that evolu-
tion” [19]

Hereare someof the major developmentstepsin catchwords: in Decemberl991,the rst
WebseneroutsideEuropewasinstalled(by Paul Kunzatthe StanfordLinearAcceleratoiCenter
(SLAQ)); in November1992,a list of 26 reasonablyreliable senerswas published;in March
1993,theWebtrafc (HTTP on port80) onthe NSFbackbonevasmeasuredo be0.1 percent;
in Septembet993,theWebtraf c increasedo 1 percenbf theNSFbackbondrafc; in October
1993,about200Websenersexist; in May 1994 the rst World Wide Web conferencavasheld
atCERNandis referredto asthe'Woodstockof theWeb'; in Junel994,1500Websenersexist;
in Octoberthe World Wide Web Consortiums founded.

A more completeoverview of the history of the Web canbe foundin the reference<ited
abore andGromov'sarticle“History of InternetandWWW: TheRoadsandCrossroadsf Inter-
netHistory” [73].

With theincreasingpopularityof Web sitesandHTML, developerssoonstartedto demand
languageextensionsto dealwith renderingrelatedinformation suchasfonts, colors, mamgins,
etc. It wasalreadythenthatthe abuseof HTML for layout-speci ctasksstarted.A prominent
exampleis a buttonwith roundcorners.To achieve thisin HTML, developersuseda 3 x 3 table
wherethefour cornercellscontainedlittle picturesimulatingaroundededge.If thebackground
color of the table cells andthe color usedin the imagesis the same the desiredimpressionis



Chapter2: Web EngineeringReview 15

achieved—atthe costof pollutingtheHTML codewith tablesandimagessolely contrituting to
thelayout.

Cascadingstylesheet$CSS)becamea W3C recommendatiom 1996andsupportthe spec-
i cation of layoutpropertiessuchasfonts,font sizes,colors,etc. externallyto theactualHTML
code.Supportfor CSSversionl is built into all popularbrowsersoday A morepowerful second
versionof CSS(CSS2) extendsthe original speci cationsupportingaddingof text, a selection
mechanisnfor elementsaandmultiple classe®f devices. Unfortunately CSS2 is still not fully
implementedy existing browsers;evenworse somefeaturesareimplementedlifferentlyacross
browsershinderingthe successfullarge-scaledeploymentof CSS2.

2.4.2 THE WEB GETS DYNAMIC - THE CHILDHOOD

Soonprede ned,staticWeb pagesalonewerenotsufcient. Userinputprocessinganddynamic
pagecreationwereneededo implementfeaturesuchassearctenginesor feedbackorms. The

CommonGatavay Interface(CGIl) wasthesolution.Up to thattime,aWebsenermainlylocated
therequestede ontheharddiskandreturnedts contentto the client. With theimplementation
of CGl-capabléNeb seners,requestsould be dispatchedo arbitrary otherprocessesunning

ontheWebsenerandclient parametersouldbe passedo suchprocesses.

Now ary software programcould be maderesponsiblefor processinga Web requestand
respondingvith anappropriateHTML document.With the integrationof databaseascontent
repositoryfor dynamicWeb pagecreation,a whole new classof Web sitesappearedhat could
deliver up-to-date usertailoredinformation; andthis numbercontinuesto grow sincethen. In
the year 2000, a report basedon real Internettrafc estimatedabout40 percentof all page
requestgo goto dynamicallygenerategbages.

To avoid the performancealravbackof the original CGI proposalhich requireda new pro-
cesdo becreatedor every requestsimilarapproachesereintroducedwhich reusedorocesses
or implementedmulti-threadedsolutions. Furthermore specialWeb sener modulesexist for
mary Web seners and programminglanguageghat allow the handlingof dynamicrequests
within the Web sener process.Perlscriptswerethe dominantianguageor implementingCGl
interactionfor quite sometime. Todaymary otherlanguagesrealsowidely usedwith Javain
thelead.

An importantcharacteristicef CGl solutionsis thatthe CGlI scriptor programis responsible
for creatingthe HTML responsgpagesentto theclient. A typical CGl scriptin Perlis shovn in
Figure2.2.

The scriptgenerates simpleHTML pageandusesthe input parametekeyword to querya
databasandsearchor newsitemswith thegivenkeywordin theirtitles. Theresponseontains
atablelisting all itemsfoundandprovideslinks to eachitem basedn theitem'sidenti er.t

Themajordravbackof solutionspurelybasedn CGl is thatthe programhandlinga request
is responsibldor generatinganHTML pageor fragment.ThustheHTML de nitions aremixed

IMore sophisticateerror handlingandextendedfunctionality (e.g.,createa differentresponsegpageif no news
itemsmatchingthe querywerefound)wereomittedfor spacereasons.
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Figure2.2: A sampleCGl scriptimplementedn the Perlscriptinglanguage.
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with codefragmentsandoften scatteredhroughoutmultiple programs.Changego the layout,
integrationof new featuresandsite maintenancéecamesxtremelydif cult anderrorprone.

2.4.3 VARIOUSWEB TECHNOLOGIES FLOURISH - THE YOUTH

Basedon the experiencesvith CGl-basedWeb development,peoplearoundthe world started
to implementtools that helpedthemto overcomethe problemswith CGl-baseddevelopment.
In a rst step,modulesin variouslanguagesor betterand easierhandlingof HTTP requests
appearednthescenethenpeoplestartedo refactorthepagecreationprocesandextractvalues
thatappeaon mary pagegqe.g.,storethevalueof thebackgrounctolorin aglobally accessible
variable).

More promisingapproacheserebasedn so-calledemplate®rincludes.An earlyexample
for suchanapproactareServerSidelncludes(SSI) An SSl-avareWebsener scangheHTML
responsé senddo theclientfor aprede nedlabelandreplaceshelabelwith thecontentof the
correspondingener sideincludefragment.By this meansa commonheaderor footer HTML
fragmentcanbeinsertednto all pages.Thelimitation of this approachs thattheinsertedpage
fragmentscanonly be staticHTML text. Sener sideincludesweretargetedat Web developers
who build mostly staticHTML Web sites;whendoing dynamicpagegenerationsucha func-
tionality canbe easilymimicked.

Anotherwidely usedapproaclusesthe notionof templates Templatesn this context mean
HTML pageghatcontainadditionalinformationsuchashooksfor someprocessingool or ap-
plicationlogic to beexecutedbeforedeliveryto theclient. The JavaServerPagesor Microsoft's
Active ServerPagestechnologiesare widely usedinstancesf this idea. Many moretemplate-
basedechnologiesxist but a profounddiscussiorandcomparisoris beyond the scopeof this
work.

More sophisticatedersionsof thisideaareimplementedn toolssuchasWebMacro[51] or
HTML++ [11] andsupportcompositionof reusablegpagefragmentsvhich arenotrequiredto be
staticany more.

Anothergroupof toolsfocuseson makingthe creationof Web pagesasintuitive andeasyas
possiblgor theenduser They typically supportWYSIWY G editingof HTML pageshave prop-
erty dialogsfor colorsandfonts, and sometimesven have site maintenancéunctionality such
asmaintaininglink consisteng whenmoving pagesbuilt into them. Frontpage Preamweser
or GoLive aresomepopulartoolsin this category.

A completelyorthogonaklpproachs pursuedoy the HyperG/Hyperwave [106] project. Af-
ter aninitial evaluationof the Web (asit existedat thattime), a betterstructuredinformation
baseasolutionto the'danglinglink’ problem,accessontrolandsupportfor multiple languages
formedtheprojectobjectves.A HyperG senerthusclassi esthedocumentst hostsaccording
to so-calledcollections—set®f documentghat aregroupedby topic. Collectionsform a hier-
archyanddocumentsanbelongto morethanonecollection. Theresultinginformationspaces
guaranteeo only provide relateddocuments.Sincea HyperG sener takes careof storingdo-
cuments,consisteniappearanceaccesscontrol andlink consisteng canbe guaranteed.Link
informationin HyperG is not storedwithin thedocumentdut in aseparatdéink baseasaresult
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not only text documentsut arbitrary(e.g.,multimedia)documentganactaslinks or betamgets
for hyperlinks.

A nal groupof toolsincreasinglyusedin Web developmentis formedby so-calledappli-
cation serves. Application seners provide developmentframeavorks that offer servicessuch
aspersistencenanagementyransactiorhandling,securitymechanism®r transparentiatabase
connectvity. While applicationsenerscanbe usedfor generalpurposesoftwaredevelopment,
they areoften bundledwith a Web sener andsometemplatetechnology As suchthey provide
atightly integrateddevelopmentervironmentfor Web applicationsandareusedasmiddlevare
layerin betweerthe Web sener andtheback-endorocesses.

Thebene tsof anapplicationsener mainly pay off in large projectstakinginto accountthe
additionaloverheadof learningthe capabilitiesof the speci ¢ applicationsener. An additional
problemof this approachs thatcommercialapplicationsenerstendto be expensve andmight
evenlock customersn sincemigratingfrom oneapplicationsener to another(evenif basedn
thesametechnology)rom a differentvendoris rarelyfully supportedThethreemajorapplica-
tion sener technologiesodayare SUN Microsystems EnterpriseJava Beans(EJB) speci ca-
tion, Microsoft's counterparbasedon COM+ andthe Microsoft transactiorsener (MTS), and
the only slowly advancingCORBA ComponentModel (CCM) basedsystems.The CCM and
EJBspeci cationssharemary basicconceptsthusthe CCM canbeseermasextensionof the EJB
modelandimplementation®f thesetechnologiesreexpectedo integrateeasily

Thoughthe above technologiesarewidely deployedtoday they all suffer from a sharedar
chitectural a w: thecontents directly generatedh thetargetlanguageThisis usuallyachiered
by nestedorocessingi.e.,the pagegeneratiorprocesss basedn callsandsub-callgo software
modules.The problemhereis thatthe outputis generatedyy appendinghe resultof eachsub-
call to the nal page.Neitherthevariouspartsnor the whole pagecanlaterbere-processetb
tamget otheroutputformatsor customizecontentdependingon useror device pro les. All that
changedvhenXML andXSL enteredhearenaof Webdevelopment.

2.4.4 WEB ENGINEERING - THE ADOLESCENCE

With XML and XSL nally a strict separatiorof contentand layout can be achieved. XML
focusesonly on the structureof the contentand supportsarbitrary XML vocahularies. XSL
consistsof XSLT and XSL-FO. XSLT is a powerful transformationanguageto transforman
XML input documentinto an outputdocument. The outputdocumentcan againbe an XML
documentor containplain text, HTML, IATEX, etc. XSL-FO is a page-orientedormattinglan-
guagethatsupportgublishing-oriented¢onceptsuchaspagemasterspagesequenceseaders,
pagenumbers.etc. Soonseveral XML-baseddevelopmenttools including Cocoon[107] and
MyXML [84,85,89,93] becamewailable. Theseoolssupportastrict separatiorof content Jay-
outandapplicationlogic andusechainedprocessingasopposedo nestedorocessingChained
processingneanghata documenis passedhrougha seriesof processingtepsbeforeit is de-
liveredto theclient (seealso[28]). Thusthe generatedontentcanbe processeanultiple times
andin differentwaysdependingon the client's capabilitiesor userpro les. Figure2.3shovs a
samplepipelinefor chainedprocessing A requesis rst extractedandits parametedecoded.
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Next the applicationlogic processegheinput parameteanddecidesvhatcontentto includein
theresponseThe contentis subsequentlgeneratedThe contentgeneratiorcantrigger further
applicationlogic andcontentgeneratiortasks. A sequenc®f transformatiorstepstransforms
the nal contentinto the appropriateoutputformator markuplanguage Eventually the sener's
replyis serializedandencodedandreturnedio theclient. Theretheresponses deserializecgnd
renderedSubsequeniserinteractionausdurtherrequestso the sener andthe processstarts
anev.

content / request
extraction

client-side
deserialization /
layout

application
logic

content
generation

server-side
serialization /
enceding

selection /
transformation

Figure2.3: A sampleprocessingipelinefor the chainedprocessingpproach.

Our experiencewith XML-basedWeb engineeringas presentedn [86, 94] revealedboth
positive andnegative effectsof deploying XML technologyonthe Weh Onedravbackwasthat
learningof XML and XSL conceptsvasnot easyfor the developers. The strict separatiorof
contentandlayoutwasmisunderstoo@énd misusedoy the developers.For example,therewas
a generaltendeng to mark contentusing XML tagssuchas left , right , middle , etc.
thatactuallyre ectedthelayoutdesignrequirementsanddid not describethe content.Another
frequentmisconceptionwasthatcontentmanagementoulddirectly bene t from XML. Content
managersreusedto a rich text-editor environmentto managecontentandavailable XML edi-
tors,thoughcomfortablefor XML editing,couldnot provide the sameuserexperience Thuswe
built customcontentmanagemeninterfaceson top of XML. Finally, graphicscompaniesvere
usedto creatingdesigntemplateusingWYSIWYG HTML editorsratherthanXML andXSLT.
As aresult,thetranslationof theHTML templatesnto appropriateXSLT stylesheetincreased
the overall developmenteffort. In the long run, thesenegative experiencesan be expectedto
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diminishasXML technologyspreadsindappropriateeditingtools becomeavailable.

Eventaking above problemsinto accountthe advantageof using XML technologyeasily
outweighthedisadwantagesForemostthestrict separatiomf contentandlayoutachiezesahigh
layout e xibility that makesit easyto changethe layout speci cationsandto supportmultiple
outputformats. Furthermore consistentnavigational structures(navigation bars, hierarchical
menus.etc.) throughouta Web site canbe easilyimplemented.Also supportfor multi-lingual
sitesenhancedy reusingstyle elementsfor all languages.In combinationwith XML-based
navigationalstructuresswitchingbetweernanguagesvhile preservinghe usercontet (i.e., the
currentlyviewed page,the contentsof a shoppingcart, a searchresult,etc.) becomegossible.
More detailson how we could exploit the power of XML technologyon the Web are given
in [86,91,94,95].

Having built anddeployed mary large-scaleand complex Web sitesusingabove technolo-
gies, peoplecameto realizeseveral importantissues. First, the maintenancend evolution of
suchWeb sitesis an extremely time-consumingand tedioustask. In somecasest waseven
easier(andcheaperjo re-tuild thewhole Web presencérom scratchinsteadof evolving it. This
wasmainly aresultof having thelayoutinformationof thesite(i.e.,theactualHTML tags)scat-
teredacrosdifferentplaces:staticHTML les, template les, in the applicationlogic or even
the contentrepository

Secondtheprocesf creatinga Websitewasoftenanad-hocandsomevhatchaoticproce-
duresincethevariousrolesandresponsabilitiegvolvedin suchanundertakingverenot prop-
erly understood Especiallythe unre ecteduseof existing methodsrom software engineering
did notwork outto thedesiredextent. Thesigni cant differencedetweerVebdevelopmentand
software developmentsuchasthe integrationof new disciplines(e.g.,artsandgraphicdesign)
andcontentmanagementerenot considered.

Third, mary Web projectssuffered from continuouslychangingrequirements. It is well
known in software engineeringhat changegso the requirementdater in the developmentpro-
cessarecostly[26]. The sameis true—maybeevento a greaterextent—for Web development;
neverthelesgproperrequirementengineerings still rarely found in Web development. Other
topics commonlydisregardedare easeof navigation, accessibility compatibility, cultural and
legal aspectsandreliability.

In our Web projects,we alsosawv that XML persedoesnot helpfor arbitrarychangesn the
requirementgor a Web site or Web application. This requiresa more e xible and extensible
framework for separatelyvolving concernf Web applications.

Thekeynoteheldby RandyKatz atthe Networking 2002conferencdollowedthe samdines.
It pointedout that the Web developsso fast, you do not know what the next killer application
or technologyor device will be. Neverthelessyou have to be preparedo develop applications
for this yet to be appearingnfrastructurein a e xible and maintainablevay quickly. Whatis
neededthus,is aframewvork thatenablesapplicationdevelopmenin suchanernvironment.The
samaeis truefor the developmentof Web sitesandWeb applicationghemseles.

A reportby the Cutterconsortiumon Web projects[38] lists alarmingfacts: the developed
systemddid not meetrequirementsn 84 percentof the cases,79 percentof the projectswere
delayed 63 percentof the projectsexceededheir budget.
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For all thesereasonsthe previously cited term Web Crisis was coinedas a parallel to the
softwae crisis [117] whentoo mary incompatibleprogramminganguagesexceededbudgets
andschedulesagapbetweerusersaandprogrammersandhackingtypeof programmingnethods
were someof the problems. A cite from the Wikipedia free eng/clopediahits the spot: “Try
http://www.google.com to searchfor 'softwarecrisis' andreadthroughthehalf a million
web pagesthat matchthis simple query Thentry to summarizethis knowledgewithin your
budgetanddeadline. Now you might startto understandhat the root of the softwarecrisisis
compleity.”

In responseo the Web crisis andthe above challengesa groupof peopleat the University
of WesternSydne in Austrialiacoineda namefor theemeging researcluisciplines:\\eb Engi-
neering A de nition of Webengineeringvasalreadygivenin 2.1 above; asecondneis given
here:

“Web Engineerings the establishmenanduseof soundscienti ¢, engineeringand
managemenprinciplesanddisciplinedandsystemati@approacheso the successful
developmentdeploymentandmaintenancef high quality Web-basedystemsand
applications. [52]

The mainfocusin Web engineeringthus,is not somuchon how to develop newv Web sites
but on how to developthemin a systemati@andquanti ableway thatreduceslevelopmentosts
andsupportgyuality attributessuchaschangingrequirementsfuture extensionandevolution.

The variousexisting Web engineeringapproachesire presentedand evaluatedin the con-
text of our problemde nition in Chapter3. The remainderof this chaptergivesa brief, non-
exhaustve overview of theeXtensibleMarkupLanguaggXML) andrelatedtechnologiesvhich
arethefoundationonwhich XGuideandmostothernew developmentsn Webengineerinduild.

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

Theoriginalintentionof the HyperText MarkupLanguagéHTML) wasnotonly to structure
Webcontentbut alsore ect somesemantiaotion,e.g.,using<hl1> to indicatethattheenclosed
contenformsaheadingof level one.Webdevelopershowever, soonstartedo requestendering
relatedtagssuchas <font> to specifythe font in which somecontentshouldbe displayed.
Evenbrowserspeci c tagssuchasthe infamous<blink> and<marquee> elementdurther
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pollutedthe language.The CascadingstylesheeSpeci cation (CSS)is the attemptto separate
layoutinformationfrom the actualHTML content.Unfortunately CSSsupport—whichis now
availablein an extended powerful secondversion—isnot consistentlyimplementedacrossthe
majorbrowsers(not eventhe newvestversions).

Parallel to this development,the limited setof HTML tags, their nestingrulesand x ed
semanticsverepercevedaslimitation. Otherproblemswith HTML includethe missingability
to specify semanticinformation (exceptfor <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-enabledlevicesis that
HTML wasnheverdesignedvith deviceindependenci mind andthusdoesapoorjob onseveral
small devicesandfor differentoutputformats. A detaileddiscussionof device independence
issuesn Webengineeringcanbe foundin EnginKirda's dissertatiorf90].

The eXtensibleMarkup Languaye (XML) andaccompaying speci cationsline up to tackle
theseproblemsandcanbe usedin combinationwith existing technologie®r ontheir own. This
sectionbrie y discusseshe mostimportantconceptandapplicationof thesetechnologiesand
givespointerswhereto nd furtherinformation. Note that this discussioncanonly cover the
most basic conceptsneededin the scopeof this thesis. Many detailshadto be omitted for
spacereasonsghe readeris referredto the of cial W3C Web site for more information, new
developmentsandthefull speci cationdocument®f thetechnologiepresentedhere[3, 24,31,
39,143].

2.5.1 THEEXTENSIBLE MARKUP LANGUAGE - XML

XML isameango de ne new markuplanguagesSuchamarkuplanguagestructureslocuments
into severalsectionsThesection®f adocumentarecalledelementsandcontaintext conteniand
furthernesteddocumensectiongelements)Thehierarchyof all elementsn adocumenforms
asingle-rootedreestructure All elementsn thistreehave astartandanendtag. A tagconsists
of an openinganglebraclet followed by the elementsnameanda closinganglebraclet, e.g.,
<order> . Theendtagfurtherusesa slashasdistinctioncriteria, i.e., </order> . Elements
cancontainotherelementsor plain text. In the starttag, attributescanbe de ned askey/value
pairs.To addanattributeid to theorderelementwe just write <order id="294">

ThuswhenusingXML, thereisno x edsetof tagsbut tagscanbechoserasseerappropriate
for theintendedpurpose.Technically XML is arestrictedversionof the StandadizedGeneal
Markup Languaye (SGML)[1] while beingmuchmore e xible thanHTML. As suchHTML
canbe completelyformulatedasone specialinstanceof an XML languageg(andis thencalled
XHTML). Figure 2.4 shavs a simple XML documentfor an orderusing customelementsand
attributes.

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

Two differentwaysto processXML documentsxist today: the DocumentObject Model
(DOM) andthe SimpleAPI for XLM (SAX) The DOM approachstrongly builds on the tree
structureof an XML documentndprovidesaninterfaceto anin-memoryrepresentationf this
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<order id="294">
<customer>
<name>Clemens Kerer</name>
</customer>
<product id="21">
<name>QOrange Juice</name>
</product>
</order>

Figure2.4: A sampleXML documentepresentingnorder

tree. SAX, on the otherhand,iteratesthroughthe documentin a depth- rst mannerand res
eventswhenerer anew elementa new attribute, sometext or the endof anelementor attribute
aredetectedUnlike usingDOM, SAX providesno meando navigatethe XML documenie.g.,
nd the parentnode,list all child nodes.etc.). The downsideof DOM is the low performance
comparedo SAX andthe memoryrequirementshatincreasewith the sizeof thedocument.

BesidesNebdevelopmentmary otherapplicationareagor XML exist: platformandappli-
cationindependentlataexchange XML messagingKML contentrepositoriesetc. In thiswork
we concentraten exploiting XML for Web developmentand do not discussotherapplication
areaf XML. We will laterseehow someof them(e.g.,. XML databaseascontentrepositories
or XML Web Servicesascontentproviders)canbe usedandintegratedin XGuide.

2.5.2 DOCUMENT TYPE DEFINITIONS- DTDsS

To describewhat elementsand attributesmay be usedin an XML documenta corresponding
DocumenflypeDe nition (DTD) canbe de ned andassociatedavith the document.Figure2.5
shavsthe DTD for theorderdocumentrom Figure2.4.

<IELEMENT order (customer, product+)>
<IATTLIST order id CDATA#REQUIRED>

<IELEMENT customer (name)>

<IELEMENT product (name)>
<IATTLIST product id CDATA#IMPLIED>

<I[ELEMENT name (#PCDATA)>

Figure2.5: Thedocumentypede nition for the sampleorderdocument.

It de nes element<order> to containa <customer> andone or more <product>
elementgquanti ersarespeci ed usingexpressionknown from regularexpressionsuchas+,
* or ?). Bothelementdurthercontainkname> elementsvhichin turn consistof text (indicated
by thespecial#PCDAT Akeyword).

Attributesarede nedin <IATTLIST> itemsspecifyingthenameof theelementhey 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, optionalfor the
latter.

To associatehe DTD storedin order.dtd  with our orderdocumentwe adda specialine
atthebgginningof the XML documentasshown in Figure?2.6.

<IDOCTYPE order SYSTEM"order.dtd">
<order id="294">

</order>

Figure2.6: Associatinga DTD to an XML documenusingthe DOCTY PHEleclaration.

WhenanXML parsemprocesseadocumentvith anassociate®TD; it automaticallychecks
if all rulesgivenin the DTD arefollowed. If not, an erroris reported. To distinguishXML
documentsvith andwithout DTDs, an XML documenthatonly obeys the basicrulesof XML
(e.g.,everyopeningtagmusthave a closingtag, attributevaluesmustbeenclosedn quotesgtc.)
but doesnot have anassociatedTD is saidto bewell-formed If a document—inadditionto
beingwell-formed—obgstherulesin anassociate®TD, it is saidto bevalid. Thusoursample
documenin Figure2.4is valid with respecto the DTD givenin Figure2.5.

253 XML 2 EDITION

When peoplestartedcomposingXML documentsthey realizedthat elementswith the same
namebut differentDTD de nitions causeproblems. Assumeyou want to composethe two
documentshown in Figure2.7; whatde nition couldyou give for elementaddress> in the
resultingdocument?

Onesolutionto this problemwould be to renameone of the addresgagsto ensureunique-
nessof elementames.Sincethe DTD of thatdocumenimight not be underyour controlanda
modi cation of elementss undesireablén generalamorepowerful solutionwasneeded XML
NamespacesThe conceptof namespacewas alreadysuccessfullyappliedto solve a similar
problemin programmindanguageslf severaltypeswith the samenameneedto work togethey
namespaceareuseddistinguishthe differenttypes(e.g.,C++ or .NET namespacesava pack-
agesgtc.).

You can think of a namespaces a uniqueid for a DTD that is addedto all elements
of the DTD to be ableto traceelementsbackto its original DTD. In fact, the namespacés
addedaspre x to elementgesultingin thefollowing form for elementhames: namespace-
identifier . element-name , e.g.,for a namespacerder and elementcustomey this
would resultin order:customer

The remainingquestionis how to ensureuniquenes®f namespac@ames(i.e., make sure
nobody else also usesnamespac®erder). By corvention, namespaceare basedon URLs—
andthe uniqueassociatiorof URLS to their owning principals(e.g.,companiesprganizations,
persons,etc.) is implicitly ensuredbecausd ANA (Internet AssignedNumbersAuthority)
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<customer>
<name>Clemens Kerer</name>
<address>
<street>Hetzend orf er st ra sse</ st re et >
<number>93/6/8< /nu mber >
</address>
</customer>

(@)

<producer>

<name>Orange Juices Inc.</name>

<address number="23a" street="Orange Street">
</address>

</customer>

(b)

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

globally managedJRL names. Thusto de ne a nev hamespaceyou take your URL (e.g.,
http://www.orangejuices.com/ ) aspre x andappendhe desiredhamespacaameto

it. You arelocally (i.e., within your organization)responsibldor the uniqguenessf all names-
paceausingyour URL aspre x. Principally however, namespacaamesanbearbitrarystrings
andtechnicallynothingkeepsyou from usingary otherstringfor your namespace\ot obeying

the above corventionquickly rendersthe idea of namespacesnusablesincenameclashesare
likely to appearagain. Following this corvention,we would reformulatethe above exampleas
http://www.orangejuices.com/o rder: cust omer.

Theelemennameincludingthenamespacpre x is alsocalledfully-quali ed elemennhame
asopposedo the elementhamewithout namespacere x (i.e.,'customer)whichis calledthe
elementslocal name If youwould now write a namespace-quali eXML documentjt would
be a tedioustaskto keeptyping the URL-basednamespaceall over againand again. As a
consequencegbbreiation for namespac&amescan be introducedusing the specialxmins
syntaxshown in Figure?2.8.

If you do not specifya namespacere x for anelement,t is saidto belongto the default
namespaceThis namespace implicitly alwaysde ned but canalsobe overriddenasshownn in
line 2 of Figure2.9. The default namespaces changedo http://www.orangejuices.
com/order by not specifyingan abbreiation for the associatechamespace.All elements
withoutanexplicit namespacpre x arethenassumedo lie in thespeci ednamespace.

A nal remarkon namespacesiamespacabbreiationsarevalid alwayswithing the scope
of theelemenin whichthey arede ned andcanbeoverriddenin nestecelementsin Figure2.10
this mechanisnis usedextensviely.
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Figure2.8: ThesampleXML documenusingnamespacabbreviations.

Figure2.9: ThesampleXML documenbverridingthe defaultnamespace.

Figure2.10: ThesampleXML documenusingandoverridingseveralnamespacabbreviations.
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In the <order> element,the order namespacés boundto o andthe default names-
paceis overriddenwith namespacerder2 . Consequentlythe <o:order> elementis in
the order namespace&hile the customerelementlies in the order2 namespaceThe cus-
tomernameelementagainoverridesthe default namespacwith a name namespaceSimilarly,
the<o:product> elemenbindstheproduct namespact pre x o—resultingin adifferent
meaningof theo pre x of theproduct andorder elements.

2.5.4 THE EXTENSIBLE STYLESHEET LANGUAGE - XSL

TheExtensibleStylesheet. anguagespeci cationis furtherstructurednto threeparts:

XPath. XPathis a selectodanguageo selectarbitrarypartsof an XML document.This
could be a single element,a setof elements;ext valuesor ary other part of an XML

structure. XPath takes advantageof the tree structureof an XML documentandusesan
addressingchemebasedon the branchesof the tree (e.g., selectall nodeswith a given
name selectall successoref thecurrentnodewith agivenname getc.). Predicategurther
enrichthe semanticof suchexpressiondy addingconditionssuchasonly selectingele-
mentswith a givenattribute,with a givensuccessoelementor with a giventext content.

XSL Transformations (XSLT). XSLT is atransformationanguagehatprovidesrulesto
transformaninput XML documeninto a differentoutputrepresentatiosuchasanother
XML formator plaintext. XSLT consistsof so-calledtemplatesvhich transforma setof
nodesselectedoy an XPath expressionnto someotherrepresentationXSLT processing
alwaysstartsat the root elementof an XML document.In eachtemplate recursve calls
to othertemplategagainbasedon XPath expression®r names)anbe embeddedvhich
resultsin aninherentlyrecursve processingf XML documents.

XSL Formatting Objects (XSL-FO). XSL-FO is an XML vocahulary for specifying
page-orientedormatting information suchas pagedimensions mamgins, headersfoot-
ers,pagenumbersandmuchmore. Thebasicideais to rst specifythe propertiesof a set
of masteipagesthenarrangea setof referenceso the mastermpagedo form the sequence
of pagesin the documentand nally, Il the pageswith the actualcontent. A common
applicationof XSL-FO s to generatdRTF or PDFdocument$rom XML content.Though
currently not implementedn ary browser XSL-FO capableWeb browserscanalso be
ervisionedin thefuture.

In XSuite, we mainly use XPath and XSLT to transforminput XML documentsnto other
markuplanguagesuchasXHTML. Both partsarerelatively complex on their own renderinga
moredetailedtutorial hereimpractical.ln Figure2.11we provide a samplestylesheeto corvert
theorderdocumenfrom Figure2.4into an XHTML page.

The stylesheetrst de nes a templatefor the <order> elementand createsa skeleton
HTML documentn its body It thenrecursvely invokesthe templatesor the <customer>
andproduct elementsin thecaseof acustomerwe outputthenameof thecustomeenclosed
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Figure2.11: ThesampleXSLT stylesheeto transformanorderdocumentnto anXHTML page.
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by <h1> tags.In the caseof a product,we do the sameusing<h2> tagsfor the productname.
We alsoadda paragraplwith sometext indicatingthe value of the productidenti er (i.e., the
attributeid of the productelement).

Theresultof processinghe sampleorderdocumentwith this stylesheeits 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 applyingthe sampleXSLT stylesheeto the orderdocument.

255 XML SCHEMA

XML Schemasarethe successorsf documentype de nitions to overcomeseveral problems
with DTDs: DTDs arenot XML documentthemselesandthus cannotbe processedvith the
sametools; DTDs supportonly a small numberof datatypesnestingof elementscanbe con-
strainedn arudamentaryvay andnamespacearenot supportedThe XML schemaecommen-
dationis basedon mary otherschemdanguagesuchas XML Data[102], DocumentContent
Description(DCD) [30] and Schemafor object-orientedXML (SOX) [42] that tried to solve
partsof the problemswith DTDs.

The speci cationconsistsof a parton datatypesanda parton structures.The datatypepart
de nes a completetype systemfor XML documentsncluding simpletypes(i.e., string-based
types)andcomple types.Thelattersupportelemennesting attributes,andmixedcontent.Fur-
therinheritancerulesarede ned to supportextensionandrestrictionof alreadyexisting types.
The parton structuredealswith how elementanbe nestedandhow this nestingcanbe con-
strained(e.g., how often an elementmay appearas child, whetherit is requiredor optional,
whetherit may be substitutedoy anotherelementwhetherthe sequencef child elementsnat-
ters,etc.).

XML schemasreregular XML documentdiving in a x ed schemanamespaceandfully
supportnamespaceby so-calledtarget namespacesA target namespacéndicatesto which
namespacanelemenspeci edin this schemaelongseffectively solvingthe nameclashprob-
lem mentionedbefore.An excellentintroductioncanbe foundin the XML schemarimer[53].
A sampleschemdor theorderdocumenof Figure2.4is shavn in Figure2.13.

XSuite usesschemass part of the contractto specifythe structuresand datatypesof the
componentsisedandintroducesseveraloperation®n schemaso composeseseralcomponents
or generatelocumentgrom theschemas.
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Figure2.13: A sampleschemdor the orderdocument.
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2.5.6 OTHER X TECHNOLOGIES

Apart from XML, namespace$)TDs, schemasand XSL, otherinterestingKXML relatedtech-
nologiesexist in the context of Web engineering. XForms are an extendedform speci cation
thatis muchmorepowerful thanHTML forms. XIncludeis anemepging technologysupporting
compositionof XML documentsXLinkis a new linking speci cationthat supportshe de ni-
tion of links outsidethe actualXML document(againa separatiorof concerndssue),de nes
multi-directionallinks andone-to-mayw links. RDF, DAML, OIL arespeci cationsrelatedto se-
manticinformationontheWeh XML Queryis the counterparto the StructuredQueryLanguage
(SQL)in the XML world. XML Signatue andXML Encryptionaddsecurityto XML documents.
VoiceXMLsupportsvoiceinput andoutput.

Thoughthesetechnologiesareinterestingandimportantto Webengineeringn generalthey
do not directly affect the core XGuide principles. For this reasonwe provide no further details
but referthereaderto their of cial hompageswvailablevia 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 methodologiesor Web engineering. This
processs very similar to the evolution of softwareengineeringnethodologiesThe needfor a
structuredprocessmodelfor the developmentof software becameobvious during the software
crisis[117]: ad-hocdevelopmentmissingrequirementengineeringandaplenitudeof program-
minglanguagesindervironmentded to unmanageablsoftwareandprojectsconstantlyexceed-
ing their budgets.Many of theseproblemsalsohold for early Web development.Web projects
keptmissingdeadlinegandstill frequentlydo), ad-hocdevelopmentresultedin overly complex
systemandmaintenancavasexceedinglydif cult sinceHTML fragmentsveredistributedover
templatesles, programcodeandevencontentrepositories.

In the eld of softwareengineeringnen methodologiesippeareavith the victory of object-
orientedprogrammingover modulartechniques.Onceobject orientationwas sufciently un-
derstood component-orientednd aspect-orientedpproachemtroducedeven higherlevels of
abstractiorand separatiorof concerns.The correspondinglevelopmentsn Web development
areobject-orienteédpproachethatview aWebpageasanobjectcomposedrom severalsmaller
objectsand supportinheritanceand reuse. More recentlyand driven by the rapid acceptance
of XML, separatiorof concerng(namely content,layout and applicationlogic) are the dom-
inant featuresof Web engineeringmethodologiegarallelingcomponentand aspect-centered
approaches softwareengineering.

In this chaptey we discussWeb engineeringapproachesnd comparethem with the sce-
nariooutlinedin thiswork. We rst introducea taxonomyfor Web engineeringnethodologies

33
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capturingthe key characteristics A detaileddiscussiorof existing methodologiedollows. A
comparisorandclassi cationof the presente@pproacheshaws their applicabilityfor different
kinds of Web projectsandpointsout how theapproactakenin this thesisdiffersfrom them.

3.1 A TAXONOMY OF WEB ENGINEERING METHODOLOGIES

This sectionintroducegshe characteristicsisedto classifyWeb engineeringnethodologiepre-

sentedn subsequergectionsThey areindependenof ary particulardomainor implementation
technology But asalways,somemethodsandtechnologiesendthemselesmoreeasilytowards
integrationwith atechnologyor domainthanothers.The selecteccharacteristiceover a broad

rangeof requirementsa modernWebengineeringnethodhasto dealwith. It is importantto em-

phasize however, thatanevaluationon suchan abstractevel necessarilygnoresthe specialties
of amethodologyandcanonly beusedasa high-level indicatorratherthanthe only sourcefor a

decisionfor areal-world Web project.

The rst andoneof themostimportantcharacteristickoundin all Webengineeringnethods
is Sepaation of Concerns A strict separatiorof concernss desirablebothduringdevelopment
andevenmoreduringthe maintenanc@haseo decoupldaasksavoid redundanciesandsupport
reuseof designandimplementatiorartifacts. Web applicationsintegratea growing numberof
disjointconcernsmostcommonlythe actualcontent thelayoutinformationandthe application
logic. For the purposeof this evaluationwe take into consideratiorthe following ve concerns
commonlyfoundin today's Webapplicationscontentdata) sitestructuregraphicalappearance
(layout),applicationlogic, navigation.

The contentis the actualinformationto be published.The datais keptin les, relational
databasesbjectstoresor repositoriedor semi-structuredata.

The site structure de nes all the Web pagesin the applicationand how the contentis
distributedamongthem. For large projects,it cande ne subsectionge.g.,for internalvs.
external,public or restrictedaccessetc.).

The graphical appearanceaddsthe formattinginstructionsto the actualcontenton the
pages.This often meango transformthe contentinto HTML pages.lt is desirablehow-
ever, to supportotheroutputformatssuchasWML, text or PDFdocuments.

Integrationof andinteractionwith theapplication logicis crucialasmary Webapplication
getmoreandmoredynamic. The applicationlogic dealswith the ability to dynamically
generatgpagesandprocessiserinteractionin businesgprocessesnthe back-end.

The navigation concerndescribeshow pagesarerelatedand what navigation pathsare
offeredto users. Typical navigation structuresnclude non-cont&tual structuressuchas
sequentiabr hierarchicalmenubarsfor quick accesdo differentpartsof a Web site and
contectual structuresuchasindexers,guidedtoursandindexedguidedtoursbasecnthe
userscurrentcontet (e.g.,searclresult,selectechage etc.).
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In additionto these ve concernsthereare several othersthatarelikely to gainin impor-
tancein the future. Theseincludefull device-independencesecurityand meta-data.Device-
independences not only aboutsupportingmultiple outputformatsbut alsohow to supportthe
samebusinessprocesse®n multiple devices with varying capabilities. The securityconcern
talksaboutthe necessargredentialsa usermusthave in orderto access pageor triggera user
interaction.Meta-datecurrentlyattractsmary researchers the contect of the W3C's semantic
Web [145] initiative. Thoughthe usefulnes®f meta-dataon the Web is not completelyclear
to date,it is obviousthatmetainformationcanimprove the searchingandinformationretrieval
process.As such,a separateoncernmight talk aboutthe available or requiredmeta-dat&or
Web applicationssites,pagesor evendedicatedtemson a page. Theseconcernsarecurrently
not commonlyfound eitherin Web engineeringnethodologie®r in Web applications.For this
reasonwe do not considerthemin the review of relatedwork directly but include supportfor
theseconcernsn the evaluation.

We measurethe degreeto which a methodsupportsseparatiorof concernsby giving the
numberof how mary of the abore ve concernsare explicitly supportedn the method. We
furtheradd(+) to this numberto indicatethata methodsupportsadditionalconcernsr supports
a concernmuchbetterthanthe othermethods.We add(-) if a methodidenti es a concernbut
falls shortin explicitly supportingt asa separateoncern.

Theseconctriterionwe usein this evaluationis Reuseof Artifacts. Reusds oneof themajor
contributorsto improve quality, supportfasterdevelopmentcyclesandensureconsisteng. This
propertyof a methodologyis often closelyrelatedto its ability to separateoncernsand make
themreusableasseparatentities. However, this is not alwaysthe case.While a methodmight
identify thelayoutasa separateoncernthe useof HTML fragmentgo addlayoutinformation
is oftenpage-speci canddoesnotallow for layoutreuse.

We de ne threelevelsof reuse:onthehighestievel (3), all artifactscanbereused Depending
onthemethodthisrefersto bothdesignandimplementatiorartifacts.Onlevel (2), someartifacts
canbe reusedput the methodalsorequiresnon-reusablartifacts. On the lowestlevel (1), no
explicit supportfor reuses provided.

Anothercriterion we includein the evaluationis Compleity of a method. This criterionis
especiallyimportantto seta context for the measurementsf the othercriteria. Somedevelop-
mentmethodologiesre intentionally kept simplefor educationauseor beginnersin the eld
of Web engineeringObviously, they cannotachieve the samedegreeof evaluationresultscom-
paredto methodghatarenotconcernedboutcompleity. Thusall otherevaluationresultsmust
beviewedrelatively to a methods compleity value. The compleity valueincludeswhethera
methodis easyto understandthe compleity of the tasksproposedy the method therequired
knowledgeto apply the methodand whethera methodusesstandardsatherthan proprietary
notationsdiagramsmodelsor technology

We ratea methodof having compleity (1) if it is easyto learnandapply, doesnot have a
steeplearningcurve in termsof new conceptsand mainly relieson existing, well-known tech-
nologies. Methodswith a mediumcompleity (2) requireacquisitionof somenewn knowledge
and extend existing technologiego matchtheir requirements.High compleity (3) methods,
nally , usewhatever techniqueghey seet to achieve their goalsasbestasthey can. They are
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not concernedaboutcompleity andassumea developeris willing to learnthe new notations,
diagramsandtechniqueghatcomewith the method.

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

We say a methodhaslow (1) supportfor dynamismif no supportfor the integration of
dynamically generatedpagesand userinput processings includedin the method. Medium
suppori2) meanghattheremightbeasetof pre-de nedoperationghatcanbeusedfor dynamic
pagecreation(e.g.,a setof templatego includedatabasejueries). Theseoperationshowever,
are not extendableand no userinput processingelies on ary sort of CGI programs. A high
support(3) in this categgory meanghata genericway of integratingdynamiccontentinto pages
exists; ideally accompaniedy a way of de ning an explicit interface betweenthe back-end
businessapplicationandthe userinputin aWebpage.

The next criterion distinguishesbetweenusercentric and data-centricapproaches.Most
existing methodologiesarerootedeitherin software engineeringor in databaselesign. Since
the early developmentof dynamicWeb applicationsvasdrivenby the requiremento integrate
(relational)databaseontent,severalmethodologiestartwith the datamodelat handandmapit
into aWebapplication.Othermethodologiesocuson anobject-orientedlatamodelof the Web
application.Anothercateyory of approachess basedn userexpectationsanduseranalysis.In
this scenarioa Web applicationis modeledto meetthe expectationsof a usercommunityand
the actualimplementationn termsof software modulesand dataorganizationis derived from
that.

Often, a usercentric, requirements-dvien approachis preferableto creatingthe Web site
accordingto the underlyingdatamodel. In somedata-intensie publishingscenariosvherethe
goalis to publishalargeamountof highly structurecandconsisteninformation,thedata-centric
approachmight be the betterchoice. We thus classifya methodin being eitheruser or data-
centric.

Transformability(Modelto ImplementatiorMapping)indicateshow dif cult it is to mapthe
designof a Web application(i.e., conceptuamodels Jayouttemplatesgetc.) to anactualimple-
mentation.We do not focuson ary specialimplementatiortechnologybut considerthe generic
mappingprocesgo ary implementationDependingonthelevel of abstractioramethodis oper
atingon andthe availability of developmentools supportingthe methods tasks we distinguish
threedifferentlevelsfor this characteristic:

Level 1 - ConceptuaModelingOnly: in thisapproacha conceptuaandoftenvery expres-
sive modelcanbe formulated. The methodologyonly livesin the conceptuakpaceand
doesnot provide ary supportto transformthe conceptuatlesigninto animplementation.
It is left to thedeveloperto implementsucha modelin termsof anexisting technology

Level 2 - Partial Generationin this case the conceptuamodelis analyzedandthe actual
Webapplicationcanbe partially generatedrom it. Usuallyasetof templatesandskeleton
les thatneedfurthermanualadaptatioror extensionaregenerated.
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Level 3 - AutomaticGenerationherethe completéWeb applicationis automaticallygen-
eratedfrom the modelanddoesnot needary furthermanualadaptation.In this scenario,
ary updateor evolutiontasktakesplaceonthe conceptualevel andthe Websiteis merely
generatedrom theupdatednodel.

Methodologieswith a high degreeof abstractiorfrequentlydo not provide implementation
support.A lowerlevel of abstractionpntheotherhand rendersautomatiapplicationgeneration
possible.This become®speciallyimportantin the maintenanc@hasevhenupdatesegxtensions
andmodi cationshaveto beintegrated.With only aconceptuamodel,no supportor integrating
changess possible;usingthe secondapproachgcarehasto be takento not overwrite previous
manualchangesjf the modelis automaticallytransformednto the nal application,only the
re-generatiof the applicationis necessaryo re ect the updatedstateof its model.

A characteristi¢hatre ects the rapidly changingrequirementsand shortlife-cycleson the
Webis ConcurentDevelopment It re ects the ability of a methodto reducethe overall deve-
lopmenttime by decouplinganddoingasmary tasksaspossiblein parallel. Most existing Web
engineeringnethodologieslo not supportparalleldevelopmentbut stick to a strictly sequential
process.This propertyonly focuseson the implementatiorof the Web site; during the design,
paralleldevelopmenis hardly possibleandusuallynot desirable.

We againdistinguishthreelevels of parallelismin Web engineeringnethodologiesOn the
lowestlevel (1), all tasksareexecutedin sequenc@anddependon eachother No parallelismis
possible.On a mediumlevel (2), at leastsometaskscanbe executedin parallel. The highest
level (3) requiresthatmostof the tasksinvolvedin creatingthe actualWebimplementatiorcan
occurconcurrently

Finally, we includethe AdditionalValuecharacteristicghatcoversary specialpropertiesand
featuresthe othercharacteristicslid not cover. The spanof existing Web engineeringnethod-
ologiesis sobroad,a classi cationcannever includeall propertiesof every method. Thuswe
addthis characteristido captureary specialvaluea methodhas. A valueof (1) meansthata
methodhasno or insigni cant additionalvalueotherthanincludedin the othercharacteristics.
A valueof (2) meanghattherearesomeusefulandinterestingfeatureghataresuperiorto what
othermethodsprovide. Finally, a value of (3) meansthat a methodprovides mary additional
featuresandconceptghatdonot t in theabove classi cationbut contribute signi cantly to the
usefulnes®f themethod.

We consideredut ruled out Processcoverage and Applicability asfurther criteria. Process
coveragegives an indication of how much of a Web applications life cycle is coveredby a
methodology Several of the methodologiegpresentedelonv do not explicitly include phases
suchasfeasibility, requirementsnalysisor maintenanceAt a closerlook, however, it becomes
obviousthatall of themunderstandheimportanceof thesegphase$ut (mostlyfor spacaeasons)
did not includethemin a detaileddiscussion.It would thusbe misleadingto include suchan
evaluationcriterionhere.Applicability discussedhe potentialapplicationdomainsof amethod.
After evaluatingthe methodsjt becameclearthatthis criterioncanbe describedn termsof the
data-centrioss. usercentricpropertyandthe level of supportfor theintegrationof application
logic. The moreusercentrica methodis andthe betterintegrationfor applicationlogic it pro-
vides,the broadeiits applicationdomainis. A data-centrianethod,on the otherhand,thatdoes
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not supportdynamicpagegenerationjs only applicableif large amountsof staticinformation,
e.g.,in classicaM/eb-basedanformationsystemsis published.

In the remainderof this chapter we discussseveral Web engineeringnethodologieswith
respectio thesecriteria. We evaluateeachof themwith respecto the criteria presentedbove
andcomparehe methoddo eachotherat theendof the chapter

3.2 A DISCUSSION OF EXISTING APPROACHES TOWARDSWEB
ENGINEERING

This sectionstartswith the discussionof the mostwidely known and referencednethodolo-
giesincludingHDM/OO-HDM, RMM andextendedRMM. Thesemethodologiefiase a strong
backgroundn hypertext anddatabaseesearchiespectiely. While they form a solid foundation
for our discussionthey arebothrelatively old approachesnddo not take into accountnewer
requirementsuchas non-structurednformation domains,functionality-centricdynamic Web
applicationsor device independence.

