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Abstract. As aconsequenceof thesuccessof theWeb,methodologiesfor infor-
mationsystemdevelopmentneedto considersystemsthatusetheWebparadigm.
TheseWeb InformationSystems(WIS) useWeb technologiesto retrieve infor-
mation from the Web and to deliver information in a Web presentationto the
users.Herais a model-drivenmethodologysupportingWIS design,focusingon
theprocessesof integration,dataretrieval, andpresentationgeneration.Integra-
tion anddataretrieval gatherfrom Websourcesthedatathatcomposestheresult
of auserquery. PresentationgenerationproducestheWebor hypermediapresen-
tation format for the queryresult,suchthat the presentationandspecificallyits
navigationsuitstheuser’sbrowser. Weshow how in Heraall theseprocesseslead
to datatransformationsbasedon RDF(S)models.Proving thevalueof RDF(S)
for WIS design,wepave theway for thedevelopmentof SemanticWebInforma-
tion Systems.

1 Intr oduction

Onereasonfor thepopularityof theWorld WideWebis thatcomputerapplicationspro-
vide informationfor a diverseaudienceon differentplatformsworldwideand24 hours
a day andpeoplefind andview that informationwith easy-to-usenavigation mecha-
nisms.In the typical Web applicationthe authorcarefully handcrafteda staticcollec-
tion of pagesandlinks betweenthesepagesto presentto theuserinformationsuitedfor
navigationwith a Web browser. The successhasled to the desireto exploit this user-
friendly paradigmin (professional)informationsystems.Not only hasthetypical Web
applicationbecomedata-intensive, usingfor exampledatageneratedfrom databases,
but also informationsystemdeveloperswant to extend their (traditionally non-Web)
applicationsalongthelinesof theWebparadigm.This trendhascausedtheconceptof
Web applicationto evolve in the directionof the conceptof Web InformationSystem
(WIS) [2], a softwarecomponentthat storesandmanagesinformationjust like a tra-
ditional informationsystem,but specificallyusestheWebparadigmandits associated
technologies.A specificclassof Webtechnologiesis thatof theSemanticWeb(SW)[1]
initiative,speciallytargetingapplicationinteroperability. As weshow in thispaper, one
of theSWlanguages,RDF(S)[3,12], offerseffectivesupportfor thedesignof WIS.

Thedatain aWIS is retrievedfrom aheterogeneousanddynamicsetof datasources
and subsequentlydeliveredas Web or hypermediapresentationsto a heterogeneous



groupof userswith differentpreferencesusingdifferentplatformsto view thepresen-
tations.Thisposesnew anddifferentrequirementsfor thedesignanddevelopmentof a
WIS: from handcraftingto engineering.

In our Hera [6] methodologywe singleout a numberof characteristicaspectsof
WIS design:

– Mostvisible in WIS design(andmissingin traditionalnon-Webapproaches)is the
needto automaticallygenerateWeb or hypermediapresentationsfor the datathe
WIS delivers.This includesthat thesystem(instructedby its designer)decideson
the navigation structureof the presentation,by describingthe compositionof the
presentationobjects(e.g.pages)andtheir connections(e.g.hyperlinks).

– A WIS includesa transparentrepositoryof dataobtainedfrom differentsources.
Thedesignerhasto instructthesystemhow to searchandfind, retrieve,transform,
andcombineinformation.The aspectof integration is often disregardedin WIS
design.

– Personalizationis a prominentissuein WIS design:deliveringtheright datain the
right way(e.g.deviceandconnection)to theright user. Heracombinespresentation
generationwith useradaptation[4].

Most WIS designmethodologiesfocusprimarily on presentationgeneration.A lot
of modelsthat consideradaptationdo so only in the context of adaptive hypermedia
documents.As notableexceptionsamongtheWebengineeringapproacheswemention
ObjectOrientedHypermediaDesignModel (OOHDM) [13], WebModelingLanguage
(WebML) [5], UML-basedWebEngineering(UWE) [11], andeXtensibleWebModel-
ing Framework (XWMF) [7]. For its RDF-basednatureweconsiderthelastonefurther.
It consistsof anextensiblesetof RDF schemasanddescriptionsto modelWebappli-
cations.Thecoreof theframework is theWebObjectCompositionModel (WOCM), a
formal object-orientedlanguageusedto definetheapplication’s structureandcontent.
WOCM is adirectedacyclic graphwith complexonsasnodesandsimplexonsasleaves.
Complexonsdefinetheapplication’sstructurewhile simplexonsdefinetheapplication’s
content.Simplexonsarerefinedusingthesubclassingmechanismin differentvariants
correspondingto differentimplementationplatforms.

