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Abstract. Progressn dataintegrationhascometo the point thatwe mustdeal
with the needof semanticintegration. In this work we presenta prototypeof
anintegrationtool of informationsourcegSemantidntegrationTool for Spatial
Data).It focuseson schemantegrationof spatialdatabasesThis tool is ableto
recognizethe similaritiesandthe differencesetweerentitiesto beintegrated.It
is basedon a Federatedhrchitectureand, therefore,it is a leveled architecture.
We obtainthe XMI modelsfrom metadateof spatialsourceshatwill beinte-
grated A parsertakesthe entitiesandattributesfrom XMl modelsby meansof
asemantianatchprocessandwe assesshe similaritiesanddifferencesetween
the objects.A domain-dependerintologyis createdfrom the FGDC standard
(FederalGeographidataCommittee)anddomain-independéiontologies(Cyc
and Wordnet). This ontology is representedn OWL. We makeuseof a ratio
model(ontologynodeddistancefor theassessmemif the similaritiesanddiffer-
encedetweerterms.The prototypetakesadvantageof standardizatioim spatial
datatools. For instance ESRI or othersthatincorporatea lot of standardsnto
theirapplicationsWe alsomakeusefor this work of thelatesttechnology XML,
XMI, GML, OWL, andothers.

1 Intr oduction

Geographiapplicationsare an exampleof the needto bring dataintegrationto a big
scale.Thisis the casefor the studiesof weatherenvironment,sustainedaievelopment,
terrainuse(grounduse),mobile applicationsandmore. Whenwe attemptto integrate
thiskind of datawe find thattherearesomeadwantagegmary developedandapplied
standardsandsomedisadantagegvarioustypesof geographidata). Semantiainder
standingis necessaryo discoser and extractthe essentialnformationinto a structure
suitablefor integrationfrom the source®f data.Researchershov theneedto focuson
aspecificdomainto achiere themaingoalof semantiaunderstanding?1]. In thiswork
wefocusonthedomainof Geographi¢nformationSystemsaindSpatialDatabasedie
first begin to work with shapedataandthuswe cannarrov the domainevenfurther.
Dueto thelarge quantityandbroadrangeof typesof Geographiaatait would be
impossiblgo integrateon anapplicatiorwithoutlosingsomeinformation.In thesearch



for the bestsolutionfor this integrationwe have takenadwantageof the standardshat
have beenactuallyacceptedy themainspatialsoftwarecompaniesAs anexamplewe
takethecaseof theOpenGlSConsortiunstandardor representationf geographidea-
tures. ESRIfollowsthis standardor their representationf featuresOntheotherhand,
theFGDC (FederalGeographi®ataCommitteehasapprovedmary contentstandards
for geographicapplications An exampleis their standardor representingnetadata.
With the above hypothesiswe have developeda prototypeto integrateheterogeneous
spatialdatasourcesThis first phasan the prototypetriesto integratesimplefeatures.
This termis takenfrom OGC (OpenGISConsortium)which geometricpropertiesare
restrictedto simple geometries. For thesesimplegeometriexoordinatesredefinedin
two dimensionsandthe delineationof a curwe is subjectto linear interpolation[18].
Thiswork is the continuationof [16] which presenteé framevork thatwasbasedn a
federatedarchitecturdor schemantegration.

Theevolution of federatedlatabassystemsasidentifiedtwo approacheto man-
agingdistributeddata:installinga distributedDBMS andaddinga softwarelayerabove
existing DBMSsto createan FDBS. This evolution processs dividedinto threephases
[20] : (1) preintegration, (2) developing a federated database system, and(3) federated
database operation. Section3 refersto thedevelopmenbf afederatedlatabassystem
wherewe definethe mappingdetweenvariousschemasln this work we focusonly in
thesecondhasenvherewe achieve afederatedschemdrom two heterogeneouspatial
sourcesSIT-SD is a prototypecapableof implementingthe above theory developed
in our work group. We take spatialdataworkedin ArcGIS ! andfrom thesefiles we
extractthemodelin XMI. A parseridentifiesthe mainobjectsasentitiesandattributes
andsubsequentlgubmitsthemto the procesdor assessmerf similarities.By means
of a Java programand Cyc, we take namesof entitiesand attributesfrom the FGDC
standardor generatioron OWL from onepartof the ontologythatwill beusedin the
assessmerrocess.