Severalnewerandless-knavn approacheareproposedn literatureandpresentediext. They
includea diverserangeof perspectiesfrom usercenteredmethoddo purelyobject-baseanod-
els.

3.2.1 THE RELATIONSHIP MANAGEMENT METHOD - RMM

Therelationshipmanagemenmnethod(RMM) [77,79] views hypermediaasmanagingelation-
shipsbetweennformationentities. The RMM datamodel(RMDM) is inspiredby andbasecdn
the hypertext designmodel(HDM) [62] andits successoHDM2 [63]. Unlike HDM whichis a
datamodelin its own right, RMDM is embedded a methodologythatshavs how to createand
usethedatamodel.

RMM methodde nes seven phasestartingwith the de nition of the entity relationship(E-
R) design. The well-documentedE-R approach139] was chosensinceit is easyto useand
alreadycommonlyappliedin databaselesign.Justasfor databaseshe diagramde nesentities
representinghe actualinformationitems that have attributes/ elds holding the content. Also
derivedfrom databaselesign,one-to-mag andmary-to-mary relationshipsamongentitiescan
beintroduced.In the next step,theentitiesarefurthersplit into slicesthatgroupthoseattributes
of anentity thatwill appeatogethemnthe nal Webpage.Structuralinks areaddedo navigate
the sliceswithin anentity. Thethird phasedealswith navigationaldesign.Navigationaldesign
is basedon the inter-entity relationshipsin the E-R diagramand includesa variety of access
structuressuchasindices,guidedtours,andgroups.The outputof this phasds therelationship
managemendatamodel(RMDM) thatenricheghe E-R diagramby all accesstructureginter-
andintra-entity)thathave to beimplemented.

TheRMDM is theinputfor the corversionprotocoldesignthatde neshow the elementsof
the RMDM aremappedo objectsin a particulardevelopmentervironment. Theseobjectsare
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thenintegratedn theuserinterfacedesignphasewith theactuallayoutinformationthatdescribes
how RMDM objectsshallbevisually representeth the nal page.Theruntimebehaior design
phasede neshow navigationalaccesstructuresaareimplementedandhow contentis generated
dynamically Finally, the constructiorandtestingphasecompleteshe developmentrocessand

turnsthe outputof the previous phasesnto the nal Webapplication.This laststepcanhappen
automaticallywith appropriategool support.

Basedon their experiencesvith RMM, Isakowitz etal. presente@nextendedversionof the
RMM in 1998[78]. Thetwo majorchangesveretheextensionof theslicemodelto m-slice§77]
andthereplacementf thenavigationmodelby theapplicationdiagram.Theconcepof m-slices
overcomegherestrictionof theoriginal RMM thata slice canonly containattributesof asingle
entity. Theoriginal designresultedn overly complex navigationstructuressinceno pagecould
containinformation from morethanoneentity. Also userseasily lost traceof the navigation
contet. Furtherm-slicescanbe composedvith otherm-slicesto form largerinformationitems
and arethe core componenin RMM. The applicationdiagramwas introducedto modify the
developmentprocesdo not requirea strict top-dovn approach First, the requirements&nalysis
phasemissingin the original versionwasexplicitly addedto the developmentprocess.A top-
downview of theapplicationdiagramthencontainsall theWebpagesandthehyperlinksbetween
them. The m-slicedesignthende nesthe contentcomponentandhow they arerelated. Next,
a bottom-upapproachtowardsthe applicationdiagramis undertalen by addingall identi ed
m-slicesto the diagramandde ning the links betweenthem. Dependingon how muchof the
applicationis alreadyimplementecandwhetherthe requirementsverecorrectlycapturedn m-
slices,the resultof the bottom-upapplicationdiagramshouldmatchthe ernvisionedtop-dovn
version. Also navigation modelingis bettersupportednow. Hyperlinks consistof a content
anchor a startingpoint, atargetandanendingpoint.

The relationshipmanagementethodde nes a sequentiaprocesghat coversall phasesf
thelife-cycle of aWeb applicationandstartsout atanabstractevel thatgetsre ned towardsthe
actualimplementationn every step.RMM is notboundto arny concretémplementatioriechnol-
ogy or platform;a casetool calledRMCasesupportingthe methodologyexists[46]. Separation
of concernis anissuein termsof content,structure Jayoutandnavigation. Reuses supported
onthelevel of m-slices.In [78] theauthorsusea databaseeportgeneratoto addHTML layout
to theRMDM objects.This approactalls shortin fully separatinghelayoutinformationandit
remainsvaguehow applicationlogic is integrated.

Themostlimiting factorof theRMM de nitely is its tight couplingwith relationaldatamod-
els. While RMM worksgreatif all contentis storedin a databasandtheinformationdomainis
highly structuredsemi-structurediatasuchasXML documentsrenot supportedConsidering
that RMM was rst presentedn 1995, it is not surprisingthat XML, device-independencer
logic centricWebapplicationsarenota majorconcern.

3.2.2 ANALYSISAND DESIGN OF WEB-BASED INFORMATION SYSTEMS

An earlyapproacttowardsthe analysisanddesignof Web-basednformationsystemghatuses
RMM (see3.2.1) asfoundationis presentedn [137]. The authorspoint out that RMM and
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OOHDM (see3.2.3) are mainly suitedfor information disseminatiorbut largely ignore user
interaction applicationlogic andmaintenanceT husthemethodfocusesonthearchitecturabnd

functionalaspectf a Web site explicitly includingthe maintenanceosts;it is not concerned
aboutthe graphicalappearanceThe proposednethodconsistsof two approachesa staticand

a dynamicapproach.The static approachexploiting RMM' s entity relationshipmodelingand

the dynamicapproachusing scenariogo tracehow and by whom resourcesare accesse@nd

updated.

After the requirementsnalysis,the E-R analysisof the problemdomainidenti es entities
andrelationshipsandcreatesan E-R model. The entitiesin the modelarefurther classi ed as
agentsgeventsand products.Following this terminology agentsare actorsthat conductevents;
the outcomeof an eventis a product. Membersof a committeewould be actors,a meeting
would be an actionandthe meetingnoteswould be the product. This distinctionis necessary
to betterstructureand executethe maintenancectvities later. In the next step,the scenario
analysiscapturegotentialusers their goals,the Web resourcesneededand how the systemis
goingto interactwith theuser Scenaridablesdetailon how a usercanachie/e its goals. They
list the sequencef steps(a navigationpath),the agentexecutinga step,the actionandthe Web
resource(sinvolved. They alsobuild thebackbondor the systems architecturedesign.

The architecturedesignis a datamodeldiagramthat againexploits RMM' s datamodel. It
alsocontainghenavigationstructuregor the nal siteandmapsentitiesto actualWebresources.
As in the rst versionsof RMM, entitiescannotbe combinedandplacedon a singlepage.The
methodsupportsthree navigation methods:guidedtour, index, andindexed guidedtour. The
scenarialesignandthearchitecturelesignareperformedcconcurrentlyandcross-checkbetween
the two modelsensureconsisteng. A nal stepde nes the attributesfor the Web resources.
Attributesare meta-informatioron the resourceshemseles(e.g.,lastmodi ed date,managed
by, expires,etc.) thatis usedfor maintenancectvities. A noti cation systemkeepstrack of
the expectedand actually performedchangesand canreportmissingmaintenancectuities or
changesn thesystem.

Meta-lerellinks areintroducedo expressasemantigelationshiphbetweenVebpagesutside
the pageshemseles. For this purposethe methodrequiresan extendedWeb sener andclient.
The meta-n&igation informationis carriedin the headerof the HTTP requestand response
messageandpursuethe sameideasasthe out-of-linelinks recentlypresentedn the context of
the W3C's XLink/XPointer recommendationsThe problemwith this sort of meta-linksis that
they cannotbe linked to a speci ¢ position or semanticcontext in a document. Thussucha
link only establishea relationshipbetweerpagesut doesnot have a dedicatedsourceor target
within thepageshemseles.

Thoughthis approachalsosuffersfrom the requiremenbf a structurednformationdomain,
it identi es severalimportantaspectsghatarestill rarelyfoundin othermethodologiesFirstthe
applicationlogic is explicitly consideredthoughno concretehint is givenhow it is modeledor
implemented). Secondthe userof meta-datgin this casefor maintenancejs includedin the
method.Finally, the authorsstatethe needfor meta-level links thatdo not requiremodi cation
of the sourceor targetdocumentsa requirementhatis, eventoday rarely considered.
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3.2.3 OBJECT-ORIENTED HYPERTEXT DESIGN METHOD - OOHDM

The object-orientechypertext designmethod(OOHDM) [131-133]usesabstractiorandcom-
positionmechanismén an object-orientedramenork to supportthe descriptionof information
items,navigationalpatternsandinterfacetransformationsOOHDM splitsthe developmenipro-
cessnto four phasesupportingncrementamodeling,i.e.,eachphaseaddsnew object-oriented
modelsor enrichesexisting modelsfrom previousphases.

The conceptuatlesignphasede nes anobject-orientednodelof the applicationdomain. It
is only concerne@boutthesemantic®f thedomainanddoesnotincludeary useror taskrelated
considerationsThe modelitself is a slight extensionof the well-known classdiagramsusedin
UML. Theonly differenceis thatrelationshipsanbe givenan explicit directionandattributes
of classexanhave enumeratiortypes(e.g.,asequencef valuetypesratherthanasingletype).
Thisis similarto de ning collectiontypesover anexisting type system.

The mainfocusof OOHDM is on the navigationaldesign. The navigationaldesignde nes
anapplicationasa navigationalview over a conceptuaomainmodel. The navigationalmodel
containsnavigational classesncluding nodes links, accessstructuresandindices. The impor-
tantconcepof anodede neswhatpartsof theconceptuaimodelareaggreatedin asinglenode
andcanbe comparedo m-slicesin RMM. Navigationalnodescanalsobe thoughtof modeling
the actualpagestructureof a Web application. A querylanguagesimilar to the one presented
in [88] is usedto expresswhata navigationalnodeshouldcomprise.Links betweemodesare
derivedfrom therelationshipsle ned in the conceptuamodel. Oncethe navigationalmodelis
completedthe navigationalclassesregroupedn so-calledhavigationalcontexts A context de-
scribeshow the navigationalmodelis accessibléo theuser e.g.,usingguidedtours,indices,etc.
Contets further structurethe navigation spaceandform the context model. An approacthow
navigationdesignsanbe synthesizeds presentedn [74]. Firstuserpro les andcorresponding
scenariogsirecreatedthenasimplediagramof navigationalpathsis createdvhichis thenre ned
in apartialand,eventually a nal contect diagram.

In the next stepan abstractepresentationf the userinterfaceis createdusingabstractlata
views (ADVs) [41]. An abstractlataview de nesuserinterfaceclasseshatdescribea pageasa
compositionof primitive userinterfaceclassesuchasbuttons,imagesandtext. The structural
compositionis enrichedby de ning how userinterfaceeventsarehandledandwhateventsresult
in achangeof the currentlyvisible view of the navigationalmodel.

The nal phaseof OOHDM is the implementationof the interfaceclassesn termsof an
actualdevelopmentenvironmentandplatform. OOHDM doesnot proposeor de ne ary imple-
mentatiortechnologyor platformbut suggests$o storeall modelingartifacts(conceptuatlasses,
navigationalclassesgontexts, etc.) in oneor moredatabasesNavigation contexts arethenim-
plementedasstatefulobjectsthat alwayskeeptrack of the currentlyvisible pageandthe other
pagesn the samecontet (e.g.,to correctlyswitchto next or previous pagesn a guidedtour).
Theintegrationof anlayoutinformationis ervisionedusingHTML templateghatareenriched
by functioncallsto objectsof theconceptuaimodelto retrieve andembeddynamicallycalculated
values.

OOHDM-Web [130] is a developmenternvironmentfor OOHDM thatis basedon the CGI
Lua scriptinglanguageanda moduleto connectto relationaldatabasesThesedatabasestore
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all information and modelingartifactsand provide a library of functionsto completeHTML
templatesvith dynamicinformation.

Thehigh level of abstractiorof OOHDM enablest to be usedin a broadvariety of applica-
tion domains.OOHDM is missingan analysisphasen the processandalsodoesnot explicitly
considertesting,maintenancer evolution. Separatiorof concernss only achiezedon the con-
ceptuallevel but lost on the (suggestedimplementatiorievel wherecontent,applicationlogic
andlayoutinformationis againintermixed. Reuseof conceptuatlassess supportedoy sepa-
rating the conceptuatlassesrom the navigationalnodes. The abstracidataviews alsobene t
from thereuseof existinginterfaceobjects.The suggestedmplementatiorervironmentdoesnot
supportseparatiorof concernsor reuseof implementatiorartifacts. The transformabilityfrom
the conceptuamodelto theimplementatiorspaceremainsunclear

3.2.4 A SCHEMA-BASED APPROACH TO WEB ENGINEERING

Unlike RMM and OO-HDM, the schema-basedpproachtowardsWeb Engineeringoresented
in [100] takesa document-orientediew of the developmentprocessThe creationof a Website
is considereda combinationof documentengineeringand software engineering.The method,
however, only considerghe documentengineeringpart including detailedcontentstructuring,
quality factorsfor content,and contentadaptationfor selectedtarget audiencesand contexts
(languagegulture,etc.).

The developmentprocesscomprisegphasedor analysis,design,authoringand production.
While maintenancandevolutionis notmentionedatall, testingis seerasintegralandcontinuing
taskthroughouthe procesgthoughno detailsaregivenon how andwhatshouldbetested).The
phasegshemselesareagaindocument-centricAs suchthe analysisphasetalks abouteditorial
guidelinesand writing standardsout doesnot include functional requirementstarget devices,
or platform decisions. The designand authoringphasesare said to be inseparableand often
indistinguishablendthuseffectively collapsed Both phaseshowever, aresplitin into two steps:
design/authoring-in-the-lge and design/authoring-in-the-smallAs a consequencet would
be more appropriateto separatehe in-the-large phasefrom the in-the-smallphaseratherthan
authoringfrom design.Accordingto theauthorsthe productionphaseshouldmerelyconsistof
turningthedesignecypertext componentinto anactualWebsite.

The methodis basedon the classichypertext modelof (information)nodesandhyperlinks.
Kuhnke et al. [100] introducedifferentclasse®f nodesandlink typesthataredesignedduring
the authoring-in-the-lage anddesign-in-the-lage phase.Theresultof thesephasesrepatterns
and templateghat can later be usedto createinstancesf nodesand links that correspondo
actualWeb pagesandhyperlinks. The in-the-laige phasesanto somedegreebe comparedo
the ideaof having a contractfor the contentconcernor an XML schemadescribinga classof
XML instancedocumentsThis approacthis differentfrom mostothermethodsn thatit focuses
onthestructureandcontentof theactualinformationnodesatherthanusingagiven,underlying
datamodelandtransformingt into a hypertext model.

Separatiorof concernss identi ed asan importantissue; however, the contentis clearly
the dominantconcern.Otherconcernssuchaslayout and navigationinformationareaddedby
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so-calledexpandersmacro-like codefragmentghat operateon the content. Theideaof having
standardizedatalogue®f transformerso solve standargroblemsor standargarametersan-
not make up for that. Reuseis supportedvherethe designprocessallows it. Nodesandlink
typescanbereusedandexpandersanbe appliedto multiple nodesto solve the samestandard
problem,alsorequiringthe nodesto conformto a standardsetof parametersin extensionof
the original hypertext model, links play animportantrole and navigation pathsand structures
betweemodesarewell supportedbn the conceptualevel. Unfortunately their implementation
againrelieson expandersstrictly limiting theapproacho standardsolutions.

Thedecisionto includeonly thestatic,document-orientepartof thedevelopmengprocessn
the methodologyallows tools to automaticallygeneratgstatic) Web sitesfrom hypertext mod-
els. Schema@&xt is a commercialtool that supportshis approach.The major dravbackof this
decisionis thatonly staticWebsitescanbe supportedHardly any Website or applicationtoday
consistsof only staticpages.On the contrary moreand more Web applicationsare developed
that do not containstatic information at all but generateall pagesdynamically The integra-
tion of applicationlogic with hypertext conceptgurnsoutto be oneof the key requirementgor
state-of-the-artlevelopmenimethodologiesndis completelyignoredin [100].

3.25 SWM - A SIMPLE WEB METHOD

ThesimpleWebmethod(SWM) [40] tacklesthe problemthatmary developersnd methodolo-
giestoo complex andhardto understand10]. SWM is primarily intendedfor educationalise
andfor inexperiencedisers.Thefundamentaphilosophyfor this approactbesidedeingsimple
is to stronglysupportheearlyphase®f thelife-cycle of aWebapplication provide tool support
andtraceabilityof changes.

SWNM distinguishes ve phases.The rst phase,planning,is concernedaboutfeasibility
andprojectmanagementThe following analysisde nes the target audiencethe contentto be
presentedthe market situationandconstraintsuchascopyright, developerexpertise etc. In the
designphasethe structure the visuallayoutandthe navigation styleis de ned andresultsin a
setof storyboardsIn the building phase the actualWeb applicationis built. The maintenance
phasenally coversall actwvities aftertheinitial deploymentof theWebsite.

Thepresentednethodextendsexisting softwareengineeringechniquedy anavigationchart
and pagemockups.No more detaileddescriptionof the phasesr the developmentprocesss
given.Consequentl\S§WM operate®naveryabstractevel thatdoesnot provide muchguidance
for developers.

A moreinnovativeapproachs takenin orderto supporthewholelife-cycle of theapplication
andprojectmanagemeniTheneedfor processnodeling,projectmanagementuality manage-
ment,andcon guration managementools interactingwith developmenttoolsto appropriately
supportthe developeris stated. PAWS, the ProjectAdministrationWeb Site, is the attemptto
combineseveral suchtools in aninteractve Web site accesse@nd updatedby the developers.
PAWS supportsa simpleprocessnodel,actionminutes,deliverableandtasks. Developersand
managerganobtaina detailedstatuson all tasksanddeliverables.In a small casestudy most
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participantsunderstoodhe SWM mostly or completely Action minutesandtaskmanagement
werefoundto bethe mostusefulaspectof PAWS.

Dueto the high abstractiorlevel andonly vaguede nition, SWM doesnot easily t in the
categorizationschemeresentedh 3.1. It doesnottouchseparatiorf concernssupporof reuse
or its applicability. It doeshowever, supportthefull life-cycle of aWebsiteandpracticabilityis
goodin thatthe methodis easyto understané@ndapply. Unfortunately no existing standardsr
toolsareexplicitly supported.

Regardingmary of today'sapplicationscenariosSWM cannotbeconsideredheappropriate
methodology It leavesouttoo mary crucialrequirementsuchasconcretemodelingdiagrams,
supportfor reusablecomponentand separatiorof concerns.Since SWM wasdesignedo be
simpleandfor educationalse,it probablyalsowasnever intendedfor complex Web projects.
SWM contributesandoutdoesotherapproachemtegratingprocessandprojectmanagemenhto
theactualdevelopmentprocess.

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

Likeotherapproacheé[37,105]),theobject-orientedhypermedianethod(OO-H)[70,71] looks
ataWebapplicationasanobject-orientedoftwareartifact. It extendstraditionalobject-oriented
developmentechniquesvith two new views: thenavigationview andthe presentatiowview. The
navigationview extendsa classdiagramto includelink informationbetweennformationitems,
the presentatiowview providesdefault rulesto transformcontentinto the nal output.

TheOO-Hdesignprocesstartswith aclassdiagrammodelingtheinformationdomain.Then
severalnavigationaccessliagramgNADs) areadded pnepertargetdevice or audienceBased
ontheNADs andasetof defaultrules,abstracpresentatiomliagramgAPDs)arecreatedo help
thedeveloperamaptheinformationto the desiredtargetlanguage A patterncatalogueprovides
usercenteredsolutionsfor presentingnformationandcapturinguserinteraction. Otherphases
suchasanalysistestingor maintenancarenot explicitly coveredin the designprocessut can
easilybeadded.

The abstracipresentatiordiagramseparates ve concernscontributing to the nal Web ap-
plication: the content(tStruct), the layout (tStyle), the userinput (tForm), client-sidescripts
(tFunction),andviews/windavs shawvn to the user(tWindow). This clearseparations basecn
XML les for eachconcernthatarebacled by a customdocumentype de nition (DTD). The
DTD de nesthevalid elementsandinteractionstylesfor the Web application. This is neces-
saryto enableautomaticgeneratiorof a defaultimplementation.On the otherhand,it restricts
the practicabilityof the approacranddoesnot supportalternatve waysof de ning information
and/orinteraction. For instanceall contenthasto be providedin asa collectionof objectsand
links with speci ed attributes. Sucha DTD canbe seenaspagedescriptionlanguagethat ar
rangesa givennumberof objectsandlinks on a page.It doesnot supportotherstructuresr the
introductionof new elementsTransformationmulesin anOCL-like syntax(objectconstraintan-
guage[121,149]) canbe usedto transformartifacts,e.g.,atemplatein the APD into anHTML

page.
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OO-H builds on existing standard§XML, DTD, OCL, etc.),de nes a sequentiabevelop-
mentprocesssimilar to other object-orientecapproachesglearly separategoncernsand pro-
vides high transformability Among the goalsof OO-H are attening the learningcurve and
decreasinghe costof WebdevelopmentWhile thelatteris likely to be achiezed,the methodas
awholeremaingrathercomple, especiallyregardingthede nition andsyntaxof transformation
rules.Also theintegrationof andinteractionwith applicationlogic is not clearlyde ned though
the tForm concernmentionedabove provides somesupportfor userinput. It remainsuncleay
however, how the claimeddevice independencéaturesareachiezed, how theinputis handed
to the back-endousinesgrocesseandhow the applicationlogic interfacesfor interactingwith
the contenttemplatesvork. OO-H is, atleastconceptuallyoneof the moststate-of-the-artVeb
engineeringnethodologies.

3.2.7 THEFIVE-MODULE FRAMEWORK FOR INTERNET APPLICATION DE-
VELOPMENT

The ve-moduleframework for Internetapplicationdevelopment48] proposesa novel archi-
tecturefor WebapplicationsIt extendsthe commonlyusedthree-tierarchitecturgpresentation,
businesdogic, andsystemlayer)into ve modules:the presentationlJI componentpusiness
logic, datamanagemengndsysteminfrastructuranodule. Theunderlyingthemeof thiswork is
thetight couplingof thevariousaspectsnvolvedin WebdevelopmentIn the ve-moduldrame-
work, aloosercouplingandan object/component-basegproachtowardsWeb developments
envisionedresultingin theability to independentlyvolve the businessogic.

The newly addeduserinterfacecomponentayer consistof a setof objectsthatrepresent
pagein termsof its userinterface. The presentatiomayerthentransformseachsuchobjectinto
its correspondingd TML representationlheclaimedbene tisthatUl componentsanbeadded
dynamicallywhile not modifying the presentatiorinformation. This is only trueif all possible
componentareknown in advanceor only component®f alreadyexisting typesareadded.We
doubtthatthis behavior justi es a separatéayer.

A furtherdecouplings attemptedy introducingthe datamanagementyerthatrepresents
a system-andstorage-independenriew of the codeanddatain the databaseWhile this allows
changingthe underlyingdatabaseystem the bene t over existing standardsuchasODBC or
JDBCis questionable.

Finally, a broker facility is introducedto decoupleary direct methodinvocationsbetween
modules. Thus, arny objectin a module rst contactsthe broker to connectto anotherobject
offering the desiredservice.While this approacHacilitatesthe modi cation andupgradeof the
applicationatruntime,it alsointroducesa signi cant overheacandperformanceenalty

Thoughthe ve-moduleframavork proposes new way of developingWeb applicationsijt
cannotbe considereda methodology It alsoignoresmary crucial factorssuchasotheroutput
formatsthanHTML, otherdatasourceghanrelationaldatabasesndnavigationdesignartifacts.
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3.2.8 THE WWW DESIGN TECHNIQUE - W3DT

TheWorld Wide WebDesignTechniqugW3DT) [23] consistof two parts:amodelingpartthat
supportggraphicalmodelsof the Web site anda computetbasedlesignenvironmentfor theim-
plementatiorof themodelsite. Thisis in contrasto theapproachepresentedofarthatmainly
focuson supportingthe modelingpart. Oneof the goalsof W3DT is thatthe modelsshouldbe
clearandintuitively comprehensiblatall times. Anotherimportantaspects its modularitythat
supportdistributeddevelopmenthierarchicaldecompositiorof a site, andthe developmentof
distributedWebsites.

Anotherimportantdifferences thatunlike RMM andOOHDM, W3DT doesnot startwith a
dataor domainmodelbut is usercentricin thatit modelsthe structureandpagesof the nal Web
siteandderivesthe datarequirement$rom them. It alsointroducesanotherevel of abstraction
by introducingtheW3DT metamodelthatde neshow themodelingprimitivesarerelated(e.g.,
asiteconsistof asetof diagramsgachconsistingof pagesl|ayoutsandlinks, etc.).

A concreteWeb site is modeledusing variousmodelingprimitivessuchas pages,ndices,
formsandlinks to createaninstanceof the metamodelthatrepresentshe structureof the site.
Further W3DT distinguishebetweerstaticinformationanddynamicinformation(i.e.,informa-
tion thatis collectedor createdat runtime)alreadyin the designphase.Similarly, a distinction
betweerstaticanddynamiclinks is made.

The methodologydoesnot distinguishseparatghasesthe building of the site modelis the
maintask.Oncethesitemodelis nished, it canimmediatelybeimplementedn W3DT's deve-
lopmentenvironmentcalledWebDesignerWeb pagesareimplementedisingHTML templates
from which skeletonHTML les aregeneratedhat have to be completedn anHTML editor.
Separatiorof concernss supportednly maginally. Layoutsareseparatedrom theactualpage
but consistonly of attributesfor thebackgrounaolor, thebackgroundmage,aheadetine anda
footerline. While the simplicity of the methodmalesit easyto understané@ndthe modelssim-
ple, it is not suitablefor the muchmoresophisticatedequirement®f today's Web applications.

The extendedWWW designtechniqug12,129] addsa new developmentprocessncluding
ananalysisdesignjmplementatiorandrecurringevolution phaselt alsoconceptuallyseparates
thecontentproductionfrom its technicalseparatiorii.e., therolesof thecontentmanageandthe
programmeiareseparated)Further userinput processings explicitly includedbut only to the
extentasuseractionsdirectly manipulateahecontentof adatabaseMore sophisticatedhterfaces
to businessprocessandtheir applicationlogic are missing. The simplicity of W3DT models
is droppedin favor of more complex diagrams. A new notationexplicitly includespriorities,
responsibilitiesandexpectedmaintenanceffort onthe pagelevel.

However, key requirementsuchasseparatiorof concernsor supportfor reuseare not ad-
dressedThe methodalsostateshatit is intendedto beintegratedinto higherlevel methodolo-
gies.An implementatiorervironmentsimilar to the oneincludedin W3DT is missing.

3.2.9 LIFEWEB: AN OBJECT-ORIENTED MODEL FOR THE WEB

LifeWeb[119,144] proposesnobject-orientednodelfor the Web thatnot only modelssingle
Web sitesbut alsothe Web in its entity. It furthertries to capturethe dynamicnatureof the
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Web(i.e., its fastgrowth, rapid changingnformationservicesegtc.). LifeWebtriesto modelthis
dynamismby introducingthe conceptof life. Similar to the conceptsn geneticprogramming,
it triesto exploit fundamentaprinciplesof life suchasreproductionjnteraction,existenceand
evolution. Objectsareenrichedwith objectgeneshatcarry meta-informatioraboutthe object,
theclasshierarchyis comparedvith the speciesierarchyin biology andsoon.

Themodelconsistof four levels: theinstancegeneticmeta-geneticandmeta-metaenetic
level. Theinstancdevel compriseghe actualWeb documentsasseenby the client, the genetic
level dealswith thedocument object(in thecaseof LifeWeb XML) representationnthesener,
themeta-genetitevel de nestheDTDsfor theXML documentsandthemeta-metgenetidevel
de nesthegrammaro expressDTDs.

The evolution processs incrementaland de ned by the evolution on every level. Evolu-
tionary thresholdsmodelthe likelinessof evolutionary actions. Only if a certainthresholdis
reachedgevolution becomegpossibleandchangesrepropagatedo higherlevels. Thus,aDTD
for anXML documentaneffectively changeaf thethresholdfor sucha changes reachedAc-
cordingto themodel,all documentdasedon this DTD would be changedioo.

Evolution actionshappenin responsdo userinteractionor long-termbehaior (e.g., how
often a pageis requestedwhich contentis popular etc.) and cumulateuntil a evolutionary
thresholds reached.

Technically LifeWebformulatespublicationon the Web asan object-orientedctvity using
the samemodelfor single sitesasfor modelingthe Web itself [120]. It introducesstructural
andpresentationasubclassebut mapsthe objecthierarchyto a setof XML documentsSepa-
rationof concernss achiezedto somedegreeasresultof the distinctionbetweerstructuraland
presentationatubclasses.

LifeWebis not a full methodologysinceit only proposes modelbut no concretedevelop-
mentprocessThoughit is afactthatthe Webevolvesandchangesll thetime, it is questionable
whetheit is anadwantagdo think of aWebsiteasanautonomouslyvolving entity. Usually, this
automaticbehaior is not desired;however, the conceptof evolutionarythresholdscanalsobe
mappedo accesstatistics,Top 10 pagelistings, andsimilar artifactsthatarecommonlyfound
ontoday's Websites.

Reuseis supportedo the extentthat the classhierarchysupportsit. As mentionedabove,
LifeWeb doesnot cover the whole life-cycle of a Web applicationbut merelythe modelingand
implementatiorpart. Analysis,test,or maintenancaremissing.

3.2.10 CONCEPTUAL MODELING AND WEB SITE GENERATION USING GRAPH
TECHNOLOGY

In [69] the authorsdiscussanapproachowardsdevelopingWeb sitesthatexploits the power of

graphtheory As in mary state-of-the-artnethodologiesa conceptuamodelis usedto present
the applicationdomainand understandhe relationshipsand constraints.Correctly the authors
pointoutthatsuchamodelis well suitedasameanf communicationamongtherolesinvolved

in thedevelopmenfrocesgcontentmanagersgraphicsdesignerandprogrammers).
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Similarto the hypertext modelwherenodesareconnectedia hyperlinks,[69] modelsaWeb
site asa Web of verticesandedges.The modelingapproachs basedon EER/GRAL [80] and
thus againespeciallysuitedfor structuredinformationdomains. The conceptualgraphmodel
alsoprovidestype informationfor the classof possibleWeb sitesconformingto the conceptual
model;asa consequencautomaticconsisteng checkingis possible All instance®of Web sites
thatconformto the conceptuamodelaresaidto bein avalid statewith respecto themodel.

Oncethe conceptuaimodelis stable,an actualinstanceof the graphmodelis createdby
acquiringandpopulatingthe conceptuamodelwith actualcontent.lt is interestingto notethat
not only the conceptuamodelbut alsothe concretanstancegi.e., the content)is modeledand
storedas a graph. XML documentsare usedas genericdataformat thoughthe mappingof
the semi-structuredXML datato the EER/GRAL basedconceptuaimodelis only possibleif
the documenttype de nition of the XML contentis signi cantly closeto the structureof the
conceptuamodel. In otherwords,only XML documentghatrepresenthe conceptuamodel
canbeused.

The site generatiorphasefollows the modelingphase.In this phasethe graphs contentis
extractedusinggraphqueriesandwritten into text les. Theresultof the queriesis a setof so-
calledXML bags, XML documentsvith a speci ¢ structurere ecting the contentin the graph.
This intermediatestepis necessaryo consecutrely apply XSL transformationgo the content
andgeneratehe nal Webpages.

Apart from neglecting requirementsanalysis,testingand maintenancethe main point of
criticism is thatonly staticpagesaregeneratedAlthoughthe authorsclaim thattheir ideascan
beextendedo alsocoverdynamicpagesit remainsunclearhow this couldbedonein amodular
way. Separatiorof concerngs only supportedor contentandlayoutandtheseartifactscanbe
reused.Navigationis directly inferredfrom the edgesn the graphwhich roughly corresponds
to theapproachetakenin othermethodologiesTheapplicationof the sameconcepf(i.e.,graph
modeling)for both the conceptuabndthe implementatiormodelis remarkablesinceit gives
you automatiaconsisteng checkingfor free. With theinclusionof dynamicpageshowever, this
becomesnuchmoredif cult.

3.2.11 THE WEB MODELING LANGUAGE (WEBML)

The Web Modeling LanguaggWebML) [34,35] is a languagéfor high-level, conceptuamod-
eling of Web sites. The model-drven developmentapproachis basedon distinct orthogonal
perspectresmanifestedn four models:the structural,the hypertet, the presentationandthe
personalizatiormodel.

The structuralmodel capturesthe content(i.e., datamodel) of the site using entitiesand
relationshipslit usesexisting notationssuchasE/R modelsor UML classdiagramdor this task.
The hypertext modelconsistsof the compositionand navigation sub-models.The composition
sub-modekpeci eswhatpageswill make up the siteandwhatcontents includedin the pages.
The navigation sub-modelalks aboutthe relationshipsof pagesand contentunitsin termsof
contetual andnon-contetual links. Contextual links arederived from the relationshipsn the
datamodelandconnectsemanticallyrelateditemsof information. Non-contetual links simply
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connectnon-relatepagegqe.g.,alink to asite's searchenginethatis reachabldrom all pages).
Next, the presentatiomodeldescribeshe graphicalappearancea anabstraciXML syntaxthus
remainingindependenbf the tarmget outputlanguageand device. Finally, the personalization
modelsupportsthe de nition of usersandusergroupsandthe dynamicadaptatiorof the site
basedn high-level businessules(e.g.,theshoppingoehaior of a usercanautomaticallymake
him memberof differentusergroups).

The proposeddevelopmentprocesdss an iteration of requirementsollection, datadesign,
hypertext designin-the-lage andin-the-small,presentatiordesign,userandgroupdesign,and
customizatiordesign. Whenthe requirementsre establishedthe datadesignmodelsthe un-
derlyinginformationdomain. As otherapproachesWebML is especiallywell suitedto highly
structureddatadomainsanddata-centri@pplicationswhererich relationshipandconstraintin-
formationis available. It de nessix unitsto modeldatarepresentatiobasedon singleor multi-
ple entities,relationshipsandlists of informationitems. The hypertet designin-the-lage talks
aboutthewholesite,the pageghatshouldbeincludedandtheir relationshipsHypertext design
in-the-smallis consecutiely concerne@boutsinglepagesandpage-leel re nements.The nav-
igationmodelcreatedn the hypertext modelcanbe usedto expresssemanticallyrich navigation
structuressuchasmulti-stepindices, Itered indices,indexed guidedtoursandrings. The pre-
sentationdesignaddsthe presentationnformationto the pagesandthe userandgroup design
createauserpro les basedon theintendedpersonalizatiomehaior. Eventually the customiza-
tion designtakesadwantageof the userpro les andde nes businessulesthat specifyhow the
siteis to be customizedaseddn theuserpro les andcustomizatiomrequirements.

Givenastructurednformationdomain,WebML achiezesmary of thedesiredcharacteristics
presentedn 3.1. It clearly separateshe concernscontent,structure presentationnavigation,
andpersonalizationEspeciallypersonalizatioms not coveredby arny of the othermethods.The
level of abstractiorreachedrom high whenmodelingthe site in-the-lage down to the imple-
mentationevel wherethe Toriisoft developmentool turnsa WebML speci cationinto anactual
implementationReuseof designartifactsis notasclearlysupportedsin otherapproached-ur-
ther, the modelingprocessonly supportsa limited numberof conceptge.g.,the six dataunits,
theabstractayoutspeci cation,thepre-de nedclasse®f links, etc.). While this makesit easier
to dealwith the methodandto createa supportingtool, it might fall shortin coveringthe so-
phisticatedrequirement®f today's Web applications.Also a discussiorof dynamicallycreated
pagesandhow to integrate(existing) applicationlogic is missing.

In otherareashowever, WebML proposesnnovative conceptsuchasthe notion of a valid
hypertext that supportautomaticcheckingof a Web site for design aws. Further the explicit
supportfor generatinga default hypertext from the speci cationto validatethe modelwith a
working prototypeat all stagess a valuablefeature.It stronglysupportsapid prototypingand
the explorationof designalternatves. Proposedxtensionsalsoincludethe introductionof op-
erationsto modelusertriggeredwrite accesso the underlying(relational)datarepositoryi.e.,
allowing usergo actively modify the contentof the site.
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3.2.12 WEBCOMPOSITION: AN OBJECT-ORIENTED SUPPORT SYSTEM FOR
THE WEB ENGINEERING LIFECYCLE

WebComposition56, 58,64,65] is an object-and component-orientethodel for Web deve-
lopment. The changingcharacteristicof Web applicationfrom mereinformation systemsto
full- edged softwareapplicationsandthefastpaceof change®nthe Webresultin WebCompo-
sition'sgoalto stronglysupportreuseandmaintenancscenariosA bettermodelingof theWeb's
coarse-grainedjocument-orientedtructureto presere designdecisionartifactsandcomponent
de nitions is identi ed ascritical success$actor

To achieve its goals,WebCompositiorde nes component-based/eb Engineeringasa dis-
ciplined Web Engineeringapproactthat supportseuseof componentanddomainknowledge.
WebCompositiorsupportscomponent®n differentlevels of abstractionlts componentganbe
as ne-grainedassingleattributes(e.g.,thefont attributefor anHTML tag) or aslargeaswhole
pagesComponenthiave simplepropertieqe.g.,key/valuepair attributes,text contentetc.)and
agenerateCode()  methodto producethecomponentsepresentatiom thetargetlanguage.

A components calledprimitiveif it is notfurtherdecomposed;ompositecomponentgon-
sistsof one or more other (primitive or composite)componentsFurtherprototypeinheritance
is supportedusingdedicatedprototypecomponent®thercomponentenheritfrom. Thisis sim-
ilar to having HTML template les andderving instancepagesby re ning the template. The
inheritanceandcompositionhierarchyof all componentandtogetherwith their de nitions are
storedin thecomponentepositoryeffectively capturingthe designartifactsrequiredto generate
the Web site. The componentepository[59] usesan extensiblearchitectureconsistingof the
actualcomponenstores,meta-datastoresandthe actualrepositorytool that combinescompo-
nentstoreswith meta-datastoresto provide sophisticatedjuery andretrieval mechanismgor
components.

The developmentprocessstartswith the creationof the WebCompositiormodel contain-
ing all componentsand their inheritanceand aggreation relationships. While WebComposi-
tion suggest not further speci ed structuredapproachhatincrementallyre nes the model, it
alsoacknavledgesthe requirementndneedfor a tool to re-engineeexisting HTML designs.
Componentactoriesareusedto createdefault contentcomponentrom anunderlyingrelational
database Whenthe initial modelis createda re nementandabstractiorprocesgowardsthe

nal componentmodelconcludeshedesignphaself themodelis fully speci ed,themodelcan
be executedat runtimeor, in the caseof more staticinformation, le resourcesontainingthe
Web pagesanbegenerate@dndstoredin the le systemthatactsasacachefor theWebsener.
An importantfeatureof the WebCompositiorsystemis thatit supportsevolution and mainte-
nanceactvities at runtime. As soonasthe componenspeci cationis updatedandexisting le
resourcese-generatedhe changesarere ectedin the nal Website. Thisis possiblebecause
the componentepositorysenesasstorefor the designchangesaswell asa sourcefor the Web
pagedelivery process.

WebCompositioncomponentsare de ned in the Web Composition Markup Language
(WCML) [57,60], an applicationof the XML. A componentasa uniqueidenti er, a setof
attributes,caninherit from one or multiple prototypecomponent&ndcanitself be a prototype
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for othercomponents.Componentsanoverrideinheritedattributesand be parameterizede-
sultingin acomponentemplatemechanisnthatsupportgheimplementatiorof designpatterns
ontop of WCML componentsWCML furthersupportghede nition of hyperlinkson the con-
ceptualevel by linking to othercomponentsThesdinks canbede ned outsidethecomponents
themseles,resultingin a powerful concepto de ne differentnavigation structuredor a given
componentmodel. The decoratomatternis usedto extend existing contentcomponentswith
device-speci clayoutinformation. Thusthe samecontentcanbe presentedlifferently depend-
ing onthetargetdevice.

The WebCompositiorsystemprovidesa powerful componentand compositiontechnology
thatsupportseuseandmaintenancef componentsSeparatiorof concernss notdirectly sup-
ported; layout information can be separatedising the aforementionedlecoratorpattern. The
designprocessupportsaa smoothtransitionfrom the componentnodeltowardstheimplementa-
tion. Thecomponentmodel,howeveris closeto theimplementatiorsinceit alreadycontainghe

nal contentandlayoutinformation. A realconceptuamodelandhigherlevelsof abstractions
arenotsupported.

3.2.13 SYNTHESIS OF WEB SITES FROM HIGH LEVEL DESCRIPTIONS

The work reportedin [33] attacksthe problemof increaseccompleity of Web sitesandtheir

developmentrom a differentanglethantheresearchdiscussedgofar. It de nesaframewnork to

automaticallysynthesiz&lomain-speci cformalrepresentationsf a\Websiteto makeits design
more methodicaland maintenancdesstime consuming. Information processings abstractly
representedby computationalogic. To preventdevelopersfrom having to dealwith the logic

representatiodirectly, domainspeci ¢ dialectsof alogic arede ned.

The developmentis structuredasa simplethree-level approach.An informal problemde-
scriptionis mappedio anintermediaterepresentatiom a logic dialectandeventuallymapped
to an actualimplementation. The contentand structureof the Web site is separatedrom the
layoutwhich is provided by stylesheetsWhenthe intermediaterepresentatios nished, the

nal Websitecanbeautomaticallydervedfrom it. Thecontentitselfis modeledusingpredicate
logic. Thedistributionof the contenton Web pagesandlinks amongpagesaremodeledhesame
way. Thusdevelopersstill have to dealwith logic andinferencerules,thoughtheir compleity is
reducedoy theintroductionof domain-speci cpredicates.

Navigational structuresand pathsare describedusing conceptsfrom transactionalogic.
Paths are describedby de ning the valid sequenceso visit Web pages. Sophisticatedules
suchas’'page x mustalwaysbe visited beforepagey' canbe enforcedusingthis concept.For
large Web sites,however, therule basegetslarge. An importantconcepin the context of links is
thedistinctionbetweerlinks andoperationsLinks representraditionalhyperlinksthatconnect
two (static) Web pages.Operationson the other handrefer to executable(CGI) programsthat
executesomeapplicationlogic, take input parametersandreturna dynamicpageasresult. This
distinctionis not foundin otherapproachesut canhelpto bettermodelthe integrationof the
applicationlogic andthe overallwork o w of the Webapplication.
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This approachs operationafratherthandeclaratve, givena descriptionof how to assemble
the nal Web pagefrom rulesandfunctionalentities. It achiezesseparatiorof concernfor con-
tentandlayoutby usingstylesheetandcleanlyde nestheinterfacesto theapplicationlogic. A
conceptuamodel,otherthanthedomain-speci cpredicatesis missing;theinformal description
is directly corvertedinto theintermediateepresentationlThoughtheintermediateepresentation
senesasinputfor theautomatiayeneratiorof the nal site, it is doubtfulwhetherthecompleity
of thisrepresentatioandtheabsencef aconceptuamodelachiere thedesiredeffect of making
designmoremethodicalndeasingmaintenance.

3.2.14 THE EXTENSIBLE WEB MODELING FRAMEWORK (XWMF)

As severalothermethodsthe ExtensibleWeb Modeling Framevork (XWMF) [96,97] proposes
an extensible,conceptuamodel of a Web site consistingof classesand objectssimilar to con-
ceptsin object-orientedoftwaredevelopment.Unlike the otherapproachedjowvever, XWMF is
an applicationof theresourcadescriptionframevork (RDF) [101] andde nes an extensibleset
of RDF schematanddescriptiondor de ning Web applications.The ideabehindusingRDF
is to not only getsyntacticinteroperabilityaswhenusing XML directly but alsogeta machine-
understandabldescriptionof the semantic®f the dataandthe meta-dataf a Web application.

XWMF modelsa Web applicationasa singlegraph-basedatamodelfacilitating validation
of the semanticof the modelbasedon rst orderlogic. The framevork de nes genericWeb
applicationschematahat are specializednto Web applicationschematdor a given problem
domain.Theseschematgrovide the vocalulary for Web applicationdescriptionghatrepresent
the conceptuamodelof the Web site in termsof components.The descriptionsare eventually
corvertedinto the nal Webapplication.

Componentsn XWMF caneitherbe simplexonsor complexons. Simplexonsareleavesin
thegraphof a Webapplicationdescriptionandcontaintheactualcontent. Complexonsrepresent
the structureof the applicationby groupingsimplexonsand other compleconsthe larger enti-
ties. Theseconstructsare closelyrelatedto the primitivesand compositesn WebComposition
(see3.2.12).

Separatiorof contentandlayoutis only achieved to somedegree. To add differentlayout
stylesto the samecontentcomponentsimplexonshave to inherit from the contentcomponent
andenrichit with the layoutinformation. Thusthe contentcanbe reusedbut a cleanseparation
is not provided. Furthereachsuchsimplexon only containsa small part of the actuallayout
information(e.g.,a tabledataor row in anHTML layout; the tableitself is de ned in another
complexon). As aconsequencef thisfragmentationreuseof layoutinformationis notpossible.
Also theintegrationof applicationlogic is donevia extensionsof existing complexons. Again
the problemof fragmentationand the lacking ability to reuseimplementationcode limit the
approach.Theonly form of implementatiorreuseis that multiple objectsof the sameclassuse
the sameimplementatiorcode. De nition of navigationalstructureson the conceptualevel is
not supported.
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3.2.15 STRUDEL

The Strudelsystem[54] takes a datamanagemenperspectie on Web Engineering. It starts
with the de nition of a datamodelandappliesdatabasemanagementechniquedo transform
the datamodelinto an actualWeb site. Unlike most other approachesStrudelusesa semi-
structureddatamodel basedon labeleddirectedgraphsand thus avoids the shortcomingsof
relationalmodels.Datasourcesarewrappedby translatorcomponentshatintegratethe content
into Strudels internal, graph-basedlatastructure. As Strudels datamodelis tamgetedat the
Web, it containsatomicdatatypessuchasURLS, imagesandtext. The authorsalsostatethat
the integrationof multiple datasourcess a key succesgactorandlikely to becomeever more
importantin thefuture.

The key ideain Strudelis to separatehe modelingof the data,the site's structureandthe
site's appearancéi.e., layout) from eachother the Strudelmethodologystartswith a semi-
structureddatamodel, the datagraph. This graphis similar to approachesuchas WebCom-
position 3.2.12that useobjectsand componentsontainingkey/value pairs of information. A
so-calledsite de nition queryis appliedto the datagraphto createthe site's structure. This
gueryde nesthe pageshe site will compriseandthe contentthey included. The resultof this
gueryis thesitegraphthatis similarto theconceptuamodelsin mary othermethodsxceptthat
it is not arelationalbut a semi-structureanodel. Sincethe site graphcontainsboththe content
andthe structureof the site, it canbe transformednto the nal Web site by applying Strudels
HTML templatdanguage.

Strudels e xibility mainly stemsfrom the StruQL, Strudels querylanguage . The complete
Web site canbe createdrom several queries,eachspecifyinga smallerpart of the overall site.
Also differentviews of thesamesiteor evolutionscenario®f aWebsiteareexpressedh creating
new or updatingexisting site queries. Strudelappliesgraph-basedtructuredor all its models
thusfacilitating the de nition of integrity constraintson top of this structureand incremental
updatesy evaluatingonly selectedjueries.

