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Abstract

Sl-Designe(SourcentegratorDesigner)s a designeisup-
port tool for semi-automaticintegrationof heterogeneous
sourcesschematgrelational, object and semi-structured
sources)it hasbheenmplementedvithin theMOMIS project
andit carriesoutintegrationfollowing a semanti@approach
whichusedntelligentDescriptionLogics-basedechniques,
clusteringtechniquesand an extendedODMG-ODL lan-
guage ODLis, to represenschemataextracted,integrated
information. Starting from the sources’ODL;s descrip-
tions (local schematapl-Designeisupportshe designetin
the creationof anintegratedview of all the sourcegglobal
schema)which is expressedn the sameODL;s language.
We proposeSI-Designerasa tool to build virtual catalags
in the E-Commercesnvironment.

1. Introduction

In the lastyearsthe needto accesdlistributedinformation
andthe problemof theintegrationof datacomingfrom het-
erogeneousourcehave becomanoreandmoreimportant.
Companiefiave equippedhemseleswith datastoringsys-
temsbuilding upinformative systemsontainingdatawhich
arerelatedoneanotherbut which areoftenredundanthet-
erogeneousndnot alwayssubstantial.On the otherhand,
the web explosion, both at internetand intranetlevel, has
enlaged the needfor the sharingand retrieving of infor-
mationlocatedin differentsourceshusobtainingan inte-
gratedview so asto eliminateary contradictionor redun-
dang. The problemsthathave to befacedin thisfield are
mainly dueto both structuraland applicationheterogene-
ity, aswell asto the lack of a commonontology causing
semanticdifferenceshetweeninformation sources. More-
overthesesemantidifferencesancausdlifferentkindsof
conflicts,rangingfrom simplecontradictionsn names’use
(whendifferentnamesareusedby differentsourceto indi-
catethe sameconcept)to structuralconflicts(whendiffer-
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entmodels/primitvesare usedto representhe sameinfor-
mation).

The integration problemis relevant also in the E- Com-
merceernvironment. Electroniccatalogsare a key compo-
nentof E-Commerceand they can be organizedas indi-
vidual compalry catalogsor they canparticipatein a multi-
catalogframework. In the secondcase,from a userpoint
of view, it is very importantto have a uniform interfaceto
searchproductsthatis a uniformview of datacomingfrom
differentcompaniesatalogsanda uniquequerylanguage.
Ontheotherhand fromacompaty pointof view it isimpor-
tantto guarantedoth the uniquenessf their catalogsand
the participationin a multi-catalogframework. Virtual Cat-
alogs,asproposedn [14], synthetizethis approachasthey
areconcevedasinstrumentdo dynamicallyretrieve infor-
mationfrom multiple catalogsandpresenproductdatain a
unified manney without directly storingproductdatafrom
catalogs Customersinsteadof having to interactwith mul-
tiple heterogeneousatalogsgcaninteractin a uniformway
with avirtual catalog.

In this work we proposea designersupporttool for infor-
mation integration of both structuredand semi-structured
sourcegdevelopedwithin the MOMIS system.This tool is
a suitableinstrumentalso to build virtual catalags in the
E-Commercesnvironment.

The MOMIS project (Mediator ernvironmentfor Multiple
Information Sources)3, 4, 5] aimsto integratedatafrom
structuredandsemi- structureddatasources;
seehttp://spac20.dsi.unimo.it/ SI-Designeris a designer
supporttool for semi- automaticintegration of heteroge-
neoussourceschemdrelational objectandsemi-structured
sources)it hasbeenmplementedvithin theMOMIS project
andit carriesoutintegrationfollowing a semanti@approach
whichusesntelligentOLCD Descriptiorniogics-basedech-
niquesclusteringechniqgueandanODL-ODMG extended
languageo represenextractedandintegratedinformation,
ODL;s. StartingfromtheODL;s descriptionglocalschema)
of the source Sl-Designessupportghe designeiin the cre-
ationof anintegratedview of all thesourcegglobalschema)
whichis expressedn the sameODL;s language.
Theglobalschemas obtainedusingdifferentstages¢reat-



ing aCommonThesaurusf intraandinterschemaelation-
ships. The sourcego be integratedare describedhrough
the ODL;s languageand, by using OLCD inferencetech-
nigues,intra-schemaelationshipsareextractedandshared
in the CommoriThesaurus

After this initial phasethe CommonThesauruss enriched
with interschemarelationshipsobtainedin the following

way: (1) usingthelexical WordNet[15] systemwhichiden-
tifiestheaffinities betweerinterschemaoncept®ntheba-

sis of their denominationslexicon/meaningj2) usingthe
ARTEMIS [8] systemwhich evaluatesstructuralaffinities

amonginter-schemaconcepts.

Startingfrom obtainedCommornThesaurugndusingOLCD

inferenceandARTEMIS clusteringechniquesaglobalschema

containinga generalview of the integratedsourcess ob-
tained. Thiswork describeghe SI- Designettool, support-
ing the designerin the constructionof the CommonThe-
saurusandtheglobalschemaln comparisomwith proceed-
ing paperon MOMIS, we introducea new sequencef the
global schemaconstructionphasesandthe full description
of theinteractionwith WordNet. The work is structuredas
follows. In section2 the MOMIS andSI-Designearchitec-
turesareintroducedtogetherwith a referencesxample;in
section3 and4 the CommonThesaurusandglobal schema
constructionare respectrely described. Someconclusve
remarksarereportedn section5.

