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Abstract

SI-Designer(SourceIntegratorDesigner)is a designersup-
port tool for semi� automaticintegrationof heterogeneous
sourcesschemata(relational,object and semi� structured
sources);it hasbeenimplementedwithin theMOMIS project
andit carriesout integrationfollowing a semanticapproach
whichusesintelligentDescriptionLogics-basedtechniques,
clusteringtechniquesand an extendedODMG-ODL lan-
guage,��������� , to representschemata,extracted,integrated
information. Starting from the sources’ ��������� descrip-
tions(local schemata)SI-Designersupportsthedesignerin
thecreationof an integratedview of all thesources(global
schema)which is expressedin the same��������� language.
We proposeSI-Designerasa tool to build virtual catalogs
in theE-Commerceenvironment.

1. Introduction

In the last yearstheneedto accessdistributedinformation
andtheproblemof theintegrationof datacomingfrom het-
erogeneoussourceshavebecomemoreandmoreimportant.
Companieshaveequippedthemselveswith datastoringsys-
temsbuildingupinformativesystemscontainingdatawhich
arerelatedoneanother, but which areoftenredundant,het-
erogeneousandnot alwayssubstantial.On theotherhand,
the web explosion,both at internetand intranetlevel, has
enlarged the needfor the sharingand retrieving of infor-
mationlocatedin differentsourcesthusobtainingan inte-
gratedview so asto eliminateany contradictionor redun-
dancy. Theproblemsthathave to be facedin this field are
mainly due to both structuraland applicationheterogene-
ity, aswell as to the lack of a commonontology, causing
semanticdifferencesbetweeninformationsources.More-
over thesesemanticdifferencescancausedifferentkindsof
conflicts,rangingfrom simplecontradictionsin names’use
(whendifferentnamesareusedby differentsourceto indi-
catethesameconcept),to structuralconflicts(whendiffer-
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entmodels/primitivesareusedto representthesameinfor-
mation).
The integration problem is relevant also in the E- Com-
merceenvironment. Electroniccatalogsarea key compo-
nent of E-Commerceand they can be organizedas indi-
vidual company catalogsor they canparticipatein a multi-
catalogframework. In the secondcase,from a userpoint
of view, it is very importantto have a uniform interfaceto
searchproducts,thatis auniformview of datacomingfrom
differentcompaniescatalogsanda uniquequerylanguage.
Ontheotherhand,fromacompany pointof view it is impor-
tant to guaranteeboth theuniquenessof their catalogsand
theparticipationin a multi-catalogframework. Virtual Cat-
alogs,asproposedin [14], synthetizethis approachasthey
areconceivedasinstrumentsto dynamicallyretrieve infor-
mationfrom multiplecatalogsandpresentproductdatain a
unifiedmanner, without directly storingproductdatafrom
catalogs.Customers,insteadof having to interactwith mul-
tiple heterogeneouscatalogs,caninteractin a uniform way
with avirtual catalog.
In this work we proposea designersupporttool for infor-
mation integration of both structuredand semi-structured
sourcesdevelopedwithin theMOMIS system.This tool is
a suitableinstrumentalso to build virtual catalogs in the
E-Commerceenvironment.
The MOMIS project (Mediator environmentfor Multiple
InformationSources)[3, 4, 5] aimsto integratedatafrom
structuredandsemi- structureddatasources;
seehttp://sparc20.dsi.unimo.it/. SI-Designeris a designer
supporttool for semi - automaticintegrationof heteroge-
neoussourcesschema(relational,objectandsemi-structured
sources);it hasbeenimplementedwithin theMOMIS project
andit carriesout integrationfollowing asemanticapproach
whichusesintelligentOLCDDescriptionlogics-basedtech-
niques,clusteringtechniquesandanODL-ODMGextended
languageto representextractedandintegratedinformation,��������� . Startingfromthe ��������� descriptions(localschema)
of thesource,SI-Designersupportsthedesignerin thecre-
ationof anintegratedview of all thesources(globalschema)
which is expressedin thesame������� � language.
Theglobalschemais obtainedusingdifferentstages,creat-



ing aCommonThesaurusof intraandinter-schemarelation-
ships. The sourcesto be integratedaredescribedthrough
the ��������� languageand,by usingOLCD inferencetech-
niques,intra-schemarelationshipsareextractedandshared
in theCommonThesaurus.
After this initial phasetheCommonThesaurusis enriched
with inter-schemarelationships,obtainedin the following
way: (1)usingthelexicalWordNet[15] system,whichiden-
tifiestheaffinitiesbetweeninter-schemaconceptsontheba-
sis of their denominations’lexicon/meaning;(2) usingthe
ARTEMIS [8] system,which evaluatesstructuralaffinities
amonginter-schemaconcepts.
StartingfromobtainedCommonThesaurusandusingOLCD
inferenceandARTEMISclusteringtechniques,aglobalschema
containinga generalview of the integratedsourcesis ob-
tained.This work describestheSI- Designertool, support-
ing the designerin the constructionof the CommonThe-
saurusandtheglobalschema.In comparisonwith proceed-
ing papersonMOMIS, we introduceanew sequenceof the
globalschemaconstructionphasesandthe full description
of theinteractionwith WordNet. Thework is structuredas
follows. In section2 theMOMIS andSI-Designerarchitec-
turesareintroducedtogetherwith a referenceexample;in
section3 and4 theCommonThesaurusandglobalschema
constructionare respectively described.Someconclusive
remarksarereportedin section5.

