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Abstract. Theproposedintegrationarchitectureaimsatexploiting datasemantics
in orderto provide a coherentandmeaningful(with respectto a givenconceptual
model)view of theintegratedheterogeneousinformationsources.Thearchitecture
is split into fiveseparatelayersto assuremodularization,providing description,re-
quirements,andinterfacesfor each.It favors the lazy retrieval paradigmover the
datawarehousingapproach.Thenovelty of thearchitecturelies in thecombination
of semanticandon-demanddrivenretrieval. This line of attackoffersseveralad-
vantagesbut bringsalsochallenges,bothof whichwediscusswith respectto RDF,
thearchitecture’s underlyingmodel.

1 Introduction, Background, and Related Work

With the vastexpansionof the World Wide Web during the last few yearsthe integration
of heterogeneousinformationsourceshasbecomea hot topic. A solution to this integration
problemallows for thedesignof applicationsthatprovide a uniform accessto dataobtainable
from differentsourcesavailablethroughtheWeb. In this paperwe addressanarchitecturethat
combinesissuesregardingon-demandretrieval andsemanticmetadata.

1.1 On-demand Retrieval

In principle therearetwo paradigmsfor informationintegration: datawarehousingandon-
demandretrieval.

In thedatawarehousing(eager) approachall necessarydatais collectedin acentralrepository
beforeauserqueryis issued;this however, bringsconsistency andscalabilityproblems.

Theon-demanddriven(lazy) approachcollectsthedatafrom theintegratedsourcesdynami-
cally duringqueryevaluation.TheMIX project[1], for example,implementsa (virtual) XML
view integrationarchitecture,with a lazy approachto evaluationof queriesin an XML query
languagespecificallydesignedfor this purpose.

1.2 Semantic Integration

XML 1 in general,hasbecomean enormoussuccessand is widely acceptedasa standard
meansfor serializing(semi)structureddata. However, with the advent of the SemanticWeb

1http://www.w3.org/TR/REC-xml
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[2] wherethedatais expectedto bemachinereadable,i.e. not just targetedat interpretationby
humans,XML showssomelimitations.As statedin [3] XML’s(DTD’s)majorlimitation is that
it justdescribesgrammars.In otherwords,theauthorof anXML documenthasthefreedomto
defineandusetags,attributes,andotherlanguageprimitivesin anarbitraryway, assigningthem
differentsemanticsto describetheconceptualdomainmodelhehasin mind. SinceXML does
not imposerulesfor sucha descriptionandtherearemany wayshow to denotesemantically
equivalentthings,it becomeshardto reconstructthesemanticmeaningfromanXML document.

Somedocumentshave associatedwith themwhat is known asmetadata.Descriptivemeta-
datadescribesfields which are external to the meaningof the document(e.g. author, date,
genre,etc.).Semanticmetadatacharacterizesthecontentof thedocument[4]. Thissecondkind
of metadata,whenstandardized,couldbeusedin machine-processingto extract thesemantics
of data. RDF2 togetherwith RDFS3 provide standardmeansto describeboth descriptive and
semanticmetadata.

On top of RDF(S), using its primitives like subClassOfor subPropertyOf, ontology lan-
guageslike OIL [5] arebuilt. With theselanguagesonecandescribedomainontologies,by
identifyinghierarchiesof conceptsandrelationstogetherwith axiomsthatcanbeusedto derive
new factsfrom existing ones. An ontologycan thusbe seenasa semanticinterfacefor ac-
cessingheterogeneousinformationsources.This introducesa new, semantic-basedgeneration
of informationintegrationarchitectures.ProjectsOn2broker [6] andOn-to-knowledge[7] are
involved in building ontologybasedtools for knowledgemanagementproviding architectures
for semanticintegration. However, both projects,to our understanding,are using the eager
approach.

1.3 Approach

Within thecontext of the (related)Heraproject[8], which aimsat theautomaticgeneration
of multimediapresentationsfor ad-hocuserqueriesfrom heterogeneousinformationsources,
our goal is to designandimplementan integrationarchitecturebasedon semanticintegration
andusingon-demandinformationretrieval. This approachoffersseveraladvantagesbut brings
alsochallenges,both of which we discusswith respectto RDF, the architecture’s underlying
model.

