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Abstract. Theproposedntegrationarchitectureaimsatexploiting datasemantics
in orderto provide a coherentandmeaningful(with respecto a given conceptual
model)view of theintegratedheterogeneousformationsourcesThearchitecture
is splitinto five separatéayersto assuranodularizationproviding descriptionye-
guirementsandinterfacesfor each. It favorsthelazy retrieval paradigmover the
datawarehousin@pproachThenovelty of thearchitecturdiesin thecombination
of semanticandon-demandirivenretrieval. This line of attackoffers several ad-
vantage$ut bringsalsochallengeshothof which we discusswith respecto RDF,
thearchitectures underlyingmodel.

1 Introduction, Background, and Related Work

With the vastexpansionof the World Wide Web during the last few yearsthe integration
of heterogeneoumformation sourceshasbecomea hot topic. A solutionto this integration
problemallows for the designof applicationghat provide a uniform accesgo dataobtainable
from differentsourcesavailablethroughthe Weh In this paperwe addressanarchitecturehat
combinedssuegegardingon-demandetrieval andsemantianetadata

1.1 On-demand Retrieval

In principle therearetwo paradigmdor informationintegration: datawarehousingandon-
demandetrieval.

In thedatawarehousingeager) approaclhall necessargatais collectedn acentralrepository
beforeauserqueryis issuedithis however, bringsconsisteng andscalabilityproblems.

Theon-demandiriven(lazy) approactcollectsthe datafrom the integratedsourceslynami-
cally duringqueryevaluation. The MIX project[1], for example,implementsa (virtual) XML
view integrationarchitecturewith alazy approacho evaluationof queriesin an XML query
languagespecificallydesignedor this purpose.

1.2 Semantic Integration

XML? in general,hasbecomean enormoussuccessandis widely acceptedas a standard
meansfor serializing(semi)structuredlata. However, with the advent of the SemanticWeb
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[2] wherethe datais expectedto be machinereadableij.e. notjust targetedatinterpretatiorby
humansXML shovssomelimitations. As statedn [3] XML’s(DTD’s) majorlimitation is that
it justdescribegrammarsin otherwords,theauthorof an XML documenhasthefreedomto
defineandusetags attributes,andotherlanguageprimitivesin anarbitraryway, assigninghem
differentsemanticdo describethe conceptuatiomainmodelhe hasin mind. SinceXML does
not imposerulesfor sucha descriptionandthereare mary wayshow to denotesemantically
equivalentthings,it becomesardto reconstructhesemantianeaningromanXML document.

Somedocumentdave associatedvith themwhatis known asmetadata Descriptivemeta-
datadescribedields which are external to the meaningof the document(e.g. author date,
genregtc.). Semantienetadataharacterizethe contentof thedocumeni{4]. Thissecondkind
of metadatayhenstandardizedgould be usedin machine-processing extractthe semantics
of data. RDF? togetherwith RDFS’ provide standardneansto describeboth descriptve and
semantianetadata.

On top of RDF(S), using its primitiveslike subClassOfor subPopertyOf ontology lan-
guagedike OIL [5] arebuilt. With theselanguage®ne candescribedomainontologies,by
identifying hierarchieof conceptsandrelationstogethemwith axiomsthatcanbeusedto derve
new factsfrom existing ones. An ontology canthus be seenas a semanticinterfacefor ac-
cessingheterogeneoumformationsources.This introducesa new, semantic-basegeneration
of informationintegrationarchitectures ProjectsOn2broler [6] andOn-to-knavledge[7] are
involvedin building ontology basedools for knowledgemanagemenproviding architectures
for semanticintegration. However, both projects,to our understandingare using the eager
approach.

1.3 Approach

Within the context of the (related)Heraproject[8], which aimsat the automaticgeneration
of multimediapresentation$or ad-hocuserqueriesfrom heterogeneoumformationsources,
our goalis to designandimplementan integrationarchitecturéboasedon semantiantegration
andusingon-demandnformationretrieval. This approachoffers severaladvantage$ut brings
alsochallengeshoth of which we discusswith respectto RDF, the architectures underlying
model.

