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Foreword

This documentdescribesthe work doneduring my Ph.D studiesin ComputerEngi-
neering.It is organizedin two parts.

The �r st and main part describesthe reseachprojectMOMIS for the Intelligent
Integrationof heterogeneousinformation.It outlinesthetheoryfor IntelligentIntegra-
tion andthedesignandimplementationof theprototypethatimplementsthetheoretical
techniques.

During my Ph.D.studiesI stayedat theNortheasternUniversity in Boston,Mass.
(USA). Subjectof thesecondpart of this documentis the work I did with Professor
KenBaclawski in informationretrieval on annotationof documentsusingontologies,
andretrieval of theannotateddocuments.
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Chapter 1

Part I - Intelligent Integration

Developing intelligent tools for the integrationof informationextractedfrom multi-
ple heterogeneoussourcesis a challengingissueto effectively exploit the numerous
sourcesavailableon-line,for example,in global,Internet-basedinformationsystems.
Theproblemwe consideris theidenti�cation of semanticallyrelatedinformation,that
is, information describingthe samereal-world conceptsin different sourceshaving
semanticheterogeneity. In fact, informationsourcesto be integratedareusuallypre-
existing andhave beendevelopedindependently. Consequently, semanticheterogene-
ity canarisefor theaspectsrelatedto terminology, structure,andcontext of theinfor-
mation,andhasto beproperlydealtwith duringintegrationin orderto effectively and
correctlyexploit theinformationavailableatthesources.Integrationandreconciliation
of datacomingfrom heterogeneoussourcesis a researchtopic in databases[Hul97].
Several contributionshave appearedin literature,including methods,techniquesand
toolsfor integratingandqueryingheterogeneousdatabases[CHS

�

94, GKD97, LRO96,
PGMW95].
This documentdescribessolutionsto the integration issuedevelopedin the MOMIS
(MediatorenvirOnmentfor Multiple InformationSources)[BCV99, BCVB00,BBC

�

00]
project12.
The goal of informationextractionandintegrationtechniquesdevelopedin MOMIS
is to constructsynthesized,integrateddescriptions(i.e., a global virtual view) of the
informationcomingfrom multiple heterogeneoussources,to provide the userwith a
uniform query interfaceagainstthe sourcesindependentfrom their locationand the
level of heterogeneityof their data. Moreover, to meetthe requirementsof global,
Internet-basedinformationsystemswith a possiblyhigh numberof sourcesto be in-
tegrated,it is importantto develop tool-assistedtechniquesin orederto automateas
muchaspossibleinformationextractionandintegrationactivities. This goalhasbeen
achievedwith theMOMIS projectby developingtheSI-Designer[BBC

�

00].
Like other integrationprojects[AKH96, CHS

�

94, LRO96], MOMIS follows a “se-
manticapproach”to informationintegrationbasedon the conceptualschemasof the
informationsources,andon a mediatorcomponent.MOMIS implementsa

���

[Age]

1MOMIS is a joint projectamongtheUniversit�a di Modenae Reggio Emilia, theUniversit�a di Milano,
andtheUniversit�a di Bresciastartedwithin theItalianresearchprojectINTERDATA, themen.3“Integration
of Informationover theWeb”, coordinatedby V. DeAntonellis,Universit�a di Brescia.