Herausesamodel-drivenapproach,specifyingtheseparateaspectsof thecomplete
applicationdesignin termsof separatemodels,e.g.for presentationgeneration,integra-
tion, andadaptation.Similar to OMG’sModel DrivenArchitecture,Heradistinguishes
betweenPlatformIndependentModels(e.g.integrationmodel,presentationmodel,and
applicationmodel)andPlatform DependentModels (e.g. presentationmodel) but in
the specificcontext of hypermedia.In this way if the targetedplatform changesthe
specificationsof theapplicationlogic remainthesame.

The associatedHeraframework implies a stepwiseapproachto get from datare-
trieval to presentationgenerationat the level of instances.Thosestepsconstitutea
sequenceof datatransformationsthat eventuallyproducesthe right datain the right
format(e.g.HTML, WML, or SMIL). In thedemonstratorfor theframework we have
usedRDF(S)to specifythedifferentmodelsandXSLT [10] to transformtheRDF data
in orderto generatethepresentationsin theright format.



2 Hera Methodology

Fromthegatheringof requirementsto themaintenanceof theoperationalapplication,
mostinformationsystemdesignmethodologiesdistinguishseveralphasesin thedesign
process.Thedevelopmentof aWIS is differentin severalaspects,andtheseaspectsare
thecentralfocusof theHeraproject.

Like other WIS methodologiesHera includesa phasein which the hypermedia
(Web) navigation is specified.Hera considersnavigation in connectionto the data-
intensivenatureof themodernWIS in its presentation generation phase.Before,Hera’s
integration and data retrieval phaseconsidershow to selectandobtainthedatafrom the
storagepartof theapplication.This includestransformingthedatafrom thesesources
into theformat(syntaxandsemantics)usedin theapplication.Also, thehandlingof the
interactionfrom usersis specified:querying,navigation, or application-specificuser
interaction.

2.1 Model-Dri venTransformations

Hera’s targetis to facilitatetheautomaticexecutionof thedesign:it shouldbepossible
to programtheWIS in suchawaythatit canautomaticallyexecutetheprocessspecified
by thedesign.Figure1 showshow Heratypically viewsaWIS architecture:

– TheSemantic Layer specifiesthedatacontentof theWIS in termsof a conceptual
model.It alsodefinesthe integrationprocessthat gathersthe datafrom different
sources.

– TheApplication Layer specifiestheabstracthypermediaview on thedatain terms
of anapplicationmodelrepresentingthenavigationstructureprovidedin thehyper-
mediapresentation.It alsodefinestheuseradaptationin thehypermediageneration
process.

– ThePresentation Layer specifiesthepresentationdetailsthat (with thedefinitions
from theApplicationLayer)areneededfor producingapresentationfor aconcrete
platform,likeHTML, WML, or SMIL.
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Fig.1. WIS architecturein Hera

Herausesseveral modelsto capturethe differentdesignaspects.Providing clear
relationshipsbetweenthe differentmodels,e.g.by expressingonemodel in termsof



an otherone,givesa major advantage:model-driven transformations.Populatingthe
differentmodelswith dataandthentransformingthemaccordingto the relationships
betweenthemodelsleadsto anautomaticexecutionof thedesignat instancelevel, and
ultimatelyto theproductionof thehypermediapresentation.

The modelsin the phaseof integrationanddataretrieval obtainthe datafrom the
sources.In reactionto a user query a conceptual model instance is producedwith the
datafor which theapplicationis goingto generateapresentation:seeFigure2.
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Fig.2. Heramethodology

Themodelsin thephaseof presentationgenerationgeneratea hypermediapresen-
tation for the retrieveddata:seeFigure2. Theresultof theuserquery, representedby
theconceptual model instance, is transformedinto apresentationin thespecificformat
of theuser’sbrowser(e.g.HTML, WML, or SMIL).

2.2 SoftwareDemonstrator

TheHerademonstratorusestheexampleof thedesignof avirtual artgallerythatallows
visitors to createon-the-flyexhibitions featuringtheir favorite painters,paintings,and
paintingtechniques.Thesehypermediapresentationsareproducedfrom theexhibitsof
differentonlinemuseumsandannotatedwith descriptionsfrom anonlineart encyclo-
pedia.

Ourdemonstratorshows thatwehavechosenin ourmethodologyto useRDF(S)as
thedataformatfor thedifferentHeramodels.Hera’smodelinstancesarerepresentedin



plainRDFwith theassociatedmodelsrepresentedin RDFS.RDF(S)is suitable,sinceit
is a flexible (schemarefinementanddescriptionenrichment)andextensible(definition
of new resourcesandproperties)framework thatenablesWebapplicationinteroperabil-
ity. We reuseexisting RDFSvocabularieslike theUserAgentProfile(UAProf) [14], a
CompositeCapability/PreferenceProfiles(CC/PP)[8] vocabulary for modelingdevice
capabilitiesanduserpreferences.A disadvantageis the lack of properRDF(-aware)
transformationprocessors.Treatingthemodelsandinstancesasplain XML, theXSLT
processorSaxonperformsthedifferenttransformationsbasedon stylesheets.For data
retrieval we useRQL [9] andits java-basedinterpreterSesame.