2. MOMISArchitecture

MOMIS wasdesignedo supplyanintegratedaccesso het-
erogeneouinformation storedin traditional databasdi.e.
relational,objectoriented) file systemandsemi-structured
datasourceslt followsthe I® architecturg12] (Figurel):

MEDIATOR

Global Schema<-{--

Builder  J~-4..
Query Managef~-{-._______
ODL 3 Interfacg

WRAPPER
- [

Figurel: MOMIS Architecture
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1. Wrappess, placedovereachsourcesrepresenthein-
terfacemodulesbetweenthe mediatorandthe local
datasourcesTheir functionis double:in theintegra-
tion phasethey translatethe descriptionof theinfor-

mationheldin thesource.Thisdescriptioris supplied
throughthe ODL ;s language;

in thequeryprocessinghasethey translatehequery
which hasbeenreceved by the mediator(expressed
in the commonquery OQL;s language derived by

theOQL language)n aqueryexpressedn thesource
querylanguageThewrappersnustalsoexportquery
resultdata, providing themto the mediatorthrough
thedatacommonmodelusedby the system.

2. TheMediator. is the coremoduleandit is composed
by two separatenodules:Global SthhemaBuilder (GSB)
it is themodulewhich generatetheglobalschemao
be providedto the user startingfrom the sourcede-
scriptionsexpressedn ODL js.

Query Manager (QM): it is the query management
module. It generate©QL s languagequeriesto be
sentto wrappersstartingfrom eachquery posedby
the useron the global schema. QM automatically
generateghe translationof the query into a corre-
spondingsetof sub-queriegor the sources.

3. Sl-Designeris the framevork with a graphicalinter-
facewhich supportsthe designetrin the overall inte-
grationprocess.

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

5. ARTEMIS-®6ol Environmentis anaffinity-basedtlus-
teringtool performingODL;s classanalysisandclus-
tering[8].

2.1. Sl-Designer architecture

Sourcesntegrationis basedon the individuationof anon-
tology sharedby eachsource;the ontologyis represented
asasetof terminologicarelationshipsalledCommonT he-
saurus

As shavn in Fig 2, GSBis composedy two modules:

¢ SIM (Soucelntegrator Modulg: extractsintra-schema
relationshipstartingfrom arelational objectandsemi-
structuredsource. Moreover this module performs
the “semanticvalidation” of relationshipsandinfers
new relationshipdy exploiting ODB-Tools capabili-
ties.

e SLIM (SoucesLexical Integrator Modulg extracts
inter-schemaelationshipbetweemamesandattributes
of ODL;s classe®f differentsourcesexploiting the
WordNetlexical system.

Sl-Designei(Fig 2 andFig 3) providesthe designemwith a
graphicalinterfaceto interactwith SIM, SLIM andARTEMIS
modulesshaving the extractedrelationshipsand helping
him in the CommonThesaurusonstruction.

Oncethe CommonThesaurushasbeenbuilt, SI-Designer
useshe ARTEMIS moduleto evaluateadisjointsetof struc-
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Then,a semi-automatiinteractionwith the designeistarts:
the designemay revise the setof globalattributesandthe
mappingtable, to assigna nameto eachglobal class,so
asto achieve a globalschema.Theintegrationprocesscan
be divided in two phases:(1) Generatiornof the Common
Thesaurus(2) Generatiorof the Global Shema

2.2. Running example

In orderto illustratethe way our approachworks, we will

usethe following exampleof integrationin the Restaurant

Guidedomain.Considetwo differentdatasourcethatstore

informationaboutrestaurantsTheEat i ng Sour ce guide-

Eam% Datasource

"Green Park’

Jalia g ‘Italian’ g ‘Manager’
alia . . . o ;
Spaghet(i . "John Smith "Green Street’
Ay StreaP?9"eHasagne

“Chinese’ "Big Bar’

‘China’ P . ' .
o paciCke 555 1234 666-421

‘Park Avenue’ '98654'
"New York'

Figure4: EatingSource(ED)

book(ED) containssemistructuredbjectsaboutrestaurants
of thewestcoastandtheir menu,quality; ... (Figure4 illus-
tratesa portionof thedata).
Accordingtothemodelsproposedn literaturefor semistruc-
turedinformationsourceg7, 16], asemistructuredourceds
representedsa rooted,labeledgraphwherenodescontain
data(e.g., an imageor free-formtext) andlabelededges
describehe conceptepresentedly datain the correspond-
ing node. In Figure 4 thereis one root object with four
comple children objectsthat representestaurants.Each
Rest aur ant hasanane, cat egory andspeci al ty.
FurthermoresomeRest aur ant haveanatomicaddr ess
and someothera complex addr ess, a phone, a com-
plex objectnear by, that specifiesthe nearestestaurant,
andowner , thatindicateghenane, theaddr ess andthe
j ob of therestaurans owner.