Theorganizationof theremainingsectionds asfollows. Section2 presentselated
work. Section3 followswith the proposedarchitecturavhichwe usetechnologyxML
basedand OpenGlSand FGDC standardsSection3.1 introduceshe similarity-based
stratgyy for schemantegration.Conclusionsandfutureresearchirectionsaregivenin
thelastsection.

2 Relatedwork

Ontologiesprovide significantbenefitsfor the designanduseof geographidnforma-
tion. Ontologiesdefinesemanticsndependenthof datarepresentatioandreflectthe
relevanceof datawithout accessinghem([9]. Sucha high-level descriptionof the se-
manticsof geographidnformationprovidesmoreandnen meansfor comparingand
integratingspatialdata.In addition,ontologiesenableknowledgereuseby semantically
describingdatathatwerederivedfrom consensuseachedy differentGlS communities
[24].

In the databaseommunity the ontologieshasbeenusedin anattemptto reconcile
thesemanti@andschematiperspecties.KashyapandShethin [11] presenasemantic
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taxonomyto demonstratsemanticsimilaritiesbetweertwo objectsandrelatedthis to
a structuraltaxonomy At presentays,intelligentintegrationhasbeenappliedto het-
erogeneoudatabas@tegration.Fromartificial intelligenceworld oftenit is achieve by
meansagentg5] or mediatorqd24] thatprovide intermediaryservicesby linking data
resourcesand applicationprograms.Otherwise,from databasesvorld hasbeenpur-
posedanarchitecturemamednformation-brokemg ([12],[10]) thatadaptsandextends
the conceptf federated environments and mediator architecture, in the presentwork
wefollowthistrend.In thedomainof spatialinformation thereareresearctapproaches
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Fig. 1. Federatedrchitecturecombinedwith mediatorsOntologiesfor solvingsemantichetero-
geneity

for semantidntegration[19], [8], [7]. [19] is basedbn a similarity analysisof concepts
describedn independenbntologies.Unlike OBSER/ER [14], the solutiondoesnot

createnew ontologiesput createdinks betweersimilarentitiesacrosontologiesFon-

secain [8] takesa top-davn approachby startingfrom ontologiesand usingthe con-

ceptof roleto handledifferentconceptualiews of geospatiainformationcommunities
(GIC). In ourresearchwefirst construct framevork with afederatedrchitectureand

in the constructiorprocesof schemdederatedve takea domain-dependemintology

for finding similaritiesamongentitiesandattributesto beintegrated.



3 The SIT-SD Architecture

Herewe presenthe SemantidntegrationTool for SpatialDataS T-SD. We assuméhat
the preintgrationprocessxists beforeandit hasdecidedwhatarethe sourcego be
integrated Fig.1describeshearchitecturdbasedon[1]. It is dividedin sevendifferent
levels from the sourcesto be integrateduntil userapplication.The architectureis a
bottom-upprocessecauseve considetthatthe datasourcesxist before.Thiswork is
focusedonly ontheproces®f schemantegrationon this architecturgdashedine part
in Fig. 1).

From the view point of Federatednformation Systemsit is necessaryo find a
“CanonicalDataModel” CDM, capableof representingll schemasvith a minimum
lossof informationfrom the Native DataModel(bottomlevel). In [16], we studiedthe
possibilityof usingOMT-G [3] andOpenGlSmodelsasCDM. We usethe modelfrom
OpenGISConsortiumOGC [17] as CDM. ESRIwith ArcGIS follows the OpenGIS
specificationsandthis reasorwe useArcMap in this prototype.

3.1 Constructing the federatedschema

Ontologiesprovide significant benefitsin semanticallydescribing data. Many re-
searcheswhereontologiesarethe main elementto derive semanticsensefrom data,
have beenreportedin the literature. The creationand maintenancef a global and
domain-independertntology capableof supportingall knowledgeis very comple.

