
The MOMIS approachto Information Integration

1 Intr oduction

Thewebexplosion,bothat internetandintranetlevel, has
transformedtheelectronicinformationsystemfrom single
isolatednodeto anentrypointsinto a worldwidenetwork
of informationexchangeandbusinesstransactions.Busi-
nessandcommercehastaken the opportunityof the new
technologiesto definethe e-commerceactivity. An elec-
tronic marketplacerepresentsa virtual placewherebuy-
ers and sellersmeetto exchangegoodsand services,by
sharinginformationthatis oftenobtainedashypertext cat-
alogsfrom differentcompanies.Companieshaveequipped
themselveswith datastoringsystemsbuilding up informa-
tivesystemscontainingdatawhicharerelatedoneanother,
but which areoften redundant,heterogeneousandnot al-
wayssubstantial.The problemsthat have to be facedin
this field aremainly dueto bothstructuralandapplication
heterogeneity, aswell asto thelackof acommonontology,
causingsemanticdifferencesbetweeninformationsources.
Moreover, thesesemanticdifferencescan causedifferent
kinds of conflicts, rangingfrom simple contradictionsin
names’use(when different namesare usedby different
sourceto indicatethesameconcept),to structuralconflicts
(whendifferentmodels/primitivesareusedto representthe
sameinformation).

Thereforeoneof themainchallengesfor thedesigners
of thee-commerceinfrastructuresis the informationshar-
ing, retrieving data locatedin different sourcesthus ob-
taining an integratedview to overcomeany contradiction
or redundancy. Virtual Catalogssynthesizethis approach
as they are conceived as instrumentsto dynamically re-
trieveinformationfrom multiplecatalogsandpresentprod-
uct datain a unifiedmanner, withoutdirectlystoringprod-
uct datafrom catalogs. Customers,insteadof having to
interactwith multiple heterogeneouscatalogs,caninteract
in a uniformwaywith avirtual catalog.

In this paperwe proposea designersupporttool, called
SI–Designer, for informationintegrationdevelopedwithin
theMOMIS project. TheMOMIS project(Mediatorenvi-
ronmentfor Multiple InformationSources)[6, 3, 5] aims
to integratedatafrom structuredand semistructureddata
sources.SI–Designeris a supporttool for semiautomatic
integration of heterogeneoussourcesschema(relational,
object, XML and semistructuredsources);it carriesout
integrationfollowing a semanticapproachwhich usesin-
telligentOLCD Descriptionlogics-basedtechniques,clus-
tering techniquesand an ODM-ODMG extendedmodel

to representextractedandintegratedinformation,ODM ��� .
UsingtheODL � � language,referredto theODM � � model,
it is possibleto describethe sources(local schema)and
SI–Designersupportsthe designerin the creationof an
integratedview of all the sources(Global Virtual View),
which is expressedusingXML standard.XML is a data-
descriptionlanguagethatmeetstheneedto exchangedata
betweenbusinessprocessesand applicationswithout re-
gardto sourceor destinationplatform issues.The useof
XML in the definition of the Global Virtual View lets to
useMomisinfrastructurewith otheropenintegrationinfor-
mationsystemsby theinterchangeof XML datafiles.

2 SystemAr chitecture
Like otherintegrationprojects[1, 13], MOMIS follows a
“semanticapproach”to information integrationbasedon
the conceptualschema,or metadata,of the information
sources,andon the the

���
architecture[11] (seefigure1).

The systemis composedby the following functionalele-
mentsthatcommunicatesusingtheCORBA [10] standard:

1. a commondatamodel,ODM ��� , which is definedac-
cording to the ODL ��� language,to describesource
schemasfor integrationpurposes.ODM ��� andODL ���
have beendefinedin MOMIS assubsetof the corre-
spondingonesin ODMG, following theproposalfor a
standardmediatorlanguagedevelopedby the

���
/POB

working group [7]. In addition, ODL � � introduces
new constructorsto supportthe semanticintegration
process;

2. Wrappers, placedover eachsources,translatemeta-
data descriptionsof the sourcesinto the common
ODL ��� representation,translate(reformulate)aglobal
queryexpressedin the OQL��� 1 query languageinto
queriesexpressedin thesourceslanguagesandexport
queryresultdataset;

3. a Mediator, which is composedof two modules:the
SI-Designerand the QueryManager (QM). The SI-
DesignermoduleprocessesandintegratesODL � � de-
scriptionsreceived from wrappersto derive the inte-
gratedrepresentationof theinformationsources.The
QM moduleperformsqueryprocessingandoptimiza-
tion. TheQM generatesOQL��� queriesto besentto

1OQL� � is asubsetof OQL-ODMG.



wrappersstartingfrom eachqueryposedby the user
on the Global Schema.QM automaticallygenerates
the translationof the query into a correspondingset
of sub-queriesfor thesourcesandsynthesizeaunified
globalanswerfor theuser.