In our approachyve derive andexplicitly representlsothe
schemaof semi-structurednformation sources by intro-
ducingthe notion of objectpattern[4], and,in particular
we developedanXML/ODL ;s wrapperableto extractfrom
an XML file anODL ;s description(seethe following sec-
tion).

The Food Cui de DatabasdFD) is a relationaldatabase
containinginformationaboutUSA restaurantfrom awide
variety of publications(e.g., newvspaperreviews, regional
guidebooks)Theschemaf this sourcds composeaf four
relations(seeFigure5), namely Rest aur ant , Bi str o,
Per son, andBr asseri e. Informationrelatedto restau-
rantsis maintainedntotheRest aur ant relation.Bi stro
instancesrea subsebf Rest aur ant instanceandgive
informationaboutthe smallinformal restaurantshat sene
wine. EachRest aur ant andBi st r o is managedy a
Per son. Informationaboutplacesvheredrinksandsnacks
aresenedon arestoredin theBr asser i e relation.

Food Guide Database (FD)
Rest aurant (r .code, nane, street, zip.code, pers.d,
speci al di sh, category, tourist_nmenu_price)
Bi stro(r._code, type, pers.id)
Person(pers.id, first_nane, |ast_nane,
qual i fication)
Brasseri e(b_code, nane, address)

Figure5: Food GuideDatabas€FD)



2.3. TheODL ;s language

For a semanticallyrich representatiorof sourceschemas
andobjectpatternsassociateavith informationsourcesye
introducean object-orientedanguagecalledODL 3. Ac-
cordingto recommendationsf ODMG andto thediffusion
of I3/POB[12, 10, the objectdatamodelODLs is very
closeto theODL languageODL ;s is asourceindependent
languageusedfor information extractionto describehet-
erogeneouschema®f structuredand semistructuredlata
sourcesn acommonway. ODL s introduceghefollowing
mainextensionswith respecto ODL.:

Union constructor: denotedby uni on, is introducedto
expressalternatve datastructuresn thedefinitionof aclass,
thuscapturingrequirement®f semistructuredata.
Optional constructor: is introducedo specifythata class
attribute is optional. This constructortoo hasbeenintro-
ducedto capturerequirement®f semistructuredata.
Integrity constraint rules; areintroducedn ODL;s in or-
der to express,in a declaratve way, if thenintegrity con-
straintrulesat bothintra- andintersourcdevel.

Intensional relationships: areterminolayical relationships
expressingnter-schema&nowledgefor thesourceschemas.
Intensionatelationshiparedefinedbetweertlassesndat-
tributesnames,called terms. The following relationships
canbespecifiedn ODLs:

¢ SYN (Synorym-of), definedbetweertwo termst; andt;,
with ¢; # ¢;, thatareconsideregynorymsin every consid-
eredsource(i.e., t; andt; canbeindifferentlyusedin every
sourceto denotea certainconcept).

¢ BT (BroaderTerms),or hyperryms,definedbetweenwo
termst; andt; suchast; hasabroadermoregeneramean-
ing thant;. BT relationshipis notsymmetric.The opposite
of BT is NT (Narrowver Terms),or hyporyms?.

¢ RT (RelatedTerms),or positive associationdefinedbe-
tweentwo termst; andt; thataregenerallyusedtogether
in the samecontext in theconsideredgources.

An intensionalrelationshipds only a terminologicalrela-
tionship,with noimplicationonthe extension/compatibility
of the structure(domain)of the two involved classedqat-
tributes).

Extensional relationships: IntensionakelationshipssyNn,
BT andNT betweenwo classe€’; andC; maybe“strength-
ened”by establishinghatthey arealsoextensionatelation-
ships[4, 9]. Consequentlythe following extensionalrela-
tionshipscanbedefinedin ODLs:

C1 SYNg, Cs: this meanghattheinstanceof ¢ arethe
sameof Cs.

C1 BTzt Co: this meanghatthe instanceof C; area su-
persebf theinstance®f Cs.

C1 NT.zt Cy: thismeanghattheinstance®f C; areasub-
setof theinstance®f Cs.

1We includein the modelboththe BT andNT relationshipgor sem-
plicity.

Moreover, extensionalrelationships‘constrain” the struc-
ture of thetwo classeg’; and(C, , thatis C; NT.z: Cs is

semanticallyequivalentto an“isa” relationship.

As to summarize:

C1 NTey Cs is equivalentto Cy 1SA Cs plusCy NT Cy;

C} BTeqt Co isequivalentto Cs 1SA C plusCy BT Cy;

C1 SYNggz Cs is equivalentto Cy 1SA Cy andCs 1SA Cy

plusCy SYN Cs.

Mapping Rules: areintroducedin ODL;s in orderto ex-

pressrelationshipsholding betweenthe integratedODL ;3

schemalescriptiorof theinformationsourcesandtheODL ;3
schemalescriptionof the original sources.