2. MOMIS Architecture

MOMIS wasdesignedto supplyanintegratedaccessto het-
erogeneousinformationstoredin traditionaldatabase(i.e.
relational,objectoriented),file system,andsemi-structured
datasources.It follows the ��� architecture[12] (Figure1):
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Figure1: MOMIS Architecture

1. Wrappers, placedovereachsources,representthein-
terfacemodulesbetweenthe mediatorandthe local
datasources.Their functionis double:in theintegra-
tion phase,they translatethedescriptionof theinfor-

mationheldin thesource.Thisdescriptionis supplied
throughtheODL � � language;
in thequeryprocessingphase,they translatethequery
which hasbeenreceivedby the mediator(expressed
in the commonquery OQL��� language,derived by
theOQL language)in aqueryexpressedin thesource
querylanguage.Thewrappersmustalsoexportquery
result data,providing them to the mediatorthrough
thedatacommonmodelusedby thesystem.

2. TheMediator: is thecoremoduleandit is composed
by twoseparatemodules:GlobalSchemaBuilder(GSB):
it is themodulewhichgeneratestheglobalschemato
beprovidedto the user, startingfrom thesourcede-
scriptionsexpressedin ODL � � .
Query Manager (QM): it is the query management
module. It generatesOQL� � languagequeriesto be
sentto wrappersstartingfrom eachqueryposedby
the user on the global schema. QM automatically
generatesthe translationof the query into a corre-
spondingsetof sub-queriesfor thesources.

3. SI-Designer,is theframework with a graphicalinter-
facewhich supportsthe designerin the overall inte-
grationprocess.

4. ODB-Tools Engine, is the OLCD DescriptionLog-
ics [1, 6] basedtool performingschemavalidation
andqueryoptimization[2].

5. ARTEMIS-ToolEnvironment, isanaffinity-basedclus-
teringtool performing������� � classanalysisandclus-
tering[8].

2.1. SI-Designer architecture

Sourcesintegrationis basedon the individuationof anon-
tology sharedby eachsource;the ontologyis represented
asasetof terminologicalrelationshipscalledCommonThe-
saurus.
As shown in Fig 2, GSBis composedby two modules:

� SIM (SourceIntegratorModule): extractsintra-schema
relationshipsstartingfromarelational,objectandsemi-
structuredsource. Moreover this moduleperforms
the “semanticvalidation” of relationshipsandinfers
new relationshipsby exploiting ODB-Toolscapabili-
ties.� SLIM (SourcesLexical Integrator Module) extracts
inter-schemarelationshipsbetweennamesandattributes
of ��������� classesof differentsources,exploiting the
WordNetlexical system.

SI-Designer(Fig 2 andFig 3) providesthedesignerwith a
graphicalinterfaceto interactwith SIM, SLIM andARTEMIS
modulesshowing the extractedrelationshipsand helping
him in theCommonThesaurusconstruction.
Oncethe CommonThesaurus, hasbeenbuilt, SI-Designer
usestheARTEMISmoduletoevaluateadisjointsetof struc-
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Figure2: GlobalSchemaBuilderArchitecture.

tural similar classes(clusters). Eachclusterhasa corre-
spondingglobal class(a view over all similar classesbe-
longing to the cluster)characterizedby a setof global at-
tributesand a mapping-table. SI-Designerautomatically
generatesa setof globalattributesfor eachglobalclassand
a mappingtablewhich mapseachglobalattribute into the
localattributesof theclassesin thecluster.

Figure3: SI-DesignerArchitecture.

Then,a semi-automaticinteractionwith thedesignerstarts:
thedesignermayrevise thesetof globalattributesandthe
mappingtable, to assigna nameto eachglobal class,so
asto achieve a globalschema.Theintegrationprocesscan
be divided in two phases:(1) Generationof the Common
Thesaurus, (2) Generationof theGlobalSchema.

2.2. Running example

In orderto illustratethe way our approachworks, we will
usethe following exampleof integrationin theRestaurant
Guidedomain.Considertwo differentdatasourcesthatstore
informationaboutrestaurants.TheEating Source guide-
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Figure4: EatingSource(ED)

