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Abstract

Hera is a designmethodolgy that supportsthe devel-
opmentof web information systems.It is a model-driven
methodthat distinguishedour steps:dataretrieval, appli-
cation modelgeneartion, application modelinstancegen-
eration, and presentationdata genewtion. Data retrieval
populatesthe conceptualmodelwith data. In the appli-
cation model genetion the navigational aspectsof the
application are specifiedin the application model. Also,
the application model needsto be adaptedfor different
user/hannelprofiles. In the third stepof the Hera method,
the applicationmodelis populatedwith theretrieveddata.
The last step consides the physical aspectsof the pre-
sentation: the retrieved data wrappedin applicationlogic
is translatedto different implementationplatforms (e.g.
HTML, WML, SMIL).Havingin mindtheadvantaye of web
applicationinteropembility we choseto implementan ex-
perimentalprototypefor the Hera methodusing RDF(S),
thefoundationof the Semantid\eh

1. Intr oduction and relatedwork

The Web is the most popularsourceof informationto-
day. As aresult,a key succesgactorfor moderninforma-
tion systemss their web presence.From users point of
view the one-size-fits-allparadigmis not acceptablearny-
more. The contentneedsto be personalizedor different
usersbasedon their preferencesMoreover suchinforma-
tion systemsshould enablemultichannelaccessas more
and more userswill reachthem using different platforms
(e.g.PC,PDA, WAP phone WebTV) anddifferentnetwork
speedge.g.dial-upmodemnetwork coppercable,network
fiber optic cable).Dueto theserequirementst hasbecome
increasinglyimportantto have anengineeredesignof web
informationsystems.

Research literature provides good references like
Relationship Management Methodology (RMM) [9]
and Object-Oriented Hypermedia Design Methodology

(OOHDM) [15] for hypermediadesignmethodologieshat

offer guidelinesto the developer of a Web Information

System. However, RMM doesnt considerthe multichan-
nel/multiuseraspectsof the presentWeb and OOHDM

offersweaksupportfor automation Recentesearclstudies
like WebML [4], XAHM [3], UWE [13], XWMF [11], and

Hera[8] give designstepstowardsa (partially) automated
generationof hypermediapresentationgfrom retrieved

data)usingmodernweb technologiege.g. XML, RDF) or

object-orientednodelinglanguagege.g. UML). All these
methodologiesremodel-basedherole of metadatdeing

crucial for automatiorsupport. Adaptationwith respecto

the users preference®r device capabilitiesis considered
integrantpartof thedesignprocess.

With morethan3 billion pageshe Webis the mostim-
portantsourceof information. Theemeging SemantioNeb
(SW) [1] aims at providing a unique (semantical)view
overthisdatathatwill ensurevebapplicationinteroperabil-
ity. Thefoundationof the SW is the ResourceDescription
Framevork (RDF) [14] andthe RDF SchemaRDFS)[2].
RDFSextendsRDF by providing meango describedomain
vocahularies. XWMF consistsof an extensiblesetof RDF
schematanddescriptiongo modelweb applications.The
choiceto representnodelsin RDF(S)is alsodonein Hera.
In contrasto XWMF whichis only amodelingframeawork,
Heraprovidesbotha modelingframewvork anda methodol-
ogy for developingwebapplications.

2. Method and tools

A primaryfocusof theHeraproject[8] is to supporiwWeb
Information System(WIS) designandimplementation.In
responseo a userquery a WIS shouldautomaticallygen-
eratea hypermediapresentatiorfor datapossiblycoming
from heterogeneousources. The generatechypermedia
presentationseedto betailored(adaptedfor differentde-
vice (network, display)capabilitiesanddifferentuserpref-
erences.