The extraction processfor translatingobject patternsand
sourceschemasnto ODL ;s descriptionds shovn in [4];

this translationis performedby a wrapper As anexample,
belonv wereporttheODL ;s representatioof theED. Fast -
Food objectpatternandof theFD. Rest aur ant relation;
otherclasse®f theODL ;s schemaepresentationf theED
andFD sourcess reportedn AppendixA.

i nterface Fast-Food
( source senistructured Eating_Source )

{ attribute string nane;
attri bute Address addr ess;
attribute integer phone*;

attribute set<string> specialty;

attribute string cat egory;
attribute Fast-Food near by*;
attribute integer m dprice*;
attri bute Omnner owner *; };
i nterface Restaurant
( source relational Food_Cuide )

key r_code

foreign_key(pers_id) references Person )

{ attribute string r_code;
attribute string nane;
attribute string street;
attribute string zi p_code;
attribute integer pers_id;
attribute string speci al _di sh;
attribute integer cat egory;

attribute integer tourist_nenu_price; };

3. Generation of a Common Thesaurus

The CommonThesauruss a setof terminologicalinten-
sionalandextensionatelationshipsgescribingnter-schema
knowledgeaboutclassesandattributesof sourceschemas;
it providesa referenceon which to basethe identification
of classesandidateto integration and subsequentleriva-
tion of their global representation.In the CommonThe-
sauruswe expressinter-schemanowledgein form of ter
minological relationships(syN, BT, NT, and RT) and ex-
tensionalrelationshipgSYN¢z¢, BTezz, aNdNT.,¢ between



classesand/orattribute names.The CommonThesauruss
constructedhroughan incrementalprocessduring which
relationshipsaareaddedin the following order: 1. schema-
derivedrelationships Terminologicaland extensionalre-
lationshipsholding at intra-schemdevel. Theserelation-
shipsare extractedby the SIM moduleby analyzingeach
ODL;s schemaseparately In particular intra-schemaT
relationshipsareextractedfrom the specificatiorof 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 an ex-
ample fromtheBi st r o andRest aur ant classesn the
ODL ;s descriptiongeportedn AppendixA, it followsthat
(FD. Rest aur ant BT FD. Bi str0)

2. lexical-derivedrelationships Terminologicalrelation-
ships holding at inter schemalevel are extractedby the
SLIM moduleby analyzingdifferentsource$ODL ;2 schemas
togetherIn thenext sectionwe will examinetheserelation-
ships,astheir extractionis oneof the main contributionsof
this papemw.r.t. previouspaperon MOMIS [3, 4, 5].

3. designersuppliedrelationships Terminologicalandex-
tensionakelationshipssupplieddirectly by the designerto
capturespecificdomainknowledgeaboutthesourceschemas.
This is a crucial operation,becausehe new relationships
are forcedto belongto the CommonThesaurusand thus
usedto generatehe globalintegratedschema.This means
that, if a nonsenseor wrong relationshipis inserted,the
subsequenhtegrationprocesanproduceawrongglobal
schema.Our systemhelp the designelin detectingwrong
relationshipsy performinga Relationshipwalidationstep
with ODB-Tools. The validation of intensionalrelation-
shipsbetweerattribute namess basedn the compatibility
of the domainsassociatedvith the attributes. 4. inferred
relationships Terminologicalandextensionahew relation-
shipsinferredby exploiting inferencecapabilitiesof ODB-
Tools.

All theserelationshipsareaddedo the CommonThesaurus
andthusconsideredn the subsequenthaseof construction
of Global Schema.For a more detaileddescriptionof the
above describegrocessee[4].

Terminologicalrelationshipsdefinedin eachstep hold at
the intensionallevel by definition. Furthermore,in each
of the above stepthe designemay “strengthen”a termino-
logical relationshipssyN, BT andNT betweentwo classes
C, and C, by establishingthat they hold also at the ex-
tensionallevel, thus defining also an extensionalrelation-
ship. The specificationof an extensionalrelationship,on
one hand, implies the insertionof a correspondingnten-
sionalrelationshipin the CommonThesaurusand, on the
otherhand,enablesubsumptiorcomputation(i.e., inferred
relationshipsandconsisteng checkingoetweenwo classes
theC; andCs.

3.1. Lexical-derived inter-schemarelationships

The extractionof theserelationshipss baseduponthe lex-
ical relationsholdingbetweerclassesndattributesnames,
deriving from the mining of usedwords. This is a kind of
knawledgewhich is not basedon the rulesof a datadefini-
tion languagéout derivesfrom thenameassignedby thede-
signer It isadesignerstaskto assigrdescriptve/meaningful
namesor, at least,correctlyinterpretablenames.An inter-
pretationuncertaintyis thereforeinherentto the language
ambiguity; Bates[13] writes “the probability of two per
sonsusingthe sameterm in describingthe samething is
lessthan20%".

Anyway, knowledgeassociatedvith schemanamesis an
opportunitythat mustbe exploited to extractrelationships.
As it is almostimpossibleto carry out this task manually
whenthe numberanddimensionf schemagrows, it was
decidedto experimentthe useof the WordNet[15] lexical
systemto extract and proposeto the designerintensional
inter-schemaelationships.