WordNet[15] andCyc[13] aresomeof them.In contrastthe constructiorof domain-
dependenbntologies[25,4] may be the solutionfor the bestresultin integration. In

our casewe construcia domain-dependemintologytaking entitiesfrom a very known
standardike SDTS[23] (SpatialDataTransferStandardandapplyingfunctionsfroma
domain-independeintologyasCycandWordNet.We chosethis standardecauseve
believethatit is themostused.This ontologyis representedith OWL specification.

In [19] thereis anapproacHor theuseof ontologiedo assesthesimilaritiesamong
entities.In this work we apply this foundationpresente@ndextrapolateto apply over
databasschemas.

FromanXML representatioof datastructureanddatabasstructurewe extractthe
elementandrelationsfor constructingheschemasn XMl (seeexample).Theobjects
areextractedfrom the XMI modelby meansf a parser

Laterthematchingprocesss appliedwhichis dividedinto threephasegseeFig.2):
Considettwo schemaso beintegrated:schemafandschemaBrom two differentspa-
tial databases.

— Stage zero: Translationto English.In this first versionit makesa simplesyntactic
translatiorfrom differentlanguagegwe choosehe Englishlanguageasa standard
for translationbecauseave believe the translationprocesss easier).The metadata
markupis takenbecauset indicateswhat languages usedin the application.In
thenext versionwewill improvethetranslatiorprocesdy maybeusingasemantic
searchover adictionaryor thesaurus.

— Sageone: Searchof elementonthe SIT-SD ontologyof two databasechemaso
beintegrated.
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Fig. 2. Flowchartof schemantegrationbetweertwo export schemasn a SpatialFDB

S(schemaA entity.part ,schemaB.entity.part)  S(schemaA.entity ,schemaB.entity )

A syntacticsearctof entity name.
A syntacticsearchof entity partsandattribute namesThe ontologyelements
have partslike in WordNet.[15].

e A semanticsearchof entity metadatdoy meansof keywords.

¢ A semanticsearchof attributesmetadatdy meanof keywords.

Thisresultis storedasa first matchingreferencelt is possibleto give a weightfor
eachsearchanddecideif the entity hasa correspondinglemenin the ontology

— Stage two: Eachobjectfrom schemaAwill searchthe correspondingobjectin
schemaB.

e Assessmendf semanticsimilarity. This is carriedout with a similarity func-
tion like the computationamodelfor semanticsimilarity usedin [19]. Taking
eachentity namefrom schemaAandcomparingagainstall entity namedrom
schemaB.

o With elementsvhosesimilarity is acceptedwe makethe syntacticandseman-
tic comparisoragainstthe partsof schemaAentity andthe partsof schemaB
entity. Afterwards,the similarity assessmeris appliedbetweenentitiesand
attributesmetadataThe assessmerteliversa setof possiblepairs.Only the
highestassessmentill beaccepted.

o Completemappinginformationis storedin Data/Dictionary/Directory20]

The mappingis carriedout with a similarity functionthat usesstring matchingof
objectnamesandobjectinterrelationsOncethis mappinghasbeendone anintegrated
schemashouldcontainboth original objectsin local schemasssubclassesf a more



generalcommonclass.This commonsuperclassis determinedoy searchinghrough
semantiaelationshipsn the SIT-SD ontology

To shawv our approachwe introducean example of integration of spatial data
from differentspatialdatabaseand GIS. Our scenarids a compoundf two different
schemagrom spatialdatabasewith geographiénformation.ln bothschemashereis a
classin the ExportSchemahatrepresents “greenzone”.In schemaAthereis afondo
classandin SchemaBthereis a background class.Both classeshave fondo.codigo,
fondo.area, andbackground.code background.surface aspropertiesespectiely. fondo
hasa relationshipwith ciudad andbackground with city. All classesnherit geometry
(GeometryFeaturefrom the feature class. In our examplewe try to obtainafederated
schemaschemag like thatin Fig. 3.
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Fig. 3. FederatechemaschemaC from ExportSchemaschemaA, schemaB

On the architecturejn the constructionlevel of federatedschemawe extract the
entitiesandattributesform XML fileson ArcGIS.