Lacking a matureweb ontology languagewe choseto
representHera models/instancesn RDF(S) by providing



appropriateextensions. In contrastto XML and UML,
RDF(S)was designedby W3C asthe Web metadatdan-
guagebeing betterableto dealwith the semistructurena-
ture of Web metadata. RDF(S) is a flexible (supporting
schemaefinementand descriptionenrichmentyand exten-
sible (allowing the definition of new resources/properties)
framework that enablesweb application interoperability
An exampleof applicationinteroperabilityis the usageof
differentnavigation ontologiesfor a given applicationdo-
main ontology In Hera, modelinstancesare represented
in plain RDF thatwill be validatedagainsttheir associated
models(schemasjepresenteih RDFS.Using RDF(S)as
theunderlyingrepresentatioformalismenablesisto reuse
existing RDF(S) vocahularieslike the User Agent Profile
(UAProf) [16], a CompositeCapability/Preferencerofiles
(CC/PP)[12] vocahulary for modelingdevice capabilities
anduserpreference$?]. The syntaxcarrieris RDF/XML,
theXML serializationof RDF. While RDF(S)seemgo fos-
ter the specificationof Hera’s differentmodels,thereis, to
our knowledge, no full-fledged RDF(-aware) transforma-
tion processar Neverthelessthe Hera modelsand their
instancescan be treatedas plain XML representationsn
which an XSLT processoican perform differenttransfor
mationshasen stylesheetsi-or our purposehisapproach
provedto besatisactoryaswe didn't useRDF(S)inference
rules(e.g.transitity of inheritance)in the transformation
specification.

Basedon a small setof datamadeavailableby the Web
site of the Rijksmuseumin Amsterdam,an experimental
prototypefor the Heramethodwas developed. At the be-
ginning of the implementatiorwe usedXalan 1.2D02,an
XLST processothatsupportsXPath1.0andXSLT 1.0. As
Xalandidn't fulfill thehighdemand®f ourapplication(e.g.
multiple outputsfor onestylesheetheedof proceduraton-
structslik e variableassignmenandloop operators)ve re-
placedit in the last stepof the Heramethod(presentation
datagenerationwith Saxon7.0, animplementatiorof the
morepowerful XPath2.0andXSLT 2.0[10].

Figure 1 gives an overview of the Heramethod. The
four stepsof the Heramethodappearas numbers(labels)
on the continuousarrows. Step?2 and step 3 have both
two substepsmarked by the seconddigit notation. Sub-
step2.2 hastwo inputs, the applicationmodel (unfolded)
andtheuser/platfornprofile, while step4 hasthreealterna-
tive outputsfor differentcode generatorfHTML, WML,
SMIL). There are two typesof dashedarrows: “is used
by” to expressthat an RDFS model is usedby another
RDFS model and “has instance”to denotethat an RDFS
model has as instancea specifiedRDF model. The fig-
ure hastwo orthogonaldimensions: generic/specifiand
static/dynamic.Thefirst dimensiongeneric/specifidiffer-
entiatedetweerthegenericapplication(domain)indepen-
dent models/transformationsnd the specific,application

(domain)dependentmodels/transformationsThe second
dimensiorstatic/dynamiainderlineshestatic,fixed, repre-
sentationsrersusdynamicrepresentationd,e. newly gen-
eratedrepresentationfor differentretrieved datasets(of a
givenapplicationdomain). Note thatin the middle of Fig-
ure 1 thereis only dynamic(application-)specifignforma-
tion thatwill changewith eachretrieveddataset.
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Figure 1. Method

2.1 Dataretrieval

In the dataretrieval stepthe conceptuamodelis popu-
lated with the retrieved data. In casethat datais coming
from heterogeneousourcest is thetaskof a mediatorsys-
tem (outsidethe scopeof this paper)to integratethe data.

Conceptualmodel

The conceptuamodel (CM) providesa uniform schema
overthedatasourcesCM describeshedomainontologyof
thewebapplication.Thebasicelementof the CM arecon-
ceptsand conceptproperties.We distinguishtwo typesof
concepipropertiesconcepattributeswhichrelateconcepts
to mediaitemsandconceptrelationshipsvhich provide as-
sociationshetweerconcepts.

As shown in Figure 1 the conceptualmodel is repre-
sentedin RDFSandit usestwo otherRDFS descriptions:
CM propertiesandsystemmediatypes.