2 Architecture

The main purposeour architectureshouldsene is to provide a semanticallyunified inter-
facefor querying(selectedheterogeneousformationsources We do not aim at merging all
possiblesourcedogetherproviding a cumulatedview of all attributes. We arguethat suchan
approactloffersavery weaksemanticswheretheunderstandingf the semanticstructureof all
integratedsourcess effectively left up to theuserwho is askingthequery

In our architecture an underlyingdomainmodel consistingof hierarchiesof conceptsye-
lations,and possiblyaxiomsis assumedo exist. This conceptuamodel (CM) is maintained
centrally (at the schemadevel) but it is dynamicallypopulatedwith instancesluringthe query
resolution. The CM correspondgo an ontology andrepresent& semanticintegration of the
integrateddatasources. It is describeddirectly in RDF or RDF extendedwith somehigher
level ontologylanguage.To createsucha CM beforehandpntologyengineeringools (which
arecurrentlybecomingavailable)could be used.The main advantageof having anunderlying
semantianodelis thattheway in which the datais structuredencoded)n the sourcess trans-
parentfor the user i.e. he canaskqueriesandinterpretthe resultsin termsof well-understood
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conceptgopposedo XML views,wherequeriesareexpresseanorein termsof structurerather

thansemantics).

As shown in figure 1 thearchitecturas dividedinto five separatéayers;we addressachof

themin thefollowing sections.
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Figurel: Architecturefacilitatingsemantidntegrationof heterogeneousformationsources

2.1 SourceLayer

Thesourcdayercontainsexternaldatasourcesuchasrelationalor objectdatabased] TML
pages XML repositoriespr possiblyRDF (ontology) basedsources.Our target applications
assumdairly generalkourcesvhich canbe distributedacrosgshe Weh The mainrequirement
for sourcess theability to exporttheirdatain XML serialization.Somewrappingprocessnay
beneededo achieve this, but thatis beyondthe scopeof this paper

2.2 XML Instance Layer

This layer offers the serializedXML datathat resultsfrom the previous layer Sometimes
(whenno wrappingis required)the two layerscanbe considerecasone. Note thatassuming



heterogeneitywe do notimposeary particularstructurethe XML datasourceshouldcomply
to. Thisallows usto leave the XML wrappingprocesdor the sourceproviders.

23 XML2RDF Layer

This layer consistsof XML2RDF brokerswhich provide the bridge betweenthe XML in-
stancelayer andthe mediator The designertailors eachXML2RDF broker to its sourceby
specifyinga mappingfrom XML sourcego the underlyingCM. This mappingis usedby the
XML2RDF brokerwhile resolvinga querycomingfrom the mediator

To establisha mappingfrom XML instancedo the CM requires(a) to identify the schema
I.e.to extract(parse)onceptshatthesourcds describingand(b) to reconstructheir semantics
in termsof the CM in otherwords,to relatetheidentifiedconceptgo conceptsrom the CM.

In generalthis is difficult to automateandan insight of the applicationdesigneris usually
neededn both step(a) and(b). Thedifficulty of (a) will vary basedon the way the sources
areencodedn XML. Sometimeghe conceptf the sourcecanbe seenin its schemgDTD)
as shown in figure 2 in the caseof Broker 1. However, if the sourceencodesconceptsas
attribute values,the DTD is not enoughandalsothe XML datahasto be examined,asshavn
for Broker 2.

If thesources in RDF format(serializedn XML) or if thesources XML encodingadheres
to somecorventionganimplicit RDFinterpretatiorof any XML file is proposedn [9]), step(a)
canbeto alarge extentautomate@ndtoolscanbeemployedto helpthedesigneto accomplish
thestep(b) i.e. to relateconceptdrom onemodelto another

Providing the actualresponsdo a mediators queryrequiresthe broker to poll the sourcefor
dataandto createRDF statementsthatis triplets (subject predicate objec). Suchtriplets
canbe seenasinstancesr atomicfactsandusuallyrelate(predicatg dataitems (subjecj to
conceptgobjec) from the CM.

In figure 2 we provide an exampleof a smallconceptuamodel,two XML sourcesandtwo
mappings. The left part depictsan exampleof a CM togetherwith its RDF encodingwhich
describeghehierarchyof classeandsomeproperties Notethatdueto the spacdimitation we
provide propertiesonly of oneclass(Person) Ontheright we presentwo XML2RDF brokers,
with their XML sourcesandthe mappingrulesthatextractthe relevantportionsof information
from the sourcesandrelateit to the CM. Theserules are specifiedin LMX 4[10], a language
with aratherintuitive syntaxwherea rule consistsof a left-handside (interpretedasthe from
part) andthe right-handside (interpretedasthe to part). The datawhich is to be transferred
is specifiedby positioningvariablesdenotedas $. Theseare declaredat the beginning as
processingnstructionsto make the applicationawareof them.