<spdoi nf o>
<di rect Sync="TRLE">Vector</direct>
<ptvctinf>
<esriterm Name="fondo">
<ef eatyp Sync="TRUE">Si npl e</ ef eat yp>
<ef eageom Sync="TRUE" >Pol ygon</ ef eageon
<esritopo Sync="TRUE'>FALSE</ esritopo>
<ef eacnt Sync="TRUJE"'>754</ ef eacnt >
<spi ndex Sync="TRUE">TRUE</ spi ndex>
<linrefer Sync="TRUE'>FALSE</I|inrefer>
</esriternp
<sdt st erm Name="f ondo" >
<sdt stype Sync="TRUE"'>G pol ygon</ sdt st ype>
<ptvctcnt Sync="TRUE"'>754</ptvctcnt>
</ sdt st ern>
</ ptvctinf>
</ spdoi nf o>



Abovethereis thecodepartof SDTSdescriptiorfor thefondo feature Thedescrip-
tion for the background featureis the sameway. 3.1 Below we displaythe description
of thefondo attributes.

<eai nf 0>
<detai |l ed Name="fondo" >
<enttyp>
<enttypl Sync="TRUE">fondo</enttypl >
<enttypt Sync="TRUE'>Feature O ass</enttypt>
<enttypc Sync="TRUE"'>754</enttypc>
</enttyp>
<attr>
<attrlabl Sync="TRLE'>AREA</attrl abl >
<attalias Sync="TRLE'>AREA</attalias>
<attrtype Sync="TRWE">Nunber</attrtype>
<attwi dth Sync="TRLE">18</attw dt h>
<at nunmdec Sync="TRLE" >5</ at nundec>
</attr>
<attr>
<attrlabl Sync="TRWE"'>CODI GO</attrl abl >
<attalias Sync="TRLWE"'>CODI GO</attalias>
<attrtype Sync="TRWE">Nunber</attrtype>
<attwi dth Sync="TRLE">18</attw dt h>
</attr>

By usingthis dataandapplyinga Java scriptwe canconstructasimple XMI model
taking the entitiesand attributesnames.Thenwe canapply the stagezero depicted
abore.In thiscasadt translate$o Englishwith asimpledictionaryandsavesthistransla-
tion for applicationof the next stagesBeforeobtainingthe XMl modelwe constructed
adomain-specifiontologyderivedfrom SDT SentitiesandapplyingtheCycandWord-
netontologyfunctions.SDTSwasadoptedby the AmericanNational Standardnsti-
tute to provide a commonclassificationand definition of spatialfeaturesusedin the
procesof spatialdatatransfer It containsa setof entity typesandtheir corresponding
attributes.The specific-domairOntologytakessynorym setsaswell ashypornymy and
merorymy relationsfrom WordNet’s and Cyc'’s definitionsto complementefinitions
of entity typesin SDTS.For this examplewe will considerthatall the modelsbelong
to thesameGIC, thereforethe ontologyis createcover onespecificdomain.

We apply the stageone depictedabore in orderto searchthe objectsinsideof the
ontology Then,we canapply a matching-distancenodel[19], stagetwo, to compare
component®f entity classesn termsof a matchingprocess.To obtainthe objectsfor
schemaCwe assesshe semanticsimilarity betweentwo objectsto integrate.In this
casebetweenbackdrop and code. fondo wastranslatedto its correspondingenglish
word backdrop, andcodigo wastranslatedo code. For thisassessmente usespecific-
domainontology, Fig.4,andapplythe Equationl.

Theglobal similarity function S(ecy, ¢z) is a weightedsumof the similarity values
for parts,functions,andattributes;wherew,, w;, andw, areweightsof the similarity
valuesfor parts,functions,andattributes,respectiely. For eachtype of distinguishing
featurdt usesasimilarity functionS; (c1, ¢2) (Equatior?). It is basecntheratiomodel
of a feature-matchingrocesg22]. In S;(c1,¢2), 1 ande, aretwo entity classest
symbolizeshe type of featuresandCy andC; arethe respectie setsof featuresof
typet for ¢; andey. The matchingprocessdetermineghe cardinality (||) of the set



intersectior(Cy NC) andthesetdifferencgCy — C), definedasthesetof all elements
thatbelongto C but notto C5. Thefunction« is determinedn termsof the distance
betweerthe entity classes:; andce andtheimmediatesuperclasshatsubsume$oth
classegor minimumcommonnodem.c.n.).Theminimum commonnodecorresponds
to theleastupperboundbetweentwo entity classesn partially orderedsets[2]. When
one of the conceptss the superclas®f the other the former is also consideredhe
m.c.n.Thedistanceof eachentity classto them.c.n.is normalizedy thetotal distance
betweerthetwo classessuchthatit obtainsvaluesin therangebetweerQ and1. The
final value of « is definedby a symmetricfunction (Equation3). For the complete
descriptiorof equationgeferto [19].

