The MOMIS approachto Information Integration

1 Intr oduction

Theweb explosion,bothat internetandintranetlevel, has
transformedhe electronicinformationsystemfrom single
isolatednodeto an entry pointsinto a worldwide network
of informationexchangeandbusinesdransactions Busi-
nessand commercehastaken the opportunityof the new
technologiedo definethe e-commerceactiity. An elec-
tronic marketplacerepresents virtual place where buy-
ers and sellersmeetto exchangegoodsand services,by
sharinginformationthatis oftenobtainedashypertet cat-
alogsfrom differentcompaniesCompaniefave equipped
themseleswith datastoringsystemsbuilding up informa-
tive systemgontainingdatawhich arerelatedoneanothey
but which are often redundantheterogeneouandnot al-
ways substantial. The problemsthat have to be facedin
this field aremainly dueto both structuralandapplication
heterogeneityaswell asto thelack of acommonontology
causingsemantidifferencedetweerinformationsources.
Moreover, thesesemanticdifferencescan causedifferent
kinds of conflicts, rangingfrom simple contradictionsn
names’use (when different namesare usedby different
sourceto indicatethe sameconcept)to structuralconflicts
(whendifferentmodels/primitvesareusedto representhe
samenformation).

Thereforeone of the main challengedor the designers
of the e-commercenfrastructuress the informationshar
ing, retrieving datalocatedin different sourcesthus ob-
taining an integratedview to overcomeary contradiction
or redundang. Virtual Catalogssynthesizehis approach
as they are conceved as instrumentsto dynamicallyre-
trieveinformationfrom multiple catalogsandpresenprod-
uctdatain a unifiedmanneywithout directly storingprod-
uct datafrom catalogs. Customersjnsteadof having to
interactwith multiple heterogeneousatalogscaninteract
in auniformway with avirtual catalog.

In this papermwe proposea designersupporttool, called
Sl-Designeyfor informationintegrationdevelopedwithin
the MOMIS project. The MOMIS project(Mediatorervi-
ronmentfor Multiple Information Sources)6, 3, 5] aims
to integrate datafrom structuredand semistructurediata
sources.Sl-Designeris a supporttool for semiautomatic
integration of heterogeneousourcesschema(relational,
object, XML and semistructuredsources);it carriesout
integrationfollowing a semanticapproachwhich usesin-
telligentOLCD Descriptionlogics-basedechniquesglus-
tering techniqguesand an ODM-ODMG extendedmodel

to represenextractedandintegratedinformation,ODMys.
Usingthe ODL ;= languagereferredto the ODM;z model,
it is possibleto describethe sources(local schema)and
Sl-Designersupportsthe designerin the creationof an
integratedview of all the sourceg(Global Virtual View),
which is expressedising XML standard. XML is a data-
descriptionanguagehat meetsthe needto exchangedata
betweenbusinessprocessesand applicationswithout re-
gardto sourceor destinationplatformissues. The useof
XML in the definition of the Global Virtual View lets to
useMomisinfrastructurewith otheropenintegrationinfor-
mationsystemsy theinterchangef XML datafiles.

2 SystemAr chitecture

Like otherintegrationprojects[1, 13], MOMIS follows a
“semanticapproach”to informationintegration basedon
the conceptualschema,or metadata,of the information
sourcesandon thethe I® architecturg11] (seefigure 1).
The systemis composedy the following functional ele-
mentsthatcommunicatesisingthe CORBA [10] standard:

1. acommondatamodel, ODMjs, which is definedac-
cordingto the ODL;s languageto describesource
schemasor integrationpurposesODM;s andODL ;s
have beendefinedin MOMIS assubsebf the corre-
spondingonesin ODMG, following the proposafor a
standardnediatoanguagelevelopedby the I°/POB
working group [7]. In addition, ODL;s introduces
new constructordo supportthe semanticintegration
process;

2. Wrappes, placedover eachsourcestranslatemeta-
data descriptionsof the sourcesinto the common
ODL s representatioriranslatgreformulatepglobal
query expressedn the OQL;s! querylanguageinto
gueriesexpressedn thesourcedanguagesandexport
gueryresultdataset;

3. a Mediator, which is composedf two modules:the
Sl-Designerand the Query Manager (QM). The SI-
DesignemoduleprocesseandintegratesODL ;s de-
scriptionsreceived from wrappersto derive the inte-
gratedrepresentationf theinformationsources.The
QM moduleperformsqueryprocessingndoptimiza-
tion. The QM generate©QL ;s queriesto be sentto