2 Architecture

The main purposeour architectureshouldserve is to provide a semanticallyunified inter-
facefor querying(selected)heterogeneousinformationsources.We do not aim at merging all
possiblesourcestogetherproviding a cumulatedview of all attributes. We arguethat suchan
approachoffersaveryweaksemantics,wheretheunderstandingof thesemanticstructureof all
integratedsourcesis effectively left up to theuserwho is askingthequery.

In our architecture,an underlyingdomainmodelconsistingof hierarchiesof concepts,re-
lations,andpossiblyaxiomsis assumedto exist. This conceptualmodel(CM) is maintained
centrally(at theschemalevel) but it is dynamicallypopulatedwith instancesduringthequery
resolution. The CM correspondsto an ontologyandrepresentsa semanticintegrationof the
integrateddatasources. It is describeddirectly in RDF or RDF extendedwith somehigher
level ontologylanguage.To createsucha CM beforehand,ontologyengineeringtools (which
arecurrentlybecomingavailable)couldbeused.Themainadvantageof having anunderlying
semanticmodelis thattheway in which thedatais structured(encoded)in thesourcesis trans-
parentfor theuser, i.e. hecanaskqueriesandinterprettheresultsin termsof well-understood

2http://www.w3.org/TR/REC-rdf-syntax/
3http://www.w3.org/TR/rdf-schema/



concepts(opposedto XML views,wherequeriesareexpressedmorein termsof structurerather
thansemantics).

As shown in figure1 thearchitectureis dividedinto five separatelayers;we addresseachof
themin thefollowing sections.

<entity-class name = "House">
    <entity-instance ID="ID_0">
         <attr attrID= "ZIP_CODE">
           <![CDATA[ 5223PT]]>
         </attr> ...
    </entity-instance>   ...
</entity-class>
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Figure1: Architecturefacilitatingsemanticintegrationof heterogeneousinformationsources

2.1 Source Layer

Thesourcelayercontainsexternaldatasourcessuchasrelationalor objectdatabases,HTML
pages,XML repositories,or possiblyRDF (ontology)basedsources.Our target applications
assumefairly generalsourceswhich canbedistributedacrosstheWeb. Themainrequirement
for sourcesis theability to export theirdatain XML serialization.Somewrappingprocessmay
beneededto achieve this,but thatis beyondthescopeof this paper.

2.2 XML Instance Layer

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



heterogeneity
�

, we do not imposeany particularstructuretheXML datasourcesshouldcomply
to. Thisallowsusto leave theXML wrappingprocessfor thesourceproviders.

2.3 XML2RDF Layer

This layer consistsof XML2RDF brokerswhich provide the bridgebetweenthe XML in-
stancelayer andthe mediator. The designertailors eachXML2RDF broker to its sourceby
specifyinga mappingfrom XML sourcesto theunderlyingCM. This mappingis usedby the
XML2RDF brokerwhile resolvingaquerycomingfrom themediator.

To establisha mappingfrom XML instancesto theCM requires(a) to identify theschema
i.e. to extract(parse)conceptsthatthesourceis describingand(b) to reconstructtheirsemantics
in termsof theCM in otherwords,to relatetheidentifiedconceptsto conceptsfrom theCM.

In general,this is difficult to automateandan insight of theapplicationdesigneris usually
neededin both step(a) and(b). The difficulty of (a) will vary basedon the way the sources
areencodedin XML. Sometimestheconceptsof thesourcecanbeseenin its schema(DTD)
as shown in figure 2 in the caseof Broker 1. However, if the sourceencodesconceptsas
attributevalues,theDTD is not enoughandalsotheXML datahasto beexamined,asshown
for Broker 2.

If thesourceis in RDF format(serializedin XML) or if thesource’s XML encodingadheres
to someconventions(animplicit RDFinterpretationof any XML file is proposedin [9]), step(a)
canbeto alargeextentautomatedandtoolscanbeemployedto helpthedesignerto accomplish
thestep(b) i.e. to relateconceptsfrom onemodelto another.