S(er,e2) = wp - Spler, e2) +wy - Spler, €2) + wa - Salcr, ) (1)
|C1 N Cy
_ 2
Selense2) |C1NCa| + afer, c2) - [C1 = Co| + (1 — afer, e2)) - [C2 — C1 ?
[t dlenmen) <d(esmen) @)
alerez) = 1— ﬂ%l d(c1, m.c.n.) > d(cz, m.c.n.)
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Fig. 4. Domain-specifiontology(geographicierivedfrom WordNetandSDTS

We put a limit to acceptthe similarity. If the similarity is acceptablehenwe can
searchtheminimum common nodein theontologyhierarchyln the caseof ourexample
them.c.nis background; thisis thenthe objectin schemaC Likewise, it is possibleto
comparesachattribute from both classesA datadictionary/directoryf20] storesmap-
pings amongschemasand anotheressentiainformation. The additionalinformation
from Context andMetadatawill helpusto determinevhatis the senseof eachobjectin
theproces®f assessingn a FGDCsite (FederalGeographi®ataCommitteehereis
largeinformationabouthow metadatahouldberepresenteth geographisystemsWe
assumehatthesourcedo beintegratedkeepthisline asi.e, ESRIwith ArcCatalog[6].
Therebyit is possibleto extractthis informationto be usedin the entitiesandattributes
metadataA hierarchicaktructurels necessarjor the attributetypesandthe geometry
types,Fig. 5.
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4 FutureWork and Conclusions

Thispapethaspresentec SIT-SD (SemantidntegrationTool for SpatialData).Thisis
a prototypework that continuesn progressThis prototypeis a resultof researctand
developmentin the researclgroupwherewe areworking on semantiantegrationfor
spatialdata.We takeadwantageof the latesttechnologysuchasXML, XMI, OWL, and
standard$ike OpenGISandFGDC.Thesestandarddave allowedthisfirstapproacton
semantidntegration.Thiswill beagreediponby mary companiesndgovernmenbof-
ficeson spatialdataableto supportstandardizatiorProgressn the maintool (ArcGIS)
usedn this prototypefor theaccesso GIS informationshouldchangehenext version.
The generatiorof the XMI modelfrom the next ESRIapplicationversionwill beable
to representhe geodatabasen XML directly. This changewill makethe XMI model
easielto generateThis simpleprototypehasa principalgoalto demonstrat¢hetheory
developedabore. The next versionshouldwork with morecomplex databecausehis
presenprototypeonly workswith simplefeaturesin thenext versionwe will improve
thetranslatiorprocessy usinga semanticsearctover a dictionaryor thesaurus.

Acknowledgments

Part of this work hasbeensupportedy: the SpanisiResearchProgramPRONTIC un-
derprojectsTIC2000-1723-C02-Dand TIC2001-2099-C03-0landby FEDER.Spe-
cialacknavledgmentdo M.AndreaRodfiguez(Departmenbf ComputerSciencelJni-
versityof Concepabn, Chile) for hervaluablecontributionto this paper

References

1. A. Abelld, M. Oliva, E. Rodiiguez,andF. Saltor The bloom modelrevisited:anevolution
proposal.In Proceedings ECOOP’ 99 Workshops & Posters, Lisbon,Jun1999.

2. GarrettBirkhoff. Lattice Theory. AmericanMathematicaBociety 3rd editionedition,1979.

3. KarlaA.V. Borges,ClodoveuA. Davis,andAlbertoH.F. LaenderOmt-g:An object-oriented
datamodelfor geographi@pplications.Geolnformatica, 5(3):221-260Sep2001.

