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Abstract

Hera is a designmethodology that supportsthe devel-
opmentof web information systems.It is a model-driven
methodthat distinguishesfour steps:data retrieval, appli-
cation modelgeneration, applicationmodelinstancegen-
eration, and presentationdata generation. Data retrieval
populatesthe conceptualmodelwith data. In the appli-
cation model generation the navigational aspectsof the
application are specifiedin the application model. Also,
the application model needsto be adaptedfor different
user/channelprofiles. In thethird stepof theHera method,
theapplicationmodelis populatedwith theretrieveddata.
The last step considers the physical aspectsof the pre-
sentation: the retrieveddata wrappedin applicationlogic
is translated to different implementationplatforms (e.g.
HTML, WML,SMIL).Havingin mindtheadvantageof web
application interoperability we choseto implementan ex-
perimentalprototypefor the Hera methodusing RDF(S),
thefoundationof theSemanticWeb.

1. Intr oduction and relatedwork

The Web is the mostpopularsourceof informationto-
day. As a result,a key successfactorfor moderninforma-
tion systemsis their web presence.From user’s point of
view the one-size-fits-allparadigmis not acceptableany-
more. The contentneedsto be personalizedfor different
usersbasedon their preferences.Moreover suchinforma-
tion systemsshould enablemultichannelaccessas more
and more userswill reachthem using different platforms
(e.g.PC,PDA, WAP phone,WebTV)anddifferentnetwork
speeds(e.g.dial-upmodem,network coppercable,network
fiber optic cable).Dueto theserequirementsit hasbecome
increasinglyimportantto haveanengineereddesignof web
informationsystems.

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

(OOHDM) [15] for hypermediadesignmethodologiesthat
offer guidelinesto the developer of a Web Information
System. However, RMM doesn’t considerthe multichan-
nel/multiuseraspectsof the presentWeb and OOHDM
offersweaksupportfor automation.Recentresearchstudies
like WebML [4], XAHM [3], UWE [13], XWMF [11], and
Hera[8] give designstepstowardsa (partially) automated
generationof hypermediapresentations(from retrieved
data)usingmodernweb technologies(e.g.XML, RDF) or
object-orientedmodelinglanguages(e.g.UML). All these
methodologiesaremodel-based,therole of metadatabeing
crucial for automationsupport.Adaptationwith respectto
the user’s preferencesor device capabilitiesis considered
integrantpartof thedesignprocess.

With morethan3 billion pagestheWeb is themostim-
portantsourceof information.TheemergingSemanticWeb
(SW) [1] aims at providing a unique (semantical)view
overthisdatathatwill ensurewebapplicationinteroperabil-
ity. Thefoundationof theSW is theResourceDescription
Framework (RDF) [14] andthe RDF Schema(RDFS)[2].
RDFSextendsRDFby providing meansto describedomain
vocabularies.XWMF consistsof anextensiblesetof RDF
schemataanddescriptionsto modelwebapplications.The
choiceto representmodelsin RDF(S)is alsodonein Hera.
In contrastto XWMF which is only amodelingframework,
Heraprovidesbotha modelingframework andamethodol-
ogy for developingwebapplications.

2. Method and tools

A primaryfocusof theHeraproject[8] is to supportWeb
InformationSystem(WIS) designandimplementation.In
responseto a userquery, a WIS shouldautomaticallygen-
eratea hypermediapresentationfor datapossiblycoming
from heterogeneoussources. The generatedhypermedia
presentationsneedto betailored(adapted)for differentde-
vice (network, display)capabilitiesanddifferentuserpref-
erences.

Lacking a matureweb ontology language,we choseto
representHera models/instancesin RDF(S) by providing



appropriateextensions. In contrastto XML and UML,
RDF(S) was designedby W3C as the Web metadatalan-
guagebeingbetterableto dealwith the semistructurena-
ture of Web metadata. RDF(S) is a flexible (supporting
schemarefinementanddescriptionenrichment)andexten-
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, model instancesare represented
in plain RDF thatwill bevalidatedagainsttheir associated
models(schemas)representedin RDFS.Using RDF(S)as
theunderlyingrepresentationformalismenablesusto reuse
existing RDF(S) vocabularieslike the User Agent Profile
(UAProf) [16], a CompositeCapability/PreferenceProfiles
(CC/PP)[12] vocabulary for modelingdevice capabilities
anduserpreferences[7]. Thesyntaxcarrieris RDF/XML,
theXML serializationof RDF. While RDF(S)seemsto fos-
ter thespecificationof Hera’s differentmodels,thereis, to
our knowledge,no full-fledged RDF(-aware) transforma-
tion processor. Nevertheless,the Hera modelsand their
instancescanbe treatedasplain XML representationson
which an XSLT processorcan perform different transfor-
mationsbasedonstylesheets.Forourpurposethisapproach
provedto besatisfactoryaswedidn’t useRDF(S)inference
rules(e.g.transitivity of inheritance)in the transformation
specification.