The applicationof formatting informationis supportedoy Strudels HTML templatelan-
guagethat appliesenrichedHTML fragmentsto the site graph. Sucha fragmentconsistsof a
traditional[HTML codeextendedby format,conditionalandenumeratiomxpressionsSimilarto
theapproachakenin Active Sener Pages(ASP)andJava Sener Pages(JSP) theseexpression
supportif-statement@andloopsin theHTML fragmentandareresohedat pagegeneratiortime.

As with othermethodghatuseHTML fragmentdo createthe nal Webpage Jayoutreuses
hardlypossiblesincethepagecreationprocesslepend®nmary suchHTML fragmentscattered
over mary nodesin the site graph. Anothermajor dravbackof Strudelis thatthe methoddoes
not supportdynamicpagecreationor the integrationof existing applicationlogic. ThusStrudel
is only applicableto pageswith rarely changing staticcontent.This type of Web sitesseemdo
getlessandlessfrequentwhile dynamicsitesgrow in importance.

Strudelmakesanimportantcontribution in usinga semi-structuredlatamodelratherthan
a relationalone. However, the missingsupportfor dynamicallygeneratepagesandthe use
of HTML fragmentslimit its bene ts to a small numberof Web sites. The site graphis an
importantmodelto communicatehe site's structureanddistribution of content.Navigationand
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linking issuesarenot coveredat all in Strudelandrely on the de nition of HTML links in the
layout fragments.Accordingto the authors,several potentialusersof Strudelalsorequestecg
graphicalrepresentatioor easiemway to de ne queriesin StruQL.

3.2.16 WOOM - THE WEB OBJECT ORIENTED MODEL

In [36] the authorspresenta strongcasefor a structuredWeb engineeringnethodology They
correctly claim that often Web developmentis focusedon the ne-grainedimplementatiorde-
tails andhappensn an ad-hocmanner Software engineeringprinciplessuchasrequirements
analysis,speci cationanddesignare oftenignored. This situationlargely stemsfrom the lack
of appropriateabstractionand modelingconceptsfor Web applications. Also the needfor a
technologicakolutionthat bridgesthe gap betweenhigh-level Web site designsandthe actual
implementatiortechnologyis identi ed.

Theauthorsde ne a World Wide Web softwareprocesghatstartswith a requirementsnal-
ysis and speci cation phase. The needsof the staleholdersare assesseth termsof contents
(the actualinformation),structure(the organizationof informationin pages)accesgnavigation
andaccesstructuredo the information)andlayout (the graphicalappearancef the contents).
Other aspectssuchas the applicationlogic, multiple output devices or security requirements
arenot covered. SinceWOOM is an object-orientedcapproachthe structuringof a Web site is
modeledusing object-orientecconcepts.views andrelationships.Views selecta subsewf the
contentsto be presentedandrelationshipsestablishsemanticconnectionamongsuchcontents
(e.g.,is-arelationships).

Therequirementarefurtherre ned in the designphase.The overall structureof the Web
site,thenavigationalstructuresandinformationorganizatioraredescribedThedesigneffort can
usevariousdesignmethodologyfor hypermediaapplicationssuchasthe aforementionediDM,
RMM, or OOHDM approaches.Togetherwith the advantagesof thesemodelingtechniques,
WOOM also inherits their dravbacks— most prominentlythe missingtransformationof the
conceptuamodelinto animplementatiormodel.

Theimplementatiorphasds further structurednto severalsteps: rst the conceptuamodel
is mappeddntoprimitivesof theimplementationnechnology Secondtheactualcontentis added
to the site, i.e., the site is populated Finally, the site is deliveredby makingit accessiblego
clients using standardWWW technologies. Again the semanticallypoor and low-level Web
technologiesequirethe developerto 'manually’ bridgethe gapbetweenthe conceptuamodel
andtheactualimplementation.

Unlike mary other approachesthe maintenancephasereceves signi cant attentionin
WOOM. Maintenances identi ed asa crucial phasefor Web engineeringandthe WOOM pro-
cessdueto the dynamicnatureof Web sites,even morethanin the caseof traditionalsoftware
engineeringDrawing from the eld of softwareengineerind67], WOOM distinguishegorrec-
tive (bug x es),adaptve (adjustmentgo the outsideervironment)and perfectve maintenance
(improvementsaandextensions)In XGuide,we proposea slightly differentbut essentialljcom-
patiblecharacterizatiomf maintenancactwvities.
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WOOM abstractdrom the low-level implementatiordetailsandintroducesa fully object-
orientedframeawvork for modelingWeb sites. The mainentitiescanbe arrangedn directacyclic
graphs(DAGS) to expresstheir dependencieand relationships. Containersgroup setsof re-
sourceso make themaccessiblaisinga commonnavigation or accessstructureand external
resourcesanbeintegratedusingreferenceso them.WOOM alsoprovidesmechanisnio work
onthelow-level HTML implementatiordetails(e.qg.,attributesfor theBODag). Every WOOM
resourcecanappeatin several contexts dependingon its positionin the site DAG. Eventually
thetranslateoperationof aresourcdurnsthe WOOM entityintoanHTML le. Thistranslation
operaten the site graphusinga setof transformerson the resources.This conceptof trans-
formersis the centralmechanisnio keepthe contentsseparatdérom its variousoccurrencesn
thesiteandits graphicalrepresentation.

The WWW ObjectOrientedModel is a directextensionof softwareengineeringnethodgo
theWebengineeringeld. It emphasizetheneedfor a structuredcandmethodologicabpproach
towardsWebdevelopmentandpostulates conceptuaimodelthatcanbesmoothlytranslatednto
animplementationThe WOOM approachs strictly object-orientednddoesnottake advantage
of recentWeb technologiessuchas XML or XSL. Separatiorof concerndgs only coveredfor
the contents,the structureof the Web site, and the graphicalappearance.The integration of
applicationlogic anddynamicpagess notdiscussedtall.

3.2.17 COMPARISON OF THE PRESENTED WEB ENGINEERING METHOD-
OLOGIES

Basedon the comparisonof the Web methodologiegpresentedn this chaptey we can make
severalinterestingobsenations.First, mostmethodsarestronglydata-centri@ndthedatamodel
(relationalor object-orientedpf the problemdomainusuallydrivesthe developmeniprocessTo
achieve high useracceptancandgoodusability, we believe it is bene cial to think of the users
needsrst andde ne the structureandfunctionality of the site basedon the targetaudienceand
their expectationsThenthe datamodelandstructureof thetargetdomaincanbe modeledn the
requiredgranularityandintegratedwith theuserscenarios.

Anotherobsenation is that the integration of existing applicationlogic andits interaction
with theWeb applicationis poorly speci edin mostcasesMethodsthatrely on object-oriented
framavorks frequentlyrequirea runtime procesgo transformthe objecthierarchyinto a Web
page.Thesemethodscaneasilyintegrateadditionalapplicationlogic, thoughdetailedinterface
speci cationsarerare. Anothersimplisticapproacho integrateapplicationlogic is to re-routea
completeHTTP requesto someexternalprocesghatsubsequentlgalls backinto the develop-
mentframavork orindependenthgendsaresponseo theclient. If aclearseparatiorf concerns
andtheability to developin parallelis agoal,thisis notacceptable.

Parallelismandtime-to-marlet, which are key foci of this work, areonly poorly addressed
in the presentednethods.Most frequentlythe developmentprocesss a strictly sequentiaket
of stepswhereeachstepdepend®on the resultof the previous step. Also sequencesf process
stepsare commonlyiteratedto further re ne a model or integrate maintenanceand evolution
actuities. It is evidentthata Webengineeringorocessannever befully parallel. At leastatthe
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Table3.1: Comparisorof Web EngineeringMethodologies.

Concems | Reuse| Complexity | Appl. Logic | User/Data | Transformability | Parallelism | Additional
RMM (3.2.1) 4(-) 2 3 1 data 3 1 1
Web-Basednf. Systemg3.2.2) 3(-)() 1 3 2 data+user 2 1 2
OOHDM (3.2.3) 5(-) 2-3 3 2 data 1-2 1 2
Schema-Basedlpproach(3.2.4) 4(-)(-) 2 2 1 data 3 1-2 2
SWM (3.2.5) 2(-) 1 1 1 user 2 1 2
0O0-H(3.2.6) 4 2-3 3 1 data 3 1 2
Five Module Framavork (3.2.7) 3() 1-2 1-2 2 data 1 1-2 1
W3DT (3.2.8) 3() 1 2 1-2 user 3 1-2 2
LifeWeb(3.2.9) 3 1-2 3 1 data 1 n/a 2-3
GraphTechnology(3.2.10) 3(+) 2 3 1 data 1-2 1-2 2-3
WebML (3.2.11) 4(+) 2 3 1 data 3 1 2-3
WebCompositior(3.2.12) 2(+)(+) 3 2 2 data 3 1 2
High-Level Descr (3.2.13) 4(+) 2 3 2 data+user 3 1 1(+)
XWMF (3.2.14) 3(+) 1-2 2-3 2 data 2 1-2 2
Strudel(3.2.15) 3(+) 2 3 1 data 2-3 1 1(+)
WOOM (3.2.16) 4 2 3 1 data 3 1 2
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beginning,ajoint effort hasto be madeto createa conceptuaview of theervisionedWebsiteor
application.Only thenandonly if appropriatesupportingconceptsareavailable,thework canbe
parallelized.In this thesis,we try to extendthe level of parallelismasfar aspossible reducing
thenumberof sequentialdependentasks.

Separatiorof concerngs the main vehicleto achieve this goal. Many of the existing Web
engineeringnethodologiedall shortof achieving full separatiorof concerns. A prominentex-
ampleisif amethodusessomeHTML-basedemplatdanguagehatis enrichedy speciatagsto
embedcontent.Clearly, formattingandcontentinformationareintermixedin suchanapproach,
resultingin a loss of reusepotentialand subsequentlyrohibiting device independencanda

e xible andeasy-to-changgraphicalappearanceA similar problemexistswith approachethat
embedapplicationlogic directly into the content.More subtleexamplesof not cleanlyseparated
concernsncludethederivationof the structureof aWebsitefrom theunderlyingdatamodel,the
implicit modelingof navigationinformationaspartof thelayout,andstoringlayoutinformation
(e.g.,line breaks)n contentdatabases.

We strongly believe that XML andits relatedstandardsare the technologiesof choiceto
achieve separatiorof concernson the World Wide Weh As a consequencehis work focuses
on deploying XML technologiesor Web engineering. We further exploit the advantagesof
fundamentatonceptdrom softwareengineeringsuchasinterfaces,component-basedevelop-
mentanddesign-by-contradbr WebengineeringTheseideasarekey in our attemptto support
paralleldevelopmenthroughouthe developmentprocess.

Theremainderof this thesispresentur approachowardscontract-based;oncurrenteb
developmentwith XML technologiesWe rst presentanovervien of XGuide, our methodof
parallel Web development,before detailing on the conceptsand technologiesnvolved in the
XGuide process.We further discussa tools suite supportingthe XGuide developmentprocess
andearlyresultsfrom applyingXGuideto the Web site of the ViennalnternationaFestval.
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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 engineeringnethodsthis chaptermpresents<Guide, our ap-
proachtowardsXML-based,concurren€Web engineering. XGuide promotesa parallelprocess
thatreduceglevelopmentime andextendsthe concepwof separation-of-concerrs a new level
by introducingconcernspeci cationscalledcontracts Todaythe prevailing topicsin Webengi-
neeringresearclareconceptuamodelingof Webapplicationsandsupportfor separatiorof con-
cerns.XGuidefurtheraddsstandardg€onformancestrongsupportfor the integrationof legacgy
systemsand applicationlogic, and usercentereddesignto the list. Finally, XGuide proposes
a way to overcomethe gapbetweenthe conceptuahndimplementatiorworld. All conceptual
artifactsandconcerrcontractdorm thebasisfor thegeneratiorof implementatiorskeletonghat
canbedirectly deployed.

This chapterrst givesan overview of the XGuide developmentprocesausinga small ex-
amplebeforeeachphases discussedWe focuson the methodologicabhnd conceptuahspects
of the processaanddefera detaileddiscussiorof concerncontractsand contractcompositionto
the next chapter Chapters presents formal modelof contractstheir representatiom XML,
extensibility propertieof contractsandthe semantic®f contractcomposition.

59
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4.1 AN OVERVIEW OF THE XGUIDE METHODOLOGY

Beforewe introducethe phaseof the XGuide methodologywe brie y discussvhata method-
ologyis andhow XGuideful lls therequirement®f amethodologyKronlof etal. [99] de ne a
methodasconsistingof thefollowing (aspresentedn [40]):

An underlyingmodel,or setof modelswhichis the classof objectsrepresentednanipu-
latedandanalyzedby the method(e.g.,a datamodel).

A languagepr setof languageswhich s the notationtechniqugor model(s)(e.g.,adata
modelcanberepresentetly anentity relationshipdiagram).

A processnodel,whichis themethods de ned stagesandthe orderingof thesestages.

Guidancewhichis the manualshandbooksandguideswhich explain the method.

XGuidecomplieswith this de nition. It de nesa setof conceptuaimodelson variouslevels
of abstractionsanditeratively re nes themtowardsthe implementatiormodel. XGuide relies
on XML asa notationfor the modelsandde nes a partially concurrentdevelopmentprocess.
The discussiorof the phasesn the XGuide processs a handbookon how to usethe method
andits artifactsin real-world projects. XGuide is also consistentwith an extendedde nition
from [16] wherethe methods input andoutputandthe underlyingphilosophyareaddedto the
list of requirements.

A methodologyhowever, is notsufcient. In the previouschapteyseveralmethodsor mod-
eling, understandin@nd building Web applicationswere presented.Still a recentsurwey [10]
shows that they are not used. Almost one-quarter(24.6 percent)of the respondentgcompa-
niesfrom generalandmultimediaindustry)statedthatthey do not usea methodologyat all for
building their Web presenceThe mainreasons not somuchthedif culty in understandinghe
methodsbut thatthey are perceved astoo cumbersoméao usefor real-world projects. Of the
companiesvho usea methodologyto developWebapplicationspnly 2 out of 19 companiesise
Web engineeringnethodologiesuchasHDM, OO-HDM or RMM. One of the resultsof the
sunwey is thattool supportfor amethodis necessary—otherwigbe methodis considereduse-
less'. A typical examplefor suchamethodis OO-HDM. Three-quartersf thesecompaniesise
in-housemethodgatherthanexisting ones.Thereasongjivenfor this behaior arethatexisting
methodologiesre not costeffective andtoo time intensive. Still mostof the participantsfelt
thata structuredapproachwould improve the currentsituationand 77% expectthe importance
of methoddo increase.

With the problemsof today's Webdevelopmenpracticeandexisting methodologiesn mind,
we designedhe XGuide procesgo be simpleenoughto be understoocdindusedby Web devel-
opersandpowerful and e xible enoughto cover large andcomplex domains.Specialemphasis
lies onthe modelinganddesignphasethe concurrenimplementatiorandtherecurringmainte-
nanceand evolution actvities. We alsoprovide a tool suiteto supportthe XGuide procesghat
is presentedn Chapter6. Figure4.1 depictsthe activity diagram[27,122,128]for the XGuide
process.
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At thebeginningof the processa detailedrequirementsnalysiscreatesa commonvision of
the goalanda sharedvocalulary anddomainunderstandingmongall the partiesinvolved. At
the endof the requirementphase all requirementare mappedo a high-level sitemap.Once
therequirementgareknown, feasibility considerationslarify whethertheprojectcanbehandled
with the availableresourcege.g.,humanresourcesknowledge,hardware,technologiesmoney,
etc.) andtime. The requirementgapturedin the high-level sitemap(calledthe requirrments
diagram) is thenre ned andexpandedto cover all designdecisions,componentsand depen-
denciesandrepresentafull- edged sitemapandconceptuamodelof the Webapplicationto be
developed.Fromthismodel,asetof contractss derivedthatactasspeci cationsfor theseparate
pagesand components.The contractsencapsulatall informationaboutthe aspectgresentin
a givenWeb page(e.g.,content,structure Jayout, API, etc.) andenabledevelopersto work on
themin parallel. Oncesuchanaspect(or concern)is implementedjt canbe validatedagainst
the contract. All concernimplementationgre combinedandtestedlocally beforethey arede-
ployedto the productionenvironment. We distinguishbetweemmaintenancandevolution. As
indicatedin thediagram,maintenanceealswith intra-concerractvities thatareindependenof
otherconcerns.Evolution, on the otherhand,is aninter-concerntaskandcanberegardedasa
miniatureprojectin itself; for major evolution scenariosnot only the designandthe contracts
areadaptedut the processtartsanav with afeasibility analysis.

We usea simpli ed versionof the Orange Juices,Inc. Web site asan examplethroughout
this chapterto demonstratdnow XGuide is used. The Web site backboneconsistsof a home-
page the productcataloguea sitemapanda searchfacility. Thehomepagelisplaysup-to-date
informationaboutnew productsor specialoffers dependingon the currentdate. The product
catalogudists all available productsin an overview pageand provideslinks to more detailed
productpages.Thesitemapis a staticpagethatoffersgenerainformationaboutthe siteandthe
informationandservicesvailable.Onthesearctpage afull-text searctengines usedto search
all pagedor keywords. This simpleexampleis only usedto demonstratéhe XGuide concepts;
our experiencesisingXGuidefor areal-world Web projectarepresentedn Chapter7.

Theremaindeof this chaptepresentshe XGuide processith its phasesandintroduceghe
terminologyusedin eachphase.

4.2 REQUIREMENTSANALYSIS

As in mary othersoftwareandWeb engineeringapproacheghe requirementanalysisphasds
theinitial phasein the XGuide process.Several roles suchas projectmanagersgcontentman-
agersgraphicdesignerandprogrammersreinvolvedin a Web project. Projectmanagersre
concernedboutthe scopeandtime frame of the projectandhave to make surethatthe project
deadlinesand objectvesare met. Contentmanagersare responsibldor the informationto be
publishedon the Weh Graphicdesignersiealwith the visual representatiomandformatting of
thecontentontheWeb (e.g.,basedn a corporatadentity policy, accessibilityguidelinesfor the
Web, etc.). Programmergrovide the applicationlogic thatimplementsthe businesgprocesses
and selects transformsand combinesthe contentand the formatting templates. The XGuide
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processle nesadomainanalysisactiity as rst step.Thisis morethananinitial projectmeet-
ing. Herethe businessdomainof the customershouldbe presentednddiscussed.This offers
externalrolesthe possibilityto getaccustomeavith the processeandproblemsin the domain,
theterminologyusedthelT infrastructureatthe customertheexistingin-houseknowledge,and
ary developersthatmight be assignedo the projector have beenmaintainingan existing Web
site (for moreinformationondomainanalysissee[4,118,123,146]; requirementsinalysisssues
arediscussedh severalbooksincluding[29,81,98]).

Sincethe domainof our demonstratiomxampleis simpleandwe do not (yet) includemuch
interactionwith otherbusinesgprocesseghe domainandits terminologyshouldbe easyenough
to understandStill informationaboutthe variousproductcategoriesand products the existing
infrastructurethe datarepositoriesused,andpotentialproblemsandexperiencesvith an exist-
ing Web site areimportantto understandeforecontinuingthe developmentprocess.Lacking
thisinformationcaneasilyleadto misunderstandingkatresultin increasedievelopmengeffort,
highercostsanda longerprojectduration. This doesnot eveninclude problemson a socialin-
terpersonalevel whenprojectmembersn eitherrole feel misunderstoodr ignored.Motivated,
open-mindedeammembersandaninformal andproductie attitudeandcommunicatioramong
thevariousrolesarekey successactorsfor sucha project. SinceWeb projectscanhardly ever
satisfy all the wishesand desiredfeaturesof the customerit cannotbe over-emphasizedhow
importantit is to createand maintainan environmentwhere problemsand potentialsolutions
or compromisesanbe discussed.To make this work, however, it requiresdevelopersthatare

e xible enoughand willing to contritute to the overall project goalsratherthan insisting on
their particular however justi ed, demands.The otherimportantdimensionhereis a require-
mentsanalysisas discussedelow that helpsto avoid problemsand misunderstandings the

rst place.

Wheneverybodyhasa goodunderstandingf the customers businesgor problem)domain,
a commonvision for the projectshouldbe created. This meansthat all partiesshouldhave a
similar understandin@f whatthe goal of the projectis, what functionality the Web application
will provide,andwhatwill be excludedfrom the project.

In several of our Web projects,we foundthatit is not sufcient to reachthis commonvision
but thatit alsohasto be documented Furtherarny additionsor modi cations to this initial vi-
sion of the projectagainneedto be documentedndtraceablethroughoutthe project. This is
especiallyimportantif, whichis oftenthe casethe customerslo notcompletelyknow whatthey
want.In a rst attemptwetriedto capturethevisionof theprojectby describinghefunctionality
thatshouldbe supportedoy the Web application.We soonlearnedthat customersannoteasily
visualizea setof functionalrequirementsindconnecthemto theresultingWebapplication.As
a consequenceXGuideintroducesa simple, graphicalnotation(the XGuide requirementslia-
gram)thatmodelsthe pagesanddependenciesf the Web applicationandfacilitatesadditionof
furtherrequirementso all artifacts. This notationrelieson a simple'boxesandarraovs' diagram
andis easyto understanéndusefor customers.

The main modelingartifactin this diagramis the SimplePage. A simple pagerepresents
atraditionalWeb page. Typical examplesfor simple pagesarehomepagessitemapspr search
pagesFigure4.2shonvsthesimplepageelementharacterizethy thesinglepageicon. Theonly
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informationaboutsuchapagein themodelis its identi er, i.e., the pagename.Additionalanno-
tationsandnotescapturingpage-speci crequirementganbe addedon a separat@éequirements
cardfor the page. If a pagehassucha requirementsard,this factis re ected in the diagram
by addingthe additionalrequirementicon (a black plus symbol)at the lower right cornerof the
element.The'Search'simplepagein Figure4.2indicatesthatit hasanadditionalrequirements

page.

Homepage Search

Figure4.2: A simplepagenamedHomepage'thathasa navigationaldependengto thesimple
page'Search'thathasadditionalrequirementgassociateavith it.

Navigationaldependencies.e., hyperlinks,betweenary two modelartifactsare expressed
usingarrows connectinghe sourceartifact(e.g.,page)andthe destinatiorof the hyperlink (see
Figure 4.2). Suchnavigational dependenciedlo not describewhat the sourceor destination
elementin a pageis but stateconceptuallythat the destinationpageis directly reachabldrom
thesourcepage.To increasahe expressvenesof themodel,we introducedExternalPagesand
Multi Pagesasshown in Figure4.3.

Externalpages(with a gray pageicon) are similar to simple pagesbut are not includedin
the scopeof the project. Examplesfor suchexternal pages(or services)could be third-party
Web sitesthat act as part of the Web applicationor legag/ systemshat have to be integrated.
Externalpageshave an associateghortdescriptionto clarify the functionality of the external
entity. Furthermoreadditionalrequirementanbe associatedavith externalpagegust aswith
all otherdiagramartifactsusingthe additionalrequirementcon.

Multi pageson the otherhand,represent setof similar pages.Basicallythis meanshata
groupof pagessharecommoncharacteristicgsuchaslayout, structureandnavigationaldepen-
denciespandonly differ in their content.Productcataloguessin our exampleWebsite oftenuse
multi pages.They de ne a single pagetemplateandonly exchangethe contentin this template
to presentall productsin a consistentvay. Goodexamplescanalsobe foundin otherdomains
with well-structurednformationsuchaslegal documentshumanresourcesr nancial informa-
tion. XGuide modelsdepictmulti pagesasrectangulaelementswith two cascadegbageicons.
Externalpagesandmulti pagesalsohave a uniqueidenti er or name.

With the conceptof simple,multi andexternalpages XGuide providesa simplebut e xible
andpowerful modelingnotationfor the requirement®f Web applications Figure4.4 shovsthe
XGuiderequirementsliagramfor the OrangeJuicesnc. Website. It de nesthe simplepages
for the homepagethe sitemap,the searchpageand the productcatalogueoverviewv page. It
further shows the external servicefor customeirfeedbackthatis notin the scopeof the project
andthe multi pagefor the productdetail pages.The homepageandthe searchpagearefurther
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Customer Feedback Product Details
Description

A lagacy application for
customer feedback.

Figure4.3: A legagy Webapplicationfor customerfeedbackis modeledasexternalpagenamed
'‘CustomerfFeedback’' The'ProductDetails' multi pagecouldbeusedasatemplatefor aproduct
catalogue.

labeledashaving additionalrequirementsin the caseof thehomepagé saysthatthehomepage
will display specialoffers dependingon the currentdate; for the searchpagethe additional
requiremenstateghatthe searchiunctionalitymustdistinguishbetweera databasandfull-text
searchquery

- Description

A tagacy spplication for
cusiomer feedback,

Customer Feedback
Homepage

Product Overview Sitemap Search

|

Product Details

o )

Figure4.4: Theinitial XGuiderequirementsliagramfor the OrangeJuice,Inc. Website.

The XGuide requirementsliagram,however, is only the rst partof the analysisphase.It
senes customersand developersas a meansof communicatiorbut doesnot yet include non-
functionalrequirement@ndorganizationabr ervironmentalconstraints.If sucha requirement
is page-speci de.g.,theperformancef thesearchengine aspeci ¢ searchenginethatmustbe
usedetc.)it canbedirectlyaddedasadditionalrequiremento thecorrespondingage.All other
requirementsuchasavailable hardware, humanresourcesgdeadlinesprojectbudgetor status
reportsare collectedin a separategequirementslocumentthat complementghe requirements
diagram. Thoughthis dependson the size of the project, we suggesto usethe requirements
diagramasthe maincommunicatiorfacility andthusto integrateasmuchof therequirementss
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possibleinto the diagram.

In the caseof the OrangeJuice,Inc. example,the non-functionalrequirementsilocument
might specifythatanexisting databassystemon a particularhostand/oroperatingsystemmust
be usedthe maximumprojectdurationanda weekly progresseportingscheme.

A nal noteon the requirementsanalysisphaselooks aheadto evolution scenariodor the
Website. By nature evolution scenariogrenotknown in advance.However, in somesituations
ideasfor future extensionsof the Web applicationalreadyexist. Our exampleWeb site, for in-
stancemightalreadyplanto migratethelegag feedbaclksystenor integrateanonlineshopping
cart. Suchforeseeablextensiongnightalsoin uence therequirementsnalysisge.g.,in termsof
theinfrastructureusedor the organizationof the datarepository The earliersuchconsiderations
areincludedin thedevelopmeniprocessthelesseffort it will requirelateronto implementsuch
extensions.

At the endof the requirements&nalysisphase the requirementsliagramshouldcontainall
pages.their navigational dependencieand additionalrequirementsand the separataequire-
mentsdocumentor generic,non-functionalconstraintsIt mustbe clearto all partiesthatonly
whatis includedin thesedocumentswill bein the scopeof the project; anything that doesnot
appeain thediagramor therequirementslocuments excludedfrom the project.

4.3 THE FEASIBILITY DECISION

Thefeasibility decisionbasicallyis aninitial assessmermf the requirementganda commitment
to theproject.Explicitly includingsuchadecisionin amethods unusuabut too oftenfeasibility
considerationsire neglected. In software engineeringt is widely acceptecand acknavledged
thatmeasurements estimationgor thecompleity, durationanddevelopmentgeffort of aproject
areimportantfor projectplanningandmanagemer@5].

In the context of Web-basedystemnly few andpreliminarymethodsexist to de ne met-
rics for Web applications. Rollo [126] appliesthe IFPUG function point method[76,82] and
the COSMIC-FFP[147] from softwareengineeringo Websites.He concludegshatCOSMICis
themost e xible approacHor countingthe functionalsize of any Website. In [108] and[109],
Mendesetal. statethatthereis anurgentneedfor adequategarly-stagesffort predictionmecha-
nismsin Webengineeringandproposea setof newv metricsfor estimatinghe designandauthor
ing effort of Web sites. Their methodincludesmetricsfor lengthsize, reusability complexity
andeffort. The estimationprocesss basedn linearregressiorandstepwiseregressiormodels.
In thefuture,theauthorsplanto notonly measurdghe siteauthoringeffort but extendtheir mod-
elsto coverthewhole Webdevelopmentife-cycle andbe ableto comparethe predictionresults
againsthumanestimations.

In XGuide, we apply a more informal feasibility process. We believe that the exist-
ing approachesequire“too much” mathematicabnd statisticalknowledgeand are too time-
consuming.Furtherregression-basenhodelsare basedon an existing setof homogeneoué.e.,
the samegroupof developerstechnologiesetc.) Web applicationswhich is often not available
giventhe mary rolesinvolvedin a Web projectandthefastevolving eld of Webtechnologies.
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Instead XGuideprovidesa checklistof aspectshatmightin uence thefeasibility of theproject
andexplainstheirimpact. It is up to the projectmanageto evaluatethemin the context of the
actualprojectandthe availableasset@andresources.

The importanceof the aspectdelov alsodependsn the kind (e.g.,in-housevs. external)
andsizeof the projectbeingdiscussedThusthefollowing checklistis intendedasawayto rule
out potentialproblemsassoonaspossible.

Money. As sooften,money is oneof themainconcernsThebudgetfor aWebprojectcon-
sistsnotonly of the salariesof the variousrolessuchasgraphicsdesignersprogrammers,
and contentmanagers.It alsohasto take into consideratiorcostsfor buying new hard-
ware and software, software licenses,consulting,educationand training of employees,
Internetconnectvity, backupfacilities,fault-tolerancequipmentandthe establishmendf
appropriatge.g.,air-conditioned)ervironmentfor the sener(s). Especiallyindirectcosts
suchason-goingmaintenancer InternetServiceProvider (ISP)feeshave to beexplicitly
calculatedor excludedfrom the project's budget. If, asis seldomthe case,an unlimited
budgetis available,mary of the following considerationgapsesincealmostarything is
possiblewith in nite resources.

Time. Timeis acritical resourcen all Webprojects.TheWebevolvesandchangesofast
that—asa matterof principle—youcannever nish a Web-basedystemearly enough.
More importantly however, customersisuallyhave atight scheduldor a Web projectand

oftendo not appropriatelyplan for all the projectactuities. A too tight projectschedule
is a hard problem. Customerdrequentlydo not want or cannotextend the time frame
andsimply addingotherresource®ftendoesnot solve the problem.Especiallyin today's

Web engineeringapproachesnary dependencieamongthe involved peopleexist. For

instance nobodycan startworking beforethe graphicsdesignerhas nished the layout

templatesWith XGuideandits supportfor paralleldevelopmentwe hopeto alleviatethis

problem.

Peopleand Responsibilities. Dependingon the size of the project,the numberof team
membersand their distribution on the separateoles canbe a non-trivial task. This es-
peciallybecomesanissuein larger projectswhereit is not obviouswhetheraddingmore
peopleto the contentmanagemendr programmingole would increasdherole's produc-
tivity. Also theclearandunambiguougassignmenof responsibilitiess importantto ensure
traceabilityof progresshave adedicateccontactin the caseof problemsandavoid misun-
derstandingsvithin andamongroles. For smallprojects,it is importantto ensurethatall
roleshave beenassignedeammembersandthatthis assignmenandthe responsibilities
of everyrole aremadeexplicit.

Another consideratiorwith respectto humanresourcess whetherprojectmembersare
guaranteedb work full-time ontheprojector not. This alsohasto involve a mid-termand
long-termanalysisto measurehe likelihoodof peoplegettingassignedo otherprojects
or tasks.If somebodys alsoinvolvedin otherprojects their projectdeadlinesandpriority
within anorganizationshouldbe checled.
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Finally, the maintenancandevolution of the Web site whenthe projectis nished should
bediscussedFrequentlyWebdevelopmentis regardedasa one-timeeffort. Thisis clearly
notthecase Whentheinitial designandimplementatioreffort is nished, themaintenance
of content,bug x es,functionalextensionsand adjustment®f the graphicalappearance
will continueto happeron aregularbasis.Thushumanresource$fiave to beallocatedfor
thesetasks.

DependenciesXGuidedistinguisheswo kindsof dependenciesxternalandinternalde-

pendenciesAn externaldependengcdescribes relationshipwith a serviceof anexternal

third party. Externaldependencieareimportantsincethey usuallycannotbe in uenced

andhencepotentially dictateinterfacesandtechnologieghat mustbe used. They might

furtherlimit a systemsavailability and e xibility in termsof serviceevolution or software
upgradesinternaldependenciegn theotherhand,referto alreadyexisting in-housesys-

tems. This canbe an alreadyexisting Web site wherepartsof the contentor a dedicated
servicehave to bereused.This couldalsobe alegagy applicationat the back-endsuchas
adatabaseepositorya businesgprocesor sever application.

Quality of Sewice. As for ary distributedsystem,quality factorssuchas performance,
scalability availability, securityandfault toleranceareimportantdesignandimplementa-
tion criteria. The desiredpropertiesfor thesecharacteristicgiot only in uence the hard-
wareinfrastructurebut might alsoaffect the softwaredesignandthe choiceof the imple-
mentationlanguageand/ortechnology Dependenciesf ary kind asoutlinedaborve often
limit the possiblechoicesfor somequality factors,e.g., by introducinga single point of
failure or providing poor performanceharacteristics.

In the areaof Web-basedystemsscalability and performanceare especiallyimportant.

OftenWeb sitesareinitially smallandeasyto maintainbut soontendto grow quite rad-

ically. If a Web site is populayr the numberof requestgo be serned can alsoincrease
quickly oververy shortperiodsof time. If the projecthasthe potentialof growing rapidly

orreceving a ood of requestsit shouldbe plannedor suchdevelopmentsight from the

beginning. In otherprojects(e.q.,intranetWebapplications}his is notanissue.

The quality of serviceattributesalsoaffect the hardwareinfrastructurenecessaryor the
project. Most performance scalability fault-toleranceand security requirementseed
somesortof hardwareor network device to be satis ed.

Know-How. Theknow-how of the peopleinvolvedin the projectplaysa majorrolein the
overall planningof the project. With an experiencedeamof Web developers,a project
canwell be nished in half of thetime comparedo a non-eperiencedeam. Experience
in this context is primarily targetedat experiencewith Web technologieqe.g., HTML,
XML, CSS,XSL, etc.) but alsoincludesexperiencewith softwaretools, teamwork, and
Webprojectsin general.Lackingknow-how eitherrequiresadditionaltrainingwhich costs
time andmoney or rulesout the unknonvn technologiegndtoolsa priori.

Technology On the technicalside, the implementatiortechnologyand platform is the
mostimportantchoiceto be made. Which of the mary available implementatiortech-
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nologiesis thebestoptionfor agivenWeb project,oftendepend®n therequirementand
compleity of the project. For Web-basednformationsystemsfor instance supportfor
databaseccesss critical. For moreprocess-orientetheb sites,a e xible integrationof
applicationlogic is moreimportant. Obviously, alsootheraspectsuchas performance
andscalabilityrequirementstool support third-partyserviceghatmustbeintegratedand
availableknow-how in uence this decision. Particularattentionmustbe paid to the soft-
waresupportinga technology:ls it stable?ls it goingto be availablein the future? What
is thecopyright and/orlicensingsituation?A softwareproductthatwill notexistany more
ayearfrom now is hardlyagoodchoicefor a Websitewith along lifetime.

The developmentand deployment platform might also eliminate sometechnologiesand

usuallydepend®nthe predominatinglatformin the organization Apartfrom theimple-

mentatiortechnologydecision standardsindtoolsfor documentatioreports,conceptual
modelingandcommunicatiorshouldbe available.

The XGuideprocessuggestso dealwith eachof theabove criteriaandto recordtheresults
in aseparate@locument.This feasibility documenshouldexplicitly list all therequirementand
prerequisitesor the project,e.qg.,theprojectis plannedfor 10 peoplewho work full-time onthe
projectandstaywith the projectfor its full duration. Evenbetter the namesof the peoplewith
theirquali cationsandwhy they wereassignedo theprojectshouldbeincluded.Thisdocument
alsoformsagoodbasisfor discussiorwith the variousrolesto provide aroughoverview of the
requiredresourcesandinfrastructure. It is not, however, a detailedprojectplan. 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 dependn the size of the project, the experienceof the projectmanagerand the modus
operandiof the customer

Whenthefeasibility documenis nished, the projectcommitmentstatements formulated.
Dependingon the outcomeof thefeasibility evaluation the projectcanbe canceledthe scopeof
the projectcanbe adaptedr the statedprojectrequirementsreapproed.

The cancellationof the projecthasto be consideredf the expectationsof the staleholders
differ too muchfrom the expectedcourseof the project. Exampledor this scenariogreunsus-
tainabledeadlinesor too low a budgetfor the requiredfunctionality. More frequently however,
arede nition of the projectgoalsandrequirementsn termsof the availableresourceandtime
takesplace. Alternatively, extensionsof the projecttime frameor anincreasen the budgetare
necessaryo ful Il all requirementsOf course,a projectcanalsobe approsed as-isif theini-
tial planningandassessmentasaccurate.This, however, requiresan experiencedrojectteam
andstalkeholders.In our experience the immediateapproval of a projectproposals rare; the
modi cation of therequirement®r the scopeof the projectis morefrequent.

Eventually if the(initial or rede ned)projectis approved,therequirementin theform of the
XGuide requiremendiagramandthe descriptionsof the additionalrequirementsnustbe cast
into a conceptuamodelanddesign.The next phasethe designphaserye nes therequirements
modelto afull conceptuamodelof therequirementshatalsocapturesiesigndecisionssuchas
componentizatiomndnavigation contexts.
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4.4 CONCEPTUAL MODELING AND DESIGN

The previoustwo phasesrequirementanalysisandfeasibility evaluation,directly involvedthe
customerof a project. The diagramsandnotationspresentedo far werethusintentionallykept
simpleto facilitateunambiguougommunicatiorwith the variouspartiesinvolvedin the project
andto capturethe high-level requirement®f the project.

In this phase,the architectureand designof the Web applicationtake centerstage. The
architecturdrequentlyis a classicthreetier architecture A persistenstoragdayer(e.g., le or
databaseystem)is the rst layer The Web or applicationsener is the secondier. Theclient
browseris responsibldor the userinterfaceandrepresentshethird tier.

Comparedo the requirementgphase the designis a more comple process. In the eld
of traditional software engineering establishedlesignnotationsfor software systemsexist—
amongwhichtheUni ed ModelingLanguagdUML) [122,128] hasaprominentpositiontoday
In Web engineeringhowever, a widely acceptechotationfor modelingWeb applicationsdoes
not exist. Instead,every approachde nesits own notationto bestrepresenthe main focus of
therespectre method.Well-known examplesof suchnotationsincludethe graphicalmodeling
notationsof OO-HDM [130,133],RMM [78,79] andWebML [34]. Conallen37] takesaslightly
differentapproachn extendingthe UML towardsa Webmodelinglanguage.

In the context of the XGuide processthey all sharehesamenadequag: they donotsupport
separatiorof concern®ontheconceptualevel or the notionof contractsn theirmodels.Though
separatiorof concernss identi ed asimportantdesigncriteriaandis realizedto variousdegrees
in theimplementatiorapproachepresentedn Chapter3, their conceptuamodelstotally ignore
it. Sinceseparatiorof conceptuactoncerngorms the basisfor contractsand concurrentdeve-
lopmentin XGuide,we introducea modelingnotationthatallows usto identify concernsonthe
conceptualevel.

Apart from the separatiorof concernson the conceptualevel, it evenis still unclearwhat
theappropriatanodelingprimitivesfor Webapplicationsare. Mostapproacheasethe notionof
pagesandhyperlinksamongpages Dependingon the method additionalprimitivesfor the nav-
igationor the pagecontentexist. Anotherimportantaspecof Web applicationgs the consistent
graphicalappearancandnavigation structurethroughouthewhole application.Reusablgage
fragmentghatappearon several pageswith the sameor a similar formattingarethe solutionto
this problem.Component-baseg@pproachemodelpagesasa setof componentshatrepresena
pagefragmentandcanbereusedndependently

In XGuide, we alreadyintroducedthe modelingprimitivesof simplepagesmulti pagesand
hyperlinksin the requirementphase.In the designphasewe introducenev modelingartifacts
andre ne therequirementsliagramto includeadditionaldesign-relatethformation. Thedesign
phasehastwo subphasesthe designin-the-large (on the architecturalevel) andthe designin-
the-small(on themodulelevel). Designin-the-lagere nes therequirementsliagramtowardsa
conceptuamodelof theapplication;Designin-the-smalifocuseson thedesignandspeci cation
of singlepagesandcomponentsatherthanthewhole applicationor site.
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4.4.1 DESIGN IN-THE-LARGE

Startingwith therequirementsliagram designin-the-lage extendsthe diagramwith additional
artifactsto bettermodelthe structureandfunctionality of theapplication.

Following the component-basedpproach XGuide supportsso-calledWeb Componentso
modelreuseandcompositiorrelationshipsWe think of aWebcomponenasareusablecon g-
urablepagefragmentthatcanbereusedandcomposedvith othercomponentso form theactual
Webpage.

Furthergeneralizinghe Web componentoncept XGuide not only supportscompositionof
Web componentsnto pagesout alsothe compositionof Web componentsnto larger Web com-
ponentghatcanthenbereusedasseparatentities. Thusapageis aspecial top-level component
thatcannotbe furthercomposedTypical examplesor Web componentarethe aforementioned
navigationstructureof a siteanda commonheaderor footerfragmentthatappear®n all pages.
XGuideusegheelemenshowvnin Figure4.5to de ne componentandassigrthemacomponent

(i.e.,unique)identi er.
Header @

Figure4.5: A Webcomponentor the headeregion of the OrangeJuices)nc. Website.

A rst re nementstep,thus,is the transformatiorof the requirementsliagraminto a com-
ponentweh The componentveb containsthe sameartifactsasthe requirementsliagramand
augmentst by thede nition of reusableNebcomponents.

In the next step,the Web componenthiave to be embeddednto the existing pages.To keep
the diagramclearly arrangedand avoid confusionwith navigational dependenciesye do not
usearrons to model compositionrelationshipsin the diagram. Especiallysince components
are frequentlyusedin all or a majority of the pages the diagramwould quickly be crammed
with arrows. Instead we adda Refeencessectionto the diagramelementghat namethe Web
componentsa pageor componentreferences.Figure 4.6 shows the extendedversionsof the
diagramelements.

Figure4.7 shovs the componentvebfor the Orangeluicesnc. Webapplication.It de nes
the HeaderWeb componenthat is referencedrom all pagesin the diagram. Thusthe page
elementdist its componentdenti er in their Refeencessections(For simplicity reasonsve did
notincludeadditionalcomponentsor the footer, the navigationbar, etc.)

Whenall Web componentsrede ned andcorrectlyreferencedy the respectre pagesthe
modularizatiorof thesiteis nished. Dependingon the experienceandmodeof operationof all
the partiesinvolved, Web componentganalreadybeintroducedn therequirementsliagramto
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Figure4.6: Theupdatedconsfor the XGuide elementsncludingthe Refeencessection.
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Figure4.7: Thecomponentvebfor the Orangeluice,Inc. Website.
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bettervisualizethe physicalartifactsrepresentinghe pagein the discussiorprocess.Another
alternatve is to introducecomponentsalongthe way ratherthanasa post-processingneasure
afterall pageshave beende ned.

The secondconceptintroducedin designin-the-lage areapplicationlogic processesWith
theincreasinguseof dynamictechnologiesuchasASRE JSPor Jaraservletsagrowing number
of Web pagesaregeneratedlynamicallyat runtimeratherthandeliveredfrom a static le. The
creationof pagesat runtimefollows a commonpatternindependenof the concretetechnology
used. The Web sener rst receves a requestfor the page. It thenidenti es the processor
applicationthatis responsibldor the requestegageand forwardsthe request. The so-called
requeshandlerthenexecutessomeapplicationlogic to generatehe resultpage(e.g.,queriesa
databasandlists all hitsin anHTML table). Therequeshandlerthendirectly returnstheresult
pageto the client. Applicationlogic processesnodelthe functionality of the requesthandlers
thattake arequestsinput andproducea resultingoutputpage.

Figure4.8depictsthediagramelementfor anapplicationlogic processlt hasauniquename
and a shortdescriptionof its functionality. Application logic processesre referencedrom
pagesor componentandproduceanothempageasoutput. In the example the searchinput page
referencesheapplicationlogic processepresentinghe searchengine whichin turnoutputsthe
searchresultpage.

Search Search Engine Search Result

References ' Description References

Entar descripiion hare __.

Header Header

Figure4.8: The'applicationlogic processdiagramelementusedoy asearcltpageandproducing
thesearchresult.

Application logic processeprovide detailson the transitionfrom one pageto another On
the conceptualevel, they are merely optional constructs.The relationshipof the searchinput
andsearchresultpagecouldequallywell be modeledwithout anapplicationlogic processince
thetransitionfrom onepageto the otheris not the mainfocusof the designphase.Furtherit is
implicitly clearfromthecontet thatafunctionalunit hasto beinsertedn betweenNevertheless,
in complex scenariospplicationlogic processearea goodmeando clarify pagerelationships
andto make themexplicit.

The nal diagramartifactwe introducefor designin-the-lageis the proxyelement A proxy
hasa uniqueidenti er andis arepresentate of the elementwith the sameidenti er. It is used
to keepthe diagramreadableto avoid too mary arrows throughlarge partsof the diagram,and
to facilitate referencingof elementsf the diagramis split acrossseveral pages. The diagram
artifactfor the elementproxyis shovn in Figure4.9.

Having split the pagesinto reusablecomponentand having de ned their compositionde-
pendenciesthe designin-the-lage is nished. Designin-the-smallthen concentrate®n the
ne-grainedspeci cationof theidenti ed artifacts(i.e., pagescomponentandapplicationlogic
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Proxy-Reference °

Description
Entar dascription hera ..

Figure4.9: Thegraphicalrepresentatioof the proxy diagramartifact.

processesBeforewe continuewith thediscussiorof thedesignin-the-smallactvities, however,
a separatsubsectionntroduceghe notionof inputandoutputinterfacesof componentspages,
andprocesses.

INPUT AND OUTPUT INTERFACES

Sofarwe only introducedoptionalapplicationlogic processedyut otherwisedid not distinguish
betweenstaticanddynamicpagesor ary information o w betweenthem. The contentof dy-

namicpagesypically depend®n someinput valuesprovided by the framework or theuser If

a pagehasno suchinput requirementsthereis no reasorto createit at runtime. Herearesome
typical exampledor theinputrequirement®f dynamicpages:

A searchresult pageusesa keyword or searchexpressionasinput to displaythe corre-
spondingsearchresult.

A curreng corverterpage for instanceneedgheamountto be corvertedasinput.
A pagedisplayinga users shoppingcartusesthe contentof the shoppingcartasinput.

A gradingservicepagedisplayingall gradesof a studentneedsthe students nameor
identi cation numberasinput.

In the OrangeJuices,Inc. Web site example,the productdetailsmulti pagerequiresa
productnumberasinput to determinewhich products detailsit shouldpresent.

As a consequencwe classifya pagewithout input requirement@sbeingstaticanda page
with at leastoneinput requirementasbeingdynamic In XGuide, we denoteall input require-
mentsof a page(i.e., the setof agumentghatthe pageneedgo be createdasthe pagesinput
interface Unlikeinterfacesn object-orientegorogrammindanguagesXGuide'sinterfacesonly
specifydata(i.e., variables)ut no behaior (i.e., methods). Thebehaior of aninputinterfaceis
implicitly clearsincetheonly supportedperationis the creationof the page.

To incorporateinput interfacesin the conceptuaimodel, we further extend the diagramto
containthe input interfacefor all componentandpages.Input agumentgor diagramartifacts
arede ned in the interfacedialog of the element.Figure4.10shaows this dialogfor the product
detailsmulti pagethatindicateghatit needsaninput argumentof typeinteger.
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Figure4.10: Theinterfacedialogfor the productdetailsmulti pageindicatingits input require-
ments.

