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Abstract. As aconsequencef thesucces®f theWeb,methodologie$or infor-

mationsystemdevelopmenneedio consideisystemshatusethe Webparadigm.
TheseWeb Information SystemqWIS) useWeb technologiego retrieve infor-

mation from the Web andto deliver informationin a Web presentatiorto the

usersHerais a model-driven methodologysupportingWIS design,focusingon

the processesf integration,dataretrieval, and presentatiorgenerationlntegra-

tion anddataretrieval gatherfrom Web sourceghe datathatcomposesheresult
of auserquery PresentatiogeneratiorproducegheWebor hypermedigpresen-
tation format for the queryresult, suchthat the presentatiorand specificallyits

navigationsuitstheusers bronvser We shav how in Heraall theseprocessekead

to datatransformationdasedon RDF(S) models.Proving the value of RDF(S)

for WIS designwe pave theway for thedevelopmentof SemantidVebInforma-

tion Systems.

1 Intr oduction

Onereasorfor thepopularityof theWorld Wide Webis thatcomputemapplicationgpro-
vide informationfor a diverseaudienceon differentplatformsworldwide and24 hours
a day and peoplefind andview thatinformationwith easy-to-useavigation mecha-
nisms.In the typical Web applicationthe authorcarefully handcrafteda staticcollec-
tion of pagesandlinks betweerthesepagedo presento theuserinformationsuitedfor
navigation with a Web browser The successiasled to the desireto exploit this user
friendly paradigmin (professional)nformationsystemsNot only hasthe typical Web
applicationbecomedata-intensie, using for exampledatageneratedrom databases,
but also information systemdeveloperswant to extend their (traditionally non-Web)
applicationsalongthelines of the Web paradigm.This trendhascausedhe conceptof
Web applicationto evolve in the direction of the conceptof Web Information System
(WIS) [2], a software componenthat storesand managesnformationjust like a tra-
ditional informationsystem but specificallyusesthe Web paradigmandits associated
technologiesA specificclassof Webtechnologiess thatof the SemantioNeb (SW)[1]
initiative, speciallytargetingapplicationinteroperability As we shav in this paperone
of the SWlanguagesRDF(S)[3, 12], offerseffective supportfor the designof WIS.
Thedatain aWIS is retrievedfrom aheterogeneousnddynamicsetof datasources
and subsequenthdeliveredas Web or hypermediapresentationso a heterogeneous



groupof userswith differentpreferencesisingdifferentplatformsto view the presen-
tations.This posemew anddifferentrequirementgor the designanddevelopmenbf a
WIS: from handcraftingo engineering.

In our Hera[6] methodologywe single out a numberof characteristi@spectof
WIS design:

— Mostvisiblein WIS design(andmissingin traditionalnon-Webapproaches} the
needto automaticallygeneratéMeb or hypermedigpresentation$or the datathe
WIS delivers. This includesthatthe system(instructedby its designer)decideson
the navigation structureof the presentationby describingthe compositionof the
presentatiombjects(e.g.pageskhndtheir connectionge.g.hyperlinks).

— A WIS includesa transparentepositoryof dataobtainedfrom differentsources.
Thedesignemasto instructthe systemhow to searchandfind, retrieve, transform,
and combineinformation. The aspectof integrationis often disregardedin WIS
design.

— Personalizatioiis a prominentissuein WIS design:deliveringtheright datain the
rightway (e.g.device andconnection}o theright user Heracombinegresentation
generatiorwith useradaptatiorj4].

Most WIS designmethodologiegocusprimarily on presentatiomenerationA lot
of modelsthat consideradaptationdo so only in the context of adaptive hypermedia
documentsAs notableexceptionsamongthe Web engineeringapproachese mention
ObjectOrientedHypermediaDesignModel (OOHDM) [13], WebModelingLanguage
(WebML) [5], UML-basedWeb EngineeringUWE) [11], andeXtensibleWebModel-
ing Framavork (XWMF) [7]. For its RDF-basedhaturewe consideithelastonefurther.
It consistsof an extensiblesetof RDF schemasnddescriptiongo modelWeb appli-
cations.Thecoreof the frameawork is the Web ObjectCompositionModel (WOCM), a
formal object-orientedanguageusedto definethe applications structureand content.
WOCM is adirectedagyclic graphwith complexonsasnodesandsimplexonsasleaves.
Complexonsdefinetheapplications structurewhile simplexonsdefinetheapplications
content.Simplexonsarerefinedusingthe subclassingnechanismin differentvariants
correspondingdo differentimplementatiorplatforms.