2.4 Inference and Mediating

The RDF Mediatoris the centralcomponenbf the architecture.lt maintainsthe CM, pro-
videsqueryandinferenceservicesandalsothe supportfor traversingtheresults.

The CM consistsof a class(concept)hierarchytogetherwith classpropertiesanda setof
rulesthatcorrespondo axiomsaboutclasse®r their propertiesHenceby applyingtheserules
on the setof factswhich areretrieved, it is possibleto infer new facts. The rulescanbe ex-
pressedn F-Logic[11]. Forinstancehefollowing rule expresseshatif apersonX is affiliated
with acompary Y, Y considersX to beanemployee.

VX,Y Y[employee— X]«+ X[affiliation — Y.

4Languagdor MappingXML documents
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<IELEMENT employees (person*)>

tELEMENT person (dame, dateofbirth, address)>
<IELEMENT name (firstname, lastname)>
<IELEMENT firsthname (#PCDATA)>

<IELEMENT lastname (#PCDATA)>

<IELEMENT address (#PCDATA)>

<IELEMENT dateofbirth (#PCDATA)>

XML-RDF ) *
Broker 1 Mapping rule

- /

CM in RDF

<?xml version="1.0' encoding='1SO-8859-1'?>
<IDOCTYPE rdf:RDF [

<IENTITY rdf
‘http://www.w3.0rg/1999/02/22-rdf-syntax-ns#'>
<IENTITY rdfs
‘http://www.w3.0rg/TR/1999/PR-rdf-schema-19990303#
>

1>
<rdf:RDF
xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax
-ns#"
xmins:rdfs="http://www.w3.0rg/TR/1999/PR-rdf-schem
a-19990303#">
<l--- Class Tree -->
<rdfs:Class rdf:about="Person">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>
<rdfs:Class rdf:about="Company">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>
<rdfs:Class rdf:about="Place">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>
<rdfs:Class rdf:about="PlaceToLive">
<rdfs:subClassOf rdf:resource="Place"/>
</rdfs:Class>
<rdfs:Class rdf:about="Apartment">
<rdfs:subClassOf rdf:resource="PlaceToLive"/>
</rdfs:Class>
<rdfs:Class rdf:about="House">
<rdfs:subClassOf rdf:resource="PlaceToLive"/>
</rdfs:Class>
<rdfs:Class rdf:about="WorkPlace">
<rdfs:subClassOf rdf:resource="Place"/>
</rdfs:Class>
<rdfs:Class rdf:about="0Office">
<rdfs:subClassOf rdf:resource="WorkPlace"/>
</rdfs:Class>
<rdfs:Class rdf:about="Factory">
<rdfs:subClassOf rdf:resource="WorkPlace"/>
</rdfs:Class>
<rdfs:Class rdf:about="Distance">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
</rdfs:Class>

<l-- Properties about the Person Class -->

<rdf:Property rdf:about="firstName">
<rdfs:domain rdf:resource="Person"/>
<rdfs:range rdf:resource="&rdfs;Literal"/>

</rdf:Property>

<rdf:Property rdf:about="lastName">
<rdfs:domain rdf:resource="Person"/>
<rdfs:range rdf:resource="&rdfs;Literal"/>

</rdf:Property>

<rdf:Property rdf:about="affiliation">
<rdfs:domain rdf:resource="Person"/>
<rdfs:range rdf:resource="Company"/>

</rdf:Property>

<rdf:Property rdf:about="home">
<rdfs:domain rdf:resource="Person"/>
<rdfs:range rdf:resource="PlaceToLive"/>

</rdf:Property>

</rdf:RDF>

<?xml version="1.0" encoding="1SO-8859-1"?>
<?var name="$1" ?>
<?var name="$2" ?>
<?fnc name="$GetID" ?>
<Imx:rules
xmlins:rdf="htp://www.w3.0rg/1999/02/22-rdf-synt
ax-ns#"
xmins:Imx="http://www.ibm.com/xml/Imx/">
<Imx:pattern>
<Imx:lhs>
<person>
<name>
<firsthame> $1 </firsthame>
<lastname> $2 </lasthame>
</name>
</person>
</Imx:lhs>
<Imx:rhs>
<Person rdf:about="$GetID"
firstName="$1"
lastName="$2"/>
</Imx:rhs>
</Imx:pattern>
</Imx:rules>