book(ED) containssemistructuredobjectsaboutrestaurants
of thewestcoastandtheirmenu,quality, ... (Figure4 illus-
tratesa portionof thedata).
Accordingto themodelsproposedin literaturefor semistruc-
turedinformationsources[7, 16], asemistructuredsourceis
representedasa rooted,labeledgraphwherenodescontain
data(e.g., an imageor free-form text) and labelededges
describetheconceptrepresentedby datain thecorrespond-
ing node. In Figure 4 there is one root object with four
complex childrenobjectsthat representrestaurants.Each
Restaurant hasaname, category andspecialty.
Furthermore,someRestaurant haveanatomicaddress
and someother a complex address, a phone, a com-
plex objectnearby, that specifiesthe nearestrestaurant,
andowner, thatindicatesthename, theaddress andthe
job of therestaurant’sowner.
In our approach,we deriveandexplicitly representalsothe
schemaof semi-structuredinformation sources,by intro-
ducingthe notion of objectpattern [4], and, in particular,
wedevelopedanXML/ODL ��� wrapperableto extractfrom
anXML file anODL ��� description(seethe following sec-
tion).
TheFood Guide Database(FD) is a relationaldatabase
containinginformationaboutUSA restaurantsfrom a wide
variety of publications(e.g., newspaperreviews, regional
guidebooks).Theschemaof thissourceis composedof four
relations(seeFigure5), namely, Restaurant, Bistro,
Person, andBrasserie. Informationrelatedto restau-
rantsismaintainedinto theRestaurant relation.Bistro
instancesarea subsetof Restaurant instancesandgive
informationaboutthesmall informal restaurantsthatserve
wine. EachRestaurant andBistro is managedby a
Person. Informationaboutplaceswheredrinksandsnacks
areservedonarestoredin theBrasserie relation.

Food Guide Database (FD)
Restaurant(r code, name, street, zip code, pers id,

special dish, category, tourist menu price)
Bistro(r code, type, pers id)
Person(pers id, first name, last name,

qualification)
Brasserie(b code, name, address)

Figure5: FoodGuideDatabase(FD)



2.3. The ODL � � language

For a semanticallyrich representationof sourceschemas
andobjectpatternsassociatedwith informationsources,we
introduceanobject-orientedlanguage,calledODL � � . Ac-
cordingto recommendationsof ODMG andto thediffusion
of ��� /POB [12, 10], the objectdatamodelODL ��� is very
closeto theODL language.ODL ��� is a sourceindependent
languageusedfor information extraction to describehet-
erogeneousschemasof structuredandsemistructureddata
sourcesin acommonway. ODL ��� introducesthefollowing
mainextensionswith respectto ODL:
Union constructor: denotedby union, is introducedto
expressalternativedatastructuresin thedefinitionof aclass,
thuscapturingrequirementsof semistructureddata.
Optional constructor: is introducedto specifythata class
attribute is optional. This constructortoo hasbeenintro-
ducedto capturerequirementsof semistructureddata.
Integrity constraint rules: areintroducedin ODL � � in or-
der to express,in a declarative way, if then integrity con-
straintrulesatbothintra-andinter-sourcelevel.
Intensional relationships: areterminological relationships
expressinginter-schemaknowledgefor thesourceschemas.
Intensionalrelationshipsaredefinedbetweenclassesandat-
tributesnames,called terms. The following relationships
canbespecifiedin ODL ��� :�

SYN (Synonym-of), definedbetweentwo terms $&% and $(' ,
with $&%*)+ $(' , thatareconsideredsynonymsin everyconsid-
eredsource(i.e., $&% and $(' canbeindifferentlyusedin every
sourceto denoteacertainconcept).� BT (BroaderTerms),or hypernyms,definedbetweentwo
terms$&% and $(' suchas $&% hasabroader, moregeneralmean-
ing than $ ' . BT relationshipis notsymmetric.Theopposite
of BT is NT (NarrowerTerms),or hyponyms1.�

RT (RelatedTerms),or positive association,definedbe-
tweentwo terms $ % and $ ' that aregenerallyusedtogether
in thesamecontext in theconsideredsources.
An intensionalrelationshipsis only a terminologicalrela-
tionship,with noimplicationontheextension/compatibility
of the structure(domain)of the two involved classes(at-
tributes).
Extensional relationships : IntensionalrelationshipsSYN,
BT andNT betweentwo classes,.- and,*/ maybe“strength-
ened”by establishingthatthey arealsoextensionalrelation-
ships[4, 9]. Consequently, the following extensionalrela-
tionshipscanbedefinedin ODL � � :, - SYN 021435, / : this meansthat the instancesof , - arethe
sameof , / ., - BT 021637, / : this meansthat the instancesof , - area su-
persetof theinstancesof , / ., - NT 02163�, / : thismeansthattheinstancesof , - areasub-
setof theinstancesof ,*/ .

1We includein the modelboth the BT andNT relationshipsfor sem-
plicity.

Moreover, extensionalrelationships“constrain” the struc-
tureof the two classes,8- and ,*/ , that is ,.- NT 02143 ,*/ is
semanticallyequivalentto an“isa” relationship.
As to summarize:,.- NT 02143 ,*/ is equivalentto ,.- ISA ,*/ plus ,.- NT ,*/ ;, - BT 02143�, / is equivalentto , / ISA , - plus , - BT , / ;,.- SYN 02143 ,*/ is equivalentto ,8- ISA ,*/ and ,*/ ISA ,.-
plus ,.- SYN ,9/ .
Mapping Rules : areintroducedin ODL � � in orderto ex-
pressrelationshipsholding betweenthe integratedODL � �
schemadescriptionof theinformationsourcesandtheODL �
�
schemadescriptionof theoriginalsources.
The extraction processfor translatingobject patternsand
sourceschemasinto ODL ��� descriptionsis shown in [4];
this translationis performedby a wrapper. As anexample,
below wereporttheODL � � representationof theED.Fast-
Food objectpatternandof theFD.Restaurant relation;
otherclassesof theODL � � schemarepresentationof theED
andFD sourcesis reportedin AppendixA.