CM properties describe the cardinality and
i nver se of conceptrelationships. Knowing in adwance
if oneor moreinstancesreto beretrievedandtheability to
traverseconceptrelationshipsn both directionsare useful
featuresthatwill be exploitedin the following step: appli-
cationmodelgeneration.



TheMedi a classis theroot of the multimediaontology.
It is furtherrefinedusingthe RDFSsubclassnechanisnin
Text andl nage. Text hastwo subclasse$ nt eger
and Stri ng. Eachmediaclasshasits own properties,
Text hasl engt h (expressedn numberof charactersand
| mage haswi dt h andhei ght (expressedn pixels). We
restrictedoursehesto thesetypesfor reasonsof simplic-
ity, othermediatypeslik e audioandvideo could be added
seamlesslyo this multimediaontology

Conceptualmodelinstancegeneration

The conceptuamodelis the interfacebetweenthe data
retrieval andthe presentatiorgeneration. A dataretrieving
systemwill associateypeinformationto the retrieveddata
instancesisingconceptgrom theCM. Thesedatainstances
togetherwith the associatedypesform the so-calledcon-
ceptualmodelinstance.The conceptuaimodelinstanceis
an RDF descriptionwhich validatesthe conceptuamodel
RDFSschema.

2.2 Application model generation

In theapplicationmodelgeneratiorstepthe navigational
aspectsof the applicationare specifiedin the application
model. This stepis composedf two substepsapplication
modelunfolding and (unfolded)applicationmodeladapta-
tion.

Application model

The applicationmodel (AM) describesthe navigation
ontologyof thewebapplication.The basicelementof the
AM areslicesandslice properties. Slicesare meaningful
navigation units that group mediaitems possibly coming
from differentconcepts We distinguishtwo typesof prop-
erties betweenslices: slice composition,a slice contains
anotherslice, andslice navigation, a slice is an anchorof
ahyperlinkto anotherslice. The mostprimitive sliceis the
mediaslice containingonly a mediaitem. At thetop of the
compositionhierarchytherearethe top level slices,slices
that correspondo informationto be presentecat onceon
thedisplay

Figure 1 illustratesthat the applicationmodel is rep-
resentedin RDFS and it usestwo other RDFS descrip-
tions: AM propertiesand user/platformprofile. AM prop-
ertiesdescribethe slice hierarchy(basedon the RDFSsub-
classmechanismpandthe variousslice properties. At the
top of the slice hierarchyis the classSl i ce. Thereare
four slice properties:owner associates slice with a con-
cept,sl i ce-ref refersto slice composition,l i nk de-
fines slice navigation, and nedi a pointsto mediaitems.
Basedontheowner propertythe AM is built ontop of the

CM, afeaturethatwill enablethetransformatiorof theCM
instanceinto an AM instance.Thesl i ce-ref property
thatconnectsslicesbelongingto differentconceptgdiffer-
entowner ) hasar el ati onshi p-ref propertyto refer
to the associateadonceptrelationship.r el at i onshi p-
r ef canbe generalizedo a sequencda path)of concept
relationshipgo connect(for navigation purposesgoncepts
thatarenot directly linkedin the CM. In orderto simplify
theAM descriptiortheclasses/propertighatmodeltheno-
tions of setof slicesandsetof links are omittedfrom this
presentation.

User/platform profile

Adaptationto the AM can be doneby addingappear
anceconditionsto slices. Theseconditionsare attached
to thesli ce-ref propertyin orderto specifyif the re-
ferredsliceis visible at this particularpoint or not. In this
way the sameslice can be visible in one context and in-
visible in anotherone. The conditionsare using attribute-
value pairs storedin the user/platformprofile. Compos-
ite Capability/Preferenc®rofile (CC/PP)offers a frame-
work to describevocahulariesto model device capabili-
ties/userpreferences.In orderto build the user/platform
vocahularytwo CC/PPvocalularieswereused:theexisting
UserAgentProfile (UAProf) for modelingdevice capabili-
ties(e.g.l rageCapabl e attribute)andavocahulary (e.qg.
Experti seLevel attribute) for describinguser prefer
ences.As Figurel suggeststhe user/platfornmprofile is an
RDFinstanceof theconsideredRDFSuser/platformvocab-
ulary.