In additionto pageswe also classifycomponentsnto staticanddynamiccomponentsle-
pendingon their input requirementsA commonuseof inputinterfaceson componentsrecus-
tomizednavigation barsor menus.Suchcomponentsake a pageidenti er asinputandrender
the currentlyviewed entryin the menudifferentlythanthe others(e.qg.,usinga differentcolor).
In thecaseof ahierarchicamenu,thebranchin the menutreecorrespondingo the currentpage
is displayedwhile the otherbranchestaycollapsed.

After thespeci cationof theinputinterfacesfor thepagesandcomponent#n theconceptual
model,the questionariseswherethe valuesfor theinput parametersomefrom.

In the caseof pagestwo optionsexist: (1) the userentersthemin a Web form andsubmits
themasinput for the subsequenpageand (2) the valuesare derived from an external source
in the ervironment(e.g.,the currenttime or date)not requiringuserinteraction. In the caseof
componentsa third option exists. The componentanderive the valuefor aninput parameter
directly from the embeddingpage. Considera componentisplayinga customizedhavigation
bardependingon the pageit is embeddedn. If the enclosingpagespeci esits identi er (e.g.,
asanattribute of the pages documenkelement) the componentanderie the valueof its input
parametefrom thatvalue.It doesnotrequireuserinteractionnor anexternalsource.

As mentionedabove, a usercanonly provide input valuesvia Webformsthatareembedded
in pager componentsXGuideintroducegheconcepiof anoutputinterfaceto describeheset
of valuesa page(i.e., theuser lling outtheform) providesto the outsideworld. Sincea page
cancontainseveralWebforms,it canalsohave multiple outputinterfacesasopposedo a single
inputinterfaceasdiscussedbefore.

Considerthe simple exampledepictedin Figure4.11. A simplelogin pageis usedto let
theuserenterhername.lts interfacedialog speci esno input requirementsanda singleoutput
parametenameof type string. Whenthe form is submitted the nameoutputparametesenes
asinput agumentfor the subsequenivelcomepagethat takesthe submittedvalueto greetthe
userwith a personalizedvelcomemessageThe interfacedialog for the welcomepagedepicts
the requiredinput parameteand an empty outputinterface. Note that the outputparametenof
thelogin pageandthe input parametenf the welcomepagehave both the samenameandthe
sametype. This correspondencs importantto be ableto matchinputto outputparameters.
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Figure4.11: A simpleexampledemonstratinghe de nition of anoutputinterface.

Although this examplenicely demonstratethe conceptof input and outputinterfacesand
their dependenciesn practicea direct matchis rarely found. More frequently the outputin-
terfaceof a page(i.e., the valuesprovided by form elds) do not directly matchthe input re-
quirementsof the subsequenpage. Instead,someapplicationlogic rst processeshe output
argumentsf a page transformsor modi es them,andonly thenprovidestherequiredinput ar
gumentdor theresultpage.To beableto modelsuchscenarioswe usethepreviouslyintroduced
applicationlogic procesgdiagramelement(seeFigure4.8).

As theotherdiagramelementstheapplicationlogic elemenhasaninputandoneor multiple
outputinterfaces. Figure 4.12 demonstrateshe use of the applicationlogic elementand the
de nition of its interfacesin the simple searchscenariointroducedin Figure4.8. The search
pageprovidesaform thattakesa keyword asinput. Consequentlythe searcrpagehasanoutput
interfacethat providesa string (keyword) agument. The searchresultpage,on the otherhand,
takesa list of matchedtemsasinput agumentsanddisplaysthem. The searchenginematches

theinterfaces;it takesthe keyword asinput, performsthe searchandprovidesal list of matched
itemsasoutput.

Figure4.12: Theapplicationlogic processnatchegheinput/outputrequirementsf theconnect-
ing pages.

Figure4.13shavs an alternatve way to modelthe abose searchexample. In this case the
two pagesaredirectly connectedandthe applicationlogic elementis removed. Sincetheinput
andoutputargumentsof the two pagesdo not match,an applicationlogic artifactthat matches
the searchpages outputinterfaceto the resultpages input requirementss implicitly addedto
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thede nition. Theadwantageof thisimplicit de nition of applicationlogic processess thatthe
diagramremainssmallerandeasierto understand.

Figure4.13: Theabbreviatednotationfor the conceptuamodelof the searchexample.

In the previous examples the outputagumentsof applicationlogic elementsveredirectly
used(i.e., speci ed asinput parameterspy the subsequentesponsepage. In complex Web
applications however, input valuesare often storedacrossseveral pagerequestaising cookies
or sessiommanagementln XGuide,anextendedde nition of outputparametersupportghese
conceptslf anoutputparameters followedby thesessiormquali er [S], therespectre parameter
is storedin the users sessionfor later reuse. If the quali er is missing,the parameteiis not
storedacrosspagerequestsand only available in the immediateresponsegage. Thus name:
string denotesa parametethatis not storedin the users sessionwhereasiyame[S]:stringadds
the parameteto the session.

Finally, we call a conceptuamodelstrict if it doesnotrely onimplicitly addedapplication
logic artifacts. The advantageof strict modelsis thatthe consisteng of their input and output
interfacescanbechecled. Theconsisteng checkingalgorithmis simple. For every pagewith an
inputinterface we rst analyzedts navigationdependengto identify thepagesromwhichit can
bereachedWe thenhave to make surethatthereferencingpagessatisfytheinput requirements
of the currentpage. This meanghatthey mustprovide a valuefor all algumentsn the current
pages input interface. Sucha value caneitherbe directly provided by anagumentin a pages
outputinterfaceor by the value of a sessionparameter In the former case,the referencing
pagemustspecifythe outputparametein oneof its outputinterfaces.In thelatter scenarioall
navigation dependenciesf the referencingpagehave to be recursvely walked backto ensure
thatthe requiredsessiorparameters providedindependenthof how the referencingpagewas
reached.

Figure4.14 shonvs a more comple strict conceptuamodel. A page requirestwo input
parameters and of typesintegerandstring respectiely. The pageis referencedy page
thatde nesanoutputinterfaceproviding anintegerparameter . Thusthe rst inputrequirement
of page is satis ed. Thesecondparamete( ), however, is not directly provided by page
Accordingto the above algorithm, we now recursvely follow all navigation dependenciesf
page toensurghatasessiorparameter isde nedonall paths.In this examplewe endup at
thepages , and . Pages and de ne themissingsessiorparameteandthe recursve
searchstops.Page , ontheotherhand,doesnotprovidethe parameteandthesearchcontinues
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recursvely—leadingto page inthiscase.Sincepage providesthecorrectsessiorparameter
all requiredinputparameterfor page werefoundandthealgorithmcompletesuccessfully

Figure4.14: An exampledemonstratinghe XGuide consisteng checkingalgorithm.

Thede nition of inputandoutputrequirementsesidesomeavherebetweerthedesignn-the-
largeanddesignin-the-smallactivities. Thoughit de nes(page-leel) propertieof singlepages,
componentsand processesit alsorequiresknowledgeabouttheir (site-level) dependencieto
correctlyconnectinputandoutputrequirements.

With thede nition of theinputandoutputinterfacestheintroductionof explicit application
logic processesanda successfutonsisteng check,the conceptuamodelis complete. We also
call this nal conceptuamodelthe XGuidesitemap It is a rst high-level speci cation of the
Web applicationandis transformednto its XML representatioto sene asinput for the more
detailedpageandcomponenspeci cationsin the designin-the-smallstep. The structureof the
XML representationf a nal sitemapincluding pages,componentscompositionreferences,
applicationlogic processesnputandoutputinterfacesandlinks is displayedn Figure4.15.

The sitemaps XML representatioicontainsthreeseparatesectionsfor the pagesthe com-
ponentsandthe applicationlogic processesf the sitemap.The pagesectionis further divided
into subsectiongor the simple,the multi andthe externalpagesn the diagram. Eachdiagram
artifacthasaninternal(unique)integeridenti er andanamederivedfrom thediagramrepresen-
tation. Furtherpagesandcomponentsle ne Refeenceselementdo indicatetheir composition
dependenciesA componenteferencespeci esthe componenidenti er to uniquelyidentify
thereferenceccomponent.Navigation dependenciearesimilarly speci edin LinkiInformation
elementghatindicatethe pageddenti ers of thelinked pages Finally, the conceptof inputand
outputinterfacesis presenin pagescomponentandapplicationlogic processegencapsulated
by Interfaceelements). Note that elementproxiesare not presentin this representation All



Chapter4: XGuide- A novel Approadc towards XML-basedA\eb Engineering

Figure4.15: Structureof an XGuide XML sitemap.
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propertiesanddependenciesf proxiesarealreadyresohed andintegratedin the de nitions of
theelementghe proxiesrepresented.

4.4.2 DESIGN IN-THE-SMALL

Thesitemapnow containsall pagesandcomponentshatwill eventuallymake up the nal Web
application.Designin-the-smallbreakshehigh-level sitemapspeci cationdown into speci ca-
tionsfor the pagesandcomponentslenotecasXContracts An XContractis structurednto sev-
eralorthogonakoncernghatrepresentifferentcharacteristicef a pageor componentXGuide
currentlysupportsconcerndor the content(i.e., informationthatis offeredto the usersuchas
the price of abook),the graphicalappearancé.e., thelayout—theformattinginformationwith
which the contentis formattedfor presentation)andthe applicationlogic (i.e., the functionality
thatis necessaryor providing the dynamicinteractionto the users)of a page.Whena sitemap
is processedyasiccontracttemplatedor all pagesandcomponentareautomaticallygenerated.
Thedesignershenadaptandcompletetheseconcernspeci cationsto form the nal contracts.

The speci cationsfor all concernsare againan applicationof the XML and combinedin
the XContract XML document. They are reusableentitiesthat can be integratedinto multi-
ple contracts(e.g.,the sameXML Schemas usedto describethe structureof several pages).
Figure4.16shovsthebasicstructureof an XContract. The contractelementghemselesarede-
ned in the http://www.infosys.tuwien.ac. at/x guide /con trac t namespace.
The<xcontract> elemenitombinesasetof concerng<xconcern> ) andasetof composi-
tion referenceg<reference> ).

Theconcerrelementsontainthe XML speci cationfor thegivenconcern(oftenin a differ-
entnamespaces.g.,anXML schema)An alternatve way to specifyconcernss to referencean
externalsourcethatcontainghe concerrspeci cation. A goodexampleis the structuie concern.
The XML Schemahatis directly includedin the documentin Figure 4.16 could equallywell
bereplacedoy areferencdo anexternalschemdocation. Suchexternalconcernspeci cations
becomeeusablesincethey canbereferencedrom multiple contracts.

In thecompositionnformation,we furtherde ne contractcompositionoperationgo include
the contractsof componentsn the contractof the pageqandcomponents)hatreferenceghem
(dependingn the compositiondependencieis the XGuide sitemap).

For now, we assumethat we alreadyhave all XContractsfor the pagesand components
in the sitemap. Concernspeci cations,more detailson XContracts,a formal contractmodel,
andhow contractcompositionworksin XGuideis excludedfrom the discussiorof the XGuide
developmentrocessWe dedicatea separatehapte(Chapters) to thesekey issuesWe, thus,

1. de nedtheconcernspeci cationsof all pagesandcomponents,
2. createdhecorrespondingKContractsand

3. composedhe XContractsof componentsvith thoseof thereferencingpages.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract">
<xconcern name="structure">
<xsd:schema xmins:xsd="...">
<l-- XML schema for component goes here -->
</xsd:schema>
</xconcern>
<xconcern nhame="interface">
<l--  definition of application logic concern goes here -->
</xconcern>
<compositionrefs>
<reference  to="contract/header.contract">
<composition type="structure">
<I--  composition operation for structure concern -->
</composition>
<composition type="interface">
<l--  composition operation for interface concern -->
</composition>
</reference>
</compositionrefs>
</xcontract>

Figure4.16: Thebasicstructureof an XContract.

XContractdorm thefoundationof XGuide's concurrentmplementatiorphase They capture
all informationnecessaryo implementthe variousconcernsndependentlypf eachother Thus,
anXContractfor apagehasto containall theinformationto supporttheconcurrentlevelopment
andde nition of contentJayoutandapplicationlogic.

The translationand extensionof the sitemapinto a setof contractsis an effective way to
describethe transitionfrom the conceptuamodeltowardsa concreteamplementation.Concern
developerdirectly usethe contractsasspeci cationsfor theirimplementation.

4.5 |MPLEMENTATION PHASE

Traditionally, the implementatiorphaseof a Web projecthasthreesequentiakteps. First, the

graphicsdesignersvork on the graphicalappearancef the site anddeveloplayoutandformat-

ting templatedor all typesof pagesNext, the contentmanagergrovide the contentthatshould

be presenteadn the pages Eventually a programmeinsertsthe contentinto the pagetemplates
andintegratesheapplicationlogic.

Themajoradvantageof the XGuideimplementatiorphaseover thoseof otherapproachess
thatthe concernsaareimplementecconcurrently As aresultof the strict separatiorof concerns
on the conceptualevel andthe introductionof contracts programmersgcontentmanagersand
layoutdesignerganwork independentlypf eachotherin theimplementatiorphase Thismeans
thatthe contentthelayoutandthefunctionality of a site canbe developedin parallel.
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Considerthe XContractin Figure4.17. It de nes a structure concernandaninterfacecon-
cern Fromthisinformation,we canderive the speci cationsfor the threeimplementatiorcon-
cerns: content,layout, andapplicationlogic. The contentmanageonly dependsn the XML
schemahatspeci esthestructureof thecontentandthevalid datatypes.Thegraphicaldesigner
alsouseghe XML schemasspeci cationandbuilds corresponding{SLT stylesheetsThepro-
grammermsesthe secondcontractconcerntheinterfaceconcernto derive aninterfacebetween
the pageandthe applicationlogic. As aresultshecanuseautomaticallygeneratecgtubsuntil
therealcontentandlayoutareavailable.

Figure4.17: A simpleXContractfor aWebpage.

This examplealreadyshaows that contractconcernanot necessarilymap one-to-oneo im-
plementationconcerns.For instance the contentand layout implementationconcernsusethe
samestructuie contractconcernasspeci cation. A concretamplementatiorof thegivensample
contractis shavn in Figures4.18- 4.20.

Figure4.18: The contentconcernfor thecontractin Figure4.17.
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Figure4.19: Thelayoutconcerrfor the contractin Figure4.17.

Figure4.20: Theapplicationlogic concerrfor the contractin Figure4.17.
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Figure4.18shavs the XML contentof the page. It adheredo the simple XML scheman
the contract.In the generalcase XML technologiesuchasMyXML [85,93] or Cocoon[107]
that support,amongothers,databas@ccessand conditionalprocessingare usedto implement
the contentratherthan plain XML documents.Figure 4.19 depictsa simple XSLT stylesheet
(welcome.xsl)basedon the contractthat rendersthe contentas HTML. Figure 4.20, nally,
presentshe Java servletimplementatiorclass(\WelcomeServlet.j&a) thatwasderived from the
informationin the outputinterface! Note thatthe classexpectsthe parametersoginnameand
passwod from the page validatesthe login information,andthenoutputsthe welcomeor error
page(not shawvn in the gure). Note thatthe welcomepagehasan input interfacerequiringa
singlestring parametefthe nameof the usercurrentlyloggedin). Thusit is instantiatedvith a
constructousingasinglestringvalueasargument.

Concernvalidationof the separatemplementationconcerngasindicatedin Figure4.1) is
thelasttaskof theconcernmplementationDependingontheconcerndifferentvalidationtech-
niquesareused.For staticXML contentasusedin the above example,validationsimply means
to validatethe XML contentagainsthe scheman the contract.For theapplicationlogic imple-
mentation validationmeangto verify thatthe implementatioronly usesthe interfacevariables
speci edin the contract.

For dynamic content(e.qg., retrieved from a databaseor a Web service)and formatting
stylesheetsit is not so clearwhat validationmeans.In dynamicpagesthe actualcontentfor
thepageis constructeanly atruntime. Thustheschemavalidationcannotbe executedat design
time but hasto be deferreduntil runtime,too. An XSLT stylesheets aloosecollectionof tem-
platesandrulesthatde nesformattingrulesbasedon XPathexpressionsThusit is not possible
for sucha stylesheeto prove thatthey correctly processcontentconformingto a given XML
schema. In this worst case,no automaticcheckingoccursand validation meansto manually
inspectthe stylesheebr content-generatingML document.

Whentheimplementatiorconcernsare nished, they have to be somehav groupedo repre-
sentanimplementatiorof the given contract. This groupof implementatiorconcernss called
XPage. An XPagehasan associate@ontractand providesimplementationgor all concernof
the page. Normally, XPagesare simple containersthat represenpagesin the nal Web site
andincludereferenceso the (externallyde ned) implementatiorconcerns Again, concernm-
plementationge.g.,applicationlogic or formattinginstructions)canbe reusedacrossmultiple
pages.

Figure4.21shavs a sampleXPagefor the contractandconcernmplementation®f the pre-
vious example. The XPagereferencests contractand providesinformation aboutthe imple-
mentationsof the concerns.In the example,we directly includedthe contentconcern(inline
concernimplementationandreferencedhe layout and applicationlogic concernimplementa-
tions (externalconcernimplementatioh This makessensaf we do notexpectthe contentto be
reused.

When the XPagesfor all pagesand componentsn the sitemapexist, the implementation
phases nished andthe projectentershe next phasethetestinganddeploymentphase.

We usethe Java servlettechnologyfor presentatiopurposes the codegeneratiormodule however, caneasily
bereplacedo generatesourcecodein adifferentprogrammindanguage.
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<?xml version="1.0"?>
<xpage xmins=".../xguide/page">
<concern name="content">
<webpage>
<title>Welcome Page<i/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: The XPageimplementingthe contractin Figure4.17.

4.6 TESTING PHASE

As we discussedn theintroduction,Web engineerings a multi-disciplinary eld. Hence,the
testing also distinguisheamnultiple aspectof a Web applicationthat must be tested: content
freshnesscorrectnesand completenesdayout consisteng, usability, functional correctness,
respons¢ime, andmary more.

No singletestingmethodexiststo datethat coversall aspectof a Web application.On the
contrary testingof Websitesandapplicationds largely ignoredtoday In this sectionwe sketch
a possibletestingapproach.The granularityandeffort putin testing,however, mainly depends
on otherfactorssuchasthesizeor compleity of the project.Also thelevel to which a projectis
missioncritical to anorganizatiorheavily in uencesthetestingapproach.

In XGuide we alreadydid a rst validationstepat the endof the (concern)implementation
phase.All concernimplementationsre validatedagainstthe respectre contract. We already
discusse@borve thattheactitiesinvolvedin contracttestingvary from fully automaticdo com-
pletely manualdependingon the concern(e.g., static contentcan be automaticallyvalidated
againsian XML schemaandinterfaceconformanceanbe automaticallychecled; contractver-
i cation of thelayouttemplatespn the otherhand,canonly bedonemanually).

In the context of XGuide's Web componentswe follow anapproactsimilar to thosefound
in testingof software componentsand formal speci cationsof programs. The assumptions
thatif the concernsarevalidatedagainstthe contractsandthe compositionrulesare sound,no
additional validation needsto be donefor the compositeq22,47,72,134]. This, of course,
requiresthe contractsand compositionrulesto be correct. More detailson a formal model of
concernscontracts,and contractcompositionis presentedn Chapter5. As a result, we can
breakdown testingof XPagesnto testingof implementatiorconcerns.

Testingtheinternalsof pagesandcomponentshowever, is only the rst step. More impor-
tantly, theinteractionof pagesandcomponent®n the onehandandthe applicationlogic onthe
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otherhandneeddo bechecled. Also the correctnessf theimplementatiorof the applications
functionalityneedgo be'proven'.

The pagesof aWeb site andthe navigationlinks betweerthemform a directedgraph.If we
identify a singlehomepageasthe startingpoint of thegraph,we getatreesimilar to theabstract
syntaxtreesof corventionalsoftwareprograms.To fully testtheinter-working of all pageswe
would have to evaluateall possiblepathsthroughthe Web site usingall possibleparameterss
input for dynamicpagesand applicationlogic calls. Similar to white box testingin software
engineeringywe cande ne thearc coverage of our testcaseswith respecto thewholesite. One
approaclcould be thateacharc mustbe executed(i.e., navigated)at leastonce. Anothercould
requireone executionof eacharc with a setof varying parameterge.g., exceptionand error
casesregularvalues,edgeconditionsetc.).

An alternatve approachor testingthe interactionof pagess model-basedesting An ab-
stractmodel-usuallyan abstractstatemachine—modelthe whole Web site. A stateconsistsof
theidenti er of thecurrentlyviewedpageandthe stateof themodelvariables.In ourcasemodel
variablesarethe agumentsn the input and outputinterfacesof the XGuide sitemap.They are
theonly externallyvisible stateof theapplication.Giventhesetof statesthelinks betweerpages
de ne thepossiblestatetransitions.A statetransitionoccursif theusertriggersa new requesto
thesameor a differentpage.Furthermorestatetransitionscanhave conditionsand—depending
on externalinformation (e.g., the valuesthe userenteredin a form)—differenttransitionsare
triggered. As such,the modelof the Web applicationcanbe directly derived from the sitemap
thatspeci esall pagescomponenandnavigationpaths.

Using a model-basedestingapproachhasseveral advantages.First, testcasesor a con-
creteapplicationcanbe automaticallygeneratedIf we require,for instancethatall navigation
links aretaken at leastonce,the abstracimodelcanbe analyzedandtestcaseghat satisfythis
conditioncanbe automaticallygenerated A secondadwantages thatthe behaior of the Web
applicationcanbe monitoredat runtimeandchecledagainsta model. Thusa deviation from the
expectedbehaior isimmediatelydetected Theimplementatiorof runtimeveri cation (i.e.,the
comparisorof the applications internal statewith the expectedstateasde ned in the abstract
model), however, is not easyto implement. Section4.6.1belov presentshe abstracistatema-
chinelanguaggAsmL) [7-9], a promisingapproachor model-andcontract-basetestingand
explainshow runtimeveri cation is achievedwith AsmL.

Testingthe correctnessf the applicationlogic basicallyinvolvesthelarge eld of software
testing. Variousmethodsexist and canbe directly appliedto the software representinghe ap-
plicationlogic. We do not further discusdetailsof softwaretestingherebut referthe readerto
relatedwork suchas[15,50,103,124,125].

Anotheraspecbf thetestingprocesss usertesting. Dependingon the targetedaudienceof
the Web application,usershave differentrequirementandknowledge. The presentatiorof the
content,clearandconsistenhavigation structuresandthe lack of 'surprises'(e.g.,unexpected
popupmenus,misleadinglink texts, etc.) are of interestfrom the users point of view. Also
the useof the applicationon differentdevices(e.g.,desktopcomputers)aptops,persondigital
assistantgPDAs), or mobile phones) differentoperatingsystemge.g., Windows, Linux, Ma-
cOS)andtheirvariousversionsdifferentlanguagesettings differentoutputmethodge.g.,voice
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output,largetext for betterreadability text-only output)anddifferentWebbrowserproductgIn-
ternetExplorer NetscapeMozilla, OperaKonqueroyetc.) andversionseedto beinvestigated.

Eventually otheraspectsuchasresponseimes,consisteng of the Website's build process
or availability stratgiesmustbe considered.

A completelydifferentfacetof the testingprocesss regressiontestingduring the mainte-
nanceandevolution phase®f the project. If singleconcernsaremodi ed, theapplicationlogic
updatedpr whole new pagesand/orcomponentaddedto the application regressiortestshave
to ensurghatthebehaior of thesitedid notchange—ochangednly in the expectedway.

XGuide proposesXML-basedregressionests. Whenthe inter-working of pagesandappli-
cationlogic is testedasoutlinedabove (usingarccoverageor model-basedesting) theinputand
expectedoutputof thetestsis recordedandstoredin an XML testrepository Regressiortesting
thenmeango executeall suchtestsagainstthe updatedapplicationandverify the results. The
runtimeenvironmentfor regressiortestscanbe easilyprovidedusingatestdriver thatsimulates
the userinteraction,i.e., submitsthe correspondingequestsrecevesthe responsesnd com-
paresthe resultswith the expectedresults. While regressionsuiteswork well for modi cations
of the applicationlogic, changedo the contentor layout of the site usually requirean update
of the regressiontests,too (sincethe resultpagesdiffer from the original resultpages).More
sophisticateghagecomparatorshatcouldextractthe contentof anXHTML pageandignorethe
formattingstatementge.g.,Lixto [13,14]) or focusexclusively ontheformattinginstructionsag-
noringtheactualcontentcouldbeasolution. Thebasicproblemwith theseapproacheg)owever,
is thatthey post-procesthe resultpageanddo not comparethe actualresultwith the expected
result. As a consequencehe post-processintpol might causeor hide potentialinconsistencies
andcon icts andcanonly beviewedasareliablealternatve if its correctnesss proven.

Extendedregressiornscenarioxanspecifysequencesf pagerequestgo alsocover session
parameterasusedin shoppingcart,ticket orderingor similar applications Regressiortestsare
executedperiodically or after every modi cation of the application. The currentstatusof the
regressiortestsarebestexportedasseparat&Vebsitethatallows easyandcomfortablechecking
of the currentstatusof theregressiorsuite.

46.1 THE ABSTRACT STATE MACHINE LANGUAGE - ASML

The abstractstatemachinelanguage(AsmL) is developedby the foundationsof software en-
gineeringgroup at Microsoft Researcl{115]. AsmL is a contractor speci cation language
applying the model-basedestingapproach. An AsmL speci cation is only concernedabout
a softwarecomponens externallyvisible parts,i.e., its public interface. Giventhe public inter-

faceof asoftwarecomponen{a classor a compositeof classeshatprovidesa publicinterface),
AsmL providestwo alternatve waysto de ne a contractfor the component:in the traditional
pre-/post-conditiorstyleor usingexecutablespeci cationscalledmodelprograms

Speci cationsusingpre-conditionspost-condition®n methodsaindclassnvariantsarewell-
known in softwaretesting. AsmL de nes constrainton the methodargumentsijts returnvalue
andthe internal stateof the component. Furtherit supportsaccesgo an arguments or state
variables resultingvaluein the methods postcondition. Theresultingvalueof avariableis the
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variables value after the methodwas executed. At the sametime the variables original value
(i.e., thevalueit hadin the pre-conditionof the method)is still accessible.As a result, post-
conditionsandclassinvariantscande ne constraintghatrelatethe originalandthe nev/updated
valueof a statevariable. The setof statevariablesde ned for acomponentmplicitly spanghe

spaceof potentialmodelstates. A modelstateis de ned by the setof modelvariablesanda

unigueassertiorof valuesto the variables.Wheneer the value of a statevariablechangesthe

modelis in a new state. This basicconceptis extendedby the factthatmethodargumentsand
returnvaluescanthemseles have models. Thus pre-/post-conditiorexpressionscannotonly

includereferencedo statevariablesbut alsoto statevariablesof the modelsof agumentsand
returnvalues.

Executablespeci cations(alsocalledmodelprogramg in AsmL usethe samebasicscheme
of modelsand statevariablesbut insteadof de ning the stateof the modelbeforeand after a
methodexecution,it implicitly de nes the statetransitionby specifyinga programthat trans-
forms the statevariablesaccordingly Thusinsteadof de ning what the expectedstateof the
modelbeforeandafterthe methodinvocationis, modelprogramsdescribethe behaior seman-
tics,i.e.,whathappengo the statevariableswhenthe methodis executed.The expectedbene t
of model programsis that developersusually are more familiar with writing coderatherthan
comple pre-/post-conditiorconstraintswhich increaseshe acceptanceate of the technique.
Additionally, model programscan be usedas high-level implementation®f software compo-
nentsuntil a concreteimplementationbecomesavailable. Thesestubsare useful during the
developmentandtestingprocessand supportearly testingof implementationgusing stubsfor
all componentshatarenotyetavailable).

The ultimategoal of AsmL is to provide a mechanisnfor runtimeveri cation of software
componentshat have an associated\smL speci cation. SinceAsmL is a full .NET language
basedntheCLI [49,114]languageit is compiledinto its intermediatdanguageaepresentation
just asary other.NET language(e.g., C#, VB.NET, etc) is. A specialprogramcalled AsmL
Weaveroperate®n the intermediateepresentationf theimplementatiorandthe speci cation
andinjectsthespeci cationcodeinto theactualimplementationAs aresult,pre-/post-conditions
andclassinvariantsareautomaticallychecled whenthe codeis executed.In the caseof model
programsthe model programis executedin parallelwith the real applicationandthe applica-
tion's stateis continuouslychecled againsthe modelstate.

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 advancedfeatureds foundin [7-9].

In practice,Web applicationtestingoften focuseson the mostcritical partsof the function-
ality. Time-to-marletis importantandsufcient time for detailedtestsis rarely available. As a
result, Webapplicationgendto betestedandimprovedaftertheirinitial deployment. Thisagain
putsspecialemphasi®nthe maintenancandevolution phaseshatarediscussedbelov afterthe
deploymentof Web applications.
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4.7 DEPLOYMENT PHASE

A commonsetupfor a Web applicationdevelopmentervironmentconsistsof three separate
machines:a developmentmachine,an internal test sener, andthe nal productionmachine
that offersthe site to the outsideworld. Deploying a Web applicationthushastwo steps.First
the applicationis deployed from the developmentto the internaltestsener; after testingand
nal clearancaet is thendeployedto the productionmachine.Usually the testmachineandthe
productionmachinehave a similar setupwhich resultsin similar deploymentmechanisms.

Ideally, deploymentof a Web applicationwould only requireto copy the content formatting
andapplicationlogic les from thedevelopmenimachineo thetargetmachine More abstractly
we distinguishdeployment processeshat just copy les from the developmentto the target
machine(deployment-by-cop) and processeshat modify andadaptsource les andrequirea
new build of the systemon thetargetmachine(deployment-by-adaptation).

With XML-basedpublishingframeavorks (e.g.,Cocoon)deployment-by-cop is easilypos-
siblefor XML contentles andXSL stylesheetsApplicationlogic usuallyexistsin sourcecode
andneeddo be compiledinto somebinaryformator library thathasto be madeavailableonthe
tagetmachine.In the caseof databaseystemghatareinvolvedin almostall Web applications
today deploymentmeando performsomesynchronizatioractvity onthe databasé¢e.g.,anup-
dateddatabasestructurehasto be publishedto the productionmachineor someinternaltables
have to bemigrated).

In deployment-by-adaptatiorg commondeploymentactwity is to replacethe settingsof the
testervironmentwith thoseof the productionenvironment. Typical examplesarethe database
connectstring, the documentoot or theinstallationdirectoryof libraries. In XML-basedWeb
developmentdocumentaindparameteentitiescanbe usedto reducehistaskto themodi cation
of aglobalde nition le. Alternatively, scriptsapplyingregular expressiongo all source les
andtriggeringa new build processon the productionmachinearenecessary

In non-XML publishing ervironments, deployment-by-adaptatiorctan also involve more
comple tasks. In MyXML, for instance,all XML/XSL de nitions are rst translatedinto
XHTML les andsourcecodethatcanthenbedeployedto ary servletcontaineandWebsener.
Generallythedeploymentof aWebapplicationis highly dependendntheimplementatiortech-
nologyandpublishingframenork. Dependingon the projectandthe technologiesisedmoreor
lesscustomtailoredprocesseareneeded.

After theinitial deploymentof the Web application,it entersthe maintenanceandevolution

phasesThenext two sectiongdiscusghesemportantphasesandrelatethemto XContractsand
the XGuidedevelopmeniprocess.

4.8 MAINTENANCE AND EVOLUTION

Maintenancef softwareapplicationss adif cult task.lt is well known in softwareengineering
thatthe maintenanc@haseof softwareprojectsconsumesbout70 perceniof thewhole project
effort [104,151]. It is alsowidely acceptedhat the earliera bug is introducedin a system,
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the moreexpensve it is to remove. This alsomotivatesthe emphasisf software architecture
anddesignin mostof today's software engineeringmethodologies.The claim is that a well-
engineeredrchitectureanda gooddesignsigni cantly reducethe numberof (costly) bugsto be
correctedn thelaterphasesespeciallythe maintenanc@hase.

In [67], theauthorsdistinguishcorrective adaptive andperfectivemaintenanceCorrectve
maintenanceoverscorrectionsandbug x esthatwereintroducedn theimplementatiorphase.
Typical examplesn the Webdomaincouldbethe correctionof typosin the contentor program-
ming errorsin the applicationlogic. Adaptive maintenances the adjustmenbf the systemto
the outsideenvironment. The fastdevelopmentcycles of software suchasWeb seners, Java
servletcontainersgatabaseandbuild toolsfrom time to time requiresan adaptatiorof the Web
applicationto complywith new protocols,nput/outputbehaior or con gurationsettings.Short
productcyclesarenecessaryo keepup with the continuouslyevolving technologiesand stan-
dardson the Web and,even moreimportantly to closesecurityvulnerabilitiesin the respectre
products.Table4.1 shavs the incredibly fastdevelopmenthistory of the ApacheXercesXML
parserf141] andthe JakartaTomcat[140] servletcontainerto give animpressionof how short
the productcyclesare.

Finally, perfectve maintenancelenotesall extensionsandimprovementsof the application.
Perfectve maintenanceés of specialinterestin Web engineering.Software applicationsevolve
in a step-wisemannerintroducingnew versionsof the product. Small changesand patchego
existing softwareproductsarelesscommon.Webapplicationsarelessrigid thansoftwareappli-
cationsandoften expectedto be frequentlyor even continuouslyupgradedandextended.As a
result,design-forchangds evenmoreimportantin Web engineeringhanin softwareengineer
ing. Today design-forchangein Web engineerings supportedby separatingmplementation
concerns.In XGuide, we further abstractthis principle andintroducemulti-concerncontracts
that supportseparatiorof concernsnot only on the implementatiorbut alsoon the conceptual
level.

SinceXContractsalsoactasspeci cationsfor Webpagesindcomponentshey alsoalleviate
a secondproblemfoundin software maintenanceprogramunderstandingln [55] the authors
statethat about50 percentof the overall maintenanceffort is programunderstandingln the
caseof Web engineeringthat meansto understandvherethe contentis storedand how it is
includedin dynamicpageswhatcomponentareinvolvedin the pagegeneratiorprocesswhere
the layoutis de ned andhow it is appliedto the contentbeforethe nal pageis delivered. If
no Web engineeringconceptsuchasseparatiorof concerngs usedin theimplementatiorof a
Web site, content,layout and applicationlogic de nitions are frequentlyintermixed makingit
hardto understandvhatis goingon in a complex Web application—thigs especiallytrueif the
originalimplementatiordatesbacka coupleof monthsor wasdoneby a differentperson.While
separatiorof implementationconcernsalreadyhelpsto identify the de nition of every single
concernseparatiorf concernontheconceptualevel (in XContracts)providestheinformation
to understandhow the variousconcernsvork togetheranddependn eachother

To betterstructureandcontrolthe maintenanc@hasein Web engineeringwe introducean
orthogonalclassi cationin additionto correctve, adaptve, and perfectve tasksasintroduced
in [67]. Every actwity in the maintenancehaseis classi ed as being a maintenanceor an
evolution actity.
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Table4.1: The developmentcyclesof the ApacheXercesXML parserandthe JakartaTomcat

servletcontainer

Xercesversion

Releasadate

Tomcatversion

Releasadate

Xercesv1.0.0 | November9, 1999 Tomcatv4.0 Septembef7,2001
Xercesv1l.0.1 | Januarys, 2000 Tomcatv4.0.1 | Octoberl4,2001
Xercesv1.0.4 | May 9, 2000 Tomcatv4.0.2 | Februaryl0,2002
Xercesv1l.1.0 | May 19,2000 Tomcatv4.0.3 | March1, 2002
Xercesvl.1.1 | June5, 2000 Tomcatv4.0.4 | Junel3, 2002
Xercesvl.1.2 | June2l,2000 Tomcatv4.0.5 | October9, 2002
Xercesvl.1.3 | July 26,2000 Tomcatv4.1.0 | April 26,2002
Xercesvl.2.0 | August28,2000 Tomcatv4.1.2 | May 14,2002
Xercesvl.2.1 | Octoberl9,2000 Tomcatv4.1.3 | May 29,2002
Xercesvl.2.2 | November27,2000 Tomcatv4.1.5 | Junel4, 2002
Xercesvl.2.3 | Decembe, 2000 Tomcatv4.1.6 | June28,2002
Xercesv1.3.0 | Februaryl, 2001 Tomcatv4.1.7 | July5,2002
Xercesvl.3.1 | March16,2001 Tomcatv4.1.8 | July 23,2002
Xercesv1l.4.0 | May 22,2001 Tomcatv4.1.9 | August10,2002
Xercesvl.4.1 | June22,2001 Tomcatv4.1.10 | August30,2002
Xercesvl.4.2 | July23,2001 Tomcatv4.1.14 | October29,2002
Xercesv1l.4.3 | August20,2001 Tomcatv4.1.14 | Novemberl4,2002
Xercesvl.4.4 | Novemberl5,2001 Tomcatv4.1.15 | November26, 2002
Xercesv2.0.0 | January29,2002 Tomcatv4.1.16 | November26, 2002
Xercesv2.0.1 | March7,2002 Tomcatv4.1.17 | Decembed7,2002
Xercesv2.0.2 | June21,2002 Tomcatv4.1.18 | Decembed9,2002

Xercesv2.1.0

August28,2002

Tomcatv4.1.19

Januaryl5, 2003

Xercesv2.2.0

SeptembeR6, 2002

Tomcatv4.1.20

Februaryl2,2003

Xercesv2.2.1

Novemberll, 2002

Tomcatv4.1.21

February25,2003
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Maintenancetasksare intra-concerntasks, i.e., they only affect a single concernand do
not requireupdatedo the contractor otherconcerns.As a result, maintenance¢asksare self-
containedand can be performedat ary time. Several maintenancdasksare commonin Web
engineering:

Content Updates. The contentof a Web application,especiallya Web-basednformation
systemchangedrequentlyandcontentupdatesrethemostfrequentmaintenancectvity
in WebengineeringContentupdatesaffect theinformationprovided by the systembut do
notin uence otherconcernsuchasthe formattingrulesor the applicationlogic.

Layout Updates. Changedo the graphicalappearancef a Web applicationare not so
frequentbut still relatvely common. Informationneedsto be arrangeddifferently on a
page the color schemeof the Web applicationhasto be adjustedo the corporatedentity,

or hover effects (e.g., when moving the cursorover a link) shall be introduced. These
changesexclusively requiremodi cations to the formatting rules but do not affect other
concerns.

Bug Fixes. Bug x esin theapplicationlogic of a Web applicationarealsotypical exam-
plesof maintenanceasks. The programlogic processinglient requestss modi ed but
theinputandoutputinterfacego the client, the contentandthe formattinginstructionsare
left unchanged.

Referringto the classi cationin [67], bug X esare cataorizedascorrectve maintenance.
Layout updategeactto externalrequirementge.g., updatego the corporateidentity) and can
be seenasadaptve maintenance Contentupdatesevolve the Web site and countas perfectve
maintenanceSomeupdatesorrectexisting errors(e.g.,typos);othersaredueto timely changes
of content(e.g.,onanews portal).

SinceXGuide featuresseparatiorof concernsand maintenanceéaskssolely dependon one
concernthey canbeintegratednto theWebapplicationatary time. Thuscontentupdateslayout
updatesandbug x escanbe doneindependentlyf eachotheror even concurrently XGuide's
view of maintenances a greatadwvantageover the prevalentWeb developmentpracticewhere
concernsare not clearly separatedbut intermixed. A contentupdatein sucha systemthuscan
easilycauseunintendedside-efectson thelayoutinformationor the applicationlogic.

Evolution on the other hand,denotesinter-concernupdates. In this case,the contractof
a pageor componenmustbe modi ed and multiple concernsareinvolved. Typical evolution
scenariosre:

Extending Pages.Imagineyou have a Web pagewith athreecolumnlayout. Sofar, only
the middle columnis usedto display content;the left andright columnsare for layout
purpose®nly. Now youwantto placesomespecialinformationin theleft or right column
of the page. Suchan updateinvolvesthe contentandthe layout concernssinceboth the
informationto bedisplayed(e.g.,text andimages)andits graphicalappearancée.g.,font
sizescolors,alignment,etc.) mustbede ned.
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Extending Forms. A form extensionis a specialcaseof a pageextension.An additional
form eld isaddedo anexisting Webform. Theupdatenotonly requireshecontent(e.g.,
the eld labels,explanationtext and default values)andthe layout (e.g.,to positionthe
new elds correctly)for thenew eld to bede ned but alsoinvolvesthe applicationlogic
thatmustprocesghevalueenteredn the eld (e.g.,to storethemin adatabase).

Adding Pages. Adding nev Web component®r pagesto an existing application,obvi-
ouslyalsoclassi esasevolution. A wholenew contentstructuregraphicalappearancand
potentialapplicationlogic codeneedto be de ned. In specialcaseshowever, if the page
doesnot requirelogic processingand canreuseexisting formatting stylesheetsaddinga
new pagecanshrinkto a maintenancéask.

Larger evolution scenariossuchas addingwhole subsystemgan be seenas mini-projects
themselesstartingwith a requirementsanalysisandfeasibility decisionbeforethe conceptual
modeland XContractsareupdated.A goodexamplefor this casewould be the Orangeluices,
Inc. example. If the existing Web site is extendedwith a shoppingcartfunctionality, the deve-
lopmentandintegrationof theshoppingcartde nesthemini-projectthatis eventuallyintegrated
into the existing project.

Documentatiorandversioncontrolof all artifactsplaysanimportantrole duringall phase®f
the developmentprocessut speci cally soin the maintenanc@ndevolution phase.Documen-
tation further easegprogramand concernunderstandingvhich is crucial for ary modi cations
to or updatesof a system.Versioncontrol of concernimplementationsndcontractss alsoin-
dispensableConsideran updateof a Web pagethatembedsa Web component.Consequently
the Web componens contractevolvestogetherwith the page. To not breakother pagede -
nitions that might usethe samecomponentjt is importantto uniquely identify which version
of a componenbr componentontractis referencedn a page. As a consequencell artifacts
usedin anXGuidedevelopmeniprocesgi.e., XContracts XPages contentconcernsformatting
stylesheetsapplicationlogic, etc.) areversioncontrolledandall reference®r compositionde-
pendenciesisefully quali ed referencesi.e., the uniqueidenti er of the artifacttogethemwith
thedesiredversion.

Although the developmentprocessendswith the maintenancend evolution phasejt can-
not be overemphasizethata Web site or applicationis muchmore dynamicthana traditional
software productand requiresan ongoingmaintenanceeffort. If a Web site is well-designed,
mostly maintenancgaskssuchas contentupdatesand bug x esshouldbe necessanrwafter its
initial deployment. Evolution tasksshouldbe signi cantly more scarce.Large-grainedevolu-
tion actuities of the size of small mini-projectsshouldbe even morerarethanotherevolution
actuities.

Generally we candeterminghe stateof a Web applicationat any giventime usingtheclas-
si cation shavn in Table4.2. If no changesr extensionsare madeto a Web application,all
artifactson all levels (i.e., the XGuide sitemapas conceptuaimodel, the XContracts,andthe
actualimplementationjare stable. During a maintenancectuvity, theimplementatiorchanges,
but the contractsandthe conceptuamodelremains x ed. Evolution scenarioslsoinvolve the
contractsthus only keepingthe conceptuamodelunchanged.Extensionsof the size of small
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projects(e.g.,addinga shoppingcartor anothemew serviceto anexisting site) requireupdates
of all artifactsincludingthe conceptuamodel.

Table4.2: A classi cationto determinghestateof a Webapplicationwith 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-drvenapproachest is importantto keepthe modelinformationup-to-date.
In XGuide, the actualmodelis representetby the conceptuamodel(i.e., XGuide sitemap)it-
self andthe XContractsof the pagesand components.Thusfor any maintenancer evolution
activity, rst the correspondingnodelartifacthasto beidenti ed andupdated.Only thencan
theimplementatiorbe modi ed accordingo thechangesn thehighetrlevel artifacts.If thisrule
is ignored,not only is the traceabilityof the speci cationinformationlost but the whole model
cannotbe usedary more. As aresultno explicit designinformationwould exist andtheimple-
mentationwould bethe only sourceof information. While suchmodi cations mightwork in the
shortterm, they arestronglydiscouragedn termsof maintenancandtraceabilityandcanonly
be comparedvith the (in)famousstatemenbn documentationn softwareengineeringprojects:
“The codeis thedocumentation?”

Keepingthe conceptuamodelandthe contractsconsistentvith theimplementationpn the
otherhand,ensures—amonthe advantagesliscusse@bore—thatside-efectsof maintenance
tasksareeasilydetectablethework o w of the applicationis alwayscleat no hiddendependen-
ciesamongcomponent®r concernsexists, and new teammemberscan easily understandhe
innerfunctioningof thesystem.

4.9 CONCLUSION

This chapterintroducedthe XGuide methodologyandits seven phasesrequirementanalysis,
feasibility decision,conceptuamodelinganddesign,implementationtesting,deploymentand
maintenancekmlution. First, therequirementsliagramis compiledtogethemwith the customer
A simple notationfor modelinga high-level view of the Web applicationis usedto support
the communicatioramongthe variousrolesinvolvedin a Web project;additionalrequirements
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arerecordedon separateequirementgards.Lacking establisheanetricsfor Web projects,the
feasibility decisionusesinformal decisionguidelinesto estimatethe effort andtime frame of
the project. If the projectis approed, the designphasedistinguishesdetweendesignin-the-
large anddesignin-the-small. Designin-the-lage re nes andcomponentizeshe requirements
diagramandintroducesapplicationlogic processe$o modelwork o w anddataprocessing.It
alsointroducesthe input and outputinterfacesof pagesand components.Designin-the-small
usesthe re ned conceptualmodelto de ne XContractsfor pagesand componentghat act as
speci cationsfor theimplementationTheimplementatiorphasehentransformgageandcom-
ponentspeci cationsinto XPages,implementationsn a concretetechnology Exploiting the
strict separatiorof concernson the conceptualevel, theimplementatiorof all concernsanbe
doneconcurrently Thetestingphasestronglydepend®n the requirement®f the project. Test-
ing of Web applicationgnvolvesvarioustestingstratgies—ofteronly the correctfunctioningof
the applicationlogic is thoroughlytested. More sophisticatedapproachesvolve XML-based
regressiorntestingto ensurethat changeslo not breakothercomponentand model-basedest-
ing which cancover more complex scenariosnvolving several subsequentequests.After the
initial, technology-speci adeployment,the projectentersthe maintenancandevolution phase.
XGuideclassi esmaintenancasintra-concerrupdatesuchascontentor layoutmodi cations.
Maintenancdasksdo not dependon otherconcernsaandcanbeintegratedeasilywheneaer nec-
essary In contrastevolution tasksinvolve multiple concernginter-concern)andrangein their
compleity from simplepageextensiondo smallWebprojectsontheirown if wholesubsystems
areadded.

Although the importanceand centralrole of contractsbecameobviousin the discussiorof
XGuide, we postponeda detaileddiscussionof XContracts. So far, we only mentionedthat
contractsmustbe composabldo supportembeddingof componentsnto pagesand extensible
to supportaddingof new concerns.The next chaptercatchesup on how contractsarespeci ed
andcomposedyhatcontractconcernsare,andhow contractsareextensible. It alsopresentsa
formal modelfor contractghatde nesthe semantic®f andoperation®n contractsandcontract
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.
- | knew it was a good idea all along!

Arthur C. Clarke

Contractsandcontractconcernsarethe cornerstonesf the XGuide methodology After the
high-level overview of their role in XGuide, this chapterpresentsa detaileddiscussiornof the
syntaxandsemantic®f contracts.It alsointroducesa formal modelof contractsdescribeghe
realizationof thismodelasXML contractsandexplainshow contractcompositions de ned.