3.1.1. TheWbrdNetdatabase

WordNetis a lexical databasevhich wasdevelopedby the
PrincetorlUniversity[15] Cognitive sciencd_aboratory Word-
Net is inspiredby currentpsycholinguistichumanlexical
memoryconnectedheoriesandit is regardedasthe most
importantresearchesavailableresourcén thefieldsof com-
putationallinguistics, textual analysisandotherrelatedar-
eas.Thelexical Wordnetdatabasen thecurrentl.6version
has64089lemmawhich are organizedin 99757synorym
sets(synsek

The startingpoint of lexical semanticds the constatation
of the existenceof a corventionalassociatiorbetweernthe
wordsform (i.e. theway in which they are pronouncecbr
written) andthe concept/meaninthey express;suchasso-
ciationis of the mary-to-mary kind, giving rise to the fol-
lowing properties:

Synonymy: propertyof a concept/meaningvhich canbe
expressedvith two or morewords. A synorymsgroupis
namedsynsetNotethatoneandonly synseexistsfor each
concept/meaningLater a synsetwill be indicatedwith s,
while 8 will indicatethesynsetet.

Polysemy: propertyof a singleword having two or more
meanings.

Thecorrespondendeetweerthewordsform andtheirmean-
ing is synthesizedn the so called Lexical Matrix M, in
which thewordsmeaningarereportedn rows (henceeach
row represents synset and columnsrepresenthe words
form (form/basdemma).

Eachmatrix elementis a definitione = (f,m), where f
is the baseform andm (meaning is the meaningcounter;
for example(addr ess, 2) refersto the addressvherea
personor anorganizationcanbefound; while (addr ess,



1) refersto a computeraddressn the informaticssphere.
Fromhereon the baseform andthe meaningof anelement
e = (f,m) will berespectrely indicatedwith e.f ande.m.

An elementof the M matrix maybenull or indefinite

As only one M row is associatedo a synsetfrom hereon

we will uses € § asa M row indicator In otherwords
the nonnull elementof the M(s] row, represeneachand
every s elementin thesameway, asonly one M columnis

associatetb abaseform, from hereonwewill usethebase
formsas.M columnsindex.

3.1.2. Semantigelationshipsetweerschematerms

With the conceptof termwe associate definitionto each
classor attribute name.A termis formedby thet = (n,e)
couple,wheren indicatesa classor attribute name,ande
indicatesa definition. A classor attributenamen arequali-
fied asfollows a classnameis qualifiedby the nameof the
sourceschemao whomtheclassbelongs

(sour ce_name. cl ass_nane), anattributenames more-
overqualifiedwith thenameof the classto whomit belongs
(sour ce_nane. cl ass_nane. attri but e_nane). The
classeandattributesnamessetis indicatedby N; the setof
wordsin N is indicatedby I. Therelationbetweensynset
definedin Wordnetarethe startingpoint to defineseman-
tic relationsbetweenwords. Variousrelationsare obtain-
ablewith the WordNetdatabasesomeof themarebetween
singlewordsothersare betweensynset In this context we
will usethefollowing relationsbetweersynset Synorymy,
Hyperrymy, Hypornymy, Olonymy, Merorymy andCorrela-
tion? As hyporymy andmerorymy areinverserelationsto
hyperrymy and olonymy, respectiely, the setof relations
betweersynseis thefollowing:

W= {Synonymy7 Hypernymy7 Olonymy; Correlation}-
Giventhesynse® setandtheW relationsset, Thefunction
¢ : 8 x W — 2% isinsertedgiving for eachsynsets the
setof synsetassociatethroughther € ‘W relation:

od(s,r) ={s'| s €8,r e W, (s'rs)}

Given a synset$ setanda Isetof words, the functiornH :
8§ — 2T is definedassociatingpn the basisof the lexical
matrix, a setof wordsto a givensynset

H(s) = {t = (n,e)|n € N, M[s][t.e.f] = t.e}

We canhenceobtaintherelationshetweerthe wordsusing
the relationsexisting betweerthe synsethat containthose
words. Givena setof wordsl, the setof relationsbetween
wordsR, R C I x W x I, is definedasfollows:

R = {(tﬂtj)|7" €W, ti,tj el,ds:t; € .‘H(s),tj S d)(s,’l‘),ti #* t]'}

Therelationsderiving from areproposedissemantiaela-
tionsto beinsertedn the CommornThesaurusaccordingto

2Correlationis a relationwhich links 2 synsessharingthe samehyper
nym, i.e. thesame'father”.

thefollowing correspondence:

Synonymy: correspond$o a SY N relation.

Hypernymy: correspondso a BT relation.

Olonymy: correspondso a RT relation.

Correlation: correspond$o a RT relation.

Onthe basisof theseconsiderationsanalgorithmhasbeen
developedwhich having asinput the termsrelatedto the
schematdo beintegrated outputsthedetectedsemantiae-
lations.We will now considettheuseof thedevelopedool,
SLIM. Givenanamen the associatedvordsmustbe cho-
sen.This choiceinvolvestwo steps:

1. Base form choice. The designeiis supportedn sucha
choiceby the systemwhich giveshim the word baseform
usingthe WordNetmorphologicprocessarfFor example,in
Figure6, by selectingheaddr ess attribute,we obtainthe
addr ess baseform from the morphologicprocessorlf a
baseform is notfound,or thereis anambiguity?, or it is not
satishctory the designeicandirectly introduceit.