Basedon a smallsetof datamadeavailableby theWeb
site of the Rijksmuseumin Amsterdam,an experimental
prototypefor the Heramethodwasdeveloped. At the be-
ginning of the implementationwe usedXalan 1.2D02,an
XLST processorthatsupportsXPath1.0andXSLT 1.0.As
Xalandidn’t fulfill thehighdemandsof ourapplication(e.g.
multipleoutputsfor onestylesheet,needof proceduralcon-
structslike variableassignmentandloop operators)we re-
placedit in the last stepof the Heramethod(presentation
datageneration)with Saxon7.0, an implementationof the
morepowerful XPath2.0andXSLT 2.0[10].

Figure 1 gives an overview of the Hera method. The
four stepsof the Heramethodappearasnumbers(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/platformprofile,while step4 hasthreealterna-
tive outputsfor differentcodegenerators(HTML, WML,
SMIL). There are two types of dashedarrows: “is used
by” to expressthat an RDFS model is usedby another
RDFS model and “has instance”to denotethat an RDFS
model hasas instancea specifiedRDF model. The fig-
ure has two orthogonaldimensions: generic/specificand
static/dynamic.Thefirst dimensiongeneric/specificdiffer-
entiatesbetweenthegeneric,application(domain)indepen-
dentmodels/transformations,and the specific,application

(domain)dependentmodels/transformations.The second
dimensionstatic/dynamicunderlinesthestatic,fixed,repre-
sentationsversusdynamicrepresentations,i.e. newly gen-
eratedrepresentationsfor differentretrieveddatasets(of a
givenapplicationdomain).Note that in themiddleof Fig-
ure1 thereis only dynamic(application-)specificinforma-
tion thatwill changewith eachretrieveddataset.
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Figure 1. Method

2.1. Data retrieval

In the dataretrieval stepthe conceptualmodel is popu-
lated with the retrieved data. In casethat datais coming
from heterogeneoussourcesit is thetaskof a mediatorsys-
tem(outsidethescopeof this paper)to integratethedata.

Conceptualmodel

Theconceptualmodel(CM) providesa uniform schema
overthedatasources.CM describesthedomainontologyof
thewebapplication.Thebasicelementsof theCM arecon-
ceptsandconceptproperties.We distinguishtwo typesof
conceptproperties:conceptattributeswhichrelateconcepts
to mediaitemsandconceptrelationshipswhich provideas-
sociationsbetweenconcepts.

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

CM properties describe the cardinality and
inverse of conceptrelationships.Knowing in advance
if oneor moreinstancesareto beretrievedandtheability to
traverseconceptrelationshipsin both directionsareuseful
featuresthatwill beexploited in the following step:appli-
cationmodelgeneration.



TheMedia classis therootof themultimediaontology.
It is furtherrefinedusingtheRDFSsubclassmechanismin
Text andImage. Text hastwo subclassesInteger
and String. Each media classhas its own properties,
Text haslength (expressedin numberof characters)and
Image haswidth andheight (expressedin pixels).We
restrictedourselves to thesetypesfor reasonsof simplic-
ity, othermediatypeslike audioandvideocouldbeadded
seamlesslyto this multimediaontology.

Conceptualmodel instancegeneration

The conceptualmodel is the interfacebetweenthe data
retrieval andthepresentationgeneration.A dataretrieving
systemwill associatetypeinformationto theretrieveddata
instancesusingconceptsfrom theCM. Thesedatainstances
togetherwith the associatedtypesform the so-calledcon-
ceptualmodel instance.The conceptualmodel instanceis
an RDF descriptionwhich validatesthe conceptualmodel
RDFSschema.

2.2. Application modelgeneration

In theapplicationmodelgenerationstepthenavigational
aspectsof the applicationare specifiedin the application
model.This stepis composedof two substeps:application
modelunfoldingand(unfolded)applicationmodeladapta-
tion.

Application model

The applicationmodel (AM) describesthe navigation
ontologyof thewebapplication.Thebasicelementsof the
AM areslicesandslice properties.Slicesaremeaningful
navigation units that group media items possiblycoming
from differentconcepts.We distinguishtwo typesof prop-
ertiesbetweenslices: slice composition,a slice contains
anotherslice, andslice navigation, a slice is an anchorof
a hyperlinkto anotherslice. Themostprimitiveslice is the
mediaslicecontainingonly a mediaitem. At thetop of the
compositionhierarchytherearethe top level slices,slices
that correspondto informationto be presentedat onceon
thedisplay.