As explainedin the previous chaptey contractsreside betweenthe high-level conceptual
modelandthe concretemplementatiorof a Web application. Thusthey effectively bridgethe
gapbetweerthe big picturein the conceptuamodelandits implementationin a concretetech-
nology. To startthediscussiorof contractsye rst introducea meta-modetor Webapplications
andhow contractsareintegratedin the model.

5.1 A META-MODEL FOR WEB APPLICATIONS

A meta-modeintroduceghe conceptandterminologyusedin modelinga givendomain.In the
context of Web engineeringpftenanimplicit meta-modete ning (Web) pagesandnavigation
links is assumed.Similarly, we implicitly useddiagramartifactssuchas pages,components
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or links in the requirementsliagramandcomponeniveb of the XGuide method. This section
introducegwo existing meta-modelsisedin the Webengineeringlomain:the Dexter Hypertext

Model [75] and Conallens UML-basedapproacH37]. It thenmakesthe meta-modelsedfor

modelingWeb applicationan XGuide explicit andrelatest to the Dexter modelandConallens

approach.

5.1.1 THE DEXTER HYPERTEXT REFERENCE MODEL

The Dexter Hypertext ReferenceModel [75] is the outcomeof two smallworkshopson hyper

text in 1988. The workshopwas held in the Dexter Inn in New Hampshire—hencéhe name
for the model. The researcherstrived to answerthe questionwhat hypertet systemshave in

commonandhow they canbeclassi ed. Anothergoal of the workshopsvasto comeup with a
terminologyfor the hypertext eld.

The mostgenerichypertext model consistsof nodesand hyperlinks. The nodesrepresent
actualinformation or contentandthe hyperlinksprovide the possibility to connecttwo pieces
of informationwith eachother Becausef the wide rangeof usesandthe genericnatureof the
term*“node”, the Dexter modelusesthe moreneutralterm “component”instead.Fromtoday's
perspectie wherethe term “component”is heaily overloadedit is questionablevhetherthis
changereally madethe modelclearerandeasierto understand.

TheDextermodeldividesa hypertet systeminto threelayers:therun-timelayer, thestorage
layer andthe within-componentayer  The modelstrongly focuseson the storagelayer which
de nestheinformationnodegcomponentsandhyperlinksof themodel. Thisnode/linknetwork
structurds theessencef a hypertext system.Thewithin-componentayeris concerneavith the
internal structureandworkingsof the componentshemseles. Becauseof the greatvariety of
possibleinformationnodesandcontenttypes,the Dexter modelpurposefullydoesnot elaborate
on the within-componentayer The run-time layer describeshow the hypertext network of
informationcomponentandlinks is represente@nddisplayedat runtime. The main tasksof
therun-timelayeris the creation,presentatiomndunpresentatiofdestruction)of components.
Furtherrun-timeoperationsncludefollow-link or sessioomanagemerfunctions.On the World-
Wide Web, therun-timelayeris usuallyrepresentethy a Web sener combinedwith somesort
of containerfor the businesdogic (e.g.,aservletcontaineranapplicationsener, etc.).

Thefocusof theDextermodel thestoragdayer, is centerecaroundthenotionof an(informa-
tion) componentA componentn the Dexter modelis eitheranatomicor composednformation
componenor alink. An atomicinformationcomponenbnly containsthe actualinformation,
a compositecontainsadditionalreferenceso othercomponentsSupportfor compositess one
of the key featuresthat supportsreuseand consisteng of information. Secondly the Dexter
modelde nes a componento consistof a so-calledbasecomponentepresentinghe content
and additionalcomponentnformation. This additionalinformationincludesall propertiesof
the componenbtherthanthe content:its graphicalrepresentatiorinking information,etc. Al-
thoughnot designedas explicit goal, Dexter componentdeaturesomesupportfor separation
of concernssincethe actualinformationis separatedrom the other propertiesof the compo-
nent. Togethemwith thecomposabilityof componentsthe extensibility of basecomponentsvith
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additionalpropertiegesultin a e xible andpowerful modelfor informationsystems.

The missingcomponentor a hypertext systemis the linking of information components.
The Dexter model not only supportslinks betweeninformation componentdut also address-
ing locationsor itemswithin components.In the model, this mechanisnis called andhoring
which todayis commonlyseenon the World-Wide Web whereanchorsarethe only possibility
to addresdocationswithin anHTML document.To unambiguouslydentify componentsegvery
Dextercomponenhasauniqueidenti er. Thetargetof ahyperlinkthusconsistof suchaunique
componentdenti er in combinationwith ananchorspeci cationthatlocatesthereferencego-
sition within the component.On the Web, uniform resourcdocators(URLS) [21] containboth
thecomponen(i.e., resource)denti er andthe within-componenfragmentidenti er basedon
existing anchors With therecentW3C's XLink/XPointer recommendatiof43,44], theneedfor
embeddinganchorsn a Webresourcedo be ableto referencea speci ¢ positionin acomponent
vanishes. XLinks uniquelyidentify the target resourcewhile an XPointeridenti er locatesa
givenpositionin the content.Unlike theanchoringapproachnpo embedde@nchorsarerequired
in the contentwhich is especiallyhelpful for referencingthird-party documentdor which the
requiredwrite accesso embedanchorausuallyis not granted.

5.1.2 MODELING WEB APPLICATION ARCHITECTURESWITH UML

In [37], Conallenpresentsaa UML-basedmeta-modefor Web applicationsthat takes a com-
pletely differentapproachthanthe Dexter model. Conallenstartswith the de nition of a Web
applicationasasoftwaresystenmwith abusinesstatewhosefront endis deliveredvia aWebsys-
tem. This de nition completelycoincideswith our de nition in Section2.1. Regardinga Web
applicationasa comple softwaresystemandgiventhedominantrole of the UML for modeling
softwaresystemsConallenexploits the UML extensibility mechanismsndde nes stereotypes
to modelWebapplicationsusingUML diagrams.

Unlike the Dexter modelthatis content-centridi.e. the storagelayer), the extendedUML
notationis focusedonthebusinesdogic of aWebapplication.Conallenconcludeghatmodeling
Web applicationsasUML classdiagramsalone,is not sufcient. The additionalsemanticand
inner workings of Web pagesarethusrepresentedy stereotypedJML classes.The resulting
componentdiagramis similar to a sitemapandconceptuallycloseto the XGuide requirements
diagram.To modelthecollaborationnsideWebpagege.qg.,client-sideor sener-sidescripting),
the functionalentitiesusedin a Web pageare separated Again the principle of separatiorof
concernss used.In this case however, to separateariouslogic concerngrom eachotherrather
thanto separatalifferentkinds of concernssuchas the content,the logic, accesscontrol or
graphicalpresentation.

In Conallens model,eachcomponenhasa client-sideanda sener-siderepresentationr his
is necessaryo modelthedifferentbehaior of acomponentiependingnthelocationwhereit is
displayedor executed.Theclient-sideview of acomponentfor instancejncludesthe JaraScript
functionalityandthe processingf potentialWebforms. Thesener-sideview, ontheotherhand,
representtheback-endapplicationlogic thatis necessaryo createthepage.Theclientpage and
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serverpage stereotypelasseareusedin the metamodelto representhetwo differentviews of
thesamecomponent.

Hyperlinks,the secondngredientdor a hypertext model,aredepictedoy stereotype@sso-
ciation classes.Suchrelationshipscan have quanti ers (e.g.,0..*) to modellinks to multiple
pagesA typical exampleis theresultof asearchrequesitn a productcatalogueTheresultpage
containsa numberof links that point to the respectre productdetailspage—eaclf whichis an
instanceof astereotypedlassparameterizely theproductidenti er. Thenotionof quanti able
hyperlink associationss similar to the multi pageapproachn XGuide. Multi pagessimilarly
represenacollectionof typedandparameterizegageqe.g.,thesetof productdetailpages}hat
canbereferencedrom anothempageor componente.g.,thesearchresultpage).

A major drawback of the model presentedn [37] is that no real notion of a component
exists. Pagesarethe basicentitiesandonly the functionalaspectf pagesarefurtherre ned
in anobject-orientechpproach Apart from the businesdogic of a Web application,no compo-
nentization(e.g.,for pagefragmentghatarecomposedo form the nal Web pageor for layout
reuse)s supported.

5.1.3 THE XGUIDE META-MODEL FOR WEB APPLICATIONS

Implicitly we alreadyintroducedthe entitiesof the XGuide meta-modeln the discussiorof the
requirementanalysisanddesignphasesUnlike theabove approaches{Guideimplementghe
notionof aWebcomponenasa rst-classprimitive. It doesnotfocusspeci cally onthecontent
(asin the Dexter model)or onthebusinesgogic (asin the Conallenapproach)Instead XGuide
componentgonsistof several equalandindependentoncernghat representhe content,the
layoutor theapplicationlogic.

Componentsn XGuide comein two avors: eitherascomposableor asnon-composable
entities. A composableomponentepresenta fragmentof a Web pagethatis reusedandem-
beddedn othercomponentge.g.,the footer of a page). Non-composableomponentarethe
Web pageghemselesthathave the samecharacteristicasary other(composableromponent
but cannotbe embeddednto othercomponent®r pageshemseles. The XGuide meta-model
distinguishesetweencomposableomponentssimple pagesand multi pagesthat representa
parameterizedollectionof simplepages.Dependenciesn third-partyor externalservicesare
coveredby externalcomponentsA compositionrdependencdescribesheembeddingf acom-
ponentinto anothercomponenbr page.

Linking informationin the XGuide modelis de ned by navigationaldependenciesSuch
dependencieepresena hyperlinkfrom onepageor componento another SinceXGuideintro-
duceghenotionof amulti page quanti ersonnavigationaldependencieasfoundin Conallens
approacharenot necessarylnstead hyperlinksto multi pagesransportcontect informationto
selectthe appropriatepageto display out of the collection of pagesrepresentedby the multi
page.Also notethatcomposableomponentgpagefragmentslaswell asfull pagescanactas
sourcedor hyperlinks. In contrast,only Web pagesbut no pagefragmentsareallowed aslink
destinationsUsing pagefragmentsaslink destinationsvould resultin the de nition of one-to-
mary hyperlinkssincethe sourceof sucha link is implicitly linkedto all pageghatembedthe
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referencecomponentOne-to-mag hyperlinksarecurrentlynot supportedn XGuide because
they areextremelyrarein Web applications.With the (currentlymissing)broadsupportof the

XLink/XPointer recommendatiofd3,44], however, one-to-map links will be easyto integrate
into XGuide.

Apart from the classicalelementsof a hypertext model(i.e., the information components
andthe linking structure) the XGuide meta-modeintroducesadditionalartifactsto loosenthe
couplingamongcomponentandprovide supportfor theincreasingiseof dynamicallygenerated
Web pages.

Themostimportantsuchconcepis the notionof a contractfor aWebcomponentContracts
provide speci cationsof Webcomponentandpagesandclearinterfacesamonghecomponens
internalconcernsContractsaarediscussedn detaillaterin this chapter

A secondextensionto traditionalhypertext modelsis the explicit modelingof interfacesand
informationprocessingisinginput- andoutput-interfaceslnput interfacesstatethe information
requirement®f acomponentn orderto beinstantiatedAs a consequencenly dynamicpages
have input interfaces. Outputinterface,on the otherhand,specifythe informationa pagepro-
videsvia Web forms—bothstaticand dynamicpagescan have outputinterfaces. If input- and
output-interdcesof linked pagesdo not directly match,a mediator(processingcomponentas
to beinsertedbetweenthem. Sucha processingntity is traditionally calledthe businesor ap-
plication logic of the Web application. In the XGuide model, applicationlogic processesan
be introducedto make the work o w, the dependenciesn external systemsand processingf
informationexplicit. Suchprocessessall othermodelartifacts,have a speci cationthatstates
theirinput- andoutput-interbceso ensureeasyandconsistentieployment.

Table5.1 presentsa descriptionof all (visualandnon-visual)entitiesof the XGuide meta-
modelfor Webapplications.

Regardingthelevel of detail of the XGuide meta-modelit is positionedbetweerthe Dexter
andthe Conallenmodels. In the Dexter model,informationon the internalsof a componenis
explicitly excluded. The authorsstatethatthe internalsof suchcomponentganbe so manifold
thattheir modelingis simply beyondthe scopeof a genericmodel. In Conallens approachpn
the otherhand,only the applicationlogic is modeled-ht in greatdetail. The XGuide approach
liesin betweenn thatit providesa componenspeci cationthatde nes separateoncernsand
interfacesto othercomponentdut otherwiseagreeswith the authorsof the Dexter modelthat
the internalsof eachconcerndependioo muchon the concreteapplicationto be coveredby a
genericmodel. Modeling the contentconcern for instance might involve information mining
andstructuringtechniguesthe graphicalappearances often determinediusingstoryboardsyl
chartsor rapidprototyping;theapplicationlogic canbemodeledusingthestandarar Conallens
extendedversionof the UML.

Comparedo theothermodelspresente@bove,the XGuidemodelcoversabroaderspectrum
of thedesignspacesinceit doesnotfocusonasingleconcernout providesanextensiblecontract
modelthatsupportsaanarbitrarynumberof equalconcerns Although Conallende nesaclient-
side and a sener-side view of the Web componentsa real componentapproachthat features
reusableand composabléVeb components—atund in the Dexter (compositesand XGuide
approaches—imissing. Unlike the Dexter model, we do not explicitly supportoperationson
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Table5.1: Theartifactsof the XGuide Meta-Modelfor Web Applications.

Name Description

SimplePage A simple pagerepresents single Web pagethat consistsof several concernsand can
embedothercomponentsSimple pageshemselesarecomponentdut cannotbe further
composed.

Multi page Multi pagesareparameterizedollectionsof (simple)pagesof the sametype. Suchpages
sharethe samestructureand graphicalappearanceand only differ in the contentthey
present.

Component Componentsare composableentitiesandrepresenpagefragmentsto be reusedandem-
beddednto othercomponentsaindpages.

ExternalPage Externalpagesienotethedependencie® external, third-partyserviceghatarenot partof

theprojectbut needto beintegrated.

App logic process

Applicationlogic processesnake the processingf userinput explicit andactasmedia-
torsbetweenthe input- andoutputinterfacesof pagesandcomponentsApplicationlogic

processesftenarecomplex softwaresystemson their own with multi-layerarchitectures
back-enddatabaseandcomple interactionswith externalservices.

NavigationalDependeng

A navigationaldependeng represent$iyperlink from the sourcepage(or componentto
thedestinatiorpage.In the caseof multi pagetargets,navigationaldependenciesansport
contect informationto provide the multi pages input parameters.

CompositionaDependeng

Compositionabependenciespecifythe embeddingf componentinto othercomponents
andpages.

Input/outputinterface

Input- andoutputinterfacesareassociatedvith all sortsof pagesandcomponentso cap-
turetheinformationthey provide (via Webforms; outputinterface)andtheagumentghey
requireto be instantiatedinput interface). The explicit speci cation of input and output
requirementsupportsconsisteng checkingof componentvebsandprovidesaclearinter-
faceto programmers.

Contract

Contractsarespeci cationsfor pagesandcomponentsindprovide informationabouttheir
internalstructure the concernghey implementtheir navigationaldependenciegndtheir
compositionablependenciesContractsarenotdirectly partof themeta-modebut areused
to captureandlateronre ne meta-modeinformation.
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Web componentsand pages. The Dexter modelde nes both storage(e.g., createcomponent,
destry componentetc.) and run-time operations(presentComponenftpllowLink, etc.). In
XGuide,thelife-cycle of acomponents implicit, i.e., it is automaticallycreatedvhenit is rst
requestedautomaticallydisplayedas a responséo the request,andfollowing links is simply
modeledasrequestinga new component.

In XGuide, all informationon modelartifactssuchaspageshyperlinksor applicationlogic
processess capturedin contracts. Hencecontractsare the actual presentatiorof the model
artifactsandactasspeci cationsfor a subsequernitnplementationTheremaindeof this chapter
discussetheideaof contractdor WebcomponentandpagesWe rst introduceaformalmodel
for contractsand contractconcerns.The following sectionspresenthe actualimplementation
of contractsin XGuide as XML documentsand the semanticof and operationsfor contract
composition.

5.2 A FORMAL MODEL FOR WEB COMPONENT CONTRACTS

Theideaof contractsoriginatesfrom the domainof software engineering.On the component
level, interfacesrepresenthe contractof a componentj.e., specifyhow the componentanbe
usedfrom the outside. BertrandMeyer's design-by-contraci83,111,112] bringsthe idea of
contractsto the next level. Not only the interfacebut also pre-/post-conditionsind invariants
specifythe expectedbehaior of methods.Eiffel [110,113] providesbuilt-in supportfor such
contracts. The next level of evolution is reachedwith statemachinessuchas AsmL (Abstract
StateMachine Language)6—8]. It supportsthe de nition of contractsfor Microsoft's .NET
platform. Suchcontractsof pre- andpost-conditiorandtype invariantscanthenbe woveninto
theactualimplementatiorcodeto have themchecledat runtime.

Theideaof acontractin Webengineering—jusasthetheideabehindinterfacesn software
engineering—igo revealall the necessarynformationto interactwith anartifactindependently
of its innerworkings. Similarly, anXGuidecontract (XContract) describeshe propertieof aset
of pageswith the samecharacteristicsSucha contractcould, for instance specifythe structure
of thecontenton apage.lt doesnot, however, sayhow the contentis createdr collected.

The structureof the contentto be placedon a pageis one example. Similarly, contracts
de ne speci cationsfor the developmentof the graphicalappearancandthe applicationlogic.
The variouspropertiesof a pageor componenthat are coveredby its contractare called con-
tractconcerns In additionto de ning adefault setof contractconcernsXContractsprovide an
extensibility mechanisnto add andintegratenewn contractconcernswithout affecting existing
ones.

Throughouthis work, we developedanintuitive notionandunderstandingf whatcontracts
are and how they canbe used. This sectionpresentghe formal foundationfor dealingwith
contractdn XGuide. It de neswhata contractanda concernis andhow contractcomposition
works.

An XGuidecontract isanunorderedupleof concerns thatdenotethe differentcharac-
teristicsof the page.
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(5.1)

The structureof the contentmentionedabove, the input and/oroutputinterfacesor access
controlconstraintareexamplesfor concernghatareaggreatedin acontract.

Furthermore gachconcernhasan associatedype which is usedto identify the concernin
the contract. A samplecontract,thus, could containa concernof type structure, a concernof
typeinterfaceandanotherconcerrnof typeaccessontrol. Thetypeof aconcerncanberetrieved
usingthe function,i.e.,thetypeof is . A contracttancontainatmostoneconcern
of ary giventype. As aresult,thecontractde nition givenin 5.1 hasto be extendedo

where (5.2)

If the type of a concern is independentf anothertype , we
call orthogonalto . Independenin this context meanghatconcernf type donotneed
informationspeci edin aconcernf type to expresstheir characteristicslf  is orthogonal
to wewrite

(5.3)

If type of aconcernsindependentf all othertypesof concernsn a contractwe call this
typeof concernorthogonalto the contract or simply orthogonal

(5.4)

Sinceat mostoneconcernof ary giventype maybe presenin a contractwe canalsocall a
concernorthogonalf its typeis orthogonal.Thus,aconcern is orthogonako concern if the
typeof isorthogonato thetypeof

(5.5)

If thetype of concern is orthogonalo the contractwe alsocall orthogonalto the con-
tract.

(5.6)

Finally, a contractis saidto be orthogonaif all theconcernst containsareorthogonal.

Thestructure concerndescribinghe structureof the contentof a pageis a goodexamplefor
a concernwhich is orthogonalto the contract. It doesnot dependon ary otherconcernsince
the structureof the contentis self-containednddoesnot requirefurtherinformationfrom other
concerns.

Althoughconcernsareindependendf eachotherin thedomainof the nal applicationtheir
de nition mightrequiredependenciesmongconcernsTheaccessontrol concernfor instance,
de neswhich partsof thecontentareaccessibl¢o agivenprincipal. Clearly, thede nition of the
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accesgontrolconcerrmustdepencdnthestructureconcerrio beableto referto theappropriate
partsof the content. As a consequenceye call thetype of concern dependenbn if
concernf type rely onconcernsof type

(5.7)

Arguingasbeforethatthetype of concern hasto beuniquewithin the contractwe call
aconcern whichreliesonanotherconcern dependenbn denotedasshovnin 5.8.

(5.8)

For XGuide contractswe further enforcesomeruleson the useof dependeng relationsto
restrictthe compleity of contracts.The optimumis to have anorthogonalkontractsincein this
caseno concernis dependenbn ary other If thisis not possible the numberandcompleity of
dependengrelationshipshouldbeassmallaspossible We thusdo not supportaconcern  to
bedependenbn morethanoneconcern . Multiple concerns , however, canbe
dependenbnthesameconcern .

(5.9)
(5.10)

We allow transitve dependenciesf concernsi.e., istransitivedependenon if thereare
otherconcerns in toformadependencghainfrom to

(5.11)
Thelengthof thelongestdependengchain of aconcern canunambiguoushpede ned
as

is anorthogonakoncern (5.12)

Additionally, wede ne  asthesetof all concernswith adependengchainof length and
asthelengthof thelongestdependengchainin

(5.13)
(5.14)

Basedon the above de nitions, anorthogonakoncern has and is theset
of all orthogonakoncernsn

Extensibility of contractscannow be de ned asthe addition of a new concern andits
correspondinglependengrelationshipgakinginto accountheabove restriction.
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For corvenience,we also introducecompatibility amongconcerns. We call a concern
(type)compatibleto if both concernshave the sametype. Correspondinglytwo concernsare
called(type)incompatiblef they have differenttypes.

compatible (5.15)
incompatible (5.16)

5.2.1 CONTRACT COMPOSITION

Using the de nitions of contractsandconcerndrom the previous section,we now discussthe

compositionof contracts.Let and be XGuide con-
tracts.We de ne acompositionoperator and astheresultof thecompo-
sition:

(5.17)

Thebasicideaof the  compositionoperatoris to composeall compatibleconcernsof the
contractgakingall dependengrelationshipsnto account.Thefunctionalityof  isthusde ned
in termsof —the compositionoperatordor the concernf types , , ...included
in and

The numberof concerns in the compositionresultis determinedoy the numberof unique
typesof concernsn  and . Thefollowing simpleconditionalwaysholdsfor :

(5.18)

For the discussiorof contractcompositionwe alsointroduce —the setof typesoccurring
in theresult of the compositionof and . Sinceno new typesareaddedto nor existing
typesareremovedfrom the compositionresultby doingcontractcomposition, is the setof all

typeswhichoccurin  or . Thusfor , wede ne
(5.19)
(5.20)
Finally, we de ne astheconcernin  with type . For ary givencontract , is

eithertheemptyset(if no concernof thistypeis presentpr containsexactly oneelement(since
only oneconcernof ary giventype canexist in agivencontract).

(5.21)
(5.22)
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Contract Composability. We call two contracts and composabléff the dependenciem
thetwo contractsareuniquewith respecto therulesfor dependencieasdescribedabore.
Speci cally, this meanghatif atype dependonatype in ,then must(if present)
alsodependn in ,i.e.,

(5.23)

5.2.1.1 CoOMPOSITION OF ORTHOGONAL CONTRACTS

To begin with, we discussthe compositionof orthogonalcontracts,i.e., contractswhich ex-

clusively containconcernswith no dependenciesLet again and
becontractswith anarbitrarynumberof orthogonakoncernsDealingonly with

orthogonalconcernswe get a setof composedprthogonalconcerns where

is the numberof orthogonaltypesin . Sinceno dependenciesxist, and

. Thecomposition of and isde nedasfollows:

(5.24)
For each we distinguishthreecasesithetypeof only existsin , thetype of
only existsin , andthetypeof existsinboth and . Thuswede nea as:
(i.e., )
ie.,
@ ) (5.25)
compatible

(.e. )

In otherwords, we simply addall orthogonalconcerngo the resultingcompositecontract
thatdo not have a counterparbf the sametypein the othercontract.For thoseconcernswvhich
occurin bothcontractswe applythe compositionoperatorfor therespectie type.

Example. Given the orthogonalcontracts and with
, we would aggreate accordingto the above rules
as : , and

5.2.1.2 CoMPOSITION OF DEPENDENT CONTRACTS

In the caseof generaldependentontractsthe situationis not asobvious asin the orthogonal
case.We alsohave to considerdependencieamongconcernsncluding transitve dependeng
chains.

in and with thelengthof thelongestdependeng chainof the concernj.e., we assign
eachconcerro its corresponding where denoteghelengthof thedependengchain.Recall
thatevery concerncanonly have a singledependengon anotherconcern(similar to singlevs.
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multiple inheritancen object-orienteghrogramming) As aresultwe getlabels onall nodes

of thedirectedacgyclic graphof dependengrelationsbetweerconcernsWe canfurtherdivide
the graphinto levels whereeachlevel consistsof all nodeswith the samelabel, i.e., level
containsall nodesof

Assumefor the discussiorof compositionof dependentontractghat

and are contractswith an arbitrary numberof orthogonaland depen-
dent concerns. As a result of the compositionof and , we get a compositecontract
where isthenumberof all typesin e,

We now de ne by completeinductionhow contractcompositionis done.We rst shov how
the compositionworks for concerndn  andthendescribehonv compositionis donefor
undertheassumptiorthatall concernof  with werealreadycomposed.

For and we dealwith orthogonalconcernsonly andthuscanapply the rules
from the previous section.We calculate as

Fortheconcernsn  ontheotherhand,theconcernsn in uence how thecomposition
is performed Basically the compositioroperatoifor aconcern oftype ( ) whichdepends
on anotherconcern of type hasto 'understand'what the compositionoperatorfor type

() means. This requiresa way to apply to to reformulate  accordingto the
de nitions in

We de ne thereformulateccompositioroperator ~ for aconcerrnof type thatdepend®n
type astheresultof applying to

(5.26)
Remark. Note that for orthogonalconcernsof type . For all otherconcerns,
however, thisis usuallynotthe case.

Returningto the compositionof , we de ne the composition as
follows: be and . As in the orthogonalcase we have
to distinguishthreecasesthe existsonlyin , existsonlyin ,and exists
in both and . Wecanthusde ne a as:

(5.27)
(5.28)
(5.29)

This meanghatif thereis neithera concernof type in  noraconcernof type in ,
we cansimply take whatis de nedin . If noconcernof type isdenedin butaconcern
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of type isdenedin ,we applythereformulatedcompositionoperatorof type (  )to

thede nitions of type in (). Thesameappliesvice versefor . If aconcernof type

is presenin both and , we usethereformulatedcompositionoperatorfortype () on
to obtainthereformulatedcompositionoperatorfor type ().

Remark. Note that we canreformulateboth compositionoperatorsas well asconcernsoy
applyingcompositionoperatorof typesthey dependon asunaryoperators.If we usea
compositionoperatorasa binary operatoywe actuallycomposeawo concernof thesame
typeto form acompositeconcern.

Example. Extendingthe previous exampleon orthogonalcontracts,assumecontracts
and with , , and

The contractdn this examplecannotbe composedecauseghey arenot compatible,.e.,
and have the sametype but do not have the samedependenciesSpeci cally, is
orthogonalwhile  depend®n

Example. A slight modi cation of the previous example makes the contractscomposable.

Assumecontracts and with ,
, and

In thiscase,both and areorthogonalandthe typesof the concernghat dependon
themaredifferentwhich doesnot violatethe composabilitycondition.

Following the rules of contractcompositionas describedabove, we createandlabel the
dependenggraphanddivide it into the following disjunctlevels:

and . Startingwith the orthogonalconcernswe would calculate
as . For wehaeadependencon butwedonothaveaconcer
of type in . Thuswe applythereformulatedccompositionoperator to

. Thesamestepshave to bedonefor

Theabove de nitions andcompositiorrulesform the basisfor contractcompositionasused
in XGuide. It is alreadyclearthattheintroductionof dependentoncernssigni cantly increases
the compleity of the overall compositionsince dependentoncernshave to 'understand'the
compositionoperatorf the concernghey dependon. Fortunately the mostimportantcontract
concernsusedin Web applications(the content,the layout and the applicationlogic) do not
requiredependentoncerns Additional concernsuchasaccessontrol or meta-datahowever,

do.
The next sectiondemonstratea concreteémplementatiorof the formal contractmodelpre-

sentechere.Contractsconcernsandcompositionoperatorsarecompletelyformulatedin XML
andtheresultof acompositionoperationagainis an XML document.
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5.3 XGUIDE CONTRACTS - XCONTRACTS

Since XGuide focuseson XML-basedWeb engineeringandwe aimedat expressingcontracts
declaratvely, it standgo reasorno useXML asthe contractlanguage.This choiceis especially
bene cial sincesomecontractconcernsandirectly be expressedn an XML language.Using

XML ascontractlanguagealsoprovided us with arich setof librariesandtools that could be

usedto createandmanipulatecontracts.

A rst importantpropertyof a contractis thatit mustbe uniquelyidenti able. Thusall con-
tractshave auniqueidenti er togethemwith aversion.Theidenti er is necessaryo differentiate
betweerthevariouscontractsTheversionidenti er distinguishesnultiple instance®f thesame
contract. Multiple contractinstancesccurif contractsevolve over time to satisfy extendedor
changedequirement®f pages.Neverthelesother pagesreferencingthe samecontractmight
notful Il theupdateandstill conformto theoriginal versionof thecontract.As aresult,boththe
contractidenti er andtheversionidenti er arenecessaryo unambiguouslydentify a contract.

The structureof an XContractwrappingthe contractconcernss shavn in Figure5.1. The
xcontract documentelementandall contract-relatectlementsand attributeslie in the http:
IlIwww.infosys.tuwien.ac.at/xg uide/ cont ract namespacelhecontraciandthe
versionidenti er arebothrequiredattributesonthedocumenelement.

<?xml version="1.0"?>
<xcontract xmlns="http://www.infosys.tuwien.ac. at/xgu ide/c ontra ct"
id="SampleContract"
version="0.9"
>
<l--  concern definitions go here -->
</xcontract>

Figure5.1: Thestructureof an XContract.

As we pointedout before,a contractbasicallyis a collection of contractconcerns. Each
contractconcerndescribesa certaincharacteristiof the Web componenbr pageand may, or
may not, dependn otherconcerns.

As shawvn in Figure5.2, concernsareencapsulatedy the concernelementandagainhave
anidenti er attribute. Sincewe wantto be ableto usearbitrary XML languageso describethe
contentof a concernwe usethe conceptof XML namespace® distinguishthe variousvocab-
ularies.In Figure5.2,the structureconcerns representetly an XML schemdi.e., by elements

from the http://www.w3.0rg/2001/XMLSche manamespacedndtheinterfaceconcern
is representedy our own interface de nition language(i.e., by elementsfrom the http:
/lwww.infosys.tuwien.ac.at/xg uide/ conc erns/ inte rface namespace).

Having introducedhis contractstructuretheextensibility requiremenof contractaneasily
be satis ed. To extendthe contract,only a new concernelementwith contentin theappropriate
markuplanguagéhasto beadded.Theonly constrainis 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.w3.0rg/2001/XMLS chema'">

<l-- 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 concerngrom differentnamespaces.

unigue.Anotherdistinguishingeriterionfor concernshavnin Figure5.2is thatconcernganbe
speci eddirectly in the contractor merelyreferencedn the correspondingoncernsection.In
the caseof the structue andinterfaceconcernsthe concernspeci cationis inline, i.e., directly
providedin the contractusingdifferentnamespacesThe SomethingElseoncern,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 concernspn the otherhand,cannotbe embeddedn or
referencedrom othercontractsaandthusareonly usablein onecontract.

Before delving into the detailsof the structureand interface concernswe rst introduce
the notion of animplementatiorconcernversusa contract concern Contractconcernsarethe
varioussubsectionsf contractshatdescribehevariousaspect®f thespeci cation.Implemen-
tation concernspn the otherhand,arethe concernausedin concretemplementation®f Web
pagesandcomponents.

Theinterestingfactis thatthe mappingof contractconcerndo implementatiorconcernss
not necessarilya one-to-onemapping. The structurecontractconcern for instance s usedas
speci cationinformationfor thecontenimplementatiorconcern(i.e., it de nesthestructureand
datatypesof thecontentdocumentandthelayoutimplementatiorconcerr(i.e.,thedevelopment
of XSLT stylesheet®nly depend=n the structureinformationin the schema).Othercontract
concernge.g..theinterfaceconcerndirectly mapto implementatiorconcernge.g.,in aspeci ¢
programmindanguage).
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As aresult,contractsfor the dominantthreeimplementationrconcerndn Web engineering
(content,layout andapplicationlogic) only requiretwo contractconcerngstructureandinter-
face).Thefollowing subsectionsliscussoth of thesecontractconcernsn detail.

5.3.1 THE STRUCTURE CONTRACT CONCERN

The structurecontractconcernis the heartof an XContract. It reliesonthe W3C XML Schema
recommendatiof24,143]andde nesboththe structuralandthe datatypeconstraints Depend-
ing on the type of the concern(inline vs. external), the schemadocumentis either directly

embeddedn or only referencedy the structuralconcern.We do not presenimoreinformation

aboutthe XML Schemarecommendatiomerebut refer the interestedreaderto the excellent

primer of the recommendatiof53]. Figure5.3 shaws the (internal) structureconcernsnippet
from asamplecontractfor a Webpage.

5.3.2 THE INTERFACE CONTRACT CONCERN

The interfacecontractconcernis morecomple to introducebecauseno XML dialectcovering
input- and outputinterfacesas neededn XGuide exists. As a consequenceye introduceour
own markuplanguageo describethe input andoutputrequirement®f pagesandcomponents.
Recallthatan XGuide componentanonly have a singleinput interfacestatingthe information
neededo createthe component.In contrast,a componentanhave multiple outputinterfaces
accordingto the numberof embeddedVeb forms. Outputinterfacesconsequentlyequirean
identi er attributewhereaghe singleinputinterfacedoesnot.

Both input andoutputinterfacessharea commonstructureconsistingof a setof parameters
thathave aname,a (data)type anda dimension.The dimensionattribute speci esthe whether
aparameters anarray andif so,whatits dimensionis. Accordingly a parameteof dimension
0 representa single value, a parameteiof dimensionone a 1-dimensionakrray of the given
type,andsoon. Notethatthe notion of aninterfacein XGuide differsfrom interfacesasused
in software engineering.XGuide interfacesonly contain eld membersut no methods. The
reasonfor this restrictionis that always a single default methodis (implicitly) usedby clients
of theinterfaces.For inputinterfacesof pagesandcomponentsthis is the instantiateoperation;
for outputinterfacesit is the submitoperation. Supportingadditionalmethodsin the XGuide
interfaces(e.g.,displaycomponentdestry page,etc.) only makessensef the createdsystem
needsto be dynamicallyeditedat runtime (seethe Dexter hypertext model[75] for detailson
thisidea); XGuide currentlydoesnot supportdynamicediting of Webapplications.

Figure 5.4 depictsthe input and outputrequirementof a Web pagethat takes a string ar
gumentasinput and providestwo outputinterfaces(i.e., two separat&\Veb forms). The seach
outputinterfaceprovidesa stringargument(e.g.,the searchterm). The order interfacecontains
two integeramgumentgepresenting productidenti er andthe quantityto beordered.This con-
stellationof interfacescould, for example,occurin a shoppingcartcontractthattakesthe users
nameasinput to displaya customizedvelcomemessageand providesa productand quantity
selectionform togethemwith a (separate¥earchform.
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Figure5.3: Thestructureconcernof a sampleXContractfor a Web page.
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<?xml version="1.0"?>
<xcontract xmlns=".../xguide/contract"
id="SampleContract" version="0.9"
>
<concern type="Interface">
<idl:interface xmins:idlI="http://.../xguide/concern sfint 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>
<l--  other concerns go here -->
</xcontract>

Figure5.4: Theinterfaceconcernof a sampleXContractfor a shoppingcartWeb page.

Theonly elementsn thehttp://www.infosys.tuwien.ac.at Ixgui de/c oncer ns/
interface namespacaretheinterface in, outandparamelementsThein andout elements
encapsulatéhe input and outputinterfacesrespectrely. The param elementrepresents sin-
gle agumentwith the speci ed nameand datatype in the respectie interface. As explained
above,thedimensiorattribute determineshe dimensionof arraytypes.Notethatthedimension
attribute canbe omittedto usethe default dimensionof zero.

The introductionof XContracts,contractconcernsand the contractextensibility modelis
only a preparationfor the discussionof how contractscan be composed. The formal model
presentedn Section5.2 alreadyde ned compositionoperatorsfor orthogonaland dependent
concerns.The basicstructure andinterfaceconcernsof XGuide contractsareboth orthogonal.
The next sectionextendsour notion of XContractswith the de nition of compositionrulesand
operatordor theseconcerns.

5.4 CONTRACT COMPOSITION

If we think of contractsas XML documentsasoutlinedin the previous section,composition
meango procesandmegethe contractdocumentso createtheresulting(compositerontract—
againin XML form. Althoughtheircontractsyntacticallydonotdiffer, recallthatwe distinguish
betweenpagecontractsand componentontracts. Only the latter canbe embeddednto other
component@and pages;the former cannotbe reusedor further composed.Thuswhenwe talk

aboutcontractcompositionwe always meanthe compositionof a componentontractwith a

pageor anothercomponentontract.
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Also notethatcomposingwo contractsloesnot createa third, completelynew contractbut
embedsone contractinto the other The resultinghierarchyof composition(i.e., embedding)
dependenciess naturalfor Web applicationsvherereusablepagefragmentge.g.,the headeror
navigationbar)areembeddedhnto pages.

Basically two alternatve ways of composingcontractsare possible: composition-by-copy
and composition-by-efeence In the rst case,the referencedccontractis melgedwith there-
ferencingcontract. Oncethe contractsare meiged, the compositionis transparenti.e., no in-
formationon what contractwasreferencecandhow the compositionoperationwas performed
exists. Usingcomposition-by-referencen the otherhand,the contractsareonly linkedandthe
compositioropermation ratherthantherefeencedcontractis addedo thereferencingcontract.

In the caseof XContracts,composition-by-cop meango meigethe XML fragmentsepre-
sentingthecorrespondingontraciconcernsTheresultingXML fragmenthenreplacegheorig-
inal contractconcernde nition in thereferencingcontract.This hasthe advantagethatchanges
to thereferenceatontractcannever breakthe referencingcontract. This fact, at the sametime,
is alsoa downsidesinceupdatedo the referencedcontractare not propagatednd have to be
integratedmanuallyinto a potentiallylarge setof contracts.Evenworse,if a contractembeds
severalcomponentontractdy copy, it mightnotbe possibleto undothe compositionoperation
to integratea new versionof oneof thecomponentontracts.

Alternatively, using composition-by-referenchetterfacilitatesreuseand changepropaga-
tion. However, it resultsin a problemsimilar to the fragile baseclassproblem[136] in object-
orientedinheritance. Changedo the referencedcontractsare immediatelypropagatedo all
referencingcontracts but might well requirea subsequentipdateof the compositionoperator
in the referencingcontract. We meetthis problemby supportingstronglytyped contractrefer
encesj.e., boththe contracts uniqueidenti er andthe full versionnumberareincludedin the
reference.Thusif areferenceccomponentontractis upgradedijt getsa new versionnumber
andreferenceso previousversionscontinueto work. Thuswe do not supportautomaticchange
propagatiorio thereferencingcontractsut requireanupdateto thecontractreferenceo thenewv
versionof theembeddedontract. Theadwantageof this approachs thatno unexpectedchanges
arepropagatedndtheresultof a contractupdateis morepredictable.Updatinga contractref-
erenceto a newer versionof the contractis still easysinceonly the versioninformationof the
contractreferencehasto be updated.

In the discussiorof the formal contractmodelwe statedthat contractcompositionmeango
iteratively composaall contraciconcernsAs aresult,acontractcompositioroperatorconsistof
a setof concerncompositionoperatorgor the concerntypespresenin the contracts Figure5.5
demonstratekow the concerncompositionoperatorsareaddedo thecontract.A separateom-
positionefselementcontainsall compositionreferencesCompositiorreferencesireiteratively
integratedinto the contract. Thusin the exampleshavn in Figure5.5, rst a.cont@act is inte-
gratedandthenb.contractis addedo theresultof the rst composition Eachrefeencespeci es
a strongcontractreferencdi.e., the uniqueidenti er andthe versionof thereferenceaontract)
andprovidescompositionoperatordor all concerns.

Thesubsequergectiongresenin detailtheconcerncompositionoperatorgor thestructure
andtheinterfacecontractconcernsThey also Il in the missingdetailsof the XML representa-
tion of theoperatorasusedin XContracts.
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Figure5.5: Thestructureof anextendedXContractwith concerncompositionoperators.
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5.4.1 COMPOSITION OF STRUCTURE CONTRACT CONCERNS

Obviously, the concerncompositionoperatorghemselesdirectly dependon the typesof con-
cernsto be composed.We alreadyoutlined at the beginning of the chapterthat we use XML
Schemale nitions to de ne the structureof acomponentAs a consequencaye needto de ne
operatorgor schemacompositionfor the structurecontractconcern.

Our experiencen the Web engineeringdomainandan analysisof existing Web sitesled us
to the assumptiorthat complex compositionoperatordor Web componentsre not necessary
Usually componentsare integratedat prominentplaces(e.g.,only at the top-level of an XML
DOM treeor the beginning of a givenelement).More sophisticateaaompositionoperatorghat
could,for example,supportintegrationof componentsomavherein themiddleof asequencer
collectionof elementsarenot used. This compositionbehaior is easyto understandjiventhe
factthat complex compositionoperationammenselyincreasethe compleity of a pagebut do
not addmuchadditionalvalue. This is especiallytrue sincere-arrangingmodifying or sorting
of elementss subsequentldoneby anXSL transformatiorratherthanby embeddingontentat
theright places.

As anoutcomeof this obsenation,we alsokeepthe structurecompositionoperationsimple
andonly supportoperatorghataddthereferencedtructureconcermatthe beginningor endof an
existingelementde nition. Thisis alreadymorethanis usedin mostof today's Webapplications
andstill straightforward enoughto notincreasecontractcompleity too much. More powerful
compositionoperatorghatfully exploit or evenextendthecompositiormechanisma the XML
schemaecommendatiosaneasilybeintegrated.Until we experiencea needfor suchpowerful
compositionmechanismswe only supportthe default compositionoperatorthat speci es the
elementandwhere(at the beginningvs. atthe end)thereferenceccomponenshouldbe added.
Figure5.6 shovs a samplestructurecompositionoperator

The contractin the examplecontainsa simple XML schemdor a Web page.As de ned in
the contracts structureconcern,a Web pageonly consistsof string content. We thenspecifya
compositionreferenceo the contractof a headercomponent{headercontract). We further say
that the componenshouldbe structurallyaddedat the beginning (in the positionattribute) of
the webpae element. Assumingthat the headercomponentle nes a headerelementof type
HeaderVpe theresultingstructureconcerns displayedn Figure5.7. Sincethe compositionis
by referenceandspeci ed by the compositionoperatoy this resultingconcernrepresentatiois
only usedinternally.

5.4.2 COMPOSITION OF INTERFACE CONTRACT CONCERNS

With thecompositioroperatiorof thestructureconcernn place we now turnto thecomposition
of interfaceconcerns.Composingnterfacesis a more complex taskthancomposingschemas
sincewe have to deal with nameclashes type con icts and dimensionaldependencies,e.,
potentialadjustment®f anaguments dimension.As a rst step,we distinguishbetweerncom-
positionof input interfacesandoutputinterfaces.
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Figure5.6: The structureconcerncompositionoperatorof a sampleWeb pagethatreferences
componentontract.

Figure5.7: The structureconcernafterthe compositionwith the contractof the headercompo-
nent.
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54.2.1 OUTPUT INTERFACES

RecallthatoutputinterfacesrepresentVeb formsthatareembeddedn a page.In otherwords,
anoutputinterfacecontainsanargumentfor every eld, checkboxor optionthe userentersin a
Webform. If the pagecontainsmultiple forms, multiple outputinterfacesare generated Now
imaginethatyou embeda componentontaininga Webform into anexisting page.This simply
meansto add the whole form to the page;it doesnot make senseto combinethe form with
anothey existing form. As a consequencegompositionof formsis in mostcasescumulatve.
This meanghatif we referencea componenthatcontainsaform, i.e., hasan outputinterface,
we simply adda new outputinterfaceto thereferencingcomponent.The only potentialcon ict
with this strateyy is thata form with the samenamealreadyexistsin thereferencingcomponent
which meanghatwe have to renameoneof theformsto resohe the nameclash.

We considera singlespecialcasewhencomposingoutputinterfaces.If we embedthe same
form multiple timesin a page,we do not adda new outputinterfacefor eachnew instanceof
the form but unify themwith analreadyexisting or previously addedone. A goodexamplefor
this scenarids Googles searchresultpage.It containsa searchform both at thetop andat the
bottomof theresultpage.In XGuide,we could modelthe searchform asa separateomponent
thatis includedtwice into the resultpage. The interfaceconcernof the resultpage,however,
would only containa single outputinterfacethatis usedby both forms and that submitsthe
searchinformationto the searchengine.

5.4.2.2 INPUT INTERFACES

For input interfaces,the situationis more complex. The compositionoperationdoesnot deal
with thewholeinputinterfacebut de nesacompositioroperatoifor every parametein theinput

interfaceof thereferencedomponentThisis necessargincetheresultingpagecanagainhave

only asingleinputinterfacethathasto alsoincludethe agumentsrequiredfor theinstantiation
of thereferenceccomponent.This meanghatunlike outputinterfaces,nput interfaceshave to

bemeigedandpotentialcon icts betweennterfaceagumentamustberesohed.

For the purposeof this discussionconsidera page thatreferencesa component . The
parametersf theinputinterfacesof and aredenotecas and
respectrely. The XGuidecomponentvebfor this scenarias shaovnin Figure5.8.

Whencomposingnputinterfaceswe distinguishthe following four compositionoperations
for composingagivenparameter with theinputinterfaceof

COMPOSITION-BY-ADDITION

Composition-by-Additionis the simplestcaseof compositionwhereno semanticrelationship

exists betweencomponent andpage . No semanticelationshipin this context meansthat

the informationin component doesnot dependon the informationin the input interface of

page . Hence,each is independentf ary parameter in the inputinterfaceof . As

a consequence, is simply addedto 's input interfaceresultingin the new input interface
for
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(&) Page with (b) Component
input interface with input interface

Figure5.8: Thecomponentvebfor the samplescenario.

Considerapage thatdisplaysthe currentusers name. Its only input requirementis the
usernameasshowvn in Figure5.9(a).

(a) Page taking a (b) The semantically (c) Theresultof the composi-
usernameasinput. independent compo- tion operation.
nent .

Figure5.9: Samplescenaridor the composition-by-additiompproach.

An exampleof a semanticallyindependentomponent (with respecto page ) couldbe
amenubarthattakesthe currentpageidenti er asinputto highlightthe currentlyviewed page
or section(seeFigure 5.9(b)). The input interfaceof component is clearly independenbf
theinputinterfaceof page asit doesnot dependon the givenusername. Consequentlythe
input interfaceof the compositepage is a union of the input interfacesof and
i.e., the usernameandthe pageidenti er. Theresultof the compositionoperationis shovn in
Figure5.9(c).

In theconcretesyntaxof anXContract,composition-by-additios denotedasshown in Fig-
ure 5.10 (only the interface concernis shavn). For eachparameteiin the input interface of
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the referenceccontracta <param-ref> elementis addedthat containsan operationde ni-
tion (in the <op> element)to specifyhow the parameteshouldbe composed.In the caseof
composition-by-additionthe type attribute simply stateshat the parameteshouldbe addedto
theinputinterfaceof 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/lint 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 partial XContractdemonstratinghe syntaxof the composition-by-additiogom-
positionoperator

Another examplefor the composition-by-additioroperationis a shoppingcart application
that usesa statuscomponento displaythe users currentsettings(e.g., paymentand delivery
options). The statuscomponentrequiresthe useridenti cation asinput parametemserid to
identify theuser If we thencomposédhe statuscomponentvith anoverviev pagethatdoesnot
requireary input parameterssomposition-by-additiomvould addthe useridenti cation param-
eteruserid to theoverview pages inputinterface.