1oQL;s is asubsebf OQL-ODMG.



wrappersstartingfrom eachquery posedby the user
on the Global Schema.QM automaticallygenerates
the translationof the queryinto a correspondingset
of sub-querie$or thesourcesandsynthesize unified
globalanswerfor theuser

The original contribution of MOMIS is relatedto the
availability of a setof techniquedor the designerto face
commonproblemsthatarisewhenintegratingpre-eisting
information sources,containingboth semistructurecand
structureddata. MOMIS providesthe capabilityof explic-
itly introducingmary kinds of knowledgefor integration,
suchasintegrity constraintsjntra- andinter-sourceinten-
sionalandextensionakelationshipsanddesignessupplied
domainknowledge.A CommonThesauruswhich hasthe
role of a sharedontology of the sourceis built in a semi-
automaticway. The CommonThesauruds a setof intra
andinter-schemantensionabndextensionatelationships,
describinginterschemaknowledge aboutclassesand at-
tributes of sourcesschemas;it provides a referenceon
whichto basetheidentificationof classesandidatdo inte-
grationandsubsequerderivationof their globalrepresen-
tation.

MOMIS supportsnformationintegrationin thecreation
of anintegratedview of all sourcegGlobal Virtual View)
in away automateésmuchaspossibleandperformsrevi-
sionandvalidationof thevariouskinds of knowledgeused
for theintegration. To this end, MOMIS combinegeason-
ing capabilitiesof DescriptionLogics with affinity-based
clusteringtechniquespy exploiting a commonontology
for the sourcesconstructedusing lexical knowledgefrom
WordNetandvalidatedintegrationknowledge.

The Global Virtual View is expresseddy using XML
standardto guarante¢he interoperabilitywith otheropen
integrationsystemprototype.

3 Integration Process

The MOMIS approacho intelligentschemantegrationis
articulatedn thefollowing phases:

1. Geneation of a CommonThesaurus

The CommonThesauruss a setof terminologicalin-
tensionabndextensionarelationshipsdescribingn-
tra andinter-schema&nowledgeaboutclassesandat-
tributesof sourcesschemaswe expressinterschema
knowledgein form of terminologicalandextensional
relationshipgemsynorymy, hypernymyandrelation-
ship) betweerclassesand/orattribute names.

2. Affinity analysisof classes

Relationshipsn the CommonThesaurusare usedto
evaluatethelevel of affinity betweerclassesntraand
inter sources.The conceptbof affinity is introducedto
formalizethe kind of relationshipghat canoccurbe-
tweenclassedgrom theintegrationpoint of view. The
affinity of two classess establishedy meansof affin-
ity coeficientsbasedon classnamesglassstructures
andrelationshipsn Commorirhesaurus
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Figurel: theMOMIS systemarchitecture

3. Clusteringclasses
Classewith affinity in differentsourcesaregrouped
togetherin clustersusinghierarchicaklusteringtech-
nigues. The goal is to identify the classeghat have
to beintegratedsincedescribinghe sameor semanti-
cally relatedinformation.

4. Geneation of themediatedschema

Unification of affinity clustersleadsto the construc-
tion of the predictedschema.A classis definedfor
eachcluster which is representatie of all clusters
classesandis characterizedby the union of their at-
tributes. The global schemdor the analyzedsources
is composedf all classeslerivedfrom clusters,and
is thebasisfor posingqueriesagainsthe sources.

Global Classand Mapping Tables

Startingfrom the outputof the clustergenerationwe de-
fine, for eachcluster a Global Classthat representshe
mediatedview of all the classesf the cluster For each
globalclassa setof global attributesand,for eachof them,
theintensionaimappingswith the local attributes(i.e. the
attributesof the local classeselongingto the cluster)are
given?,

Shortly, we can say that the global attributes are ob-
tainedin two steps: (1) Union of the attributesof all the
classedelongingto the cluster; (2) Fusionof the “sim-
ilar” attributes; in this stepredundanciesre eliminated
in a semi—automatigvay takinginto accountthe relation-
shipsstoredin the CommonThesaurus For eachglobal
classa persistentnapping-tablestoringall theintensional