Figure 1 illustratesthat the applicationmodel is rep-
resentedin RDFS and it usestwo other RDFS descrip-
tions: AM propertiesanduser/platformprofile. AM prop-
ertiesdescribetheslicehierarchy(basedon theRDFSsub-
classmechanism)andthe variousslice properties.At the
top of the slice hierarchyis the classSlice. Thereare
four sliceproperties:owner associatesa slicewith a con-
cept,slice-ref refersto slice composition,link de-
fines slice navigation, andmedia points to mediaitems.
Basedon theowner propertytheAM is built on top of the

CM, afeaturethatwill enablethetransformationof theCM
instanceinto an AM instance.Theslice-ref property
thatconnectsslicesbelongingto differentconcepts(differ-
entowner) hasarelationship-ref propertyto refer
to the associatedconceptrelationship.relationship-
ref canbe generalizedto a sequence(a path)of concept
relationshipsto connect(for navigationpurposes)concepts
thatarenot directly linked in theCM. In orderto simplify
theAM descriptiontheclasses/propertiesthatmodeltheno-
tions of setof slicesandsetof links areomittedfrom this
presentation.

User/platform profile

Adaptationto the AM can be doneby addingappear-
anceconditionsto slices. Theseconditionsare attached
to theslice-ref propertyin order to specify if the re-
ferredslice is visible at this particularpoint or not. In this
way the sameslice can be visible in one context and in-
visible in anotherone. The conditionsareusingattribute-
value pairs storedin the user/platformprofile. Compos-
ite Capability/PreferenceProfile (CC/PP)offers a frame-
work to describevocabularies to model device capabili-
ties/userpreferences.In order to build the user/platform
vocabularytwo CC/PPvocabularieswereused:theexisting
UserAgentProfile(UAProf) for modelingdevice capabili-
ties(e.g.ImageCapable attribute)andavocabulary(e.g.
ExpertiseLevel attribute) for describinguserprefer-
ences.As Figure1 suggests,theuser/platformprofile is an
RDFinstanceof theconsideredRDFSuser/platformvocab-
ulary.

Application modelunfolding

Theapplicationmodelgivestheinputdatafor atransfor-
mationthatpopulatestheapplicationmodelwith retrieved
data. In order to easethe descriptionof this transforma-
tion stylesheettheRDFSapplicationmodelneedsto beun-
foldedto its RDF instancerepresentation.This transforma-
tion calledrdfs2rdf in Figure1 is usefulbecauseXSLT
is designedfor (XML) instancetransformationsandnot for
(RDFS)schematransformations.By unfolding the RDFS
applicationmodel,propertiesaremovedinsidethe subject
classeswith avalueequalto thecorrespondingobjectclass.
This processis repeatedfor the object classesandso on,
until a full skeletonof theRDF applicationmodelinstance,
thesocalledunfoldedapplicationmodel,is obtained.

Application modeladaptation

Theunfoldedapplicationmodelis adaptedbasedon the
visibility conditionspreviouslyspecifiedin theAM. As Fig-
ure1 suggests,the stylesheetusedto specifythis transfor-
mationis namedadaptation. Theadaptationstylesheet



suppressesall slice referencesfor which the condition is
madeinvalid. Links pointing to a suppressedslicearealso
deleted.This transformationhastwo inputs: the unfolded
applicationmodelandtheuser/platformprofile. TheXSLT
document() functionenablesthereadingof multiple in-
puts. In order to evaluatethe adaptationconditions,the
XSLT key() function is usedto retrieve attribute values
from theuser/platformprofile. Theconditionscheckif the
attributevalueis equalto a predefinedconditionconstant.

2.3. Application model instancegeneration

In theapplicationmodelinstancegenerationsteptheAM
is populatedwith theretrieveddata.This stepis composed
of two substeps:theapplicationmodelinstancetransforma-
tion generationandtheapplicationmodelinstancegenera-
tion.