Note that composition-by-additiomloesnot changethe type or dimensionof the referenced
parametersThey aresimply addedto the existing input interface. To resole potentialnaming
con icts betweenexisting andaddedparametersvith the samename,we supportrenamingof
the addedparameter We could, for instance renamethe userid parametefrom the previous
exampleto statususerid in thecompositeo indicatethatthe parameteis requiredby the status
componentSinceno nameclashesxistin thisexample we canbut by no meanaveto rename
the parameter

COMPOSITION-BY-UNIFICATION

A completely different situation arisesif semanticallydependeninterfacesare composed.
Composition-by-Uni cationdealswith parameters thatare semanticallydependenon a pa-
rameter , i.e.,representhe sameinformation. In this casethe parameter is uni ed with an




122 5.4 Contract Composition

alreadyexisting parameter in the inputinterfaceof . Obviously, and mustbe of the
sametype to make this work. Theresultinginput interfaceis the unmodi ed inputinterfaceof
. Only thecorrespondencaformationbetween and needdo bepresered.

In a shoppingcart scenario,considera page that displaysthe contentsof the users
shoppingcart. It alreadyde nesaninputinterfacewith parametecurrentuserthatis neededo
retrieve thecurrentusers shoppingcart(Figure5.11(a)).If we composehis pagewith thestatus
componen(Figure5.11(b)),we canunify the statuscomponens userid input parametemwith
the existing currentuserinput parameterThe resultingcomponenhasthe samenputinterface
asthe page—annotatedith the correspondencef the currentuseranduserid parameters
(Figure5.11(c)).

(&) The shopping (b) The status (c) The resultof the composi-
cart page taking a component tion operation.
usernameasinput. requiring a

userid.

Figure5.11: Samplescenaridor the composition-by-uni catiorapproach.

The syntacticrepresentatiomf composition-by-uni cationin XContractsis shovn in Fig-
ure5.12. As in the composition-by-additiomase gachparameteof thereferencednputinter
faceis representetby a <param-ref> element.The compositionoperatoy however, differs.
Thetypeattribute of the operatorindicatesghatthereferencegarameteis uni ed with anexist-
ing oneandthewith attribute speci esthe nameof the correspondingarameter

Note againthatcomposition-by-uni cationonly works for parametersf the sametype and
dimension. Simple transformatioror castoperatorscould be imagined(e.g., uni cation of an
integerwith along parameterput arecurrentlynot viewedrelevantin practiceanddo not con-
ceptuallycontribute to the compositionoperation. Suchspecialuni cation rulescanbe easily
addedby any implementation.Unlike composition-by-additionthe original input interface of
thereferencingpageremainsunchangedonly meta-informatioraboutthe correspondenceela-
tionshipsis added.

COMPOSITION-BY-ADAPTATION

Composition-by-adaptatias anextendedversionof composition-by-additionlt supportsmod-
i cation of the referencednput parameterslependingon the context wherea components
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<?xml version="1.0"?>

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

<concern type="Interface">

<idl:interface xmlins: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 XContractdemonstratinghe syntaxof the composition-by-uni cation
compositionoperator

embedded Thetypical applicationof composition-by-adaptatiois to embeda componenfor
eachitemin agivenenumeratioror iterationin apage.

Imaginea pagein the shoppingcartscenariahatlists all customerswith their status.Thus,
the statuscomponents not only embeddeance,but for every customeiin thelist. Figure5.13
demonstrateshis situation. The pagetakes a list of usernamesas input parameter It
furtherreferenceshestatuscomponenthatdisplaysthe statusof a singleuserandtakestheuser
identi cation asinput(Figure5.13(b)).In thecompositiorprocesswe haveto updatetheuserid
parameteof thestatuscomponenfrom asingleuseridenti cation to alist of useridenti cations,
I.e.,increaseheparametes dimensiorby one. Theupdatedarameters thenaddedo theinput
interfaceof the custometist pageandresultsin the nal inputinterfaceshavnin Figure5.13(c).

Thusa in theinputinterfaceof the referenceccomponents not directly addedto , but
modi ed (resultingin ) andonly thenaddedto 'sinputinterfaceforming the new inputin-
terface . The adaptatiorof an input parameterlwaysresultsin a modi ed
dimensionattribute of the parameterWe do not supportotheradaptationsuchastype transfor
mations.

The XML notationof the composition-by-adaptatiooperatoris shovn in Figure5.14. The
parametereferenceof theuserid parametespeci esasingleintegervalue(dimensions zero).
In the compositionoperatorthe dimensionis increasedy oneresultingin anintegerarraydata

type.

Frequentlybut not necessarilyis the increasein the dimensionof the parametertype an
increaseby one. If acomponenis embeddedn a cascadedteration(e.g.,alist of customers
thatfor eachcustomercontainsalist of accountsvith differentpaymentoptions),thedimension
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(&) The pagetakingalist (b) The status com- (c) The resultof the composi-
of usernamesasinput. ponent requiring a tion operation.
userid.

Figure5.13: Samplescenaridor the composition-by-adaptaticapproach.

Figure5.14: A partial XContractdemonstratinghe syntaxof the composition-by-adaptation
compositionoperator
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canincreaseby two. Similarly the increaseis not alwaysfrom dimensionzeroto dimension
one. If thereferencedomponentlreadytakesa parameteof dimensionone,for example,the
dimensionwill beincreasedo two. An exampleof this scenariocould be a list of customers
that displaysthe list of items currentlyin eachcustomers shoppingcart. The shoppingcart
componentvouldtake aparameterepresentinglist of articles(dimensions one).If weembed
this componenin a pagewith alist of customersthe parametes dimensionis changedo two
to hold alist of articlesfor every customer

A specialcaseof composition-by-adaptatios a combinedadaptatioranduni cation. Con-
sideragaintheexampleshowvnin Figure5.14. If we changdhecustomemamesnputparameter
into a customerids parameterwe rst have to adaptthe dimensionof the statuscomponens
userid by one (sinceit is embeddedn a list) andthenunify the modi ed parametemith the
existing customerids input parameter(sincethe customerds parameterlreadycontainsthe
necessaryseridenti cation information).

COMPOSITION-BY-OMISSION

Finally, composition-by-omissiodescribeshe scenariowhenthe input parameter of aref-
erencedcomponents not addedat all to the input interface  of the referencingpage. This
situationoccursif thereferencingpageitself canprovide theinput parametefor thereferenced
component. This mostfrequentlyhappenswith internal parametershat are not visible to the
user Thevaluefor sucha parameters directly evaluatedoy an XPath expressionn thereferen-
cing page.As aresult,theinputinterfaceof remainsunchangedThe compositiononly adds
the metainformationhow to retrieve thevaluefor to theinterfaceconcern.

Consideragainthe pagedisplayinga list of customersspresentedn previoussections.In-
steadof embeddinga statuscomponentwe now referencea navigationcomponenthatis used
to displaya customizedhavigation bar dependingon the currently viewed page(e.g.,the cur-
rently viewed item in the navigation bar is highlighted). Figures5.15(a)and5.15(b)shawv the
componentvebfor this scenario.The pagereferenceshe compo-
nent. Thecustometist againtakesalist of customemnamesasinput. The navigationcomponent
requireshepageidenti er (page.id) of thecurrentlyviewed pageasinputargumentto highlight
theappropriatenavigationentry,

Thepageidenti er of a pageis usuallyencodedn the pageitself, e.g.,asan attribute of the
documenkelement.Figure5.16shavs a snippetfrom a typical Web pagewith a pageidenti er.
Thepageidenti er is encodedhsanattribute of the <webpage> documentlement.

To satisfytheinput requirement®f the navigation componentwe don't have to adda new
parameteto the input interfaceof the customedrist pagebut simply specify how the compo-
nentcanaccesgherequiredvalue. We useXPath expressiongor this purpose.ln the example
in Figure5.16,the expressionwould be /webpage/@pageld . Thusthe additionalinput re-
guirementof the referenceccomponentis never visible externally but satis ed at composition
time.

Figure5.17 depictsthe XML syntaxof the composition-by-omissiopperator Thetypeat-
tribute of the compositionoperatorelemenindicateghatcomposition-by-omissiois used.The
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(a) The (b) The naviga- (c) The result of the composition
pagetakingalist of user tion component operation.
namesasinput. requiring a

page.id.

Figure5.15: Samplescenaridor the composition-by-omissioapproach.

Figure5.16: A snippetfrom atypical Web pageoffering a pageidenti er.
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valueattribute containghe XPathexpressiorthatspeci eshow therequiredvalueis retrievedin
the context of thereferencingpage.

<?xml version="1.0"?>
<xcontract xmlins=".../xguide/contract" id="CustomerList" version="1.0">
<concern type="Interface">
<l--  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/@pageld" />
</param-ref>
</composition>
</reference>
</compositionrefs>
</xcontract>

Figure5.17: A partialXContractdemonstratinghe syntaxof thecomposition-by-omissiocom-
positionoperator

Thediscussiorof the composition-by-omissionompositionoperatorconcludeghe presen-
tation of input interfacecompositionoperators.With the concernsand compositionoperators
discussedso far, the threedominantimplementationconcernsj.e., the content,the graphical
appearancandthe applicationlogic, arefully speci ed. Neverthelessthe XGuide contractap-
proachis designedn amodularfashionto supportplug-insandthuscanbe easilyextendedwith
additionalconcernsSuchaconcernconsistf its representatiom XML andthecorresponding
compositionoperatorsfor concerncomposition. The extensibility mechanisncan be usedto
extendcontractswvith new concernsuchasmeta-datar accessontrol.

The structureand interface contractconcernsare orthogonalto eachotherwith respecto
thede nition givenin Section5.2. As such,their compositionoperatorsio not dependon each
other The remainderof this chapterdiscussefionv concerncompositionworks for dependent
concernsandpresentshe effectson therespectre compositionoperators.

5.4.3 CoOMPOSITION OF DEPENDENT CONTRACT CONCERNS

A contractconcernis called dependenif its de nition dependson the de nition of another
contractconcern A typical exampleis theaccesgontrolconcernthatdeterminesvhich partsof

apagearevisible for auser Thevisibility informationin theaccessontrolconcerns speci ed

as XPath expressions.Obviously, theseexpressiongdependon the schema(i.e., the structure
contractconcern)of the page.If theschemaof the pagechangestheaccesontrolinformation
hasto be updatedtoo.

In termsof thecompositionoperatorgor dependentoncernsthis meanghatsuchacompo-
sition operatoralsohasto 'understandthe compositioroperatorof theconcernt depend®sn. In
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the caseof theaccesgontrolconcernjt must rst apply the compositionoperatorof the struc-
tureconcernto derive the new schemanformation. Thenthe accessontrolinformationof both
the referencingpageandthe embeddedomponentave to be updatedo re ect the composed
pagestructure.

Considerthe example in Figure 5.18. It shavs a simple contractfor a navigation bar
with an accesscontrol concernthat grantsaccessto all contentin the component(i.e., the
<navigation>  documentlemeniandall its childrenareincludedin an<allow> rule).

<?xml version="1.0"?>
<xcontract xmlins=".../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 xmins:ac="...">
<ac:allow  value="/navigation" />
</ac:accesscontrol>
</concern>
</xcontract>

Figure5.18: A contractfor asimplenavigationbarwith accesgontrolinformation.

Figure5.19shavs apagecontractthatreferenceshe navigationcomponenandspeci esthe
necessargompositionoperators.It de nes a webpage elementthat containsall the content
(only indicatedin the gure). In the accesontrolconcern,only the contentsof the rst child
elementof the webpage element(i.e., /*[1] ) is madeaccessible.The dependeng on the
structureconcernis madeexplicit in the de nition of the accesscontrolconcern.The depends
attribute speci esthis dependeng

The compositionoperatorfor the structureconcernde nes that the navigation information
shouldbeembeddedtthebeginningof thewebpage element.Theaccessontrolcomposition
operatorspeci es that the accesscontrol informationin the referencedcomponentshouldbe
meigedwith theaccesgontrolinformationof the page.An alternatve optioncouldbeto ignore
thecomponens accesgontrolinformation.

Thoughthedependsttributeis the only explicit hint thattheaccessontrolconcerndepends
onthestructureconcernpehindthe scenes lot morehasto be considered.

First, the accessontrol information of the samplepagein Figure5.19 might not be valid
aftertheintegrationof the navigationcomponensincethe structureinformation(i.e., the XML
schemaof theresultingpage)haschangedIn ourexample thenavigationbaris integratedatthe
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Figure5.19: A pagecontractembeddinghe navigationbarcontract.
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beginning of the<webpage> element.Thustheaccessontrolinformationthatgrantedaccess
tothe rst child elemenbof the<webpage> elemenimustbeupdatedo now grantaccesso the
seconcchild element.

Secondtheintegrationof the componens accesgontrolinformation(i.e., accesgo every-
thingin thenavigationbar)hasto betransformedrom/navigation to/webpage/navigation
to re ect theembeddingtthe beginningof the<webpage> element.

As we mentionedin Section5.2.1.2,compositionof dependentoncernsis considerably
morecomple thanthe orthogonalcase.Althoughthe dependsttribute is the only visible sign
of dependentoncerngan a contract,the logic of concerncompositionis muchmore comple.
Especiallyin the caseof several,chaineddependencieaspresentedn Section5.2.1.2in which
casemultiple, consecutre compositionstepshave to be performed.

Thediscussiorof thecompositiorof dependentoncerngoncludeshis chapteioncontracts,
contractconcernsandtheir composition. Having presentedhe formal contractmodelusedin
XGuide andthe conceptf contractcomposition the next chapterdiscussefiow XGuide and
supportfor contractscanbeusedin practice.lt presentsKSuite anintegrateddevelopmentervi-
ronment(IDE) for the XGuide methodologythat supportshe notion of contractsandcontract-
basedlevelopment.



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 sophisticatecand powerful any methodologyis, strongtool supportis a crucial
requirementfor its successfubpplicationin real-world projects[10]. XSuiteis an integrated
developmenervironment(IDE) for Webprojectsfollowing theXGuideprocesandtheconcepts
presentedn the previous chapters.Suchan IDE mustsupportthe whole life-cycle of a Web
projectandshouldview theartifactsof therespectre methodologyas rst classobjects.As such,
XSuite not only providesa projectandresourcemanagemenplatform but dealswith contracts,
contractconcernsimplementatiorof contractsanddeploymentstratejies.

Within the scopeof this thesisand the casestudy presentedn the next chapter we use
the MyXML publishingframavork as deploymentplatform [85,92,93]. MyXML itself is im-
plementedn the Java programminganguageand providesgood supportfor the integration of
Java-basedpplicationlogic of Web applications.For the XSuite IDE we alsochoseJara asan
implementatiortechnologyfor two reasons: rst, we strive to achieze the samelevel of plat-
form independencasthe MyXML framawork, i.e., only requirea Java virtual machineon the
tamget platform. Secondthe Jara-basedEclipseproject[142] providesan extremely powerful
and e xible framework for the developmentof customizedDEs. Despiteour choiceof Java as
implementatiolanguageit is importantto notethatthe XGuide processy no meansdepends
on the Java languageor ary Java-basedechnology It could equallywell be implementedon
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Microsoft's .NET platform[114], e.g.,asa Visual Studioplug-in, usingMicrosoft technologies
suchasActive Sener PagegASP)asdeploymentplatform.

This chapterstartswith a brief introductionto the Eclipse projectthat highlightsits great
potentialfor the developmentof new IDEs. Next we presenthe conceptf the MyXML pub-
lishing framework thatis usedasdeploymentplatform. Theremainderof this chapterdiscusses
the architectureof XSuite in the context of the Eclipseframavork and shavs how it re ects
XGuide's extensibility conceptgpresentedn Section5.2. Thearchitectureanddesigndecisions
presentedn this chapteronly represenbne possibleimplementatiorof the XGuide processn
a given systemervironmentand usingthe Eclipseplatformand MyXML framework. Though
alternatve implementation®n otherplatformsand/orusingothertools may chooseto usedif-
ferentimplementatiorapproacheshey maybene t from theconcreterealizationconsiderations
presentedhn the contet of EclipseandMyXML.

6.1 THE ECLIPSE PROJECT

The EclipseProject[142] is a collaboratve effort initiated by companiesuchasIBM, Ratio-
nal Software, RedHat, SuSe,TogetherSoftand others. SinceNovember2001 the consortium
grew considerablyandnow containsabout20 membersvho statedtheir commitmentandplan
to releasetools for the Eclipseplatform. In the Eclipseprojectcharterthe missionstatement
containsthe following sentencehat summarizesvhat Eclipseis: Eclipseis a kind of univer
sal tool platform - an openextensiblelDE for anythingand yet nothingin particular. In other
words,the Eclipseplatformis a genericervironmentto build IDEs andhighly integratedtools
and provides supportfor commonconstructssuchas projects,resourcesbuild processesyer-
sioncontrol,etc. Theplatform's extensibility mechanisndescribedaterin this chapteris acore
conceptthat'teachesthe platformhow to dealwith suchdifferentresourcessJava les, Web
contentgraphicsyideoor any othercontenttypes.

Figure6.1shovsthegraphicalappearancef agenerianstanceof the Eclipseplatformwith-
outary additionaltoolsor plug-ins.

The navigator (in the upperleft corner)is the centralresourcananagementomponenof
the Eclipseplatform. It lists all availableprojectsandfor eachprojecta hierarchyof resources
thatit contains . Eclipseprojectsare le-oriented, i.e.,aprojecthasabaseURL in the le system
and projectresourcesare mappedio les in the projectdirectoryor oneof its sub-directories.
Editors are componentdo modify resources. Dependingon the resourcetype (e.g., the le
extensionor contenttype),differenteditorssuchastext editors,color choosersor graphdrawving
ervironmentsareused.Figure6.1 shaws the built-in editorwith the Eclipsewelcomemessage.
The contentof the editoris anEclipsesystemle containingthe messagé¢hatis interpretedand
renderedy theeditor. In contrasto editors,viewsonly displaythe contentsof aresourceMore
speci cally, they provide a specialview on the contentsof a resource.Thus, multiple different
views of thesamecontentcanbeusedto highlightdifferentpropertieof thecontent.Theoutline
view in Figure6.1, for instance could be usedto displaythe overall structureof the welcome
messagée.g., containthe sectionsand subsectiongand provide links to directly jump to the
selectedsection).
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Figure6.1: A genericinstanceof the Eclipseplatform.
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Furtherthe platformprovidesmechanism#o annotateesourcegcalledmarkers) thatcanbe
usedto highlightsyntaxproblemscompilererrors,missinginformation,or arything else.Anno-
tationsaredisplayedn thetaskpaneshavn atthe bottomof Figure6.1. Projectbuild processes
de ne whatit meansto build a project(e.g.,compilesource les, apply XSL transformations,
deplogy Web content,etc.). An incrementabprojectbuilder keepstrack of the changesincethe
lastfull build andcanbuild only the changedesourcesAdditional built-in functionality of the
platformincludessupportfor versioncontrolsystemsanda e xible helpsystem.

Obviously this sectioncannotbe a completeintroductionor tutorial to the Eclipseplatform.
It shouldonly give you an impressionof how powerful the platform conceptis and what the
main componentsare. Many otherpowerful featuresdealingwith performanceconsiderations,
internationalizationgdeployment, updatesgtc. are beyond the scopeof this overview. All this
informationis availablevia the projectWeb site at www.eclipse.org

Apart from the core platform, the Eclipseprojectalsoincludestwo sub-projectgo support
the developmentof Eclipse-basedools. The rst is a shavcasefor the power, e xibility and
extensibility of the Eclipseconcept. The Java developmenttooling (JDT) is a full- edged Java
IDE including syntaxhighlighting,anincrementatompiler andmary otherfeaturego easehe
softwaredevelopmentprocess.The secondsub-projecis the plug-in developmentervironment
(PDE)thatsupportghe developmenif Eclipseextensions.

Figure 6.2 depictsthe EclipseJara IDE andthe sourcedor the XSuite tools and plug-ins.
Thenavigator containgthe hierarchicalsourceview correspondingo their internalorganization
in Java packages.An editor componentdisplaysthe main XSuite plug-in source le with an
intentionalprogrammingerror (theinstancevariableresolvedinstallDirof type URL is assigned
theintegervaluetwo). As aresult,amarkeris shovn at the beginningof thisline, thetaskpane
containghecompileerrormessagandthe le' srespectre graphicalappearanci thenavigator
andtheeditor'stitle bardisplayanerrormarker.

The basic conceptunderlying the Eclipse platform is its extensibility via plug-ins. The
EclipseJava IDE is built exclusively usingthis plug-in mechanisnto implementall its func-
tionality andextendthe genericplatform. The next sectioninvestigateshe Eclipseextensibility
mechanismn detailandgivessereralexamplesof plug-ins,i.e., platformextensions.

6.1.1 THE ECLIPSE EXTENSIBILITY MECHANISM

We alreadyusedthe notion of Eclipseplug-insin the previoussection.A plug-inis the smallest
unit of functionalityanddeploymentin Eclipse.A plug-in cancontainasmuchfunctionality as
anHTML editoror aslittle functionality asanactionto save aresource.The sizeof a plug-in
depend®nits internalarchitecturee.g.,whethermartsof thefunctionalityareintendedor reuse
or whetherotherplug-insshouldbe allowed to extendandre ne the plug-in's functionality or
not.

Theplug-inarchitecturef the Eclipseplatformintroduceghenotionof extensiongandexten-
sionpoints An extensionpointis awell-de ned interfacethata plug-in or the platformprovides
thatcanbe extendedby otherplug-ins. An extensionpoint canbe regardedasa hook for other
plug-insto contritute new functionality The Eclipseplatform de nes a large setof extension
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Figure6.2: TheEclipseJava|DE with the XSuite sources.
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pointsthatallow plug-insto extendand customizealmostall aspectof the IDE. Examplesn-
clude extensionpointsfor new projectbuilders,new resourcemarkers, new editorsandviews,
new (popup)menusnew toolbarsandtoolbarbuttons,andmary more.

The hooksde ned by the extensionpoints are usedby other plug-insthat contribute their
extensions,.e., re ned or extendedimplementationf the extensionpoint's interface. Even
tools suchasthe XSuite developmenttool comein the form of a plug-in that contributesan
extensionof the applicationsextensionpoint. Theseplug-insareloadedwhenthe platformis
run.

Figure 6.3 shaws the plug-in structureof all Eclipseapplications.A smallruntimelibrary
providestherequiredplug-in serviceghattherestof the platformuses.All applicationplug-ins
completelyandsolelyrely onthe extensionpointsofferedby theruntimeandthe platform. They
in turn offer new extensionpointsto yet anothemplug-insthatcontributetheir functionality.

Figure6.3: Theplug-inarchitectureof the Eclipseplatform.

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
supportpluggingin new contractconcernsatary time. Thuseachcontractconcerns encapsu-
latedin a separatglug-in thatcontributesto this extensionpoint.

The setof all extensionpointsandall extensionsde nesa dependengcgraphbetweerplug-
ins. At platform startup,this dependeng graphis constructedy analyzingthe dependencies
(i.e., extensionsand extensionpoints) of all available plug-ins. Whenan applicationplug-in is
loaded all dependenplug-insareloadedrecursvely to complementheapplications functional-
ity. Obviously, this processvould resultin anenormousamountof plug-insthatmustbe loaded
assoonasthe platformis started.To avoid this memoryandperformancéottleneck eachplug-
in hasan associateananifesthat containsmeta-informatioraboutthe plug-in. The manifestis
an XML documentalledplugin.xmlandincludesthe dependengrelationshipof the plug-in.
As aresult,only the manifestinformationneedso beloadedto createthe dependenggraphof
extensionsand extensionpoints. The actualcodelibrariesare only loadedon demand,.e., as
soonastheuserinitiatesanactionthatrequirescodefrom therespectre plug-in.

Summarizing,an Eclipse plug-in contributesto one or more extensionpoints, optionally
declaresnew extensionpoints, dependon a setof other plug-ins, and containsJava codeli-
brariesandotherresourcesThe plug-in's detailedmetainformation(contritutions,new exten-
sionpoints,dependencietc.) is spelledoutin the manifest.A snippetof the manifestle for
the XSuiteapplicationplug-inis shavn in Figure6.4.
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Figure6.4: A snippetof theplugin.xmlmanifestle for the XSuiteapplicationplug-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 location of the plug-in's codeandwhat parts
of it shouldbe exported. In the samplemanifest,the library xsuitejar containsthe codeand
everything (indicatedby the starin the <export> element)is exported. The <requires>
sectionof the manifeststatesall dependencieen other plug-ins (including the versionof the
plug-in). Finally, alist of extensionsj.e., contributionsto extensionpoints,is given. Thesnippet
in Figure 6.4 only lists two. First an extensionto the editors extensionpoint is speci ed. It
de nesacustomizedditorfor XGuidesitemapsvith theextensionxmap Thesecondextension
contributesa new propertypageto theplatformscollectionof propertypages.Thepropertypage
offers a setof optionsto con gure the behaior of the XSuite application. Other extensions
de ned in the XSuite plug-in manifest(not shaovn in the gure) include customizedproject
de nitions for Web projects,more editorsand several wizardsto createnew resourcesuchas
contractsconcernor XPages.

After this brief introductionto the Eclipseplatform, its potentialandthe basicplug-in ex-
tensionmechanismwe now introducethe deploymentplatform usedin the XSuite reference
implementatiorandthe casestudy:the MyXML publishingframework.

6.2 THEMYXML WEB PUBLISHING FRAMEWORK

TheMyXML WebPublishingFrameavork consistof alanguageandacompilerthatsupportghe
creationof XML-basedWebapplicationswvhile keepingthe content the layoutinformationand
the applicationlogic separate MyXML is animplementationanguage(in the terminologyof
the XGuide approach}hatwe developedtogethemwith our colleague€nginKirda andRoman
Kurmanavytsch.Asin thecaseof theEclipseframavork, we only give abriefintroductionto the
potentialof the MyXML framavork. Details,examplesandour experiencesn the deployment
of MyXML-basedWebapplicationscanbefoundin [85,86,91,93-95].

The World Wide Web Consortiums eXtensibleMarkup Language(XML) [31] alongwith
the eXtensibleStyle Sheet(XSL) [3] technologyaim at solving the layout and contentsepara-
tion problem.Ultimately, completdayoutindependenceanbeachiezedby theuseof XML and
XSL. Althoughthelayoutandcontentseparatiorproblemhasbeenattacledintensiely (e.g.,by
standardsuchas XML, XSL, CascadingStyle Sheetsgtc.),the problemof separatinghe ap-
plicationlogic from thelayoutandcontentin dynamicWeb applicationshasnot receved much
attentionyet. Most popularWeb technologieqsuchas PHR JaraScript,Active Sener Pages
(ASP)andJava Sener PageJSP))are XML unavareanddo not exploit its capabilities.These
toolsandtechnologiedack supportfor the creationandmaintenancef layout-independerdy-
namicWeb content.

MyXML is an XML/XSL-basedtemplateenginethat supportsa strict separatiorof layout,
contentand applicationlogic. The contentandits structureare de ned in well-formed XML
documentsthe layout informationis given as an XSL stylesheetnd the applicationlogic is
de ned separatelyin an arbitrary programminglanguage. The templatefunctionality of the
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MyXML engineis exploited by usingspecialMyXML elementsn theinput XML document.
Thesetags(i.e., elementsyarede ned in the MyXML templatelanguagethat is basedon the
MyXML namespacede nition (see[84] for details). Thelayoutstylesheetshatcanbe applied
toaMyXML documentrearbitraryXSL transformations.

The functionality of the MyXML templateengineis basedon the MyXML processwhich
de nestheactionsto betakendependingnthetypeof theMyXML inputdocumentFigure6.5
shovsthe MyXML process.

Figure6.5: TheMyXML process.

Theprocesstartswith aMyXML inputdocumentAny well-formed XML documenivhich
may containelementsof the MyXML templatelanguagecan be usedasinput document. In
the next stepa pre-processingSL stylesheetanbe appliedto add layoutinformationto the
document Additionally, the XSL stylesheetanbe usedto addstaticinformationto adocument
(e.g.,headerandfooter) or to restructurehe input document.After having passedhis second
stepof the MyXML processthetemplateengineprocessethemodi ed input le.

The MyXML templateenginedistinguishedbetweentwo kinds of input documents:static
anddynamicdocuments.A MyXML documents consideredstatic if all MyXML elements
canberesoledat processingime. A dynamicMyXML documentpn the otherhand,contains
at leastone dynamicMyXML elementsuchasa referenceto a CGIl parameteior a dynamic
databasguerywhich canonly be evaluatedat runtime.

If the MyXML enginedetectsa staticinput document,t processeshe MyXML elements
thatit contains.Optionally, it appliesa post-processin¥SL stylesheebeforecreatingtheresult
le which usually but not necessarilyis an HTML or an XML le. Sucha post-processing
stylesheetould be usedto addadditionallayoutinformationbasedon the resultof a database
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query(e.g.,alternatethe backgroundcolor of a database-baeklHTML tablefor every second
row).

If a dynamicinput documentis passedo the MyXML templateengine,sourcecodehas
to be generatedvhich handlesall dynamicaspectsde ned in the input document. Arbitrary
programmindanguageganbe supportedy theMyXML enginesincea specialcodegenerator
interfacerepresentshelink betweerthe MyXML templateengineandtheapplicationlogic. By
implementinghis interfacefor a givenprogrammindanguagesupportfor thatlanguagecanbe
addedto the MyXML engine. The referencamplementatiorsupportsgeneratiorof Java code
which caneasilybe usedby servletsor otherprogramsencapsulatinghe applicationlogic of a
Webapplication.

Figure6.6shavsasamplevlyXML contentle. It usegshe<myxml:sql> and<myxml:cgi>
elementdo modelthe userinput (i.e., the selectedevent) by meansof a CGl parameteanda
databasejuerydependingon the users choice.In addition,we provide the contentsof thetitle,
dateanddescription elds in theresultsetusingthe<myxml:dbitem> element.Thesevalues
areformattedfurther by the XSL pre-processingtylesheeandthenprocessedby the MyXML
enginethat retrieves the actualvalue of the CGI parameterexecutesthe databaseuery and
returnstheresultdocument.

<?xml version="1.0" encoding="US-ASCII"?>

<IDOCTYPE event_search>

<selected_event xmins:myxml="http://www.infosys.tuwie n.ac. at/ns /myxml ">
<myxml:sqgl>

<myxml:dbcommand>
SELECT title, date, description FROMVIF_EVENTS
WHEREd = <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 contentpagequeryingadatabaséo displayaneventwith agiven
identi er.

The MyXML templatelanguagehas several other elementsbesides<smyxml:sql> and
<myxml:cgi> . The <myxml:loop> and<myxml:multiple> elementsallow the en-
gineto repeatedlyprocesartsof a document(e.qg.,for generatinghelist of itemsa userhas
storedin a shoppingcart). The <myxml:single> elementrepresents userde ned vari-
able,whosevalueis determinedat runtime(e.g.,the nameof the usercurrentlyloggedin). The
<myxml:attribute> elementanbeusedo dynamicallysettheattributeof anotherelement
(e.g.,the src attribute of anHTML <IMG> or the href attribute of an HTML link). A detailed
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discussiorof all theseelementgandseveralmore)aswell astheir attributescanbefoundonthe
MyXML homepageatwww.infosys.tuwien.ac.at/myxm I/ .

Although MyXML-basedWeb solutionsusuallyincludemore les andhave a highercom-
plexity thantraditionalHTML-basedsolutions,it addsa greatamountof e xibility, reusability
andmaintainabilityto thesite. Usingthestrict separatiorof layout,contentandapplicationlogic
makesit easyto changeor reuseary of the threepartsindependentlyof the others. All thatis
neededfteranupdateor modi cation of ary partof theWebsiteis aregeneratiorof theaffected
pageausingthe MyXML templateengine.

Therearemary template-baseproductsandtoolsfor Webdevelopmenin the market. Most
of thesetoolsareHTML orientedanddo not supporta cleanseparatiorof content,formatting
informationandapplicationlogic. Thesetools do not satisfythe requiremenbf an XML-based
implementatiortechnologyandareconsequentlhgxcludedfrom beingan XGuide implementa-
tion technology

Apartfrom MyXML, theApacheCocoonproject[107] is anexampleof analternatve XML-
basedmplementatiortechnologythatcanbe usedwith XGuide. It offers supportfor the clean
separatiorof layoutandcontentandto a lesserdegreeof the applicationlogic. In contrastto
the MyXML approachthattriesto do asmuchprocessingspossibleat compiletime, Cocoon
performsall processingtepsatruntime.As aconsequencd, usesasophisticatedachingmech-
anismandde nesaprocessingipelinethatstartswith the XML contentassemblyfollowedby a
sequencef (XSL) transformations$o bring the contentin thedesiredoutputstructureor markup
languagenda nal serializatiorstepthatencodesheresultdocumentindreturnsit to theclient.

For thisthesiswe preferMyXML asanimplementatiortechnologyover Cocoonsinceit has
amore e xible conceptof separatinghe applicationlogic from the contentandbettersupports
Web components. As mentionedabore, Cocooncould also be usedfor the implementation
phasebut would requirea muchmoresophisticatedbuild processinceWebcomponentsrenot
supported.

After this brief introductionto Eclipseand MyXML that are the coretechnologiedor the
implementatiorof the XSuite IDE, we now presenselecteddetailsof theimplementatiorsup-
portingthe XGuide developmenfprocess.

6.3 XSuUITE CONCEPTUAL MODELING

To optimally supporthe XGuide processwith softwaretools,we mustnotonly provide toolsfor
singletasksor stepsin the processut needan ervironmentthatsupportshefull life-cycle of a
Web applicationasde ned in the XGuide processhowvn in Figure4.1. The conceptuamodel-
ing partof the processncludesthe requirementsnalysisanddesign-in-the-lage actiities that
resultin an XGuide sitemap.We alreadyintroducedthe syntacticnotationfor the requirements
diagramandthesitemapn Chapter. Creationandeditingof thediagramss currentlynot fully
integratedinto the EclipseIDE but supportedoy an external modelingtool: Microsoft Visio
(version2002). Although Eclipseprovidesa graph-draving plug-in that could alsobe usedfor
the generatiorof the respectre diagrams extendingand customizingVisio reducedhe overall
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programmingeffort andletsusersbene t from Visio's usability features.Figure6.7 depictsthe
XGuideernvironmentandthe shapeswvailablein Visio.

Figure6.7: TheextendedVisio workspacdor XGuidedevelopment.

Visio supportsaconceptalledstencils A stencilis acollectionof draving artifacts,connec-
torsandshapeghattopically belongtogether For instance Visio providesbuilt-in stencilsfor
UML modeling,network diagramsgdatabaseesignandwork o w charts.For modelingXGuide
requirementsliagramsandsitemapsyve createdan additionalstencilwith the shapegpresented
in Chapter4 andshavn againin the gure. A stencilcontainsso-calledmastershapeghatact
astemplatesandcanbedraggednto adocumentln thedocumentacopy of themastershapes
createdhatcanbefurtheradaptedFigure6.7 demonstratea sampledocumenwith theshapes
asthey appeaiin adocumengfterbeinginsertedfrom the stencil. The default captionsandtext
informationis subsequentlyeplacedoy theuser

By extendingthe Visio ernvironmentfor XGuide diagrammodelingratherthandeveloping
a proprietaryeditor, we alsoinherit Visio's comfortableediting functionality: shapegyrow dy-
namicallyin heightandwidth dependingon the amountof text they contain,connectiorpoints
supportpersistentinking of shapesvenif they aremovedin the documentr rearrangedVi-
sio'sroutingalgorithmcanbeusedto optimally lay outtheshape®nthe pagesinputandoutput
interfacescanbe editedusingpopupdialogs(anexampleis shavnin Figure4.10),etc. The nal
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sitemapis thenexportedas Visio XML drawing andtransformednto the sitemapstructureas
presentedn Figure4.15usingan XSLT stylesheethatstripsaway all Visio andeditingrelated
informationandrestructuresheremaininginformationappropriately

6.4 XSUITE ECLIPSE IDE

As mentionedabove, the XSuite IDE is an applicationplug-in for the Eclipseplatform. This
sectiondiscusseshe architectureof the XSuite IDE andpresentsomeof the key decisionsor
theimplementation Sincethe actuallDE implementatiomot only depend®n the Eclipseplat-
form but alsoon third partylibraries,we encapsulatedll requiredlibrariesin separatglug-ins
andinstalledthemin the platform. Only thencanthe XSuiteIDE be pluggedinto the (modi ed)

platformusingthe plug-in extensionmechanismFigure 6.8 shaws this correlationin a layered
diagram.

Figure6.8: Thedependenciesf the plug-insconstitutingthe XSuite IDE.

The Eclipseruntimeconstituteghe bottomlayer The plug-insrequiredby the XSuite IDE
areJAXB (Java XML DataBinding), PerlTools (regular expressions)EMF (EclipseModeling
Framevork), XSD (XML SchemaSupport),and JDT (Java DevelopmentTooling). They all
provide functionalitythatis directly usedby the XSuite plug-in. The plug-inin turn de nestwo
core extensionpoints: the Concernextensionpoint and the Tednolagy extensionpoint. The
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formersupportpluggingin new contractconcernsthe latter supportdifferentimplementation
technologiesindependentf the XSuiteIDE, the Tomcatplug-inintegratesheservletcontainer
into the Eclipseplatform.

Figure 6.8 explicitly shavs only the two XSuite speci ¢ extensionpointsfor concernsaand
technologies.Effectively, mary more (platform) extensionpointsare involvedin building the
functionalityof thelDE. Table6.1shonvsanoverview of theextensionsontributedby the XSuite
plug-in (it doesnot list the extensiongprovided by requiredplug-ins,concernplug-ins,technol-
ogy plug-insandthe Tomcatplug-in).

To complementhe discussiorof plug-in mechanisnmusedby the Eclipseplatform, the fol-
lowing subsectionpresentthe XSuite-speci c extensionpointsfor concernsandtechnologies
in somedetail. They alsointroducethe interfacesthat standbehindthe extensionpoints and
explainstherationalefor their design.

6.4.1 THE CONCERN EXTENSION POINT

The concernextensionpoint de nes a hook that supportspluggingin newv contractconcerns
(in additionto the default structureandinterfaceconcerns).Suchconcernscould capturethe
navigationrequirementsaccesgontrolinformation,or metadatafor agivenpageor component.
To integrateanew concerrwith the XSuiteIDE, theconcerrhasto interactwith theIDE in mary
situations.The plug-ininterfacespecifyingall suchinteractionss shovn in Figure6.9.

public interface IConcern {
public  String  getTypeld();

/I 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 ¢, IConcern concernToCompose) throws XSuiteException;

public  String isConcernCompositioninfoValid();

public  IConcernComposition getConcernCompositioninfo();
public void composeWithConcern(Node concernNode, IConcern otherConcern,
IConcernComposition compositioninfo) throws XSuiteException;

Figure6.9: The Javainterfacefor contractconcerns.

The getTypeld() methodsimply returnsthe uniqueidenti er of this concernusedto
groupandcomposeconcernof the sametype. The remainingmethodsn the plug-in interface
canbedividedinto two groups:methodsiealingwith therepresentationf concernandmethods
for the compositionof concerns.

Thenativerepresentationf aconcernis XML. TheasXML() methodprovidesaccesso the
documenbbjectmodel(DOM) of theconcern.In somesituations however, moresophisticated
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or comfortabledatamodelsfor concerngxist. Thestructureconcernfor instanceusesaschema
datamodelto represenan XML schemaatherthanthe DOM treeof theschemaAll concerns
mustsupporthe XML representationf theconcerncustomizedlatamodelsupports optional.
ThehasDataModelSupport() methodreturnswhetheraconcerrhasaseparatelatamodel.
If so,thegetDataModel() = methodreturnsit.

The othermethodsin the concerninterfacedescribethe interactionfor contract,i.e., con-
cerncomposition.First the createConcernCompositionUIFor( ) methodis a callback
for the correspondingompositionwizard and addsa wizard pagewith all userinterfaceele-
mentsneededo gatherthe compositioninformationfor this concern.For the structureconcern
this is the positionwherethe new schemashouldbe embedded For the interfaceconcern the
compositioninformationincludesoperatordor all parametere all inputandoutputinterfaces.
TheisConcernCompositioninfoVali d() andgetConcernCompositioninfo()
methodsare usedto validatethat all requiredinformationwas enteredandto returnan object
representinghe compositioninformation. Finally, the composeWithConcern() method
composeshe concernwith theconcernpassedsmethodargumentusingtheinformationin the
compositionnformationargument.

6.4.2 THE TECHNOLOGY EXTENSION POINT

The secondextensionpoint de ned by the XSuite plug-in speci esthe interfaceto the imple-
mentationanddeploymenttechnologyusedin the project. Perdefault, the MyXML technology
is usedfor this purpose put othertechnologiesould replaceit by implementingthis extension
point. Figure6.10depictsthe callbackmethodsor new technologyplug-ins.

public interface IImplementationTechnology {
public  String getName();

/I contribute pages to project creation  wizard
public  IProjectCreationContribution getProjectCreationContribution();

/I contribute pages to XPage creation wizard
public  IXPageCreationContribution getXPageCreationContribution();

/I create a template for the given implementation concern

public IFolder getFolderForimplType(lFolder 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-ininterfacefor new implementatiortechnologies.
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ApartfromthegetName() methodhhatreturnsthenameof theimplementatiortechnology
the interfacehasmethoddor the creationof new implementatiorand XPage les, the building
of the projectandthe gatheringof con gurationinformationat projectcreationtime.

ThegetProjectCreationContributi on() methodprovidesoptionalwizardpages
for the projectcreationwizard. Thesepagesgathercon gurationinformationfor theimplemen-
tationtechnology In the caseof MyXML, for instancewe askfor the default deploymentdi-
rectory the default outputtype, etc. Similarly, the getXPageCreationContribution 0
methodcontributespagedo the XPagecreationwizard. Again, the pagesollectimplementation
speci c informationsuchasthe outputname the processindypeor the processingcope(in the
caseof MyXML).

The getFolderForimplType() andcreateTemplateFor() methodsare usedto
createa new implementatiortemplatefor the speci ed concernandretrieve the folder where
suchconcernimplementationsare stored. Using the MyXML technology the methodwould
generatea MyXML documentfor the contentimplementationconcern,an XSL stylesheetor
thelayoutconcernanda Javainterfaceandfactoryclassfor 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 resourcegso the deployment directory The

getProjectBuilderName() methodreturnsthe nameof the customizedproject builder
that is subsequentlyusedto locate and initialized the plug-in containingthe builder. The
getProjectBuilder() methodthenprovidesaccesgo the builderimplementation.

The presentednterfacesfor contractconcernsand implementationtechnologiedorm the
backboneof XSuite's extensibility mechanisnthat in turn relies on the Eclipse extensibility
mechanisnmvia plug-ins. Figure 6.11 depictsa slightly modi ed UML packagediagramthat
includesplug-in boundariesn additionto the actualsoftware packages .t furtheronly showvs
dependengchbut doesnot modelcommunicatiorrelationships.

Thetotal numberof classegontributing to thefunctionalityof the XSuiteIDE (includingthe
MyXML enginebut excludingthe Tomcatintegrationandthe requiredlibrariessuchas JAXB,
EMF, XSD, etc.) is 355 (containinga little over 38 000 lines of sourcecode). A detaileddis-
cussionof the concretamplementatiorof the full XSuitefunctionalityis not the purposeof this
work. Thus,theremaindeiof this chapterfocuseson threeinterestingmplementatiordecisions
thatin uenced the developmentof the XSuite IDE: the separatiorof implementatiorconcerns
with MyXML, theapplicationof JAXB (Java XML DataBinding) andthecontractcache.

6.5 SEPARATION OF CONCERNSWITH MYXML

TheMyXML introductionin Section6.2 explainsthatMyXML separatethe contentthelayout
andtheapplicationlogic. The separatiorof the contentfrom the layoutis doneusingXML and
XSLT. For dynamicpageshowever, the separatiorof theapplicationlogic from the contentand
the layoutis moreinteresting.In this case, MyXML rst generatesninterfacethatdescribes
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Figure6.11: Themodi ed UML packagediagramfor the XSuite IDE.
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theinput/outputbehaior of the page.It thengenerateshe classencapsulatinghe contentand
thelayoutfor the pageandensureghatthis classimplementghe generatednterface.

Figure6.12 shovs the MyXML generatednterfacefor a pageSamplePage thattakesa
stringtitle  asinput parameteandprovidesan outputinterfacefor the string arrayvaluel
andtheintegervalue2 .

public interface ISamplePage {
public  void setlnput(String title);
public  void print(PrintWriter pw) throws Exception;

public interface [Output  {
public  String[] getValuel();
public Integer getValue2();
}
}

Figure6.12: TheMyXML generatedhterfacefor asamplepagewith inputandoutputinterfaces.

For the purposeof paralleldevelopmentof Web applicationshowever, it mustbe possible
for the programmeto implementthe applicationlogic withoutthe concreteMyXML generated
classwith the contentandlayout(i.e., the outputclass).

As a consequenceXSuite usesthe factory pattern[61] for the creationof outputclasses.
Whenthe Web applicationis deployed, the factorywill createaninstanceof the MyXML gen-
eratedoutputclassandreturnit to the caller During the implementatiornphase however, the
XSuite IDE generateshe interfaceanda dummyimplementatiorof theinterfacefrom the con-
tract. Thefactoryis thencon gured to returnaninstanceof the dummyimplementatiorwhich
letsthe programmexvork independentlyf the contentmanageandthegraphicsdesigner

In practice two XSL transformationgsreusedto createtheinterfaceandthefactorywith the
dummyimplementationfrom the contract. The contractalreadycontainsall information(i.e.,
the pages input andthe outputinterfaces)requiredfor this processing.This codegenerating
transformatioralsotakesthetype andthe dimensionof the parametemto accounts.

For non-stringtypes, the transformationgenerategppropriateconversionoperationssince
Web forms only dealwith strings. Thus an integer parametein an input interfacehasto be
cornvertedto astring;in thesameway anintegeroutputparameterequiresa corversionfrom the
stringvalueprovided by the Webform to anintegerobject.

Parametedimensiongreatetthanzerofurthercomplicatethe codegeneratiorprocessince
we have to cornvert arraysto andfrom Web form values. Web forms don't have the notion of
arrayparameterut requirethe mappingof anarrayto a sequencef singlevalue elds. As a
solutionwe usethe nameof the arrayasa basenameof the form eld andappendhe value's
arrayindex to the basenamefor the nal nameof the eld. Whensubmittinga Webform, we
scanall parameterandreconstrucanarrayfrom the submittedvaluesusingthe'basenameplus
index' namingcorvention.
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To generatea dummyimplementatiorof the outputinterfacethatthe factorycanreturnim-
mediatelyevenif the nal outputclassdoesnotyetexist, thetransformatiorcodecreatesaclass
thatencapsulatea simpleHTML pagewith thefollowing properties:

For eachparametein theinputinterfacespeci cation,the pagecontainsaline that states
thename thetypeandthevalueof the parameter

For eachoutputinterface thepagecontainsaseparat&Vebform. Againthenameandtype
of the expectedvalueis displayed.For arrayvaluesa sequencef ve consecutre input
elds is used.

Using this approachthe programmeicanimplementthe applicationlogic without arny de-
pendenciesnthecontentor thelayout. Shecaneventesttheinteractionamongmultiple servlets
by usingthegeneratedlummyclasseshatimplementhe sameinterfaceasthe nal outputclass
will.