Application model unfolding

Theapplicationrmodelgivestheinputdatafor atransfor
mationthat populateghe applicationmodelwith retrieved
data. In orderto easethe descriptionof this transforma-
tion stylesheethe RDFSapplicationmodelneedgo beun-
foldedto its RDF instancerepresentationT his transforma-
tion calledr df s2r df in Figurelis usefulbecauseXSLT
is designedor (XML) instanceransformationsindnot for
(RDFS) schemaransformations.By unfolding the RDFS
applicationmodel, propertiesare movedinsidethe subject
classesvith avalueequalto thecorrespondin@bjectclass.
This processis repeatedor the object classesand so on,
until afull skeletonof the RDF applicationmodelinstance,
thesocalledunfoldedapplicationmodel,is obtained.

Application model adaptation

The unfoldedapplicationmodelis adaptedasedon the
visibility conditionspreviously specifiedn theAM. As Fig-
ure 1 suggeststhe stylesheetisedto specifythis transfor
mationis namedadapt at i on. Theadaptatiorstylesheet



suppresseall slice referencedor which the conditionis
madeinvalid. Links pointingto a suppressedlice arealso
deleted. This transformatiorhastwo inputs: the unfolded
applicationmodelandthe user/platfornprofile. The XSLT
docunent () functionenableghereadingof multiple in-
puts. In orderto evaluatethe adaptationconditions, the
XSLT key() functionis usedto retrieve attribute values
from the user/platformprofile. The conditionscheckif the
attributevalueis equalto a predefinedconditionconstant.

2.3 Application modelinstancegeneration

In theapplicatiormodelinstancegeneratiorstepthe AM
is populatedwith theretrieveddata. This stepis composed
of two substepstheapplicationmodelinstancdransforma-
tion generatiorandthe applicationmodelinstancegenera-
tion.

Application model instancetransformation gener
ation

The applicationmodelinstancetransformationgenera-
tion stepis responsiblefor building the main transforma-
tion stylesheethatwill populatethe AM with theretrieved
data. A similar approach6] (a stylesheethat generates
anotherstylesheetyvasusedin the previousversion(XML-
based)of the Heraprototype. In Figure 1 the transforma-
tion stylesheebdf this substeps calledr df 2xsl . Thein-
putto this transformatioris the AM, unfoldedandadapted.
Oneshouldnote that suchan AM built on top of the CM
hasall the information necessaryo specify a transforma-
tion thatwill cornvert CM instancego AM instances.The
transformatioralgorithmhastwo phasesgeneratall slice
instancedor the retrieved data(conceptinstances)i) and
eachtime a sl i ce-ref is metpoint to the appropriate
slice instance(generatedn the previous phase)(ii). The
namingconventionusedto appropriatelyassociatelicein-
stancedo eachotheris the following: eachslice instance
nameis obtainedby concatenatinghe correspondinglice
name(e.g. Sl i ce. pai nti ng. nmai n) with the concept
instanceidentifier (e.g. Pai nti ng_| D1) that owns this
sliceinstancge.g.Sl i ce. pai nti ng. mai n_| D1).

Application modelinstancegeneration

In the applicationmodel generationthe AM is popu-
lated (finally) with the retrieved data. The transformation
stylesheetesultedrom thepreviousstepis appliedto aCM
instanceo produceanAM instanceln Figurel thenameof
this stylesheets cni 2ami . The input/outputmodelsand
the stylesheeinvolvedin this transformatiorare dynamic
(application-)specificepresentationd-or a given AM, this
stylesheetanbeappliedto ary retrieveddatasetto produce
avalid AM instance.

2.4. Presentationdata generation

In thepresentatiomatageneratiorsteptheretrieveddata
wrappedin applicationlogic is translatedio differentim-
plementationplatforms. Figure 2 presentshow threedif-
ferentserializationgHTML, WML, SMIL) appeaiin three
differentbrowsers:HTML browser(Microsoft InternetEx-
plorer), WML browser (Nokia 7110), and SMIL browser
(RealOnePlayer).