Providing theactualresponseto a mediator’squeryrequiresthebroker to poll thesourcefor
dataandto createRDF statements,that is triplets (subject, predicate, object). Suchtriplets
canbe seenasinstancesor atomicfactsandusuallyrelate(predicate) dataitems(subject) to
concepts(object) from theCM.

In figure2 we provide anexampleof a small conceptualmodel,two XML sourcesandtwo
mappings.The left part depictsan exampleof a CM togetherwith its RDF encodingwhich
describesthehierarchyof classesandsomeproperties.Notethatdueto thespacelimitation we
providepropertiesonly of oneclass(Person).On theright wepresenttwo XML2RDF brokers,
with their XML sourcesandthemappingrulesthatextracttherelevantportionsof information
from the sourcesandrelateit to the CM. Theserulesarespecifiedin LMX 4[10], a language
with a ratherintuitive syntaxwherea rule consistsof a left-handside(interpretedasthe from
part) andthe right-handside(interpretedasthe to part). The datawhich is to be transferred
is specifiedby positioningvariablesdenotedas $x. Theseare declaredat the beginning as
processinginstructionsto make theapplicationawareof them.

2.4 Inference and Mediating

TheRDF Mediatoris thecentralcomponentof thearchitecture.It maintainsthe CM, pro-
videsqueryandinferenceservices,andalsothesupportfor traversingtheresults.

The CM consistsof a class(concept)hierarchytogetherwith classproperties,anda setof
rulesthatcorrespondto axiomsaboutclassesor theirproperties.Henceby applyingtheserules
on the setof factswhich areretrieved, it is possibleto infer new facts. The rulescanbe ex-
pressedin F-Logic [11]. For instancethefollowing ruleexpressesthatif apersonX is affiliated
with acompany Y, Y considersX to beanemployee.

������ ���
employee� ���������

affiliation � �����

4Languagefor MappingXML documents
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* rules are specified by the designer

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE results [
    <!ELEMENT results (entity-class*)>
    <!ELEMENT entity-class (entity-instance)*>
    <!ATTLIST entity-class

name CDATA #REQUIRED >
    <!ELEMENT entity-instance (attr)*>
    <!ATTLIST entity-instance ID ID #REQUIRED >
    <!ELEMENT attr (#PCDATA)>
    <!ATTLIST attr attrID ID #REQUIRED >
]>
<results>
    <entity-class name = "House">
        <entity-instance ID="HouseInstance1">
             <attr attrID= "ZIP_CODE">
                5223PT
            </attr>
            <attr attrID= "Number">
                1
            </attr>
        </entity-instance>
    </entity-class>
</results>
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<!ELEMENT employees (person*)>
<!ELEMENT person (name, dateofbirth, address)>
<!ELEMENT name (firstname, lastname)>
<!ELEMENT firstname (#PCDATA)>
<!ELEMENT lastname (#PCDATA)>
<!ELEMENT address (#PCDATA)>
<!ELEMENT dateofbirth (#PCDATA)>

Source DTD
&

<?xml version='1.0' encoding='ISO-8859-1'?>
<!DOCTYPE rdf:RDF [
<!ENTITY rdf
'http://www.w3.org/1999/02/22-rdf-syntax-ns#'>
<!ENTITY rdfs
'http://www.w3.org/TR/1999/PR-rdf-schema-19990303#
'>
]>
<rdf:RDF
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax
-ns#"
xmlns:rdfs="http://www.w3.org/TR/1999/PR-rdf-schem
a-19990303#">
<!--- 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="Office">
  <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>

<!-- 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>

CM in RDF

<?xml version="1.0" encoding="ISO-8859-1"?>
<?var name="$1" ?>
<?var name="$2" ?>
<?fnc name="$GetID" ?>
<lmx:rules
xmlns:rdf="htp://www.w3.org/1999/02/22-rdf-synt
ax-ns#"
xmlns:lmx="http://www.ibm.com/xml/lmx/">
  <lmx:pattern>
    <lmx:lhs>
      <person>
        <name>
          <firstname> $1 </firstname>
          <lastname>  $2 </lastname>
        </name>
      </person>
    </lmx:lhs>
      <lmx:rhs>
        <Person rdf:about="$GetID"
                firstName="$1"
                lastName="$2"/>
      </lmx:rhs>
    </lmx:pattern>
</lmx:rules>