6.6 JAXB -JavA XML DATA BINDING

Whenworking with XML documentsn a softwareapplication,it is acommontaskto parsean
XML documentand createa Java datastructurefrom it ratherthanworking directly with the
XML (DOM) tree.With theJava XML DataBinding (JAXB) speci cation[135], SunMicrosys-
temsprovides a schema-basedpproachto easethe parsing,creationand validation of XML
documentsStartingfrom an XML schemathe schemacompilercreatesa setof Java interfaces
andclasseshatareableto represenall documentshatcomplywith theschema.

In the application,marshallerand unmarshalleclassegprovide operationgo readandval-
idate XML documentsandto accesgheir datamodel representation.The actualmappingof
schemeaelementgo datamodelelementscanfurther be adaptedoy so-calledcustomizedind-
ingsthatspecifyhow aschemalementshouldbetranslatednto a datamodelentity.

In additionto readingof documentsalsothe creationof schemacompliantdocumentsand
their serializationto an outputstreamis supportedn JAXB. In XSuite we useJAXB to work
with con guration les, the MyXML project le, interfacede nitions andsitemapmodels.

6.7 THE CONTRACT CACHE

In Chapter5 we discussedn detail contractsand contractcomposition. We also statedthat
contracttcompositions performedby referencein XSuitewhich meango only embedapointer
to the referencecdcontractand the requiredcompositioninformation as opposedo the actual
contentsof the contract.

As aresult,contractsn XSuite have a <compositionreferences> sectionthat con-
tainsall suchcompositionpointers.In somesituations however, we needthe expandedversion
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of the contract,i.e., the contractafter the compositionoperationwas performedandthe refer
encedcontractwasintegrated.Onesuchsituationis the compositionof a contractwith another
contract.We haveto rst expandall existing compositionreferencesincethe new composition
informationmustbe collectedrelatively to expandedversionof the contract.

Considerthat we needto specifythe compositioninformationfor a structurecontractcon-
cern. The compositioninformation consistsof an elementnameand the position within the
elementwherethe new contractis to be embeddedObviously we must rst expandthe current
contracto retrieve thelist of availableelementsatherthanusingonly theelementsn thecurrent
contracts schemandignoringary elementdrom referencedontracts.

Contractcompositionrequiresto iteratively composeall contractconcernsof all referenced
contracts.As aresult,the compositionoperationis extremelyexpensve. Becauseof the event
modelof Eclipsewizards,accesgo the expandedversionof a contractis neededrequently To
avoid the performanceenaltyof continuouslyexpandingcontractswe introducedthe so-called
contract cachethatstoresthe expandedversionof a contractandinvalidatesthe cacheentriesif
the contractis modi ed.

6.8 GENERATING CANONICAL XML FROM AN XML SCHEMA

In the XPagecreationwizard, the nal taskis to generatemplementatiortemplatedor all im-
plementatiorconcerndn the page. For the contentthis meansto generatean XML document
thatre ects the structureand datatype informationof the pages contract. In otherwords,we
neededo generatean XML documenfrom agivenXML schema.

Sincean XML schemarepresentsa classof documentgatherthan a single instance the
generatiorof atemplatele cannotbe deterministic.Instead,it hasto be decidedhow to react
on<xsd:choice> ,<xsd:sequence> or<xsd:all> elementandwhattodowith facets
suchas the minimum and maximumnumberof elementoccurrences.For the usein XSuite,
we de ned a simple algorithmto derive aninstancedocumentfrom a schema.We apply the
following rules:

For every elementwith asimpletype,createa string valuestatingthetype's name.

For every elementusing<xsd:choice> , continuewith the rst elementn the choice
enumeration.

Foreveryelemenusing<xsd:all>  or<xsd:sequence> ,processheelementsn the
orderthey appeaiin theschema.

ForeveryminOccurs facetthatis zero,addacommenstatingthatthefollowing content
is optional.

For everymaxOccurs facetthatis unboundedadda commentstatingthatthe following
contentcanberepeatedn nitely .
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If minOccurs andmaxOccurs arewithin a given lower and upperbound, generate
minOccurs numberof suchelementsandadda commentwith the maxOccurs upper
bound.

If minOccurs andmaxOccurs arenotwithin the givenbounds,nserta x ed number
of elementsaandadda commentstatingtheminOccurs andmaxOccurs values.

For attributes,alwaysinsertthe attribute andadda commenif theattributeis optional.

We introducethe term canonical XML for an XML documenthatis derivedfrom a given
schemausinga setof agreeduponrules. Somerequirementsor theserulesarethatthey should
be ableto createcustomizediefault valuesfor simpletype elementsandattributesthattake the
baseypeaswell asexistingfacetanto account.For choicesacommenshouldoutlinetheother
possiblecontentmodelsfor agiventype. Thehandlingof minOccurs andmaxOccurs facets
shouldbe parameterizetb supportmore e xible documengeneration.

It is clearthat suchrulescanbe formulated,it remainsan interestingexercise,however, to
think aboutreasonablassumptiongn theserulesandto implementa full- edged generatoffor
canonicalXML from agivenschema.

This chapterstartedwith anintroductionto the EclipseandMyXML technologies.It then
presentedhe extensibility mechanismandthe architectureof the XSuite IDE plug-in anddis-
cussedsomeimplementatiordecisions Whatis still missing,is thefunctionaldescriptionof the
XSuiteIDE, i.e.,how the XGuide processs mappedntoactwvitiesin thedevelopmenterviron-
mentandwhatwizards,dialogs,editors,projectbuilders,deploymentstratgiesandconsisteng
checkghetool provides.

To betterillustrate XSuite's functionality we postponehe functionaldescriptionto the next
chapterwherewe introducethe ViennalnternationalFestval casestudy On the basisof this
casestudy we will demonstratéow the XGuide processs supportedy XSuiteandwhatfunc-
tionality the IDE offersto thedeveloper



CHAPTER 7/

THE VIENNA 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 chapterwe demonstratéow the XGuide processand XSuite IDE weredeployedfor
a rst real-world casestudy:the VIF 2003Webapplication.

The ViennalnternationalFestval is a major cultural eventin Vienna. This annualfestival
usually lastssix to eight weeksover a periodin May and June. The festwities take placein
varioustheaterlocationsand concerthalls and consistof operas plays,concertsmusicalsand
exhibitions. Often, famousinternationaldirectors,performersand ensemblesre guests. The
VIF attractsmary visitors from aroundthe globe. Most of the internationalvisitors, however,
comefrom neighboringcountriessuchas Germaty, Italy and Switzerland. As a consequence,
the contentin the Webapplicationmustbe fully bilingual (GermanandEnglish).

Sinceits rst presencentheWebin 1995,theVIF hasbeenchangingts look-and-feekvery
yearaccordinghethatyear's promotionthemeof thefestival. Theserviceghesiteprovidesalso
vary annually Information suchas event locations,currentprogramme an archive of earlier
performancesnews updatesandpressreportsaretraditionally providedto visitors. Additional
featuresuchasfeedbacKacilities,discussiorforums,andhostingof smallerfestivalsandseries
dependon userfeedback\Web sener log statisticsandthe themeof the festival. Further oneof
thekey servicef theapplicationis theonlineticket ordering.Userscanchooseandbuy tickets
onlineusinga shopping-basit application.In total, the whole applicationconsistof hundreds
of staticand dynamicpagesandattractedmorethan 70 000 (different)visitors in two months
(resultingin about6 million hits andmorethan22 gigabytef network traf c).
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Until theyear1999,we hadbeenusingour HTML-basedtechnologiedor building andman-
agingthe VIF Web presenceThesetemplate-basetbolsenabledusto achiere some e xibility,,
but we werenot ableto have a strict separatiorof the contentandthe layout, let alonethe ap-
plication logic. Startingin 2000, we implementedthe applicationusing XML, XSL and our
MyXML templateenginetechnology[85,92,93]. Our aim at that time wasto achieve a high
level of e xibility in orderto decreas¢he necessargffort in integratingnew layoutandservice
requirements.

With the MyXML implementationtechnologyandthe work introducedin this thesis,i.e.,
the XGuide processaandthe supportingtools, we now cover— in additionto the implementation
level — alsothe conceptuahndmethodologicalevel. The remainderof this chapterfollows the
XGuide procesgo discussthe designandimplementatiorof the casestudy It startswith the
presentatiomf therequirementsgor the VIF 2003Webapplicationandconsecutiely focuseson
selectedpartsof the applicationfor anin-depthdiscussiorto shov our experiencewith the use
of XGuide.

7.1 ANALYSISOF VIF REQUIREMENTS

Theanalysisof therequirements$or theVIF 2003Webapplicationweredrivenby the VIF man-
agers. The four main areasof concernwere the programmeinformation, the ticket ordering
system,the VIF archive andthe disseminatiorof generalinformation aboutthe festial (e.g.,
contactinformation,specialoffers, cooperationspaymentoptions,etc.). Sincethe whole appli-
cationis bilingual, the customershouldbe ableto switch languagest any pointin time, i.e.,
every Germanpage(be it staticor dynamic)hasan Englishcounterparit is linked to. Addi-
tionally, a browseablé/Neb gallery waservisionedthat containamagesandtextual information
on selectedevents. The possibility to integratefuture news releasespressreviews, critique,
highlightsandinterviews concludedhelist of mainrequirements$or the VIF 2003.

In thecontext of theVIF project,weidenti ed thefollowing stakeholderghatneedo interact
to getthe projectimplemented:

VIF Managers. TheVIF managersirethe ownerof the Websiteandareconcernedbout
meetingdeadlinesand gettingfunctionality implemented.The pay for the work doneby
theotherinternalandexternalstaleholders.

Content Managers. The contentmanagersre VIF staf andthusinternal staleholders.
Their only concernis the correctnessand freshnesof the information available via the
Webapplication.

Graphics Designers. The designof the visual representatiorof the contentwas out-
sourcedo an externaldesigncompaly whoseonly taskis to producethe (HTML) page
templates.
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Programmers. In the VIF scenario,we take the role of programmersvho implement
the applicationlogic andintegrateit with the graphicallayout andthe content. In addi-
tion we performmaintenanceklution taskssuchascontentupdatesor extensionof the
applications functionality (e.g.,specialoffersif you buy morethan5 tickets).

SystemAdministrator. The systemadministratorole is responsibldor runningthein-
frastructurge.g.,hardware,network, Websener, etc.) andprovide securefastandreliable
accesgo theservicesWe assumedhis role in cooperatiorwith theVIF' s technician.

Customers. The customersare the usersof the VIF Web applicationwho want to get
informationaboutthefestival andordertickets.

In the following we provide detailedinformationon the programmeandticket orderingre-
guirements. We usethis centraland mostcomplex part of the applicationfor our casestudy
descriptionin theremaindeiof this chapter

The programmeovervien pageis the centralsourceof informationfor the client regarding
events,locationsanddates.It containsalist of all events,shortcutdo theticket orderingsystem
for eachevent,indicatesvhethereventsarestill availableandletsthe customebrowseeventsby
location,dateor keyword. A link for eacheventbringsup the respectre eventdetailspagethat
containgdetailedeventinformation(e.qg. title, author actorsJocation,dates shortdescriptionof
the content,animage,etc.). Eventdetailspagedurther supportnavigating the setof all events
or aspeci ¢ searchresultwith links to the previousandnext eventin the set.

The ticket orderingprocesscoversall aspectof selecting,reserving,orderingand paying
for ticketsand manages shoppingcart that the client canmodify at all times. Furthermore,
(host-basedbhird-partyservicegunningon amainframecomputemeedto beintegratednto the
work o w to performonline creditcardvalidationandto interfacewith theticketissuingsystem
usedby therestof thefestival'sticket of ces (e.g.,to globally resene tickets).

Theorderingprocesss initiatedfrom theprogrammeoverview pageor from theeventdetails
page.First, thelist of availableperformancesf the selectedventis shovn. Whenthe customer
haschosenhe desireddate,a list of availableticket catgyoriesandthe numberof free seatsn
eachcatgyory aredisplayed.Shenow selectghe numberandcateyory of all ticketsshewishes
to buy. In the next step,the currentcontentsof the customers shoppingcartis shovn, including
thenewly addedickets. Thislist alreadycontainsthe exactrow andseatnumbersof thetickets
andallows the customeito cancelany numberof tickets. At this time, shecaneitherchooseto
go backto the programmeo ordermoreticketsor to nish the transaction.In the latter case,
a pagerequestshe customers personabkndpaymentinformationandlets the customercommit
the order Whenthe orderwassuccessfullyprocessedsheobtainsa con rmation pageon the
screerandan email with the samecon rmation information (including the orderedtickets, the
grandtotal andtheresenationnumber).

Following the XGuide processwe modeledtheserequirementsn a requirementsliagram
usingonly simpleandmulti pagesFigure7.1shavstherequirementsliagramof theprogramme
andshoppingcartsectionsof theapplication.
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Figure7.1: Therequirementsliagramfor the programmeandticket orderingsectionof the VIF
2003application.
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The programmeovervien pageProgrammeis the startingpointfor arny eventinformationor
ticket orderingprocess.t is modeledasa multi pagesinceit is parameterizeavith the criteria
thecustomeirselectede.qg.,daterange location,type of event,etc.). After the client selectedan
event,the correspondingventdetailsaredisplayedin the ProgrammeDetailsnulti pagethatis
parameterizewvith theidenti er of the selectecevent.

Fromboththe programmanmainandthe eventdetailspagesthe customeicanstartthe online
ticket orderingprocess.In a rst step,all datesfor the selectedeventare shovn (ShowDates
Having selectedh particulardate thevariousticket categoriesandthenumberof availabletickets
percateyory aredisplayed ShowCatgories. Thecustomercanthenselecthe numberof tickets
percategory shewantsto putinto theshoppingcart. As aresultof puttingticketsin theshopping
cart, the contentsof the cartis shavn in the ShowCartpage. Besidesthe possibility to cancel
theorderingprocessthis pageprovidesoptionsto go backto theprogrammeo addmoretickets
for otherevents,to remove selectedickets(change cart) from the currentshoppingcart,andto
proceedo the Order pageto nalize theorderingprocess.

The nal pagein the online ordering processrequiresthe customerto enterher personal
information (e.g., name,addressgmail, phonenumber etc.) andthe preferredpaymentand
deliveryoptions.Onceall informationis provided,theorderis processedntheback-endgystem
includingcreditcardvalidationandonlineresenationof the selectedicketsin theticketissuing
system.Eventually the customerrecevesacon rmation page(Con rmation) containingdetails
on her order (e.g., the exact seatand row numbers,resenation id, grandtotal of all tickets,
selectedlelivery option, etc.).

Also notethe "additionalrequirementsindicatorson the ShowCatgories OrderandCon r -
mationpages.Therespectre requirementgardsstatethat

thenumberof availableticketspercateyory in the ShowCatgoriespagemustberetrieved
from thethird-partyticketingsystem,

nishing the orderin the Order pagemeansto rst validatethe credit card information
(againusingathird-partyservice)andthenbooktheticketsin the back-endicketing sys-
tem,

in additionto the Con rmation page the customemustgeta con rmation email contain-
ing the sameinformationasthe con rmation page. Furtherthe sameemail is for redun-
dang reasonsentto the VIF ticketingof ce (to cross-checkn theticketingsystem).

7.1.1 DISCUSSION

Firstit needgo beemphasizethattherequirementsliagramexplainedabove is theresultof an
iterative discussiorprocess.We startedout with a muchsimplerversionof the diagram.When
discussinghework o w, however, additionalrequirementsvereaddedandthe diagramevolved.
Examplesof suchchangesnclude:

removing singleticketsfrom the shoppingcart's ShowCarfpage(asopposedo canceling
thewhole shoppingcartor all ticketsof a selectedavent),
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addingshortcutlinks to the Programmeoverview pageto directly starttheticket ordering
procesgasopposedo requiringthe custometto rst navigateto theeventdetailspage),

shaving the exact numberof availabletickets per category in the ShowCatgories page
(asopposedo merelyindicatingwhethetrticketsin therespectre cateyory areavailableor
not).

Anotherrequirementwve were not ableto easily capturein the requirementsliagramper
tains to the bilingual natureof the Web application. As a consequencegvery pageexists in
bothlanguagesindswitchingfrom onelanguageo the othershouldbe seamlesslymplemented
throughoutheapplication.Theoreticallythiswould meanto duplicatetherequirementsliagram
andfor every pageto adda navigationaldependengto its counterparin theotherlanguageThis
would renderthe diagramalmostunreadableWith respecto the requirementsliagram,we de-
cidedto considerthe diagramto be language-independef(ite., not to modelthe switching of
languagest this level); insteadwe addedthis requirementsa separatesectionto the require-
mentsdocument.

An importantaspectwith respectto the following feasibility decisionare representedy
the non-functionalrequirements.Apart from the technicalrequirementf integrating legagy
or third-party systemstwo otherrequirement$iad signi cant impacton the project: the short
developmentime andthe expectedchangerateof theapplication.

In termsof developmentime, aharddeadlingfor theWebapplicatiorwasdeterminedy the
dateof the public pressconferencen which the programmeof the next years VIF is presented.
The pressconferencdor the VIF 2003 programmewas scheduledor Decemberl3, 2002. In
the projectplanningmeetingst becameclearthatthe nal layoutandmostof the contentwill
only be availablein late November This left us with about2-3 weeksto integratethe content,
thelayoutandthe back-endapplicationlogic.

The expectedevolution rateof the applicationwasthe othersigni cant concern.Ontheone
hand,the amountof informationto dealwith continuesto grow as pressreleasesinterviens
with artistsandreviews of performance®ecomeavailable. On the otherhand,our experience
with Web projectsandthe VIF in particularshavs that managerandWeb site ownersusually
do not think of all requirementst the beginning of the projectbut tendto comeup with new
requirementdater in the project. Examplesaregivenin Section7.6 detailingon maintenance
andevolution actwvities.

7.2 THE FEASIBILITY DECISION

Sincethe VIF casestudyis arelatively smallWeb project,assessinthefeasibility of theproject
was relatively easy Following the checklistpresentedn the XGuide process,we evaluated
the projectin termsof money, time, people,dependenciesjuality of service,know-how and
technology
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Becausethe implementationof the casestudy was setup as a cooperationwith the VIF,
mong wasnot the primary concern.Also the peopleinvolvedin the projectandtheir responsi-
bilities androles(contentmanagemenprojectmanagemengraphicsdesign,implementation)
hasbecomeclearover theyears.In termsof dependenciesn third-partyproductsandservices
only the credit card validation serviceand the ticket issuingsystemwere identi ed. The lat-
ter is a host-basedystemusing terminal emulationsto gatheruserinput. As a consequence,
an adapterserviceto translatebetweenthe Web-basedshoppingapplicationand the back-end
ticketingsystemhadto bedeveloped.

Regardingtheknow-how of the peopleinvolvedin theproject,thesituationwasmoreproble-
matic. ThepeopleattheVIF of ce aremostlyusersof theWebbut did nothave muchexperience
developingWeb-base@pplications As aresult,we plannedor increasedcommunicatiorno dis-
cusswhatis possibleandreasonabléo do ontheWeh Also in termsof hardwareinfrastructure
(sener machinesservicemaintenancenetwork security etc.) the VIF could not provide the
necessarknow-how as outlined when discussinghe technologyaspectbelon. The graphics
designwas doneby an externalcompaly whoseexpertiseis in creatingHTML-basedlayouts
usingWYSIWYG tools suchas Dreamwewger andscriptingusing JavaScriptand Macromedia
Flash. In the caseof the VIF casestudy we consideredhe know-how of the developersasbe-
ing no problemsincewe have enoughexperiencedeveloping,deploying and maintainingWeb
applications.We also developedthe technologiesisedduring the implementatiorphase(e.g.,
MyXML, XSuite)ensuringsufcient 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 sener running
on Linux asbaseplatform. The applicationdevelopmentis doneusing XML, XSL, MyXML
andJava servlets. The back-enddatastoreis realizedasMySQL databaseTakingthis setting
into considerationthe technologyaspectof the feasibility decisionbroughtup two potential
problems: rst, the VIF did nothave experiencdn settingup or maintaininga Linux-based/\eb
sener; secondthe graphicsdesignerslid not have knowledgeof XSL but only HTML.

The solutionto the rst problemwasthat we took over the responsibilityfor con guring,
securing,running and maintainingthe Web sener machineand services. Sinceit wasnot an
optionfor thegraphicsdesignerso provide thelayoutasXSLT templatesye plannedor a "pre-
processingtaskto analyzeandtranscodehe deliveredHTML mockupsinto XML and XSLT
de nitions.

Also whatkind of quality of services requiredior theVIF Webapplicatiorwasaninteresting
guestion. Sincethe Web presenceof the VIF is importantespeciallyfor foreign customers,
availability wasthe main concern. To cover the possibility of hardware defectsthat cannotbe
x ed by replacingthe hardware, we have a cold stand-bysolution, i.e., copiesof all required
softwarepackageso be ableto setupanalternatve Websenerin a coupleof hours.Obviously,
alsoall thedatais baclked up. The securityof the systemis ensuredy arestrictvely con gured

re wall thatonly acceptdHTTP(S)requestsandmonitoringof the Weblog les. Only for the
network connectiorto thelnternet,theVIF fully rely ontheir providerwhich constitutesasingle
pointof failure.

The scalability of the systemis not a major concernsincethe Web sener load still by far
doesnot tap the full potentialof the sener andthe 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 respecto
scalability is the communicationwith the adapterservicefor the ticketing systemsince only
a limited numberof connectionsare acceptedy this service. On certaindays(e.g.,the rst

day whenthe ticketing serviceis available,the day of the openingceremon, etc.) we expect
the amountof concurrentticket orderingsto exceedthis limit. Regardingthe performanceof
the application,the situationis similar. The performanceof the Web and databasesener are
morethansufcient, the communicatiorwith the adapterservice(which in turn connectgo the
ticketing system),however, causessomedelays. Sincethe adapterserviceis provided by an
externalparty, we cannotdirectly in uence its properties.

Regardingthe projectdurationandimplementatiortime, however, the situationwas more
dif cult. We alreadymentionedthat the available developmenttime was extremely shortand
it wasnot clearat the beginning whetherwe could nish theimplementationn the giventime
frame. As aresult,we agreedto implementall functionality exceptthe ticket orderingbefore
the pressconferenceand, if necessaryprovide the ticket orderingfunctionality at a later date.
As it turnedout, theintegratedsupportfor separatiorof concernget us nish everythingin time
(sincewe could implementall the functionality independentlyof the actualdataandgraphical
appearance)Still the onlineticket orderingcould only starta monthafterthe pressconference
sincetheVIF couldnot provide the necessaryicketinformation.

7.3 DESIGNING THE VIF WEB APPLICATION

The designof the VIF casestudy builds on the requirementsliagramcreatedin the rst step.

The designin-the-lage actvity re nes the requirementsliagramto include Web components,
applicationlogic processeandthenecessarinput- andoutputinterfaces.Consecutiely, design

in-the-smalkranslateshehigh-level designinto concretecontractgor all pagesandcomponents.
Furtherit speci esthecompositionoperatorso embedcomponentinto pages.

7.3.1 DESIGN IN-THE-LARGE

In the requirementsliagram,the ervisionedWeb applicationis viewed from the client's per

spectve. Designin-the-lage meansto further analyzethe requirementgdiagramto identify

commonalitieacrospageqandseparatehemoutinto Webcomponentsandto preciselyspec-
ify all interfaceq(i.e., betweermpagescomponentandapplicationlogic processes).

Figure7.2depictsthesnippetrom thediagramshowving theprogrammenverview, searchand
detailspages.TheProgrammepagereferenceshreeWebcomponentsthe Header Programme-
Seach and ProgMewDefaultcomponents.The headercomponenis embeddedn all pagesto
displaya commonheadeisectionandnavigationstructurefor all pages.The programmesearch
componentepresenta searchfacility thatletsthe client searchor eventsdependingon the se-
lecteddate,locationandeventcateyory. Finally, the (default) view componentslisplaysthelist
of eventsthatmatchthe searctcriteria.
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Figure7.2: The snippetof the designdiagramresponsibldor the programmeoverview, search
anddetailspages.

Furtherthe searchcomponents linked to an applicationlogic processthat performsthe
actualsearchagainsthe back-enddatabaseontainingall eventsanddisplaysthe searchresult
in yet anotherpageof type Programme This recursve dependengis alsothe reasorwhy the
programmepageis modeledas multi pageas opposedio a simple page—eaclsearchquery
producesa new instanceof the pagethatonly differsin thelist of eventsto be displayed.When
initially navigating to the programmepage,no restrictionson the searchcriteria are speci ed
resultingin alist of all eventsin theview component.

From the list of eventsin the view componentthe client can selectan event to view its
details. The detailspagereuseghe headercomponenanddisplaysall informationavailablefor
theselectedavent. The ProgrammeDetailpageagainis amulti pagesinceits pagespeci cation
is parameterizeavith theidenti er of aneventandreusedor all events. Fromthe programme
detailspage,alsotheticket orderingprocessstarts.If the client choosego orderticketsfor the
selecteckvent, sheis rst presentedvith alist of all dateswhenthe eventis performed.In the
designdiagramwe modeledheticketorderingproces®naseparatpage(shavnin Figure7.3).
As aresult,we usedaproxy componentin Figure7.2to indicatethefactthatthe ShowDatepage
is speci edsomavhereelse(i.e.,on adifferentpage)in thediagram.

Sincethe input and outputinterfacesare propertiesof the componentsand pagesset via
a propertydialog, they are not shavn in Figures7.2 and7.3. In Figure7.2, for instance the
ProgrammeSeah componenthasan outputinterfacethat speci esthe selectedsearchcriteria,
i.e., the daterange,the locationandthe event category. This outputinterfaceis matchedby a
correspondingnput interface of the ProgrammeSeahLogic applicationprocesshat usesthe
provided valuesto compilethe list of eventsthat matchthe searchcriteria. Consequentlythe
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Figure7.3: The pagefrom the designdiagramthatspeci estheticketorderingprocess.
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processle nesanoutputinterfacethatcontainslist of events.Thislist is usedasinputinterface
in the Programmepageanddisplayedassearchresult. Theduality of inputandoutputinterfaces
continuedor all pages.

To nish thediscussiorof thedesignin-the-lageactvitiesin our casestudy we brie y walk
throughthe diagramfor theticket orderingprocess.The processstartswith the aforementioned
ShowDategpagethat displaysall dateswhenthe selectedeventis performed. Whenthe client
haschosena date,the availableticket categyories(i.e., price catggoriesdependingon the event
location)aredisplayedogethemith thenumberof ticketsavailablein eachcategoryin the Show-
Catgyoriespage.Theclientthenselectghe numberof ticketsshewantsto order(per cateyory)
andputstheminto theshoppingcart. Onthesener-side,thistriggersthe (internal)resenationof
thetickets(Reserveitkety to avoid placingthe sameticketsinto multiple shoppingcartsat the
sametime. The ShowCartpagedisplaysthe currentcontentof the shoppingcartandprovides
buttonsto changeor canceltheorder In theformercasetheresenationis changemnthesener
andthemodi ed shoppingcartdisplayedanewv. In thelattercasetheresenationis canceledand
the programmeoverview is shavn. If theclientdecidego nish theorder sheis askedto enter
thedeliveryandpaymeninformationonthe Order page.Againshecancanceko resenationand
returnto the programmeoverview; or shechoosego nish the orderi.e., af rmati vely booking
theticketsonthe senerand,in the caseof a creditcardtransactionyalidatingandchaging her
creditcard. Eventually a con rmation pagewith all ticket detailsis shavn. Note thatall pages
embedhe headeicomponento ensurea consistenappearancandnavigationexperience.

7.3.2 DESIGN IN-THE-SMALL

Sofar, all modelingwasdonein the Visio modelingervironment. Startingwith designin-the-
small, visual modelingis replacedby the XSuite IDE. To make the Visio sitemapusablein
XSuite,it is rst translatednto an XML representationThe partsof the VIF sitemaphatmodel
the programmepagesareshovn in Figure7.4.

You canseethatonly the essentialnformationsuchasthe identi ers, the namesjnput and
outputinterfaces,compositiondependencieandlink informationare extractedfrom the Visio
diagram.

The XSuiteIDE providesacustomizededitorfor sitemapsandsupportcreationof contracts
for all thepagescomponentsandapplicationlogic processes thesitemap.To createacontract
for apageor componentthedeveloper rst chooseamongthe availablecontractconcernsAll
pagesandcomponentsnusthave a Structue concerrnthatde nestheir structureanddatamodel.
Dynamic pages(and components)night in addition usethe Interfaceconcernto de ne their
input/outputbehaior. Application logic processespn the other hand,only usethe interface
concernsincethey do not have contentor a visual representatiothemselesbut only consume
andprovide informationfor pagesandcomponents.

Thecontractcreationwizardintegratednto the XSuiteIDE supportghedeveloperin creating
contracts.Figure 7.5 shavs the rst pageof this wizard. It letsthe userselectthe appropriate
concernsandde nes alocationin the projectwhereto storethe contract. Eventually it creates
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Figure7.4: A fragmentfrom the XML representatioof the VIF sitemap.
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Figure7.5: The rst pageof the contractcreationwizard of the XSuite IDE.

a contracttemplatefrom the userinput andthe informationin the sitemap. Sucha contract
templates shovnin Figure7.6.

With the contracttemplateat hand,the designersll the contractwith the corresponding
information (e.q., interface speci cation and XML schemade nition). Eventually when all
contractsarede ned, the contractscanbe composedccordingo thede nitions in the sitemap.
Anotherwizard supportsthe designerin doing so. First the contractthat shouldbe composed
with the selectedcontractis chosen. Then the compositionoperatorsfor all concernsn the
contractarespeci ed. If all requirednformationis available,thecontractarecomposed.e.,the
appropriatecomponenteferencds insertedinto the <compositionreferences> section
of thecontract.Figure7.7 shavs aninput pageof the contractcompositionwizardthatrequests
informationon how to composehe interfaceconcerns.As discussedn Section5.4.2,the user
can chooseamongcompositionby addition, by uni cation, by adaptation,and by omission.
Correspondingiserinterfacecontrolsareprovidedon thewizard page.

The effect of the compositionoperationon the XML representationf the contract(i.e., the
updated<compositionreferences> section)is shavn in Figure7.8. A new composition
referencewas addedthat uniquelyidenti es the embeddedontractvia its nameand version.
Furthera customcompositionoperatoris speci ed for eachcontractconcernthat containsthe
informationon how to integratethereferenceaoncern.

When all contractsare fully speci ed andall compositionreferencesatis ed, the design
phaseis nished. The setof contractgincluding the compositioninformation) actsasa spec-
i cation for the developers.They encapsulatall informationnecessaryo develop the various
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Figure7.6: The contracttemplategeneratedor the programmesearchcomponentvith speci -
cationsfor theinterfaceandthe structureconcerns.
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Figure7.7: A pageof the contractcompositionwizard requestingcompositioninformationfor
theinterfaceconcerns.

implementatiorconcernsoncurrentlyandindependentlyf eachother

7.3.3 DISCUSSION

The designphasedependdo large partson the expertiseand experienceof the designers.In
the programmesearchexamplewe outlinedhow a pagecan be factoredinto componentghat
cansubsequentlype reusedacrosanultiple pages.As aresultof the concretedesignpresented
before,the initial programmeovervien pageis merelya specialcaseof searchresult,i.e., the
list of eventsthatmatchno speci c criteria. While this designhasadvantagesn termsof reuse
andimplementatioreffort, it makesit moredif cult (if notimpossible}o updatehe Programme
overview page(e.g.,with specialoffers or recentnews) without alsoaffecting the searchresult
pages.Thusif changedo the programmeovervien pagecanbe anticipatedthat shouldnot be
re ectedonthesearchresultpagesa betterdesignwould beto singleoutthe overvien pageand
modelit separatelyfagainreusingthe headermndsearchcomponentsthough).

Anotheraspecto keepin mind is the complity of the model. The morecomponentsare
de ned, the more complex andincomprehensibléhe modelgets. Dependingon the expected
change-or evolution-rateof the application this might make sense A mereover-engineeringpf
the designdiagram,however, (e.g.,splitting all pagesnto componentgvenif the components
cannotbereused)pnly addsto the complexity of thediagrambut notary value.

A goodexamplefor this kind of trade-of wasthe decisionto modelthe list of eventsre-
turnedby a searchqueryasa separateeomponenicalled ProgMewDefaultin Figure 7.2). In
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Figure7.8: Theupdatedcompositiorreferencesectionin the contractthatcontainsall composi-
tion operators.
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therequirementphasewe alreadydiscusseaffering alternatve views of thesearchresult(e.g.,
sortedby eventlocation,by date,etc.). Thuswe expectedothercomponents$o be usedtogether
with theexisting default view. If this probableextensionof the programmepagewould not have
beenobviousfrom the beginning, it would not have madesensedo isolatethelist of eventsin a
separateomponentinsteadjt would have beenpartof the Programmepageitself.

7.4 CONCURRENT IMPLEMENTATION BASED ON CONTRACTS

Onceall componentand pagecontractsexist and the compositioninformation speci es how
contractsare composedthe concurrenimplementatiorphasestarts. As explainedbefore,the
informationin thecontractss everythingneededo createthevariouspartsof theimplementation
independentlyf others.Considerthe contractof a dynamicpage.lt containsa structureandan
interfaceconcern.Thestructureconcern(i.e., XML schemale nition) de nesthestructureand
datamodel. Theinterfaceconcern(i.e., interfacede nition) speci estheinput/outputbehaior.
Thusthe contentmanageuseghe structurepartof the contractto createthe contentdocuments,
the graphicsdesigneralsousesthe structureconcern(i.e., XML schema}o createappropriate
XSLT templatesandtheprogrammesolelyreliesontheinterfacede nition whenimplementing
theapplicationlogic.

To initially createanimplementatiorof acontractthe XSuite IDE againprovidesa support-
ing wizard. Thewizardletsyou selectthe contractto be usedandletsyou enterthe nameof the
resultingXPage(i.e., implementatiorof a contract). Sincean XPageonly containspointersto
theactualimplementationles, we caneasilysupporimplementatiomeuseby selectingexisting
implementationles. If no suchimplementatiorexists, the wizard createsa new implementa-
tion skeletonbasedon the informationin the contract.Figure 7.9 shavs the secondpageof the
XPagecreationwizardthatprovidesa separate¢abfor every implementatiorconcern.It further
letsthe developerdecideon a perconcernbasiswhethera new implementatiortemplateshould
be createdr anexistingimplementatiorreused.

If the developertells the wizard to createa new implementationskeleton, it analyzesthe
contractto createa preliminarycontent(XML) documentjayout(XSLT) stylesheeaind(Java)
applicationlogic. For this purposethe wizard processeshe structurepart of the contractand
createsacommentedKML documentonformingto theschemasSimilarly, aschema-compliant
XSLT stylesheeis generatedior theapplicationogic, thesituationis alittle morecomplicated.
First,aJavainterfaceis generatetbasedntheinterfacede nition informationin thecontract.In
this processthe input interfaceis translatednto a dedicatedmethodsignatureandeachoutput
interfaceis encapsulateth a separatesub-interbice. While this interfacewould be sufcient
to develop and compile the applicationlogic, the programmemould not have a possibility to
testthe applicationlogic until the nal contentandlayout are available. Insteadwe createa
factory classthat returnsa dummy implementationof the applicationlogic interfaceuntil the

nal contentandlayoutbecomesvailable.

Considerthe exampleof a genericmessge contractthatde nes a pageto displaya simple
text messageThe pagetakesa headeranda text parameteasinput. It doesnot provide output
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Figure7.9: The XPagecreationwizard providesseparateéabsfor all concernsaandthe optionsto
reuseexistingimplementationles.

interfaces.If thedeveloperusesthe pagecreationwizardto createa new implementatiorof this
contractthewizardcreatesanXPageasshownnin Figure7.10. TheXPageindicategheidenti er
andtheversionof thecontractt usesandcontaingeferenceso implementation$or thecontent,
layoutandapplicationlogic. For spaceeasonswe donotshow theskeletongor the contentand
layout les here.Theinterfaceandafragmentof thecreatedactoryis shavnin Figure7.11. All
this sourcecodeis directly generatedrom the contractusingtwo XSLT stylesheets.

Basedon the createdmplementatiorskeleton,the developersuse XSuiteto nish theim-
plementationFor XML andXSLT documentsgustomizeceditorswith syntaxhighlightingand
auto-completiorsupportthe developer For the applicationlogic, a completeJava IDE is inte-
gratedinto the XSuite ervironment(including editor, compiler dehugger etc.). Whenall imple-
mentatioractvitiesare nished, only thecreationof thepagetemplatan thenewlnstance()
methodof Figure7.11hasto bechangedo usethe nal contentandlayout. Thenthecomponent
or pagecanbetestedanddeployed.

To demonstratéhattheimplementationasksareindependenof eachother we implemented
the casestudy startingwith the applicationlogic and—inthe rst step—completelygnoringthe
contentandlayoutconcerns.With the createddummy pageswe successfullimplementedhe
full functionality of the casestudy(shoppingcart,programmesearcharchive searchetc.). Only
thendid we addtheactualcontentandlayoutinformation(againindependentlyf eachother).In
this stepwe could shav thata concurrenimplementatiorphasebasedexclusively on contracts
is possible. The experiencesve madein the variousimplementatiortasksare collectedin the
discussiorsectionbelow.
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<xpage xmins="http://www.infosys.tuwien.ac .at/x guide/ xpage "
contract="model\contracts\generic\g eneri cMessage.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 referencego the actualconcern
implementations.

After theimplementatiorphasethe VIF casestudyconsistedf 18 contractghatwereused
in a total of 25 XPagesandcomponents.25 content les, 13 stylesheetend118 Java classes
wereinvolvedin theimplementatiorof the pagesandapplicationlogic. 93 of thetotal 118 Java
classesvereautomaticallygeneratedby the XSuite IDE andthe MyXML enginejtheremaining
25classegncapsulatethe ‘real’ applicationlogic. Thenumberof actualHTML pagesielivered
to usersis further increasedy the fact that mary pagesare parameterizeanulti pages. For
example,the eventdetailspageis parameterizedavith the eventidenti er andis usedto create
about50 differentHTML pages;similarly the archve detailspageis reusedfor hundredsof
articlesin thearchwe.

7.4.1 DISCUSSION

In implementingthe VIF casestudy we could shav how the contentmanagersgraphicsde-

signersandprogrammerganwork independenthof eachother In practicethis meanghatthe

contentmanagerseeda simplestylesheeto validatethe entereccontent. Thegraphicsdesigner
work with dummycontentthat lets themtestvariousformattingalternatves. The programmer
nally , usesthe automaticallycreateddummy pagesmentionedbeforeto testthe input/output
behaior of the applicationlogic. In this setting,XSuite's versioncontrol supportprovedto be

extremelyuseful. The integratedCVS moduleallowed the developersto checkin their contri-

bution to the projectwhile thetemporaryles (dummycontent,simplelayoutde nitions, etc.)

stayedocal. As aresult,the sharedepositoryalwaysre ected the currentstatusof the project
evenif thedevelopersusedtask-speci cervironmentsettings.

The developmentof the applicationlogic took advantageof the integratedJava IDE. Es-
pecially the incrementacompileranddeluggerhelpedto ensurecontractcompliancesinceall
sourcegyotimmediatelycompiledagainstheinterfacescreatedrom the contract. Thusthe ap-
plicationlogic—if compiledsuccessfully—automaticallg guaranteedo ful Il its contract.Also
for the otherconcernsthe integrationof the independentlylevelopedconcernimplementations
workedwithout problemsaslong asthey remaineccontractcompliant.
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Figure7.11: Thegeneratednterfaceandfactoryof the programmesearchcomponent.
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Eventuallyit remainsto be notedthatin someoccasionghe createdcontractsturnedout
to be not complete,i.e., do not correctly specify the dependencieand interfacesbetweenthe
implementatiorconcerns.This s a resultof a not carefulenoughdesignphaseand,oncemore,
shows how importantit is to investenoughtime andthoughtsin the design.Oneexampleof an
incompletespeci cationin the designphaseis relatedto hidden elds in Webforms. Consider
the programmesearchcomponent:ithe from, to, location, category andkeyword algumentsare
obvious sincethey represenftorm elds in which the usercanenteror selectvalues. Whatis
easyto miss, is the existenceof hidden elds in Web forms (e.g.,to indicatewhetherthe form
is shavn the rst time, what languagethe form is shown in, etc.). In the designphase,such
information (thoughimportantto the applicationlogic) is easilyoverlooked. This is especially
the caseif the designis driven by designand layout mock-upsand no cross-checkwith the
requirement®f the applicationlogic is performed.Anotherexampleof anincompletecontract
turnedup in theimplementatiorof the ShowCartpage. This time the reasonwasthat the page
usesseveral commit buttonsin the sameform (i.e., cancelorder changecart, nish order)and
thusthe applicationlogic hasto reactdifferently dependingon which buttonwaspressed.The
necessarinformation(i.e., thenameof theselectedutton)is crucialto theapplicationlogic but
wasnot partof ourinitial contract.

Besidesthe conclusionthat we did not investenoughin the designof the application,the
setof incompletecontractsgave us the possibility to try out real-world evolution scenariosas
presentedn Section7.6.

7.5 TESTING AND DEPLOYING THE VIF CASE STUDY

Becausef thelimited time, testingof the VIF casestudybeforetheinitial roll-out startedwith

the mostcritical partsof theapplication,i.e., the programmesearchandticket orderingsystem.
Everything elsewasthenvalidatedaccordingto its importanceand remainingtime beforethe
initial deployment.

Testingof the programmesearchandticket orderingsystembasicallymeantto ensurethat
thesystenreactsasexpectedi.e.,ontheclientaswell asthesener side)for arbitraryuserinput.
Thereforewe (manually)createda setof testcasego cover the mostcommonuserscenarios,
severalfaulty inputsandcornercasesSincetheinput/outputbehaior andthe stateon thesener
could be testedusing the dummy pagesand the applicationlogic, the testingprocessstarted
togethemwith theimplementatiorof theapplicationlogic. Whenthe nal contentexistedandthe
layoutwasintegrated the setof testswasexecutedoncemoreagainsitthe nal Webapplication
to ensurehattheintegrationof the contentandlayoutdid nottamperthe systems behaior.

We alreadymentionedat the beginning of this chapter that the designof the graphicalap-
pearancef the Web applicationwasoutsourcedo an externalcompaly that producedHTML
mock-upsratherthan XSLT stylesheetsAs aresult,testingof the layoutconcernmeantto en-
surethatthe createdXSLT stylesheetgvisually) producethe sameoutputasthe original (and
acceptedHTML mock-ups.Similarly, the contentwasre-checlkdin termsof correctnessf in-
formationandtyping errors.Eventually a link checkingtool would ensurethatno brokenlinks
existin theapplication.
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To re-runthe applicationlogic testsandperformthe contentandlayout checkshaving inte-
gratedall concernsywe neededo deploy the nal applicationto atestervironment.To deploy the
casestudy we neededo invokethe MyXML templateenginefor all XPagescompilethegener
atedandmanuallycodedJava sourcesandcopy the nal runtime les to a Java servlet-enabled
runtimeervironment.For this purposewe usedXSuite'sintegratedJakartalomcat[140] servlet
enginethat supportsrunning the Web applicationunderdevelopmentdirectly from within the
IDE. Figure7.12shows the Tomcatpropertypageto managehe necessargon guration infor-
mation. Everythingelseis donetransparentlyor the user i.e., the Web applicationdescription
les (web.xml ) andthesenercon guration le (server.xml )aremaintainecautomatically
Supportedy Tomcats codehot-swappingability, changego the applicationlogic evenbecome
immediatelyvisible throughthe Webinterfaceandno longerrequiretime-consumingestartsof
theservletcontainer

Figure7.12: Thepropertypageof theintegratedTomcatservletengine.

The nal deploymentstepis to copy the Web applicationto the productionsener. Based
onso-calledsener pro les thatencapsulatall sener-speci ¢ information(e.g.,documentoot,
databaselriver, database€onnectstring, etc.),it sufces to copy all implementationles to the
productionmachineandre-tuild the applicationusingthe correspondingener pro le.

Figure7.13shavsthe nal programmeovervien pageafterintegratingthe implementations
for the contentconcernthelayoutconcernandthe applicationlogic. Thecommonheadeicom-
ponentesidestthetop of thepage theprogrammesearctcomponentis displayedn thevertical
barontheleft, andthelist of eventsin the mainareaof the page.
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Figure7.13: The nal programmeoverview pageof theVIF casestudy
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7.5.1 DISCUSSION

The main problemwhentestingthe VIF casestudywasthatthereis little or no work on how
to exhaustvely testa Web application.Evenin the softwareengineeringdomain,thoughmuch
researclon software testingexists, testingof non-trvial software productsis a dif cult task—
not to speakof proving the correctnesf applications. Sincethe applicationlogic of Web
applicationsin most casesis non-trvial and needsto deal with transactionaprocessegi.e.,
manageusersessions)the work on softwaretestingcan be directly appliedto the application
logic.

For the otherconcernf a Web application(e.g.,content,layout, etc.) andespeciallytheir
integration,it is not so clearwhattestingmeans Furthermorehypertet-relatedtesting(e.g.,to
avoid the brokenlink problemor to make sureall pagesarereachablepndusertesting(e.g.,to
ensureuseracceptancandusability)is important.lt is alsounclearto whatextentthetestingof
Webapplicationanbeautomatedaincethetestdriver hasto have awayto evaluatethesener's
reply. Sincesuchreplieschangedependingn the stateof the sener, theinput device usedthe
graphicallayout deployed and maybeeven ervironmentalvariables(e.g., the time of the day),
thisis anextremelydif cult task.

Also the lack of appropriatemetricsto evaluatehow well an applicationis tested(suchas
block coverageor arc coveragein software engineeringimakesit dif cult to argue aboutthe
quality of a Web application.Existing metricsmainly focuson the complexity of Web applica-
tions[45,109].

In termsof regressiortesting,it is oftenimpossibleto derive from a changedesourcevhat
otherresourcesreaffectedby the modi cation. Becausef the strict separatiorof all concerns
in XGuide,we cando a betterjob by maintainingdependeng graphsthattrack all usesof ary
givenresource For every contentor layout le, for instancewe canderive in whatXPagesit is
used(i.e., what pagesneedto berehuilt). For every XPage,we can nd the contractit usesto
ensurethatthe changedoesnot violate the contract. Using this mechanismyve canbuild a list
of pagegshatareaffectedby any givenmodi cation andthusneedto be re-kuilt, re-testedand
re-deplyed.

Thedeploymentof theWebapplicationitself, beit into thetestervironmentor to theproduc-
tion ervironmentof the VIF application,did not causemuchproblems. The conceptof sener
pro les was expressve enoughto encapsulatall machine-relateéhformation and reducethe
deploymentactiities to copying all required les andreluilding the applicationwith the new
pro le.

7.6 MAINTENANCE AND EVOLUTION OF THE VIF 2003 WEB
APPLICATION
OncetheWebapplicationis deployed,it enterghemaintenancehase Recallthatwe distinguish

maintenancandevolutiondependingopnwhetheramodi cation remainswithin asingleconcern
(andleavesthe contractunchangeddr is cross-concerfandrequiresanupdateto the contract).
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In the VIF casestudy we appliedmaintenancen the applicationlogic to x programming
bugsandextensvely in the contentconcernto addnew or updateexisting contentinformation.
Maintenancen thelayoutconcernj.e.,changego thegraphicalappearancelid notoccur

Maintainingthe applicationlogic is directly supportedvithin the XSuite IDE by editingthe
sourcecodeand recompilingit. The newly generatedlava class les are thenautomatically
copiedto the test environmentwherethe code hot-swappingfeatureof Tomcatusesthemto
replaceexisting, now out-datedversions.As a result,changesandbug x esin the sourcecode
areinstantaneouslgctive in thetestenvironmentoncethe compilationprocessucceeds.