Figure6: addr ess Meanings

2. M eaning choice. Thedesigneicanrelateanameto one,
morethanone,or no meaning.The choiceof notrelatinga

nameto ary meaningcanbe madefor variousreasons{a)

the concepis too complex andit cannotbe expressedvith

oneword (e.g.speci al _di sh); (b) it belonggo thetops

i.e. to the genericconceptsthereforeit would be related
to the whole (e.g. r el ati on); (c) it is a substitutekey,

thereforeit doesnt addary knowledge(e.g. pers.i d of

the tablePer son); (d) it is usedasforeign key, therefore
this relationhasalreadybeenusedduring the extractionof

relationsfrom the schemastructure(e.g. per s_i d of the
Bi st r o table).In sucha choice,thedesignelis supported
by the tool which giveshim, for a given name,its hyper

nymy hierarchy Figure7 shaws the hyperrymy hierarchy
of st r eet ; in this casemeaningsl and2 have to beboth

selectedasthey aresimilar.

Thedesigneselectoneor moremeaning$rom thosefound
in WordNet startingfrom the baseform chosenat step 1.

Therefore all thewordsthatarerelatedto the samename,
sharethe samebaseform. For example,in Figure6 all the

SFor example3 axes baseforms arefound: ax (1 sense)axi s (5
senses)xe (2 senses).
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Figure7: SLIM : hyperrymy hierarchyof st r eet

15 meaningsthat WordNet relatesto the addr ess base
form are obtained. Selectingthemall, i.e. consideringl5
wordsfor theaddr ess attribute,we couldobtain®“wrong’
results which arenot suitablewithin the examinedcontext.
Someof themareshown in thefollowing:

<Eat i ng_Sour ce. Fast - Food. addr ess

NT Food_Gui de. Rest aur ant . nanme>
<Eati ng_Sour ce. Omner.j ob

NT Food_Gui de. Per son. Per son>
<Food_Cui de. Per son. Per son

NT Eati ng_Sour ce. Fast - Food. cat egor y>

Note that someof this relationshipsanlook quite strange
but they aretruein someparticularcontext. The problem,
hence,is now resolvingthe meaningambiguity so that a
contet-suitablecouple (baseform, meaningcounter)can
be suppliedto WordNetfor eachconceptof a source. To
help the designeiin the choiceof the “right” meaningfor
eachcouple(baseform, meaningcounter) a syntacticcate-
gory (names N, verbs- V, adjectves-Aj, Adverbs- Av) is
indicated(seeFigure6).
Thissemi-automatiapproachieduceshecompleity of the
designertask,in fact, a “difficult” problem(i.e. is finding
therelationsbetweerall words),is dividedin mary “easy
oneschoosingeachterms’meaningfrom alist. In practice
thisis an80/20problem thatis 80%of thewordsis worked
outin the20%of thetime, justthetime for readingthe def-
initions, while the remaining20% occupieghe 80% of the
time, becausehe choiceis betweervery similar meanings.
To speedup the 80% parta “cache” of the alreadyselected
couple(baseform, meaningcounter)is used(seeFigure6:
the symbol = denoteghe meaningalreadychosenby the
designerfor theaddr ess concept).
FurthermoreSl-Designeicanshav thegeneralizatiomier-
archyof the meaningsn orderto help the designeiin the
mostdifficult choices. For example,(seeFigure8) in the
caseof ci t y: we seethat”city#2” inheritsonly from "ad-
ministrative_district...” whereascity#1” inheritsalsofrom

"geographicarea”, thus, as "city#2” refersonly to an ad-
ministrative connotationwe select’city#1”. At the endof

R Hypemym ENEN
@raup, grouping [ entity, something |

nhysical_objec

GEographical _area, geographic_arsa;

S

administrative_district,
dministrative_division, territorial divisio

Toy# 1, metropolisy
urban_center

Figure8: SLIM : hyperrymy hierarchyof ci t y

this phase Sl-Designershows the relationshipsderived by
usingWordNet(seeFigure9). Thedesignemaydeleteary
of theshown relationshipsandaddnew ones.Whenthe set
of relationshipssatisfy him, he SELECTSthe Clustering
panel,thusimplicitly saving the setof relationshipsn the
CommonThesaurus.

=1 SI-Designer -0 X
(Sources SLIM [Clustering |Extension|

= | 3| =
oad|Save|Build

¢ Cueo
§ B Fast-Food
B name
E address
B phone
B specialr
B catego
B nearby
B midpric
B owner
@ O Address ||

4 Name Path [Rela..] Name Path
HED Fast-Food.address | SYN |ED.Address
ED.Fast-Food. address | 5YN |ED.COwner.address
ED.Fast-Food.address | SYN |FD.Brasserie.address
ED.Address SYM |ED.Owner.address
ED.Address SYM |FD.Brasserie.address
ED.Owner.address SYM |FD.Brasserie.address
FD.Person first_name NT |ED.Fast-Food.name
FD.Person first_name NT |ED.Owner.name
FD.Person first_name NT |FD.Restaurant.name
FD.Person first_name NT |FD.Brasserie.name
FD.Person first_name AT |FD.Person.last_name
ED.Address.street SYM |FD.Restaurant.street