Basedon a media-directedranslationschemethe dif-
ferent mediaitems are displayeddifferently in the three
browsers: normalfont is usedfor stringsanditalic font is
usedfor integers. For the WML browserthe imageis not
displayedandin orderto view thefull text the scroll button
needgo beused.A WML backbuttonwasimplementedo
simulatethe functionality of the existing backbuttonfrom
theHTML/SMIL browsers.

i =lolx]; Deck-It WML Previewer 1 =[Ol x|
Help Bl o oo b
= | Qoo (alpmvortss veds |- 7|k ) =[5 ®| 7 I
Adcress [ @) g et foutput b = o
= URL [t/ wwewvis. v, tue.nléflaviust /output vl ] _»j
o
{an image]
Self Portrait 45 the
Apostle I
1661
Self Portrait as the Apostle St Paul ||
1661
Rembrandt Harmensz. van Rijn &l
[@loere [ =
HTML
(1) RealOne Play: Ele View Play Took Help
b output tabps 12214 (@

WML

n D EN— @

SMIL

Figure 2. Browsers

Html

In Figure1 the transformatiorstylesheefor the HTML
serializationis called am 2ht m . Each mediaitem is
translatedo a paragraph<p> containingthe actualHTML
mediaitem (text or <i ng>). Lists of mediaitems/slicesare
usingin the translationthe <ul > and<l i > tags. Hyper
links areimplementedusingthe <a> tag. A HTML pre-
sentationis composedrom the i ndex. ht mM document
(startingpointof thepresentationandasetof HTML pages



eachcorrespondindo a top-level slice. In orderto gener
atemultiple outputsthe XSLT 2.0r esul t - docunent ()
functionwasused.

Wml

In Figure 1 the transformatiorstylesheefor the WML
serializationis calledam 2wnm . Eachmediaitemis trans-
latedto aparagraphkp> containingtheactualWWML media
item (text or <i ng>). Hyperlinksareimplementedusing
the<a> tag. Becausdists arenot supportedn WML, they
areimplementedassimplesequencesf itemswithout ary
visual cues. To eachtop level slice correspondsa WML
card. A WML presentatioris composedrom a single
WML documenthatcontainsa setof cards. Thefirst card
is the startingpoint of the presentation.

Smil

In Figure 1 the transformatiorstylesheefor the SMIL
serializationis calledam 2smi | . Eachmediaitemis di-
rectly translatedinto its correspondingSMIL media(e.g.
<t ext >, <i ng>). Hyperlinksareimplementedusingthe
<a> tag. Every mediaitem is associatedo its correspond-
ing r egi on. As a result having lists in SMIL doesnt
malke senseA SMIL presentatiofis composedrom amain
SMIL documentstartingpoint of the presentation)a setof
SMIL documentsachcorrespondingo a top-level slice,
anda setof Reallext (RT) clips, onepereachtext media.

3. Conclusions

In this papemwe presentediera,amodel-drivenmethod-
ology for developing WIS and an experimentalprototype
for the proposedmethod. Herais basedon two mod-
els: the conceptuamodelandthe applicationmodel. The
Heramethodologyidentifiesthreeimportanttransformation
steps: the adaptationof the application model basedon
user/platformprofile, the populationof the adaptedappli-
cation model with retrieved data, and the serializationof
the datafor differentimplementationplatforms. For rep-
resentingthe differentHeramodelswe usedRDF(S), the
foundationof the SemantidVeh Theextensibility property
of RDF(S) enableda seamleszonstructionof modelson
top of eachother, a usefulfeaturefor model-driventrans-
formations. Using the RDF/XML serializationof RDF(S)
it waspossibleto specifythetransformatiorstepsin XSLT
stylesheet$o beusedby an XSLT processar

As a next stepwe ervisagethe usageof a web ontology
language(like OWL [5]) for the Hera modelswhich can
easenot only the model specificationbut canalso provide
a higherdegreeof interoperabilitybetweendifferent WIS
components.
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