2MOMIS will also�nancedby theMURSTin 2000/2001within theD2I: Integration,Warehousing, and
Mining of HeterogeneousDataSourcesproject
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architecturefor integrationandqueryoptimization,themediatorcomponentrelieson
severaltools,namelyARTEMIS [CA99b], developedby Universityof MilanoandUni-
versityof Brescia,andODB-Tools[BBSV97a], developedby Universityof Modenae
ReggioEmilia andWordNet[GGV96] developedby theCognitiveScienceLaboratory
at PrincetonUniversity.
Mostof theinformationfor integrationis providedby thewrappers, usingODL � � from
thesourcedescriptionandstoredin ODL ��� datastructure.By exploiting theWordNet
lexical system[Mil95] andtheOLCD DescriptionLogic inferencecapabilitiesaCom-
monThesaurusis built. TheCommonThesaurusis composedof relationshipsbetween
schemaelementsextractedfrom theschematadescriptions,derivedfrom thelexical re-
lationshipsbetweentheconceptsin WordNet,andexplicitly statedby the integration
designer. Basedontherelationshipsin theCommonThesaurus,af�nity coef�cients are
computed.Thesecoef�cients giveameasureof thelevel of matchingbetweentheele-
mentsof thedifferentsources.MOMIS computesa setof candidatesGlobal Classes
by applyingaf�nity-basedclusteringontheaf�nity coef�cients. For eachGlobalClass
Mappingrulesarede�ned thatdescribewhich local classesbelongto theglobalclass
andhow local attributesaremappedinto theglobalattributes. Moreover, extensional
relationshipsandjoin mapsarede�ned to providea solutionto theobjectfusionprob-
lem. Suchinformationareusedby theQueryManagerduringthemergeprocessof the
localqueriesresult.
TheMOMISprojectalsofacestheproblemsandchallengesrelatedto theintegrationof
semistructureddatasources.In thiscase,thereis nostrongdistinctionbetweenmetain-
formationanddata,but meta-informationis storeddirectly in thedata.Thesigni�cant
growthof semi-structureddatasources(e.g.,Webdocuments)callsfor thedevelopment
of methods,techniques,andlanguagesfor thistypeof data[Bun97, BDHS96,CGL98].
Thus,thetypical problemsof integrationshouldbeaddressedin thelight of thesenew
requirements.
Part of theprojectis thedevelopmentof a prototypewhich is thesoftwareapplication
basedontheMOMIS theory. Theprototypeis written in Java,is basedontheCORBA
architectureand supportsmost of the MOMIS featureslike the DescriptionLogics
capabilities,theARTEMIS af�nity computationandclusteringandtheinteractionwith
WordNet.

Baseterminology

In this documentwe argueaboutconceptslike sources,classes,interface,which are
brie�y introduced,here.
A Local Sourceis a sourceof data,suchasa databaseor a text �le. Eachlocal source
is interfacedto MOMIS througha wrapper. A Local Classis an interface(or class)
presentin a local source. A Local Attribute is an attribute of a local class. The In-
tegration Designeris a personthat facesthe integrationproblemusingthe MOMIS
system.TheGlobal View is a sourceschemapresentedby themediatorafter theinte-
grationprocessthatallows to accessin a uniform way to thedatain thelocal sources.
A Global Classis an interface(or class) that is part of the3 Global View. A Global
Attributeis anattributeof a global class.

3Sincewe integrateoneschemaat time duringan integrationsessionwe will referencea singleglobal
views. Obviously it is possibleto have severalglobalview on thesameor differentlocal classesgenerated
by several integrationsessionsbuilt with differenttargets.
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How this part is organized

This partof thedocumentis organizedasfollows.
Chapter2 describesthetheoryonwhich theMOMIS project is based.Theintegration
approachis discussedfrom atheoreticalpointof view.
Chapter3 discussesthesoftwarearchitectureof theMOMIS prototype. All its modules
(excepttheSI-Designer)areoutlined.
Chapter4 givesa discussionof themainGraphicalUserInterfaceof theMOMIS pro-
totypecalledSI-Designer. Suchinterfaceleadsthe integrationdesignerthroughthe
integrationphasesfrom local sourcesto theintegratedschema.
Chapter5, we give our concludingremarksandanoverview of futurework aboutthe
MOMIS project.

Note

This documentshouldalsobe a referencefor the softwareI wrote. The description
of some(I assumeimportant)annoying technicaldetailsis targetedto peoplethatwill
managethesoftwarewrittenduringmy studies.
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Chapter 2

MOMIS: The Theory

This chapterdiscussestheoreticalaspectsof theMOMIS project.MOMIS is anHet-
erogeneousSourceIntegrationproject.Thegoalof theprojectis to studytheproblems
relatedto integrationandbuild a prototypethatactsasa

���

SemanticIntegrationand
TransformationService(see[Age, HK95] for a descriptionof the

���

architecture).
In MOMIS , theoreticalsolutionsfor several problemsof integration are proposed.
Most of thesolutionsdiscussedin this chapterhave beenimplementedin theMOMIS
prototype; others,like thesemistructuredmeta-informationextraction,havenot.