B dy FD.Bistra NT |FD.Restaurant

B street FD.Bistro RT |FD.Brasserie

B zipcode ED Fast-Food owner SYM [ED.Cwner
@ = Owner ED.Fast-Food.owner NT |FD.Person

B name ED.Owner NT |FD.Person

B address FD.Brasserie NT |FD.Restaurant

Hjob ED.Fast-Food.cateqory | 5YMN |FD.Restaurant.category

[

¢ EyFD FD.Person.last_name NT |ED.Fast-Food.name
FD.Person.last_name NT |ED.Owner.name

? B Restaurant| |5 ooreon last_name NT |FD Restaurant name

B rcode || Ioh person last_name NT |FD.Brasserie.name |

1 I Frewer o W lcn pecs . A

Figure9: Interschemaelationshipsxtractedby SLIM

4. Generation of the global classes

Oncethe CommonThesaurushasbeenbuilt, SI-Designer
cangeneratehe global class. Suchactity is carriedout

in thefollowing way: (1) Affinitiescalculation (2) Cluster
geneation: (3) Generatiornof the global attributesand of

themapping-table

In thefirst phaseSI-Designeworksasaninterfacebetween
the ARTEMIS moduleand the designemwho caninteract



0.25

FD.Person

FD.Owner

FD.Brasserie

//\\FD.Bistro

FD.Restaurant
ED.Fast-Food

Figurel0: Affinity tree:clusterswith ¢ = 0.5.

with ARTEMIS mary times,until heis satisfiedby the set
of theobtainedtlusters.n thesecongphasethetool builds,
for eachcluster a global classto which a setof global at-
tributesis associatedsupplyingthedesigneraninterfaceto
revise the global attributessetandthe mapping-tablepro-
posedby thetool. The designercanusethe sameinterface
to assigna nameto eachglobal class. For a moredetailed
descriptionof this phasesee[4].

4.1. Clustersgeneration

To identify all the ODL ;s classesiaving affinity in thecon-
sideredsourceschemasiARTEMIS usesahierarchicatlus-
teringtechniquewhich classifiexlassesnto groupsat dif-
ferentlevelsof affinity, formingatree[11]. Theleavesrep-
resentall thelocal classesadjacenteavesrepresentlasses
with high affinity, while leaves far apartfrom eachother
representlasseswith low affinity; eachnoderepresents
clusteringlevel andis associatedo the affinity coeficient
betweerthe sub-treegclustersi)t joins.

Within SI-Designerthe designerat ary iteration, canin-
sertathresholdvaluewhich is usedby ARTEMIS to build
clusters:eachclusteris madeby all the classedelonging
to a sub-treehaving at the root nodea coeficient which is
higherthanthe thresholdvalue. Figure 10 shavs thelocal
classedreeandthe clustersfor athresholdvalues=0.5.

4.2. Global attributesand mapping tables generation

For eachcluster SI-Designecreates setof globalattributes
and, for eachof them, it determinesthe correspondence
with the local attributes(i.e. thoseof the classeshelong-
ing to the clusterto which the global classcorresponds).
In somecasesthe correspondencis uniquewhile in other
casedhetool identifiesdifferentkinds of correspondences
but cant solve theirambiguity:in this casethetool asksthe
designetto chooseheright one. Thetool builds the global
attributessetto be associatedb a clusterin two phases(1)
Union of the attributesof all the classedelongingto the
cluster(2) Fusionof the “similar” attributes;In this phase
Sl-Designettriesto eliminatetheseredundanciesonsider
ing therelationshipof the CommonThesaurusThefusion
processs automaticfor the attributeswhich areassociated

Food_Place code name zone

ED. Fast - Food nul | nane ‘Paci fic Coast’
FD. Rest aur ant r_code | nane “Atlantic Coast’
FD.Bi stro r_code | null “Atlantic Coast’
FD. Brasseri e b_code | nane “Atlantic Coast’

Figurell: Food_Pl ace Mapping-table.

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

Attributes associated in validated relationships.

For theseattributesthefusionis alwaysautomatic.To each
of theattributesconnectedby SYNrelationships$SI-Designer
will connectoneonly global attribute: the domainandlo-
cal attributesarethe sameandthe namecanbe choserby
the designebetweerthoseproposedy Sl-Designeor ex-
plicitly introduced. The attributesconnectedoy NT rela-
tionshipsaretreatedby Sl-Designeisubstitutingcthemwith
a global attribute having the samenameandthe domainof
thegeneralizatiorattribute. For example:thenane,
first_name andl ast _name attributesareconnectedy
thefi rst _name NT naneandl ast _nane BT nane
specializatiorrelations thereforethe attributeswill berep-
resentedy theglobalattributenane.