Contentmaintenancés morecomplicated.The contentof mostWeb applicationss stored
eitherin staticXML/XHTML les (for staticpages)or in a databaséfor dynamicpages).This
is alsothecasen the VIF example.Thuscontentmaintenancéasto dealwith changego static
contentles andupdatedo databaseontent.

In the caseof static les, XSuite offers the sameediting capabilitiesasfor their creation,
i.e., syntax-highlightingand auto-completingext editors. A modi cation of a static le is not
immediatelyvisible in thetestervironmentsinceit requiresareluild of all XPagesthatusethe
modi ed le. Onlythen,dothechangedbecomevisible.

Databasecontentis a little differentin thatit doesnot directly affect the XGuide process.
Insteadit is usedby the generatedlynamicpages.As such,anupdateof databaseontentdoes
not requirean updateof any XGuide relatedresource.To addresghe recurringrequiremenof
updateinterfacesfor databaseontent,we createda MyXML-basedtool calledWebCUS(Web
ContentManagemengystem)[87,95] that canbe usedto provide generic,customizabléNeb
interfacesto arbitraryrelationaldatabase&slong asa JDBC connectiorto the databaseanbe
established)WebCUStakestheentity relationshipmodelof the datasourceto managein XML
format) and a setof accessontrol de nitions (“who is allowed to do what on which table”)
asinput andgenerates full XML/XSL-basedWeb applicationto maintainthe contentin the
database.The functionality of WebCUSincludesentering,updating,and deletinginformation
and managingone-to-oneand one-to-mam relationships. Since WebCUSusesXSLT for its
formatting,it canbeeasilyadaptedo t ary givencorporatadentity or graphicallayout.

Summarizingthe maintenancectuities of the casestudyworked well anddid not cause
problems.All concernsouldbe maintainedi.e., updatediestedanddeployed) separatehand
integratedsmoothlywith existing concernmplementations.

Apart from the maintenanceasks alsoseveralevolution stepswereperformed.This started
with thecontractghatlateronturnedoutto beincompletg(e.g.,becaussomehiddenform elds
werenotmodeledn theinterface).In general suchproblemscould be solved quickly by updat-
ing the contractandthe corresponding{Pageimplementationles. To avoid inconsistenciest
is importantto updatethe versionnumbersf the contractandthereferencingmplementations.

Anotherexampleof evolution from the VIF casestudywasthatthe ticket orderingprocess
shouldnotonly supportregularticketsbut alsodealwith reducedicketsfor childrenandspecial
offersinvolving multiple eventsand/ortickets(e.g.,youageta 30 percenfpricereductionif you
buy ticketsfor all eventsin a series).Suchextendedfunctionalitywasnot originally considered
importantandneededo beintegratedlateron; it is a typical exampleof anevolution tasksince
it obviously is cross-concernit requiresan updatedcontentto describespecialoffers, updated
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layout to visually indicatethem and updatedapplicationlogic to correctly processhem (e.g.,
correctlycalculatethe grandtotal of anorderin the presencef a specialoffer).

In a rst step,we consideredvhat changedo the contractswere needed. Obviously the
structureconcernhadto re ect the additionaltextual informationdescribing(potential)special
offers. Further theinterfaceto theapplicationogic hadto beupdatedo includeaparametethat,
at runtime,would containthe actualdescriptionof the specialoffer (dependingn the selected
eventandthe currentcontentsof the shoppingcart). Oncethe updatedversionof the contract
existed,theimplementatioragainwasdonein parallel. The provision of the textual description
of specialoffers was straightforvard. Also the visual rendering(i.e., updatesto the layout)
wereeasyto do sincethe specialoffer descriptionshouldsimply appeaitin red color below the
existing ticket description.Only the modi cations to the applicationlogic thatneededo check
for potentialspecialoffers, createthe offer descriptionsandcorrectlycalculatethe overall price
requiredsigni cant effort. In the end, however, the supportof specialoffers was surprisingly
easyto implementandintegrate.

7.6.1 DISCUSSION

Basically the maintenancendevolution tasksin the casestudyworked without problemsand
con rmed the advantage®f contractsfor maintenancespostulatedn Chapter4. Furtherthe
separatiorof maintenancend evolution actwvities betterstructuresghe post-deplgmentphase
thatis—thoughoften costlyandthelongestphase—traditionalljpadly neglected.

For the purposeof maintenancandevolution, the XSuite IDE is notfully satishctory First,
contractupdatesdo not automaticallyresultin an updatedcontractversion. Second,modi ed
contractddo notyetinvalidateall dependenKPagesandimplementationles. And third, theuse
of CVS asversioncontrol systemdoesnot ideally supportusing multiple versionsof the same
resource.

Wheneer a contractis modi ed, its versionshould be increased. Thereis currently no
enforcingmechanisnfor increasingrersionsuilt into XSuite. Suchamechanisnshouldbeable
to dealwith the situationthatthe updatectontractis currentlynot usedin the projectandshould
provide the ability to intentionally suppresshe automaticupdateof the contractversions(e.g.,
to correctatypoin acontract).Onceacontractis updatedall pageghatusethe contractshould
be invalidated. This forcesthe developersto revisit the affectedpagesto make surethey still
complywith the contract. Sucha featurebecomegritical to keeptrack of contractcompliance
whenmorethana few versionsof a contractareused.Eclipses conceptof incrementajproject
builders and resourcechangelistenersoffer the requiredfunctionality for its implementation.
Finally, the useof CVS asversioncontrol systemis not perfectto concurrentlyuse multiple
versionof thesameresourcen oneproject. CVSwasdesignedo keeptrackof multipleversions
of a le but usually doesnot supportconcurrent(even read-only)accesgo multiple versions
easily

In the VIF casestudy theseissueswere not a real problemsincewe never usedmultiple
contractversionsatthesametime but updatedall componentandpagedo usethelatestcontract
version. With the maintenancend evolution phasethe VIF applicationentersthe nal stage
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of its lifecycle in which it keepsreturningeitherto the implementationphase(in the caseof
maintenancedr to the designphase(in the caseof evolution). Thisloopbackiterationcontinues
for theremaininglifetime of theapplication,in thecaseof the VIF until theendof thefestival in
June.

In this chapterwe outlinedthe implementationwork for the VIF casestudy It by far does
not cover all detailsof thefull implementatiorandcanonly shav how the XSuite IDE supports
the XGuide processThediscussionsttheendof eachsectionpresentedhe strengthaindopen
issuesn thecurrentprototypeimplementatiorof theIDE. In the nal chaptersve presenturther
evaluationdetailsof our approachandpresentadvancedtopicsandopenissueshat needto 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 chapterdiscusseshe usefulnessndapplicability of the XGuide developmentprocess.
Evaluatinga developmentmethodologyis a dif cult task,all the moresoif the methodis new
andnot muchexperiencewith it exists. This chapterooks at the suggestegrocessrom var-
ious anglesto presentdifferencego andadwantagesver otherapproacheslt summarizeshe
experiencedrom theimplementatiorof the casestudyandpresentshe mostcritical factorsthat
in uence the successfuliseof the method.

A goodmethodto evaluateany new productor processs to calculateits ratingdependingn
anagreeduponmetrics.In computersciencemary benchmarkgor processorsgraphicschips,
harddisk, memorychips,etc. exist andhelpto evaluatenew products.In softwareengineering
metricsare usedto evaluatethe compleity of softwareartifactsandto estimatethe lengthand
costof softwareprojects.OntheWeb, however, suchestimate®r metricsarerare.Only recently
a suney of Web metrics[45] shavs that mostexisting approachefocuson aspectsuchasthe
guality or compleity of a Web site. Early work on estimatingthe developmenteffort of a Web
siteis presentedn [109] wherethe authordimit themselesto staticWeb pagesandarguethat
merelyestimatingthe developmenteffort but neglectingthe designandespeciallymaintenance
phasesanonly bea rst step.As suchno usefulmetricsto comparethe XGuide processwith
otherapproachege.g.,by evaluatingthemusingthe sameWeb application)existsto date.
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Lacking objectve metrics,anotherpossibleevaluationtechniquecould be to run controlled
experimentsto evaluatehow well variousWeb developmentapproache€an deal with given
scenarios We apply this approacho the evaluationof the maintenancghaseof XGuide. The
applicationof this techniqueto the whole processs not possiblesincethe early phasesof a
Web projecthearily dependonthe knowledgeandexperienceof the individualsinvolved. Thus
it is closeto impossibleto createa controlledand continuouservironmentfor whole process
experiments.

Onepossiblemeasurao make up for the differentbackgroundsknowledgeandexperiences
of theindividualsinvolvedin the developmentprocesss to do asmary experimentsaspossible
with ashomogeneoudevelopmenteamsaspossible We consideredettingup studentprojects
to gatherfeedbackirom asmary studentsas possibleimplementingthe sameexampleproject.
The problemwith this approachwasthat the prerequisitego successfullydeploy the XGuide
methodare too high for students. They neededo know the basicXML technologieg XML,
XML schemaXSLT, etc.),to understandhe XGuidedevelopmenprocessto learnthe My XML
implementatiortechnologyandto familiarizethemseleswith the XSuite IDE. This is beyond
whata singlecoursecanteachwithin reasonabléme.

A similar approacthof evaluatinga softwareproducton aslarge a sampleaspossibleis pur-
suedby opensourceproducts.Suchsoftwareis dowvnloadedrom peoplearoundtheworld with
possiblywidely varyingcapabilities. Themainevaluationcriterionin suchasettingis theamount
of downloadsor, even better installationsof the software. Again this approachs not directly
applicableto theevaluationof adevelopmentmethod.Successfullyisinganenv methodrequires
muchmorethandownloadingandinstalling a softwarepackage.The understandingndcorrect
useof the developmentprocessdesignmodelsandimplementatiortechnologiess of utmost
importance.

The remainingoptionto evaluatea developmentmethodis to implementa casestudy It is
obviousthatthe experiencegatheredrom a singlecasestudyarenot necessarilyepresentate
for all possiblekinds of Webapplicationsbut they provide a rst indicationof the usefulnes®f
a method. Having presentedhe VIF casestudyin the previous chaptey the remainderof this
sectionsummarizeur experiencesputlinesthe prerequisitego successfullydeploy XGuide
anddiscussem whatkind of projectsXGuide canbestrealizeits potential.

8.1 EXPERIENCESFROM THE VIF CASE STUDY

We alreadygave detailson the deploymentof XGuide for the VIF casestudyin the previous
chapter Herewe summarizeour experienceswith the centralideasin XGuide, i.e., the model
driven,visual designphasethe notionof contractsasspeci cationsfor Web pagesandcompo-
nents,the parallelimplementatiorbasedon contracts pluggableimplementatiortechnologies,
andthe XSuiteIDE.

Thevisualmodelingof arequirementsliagramin Visio andits re nementinto a high-level
designdiagramworked without problemsfor the casestudy Thoughwe introducedproxiesas
away to make the diagrammorereadableandsupportsplitting of diagramsnto multiple pages,
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for large projectsthesediagramsmight still be overly complec to analyzeandread. Especially
the'Referencessectionof pageghatliststheidenti ers of embedded@omponentss aproblem.
We intentionallydid not addarrons or connectorgo indicatesucha relationshipto not pollute
the diagramwith lines. Fromthelist of componenhameshowever, it is not trivial to nd the
referenceccomponentsn the diagramandfor any given componentit is hardto gure outall

theplaceswhereit is used.

Theintroductionof contractsasaspeci cationfor pagesandcomponent$orcesthedesigners
to exactly specifyall the propertiesof the artifact. Thoughthisis a desirableeffect, it alsoleads
to multiple evolutioniterationsif thedesignersrenotexperiencewr notenoughtimeis spentin
thedesignphase Theonly otherproblemwith thede nition of contractss thattheexactschema
speci cationof the structureandthe datatypesof all elementof a pageis time consumingand
requiresdetailedknowledgeof the XML schemdanguage This limitation will vanishwith the
integrationof anXML schemaeditor.

The contractcompositionoperatorsneededn the casestudy could easily be coveredwith
theoperatorgrovidedfor the structureandinterfaceconcernsMore sophisticatedndcomplex
operatorsio not seento be amajorrequiremenfor Web applications.

An unsatisctoryexperiencevastestingthe Web application.As explainedin the previous
chapterwe did not fully testthe application;on the onehanddueto lackingtime, on the other
handdueto agenerallymissingunderstandin@f whatit meango testa Webapplication.Stan-
dardizedand well-de ned testingprocesse$or Web applications(including hypertet-related
testing,softwaretesting,acceptanceesting,etc.) remainan openissueand call for futurere-
searchnitiatives.

We further found the visual XSuite ervironmentand the integratedJava IDE and Tomcat
servletengineto be really helpful. This is especiallyimportantsincethe contractcompliance
of thedevelopedapplicationlogic is automaticallychecledwith every compilationprocessWe
never experiencedarny compatibility problemsat runtime (e.g.,missingor super uousparame-
ters,etc.) aswell-known from previousWeb projectswith CGl-basedechnologiesWe canonly
emphasizéhe claim of [10] thattool supportis critical for any new developmenfprocess.

8.2 XGUIDE FOR DEVELOPMENT

XGuide's main goal in the developmentphaseis to reducethe overall implementationtime
neededSincewe needto investextratime for thede nition andcreationof contractsyve needto
make upfor it someavhereelse.We thusposethequestionvhetherXGuidereally savestime—and
if so—hav muchandin whatscenariosWe do notincludethetime spenton requirementgath-
eringandotheranalysistaskshere. Nor do we includethe effort thatgoesinto maintainingthe
deployedWebapplicationwe discusshemaintenancseparatelyn thenext section.Finally, we
donotincludetheexperienceandknowledgeof thedeveloperdnto thefollowing considerations
but assumehatin both caseghe developersareequippedwith all the knowledge(processand
technology)Xhey need.
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For the following discussiorwe de ne the implementatiordeliverytime asthe time period
from startingthe implementatiorphaseto the initial deploymentof the Web application. The
total implementatioreffort of a Web project,onthe otherhand,is calculatedrom all man-hours
neededo implementthe Web application. Thusif the implementatiorphaseconsistsof three
paralleltasksthat eachrequires2 man-daysthe delivery time would by 2 days(sinceall tasks
areexecutedconcurrently).Thetotal effort, however, would be 6 man-days.

Consideringraditional(i.e., sequential)Meb developmentprocesseghe total delivery time
is calculatedrom thesumof thetimesrequiredto provide thelayout,thecontenttheapplication
logic and ary otherconcerns. In XGuide, on the other hand, the delivery time is reduced—
becausef the parallelimplementatiorphase—tdhe longesttime requiredto implementany of
theinvolvedconcernsSincethedesignactiities (e.g.,thecreationof contracts)s aprerequisite
for the parallelimplementatiorof concernsanddoesnot exist in traditionalprocessesye also
have to includeit into the calculation.

The equationbelowv shows the relationshipsof all the time factorsinvolvedwhere is the
time neededo implementconcern and is the time neededo designand createthe
contracts.

(8.1)

In otherwords,thebene t of XGuidein termsof deliverytime depend®ntheamountof time
spenftfor design(i.e.,contractcreation)andtherelativedifference®f the . If
is almostthesameas (i.e.,thetimeto implementoneconcerns muchgreateithanthetimes
neededor all otherconcerns)XGuidemightnotbeagoodchoicesinceit requiregheadditional
. If, however, the areall of similar size,a signi cant (delivery) time improvementcan
beachieved—erenwith theadditionalcostof . Thisis clearlyexpressedn thetransformed
formulathateliminates whichis thelongesttime for implementinga concern.

(8.2)

Note, however, that while XGuide's parallel implementationphaseshortensthe delivery
time, it usually addsto the total effort sincecontractcreationis not consideredn traditional
approachedn thelongrun,i.e.,alsoincludingmaintenancandevolution actvities, thebene ts
of usingcontractsshouldcompensatéor theinitially increasedotal effort.

For theVIF 2003casestudywe estimatehatthe creationof the contentin thecorrectformat
took about2 weeks(assuminghe contentis available),the designof the graphicalappearance
and formatting stylesheetapproximately3 weeksand the implementationof the application
logic about6 weeks(2 weeksto implementthe basicfunctionality suchassearchinganotherd
weeksfor theimplementatiorof theshoppingcartfunctionality). For thecontractsve assessne
to two weeks. Thusa sequentialmplementatiorphasewould have taken 11 weeks(of delivery
time aswell astotal effort). Using contracts,we could have reducedthe delivery time to 7-8
weekswhile increasinghe total effort by the 1-2 weeksspentfor contractcreation. It mustbe
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noted,however, thatwe explicitly did notincludeeducatioreffort herewhich—especiallyor the
rst coupleof XGuide projects—carsigni cantly contributeto the overall projectduration.

Thoughit is greatto claim a netreductionof delivery time from 11 to 7 weeks(about36
percent)theabove formulais not quiterealistic. We experiencedarelatively extremecasein the
VIF casestudybut in mary projectsthe implementatioractvities are not executedstrictly one
afterthe other Often partial deliveries(e.g.,graphicaldesigntemplatedor a coupleof pages)
allow for somedegreeof parallelism.As aresult,theabove formulaonly representshe optimal
upperboundof savedtime.

Furtherthe VIF casestudyis not the optimal examplesincethe contentcreationandlayout
de nition actvitiestook signi cantly lesstime thanthe six weeksof applicationlogic program-
ming. Hadall tasksusedthesameamounif six weeks thereductionof developmentime would
have beenfrom 18to 7 (or 61 percent) It remainsopen however, whetherthedevelopmentimes
of theconcernsaresimilar or unbalancedn the "average'Web developmentproject. A studyof
mary Web projectscould createat leasta pro le for suchanaverageprojectthatcouldbeused
to calculatethe averagetime bene t usingXGuide.

After all thesethoughtson saving time during the implementatiorphase,it hasto be em-
phasizedthat the parallelimplementatiornphaseis just one advantageof the XGuide method.
Additional bene ts stemfrom a bettercommunicatiormeans explicit documentatior{through
contractsanddesigndiagrams)yandadwantagesn maintenancandevolution. The next section
detailson maintenanc@ndevolution scenariosndoutlinesXGuide's advantagesn this eld.

8.3 XGUIDE FOR MAINTENANCE AND EVOLUTION

In orderto evaluateXGuide with respectto maintenanceind evolution, we introducea set of
scenario®f varying size, effect on the application,and compleity thatwe believe aretypical
for mary Web applications.We thenusedifferentimplementatiorapproacheso highlight how
eachof themwould managehe givenscenariosWe do not pick concretamplementatiortech-
nologiesfor this discussiorbut describethe propertiesof a setof technologieso cover multiple
approachethatsharesimilar characteristicsWe distinguishthreeclasse®f technologies:

1. Technologieghat do not explicitly separateconcems (Classl). In this group,dynamic
functionalityis oftendirectly embeddedhto HTML pagesandinterpretedby asener-side
module.ScriptinglanguagesuchasPHR ASP or JSP(without additionaldesignpatterns
suchasmodel-viav-controller)belongin this group.

2. Technologieghat separatethe application logic from content/layout templates(Class
2). Thisis traditionallythe eld of templateengines Content/layoutemplatesarecreated
in HTML andenrichedwith placeholder$or dynamicallygeneratedontentthatis inserted
atruntime.HTML++ [11], Webmacrd51] andscriptingapproachethatapplythe model-
view-controllerpatternareexampledor this category.
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3. Technologieghat strictly separatecontent,layout and application logic (Class3). Re-
centtechnologiessuchas Cocoon[107] or MyXML [85] try to enforcethe principle of
separatiorof concernsThey provide the moststructuredapproacrandbestsupportreuse
of artifacts.XGuidediffersfrom otherapproaches thatit supportscompositionof pages
from componentsaindusescontractdo modeldependenciesetweerconcerns.

In the following we discusscontentupdates]ayoutchangesandapplicationlogic bug x es
before attackingmore complex taskssuchas restructuringpages,adding pagesor modifying
the navigation structure. For eachscenariowe discusshow well approachedrom the above
categoriesaresuitedto implementtherequiredchanges.

8.3.1 CONTENT UPDATES

The mostprimitive contentupdateis to simply changea typo on a singlepage.Independenof

theapproactyou haveto rst identify the le thatcontainghe contentto beupdated.Thismight
be easierfor classl approacheshanfor classe and3 sincethe latterinvolve more les that
arefurthernotdirectly mappedo the nal structureof theWebapplication.Theconcretaupdate
activity, however, is easiestor class3 wherethe developeronly hasto dealwith the content.In

class2, contentandlayoutinformationmustbe dealtwith. Class1 combinesall concernsnto a
single le andthusundesiredideeffectsof the changecanbeintroducedeasily

A contentchangeacrossall pagesof a Webssite (e.g.,updatingancontactemailaddresghat
appearsn thefooterof all pages)js morecomplicatedln principle,suchanupdaterequiresan
updateof all pageqclassl), templateqclass2) or contentles (class3). Goodsupportfor this
kind of changecanonly beachiezedif componenbr fragmentsaresupportedhatcanbereused
acrossall pageqe.g.,HTML++, MyXML). Thenonly a singlecomponenheedso be updated.
Pagefragmentsareonly supportedn few technologiesn classe® and3.

8.3.2 LAYOUT UPDATES

For ary layout-relatedasks,we do not considerthe useof cascadingstylesheet4CSS)[150]
sincethey areapplicableto all approacheandwould not helpin distinguishingthem. In princi-
ple, however, we stronglyencouragehe useof CSS.A simplelayoutupdatecould includethe
changeof the backgroundcolor or the appearancef links on all pages. Sucha modi cation
requiresan updateof all pagesor layout templates—agaiwith the problemof implicit modi -

cationsof the intermixed content(andpotentialfunctionalde nitions) in classesl and2. Most
class3 approachesseXSLT to specifythegraphicalappearanceXSLT's conceptof importing
otherstylede nitions (i.e., componentizationinakessucha changealmosttrivial.

Thesituationis differentif thetaskis to highlight a singlesentencen a (single)givenpage.
Herethereplicationof layoutinformationin all pageqclassl) is anadwantagesinceit is easyto
incorporatehedesiredchange With approaches classe® and3 it is muchharderto dealwith
such'exceptions'. In this case,a new templateor stylesheehasto be createdwhich is clearly
unacceptablér mary suchexceptions.
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More seriousupdatesnclude the rearrangementf information on a pageanda complete
changeof apages visualappearanceror classl approachesghisis almostimpossibleto imple-
mentwith respecto thetightly integratedapplicationlogic andcontent.Class2 approacheseed
to adjustall templateqandthe containedcontentinformation)to the new style. In class3, the
(reusable)XSLT stylesheetarethe only placewheresuchstructureandformattinginformation
is stored.Thusonly theaffectedXSLT stylesheetseedto be updated.

8.3.3 APPLICATION LoGIC UPDATES

Updatesto the applicationlogic (e.g.,bug x es)are mainly a problemin class1 approaches
wherethe functionality is mixed with contentand layout de nitions. In thesecasesuninten-
tional modi cations to the contentand/orlayout are easyto introduce. Sinceclass2 and 3
approachestrictly separatehe applicationlogic from the otherconcernsfunctionalupdatesare
straightforvard (aslong asthey do not affect theinterfacesto the otherconcernse.g.,introduce
anew parametethatneeddo be passedo the contenttemplate).

8.3.4 PAGE-RELATED UPDATES

Sometimes|arger evolution scenariosuchasaddingof a nev pageneedto be implemented.
Classl approachesequirethe developerto startfrom scratch,.e., implementthe content,the

layoutandtheapplicationlogic of the pageanev. In class2, layout/contentemplatesaneasily
bereusedo createa new pageaslong asa suitabletemplatealreadyexisted. Otherwise a new

templatemustbe created. Class3 approachesffer the most e xible alternatve. Their strict

separatiorof concernssupportsreuseof arbitrary existing concernimplementationge.g., the

layoutor the contentjandminimizesthe amountof new implementatiorwork.

Anothercomplex evolution scenariais to introducea new header footer or sidebaron all
pagesof a Web application. With class1 approacheshis is almostimpossible. It requiresto
edit all pagesand clone the componento be addedfor every page. Supportfor this kind of
changean classe® and3 depend®ntheability to de ne componentaindreusemplementation
artifactsacrosgageslif, for example,atemplateapproactsupportpagefragmentsit is easyto
implementaheadefragment.Thenthefragmenthasto beembeddedhto all existingtemplates.
Without suchfragmentsupport,also class2 and 3 do not provide signi cant advantagesover
classl sinceagainthedesiredragmenthasto beembeddedhto all template©r implementation

les.

8.3.5 NAVIGATION UPDATES

Whentalking aboutnavigation updateswe distinguishtwo typesof links: contentlinks and
structurelinks. Contentinks areembeddedhto thecontentanddenotecontent-relatedesources.
Structurelinks, on the otherhand,de ne the navigation structureof the applicationandarenot
boundto the content.
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Insertinga new contentlink into a pageis similar to the updateof the contentitself. New
informationis henceaddedto the content(seeabove). In classl and2 approachesjotonly the
contentfor the link but alsoits appearanceeedto be de ned. Class3 normally just requires
extendingthe existing contentwith thenew link de nition. Thevisualappearancdoesnotneed
to bespeci ed explicitly butis reused.

Addingalink to the navigationstructureof a Webapplication requireso updatethe naviga-
tion baronall pagesf theapplication.In classl, thisoncemorerequiresanupdateof all pages.
For class2 and3 it againdependon whethercomponent®r pagefragmentsaresupported.If
fragmentsupportis provided,thenavigationstructurecanbemodeledasa singlecomponenthat
is embeddedhnto all pagesin this case addingor modifying the navigationstructures easy

8.3.6 NEW OUTPUT FORMATS

A nal remarkon maintenanceefersto the ability to presentcontentin an outputformatother
thanHTML. In a previous VIF casestudy we shaved how to implementaccesdo the Web
applicationusinga cell phoneandthe WirelessMarkup LanguaggWML) [148]. In adifferent
project,wealsodemonstratetiow to generaté® DFdocumentshatcompletelyre ect thecontent
of aWebsite. Class3 approacheghatcleanlyseparatall concernsarethe only candidateshat
can provide sucha service. As soonasary layout informationis encodedogetherwith the
content supportfor multiple outputformatsis almostimpossible.

Abstractingfrom the above scenarioswe canstatethatthe moreanapproactseparateson-
cernsandsupportcomponentspagefragmentsandimplementatiomeusethe betterit is suited
to dealwith varying kinds of maintenanceequirements.The two exceptionsto this rule are
the increaseccompleity having to maintainmary more les andthe non-eisting supportfor
“exceptions',i.e., pageor layoutpropertieghatapplyto only asinglepage.

Similarto otherclass3 approaches{Guideexploitsits strict separatiorof concerngo struc-
ture maintenanceactvities. However, it hasthe additionaladvantageof using contractsthat
documentary changesandupdatedo the system supporta concurrenmaintenanc@haseand
indicatewhetherotherconcernsareinvolvedin a giventask (evolution) or not (maintenance).
Furtherit supportsa e xible notion of Web componentghat supportreusenot only of imple-
mentationartifactsbut of whole pagefragments.As a result, scenariosuchas modifying the
navigationstructureor addingnew footercomponentaneasilyberealized.

Thedrawvbackof usingXGuidein themaintenanc@haseclearlyis the overheadf maintain-
ing andvalidatingthe contracts.This overheadhowever, is not wastedbut directly contributes
to maintaininga well-documente@ndwell-structured/NVeb application.

To summarizeéhe above sectionson evaluatingthe XGuide processyve presentacondensed
view of our experienceskFirst, the basicideaof usingcontractsasdesignartifactsof Web appli-
cationsthatenableaparallelimplementatiorphasevorkedto our (almost)completesatisaction.
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The prerequisiteso usingthis approachhowever, areconsiderabldat leastat the time of this
writing): developershaveto be uent in several XML languagesgraphicslesignerareexpected
to modelthelayoutin XSLT/CSS,contentmanagersrerequiredto createXML contentetc. To
date thisis notthesituationin the majority of Webprojects;we hopethiswill changen thenear
future.

Therequirementanddesigndiagramsisedn XGuideprovideagoodcommunicationomeans
with all therolesinvolvedin theWebproject. Thisis aconsiderabledwantageover previousap-
proachesespeciallysincethe diagramsaredirectly re ned into the nal contracts.We shaved
that the implementatiorof contractscanbe donein parallelutilizing the MyXML technology
andthatthe strict separatiorof concerndacilitatesa maximumof reusepotential. The support
for Web componentsand contractcompositionplays a centralrole in reusingnot only imple-
mentationconcernsout whole pagefragments.This is alsoimportantduring maintenancend
evolution.

Theoveralltime savingsfrom the parallelimplementatiorphasds reducedy theadditional
costof creatingcontracts. Thoughwe believe basedon the casestudy that XGuide sares a
remarkableamountof time, mary moreexperimentsandWeb projectsarenecessaryo con rm
this preliminaryclaim. The XSuiteIDE assupportingsoftwaretool is importantto thesuccessf
theXGuidemethod.It wasagreathelpin theimplementatiorof thecasestudy mostremarkably
thecombinatiorof aJavaandWebdevelopmenenvironmentandthewell integrateddeployment
environmentrepresentedly the Tomcatservletengine.
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CHAPTER 9

CONCLUSION AND FUTURE WORK

As an adolescent | aspired to lasting fame,

| craved factual certainty,

and | thirsted for a meaningful vision of human life -

so | became a scientist.

This is like becoming an archbishop so you can meet girls.

M. Cartmill

In thisdissertatiorwe presentecGuide anovel developmenimethodologyfor Webprojects
basedon XML technology With the progressiorof Web sites(i.e., pureinformationdissemi-
nation)into Webapplicationg(i.e., business-criticalhighly complex softwareapplications)nev
requirementson technologiesand developmentmethodswere introduced. Web technologies
suchasXML, XSL andXML Schemaretheansweito new demandsuchascustomizableon-
tentlanguagesteusabldormattinginstructionsandstrongly-typeddocumentsThoughsereral
relatedapproacheskxist (seeChapter3), they do not fully utilize the potentialofferedby these
technologies.

XGuide fully leveragesXML technologiesand provides full life-cycle supportfor Web
projects—fromthe analysisto the maintenancestage. It proposesa novel notationfor the de-
signof Webapplicationghatactsasa communicatiormeanswith customersandgraduallygets
re ned into a high-level speci cation of the Web application. Startingfrom this speci cation,
we addressanotherkey issuein mary Web projects: time-to-marlet. In Web projects,a short
developmenttime is often crucial to their success XGuide accommodatethis requirementby
supportinga fully parallelimplementatiorphasebasedon the conceptof contracts.A contract
strictly separatethe variousconcernsnvolvedin theimplementatiorof a Web page(e.g.,con-
tent, layout and applicationlogic) and describesall dependencieamongthem. The contract
of a pageis all a developer(e.g.,contentmanagergraphicsdesignerprogrammeretc.) needs

191



192 9.1 Analysisof this Dissertation

to implementher aspectof the page. At the end, all implementationsare testedfor contract
complianceandcombinedo form the nal Webpage.

The reusepotentialfound in a Web applicationis impressve: formattingrulesare applied
to all pagespagefragmentssuchasheaderor footersarereusedacrossmary pagesthe same
contentis presentedlifferently dependingon the currentcontect of the user andso on. We
introducethe notion of a Web componento represent pagefragmentthat can be reusedin
multiple pages.JustasWeb pagesWeb componentgarespeci edin contractsComponentsre
thenembeddedhto othercomponentsr pagedy composingheir contractgi.e., speci cations)
to form the speci cationof the compositgpage.Apart from the speci cationreusein the shape
of contracts,a separatgpagedescription le supportsimplementationreusefor all concerns.
Thusthecontentapplicationlogic or graphicalappearanceanbereusedseparatelyor arbitrary
componentandpages.

We implementedhe XSuiteintegrateddevelopmentervironmentto supportWeb develop-
mentfollowing the XGuide process.XSuite usesa model-drvenapproachandis basedon the
genericEclipse[142] framewnork thatoffersa e xible extensionmechanisnio customizeheen-
vironment. The XSuite IDE supportsdesignandimplementatiorof Web applicationsprovides
wizardsto guidethe developersthroughcontractcreation,compositionandimplementatiorac-
tivities, suppliecodegeneratorsandstagesafull Jaszadevelopmenenvironment. XSuitefurther
hasdirectsupportfor versioningsystemsn orderto supportdistributedteamsandkeeptrack of
progressTheintegratedWeb sener andservletcontainemsingthe Tomcatenginearetranspar
ently includedinto XSuite andfacilitateimmediatetestingof the application.

To demonstratés practicality we usedthe XGuide methodin the ViennalnternationalFes-
tival (VIF) casestudyto implementthe programmeprogrammesearcharchive, andshopping
cartfunctionality Theresultsof this rst casestudyarepromisingin termsof clearspeci cations
dervedfrom visualmodelsandbasedon contractsparallelandindependenimplementatiorof
all concernsandcontract-basetbund-tripengineeringn the maintenancg@hase.

9.1 ANALYSISOF THIS DISSERTATION

The rst obsenation addresseshe fundamentakconceptof separatiorof concerns. Although
a broad agreemengexists on the importanceof this conceptin the Web engineeringdomain,
only few approachegprovide continuoussupportfor it. Onthe conceptualevel, the actualcon-
tents theformattingandthenavigationinformationarefrequentlycapturedn separateoncerns.
XGuide takesthis conceptone stepfurther in multiple respects.First, it doesnot operateon a
x ed numberof conceptuakoncernsout introducesan openconcernmodelthat supportsdy-
namicaddingof new concernge.g.,applicationlogic, meta-dataaccessontrol, etc.). Second,
the dependenciesf the concernsaremadeexplicit throughthe contractsandthe corresponding
compositionoperatorsThird, the separatiorof concernss notonly supportedn theconceptual
level but continueson theimplementatiorievel supportingconcurrentevelopment.

Severalrecentdevelopmentsn Web engineeringe.g.,templateengines separatiorof for-
mattinginformationvia XSLT andCSS)focuson realizingthe reusepotentialcommonlyfound
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in Webapplicationge.g.,contentreuse stylereuse alternatve visualrepresentationtc.). Be-
causeof the strict separatiorof all concernan XGuide, this form of reuseis fully supported.
The conceptof Web componentgurther supportsan orthogonalform of reuseby realizingthat
pagescanbe brokendown into smallerparts,so-calledpagefragments.Thesefragmentge.g.,
headerspavigation structuresfooters,etc.) areautonomousntitieson their own andcanbe
reusedacrossan arbitrary numberof pages. Although pagefragmentsare implicitly usedin
otherapproacheghe novel conceptof contractan XGuide explicitly stategheir requirements,
dependencieandexternalinterfaces.Contractcompositionthenexplicitly de neshow compo-
nentscanbeassembledo largercomponentandfull Webpages.

The conceptof contractss crucialto the XGuide approach.Thoughcontractsprovedto be
effective in making designinformation more explicit and enablingparalleldevelopment,they
alsointroduceadditionalcompleity to the developmentprocess.Apart from learningthe syn-
tax of contracts,t often requiresa major rethinkingto adoptcontract-basedevelopmentasit
requiresan extendeddesignphase strict testsfor contract-complianceandthe comprehension
of contractcompositionrulesandoperatorscontractversioningand updatepropagation.Even
in software engineeringmore sophisticateccontractsthan pure interfacesare usually avoided
becauseof their compleity. In XGuide, the one-dimensionatontractsknown from software
engineeringare extendedto multi-dimensionalcontractsthat cover several concernsand their
dependencies.

One major contritution of the XGuide processandthe XSuite IDE is their opennessvith
respectto new concernssuchas meta-dateor accesscontrol. We are not aware of ary other
approachthatis ableto comprisearbitrary concernsand specify their interworking with other
concernsThe XGuidecontractandcontractcompositioncalculusformsthe basisfor a semanti-
cally rich concernhandling.

Anotherfocusof this dissertationis the full life-cycle supportof Web applicationdevelop-
ment. Thoughits importancewas initially pointedout by [65], few approachesespectthis
nding. The XGuide processstartswith a requirementsliagramthat getsre ned towardsan
implementatiorand—aftertheinitial deploymentof the Web application—introducethe dedi-
catedmaintenancandevolution phaseso covermodi cationsandextensionsof theapplication.
XGuide's model-driven naturetherebyassureghat the modelremainsconsisteniwvith the con-
tractsandtheimplementation.

Building on the surwey presentedn [10], we provide a prototypeof a visual development
environment(XSuite) supportingall phase®f the XGuide processDespiteits prototypestatus,
thelDE provedits usefulnese theimplementatiorof the VIF casestudywherenon-trivial con-
tractshadto be designedcomposedandimplemented.Evenwith this preliminary experience,
we concurwith [10] thatany reasonablyomplex developmenimethodwill notsucceedvithout
propertool support.

Finally, we emphasizéhe importanceof anemeging role in the Web developmentprocess:
the Web architect. Following the XGuide processthe developmenteffort is distributedacross
differentorganizationaunitsandroles. While this decentralizatiomndstrict separatiorenables
concurrentdevelopment.the global view of whatis going on andhow it relatesto othertasks
in the projectcaneasilygetlost. Oneresponsibilityof the Web architectis to bearin mind the
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“big picture’ of all activitiesandto communicatet to the otherroles. Thearchitects view of the
projectis initially createdby guiding the developmentprocesdrom the businessequirements
to asetof well-engineeredpeci cations(i.e., contractdn the XGuide sitemap)for components
andpagesWith thenotionof contractgdo capturethearchitecturahnddesigndecisionsXGuide
explicitly supportghis phaseof the developmentprocessWith the speci cations,the program-
mers,contentmanagerandgraphicdesignerganstarttheirwork. In theimplementatiorphase,
theWebarchitecthasa mentoringrole for theimplementatioteamsto clarify the speci cations
andensurdghatall developeramaintaina consistentziew on the project.

Decidingon the architectureandthe designof a Web applicationis animportantanddif -
cult taskandthe resultingdecisionsmay have farreachingconsequencesiA goodexampleis
the decompositiorof pagesnto componentsWhile component&nablea e xible architecture
andcanbereusedthey alsoincreasahe complexity of the overall page.Failure of usingcom-
ponents,on the otherhand,resultsin implementingthe samefunctionality multiple timesand
entailsconsisteng problems.The advantagesnddisadwantageof suchdesigndecisionsneed
to be carefullybalancedo avoid undesiredmplications. Furthermorea Web architectnot only
needsprofoundknowledgeof conceptuaimodelingand systemdecompositiorbut also hasto
know how to choosethe properimplementatiortechnologies.This is crucialto optimally map
the designto a concretamplementationsatisfy performancescalability or interoperabilityre-
quirementsandsupportevolution of the application. Thusa Web architectmustunderstandhe
bene tsandlimitationsof existingtechnologie®n the conceptualevel 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 presentedh thisdissertations thefoundationfor severalongoingandfutureexten-
sionsof the XGuideprocessandthe XSuite IDE. Oneareaof investigationdealswith dependent
concernsDependentoncernsannotexist ontheir own but directly dependn anotherconcern.
An exampleof adependentoncerns accesgontrolto theWebapplications contenthatmakes
heary useof XPathto denotewhatpartsof adocumenshouldbe presentedo the userandwhat
partsshouldremainhidden. This concernobviously is dependentn the structureconcernsince
the XPathexpressionassumehe documenstructurede ned in the structureconcern.

As a consequencehe accesscontrol concernrequiresspecialattentionin the context of
contractcomposition.Basicallywe have to traceall modi cations to the structureconcern(re-
sulting from compositionoperationspndadaptthe accessontrolinformationandcomposition
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operatorsaccordingly Sofar it is unclearto what degreesuchan adaptationjf at all, canbe
performedautomatically Next, the effectson the implementatiorof the layout needto bere-
searchedTheformattingstylesheetsveredevelopedassuminga certainstructureandmight not
work unchangeavith themodi ed documentimagineauserthathasno accessight atall; thus
all contentwill be removedfrom a page. The stylesheeheeddo be preparedor this situation.
As aresultwe planto contractuallystatewhatpartsof the documeninight beremovedbecause
of accesgontrollimitations.

All concerngliscussedh this thesisde ne aspect®f Webcomponent®r pages It requires
a differentkind of concernshowever, to characterizeelationshipsamongwhole pagesrather
thanwithin pagesand components.We call concernghat capturedependencieamongpages
site-level concernsasopposedo the page-leel concernsntroducedoefore. A typical example
for asite-level concerns thenavigationconcern .t containdinks amongpagesandspeci esthe
possiblenavigation pathsthroughthe Web application.

In the caseof the navigation concernthe contractcouldincludethe links that mustappear
on all pageghatreferencehe contract(e.g.,navigation barsor hierarchicalnavigation menus).
Our preliminarythinking is thatthe setof links to beincludedon a given pageshouldnot only
be pre-determinedby explicit speci cationsin the contractbut could alsobe createdat runtime
via link queries.Link queriessupportthe generatiorof link collectionsbasedon a querythat
operate®n metainformationde ned in themetadataconcern A link querycould,for instance,
provide links to all pagesthat have the category 'sport’ attachedn the metainformation. For
structurallinks (e.g.,the 'next’ and'previous' links in a slideshav), the contractalso should
provide a mechanisnto specifywhatstructurallinks a pagemustcontainto satisfythe contract.

While the developmentof the accesscontrol and navigation concernds ongoingwork, the
ideason integrating device independencand metadataare longerterm. We planto support
publishingthesameéNebapplicationon multiple outputplatformsbasednthe conceptof page
splitting and processpartitioning [90]. The goal is to supportnew target environments(e.g.,
WML on a WAP-enablednobile phone)by only providing a setof customizedstylesheets$or
therespectre platform. The otherconcernshouldbe modi ed aslittle aspossible.

Metadataaspect®f Webapplicationsarethefocusof severalinitiativesin the Webcommu-
nity, mostnotablythe W3C's semantidMebinitiative [145]. Sincemetadatawasdesignedrom
the beginningto work ontop of existing Web content(i.e., with little or nointerference)it is an
ideal candidatefor a new contractconcern.Unlike device independencehe integrationof the
metadataconcernis lessa conceptuabr implementatiorratherthana practicalissueof how to
provide andusesuchmetainformation.

Apartfrom addingnew concerngo themodel,severalsuggestionfor extendingtheinterface
betweenthe applicationlogic andthe content/layouinformationexist. Currently we support
displayingthe information asthe only operation. In somesituations,otheroperationssuchas
creating,updatingor deletinginformationmight alsobe useful. This would, of course require
a specializationof the componentconceptand requiresus to supportdifferent operationson
differentkinds of componentsOneexamplecouldbeto de ne a datacomponensimilar to or
wrappinganEnterpriselavaBean(EJB)entitybean[116]. For suchcomponentsyewn operations
suchasaddor deletecouldmake sense.
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But the XGuideprocesss nottheonly sourcefor futureimprovement.Usingthe XSuite IDE
for theimplementatiorof the VIF casestudyrevealedsereralinterestingfeatureshatcould be
integrated. Thesefeaturesinclude enhancedisability, improved versioning,andbettersupport
for round-tripengineeringi.e., updatedo the modelshouldpropagatedo the implementation).
As presentedn Chapter6, we designedhe XSuite IDE to provide a plug-in interfacefor arbi-
trary implementatiortechnologies.Sofar only the MyXML technologyimplementshis inter-
faceandis thususablein the tool suite. It is aninterestingprojectto createa wrapperfor the
ApacheCocoontechnology[107] thatalsoimplementghetechnologyinterfaceasanalternatve
to MyXML. Themajorproblemfor thisundertakingseemso bethemissingsupportfor compo-
nentsandpagefragmentsn the Cocoonplatform. In theworstcasethe deploymentprocesdor
the Cocoonplatformwould have to directly integratethe componenténto all referencingoages.

Finally, morecasestudiesfollowing the XGuide processandusingthe XSuite IDE arenec-
essaryto strengtherthe evaluationresultsandthe experiencedrom the VIF casestudy Well-
de ned studentprojectsseemto be the mostlikely ernvironmentto get more experiencewith
the XGuide process.Groupsof studentcould implementthe sameWeb projectandreporton
their experiences Sucha settingwould alsoenablethe comparisorof teamsusingthe XGuide
processandteamamplementingn ary othertechnology This mightalsolet usreasoraboutthe
educatioroverheadnvolvedwith initially deploying the XGuide process.
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APPENDI X

Theitemizationbelor shavsthevisualmodelingelementsisedfor therequirementsinddesign
diagramsn the XGuide process.

Diagramelementscanincorporatea Refeencesanda Descriptionsection. The references
sectionacceptsa list of pageor componentdenti ers andwasintroducedto avoid ooding the
diagramwith arrows thatwould indicatethe relationship.The descriptionof anelementonthe
otherhand,merelyprovidesa shortstatemenbn the purposeof theelement.

The input and outputinterfacesof a diagramelements(applicableonly to simple, multi,

andexternal pagesapplicationlogic processesnd componentsare attachedoropertiesof the
elementandnotdirectly visible in thediagram.

A simplepagerepresentatraditionalWebpage.Typicalexamples
for simple pagesare homepagessitemapsor searchpages. The
simplepageelements characterizetyy thesinglepageiconin the
upperright corner

Multi pagesrepresent setof similar pages.Basicallythis means
thata group of pagessharecommoncharacteristicgsuchaslay-
out, structureand navigational dependenciesand only differ in
their content. Productcataloguessin our exampleWeb site of-
tenusemulti pages.They de ne a single pagetemplateandonly
exchangethe contentin this templateto presentall productsin a
consistentway. Good examplescan also be found in other do-
mainswith well-structuredinformation suchaslegal documents,
humanresource®r nancial information. XGuide modelsdepict
multi pagesasrectangulaelementswvith two cascadegageicons.
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Appendix

Externalpages(with agraypageicon) aresimilarto simplepages
but arenotincludedin the scopeof the project. Exampledor such
externalpageqor services)ouldbethird-partyWeb sitesthatact
as part of the Web applicationor legag/ systemshat have to be

integrated. Externalpageshave an associateghortdescriptionto

clarify thefunctionality of the externalentity.

Following the component-basedpproach XGuide supportsso-
calledWeb Component$o modelreuseandcompositionrelation-
ships. We think of a Web componentasa reusablecon gurable
pagefragmentthat canbe reusedand composedvith othercom-
ponentsto form the actual Web page. Furthergeneralizingthe
Web componenttoncept,XGuide not only supportscomposition
of Web componentsnto pagesbut also the compositionof Web
componentsnto larger Web componentghat canthenbe reused
asseparatentities. Thusa pageis a special top-level component
thatcannotbe further composedTypical examplesfor Web com-
ponentarethe navigationstructureof asiteandacommonheader
or footerfragmentthatappear®nall pages.

Application logic processesnodel the functionality of dynami-
cally generatingWeb pagesand components. Application logic
processesre referencedrom pagesor componentsprocessthe
respectre request(e.g.,book a ticket, checkthe statusof a reser
vation,or ary otherback-endousinessvork o w) andproducean-
otherpageasoutput.

A proxy hasa uniqueidenti er andis a representatie of the el-
ementwith the sameidenti er. It is usedto keepthe diagram
readableto avoid too mary arrows throughlarge partsof the di-
agram,andto facilitate referencingof elementsf the diagramis
split acrossseveralpages.
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Theadditionalrequirrmentslementtanbeaddecdto ary diagram
elementand indicatesadditional (external) requirementdor that
element. Suchrequirementsre rst capturedon a requirements
cardfor the respectie elementandeventuallycollectedin there-
quirementslocumentTypical usageexampledor thiselementare
non-functionarequirementsuchasresponsgimes,resourceon-
sumption,securityconstraintsetc.

Navigational dependenciesi.e., hyperlinks, betweenary two
model artifactsare expressedisingarrons connectingthe source
artifact (i.e., pageor component)and the destinationof the hy-
perlink. Suchnavigationaldependenciedo not describewhatthe
sourceor destinationelementin a pageis but stateconceptually
thatthedestinatiorpageis directlyreachablérom thesourcepage.