interface Fast-Food
( source semistructured Eating_Source )

{ attribute string name;
attribute Address address;
attribute integer phone*;
attribute set<string> specialty;
attribute string category;
attribute Fast-Food nearby*;
attribute integer midprice*;
attribute Owner owner*; };

interface Restaurant
( source relational Food_Guide )
key r_code
foreign_key(pers_id) references Person )
{ attribute string r_code;

attribute string name;
attribute string street;
attribute string zip_code;
attribute integer pers_id;
attribute string special_dish;
attribute integer category;
attribute integer tourist_menu_price; };

3. Generation of a Common Thesaurus

The CommonThesaurusis a set of terminologicalinten-
sionalandextensionalrelationships,describinginter-schema
knowledgeaboutclassesandattributesof sourcesschemas;
it providesa referenceon which to basethe identification
of classescandidateto integrationandsubsequentderiva-
tion of their global representation.In the CommonThe-
saurus,we expressinter-schemaknowledgein form of ter-
minological relationships(SYN, BT, NT, and RT) and ex-
tensionalrelationships(SYN 02163 , BT 02143 , andNT 02163 between



classesand/orattributenames.TheCommonThesaurusis
constructedthroughan incrementalprocessduring which
relationshipsareaddedin the following order: 1. schema-
derivedrelationships: Terminologicaland extensionalre-
lationshipsholding at intra-schemalevel. Theserelation-
shipsareextractedby the SIM moduleby analyzingeach
ODL ��� schemaseparately. In particular, intra-schemaRT

relationshipsareextractedfrom thespecificationof foreign
keys in relationalsourceschemas.Whena foreign key is
also a primary key both in the original and in the refer-
encedrelation,a BT/NT relationshipis extractedAs anex-
ample,from theBistro andRestaurant classesin the
ODL � � descriptionsreportedin AppendixA, it followsthat:
FD.Restaurant BT FD.Bistro ;

2. lexical-derivedrelationships: Terminologicalrelation-
shipsholding at inter- schemalevel are extractedby the
SLIM modulebyanalyzingdifferentsourcesODL ��� schemas
together. In thenext sectionwewill examinetheserelation-
ships,astheirextractionis oneof themaincontributionsof
thispaperw.r.t. previouspapersonMOMIS [3, 4, 5].

3. designer-suppliedrelationships: Terminologicalandex-
tensionalrelationshipssupplieddirectly by thedesigner, to
capturespecificdomainknowledgeaboutthesourceschemas.
This is a crucial operation,becausethe new relationships
are forced to belongto the CommonThesaurusand thus
usedto generatetheglobal integratedschema.This means
that, if a nonsenseor wrong relationshipis inserted,the
subsequentintegrationprocesscanproducea wrongglobal
schema.Our systemhelp the designerin detectingwrong
relationshipsby performinga Relationshipsvalidationstep
with ODB-Tools. The validation of intensionalrelation-
shipsbetweenattributenamesis basedonthecompatibility
of the domainsassociatedwith the attributes. 4. inferred
relationships: Terminologicalandextensionalnew relation-
shipsinferredby exploiting inferencecapabilitiesof ODB-
Tools.

All theserelationshipsareaddedto theCommonThesaurus
andthusconsideredin thesubsequentphaseof construction
of Global Schema.For a moredetaileddescriptionof the
abovedescribedprocesssee[4].

Terminologicalrelationshipsdefinedin eachstephold at
the intensionallevel by definition. Furthermore,in each
of theabovestepthedesignermay“strengthen”a termino-
logical relationshipsSYN, BT andNT betweentwo classes, - and , / by establishingthat they hold also at the ex-
tensionallevel, thusdefiningalsoan extensionalrelation-
ship. The specificationof an extensionalrelationship,on
one hand, implies the insertionof a correspondinginten-
sional relationshipin the CommonThesaurusand,on the
otherhand,enablesubsumptioncomputation(i.e., inferred
relationships)andconsistency checkingbetweentwo classes
the ,.- and ,*/ .

3.1. Lexical-derived inter-schema relationships

Theextractionof theserelationshipsis baseduponthelex-
ical relationsholdingbetweenclassesandattributesnames,
deriving from themining of usedwords. This is a kind of
knowledgewhich is not basedon therulesof a datadefini-
tion languagebut derivesfrom thenameassignedby thede-
signer. It isadesigner’stasktoassigndescriptive/meaningful
namesor, at least,correctlyinterpretablenames.An inter-
pretationuncertaintyis thereforeinherentto the language
ambiguity; Bates[13] writes “the probability of two per-
sonsusing the sameterm in describingthe samething is
lessthan20%”.
Anyway, knowledgeassociatedwith schemanamesis an
opportunitythatmustbeexploited to extract relationships.
As it is almostimpossibleto carry out this taskmanually
whenthenumberanddimensionsof schemagrows, it was
decidedto experimentthe useof theWordNet[15] lexical
systemto extract and proposeto the designerintensional
inter-schemarelationships.