Application model instancetransformation gener-
ation

The applicationmodel instancetransformationgenera-
tion stepis responsiblefor building the main transforma-
tion stylesheetthatwill populatetheAM with theretrieved
data. A similar approach[6] (a stylesheetthat generates
anotherstylesheet)wasusedin thepreviousversion(XML-
based)of the Heraprototype. In Figure1 the transforma-
tion stylesheetof this substepis calledrdf2xsl. The in-
put to this transformationis theAM, unfoldedandadapted.
Oneshouldnotethat suchan AM built on top of the CM
hasall the informationnecessaryto specifya transforma-
tion that will convert CM instancesto AM instances.The
transformationalgorithmhastwo phases:generateall slice
instancesfor the retrieved data(conceptinstances)(i) and
eachtime a slice-ref is met point to the appropriate
slice instance(generatedin the previous phase)(ii). The
namingconventionusedto appropriatelyassociateslicein-
stancesto eachother is the following: eachslice instance
nameis obtainedby concatenatingthecorrespondingslice
name(e.g.Slice.painting.main) with the concept
instanceidentifier (e.g. Painting_ID1) that owns this
sliceinstance(e.g.Slice.painting.main_ID1).

Application model instancegeneration

In the applicationmodel generationthe AM is popu-
lated(finally) with the retrieved data. The transformation
stylesheetresultedfrom thepreviousstepis appliedto aCM
instanceto produceanAM instance.In Figure1 thenameof
this stylesheetis cmi2ami. The input/outputmodelsand
the stylesheetinvolved in this transformationaredynamic
(application-)specificrepresentations.For a givenAM, this
stylesheetcanbeappliedto any retrieveddatasetto produce
avalid AM instance.

2.4. Presentationdata generation

In thepresentationdatagenerationsteptheretrieveddata
wrappedin applicationlogic is translatedto different im-
plementationplatforms. Figure 2 presentshow threedif-
ferentserializations(HTML, WML, SMIL) appearin three
differentbrowsers:HTML browser(Microsoft InternetEx-
plorer), WML browser (Nokia 7110), and SMIL browser
(RealOnePlayer).

Basedon a media-directedtranslationschemethe dif-
ferent media items 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 thescroll button
needsto beused.A WML backbuttonwasimplementedto
simulatethe functionalityof the existing backbutton from
theHTML/SMIL browsers.

HTML

SMIL

WML

Figure 2. Browsers

Html

In Figure1 the transformationstylesheetfor theHTML
serializationis called ami2html. Each media item is
translatedto a paragraph<p> containingtheactualHTML
mediaitem(text or<img>). Listsof mediaitems/slicesare
usingin the translationthe<ul> and<li> tags. Hyper-
links are implementedusing the <a> tag. A HTML pre-
sentationis composedfrom the index.html document
(startingpointof thepresentation)andasetof HTML pages



eachcorrespondingto a top-level slice. In orderto gener-
atemultipleoutputstheXSLT 2.0result-document()
functionwasused.

Wml

In Figure1 the transformationstylesheetfor the WML
serializationis calledami2wml. Eachmediaitem is trans-
latedto aparagraph<p> containingtheactualWML media
item (text or <img>). Hyperlinksare implementedusing
the<a> tag.Becauselists arenot supportedin WML, they
areimplementedassimplesequencesof itemswithout any
visual cues. To eachtop level slice correspondsa WML
card. A WML presentationis composedfrom a single
WML documentthatcontainsa setof cards.Thefirst card
is thestartingpointof thepresentation.

Smil

In Figure1 the transformationstylesheetfor the SMIL
serializationis calledami2smil. Eachmediaitem is di-
rectly translatedinto its correspondingSMIL media(e.g.
<text>, <img>). Hyperlinksareimplementedusingthe
<a> tag. Every mediaitem is associatedto its correspond-
ing region. As a result having lists in SMIL doesn’t
makesense.A SMIL presentationis composedfrom amain
SMIL document(startingpointof thepresentation),asetof
SMIL documentseachcorrespondingto a top-level slice,
anda setof RealText (RT) clips,onepereachtext media.

3. Conclusions

In thispaperwepresentedHera,amodel-drivenmethod-
ology for developingWIS and an experimentalprototype
for the proposedmethod. Hera is basedon two mod-
els: the conceptualmodelandthe applicationmodel. The
Heramethodologyidentifiesthreeimportanttransformation
steps: the adaptationof the applicationmodel basedon
user/platformprofile, the populationof the adaptedappli-
cation model with retrieved data,and the serializationof
the datafor different implementationplatforms. For rep-
resentingthe different Heramodelswe usedRDF(S), the
foundationof theSemanticWeb. Theextensibilityproperty
of RDF(S) enableda seamlessconstructionof modelson
top of eachother, a useful featurefor model-driven trans-
formations. Using the RDF/XML serializationof RDF(S)
it waspossibleto specifythetransformationstepsin XSLT
stylesheetsto beusedby anXSLT processor.

As a next stepwe envisagetheusageof a webontology
language(like OWL [5]) for the Hera modelswhich can
easenot only the modelspecificationbut canalsoprovide
a higherdegreeof interoperabilitybetweendifferentWIS
components.
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