The original contribution of MOMIS is relatedto the
availability of a setof techniquesfor the designerto face
commonproblemsthatarisewhenintegratingpre-existing
information sources,containingboth semistructuredand
structureddata.MOMIS providesthecapabilityof explic-
itly introducingmany kinds of knowledgefor integration,
suchasintegrity constraints,intra- andinter-sourceinten-
sionalandextensionalrelationships,anddesignersupplied
domainknowledge.A CommonThesaurus, which hasthe
role of a sharedontologyof the sourceis built in a semi-
automaticway. The CommonThesaurusis a setof intra
andinter-schemaintensionalandextensionalrelationships,
describinginter-schemaknowledgeaboutclassesand at-
tributes of sourcesschemas;it provides a referenceon
whichto basetheidentificationof classescandidateto inte-
grationandsubsequentderivationof their globalrepresen-
tation.

MOMIS supportsinformationintegrationin thecreation
of an integratedview of all sources(GlobalVirtual View)
in awayautomatedasmuchaspossibleandperformsrevi-
sionandvalidationof thevariouskindsof knowledgeused
for theintegration.To this end,MOMIS combinesreason-
ing capabilitiesof DescriptionLogics with affinity-based
clusteringtechniques,by exploiting a commonontology
for the sourcesconstructedusinglexical knowledgefrom
WordNetandvalidatedintegrationknowledge.

The Global Virtual View is expressedby using XML
standard,to guaranteetheinteroperabilitywith otheropen
integrationsystemprototype.

3 Integration Process
TheMOMIS approachto intelligentschemaintegrationis
articulatedin thefollowing phases:

1. Generationof a CommonThesaurus.
TheCommonThesaurusis a setof terminologicalin-
tensionalandextensionalrelationships,describingin-
tra andinter-schemaknowledgeaboutclassesandat-
tributesof sourcesschemas.we expressinter-schema
knowledgein form of terminologicalandextensional
relationships(emsynonymy, hypernymyandrelation-
ship) betweenclassesand/orattributenames.

2. Affinity analysisof classes.
Relationshipsin the CommonThesaurusareusedto
evaluatethelevel of affinity betweenclassesintra and
inter sources.Theconceptof affinity is introducedto
formalizethekind of relationshipsthatcanoccurbe-
tweenclassesfrom theintegrationpoint of view. The
affinity of two classesis establishedby meansof affin-
ity coefficientsbasedon classnames,classstructures
andrelationshipsin CommonThesaurus.

Figure1: theMOMIS systemarchitecture

3. Clusteringclasses.
Classeswith affinity in differentsourcesaregrouped
togetherin clustersusinghierarchicalclusteringtech-
niques. The goal is to identify the classesthat have
to beintegratedsincedescribingthesameor semanti-
cally relatedinformation.

4. Generationof themediatedschema.
Unification of affinity clustersleadsto the construc-
tion of the predictedschema.A classis definedfor
eachcluster, which is representative of all cluster’s
classesandis characterizedby the union of their at-
tributes.Theglobalschemafor theanalyzedsources
is composedof all classesderivedfrom clusters,and
is thebasisfor posingqueriesagainstthesources.

Global Classand Mapping Tables

Startingfrom the outputof the clustergeneration,we de-
fine, for eachcluster, a Global Class that representsthe
mediatedview of all the classesof the cluster. For each
globalclassasetof globalattributesand,for eachof them,
theintensionalmappingswith the local attributes(i.e. the
attributesof the local classesbelongingto thecluster)are
given2.

Shortly, we can say that the global attributesare ob-
tainedin two steps:(1) Union of the attributesof all the
classesbelongingto the cluster; (2) Fusionof the “sim-
ilar” attributes; in this step redundanciesare eliminated
in a semi–automaticway taking into accountthe relation-
shipsstoredin the CommonThesaurus. For eachglobal
classa persistentmapping-tablestoringall the intensional

2For a detaileddescriptionof the mappingsselectionandof the tool
SI-Designerwhichassistthedesignerin this integrationphasesee[2].