3.1.1. TheWordNetdatabase

WordNetis a lexical databasewhich wasdevelopedby the
PrincetonUniversity[15] CognitivescienceLaboratory. Word-
Net is inspiredby currentpsycholinguistichumanlexical
memoryconnectedtheoriesandit is regardedasthe most
importantresearcher’savailableresourcein thefieldsof com-
putationallinguistics,textual analysisandotherrelatedar-
eas.ThelexicalWordnetdatabase,in thecurrent1.6version
has64089lemmawhich areorganizedin 99757synonym
sets(synset).
The startingpoint of lexical semanticsis the constatation
of the existenceof a conventionalassociationbetweenthe
wordsform (i.e. theway in which they arepronouncedor
written) andthe concept/meaningthey express;suchasso-
ciation is of themany-to-many kind, giving rise to the fol-
lowing properties:
Synonymy: propertyof a concept/meaningwhich canbe
expressedwith two or morewords. A synonymsgroupis
namedsynset. Notethatoneandonly synsetexistsfor each
concept/meaning.Later a synsetwill be indicatedwith < ,
while = will indicatethesynsetset.
Polysemy: propertyof a singleword having two or more
meanings.
Thecorrespondencebetweenthewordsformandtheirmean-
ing is synthesizedin the so called Lexical Matrix > , in
which thewordsmeaningarereportedin rows (henceeach
row representsa synset) andcolumnsrepresentthe words
form (form/baselemma).
Eachmatrix elementis a definition ? +A@CBEDGFIH , where B
is thebaseform and F (meaning) is themeaningcounter;
for example(address, 2) refersto the addresswherea
personor anorganizationcanbefound; while (address,



1) refersto a computeraddressin the informaticssphere.
Fromhereon thebaseform andthemeaningof anelement? +J@CBEDGFIH will berespectively indicatedwith ?�K B and ?�K F .
An elementof the > matrixmaybenull or indefinite.
As only one > row is associatedto a synset, from hereon
we will use <MLN= asa > row indicator. In otherwords
thenonnull elementsof the >PO <6Q row, representeachand
every < element.In thesameway, asonly one > columnis
associatedto abaseform, from hereonwewill usethebase
formsas > columnsindex.

3.1.2. Semanticrelationshipsbetweenschematerms

With theconceptof termwe associatea definition to each
classor attributename.A term is formedby the $ +R@TS7D ? H
couple,where S indicatesa classor attribute name,and ?
indicatesadefinition.A classor attributenameS arequali-
fied asfollows a classnameis qualifiedby thenameof the
sourceschemato whomtheclassbelongs
(source name.class name), anattributenameis more-
overqualifiedwith thenameof theclassto whomit belongs
(source name.class name.attribute name). The
classesandattributesnamessetis indicatedby N; thesetof
wordsin N is indicatedby U . The relationbetweensynset
definedin Wordnetarethe startingpoint to defineseman-
tic relationsbetweenwords. Variousrelationsareobtain-
ablewith theWordNetdatabase;someof themarebetween
singlewordsothersarebetweensynset. In this context we
will usethefollowing relationsbetweensynset: Synonymy,
Hypernymy,Hyponymy,Olonymy, MeronymyandCorrela-
tion2 As hyponymy andmeronymy areinverserelationsto
hypernymy andolonymy, respectively, the setof relations
betweensynsetis thefollowing:V +XW S Y�Z\[]Z^Y�_8Y D H Y
`402a
Z^Y�_8Y D O bc[GZ^Y6_*Y D C [Ga
a�0dbfe�3 % [GZEg .
Giventhesynset= setandthe

V
relationsset,Thefunctionhji =Ik V �mlonqp is insertedgiving for eachsynset< the

setof synsetassociatedthroughthe rsL V relation:
h @ < D r H9+tW <vu�w^<vu�Lx= D rsL V D : <4ucr^<y;�g

Given a synset= setanda U setof words,the functionz i
=M�El{n^| is definedassociating,on thebasisof the lexical
matrix,a setof wordsto a givensynset:

z @ < H7+XW $ +J@TS7D ? H w S L N D >PO <6QdO $�K ?qK B Q + $�K ?qg
We canhenceobtaintherelationsbetweenthewordsusing
therelationsexisting betweenthesynsetthatcontainthose
words. Givena setof words U , thesetof relationsbetween
words } , }�~�U�k V k�U , is definedasfollows:�����6�c���������v�&� �*��� � ��� � ������� �f�v�7� ��������� �
�d� ��������� ��� � �2� ������ ���y¡
Therelationsderiving from areproposedassemanticrela-
tionsto beinsertedin theCommonThesaurusaccordingto

2Correlationis a relationwhich links 2 synsetsharingthesamehyper-
nym, i.e. thesame”f ather”.

thefollowing correspondence:
Synonymy: correspondsto a SYN relation.
Hypernymy: correspondsto a BT relation.
Olonymy: correspondsto a RT relation.
Correlation: correspondsto a RT relation.
On thebasisof theseconsiderations,analgorithmhasbeen
developedwhich having as input the termsrelatedto the
schematato beintegrated,outputsthedetectedsemanticre-
lations.Wewill now considertheuseof thedevelopedtool,
SLIM. Givena nameS theassociatedwordsmustbecho-
sen.Thischoiceinvolvestwo steps:

1. Base form choice. Thedesigneris supportedin sucha
choiceby the systemwhich giveshim theword baseform
usingtheWordNetmorphologicprocessor. For example,in
Figure6,by selectingtheaddress attribute,weobtainthe
address baseform from themorphologicprocessor. If a
baseform is not found,or thereis anambiguity3, or it is not
satisfactory, thedesignercandirectly introduceit.