Herausesamodel-drivenapproachspecifyingthe separataspect®f thecomplete
applicationdesignin termsof separatenodels e.g.for presentatiogenerationintegra-
tion, andadaptationSimilarto OMG’s Model Driven Architecture Heradistinguishes
betweerPlatformindependeniModels(e.g.integrationmodel,presentatiomodel,and
applicationmodel) and Platform DependenModels (e.g. presentatiormodel) but in
the specificcontext of hypermedialn this way if the targetedplatform changeshe
specification®f the applicationlogic remainthesame.

The associatedHeraframeavork implies a stepwiseapproachto get from datare-
trieval to presentatiorgenerationat the level of instancesThosestepsconstitutea
sequencef datatransformationghat eventually producesthe right datain the right
format(e.g.HTML, WML, or SMIL). In the demonstratofor the framavork we have
usedRDF(S)to specifythedifferentmodelsand XSLT [10] to transformthe RDF data
in orderto generatehe presentationg theright format.



2 Hera Methodology

Fromthe gatheringof requirementgo the maintenancef the operationabpplication,
mostinformationsystemdesignmethodologieslistinguishsereralphasesn thedesign
processThedevelopmenbf aWIS is differentin severalaspectsandtheseaspectare
the centralfocusof the Heraproject.

Like other WIS methodologiedHera includesa phasein which the hypermedia
(Web) navigation is specified.Hera considersnavigation in connectionto the data-
intensive natureof themodernWIS in its presentation generation phaseBefore,Hera's
integration and dataretrieval phaseconsiderdiow to selectandobtainthedatafrom the
storagepartof the application.This includestransformingthe datafrom thesesources
into theformat(syntaxandsemanticsysedin theapplication Also, thehandlingof the
interactionfrom usersis specified:querying,navigation, or application-specifiaser
interaction.

2.1 Model-Driven Transformations

Herastametis to facilitatethe automaticexecutionof the design:it shouldbe possible
to progranmthe WIS in suchawaythatit canautomaticallyexecutetheprocesspecified
by thedesign Figure1 shavs how Heratypically views a WIS architecture:

— The Semantic Layer specifieghe datacontentof the WIS in termsof a conceptual
model. It alsodefinesthe integration processhat gathersthe datafrom different
sources.

— TheApplication Layer specifiegheabstrachypermediaziew on thedatain terms
of anapplicationrmodelrepresentinghenavigationstructureprovidedin thehyper
mediapresentationit alsodefinesheuseradaptationn thehypermediayeneration
process.

— ThePresentation Layer specifieghe presentatiometailsthat (with the definitions
from the ApplicationLayer)areneededor producinga presentatioffior a concrete
platform,like HTML, WML, or SMIL.
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Fig. 1. WIS architecturen Hera

Herausesseveral modelsto capturethe differentdesignaspectsProviding clear
relationshipsbetweenthe differentmodels,e.g. by expressingone modelin termsof



an otherone, gives a major advantage:model-driven transformationsPopulatingthe
differentmodelswith dataandthentransformingthemaccordingto the relationships
betweerthe modelsleadsto anautomaticexecutionof the designat instancdevel, and
ultimatelyto the productionof the hypermedigresentation.

The modelsin the phaseof integrationand dataretrieval obtainthe datafrom the
sourcesln reactionto a user query a conceptual model instance is producedwith the
datafor whichthe applicationis goingto generatea presentationseeFigure2.
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Fig. 2. Heramethodology

The modelsin the phaseof presentatiorgeneratiorgenerate hypermedigresen-
tationfor theretrieved data:seeFigure 2. Theresultof the userquery representetby
the conceptual model instance, is transformednto a presentatiolin the specificformat
of theusers browser(e.g.HTML, WML, or SMIL).

2.2 Software Demonstrator

TheHerademonstratousegheexampleof thedesignof avirtual artgallerythatallows
visitorsto createon-the-flyexhibitions featuringtheir favorite painters paintings,and
paintingtechniguesThesehypermedigresentationareproducedrom the exhibits of
differentonline museumsandannotatedvith descriptionsrom anonline art eng/clo-
pedia.