ODLi3 Schema
sources acquisition

Common Thesaurus
Generation

Affinity calcolus
and clustering

Local Schemata
Mapping

Global schema

Figure2.1: Integrationphasesin MOMIS

In MOMIS we divide the integration in the phases(showed in Figure2.1): (1) de-
scriptionof a genericdatasourcein ODL �

� , (2) generationof thecommonthesarus,
repositoryof integrationknowledge,(3) computationof af�nity betweenschemaele-
ments(localclassesandlocalattributes)andgenerationof globalclassesasclustersof
local classes,and(4) descriptionof thelocal classesin termsof mappingof theglobal
attributeson thecorrespondinglocalattributes.
This chapteris organizedasfollows:
In section2.1,we describethetoolswe useto automaticallyretrieve asmuchseman-
tics aspossibleduring the integrationprocess.In particularwe introducetheODL �

�
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language,theOLCD DescriptionLogic,andWordNet.In section2.2,wedescribehow
suchtoolsareusedto feedtheintegrationknowledgebasecalledCommonThesaurus.
In section2.3,we describetheintegrationtechniquesfor building themediatorvirtual
globalschemaof consideredsourcesusingtheknowledgein theCommonThesaurus.
Sections2.4 and2.5 respectively present,techniquesfor optimizing queryexecution
basedon BaseExtensionandExtensionalHierarchy, andtheway we facedtheObject
Fusionproblem. Section2.6, we make comparisonswith relatedworks. Finally, in
section2.7,theInterpretationandsemanticof theOLCD languageis brie�y described.

2.1 Inf ormation extraction with ODL �

�

An importantgoalof informationextractionis theconstructionof a semanticallyrich
representationof theinformationsourcesto beintegratedby meansof a commondata
model. In semanticapproachesto integration, this task is performedby de�ning a
model,ODL ��� in MOMIS andby wrappertoolsdevelopedfor eachkindof datasource
type, which translatethe conceptualschemaof the given sourcesinto the common
model. For conventionalstructuredinformation sources(e.g., relationaldatabases,
object-orienteddatabases),schemadescriptionsare always available and can be di-
rectly translatedinto theselectedcommondatamodel.
For example,for relationaldatabasestransformationrule-sets, asdescribedin [FV95]
for relationalto ODMG schemaconversioncanbeused.To show wrappersfunctional-
ities, let usintroducearunningexample,includinga relationalsourceandasemistruc-
turedsource.

2.1.1 The running example

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)

Figure2.2: FoodGuideDatabase(FD)

We considertwo sourcesin the RestaurantGuidedomain,storinginformationabout
restaurants.The Eating Source guidebook(ED) is semistructuredandcontains
information aboutfast foods of the West coast,their menus,quality, and so on. A
portion of this sourceis shown in Figure2.3. The Food Guide Database(FD) is
a relationaldatabasecontaininginformationaboutUSA restaurantsfrom a wide va-
riety of publications(e.g.,newspaperreviews, regional guidebooks).The schemaof
this sourceis composedof four relations(see�gure 2.2), namely, Restaurant ,
Bistro , Person , and Brasserie . Information relatedto restaurantsis main-
tainedin the Restaurant relation. Bistro instancesarea subsetof Restau-
rant instancesandgive informationaboutthe small informal restaurantsthat serve
wine. EachRestaurant andBistro is managedby aPerson . Informationabout
placeswheredrinksandsnacksareservedarestoredin theBrasserie relation.
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2.1.2 Managing semistructured data