Figure6: address Meanings

2. Meaning choice. Thedesignercanrelatea nameto one,
morethanone,or no meaning.Thechoiceof not relatinga
nameto any meaningcanbemadefor variousreasons:(a)
theconceptis toocomplex andit cannotbeexpressedwith
oneword(e.g.special dish); (b) it belongsto thetops,
i.e. to the genericconcepts,thereforeit would be related
to the whole (e.g. relation); (c) it is a substitutekey,
thereforeit doesn’t addany knowledge(e.g. pers id of
the tablePerson); (d) it is usedas foreignkey, therefore
this relationhasalreadybeenusedduringtheextractionof
relationsfrom the schemastructure(e.g. pers id of the
Bistro table).In sucha choice,thedesigneris supported
by the tool which giveshim, for a given name,its hyper-
nymy hierarchy. Figure7 shows the hypernymy hierarchy
of street; in this case,meanings1 and2 have to beboth
selectedasthey aresimilar.
Thedesignerselectsoneormoremeaningsfromthosefound
in WordNetstartingfrom the baseform chosenat step1.
Therefore,all thewordsthatarerelatedto thesamename,
sharethesamebaseform. For example,in Figure6 all the

3For example3 axes baseforms arefound: ax (1 sense),axis (5
senses),axe (2 senses).



Figure7: SLIM : hypernymy hierarchyof street

15 meaningsthat WordNet relatesto the address base
form areobtained.Selectingthemall, i.e. considering15
wordsfor theaddress attribute,wecouldobtain“wrong”
results,whicharenotsuitablewithin theexaminedcontext.
Someof themareshown in thefollowing:

<Eating_Source.Fast-Food.address
NT Food_Guide.Restaurant.name>

<Eating_Source.Owner.job
NT Food_Guide.Person.Person>

<Food_Guide.Person.Person
NT Eating_Source.Fast-Food.category>

Note thatsomeof this relationshipscanlook quitestrange
but they aretrue in someparticularcontext. Theproblem,
hence,is now resolvingthe meaningambiguity so that a
context-suitablecouple(baseform, meaningcounter)can
be suppliedto WordNet for eachconceptof a source. To
help thedesignerin thechoiceof the “right” meaning,for
eachcouple(baseform, meaningcounter),asyntacticcate-
gory(names- N, verbs- V, adjectives-Aj, Adverbs- Av) is
indicated(seeFigure6).
Thissemi-automaticapproachreducesthecomplexity of the
designertask,in fact, a “difficult” problem(i.e. is finding
therelationsbetweenall words),is dividedin many “easy”
ones,choosingeachterms’meaningfrom a list. In practice
this is an80/20problem,thatis 80%of thewordsis worked
out in the20%of thetime, just thetime for readingthedef-
initions,while theremaining20%occupiesthe80%of the
time,becausethechoiceis betweenverysimilarmeanings.
To speedup the80%parta “cache”of thealreadyselected
couple(baseform, meaningcounter)is used(seeFigure6:
the symbol ¢ denotesthe meaningalreadychosenby the
designerfor theaddress concept).
Furthermore,SI-Designercanshow thegeneralizationhier-
archyof the meaningsin orderto help the designerin the
mostdifficult choices. For example,(seeFigure8) in the
caseof city: we seethat”city#2” inheritsonly from ”ad-
ministrative district ...” whereas”city#1” inheritsalsofrom

”geographicarea”, thus,as ”city#2” refersonly to an ad-
ministrative connotation,we select”city#1”. At theendof

Figure8: SLIM : hypernymy hierarchyof city

this phase,SI-Designershows the relationshipsderivedby
usingWordNet(seeFigure9). Thedesignermaydeleteany
of theshown relationshipsandaddnew ones.Whentheset
of relationshipssatisfyhim, he SELECTSthe Clustering
panel,thusimplicitly saving the setof relationshipsin the
CommonThesaurus.

Figure9: Inter-schemarelationshipsextractedby SLIM

4. Generation of the global classes

Oncethe CommonThesaurushasbeenbuilt, SI-Designer
cangeneratethe global class. Suchactivity is carriedout
in thefollowing way: (1) Affinitiescalculation: (2) Cluster
generation: (3) Generationof the global attributesandof
themapping-table.
In thefirst phase,SI-Designerworksasaninterfacebetween
the ARTEMIS moduleand the designerwho can interact
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Figure10: Affinity tree:clusterswith £ +¥¤ K ¦ .
with ARTEMIS many times,until he is satisfiedby theset
of theobtainedclusters.In thesecondphase,thetool builds,
for eachcluster, a global classto which a setof global at-
tributesis associated,supplyingthedesigneraninterfaceto
revise theglobalattributessetandthemapping-tablespro-
posedby thetool. Thedesignercanusethesameinterface
to assigna nameto eachglobalclass.For a moredetailed
descriptionof thisphasesee[4].