Ourdemonstratoshowvs thatwe have choserin our methodologyto useRDF(S)as
thedataformatfor thedifferentHeramodels Heras modelinstancesrerepresentedh



plain RDFwith theassociatethodelsrepresenteth RDFS.RDF(S)is suitable sinceit

is aflexible (schemaefinementnddescriptionenrichmentandextensible(definition
of new resourcesindpropertiesframenork thatenablesVebapplicationinteroperabil-
ity. We reuseexisting RDFSvocahilarieslik e the UserAgent Profile (UAProf) [14], a
CompositeCapability/PreferencProfiles(CC/PP)[8] vocalulary for modelingdevice

capabilitiesand userpreferencesA disadwantageis the lack of properRDF(-avare)
transformatiorprocessorslreatingthe modelsandinstancessplain XML, the XSLT

processofSaxonperformsthe differenttransformationdasedon stylesheets-or data
retrieval we useRQL [9] andits java-basednterpreterSesame.

3 Integration and Data Retrieval

In the integration phasethe designerdefinesand createschannelsconnectingthe dif-
ferentdatasourcego the conceptuamodel.In the dataretrieval phasehe channelsare
usedto obtainthe datathatcorrespondo the conceptuamodel.

3.1 ConceptualModel

Therole of theconceptuamodel (CM) is to provide a uniform semanticview overthe
inputsourcesA CM (Figure3 - top) usesconceptsandconceptpropertiesexpressedn
RDFSto definethe domainontology
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Fig. 3. Conceptuamodel(top) andintegrationsourcegbottom)

Therearetwo sourceontologieqFigure3 - bottom)thatareintegratedin theabove
CM. Thefirst sourceis an online eng/clopediathat provides dataaboutdifferentart
pieces pffering their title, dateof creation,author usedtechniqueetc. Yetrich in con-
tent this sourceis purely text-based.So if onewantsto obtainan actualimageof a
paintingwe have to consultthe secondsource.This sourcerepresentsin online multi-
mediacatalogueof exhibits of differentkindsincludingtheir digitalizedversions.



3.2 Integration Model

Theintegrationmodel(IM) links conceptdrom the sourceontologies(Figure 3 - bot-

tom) to thosefrom the CM: akind of ontologyalignmentHeraprovidesanintegration

modelontology(IMO). A designesspecifieghelinks betweerthe CM andthesources
by instantiatingthe IMO. The IMO of Figure4 describedntegration primitivesused
for rankingthe sourceswithin a clusterandfor specifyinglinks betweerthemandthe

CM. ThelMO usegheconceptof Decor at i on andArti cul at i on. Decorations
label the “appropriatenessbdf differentsourcegandtheir conceptsithat are grouped
within one semanticallyclosecluster Articulations describethe actuallinks between
thesourceontologiesandthe CM. They alsospecifythe concepts uniquenessvhichis

necessaryo performjoins from severalsources.
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Fig. 4. Integrationmodelontologyandits specialization

3.3 DataRetrieval

Integrationis performedonce,prior to the useraskingthe query Dataretrieval is per
formedfor every query The userquery(in RQL [9]) is first extendedto containall
relevantdataneededn the presentatiorgeneratiorphase The algorithmtraverseghe
CM from the given concept(sandaddsall conceptsand/orliteral typesreachableby
following propertyedgesin the CM graph.Subsequentlythe mediatortakesthe ex-
tendedquery asits input, routesthe appropriatequeriesto the sourcescollectsthe
resultsandassemblesheminto an answemwhich consistsof a collectionof tuples(in
RDF terminologya bagof lists). Finally, the “flat” collectionof tuplesin the queryre-
sultis transformednto a CM instanceby addingthe appropriatepropertiegsuchthat
it is avalid RDF graph).



4 PresentationGeneration

In the presentatiorgeneratiorphasethe designerassembleshe retrieved datainto a
hypermedigpresentatiorsuitablefor the users display Moreover sucha presentation
is personalizedby consideringhe userpreference$or the hypermediaggeneration.