3 Integration and Data Retrieval

In the integrationphasethe designerdefinesandcreateschannelsconnectingthe dif-
ferentdatasourcesto theconceptualmodel.In thedataretrieval phasethechannelsare
usedto obtainthedatathatcorrespondto theconceptualmodel.

3.1 ConceptualModel

Therole of theconceptualmodel(CM) is to providea uniform semanticview over the
inputsources.A CM (Figure3 - top)usesconceptsandconceptpropertiesexpressedin
RDFSto definethedomainontology.
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Fig.3. Conceptualmodel(top)andintegrationsources(bottom)

Therearetwo sourceontologies(Figure3 - bottom)thatareintegratedin theabove
CM. The first sourceis an online encyclopediathat providesdataaboutdifferentart
pieces,offering their title, dateof creation,author, usedtechniqueetc.Yet rich in con-
tent this sourceis purely text-based.So if onewantsto obtainan actual imageof a
paintingwe have to consultthesecondsource.This sourcerepresentsanonlinemulti-
mediacatalogueof exhibitsof differentkindsincludingtheir digitalizedversions.



3.2 Integration Model

The integrationmodel(IM) links conceptsfrom thesourceontologies(Figure3 - bot-
tom) to thosefrom theCM: akind of ontologyalignment.Heraprovidesanintegration
modelontology(IMO). A designerspecifiesthelinks betweentheCM andthesources
by instantiatingthe IMO. The IMO of Figure4 describesintegrationprimitivesused
for rankingthesourceswithin a clusterandfor specifyinglinks betweenthemandthe
CM. TheIMO usestheconceptsof Decoration andArticulation. Decorations
label the “appropriateness”of differentsources(andtheir concepts)that aregrouped
within onesemanticallyclosecluster. Articulationsdescribethe actuallinks between
thesourceontologiesandtheCM. They alsospecifytheconcept’suniquenesswhich is
necessaryto performjoins from severalsources.
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3.3 Data Retrieval

Integrationis performedonce,prior to theuseraskingthequery. Dataretrieval is per-
formed for every query. The userquery (in RQL [9]) is first extendedto containall
relevantdataneededin thepresentationgenerationphase.Thealgorithmtraversesthe
CM from the givenconcept(s)andaddsall conceptsand/orliteral typesreachableby
following propertyedgesin the CM graph.Subsequently, the mediatortakes the ex-
tendedquery as its input, routesthe appropriatequeriesto the sources,collectsthe
resultsandassemblestheminto ananswerwhich consistsof a collectionof tuples(in
RDF terminologya bagof lists).Finally, the“flat” collectionof tuplesin thequeryre-
sult is transformedinto a CM instanceby addingtheappropriateproperties(suchthat
it is a valid RDF graph).



4 PresentationGeneration

In the presentationgenerationphasethe designerassemblesthe retrieved datainto a
hypermediapresentationsuitablefor the user’s display. Moreover sucha presentation
is personalizedby consideringtheuserpreferencesfor thehypermediageneration.

4.1 Application Model

TheApplicationModel (AM) representsanabstractspecificationof thepresentationin
termsof slicesandsliceproperties.A sliceis ameaningfulpresentationunit thatgroups
conceptattributesand/orotherslices.Eachsliceis associatedto acertainconceptfrom
the CM. Thereare two typesof slice properties:slice composition,a slice includes
anotherslice,andslicenavigation,ahyperlinkabstractionbetweentwo slices.Themost
primitive slicesareconceptattributes.The mostcomplex onesarethe top level slices
that correspondto pages.A pagecontainsall the information presenton the user’s
displayata particularmoment.

Figure 5 gives an exampleof an AM composedof two slicesassociatedto two
differentconcepts:technique andpainting. Attributesaredepictedwith ovals,
slicecompositionis describedby thenestedcompositionnotation,andslicenavigation
is representedby arrows.If aslicecontainsanotherslicethatis associatedto adifferent
concepta line labeledwith the propertynamebetweenthe involved two conceptsis
used.In casethatthecardinalityof this propertyis one-to-many theSet unit needsto
beemployed.