Mapping rule

Mapping rule
<?xml version="1.0" encoding="ISO-8859-1"?>
<?var name="$1" ?>
<?var name="$2" ?>
<?var name="$3" ?>
<lmx:rules
xmlns:lmx="http://www.ibm.com/xml/lmx/"
xmlns:rdf="htp://www.w3.org/1999/02/22-rdf-synt
ax-ns#">
  <lmx:pattern>
    <lmx:lhs>
      <results>
        <entity-class name="House">
          <entity-instance ID="$1">
            <attr attrID="ZIP_CODE"> $2 </attr>
            <attr attrID="Number">   $3 </attr>
          </entity-instance>
        </entity-class>
      </results>
    </lmx:lhs>
      <lmx:rhs>
        <House rdf:about="$1"
               postCode="$2"
               streetNumber="$3"/>
      </lmx:rhs>
  </lmx:pattern>
</lmx:rules>

*

*

Figure2: Mappingsourceinstancesto theconceptualmodel



NotethatmaintainingoneglobalCM (ontology)for all possibleapplicationsis not feasible
(for scalabilityreasons).However, thedistributedapproachwhereoneinstanceof thearchitec-
ture(andthusoneCM or ontology)servesasaninput sourcefor anotherarchitectureinstance,
bringsscalabilityalsoin anenvironmentlikeWWW.

ThemediatorcontainsanRDF parser5, a querydecompositionmodule,anda queryengine,
which usesfor inferencingSiLRI6 [12]. To supportthe traversal(andso the actualretrieval)
of the results,themediatoralsohasto implementananalogyof theDOM7 API, modifiedfor
the RDF datamodel(directedlabelledgraphs).After the mediatorreceivesa queryfrom the
applicationlayerit proceedsasfollows.

First, it analyzeswhetherthequery’s resolutiondemandsinferencerulesto beappliedandif
so,which arethe factsthatareneededto evaluatethe inferencerules. Note that the inference
engineassumesthat the factsareknown beforehand,which is however, in contradictionwith
theon-demandretrieval approach.That’swhy theinitial querymustbeenrichedto retrievealso
thesefactsthatenabletheinferenceengineto applytherules.

Second,it decomposesthe query into subqueriesanddistributesthemamongthe brokers.
Theactualqueryingis triggeredby anavigationrequestcomingfrom theapplicationlayer.

Third, it collectsthe datafrom the brokers,appliespossibleinferencerules,constructsthe
responseandsendsit to theapplicationlayer.

2.5 Application Layer

Therearenumerousapplicationsthatcantakeadvantageof thesemanticallyunifiedinterface
providedby thearchitecture.The typesof applicationscanvary from searchagents(machine
processing)to hypermediafront-endsthatguidea (human)userin querycompositionandCM
exploration,andproduceasaresponseto aqueryafull-featuredhypermediapresentation[8, 13]
supportingbrowsinganduser/platformadaptation[14].

Anotherpossibleapplicationis an instanceof a similar architecturemaintaininga different,
yet similarCM, which couldconsiderthefirst architectureinstanceasoneof its datasources.

3 Conclusions

A solutionto theproblemof integratingheterogeneousinformationsourcesis neededin order
to provide a uniform accessto datagatheredfrom differentsourcesavailablethroughtheWeb.
Theproposedintegrationarchitecturecombinessemanticmetadatawith on-demandretrieval. It
offersasemanticinterfacefor (dynamic)accessto heterogeneousinformationsourcesandalso
the possibility to useinferencemechanismsfor deriving new data,which wasnot (explicitly)
providedby theintegratedsources.

However, enablinginferencingwhile usingon-demandretrieval introducesa possiblebot-
tleneckwhenthe factsneededby the inferenceenginemustbe retrieved togetherwith the re-
questeddata;herewe seeroom for optimizationandwe will investigatethis problemfurther.
Currently, in thecontext of theHERA project,we areverifying our ideaswith animplementa-
tion of thearchitecture’s prototype.
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