In thissubsectionwe discusshow semi-structureddata(e.g.,Webdatasources)canbe
handledin the MOMIS systemwhereschemadescriptionsgenerallyarenot directly
available. In fact, a basiccharacteristicof semistructureddatais that they are“self-
describing”.This meansthat the informationgenerallyassociatedwith theschemais
speci�eddirectly within data[Bun97].
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Figure2.3: SemistructuredsourceEating(ED)

Oneof thegoalsof informationextractionfor integrationwhensemistructuredinforma-
tion sourcesareinvolvedis to deriveandexplicitly representtheschemaof thesource
aswell. For this purpose,we proceedasfollows. Accordingto themodelsproposed
in literaturefor semistructuredinformationsources[Bun97, PGMW95], a semistruc-
turedsourceis representedasa rooted,labeledgraphwherenodescontaindata(e.g.,
animageor free-formtext) andlabelededgesdescribetheconceptrepresentedby data
in thecorrespondingnode.
Figure2.3showsanexampleof agraph-basedrepresentationof asemistructuredsource,
called Eating Source , containinginformation relatedto local fast food. In the
graphmodel,a semistructuredobject (object, for short)canbe viewed asa triple of
theform 	�

��������������������������� , whereid is theobjectidenti�er, label is a stringde-
scribingwhat theobjectrepresents,andvalue is thevalue,which canbe atomicor
complex. Theatomicvaluecanbeinteger, real,string,image,while thecomplex value
is asetof pairs(id,label), whereid is anobjectidenti�er.
A complex objectcanbe thoughtas the parentof all the objectsthat form its value
(childrenobjects).A givenobjectcanhave oneor moreparents.We denotethe fact
thatanobject � ��! is a child objectof anotherobject �"� by �"�$#%�"��! andusenotation
label&'�"��( to denotethelabelof �"� . With referenceto thesourcein Figure2.3, thereis
onecomplex rootobjectwith four complex childrenobjectsthatrepresentfast-foods.
EachFast Food objecthasanatomicobjectname, category andspecialty .
Furthermore,someFast Food objectshave anatomicaddress while someothers
a complex objectaddress , anatomicphone , acomplex objectnearby (thatspec-
i�es the nearestfast-food),anda complex objectowner , specifyingthe name, the
address andthejob of thefast-food'sowner.
To extractschemainformationfrom asemistructuredsource) , weintroducethenotion
of object pattern. In semistructureddatamodels,labelsare descriptive asmuch as
possible.Furthermore,the samelabel is generallyassignedto all objectsdescribing
the sameconceptin ) . All objects �"� of ) arepartitionedinto disjoint sets,denoted
set* , suchthat all objectsbelongingto the samesethave thesamelabel + . An object
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patternis thenextractedfrom eachsetto representall theobjectsin theset.Formally,
anobjectpatternis de�ned asfollows:

De�nition 2.1.1(Object pattern) Letset* bea setofobjectsin a semistructuredsource
Shavingthesamelabel + . Theobjectpatternof set* is a pair of theform 	 l,A � , where +

is thelabelof theobjectsbelongingto set* , and ,.-0/ label&'�"�
!1( such thatthereexists
at leastoneobject �"�32 set* with � �4#5�"�
! .

Fromthis de�nition, anobjectpatternis representativeof all differentobjectsthatde-
scribethe sameconceptin ) . In particular, label + of an objectpatterndenotesthe
conceptandset , of anobjectpatterndenotestheproperties(or attributes)character-
ising the conceptin the source. Sincesemistructuredobjectscanbe heterogeneous,
labelsin , correspondto child objectthatcanbede�ned only for someof theobjects
in set* , but not for all. We call suchkind of labels“optional” anddenotethemwith
symbol“?”.