2For a detaileddescriptionof the mappingsselectionand of the tool
Sl-Designemwhich assisthe designein this integrationphasesee[2].
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Figure3: Fiatdatabasé€FIAT)

mappingss generatedit is a tablewhosecolumnsrepre-
sentthe setof thelocal classesvhich belongto the cluster
and whoserows representhe global attributes. An ele-
mentMT[L][ag] representhiow the globalattribute ag is
mappednto thelocalclassL. EachelementM T[L][ag] of
thetablecanassumeneof thefollowing values:

e MTI[L][ag] = al : the globalattribute ag mapsinto
theal local attribute.

e MTI[L][ag] = al; and al, and...and al,: thisis
usedwhenthevalueof theag attributeis the concate-
nationof the valuesassumedby a setof attributesal;
belongingto the samédocal classL.

e MT[L]lag] = ~case of al const;
aly,... const, al,: this situation occurs
whentheag globalattribute canassumeonevaluein
a setof al; belongingto the samelocal classL and
the valuechoicedepend®n a third attribute, al,from
the sameclasswhichactasaselector

e MT[L][ag] = const : in this casea globalattribute
valuedoesnot referto ary local attribute anda con-
stantvalueis setby the designer(seethe Rank at-
tribute).

e MTI[L][ag] = nul | : In this caseno attribute of the
classL correspondso theglobalattribute ag.

3.1 Running Example

In order to illustrate how the MOMIS approachworks,
we will usethe following example of integrationin the
Car manufctoringcatalogs,nvolving two differentdata-
sourcesthat collect information aboutvehicle. The first

datasourcés theFl AT catalog,containingsemistructured

XML informationsaboutcarsof theitalian carfactory

The seconddatasourcas the Vol kswagen database
(VW, a relational databasecontaininginformation about
this kind of car Both databaseschemataare built by
analysinghewebsite of thisfactory

3.2 Sl-DesignerTool

As describedbove, theintegrationprocessonsistof var-
ious stepsactually implementedn separateanodule. Sl-
Designeris a framework thatrepresents unified solution
for the overallintegrationprocess.

Sl-Designerprovidesthe designewith a graphicalin-
terfaceto reachthe Global Virtual View, relatingto each
integrationstepa specificinteractionwith a softwaremod-
ule. All themoduleinvolvedareavailableasCORBA Ob-
jectandinteractusingestablished dl interfaces.In par
ticularthe SI-Designeperformsthis steps:

e Source acquisition: in this phasethe usercan se-
lectthe sourcedo beintegrated.A wrappermerforms
thetranslationfrom the sourcedescriptiormodelinto
ODL ;s descriptionmodel. This stepinvolves SAM
module.

¢ Intensional relationships definition: in this phase,
new relationshipsschemaderived by interactingwith
SIM moduleand ODB-Tool system[4], lexicon de-
rived, by interactingwith the WordNet[12] lexical
databaseanddesignessuppliedareaddedo theCom-
monThesaurugin Figure4 therelationshipsnvolved
by ourexample).
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Figure4: Example:the CommonThesauruselationships

e Extensional relationships definition: Extensional
relationshipsare definedby the interactionwith the
integrationdesigner This relationshipsare exploited
to detectextensionallyoverlappingclasses.

e Clustering: in this phase,basedon the knowledge
carried in the Common Thesaurus,by exploiting



ARTEMIS module,globalclassesrecreated.In our
example(seeFigure5) we obtainmainly a clusterin-

cludingcardatacontainedn thesourcesandacluster
for themotorandengineinformation.
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e Mapping table tuning: for eachglobal classgener
atedin the previous phase the usercan modify the
Global Virtual View proposecautomaticallyfrom the
system.In Figure6, Momis systemsuggests global
classfor car rappresentatioim which, for example,
you may seethat global attribute namemapsto the
relatedlocal attributes
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Figure6: Example:themappingtabletuning

Thefinal stepof theintegrationprocesgrovidestheexport
of the Global Virtual View into a XML DTD, by adding
the appropriateXML TAGs to representhe mappingta-
ble relationships. The use of XML in the definition of

the Global Virtual View lets to use Momis infrastructure
with otheropenintegrationinformationsystemby the in-

terchangeof XML datafiles. In addition,the Common
Thesauruss traslatedinto XML file, so that Momis may
provides a sharedontology that can be usedby different
semantiontologylanguage$9, 8].
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