Source DTD/XML

<?xml version="1.0" encoding="UTF-8"?>
IDOCTYPE results [
<IELEMENT results (entity-class*)>
<IELEMENT entity-class (entity-instance)*>
<IATTLIST entity-class
name CDATA #REQUIRED >
IELEMENT entity-instance (attr)*>
IATTLIST entity-instance ID ID #REQUIRED >
J!ELEMENT attr (#PCDATA)>
ATTLIST attr attrID ID #REQUIRED >
1>
<results>
<ektify-class name = "House™
<entity-instance ID="Houselnstancel">
<attr attrID= "ZIP_CODE">
5223PT
</attr>
<attr attrID= "Number">
1
</attr>
</entity-instance>
</entity-class>
</results>

XML-RDF ] *
Broker 2 Mapping rule

<?xml version="1.0" encoding="1SO-8859-1"?>
<?var name="$1" ?>
<?var name="$2" ?>
<?var name="$3" ?>
<Imx:rules
xmins:Imx="http://www.ibm.com/xml/Imx/"
xmlins:rdf="htp://www.w3.0rg/1999/02/22-rdf-synt
ax-ns#'">
<Imx:pattern>
<Imx:lhs>
<results>
<entity-class name="House">
<entity-instance ID="$1">
<attr attrID="ZIP_CODE"> $2 </attr>
<attr attriID="Number"> $3 </attr>
</entity-instance>
</entity-class>
</results>
</Imx:lhs>
<Imx:rhs>
<House rdf:about="$1"
postCode="$2"
streetNumber="$3"/>
</Imx:rhs>
</Imx:pattern>
</Imx:rules>

* rules are specified by the designer

Figure2: Mappingsourceinstanceso the conceptuamodel




Note that maintainingoneglobal CM (ontology)for all possibleapplicationss not feasible
(for scalabilityreasons)However, thedistributedapproachwhereoneinstanceof the architec-
ture (andthusoneCM or ontology)senesasaninput sourcefor anotherarchitecturenstance,
bringsscalabilityalsoin anenvironmentlike WWW.

ThemediatorcontainsanRDF parset, aquerydecompositiormodule,andaqueryengine,
which usesfor inferencingSiLRI® [12]. To supportthe traversal(andso the actualretrieval)
of the results,the mediatoralsohasto implementan analogyof the DOM’ API, modifiedfor
the RDF datamodel (directedlabelledgraphs). After the mediatorrecevesa queryfrom the
applicationlayerit proceedsasfollows.

First, it analyzesvhetherthe query’s resolutiondemandsnferencerulesto be appliedandif
so,which arethe factsthatareneededo evaluatethe inferencerules. Note thatthe inference
engineassumeshatthe factsare known beforehandyhich is however, in contradictionwith
theon-demandetrieval approachThat'swhy theinitial querymustbeenrichedo retrieve also
thesefactsthatenabletheinferenceengineto applytherules.

Second,it decomposeshe queryinto subqueriesand distributesthem amongthe brokers.
Theactualqueryingis triggeredby a navigationrequestomingfrom the applicationlayer.

Third, it collectsthe datafrom the brokers, appliespossibleinferencerules, constructghe
responsandsendst to theapplicationlayer.

2.5 Application Layer

Therearenumerouspplicationghatcantake advantageof thesemanticallyunifiedinterface
provided by the architecture.Thetypesof applicationscanvary from searchagentgmachine
processingjo hypermedidront-endsthatguidea (human)userin querycompositionandCM
exploration,andproduceasarespons#o aqueryafull-featuredhypermedigpresentatiof, 13]
supportingorowsinganduser/platformadaptatiorf14].

Anotherpossibleapplicationis aninstanceof a similar architecturemaintaininga different,
yetsimilar CM, which could considerthefirst architecturenstanceasoneof its datasources.

3 Conclusions

A solutionto theproblemof integratingheterogeneousformationsourcess neededn order
to provide a uniform accesgo datagatheredrom differentsourcesavailablethroughthe Weh
Theproposedntegrationarchitectureeombinesemantianetadatavith on-demandetrieval. It
offersa semantidnterfacefor (dynamic)accesto heterogeneousformationsourcesandalso
the possibility to useinferencemechanismdor deriving new data,which wasnot (explicitly)
provided by theintegratedsources.

However, enablinginferencingwhile using on-demandetrieval introducesa possiblebot-
tleneckwhenthe factsneededoy the inferenceenginemustbe retrieved togetherwith the re-
guesteddata;herewe seeroomfor optimizationandwe will investigatethis problemfurther.
Currently in the contect of the HERA project,we areverifying our ideaswith animplementa-
tion of thearchitectures prototype.
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