4.1. Clusters generation

To identify all theODL ��� classeshaving affinity in thecon-
sideredsourceschemas,ARTEMIS usesahierarchicalclus-
teringtechnique,whichclassifiesclassesinto groupsatdif-
ferentlevelsof affinity, forminga tree[11]. Theleavesrep-
resentall thelocalclasses:adjacentleavesrepresentclasses
with high affinity, while leaves far apart from eachother
representclasseswith low affinity; eachnoderepresentsa
clusteringlevel andis associatedto the affinity coefficient
betweenthesub-trees(clusters)it joins.
Within SI-Designer,the designer, at any iteration,can in-
serta thresholdvaluewhich is usedby ARTEMIS to build
clusters:eachclusteris madeby all the classesbelonging
to a sub-treehaving at the root nodea coefficient which is
higherthanthe thresholdvalue. Figure10 shows the local
classestreeandtheclustersfor a thresholdvalue £ =0.5.

4.2. Global attributes and mapping tables generation

Foreachcluster, SI-Designercreatesasetof globalattributes
and, for eachof them, it determinesthe correspondence
with the local attributes(i.e. thoseof the classesbelong-
ing to the cluster to which the global classcorresponds).
In somecases,thecorrespondenceis uniquewhile in other
casesthe tool identifiesdifferentkindsof correspondences
but can’t solvetheirambiguity:in thiscasethetool asksthe
designerto choosetheright one.Thetool builds theglobal
attributessetto beassociatedto a clusterin two phases:(1)
Union of the attributesof all the classesbelongingto the
cluster(2) Fusionof the “similar” attributes;In this phase
SI-Designertriesto eliminatetheseredundanciesconsider-
ing therelationshipsof theCommonThesaurus. Thefusion
processis automaticfor theattributeswhich areassociated

Food Place code name . . . zone
ED.Fast-Food null name ... ‘Pacific Coast’
FD.Restaurant r code name ... ‘Atlantic Coast’
FD.Bistro r code null ... ‘Atlantic Coast’
FD.Brasserie b code name ... ‘Atlantic Coast’

Figure11: Food Place Mapping-table.

by validatedrelationshipswhile it is not alwaysautomatic
whentheir relationshipsarenot validated.In particular, SI-
Designeroperatesin thefollowing way:

Attributes associated in validated relationships.
For theseattributesthefusionis alwaysautomatic.To each
of theattributesconnectedbySYN relationshipsSI-Designer
will connectoneonly global attribute: the domainandlo-
cal attributesarethe sameandthe namecanbechosenby
thedesignerbetweenthoseproposedby SI-Designeror ex-
plicitly introduced. The attributesconnectedby NT rela-
tionshipsaretreatedby SI-Designersubstitutingthemwith
a globalattributehaving thesamenameandthedomainof
thegeneralizationattribute.For example:thename,
first name andlast name attributesareconnectedby
thefirst name NT name andlast name BT name
specializationrelations,thereforetheattributeswill berep-
resentedby theglobalattributename.
Attributes associated in non validated relationships.
CommonThesaurusrelationshipsthatdonotpassedvalida-
tionsbelongto thiscategory: SI-Designercanautomatically
find a globalattributeonly in a limited setof cases:it’s up
to thedesignerto addglobalattributesneededto complete
theintegration.Theautomaticindividuationof a globalat-
tributeis only performedin thiscase,if theattributesin the
relationshipshave the following requirements:(1) they are
linkedbySYN orBT relationship;(2) relatedclassesbelong
to thesamecluster;(3) they representsaggregationhierar-
chy (complex attributesor foreignkey);
Oncethe global attribute sethasbeenfound, the designer
canextendit to representfurtherlocalsourcesinformation:
this caseoftenoccurswhensomeinformationis storedin a
local sourceasa metadata.
While creatingglobal attributes,SI-Designerbuilds alsoa
mapping-table(seeFigure11).
It is a §N¨©O ,«ª7Q2O ¬�­�Q tablewhere ,«ª representsthesetof
thelocal classeswhich belongto theclusterreferredby the
mapping-table,and ¬�­ representstheglobalattributesset
built by SI-Designer.Let , bethenameof a local class,¬
the nameof a global attributeand ¬�ª the nameof a local
attribute; eachelement§N¨©O ,�QdO ¬.Q of the tablecanassume
thefollowing values:� ¬�ª , with ¬�ª®LI, . Thisvalueis usedwhen:
(a) a globalattributerefersto theinformationstoredin ¬�ª
local attribute. For example,thename global attribute re-
flectsthename attributesin FD.Restaurant;