The applicationmodelneedsto take in accountthe user’s device (e.g.PC, PDA,
WAP phone).To personalizethe presentationuserpreferencesare also considered.
Theuser/platformprofilecapturesthedevicecapabilitiesandtheuserpreferences.The
adaptationweconsiderin thispaperis basedontheconditionalinclusionof slices(frag-
ments)andslicenavigation(link) hiding[4]. Figure5 givesanexampleof aconditional
inclusionof a picturebasedon theuser’sdisplaycapabilityto displayimages.
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4.2 PresentationData Transformations

Theretrieveddata(CM instance)will go througha numberof transformationsuntil it
eventuallyreachesaform interpretableby theuser’sbrowser. TheRDF/XML serializa-
tion of theproposedmodelsandtheir instancesenabletheusageof anXSLT processor
asthetransformationengine.Themostimportanttransformationsstepsare:theappli-
cationmodeladaptation,the applicationmodel instancegeneration,andpresentation
datageneration.

After convertingtheAM to a templatecloserin form to anAM instance,theAM is
adaptedbasedonuser/platformprofileattributevalues.Slicesthathavetheirappearance
conditionunfulfilled will bediscardedandlinks pointingto themwill bedisabled.

In thesecondstepbasedon theAM a transformationstylesheetis produced.Since
the stylesheetis alsoan XML document,it waspossibleto write a stylesheetfor the
creationof anotherstylesheet.Theresultedtransformationstylesheetis usedto convert
theCM instanceto anAM instance.

In thelaststepdifferentstylesheetsproducecodefor differentplatforms.This step
usesa media-directedtranslationschemewherefor eachmediaappropriatecode is
generated,e.g.datesaredisplayedin italic, stringsarerepresentedwith normal font,
or imagesarereferedwith appropriatetags.Figure6 exemplifiesthesamepresentation
for threedifferentbrowsers:HTML, WML, andSMIL browsers.Oneshouldnotethe
absenceof picturesandtheneedto scroll thetext in theWML browserpresentation.
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Fig.6. Hypermediapresentationin differentbrowsers



4.3 User Interaction

Thereis an increasingnumberof Web applications(e.g.shoppingWeb sites,confer-
encemanagementsites,communityWebboards)in which theuserinteractionby only
following links doesnot suffice. In the previoussectionswe saw the exampleof user
queriesthatgeneratea hypermediapresentation.This sectiondescribesa moregeneral
form of userinteractionin which in responseto a userclick on a buttonCM instances
andtheir associatedpropertiesgetcreated,deleted,or updated.

In orderto exemplify theconsidereduserinteractionweextendourrunningexample
to a shoppingWebsitesellingposterswhich arereproductionsof themuseum’spaint-
ings.TheCM of theapplicationis enlargedwith theposter, order, andtrolley
concepts.A posteris associated(througha property)to thealreadyexisting conceptof
painting.

While browsingthegeneratedhypermediapresentationtheuserhasthepossibility
to ordera numberof posterscorrespondingto the currentlydisplayedpainting.This
impliestwo modelingissues.First theAM needsto beextendedwith new navigational
propertiesand possiblynew slicesthat will model this user interaction.Secondthe
callbackfunctionassociatedto thisoperationneedsto bespecifiedbasedon thecurrent
context andthe existing hyperbase.The currentcontext is givenby the CM instances
visible in ahypermediapresentationatacertainmomentin time.Thecallbackfunction
is creating,deleting,or updatingCM instancesandtheir properties.

The extensionof the AM by taking into accountthe newly introducedconcepts
modelinguserinteractionis a trivial processandwill notbediscussedfurther. Figure7
depictsasnapshotof theCM instancesduringuserinteraction.Theuserhasput into his
trolley, trolley1, two orders,order1 andorder2. Thetrolley andthetwo orders
are instancesthat were createddynamicallyduring user interaction.The first order,
order1, refersto onecopy of poster2 andthesecondorderrefersto two copiesof
poster1. Note thatposter1 andposter2 areinstancesthatexist independently
of theuserinteraction.

Integer

number

Poster Order Trolley

trolley1

1 *

order1 order2

has

has

has contains

"2""1"
numbernumber
contains

poster1 poster2

rdf:type

rdf:Property

user interaction independent

user interaction dependent

1 1

contains

Fig.7. Conceptinstancecreationduringuserinteraction



5 Conclusionand Further Work

Following thesuccessof theWeb,designandengineeringmethodologiesfor informa-
tion systemshave evolved in the directionof WIS engineering.Hera’s model-driven
approachusesSemanticWeb technology, mostnotablyRDF(S),to specifythedesign
of a WIS. Its modelsdefineintegration,dataretrieval andpresentationgeneration,but
alsoaspectslike useradaptationanduserinteraction.Thechoiceof RDF/XML to rep-
resentthe datamodelsandtheir instancesprovedto be useful in the datatransforma-
tions (usingXSLT stylesheets).As we develop theHeramethodologyby extendingit
with modelsfor moreaspectsof 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 morepowerful Web ontol-
ogy language.Otherresearchinvestigatestheconsequencesin termsof (languagesfor
expressing)transformationson modelsexpressedusingWebontologies.
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