Attributes associated in non validated relationships.
CommonThesauruselationshipghatdo not passedalida-
tionsbelongto thiscateyory: SI-Designecanautomatically
find a globalattribute only in alimited setof casesit’s up
to the designetto addglobal attributesneededo complete
theintegration. The automaticdndividuationof a global at-
tributeis only performedn this casejf theattributesin the
relationshipshave the following requirements(1) they are
linkedby SYNor BT relationshipy2) relatedclassedelong
to the samecluster;(3) they representaggreationhierar
chy (comple attributesor foreignkey);

Oncethe global attribute sethasbeenfound, the designer
canextendit to representurtherlocal sourcesnformation:
this caseoftenoccurswhensomeinformationis storedin a
local sourceasa metadata.

While creatingglobal attributes, SI-Designetbuilds alsoa
mapping-tablgseeFigurell).

It is a MT[CL][AG] tablewhereCL representshe setof
thelocal classesvhich belongto the clusterreferredby the
mapping-tableand AG representshe global attributesset
built by SI-DesignerLet C bethe nameof alocal class,A
the nameof a global attribute and AL the nameof a local
attribute; eachelementM T'[C][A] of the tablecanassume
thefollowing values:

e AL, with AL € C. Thisvalueis usedwhen:

(a) aglobalattributerefersto the informationstoredin AL
local attribute. For example,the nane global attribute re-
flectsthenan®e attributesin FD. Rest aur ant ;



(b) NT relationshipbetweenattributesbelongingto differ-
entclassesFor example thecode globalattributerefersto
r CodeinFD. Rest aur ant andtob_Code of Br asseri e.
e AL;and...and AL,,with AL; € C,i=1,...,n.
Thisis usedwhenthevalueof the A attributerepresentthe
linking of thevaluesassumedby a setof attributesbelong-
ing tothesamdocalclassC. Forexample thenane global
attribute of theC1, globalclassrepresentshelinking of
first_naneandl ast _nane of clasdocalattributesfrom
Food_Cui de. Per son local class.By specifyingtheand
correspondendeetweerf i r st _nane andl ast _nane for
the global attribute nane, we statethatthe valuesof both
first_nane andl ast _name have to be consideredas
valuesof namre whenclassFD. Per son is considered.

e caseof AL costy: AL, costy: AL,

AL, AL; € C,i =1,...,n andcost; areconstants.

This situationoccurswhenthe A global attribute can as-
sumeonevaluein asetof AL; belongingto thesameclass
andthe value choicepasseghrougha third attribute, from
the sameclass,which actasa selector e costant. In this
casea global attribute value doesnt refer to ary local at-
tribute and a value is set by the designer For example,
zone globalattributeof Food_Pl ace getsthe' Paci fi c
Coast’ valuewhile accessingD. Fast - Food andthe
“Atlantic Coast’ valuewhileaccessingD. Bi stro.
e null. In this caseA global attribute, while accessinghe
C local classdoesnt getary value.For example thecode
global attribute, of the Food_PI ace global class,doesnt
assumary valuein the ED. Rest aur ant localclass.
Sl-Designeprovidesthe designemwith aninterfacethatal-
lows a completeview of all the global classegnamesand
attributes),including the mapping-tablesglassnamesset-
ting andmappingtable editing.

At theend,the ODL;z descriptionof the Global Schemas
obtained.For example,the global classFood_Pl ace (see
Figure 12) and its mappingtable (seeFigure 11) are ob-
tained.Having this globalclassavailable,theusercanpose
guerieson Restaurantwith respecto this class,disregard-
ing theoriginal sourcesandtheir schemata.

5. Conclusions

In this paperthe SI-Designesupportool for theintegration
of heterogeneousgatasourcesasbeenintroduced.

This tool works within the MOMIS project, which is un-
der developmentat the University of Modenaand Reggio
Emilia. This work was particularlyfocusedon the SLIM
componentescriptionjmplementedo performinteraction
with the WordNetsystem,in orderto automaticextractin-
tensionainter-schemaelationships.

A directinteractionwith WordNet,without the SLIM sup-
port, cannotbe proposedhsan effective aid to the designer
becaus®f the very high numberof relationshipsuggested

interface = Food_Pl ace

{ attribute nane
mappi ng_rul e = ED. Fast - Food. nane,

FD. Rest aur ant . nane,

FD. Br asseri e. nane;

attribute specialty
mappi ng_rul e
ED. Fast - Food. speci al ty,
FD. Rest aur ant . speci al _di sh;
attribute addr ess
mappi ng_rul e ED. Fast - Food. addr ess,
(FD. Rest aur ant . street and
FD. Rest aur ant . zi p_code and
FD. Brasseri e. addr ess) ;
attribute zone
mappi ng_rul e
ED. Fast - Food = ‘ Pacific Coast’’,
FD. Restaurant = ‘Atlantic Coast’,
FD.Bistro = ‘Atlantic Coast’,
FD. Brasserie = ‘Atlantic Coast’;

Figurel2: Food_Pl ace globalclass

by WordNet for eachterm, consideringthat only few of
themarevalid within the context of the consideredources.
Theinteractionwith thedesignerimplementedhroughSLIM,
is asatishctorylevel andrepresentarealaid during
sources’intgrationactivity.

Sl-Designeris a good candidateas a tool to build Virtual
Catalogsn the E-Commercervironment.We areapplying
it in the developmentof a virtual catalogfor carsinvolving
Fiat, RenaultandWolkswagencatalogs.
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