(b) NT relationshipbetweenattributesbelongingto differ-
entclasses.For example,thecode globalattributerefersto
r Code in FD.Restaurantandtob Code of Brasserie.� ¬�ª - and . . . and ¬�ª5Z , with ¬�ª % LI, DG¯7+t°qD K6K4K DGS .
This is usedwhenthevalueof the ¬ attributerepresentsthe
linking of thevaluesassumedby a setof attributesbelong-
ing to thesamelocalclass, . For example,thename global
attributeof the ±�²q³ globalclassrepresentsthelinking of
first name andlast name of classlocalattributesfrom
Food Guide.Person local class.By specifyingtheand
correspondencebetweenfirst name andlast name for
the global attributename, we statethat the valuesof both
first name andlast name have to be consideredas
valuesof name whenclassFD.Person is considered.� case of ¬�ªµ´�¶^<4$ - : ¬�ª - . . . ´�¶^<4$&Z : ¬�ª9Z¬�ª D ¬�ª9%·L�, DG¯·+t°\D KfKcK D]S and ´�¶^<4$&% areconstants.
This situationoccurswhen the ¬ global attribute can as-
sumeonevaluein a setof ¬�ª5% belongingto thesameclass
andthevaluechoicepassesthrougha third attribute, from
thesameclass,which act asa selector. � ´�¶^<4$&¸ S $ . In this
casea global attribute valuedoesn’t refer to any local at-
tribute and a value is set by the designer. For example,
zone globalattributeof Food Place getsthe‘Pacific
Coast’ valuewhile accessingED.Fast-Food andthe
‘Atlantic Coast’ valuewhileaccessingFD.Bistro.� Sº¹�»T» . In this case¬ globalattribute,while accessingthe, localclassdoesn’t getany value.For example,thecode
global attribute,of theFood Place global class,doesn’t
assumeany valuein theED.Restaurant localclass.
SI-Designerprovidesthedesignerwith aninterfacethatal-
lows a completeview of all the global classes(namesand
attributes),including the mapping-tables,classnamesset-
ting andmappingtableediting.
At theend,the ��������� descriptionof theGlobalSchemais
obtained.For example,theglobalclassFood Place (see
Figure 12) and its mappingtable (seeFigure 11) are ob-
tained.Having thisglobalclassavailable,theusercanpose
querieson Restaurantswith respectto this class,disregard-
ing theoriginalsourcesandtheir schemata.

5. Conclusions

In thispapertheSI-Designersupporttool for theintegration
of heterogeneousdatasourceshasbeenintroduced.
This tool works within the MOMIS project,which is un-
der developmentat the University of ModenaandReggio
Emilia. This work wasparticularly focusedon the SLIM
componentdescription,implementedto performinteraction
with theWordNetsystem,in orderto automaticextract in-
tensionalinter-schemarelationships.
A direct interactionwith WordNet,without theSLIM sup-
port, cannotbeproposedasaneffective aid to thedesigner
becauseof thevery high numberof relationshipsuggested

interface = Food_Place
{ attribute name

mapping_rule = ED.Fast-Food.name,
FD.Restaurant.name,
FD.Brasserie.name;

...
attribute specialty
mapping_rule
ED.Fast-Food.specialty,
FD.Restaurant.special_dish;

attribute address
mapping_rule ED.Fast-Food.address,
(FD.Restaurant.street and
FD.Restaurant.zip_code and
FD.Brasserie.address);

attribute zone
mapping_rule
ED.Fast-Food = ‘Pacific Coast’’,
FD.Restaurant = ‘Atlantic Coast’,
FD.Bistro = ‘Atlantic Coast’,
FD.Brasserie = ‘Atlantic Coast’;

}

Figure12: Food Place globalclass

by WordNet for eachterm, consideringthat only few of
themarevalid within thecontext of theconsideredsources.
Theinteractionwith thedesigner, implementedthroughSLIM,
is asatisfactorylevel andrepresentsa realaid during
sources’integrationactivity.
SI-Designeris a goodcandidateasa tool to build Virtual
Catalogsin theE-Commerceenvironment.Weareapplying
it in thedevelopmentof a virtual catalogfor carsinvolving
Fiat,RenaultandWolkswagencatalogs.
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A. ODL � � sources descriptions

Eating_Source (ED):
interface Fast-Food

( source semistructured Eating_Source )
{ attribute string name;

attribute Address address;
attribute integer phone*;
attribute set<string> specialty;
attribute string category;
attribute Restaurant nearby*;
attribute integer midprice*;
attribute Owner owner*; };

interface Address (
source semistructured Eating_Source)

{ attribute string city;
attribute string street;
attribute string zipcode; };

union { string; };

interface Owner (
source semistructured Eating_Source)

{ attribute string name;
attribute Address address;
attribute string job; };

Food_Guide_Source (FD):
interface Restaurant ( source

relational Food_Guide key r_code
foreign_key(pers_id) references Person )

{ attribute string r_code;
attribute string name;
attribute string street;
attribute string zip_code;
attribute integer pers_id;
attribute string special_dish;
attribute integer category;
attribute integer tourist_menu_price;};

interface Person (
source relational Food_Guide key pers_id)

{ attribute integer pers_id;
attribute string first_name;
attribute string last_name;
attribute integer qualification;};

interface Bistro ( source relational Food_Guide
key r_code
foreign_key(r_code) references Restaurant,
foreign_key(pers_id) references Person)

{ attribute string r_code;
attribute set<string> type;
attribute integer pers_id;};

interface Brasserie ( source relational Food_Guide
key b_code )

{ attribute string b_code;
attribute string name;
attribute string address; };