4.1 Application Model

TheApplicationModel (AM) representanabstractpecificatiorof the presentatiomn
termsof slicesandslicepropertiesA sliceis ameaningfulpresentatiomnit thatgroups
concepfattributesand/orotherslices.Eachsliceis associatedo a certainconceptrom
the CM. Thereare two typesof slice properties:slice composition,a slice includes
anothesslice,andslicenavigation,ahyperlinkabstractiorbetweertwo slices. Themost
primitive slicesare conceptattributes. The mostcomplex onesarethe top level slices
that correspondo pages.A pagecontainsall the information presenton the users
displayata particularmoment.

Figure 5 gives an exampleof an AM composedf two slicesassociatedo two
differentconceptst echni que andpai nt i ng. Attributesare depictedwith ovals,
slice compositionis describedy the nesteccompositiomotation,andslice navigation
is representedly arrons. If aslicecontainsanotheslicethatis associatedb a different
concepta line labeledwith the propertynamebetweenthe involved two conceptss
used.In casethatthe cardinalityof this propertyis one-to-magy the Set unit needgo
beemployed.

The applicationmodel needsto take in accountthe users device (e.g. PC, PDA,
WAP phone).To personalizethe presentatioruser preferencesare also considered.
Theuser/platfornprofile captureghedevice capabilitiesandthe userpreferencesThe
adaptatiorwe considetin this papetis basedntheconditionalinclusionof slices(frag-
ments)andslicenavigation(link) hiding[4]. Figure5 givesanexampleof aconditional
inclusionof a picturebasedn theusers displaycapabilityto displayimages.

prf:imageCapable = Yes|
1
I
I

Fig. 5. Applicationmodelwith adaptation



4.2 PresentationData Transformations

Theretrieved data(CM instance)will go througha numberof transformationgntil it
eventuallyreaches form interpretabléoy the users browser The RDF/XML serializa-
tion of the proposednodelsandtheirinstancegnablethe usageof an XSLT processor
asthe transformatiorengine.The mostimportanttransformationstepsare:the appli-
cation model adaptationthe applicationmodelinstancegenerationand presentation
datageneration.

After corvertingthe AM to atemplatecloserin form to anAM instancethe AM is
adaptedasednuser/platfornprofile attributevalues Slicesthathavetheirappearance
conditionunfulfilled will be discardedandlinks pointingto themwill bedisabled.

In the secondstepbasedon the AM atransformatiorstylesheets producedSince
the stylesheets alsoan XML document;jt was possibleto write a stylesheefor the
creationof anotherstylesheetTheresultedtransformatiorstylesheets usedto corvert
theCM instancego anAM instance.

In the laststepdifferentstylesheetproducecodefor differentplatforms.This step
usesa media-directedranslationschemewherefor eachmediaappropriatecode is
generatede.g. datesare displayedin italic, stringsare representedvith normalfont,
orimagesarereferedwith appropriatdags.Figure6 exemplifiesthe samepresentation
for threedifferentbrowsers:HTML, WML, andSMIL browsers.Oneshouldnotethe
absencef picturesandthe needto scrollthetext in the WML browserpresentation.

SMIL

Fig. 6. Hypermedigresentatiotin differentbrowvsers



4.3 UserlInteraction

Thereis anincreasingnumberof Web applications(e.g. shoppingWeb sites,confer
encemanagementites,communityWeb boards)in which the userinteractionby only
following links doesnot suffice. In the previous sectionswe sav the exampleof user
querieghatgenerate hypermedigresentationT his sectiondescribesa moregeneral
form of userinteractionin which in responseo a userclick on a button CM instances
andtheir associategropertiegetcreateddeleted pr updated.

In orderto exemplify theconsiderediserinteractiorwe extendourrunningexample
to ashoppingWeb site selling posterswhich arereproductionof the museums paint-
ings.The CM of theapplicationis enlagedwith thepost er , or der ,andt r ol | ey
conceptsA posteris associatedthrougha property)to the alreadyexisting conceptof
pai nting.

While browsingthe generatedhypermedigresentatiorthe userhasthe possibility
to ordera numberof posterscorrespondingo the currently displayedpainting. This
impliestwo modelingissuesFirstthe AM needgo be extendedwith new navigational
propertiesand possibly new slicesthat will model this userinteraction.Secondthe
callbackfunctionassociatedb this operatiomeeddo be specifiedbasednthe current
contet andthe existing hyperbaseThe currentcontext is given by the CM instances
visiblein ahypermedigresentatiota certainmomentin time. The callbackfunction
is creating,deleting,or updatingCM instancesndtheir properties.