4. W. Borst, J. Akkermans,and J. Top. Engineeringontolofies. International Journal of
Human-Computers Studies. Special Issueon Using Explicit Ontologiesin KBS Development,
(46):365—-4061997.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. M. Brodie. The promiseof distributed computingandthe challenge®of legag information
systems.In Proceedings of IFIP DS-5 semantics of interoperable database systems, Lorne,
Australia,1992.Chapmar& Hall.

. ESRI. Esri profile of the contentstandardor digital geospatiametadata.Technicalpaper
ESRI,Jul2001.

. F. FonsecaM. EgenhoferP. Agouris,andC. Camara.Usingontologiesfor integratedgeo-
graphicinformationsystemsTransactionsin GIS 6(3),Jun2002.

. FredericoTorresFonsecaOntology-Driven Geographic Information. PhDthesisUniversity
of Maine, Orono,Maine04469,May 2001.

. A. Goni,E.Mena,andA. lllarramendi.Queryingheterogeneouasnddistributeddatareposi-

toriesusingontologies.In P-J.CharrelandH. Jaakkolagditors,| nformation Modelling and

Knowledge Base I X, pagesl9—34.10S Press,1997.

V. KashyapandA. Sheth.Semanticbasednformationbrokering.In Proceedings of the 3rd

International Conference on Information and Knowledge Systems, pages363-370,1994.

V. KashyapandA. Sheth. Schemati@andsemanticsimilaritiesbetweerdatabasebjects:a

contet-basedapproachThe Very Large Database Journal, 5(4):276—-3041996.

Vipul Kashyapnformation Brokering over Heterogeneous Digital Data: A Metadata Based

Approach. PhDthesis RutgerUniversity, 1997.

D. LenatandR. Guha. Building Large Knowledge Based Systems. Representation and In-

ferencein the Cyc Project. ReadingMass,Addison-Wsley, 1990.

E.Mena,V. KashyapA. lllarramendiandA. Sheth.Domainspecificontologiesor semantic

informationbrokeringon the globalinformationinfrastructure. In Nicola Guarino,editor,

Formal Ontology in Information Systems. |OS press,1998.

G. Miller, R. Beckwith,C. FellbaumD. Gross,andK. Miller. Introductionto wordnet:An

on-linelexical databaselnternational Journal of Lexicography, 3(4):235-2441990.

Villie Morocho, Felix Saltor andLluis Pérez-\idal. Ontologies:Solving semantichetero-

geneityin federatedpatialdatabassystem.In Proceedings of 5th International Conference

on Enterprise Information System, Angers,France Apr 2003.

OpenGIS.The opengisabstracspecificationtopic 0: Abstractspecificationovervien. Re-

trieved May 2001,from http://wwwopengis.ay/techno/abstract/99-100r1.pdf99.

OpenGIS. Geographymarkuplanguagg(GML) implementatiorspecificationv2.1.2. Re-

trieved from http://wwwopengis.ay/, Sep2002.

Maria AndreaRodiiguezand Max J. Egenhofer Determiningsemanticsimilarity among

entity classedrom differentontologies.|EEE Transactions on Knowledge and Data Engi-

neering, 5(2),2003.

ShethandLarson. Federatediatabasesystemgor managingistributed heterogeneousnd

autonomouslatabasesACM Computing Surveys, 22(3),1990.

Amit P. Sheth. Interoperating Geographic Information Systems, chapterChangingFocus

on Interoperabilityin Information Systemsfrom System,Syntax,Structureto Semantics,

pagess—29. Kluwer AcademicPublishey1999.

AmosTversky. Feature®f similarity. Psychological Review, 84(4):327-3521977.

USGS. View of the spatial datatransfer standard(sdts). Retrieved May 2001, from

http://mcmcwelerusgs.go/sdts/standard.html998.

G. Wiederhold. Interoperationmediationand ontologies. In International Symposium on

Fifth Generation Computer Systems (FGCS94), Tokyo, Japan1994.

P. ZweigenbaumB. Bachimont,J. Bouaud,J. Charlet,and J.F Boisvieux. Issuesin the

structuringandacquisitionof anontologyfor medicallanguagainderstandingMethods of

Information in Medicine, 34(1/2):15-241995.