Vehicle(name, track, length, width, height)
Motor(cod� e, type, compression ratio, HP,

KW, lubrification, emission)
Fuel Consumption(name, cod e, drive trains,

city km l, highway km l )
Model(name, cod e, tires, steering, price)

Figure2: Volkswagendatabase(VW)

<!ELEMENT fiat(car*)>
<!ELEMENT car(name,engine,dimensions,tires,

performance,price)
<!ELEMENT engine(name,cylinders?,layout?,

capacity_cc?,compression_ratio?,
power_kw, fuel_system)>

<!ELEMENT dimensions(length,width,heigth,
luggage_capacity)>

<!ELEMENT performance (urban_consumption,
combined_consumption,speed)>

<!ELEMENT name (#pcdata)>
...

Figure3: Fiatdatabase(FIAT)

mappingsis generated;it is a tablewhosecolumnsrepre-
sentthesetof thelocal classeswhich belongto thecluster
and whoserows representthe global attributes. An ele-
ment 	�

� ����� ����� representshow theglobalattribute ��� is
mappedinto thelocalclass� . Eachelement	�
�� ����� ����� of
thetablecanassumeoneof thefollowing values:

� 	�
�� ����� ����������� : the global attribute ��� mapsinto
the ��� localattribute.

� 	�
�� ����� ������������� and ��� � and !"!#! and ��� $ : this is
usedwhenthevalueof the ��� attributeis theconcate-
nationof thevaluesassumedby a setof attributes ��� %
belongingto thesamelocalclass� .

� 	�
�� ����� ����� � case of ��� const � &
��� �(' !#!"! const $ & ��� $ : this situation occurs
whenthe ��� globalattributecanassumeonevaluein
a setof ��� % belongingto the samelocal class � and
thevaluechoicedependson a third attribute, ��� ,from
thesameclass,whichactasaselector.

� 	�
�� ����� ������� const: in this casea globalattribute
valuedoesnot refer to any local attribute anda con-
stantvalue is set by the designer(seethe Rank at-
tribute).

� 	�
�� ����� �����)� null: In this caseno attributeof the
class� correspondsto theglobalattribute ��� .

3.1 Running Example

In order to illustrate how the MOMIS approachworks,
we will use the following exampleof integration in the
Car manufactoringcatalogs,involving two differentdata-
sourcesthat collect information aboutvehicle. The first
datasourceis theFIAT catalog,containingsemistructured
XML informationsaboutcarsof theitaliancarfactory.

The seconddatasourceis the Volkswagen database
(VW), a relationaldatabasecontaininginformation about
this kind of car. Both databaseschemataare built by
analysingthewebsiteof this factory.

3.2 SI-DesignerTool

As describedabove,theintegrationprocessconsistsof var-
ious stepsactually implementedin separatemodule. SI-
Designeris a framework that representsa unifiedsolution
for theoverall integrationprocess.

SI-Designerprovidesthe designerwith a graphicalin-
terfaceto reachthe Global Virtual View, relating to each
integrationstepa specificinteractionwith a softwaremod-
ule. All themoduleinvolvedareavailableasCORBA Ob-
ject andinteractusingestablishedidl interfaces.In par-
ticular theSI-Designerperformsthissteps:

� Source acquisition: in this phasethe user can se-
lect thesourcesto beintegrated.A wrapperperforms
thetranslationfrom thesourcedescriptionmodelinto
ODL ��� descriptionmodel. This stepinvolvesSAM
module.

� Intensional relationships definition: in this phase,
new relationships,schemaderived, by interactingwith
SIM moduleand ODB-Tool system[4], lexicon de-
rived, by interactingwith the WordNet [12] lexical
database,anddesignersuppliedareaddedto theCom-
monThesaurus(in Figure4 therelationshipsinvolved
by ourexample).

Figure4: Example:theCommonThesaurusrelationships

� Extensional relationships definition: Extensional
relationshipsare definedby the interactionwith the
integrationdesigner. This relationshipsareexploited
to detectextensionallyoverlappingclasses.

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



ARTEMIS module,globalclassesarecreated.In our
example(seeFigure5) we obtainmainlya clusterin-
cludingcardatacontainedin thesources,andacluster
for themotorandengineinformation.

Figure5: Example:theclusteringdefinition

� Mapping table tuning: for eachglobal classgener-
atedin the previous phase,the usercan modify the
GlobalVirtual View proposedautomaticallyfrom the
system.In Figure6, Momis systemsuggestsa global
classfor car rappresentationin which, for example,
you may seethat global attribute namemapsto the
relatedlocalattributes

Figure6: Example:themappingtabletuning

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

the Global Virtual View lets to useMomis infrastructure
with otheropenintegrationinformationsystemby the in-
terchangeof XML datafiles. In addition, the Common
Thesaurusis traslatedinto XML file, so that Momis may
providesa sharedontology that can be usedby different
semanticontologylanguages[9, 8].
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