The extensionof the AM by taking into accountthe newly introducedconcepts
modelinguserinteractionis atrivial processandwill notbediscussedurther. Figure7
depictsasnapshobf the CM instancesluringuserinteraction.Theuserhasputinto his
trolley, t r ol | ey1, two orders,or der 1 andor der 2. Thetrolley andthetwo orders
are instanceghat were createddynamically during userinteraction.The first orde,
or der 1, refersto onecopy of post er 2 andthe secondorderrefersto two copiesof
post er 1. Notethatpost er 1 andpost er 2 areinstancedhat exist independently
of theuserinteraction.
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Poster SOuéev/ Trolley

number number
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has
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——————— - rdf:type

© user interaction independent
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Fig. 7. Conceptinstancecreationduringuserinteraction



5 Conclusionand Further Work

Following the succes®f the Web, designandengineeringnethodologiegor informa-
tion systemshave evolvedin the directionof WIS engineeringHera's model-driven
approachusesSemanticWeb technology mostnotably RDF(S),to specifythe design
of aWIS. Its modelsdefineintegration,dataretrieval and presentatiorgenerationput
alsoaspectdik e useradaptatioranduserinteraction.The choiceof RDF/XML to rep-
resentthe datamodelsandtheir instancegprovedto be usefulin the datatransforma-
tions (using XSLT stylesheets)As we develop the Heramethodologyby extendingit
with modelsfor more aspectf the design,for examplemoreadvanceduserinterac-
tion, RDF(S)is not sufficient anymore. Moreover, taking into accountthe extensions
we hadto make to RDF(S)we considerreplacingit by a more powerful Web ontol-
ogy languageOtherresearchnvestigateshe consequences termsof (languagegor
expressing)ransformation®n modelsexpressedisingWeb ontologies.

References

1. Berners-LeeT.: Wearing the Weh Orion BusinessL.ondon(1999)

2. Bieber M., Isakowitz, T., Vitali, F.: WebInformationSystemsCommunicationef the ACM
41(7)(1998)78-80

3. Brickley, D., Guha,R.V.: RDF Vocalulary DescriptionLanguagel.0: RDF SchemaW3C
Working Draft (2002)

4. Brusilovsky, P: Adaptive HypermediaUserModelingandUserAdaptedinteraction11(1/2)
Kluwer AcademicPublisherg2001)87-110

5. Ceri, S., Fraternali,P, Matera,M.: ConceptuaModeling of Data-Intensie Web Applica-
tions.|IEEE InternetComputing6(4) (2002)20-30

6. FrasincarF., HoubenG.J.,Vdovjak, R.: SpecificatiorFramevork for EngineeringAdaptive
Web Applications.In Proc.The EleventhinternationaMorld Wide Web Conferencg2002)

7. Klapsing,R., NeumannG.: Applying the ResourceDescriptionFramevork to Web Engi-
neering.In Proc.ElectronicCommerceand Web TechnologiesFirst InternationalConfer
ence,EC-Web 2000, LectureNotesin ComputerScienceVol. 1875.Springer(2000)229—
238

8. Klyne, G., Reynolds,F., Woodraw, C., Ohto,H.: CompositeCapability/Preferencrofiles
(CC/PP):StructureandVocalularies.W3C Working Draft (2002)

9. Karvounarakis,G., Alexaki, S. Christophides)V., Plexousakis,D., Scholl M.: RQL: A
Declaratve QueryLanguagdor RDF, In Proc.The EleventhinternationaMorld Wide Web
ConferenceACM Presq2002)592-603

10. Kay, M.: XSL TransformationgXSLT) Version2.0.W3C Working Draft (2002)

11. Koch,N., Kraus,A., Hennicler, R.: The Authoring Procesf the UML-basedWeb Engi-
neeringApproach.In Proc.First InternationalWorkshopon Web-OrientedSoftware Tech-
nology(2001)

12. Lassila,0., Swick, R.R.:ResourcéDescriptionFramevork (RDF) Model and SyntaxSpec-
ification. W3C Recommendatio(l.999)

13. Schwabe,D., Rossi,G.: An ObjectOrientedApproachto Web-BasedApplication Design.
TheoryandPracticeof ObjectSystemg4(4) (1998)207-225

14. WirelessApplication Group:UserAgentProfile Specification WAP Forum (2001)