Fast_Food-pattern = (Fast_Food, {name,address, midprice?
phone?, specialty, category,
nearby?, owner?})

Owner-pattern = (Owner, {name, address, job})
Address-pattern = (Address, { street, city, zipcode})

Figure2.4: Objectpatternsfor theEDsource

With respectto the ED sourceof Figure2.3, threeobjectpatternsareextracted(see
Figure2.4): Fast Food , representingobjectsdescribingeatingplaces;Owner rep-
resentingobjectsdescribingpeopleinvolved;Address , representingobjectsdescrib-
ing addresses.The extraction processproducesalso the Address patternto take
into accountthedifferentstructureof theAddress objectsin theEDsource(i.e., in
semistructuredobjects6 , 7 , and 8 addressis atomicwhile in object 9 it is complex).
An objectpatterndescriptionfollowsanopenworld semanticstypical of theDescrip-
tionLogicapproach[WS89]. Objectsconformingto apatternshareacommonminimal
structurerepresentedby nonoptionalproperties,but canhaveadditional(i.e.,optional)
properties. In this way, objectsin a semistructureddatasourcecan evolve andadd
new properties,but they will beretrievedasvalid instancesof thecorrespondingobject
patternwhenprocessingaquery.

2.1.3 The ODL :<; language

For asemanticallyrich representationof sourceschemasandobjectpatternsassociated
with informationsourcesto beintegrated,we introduceanobject-orienteddescription
language,calledODL ��� . Accordingto recommendationsof ODMG andto thediffu-
sion of

�
�

POB [Age, ed.97], the objectdatamodelODL ��� is very closeto the ODL
language.ODL ��� is a sourceindependentlanguageusedfor informationextraction
to describeheterogeneousschemasof structuredandsemistructureddatasourcesin a
commonway. Referto appendixA for thecompletesyntaxof theODL �

� .
ODL ��� introducesthefollowing mainextensionswith respectto ODL:
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Union constructor. The union constructor, denotedby union , is introducedto ex-
pressalternativedatastructuresin thede�nition of anODL � � class,thuscaptur-
ing requirementsof semistructureddata.An exampleof its usewill beshown in
thefollowing.

Optional constructor. The optional constructor, denotedby the questionmark ”?”,
is introducedfor classattributesto specify that an attribute is optional for an
instance(i.e., it couldbenot speci�ed in theinstance).This constructortoo has
beenintroducedto capturerequirementsof semistructureddata.An exampleof
its usewill beshown in thefollowing.

Integrity constraint rules. This kind of rule is introducedin ODL � � in orderto ex-
press,in a declarative way, if then integrity constraintrules at both intra and
inter-sourcelevel.

Intensional relationships. Theseareterminological relationshipsexpressinginter/intra-
schemaknowledgefor thesourceschemas.Intensionalrelationshipsarede�ned
betweenclassesandattributes,andarespeci�ed by consideringclass/attribute
names,calledterms.Thefollowing relationshipscanbespeci�edin ODL ��� :

= SYN (Synonym-of),de�ned betweentwo terms>@? and >BA , with >�?DC -E>BA , that
areconsideredsynonymsin every consideredsource(i.e., >�? and >FA canbe
indifferentlyusedin everysourceto denotea certainconcept).

= BT (BroaderTerms),or hypernymy, de�ned betweentwo terms >�? and >BA

suchas >�? hasa broader, moregeneralmeaningthan >�A . BT relationshipis
not symmetric.Theoppositeof BT is NT (NarrowerTerms),or hyponymy.

= RT (RelatedTerms),or positive association,de�ned betweentwo terms >�?

and >BA thataregenerallyusedtogetherin thesamecontext in theconsidered
sources.

An intensionalrelationshipsis only a terminologicalrelationship,with no im-
plicationson the extension/compatibilityof the structure(domain)of the two
involvedclasses(attributes).

Extensionalrelationships. ToexpressknowledgeaboutthesourceextensionstheODL ���

providestheconceptof extensionalrelationships:
=HGDI SYN JLK<M

GON : this meansthat the instancesof GPI arethesameof GDN . A
SYN JLK<M relationshipimpliesanintensionalSYN relationship.

=HGDI BT JLK M

GQN : this meansthat the instancesof GRI area supersetof the in-
stancesof GON . A BT JLK M relationshipimpliesanintensionalBT relationship.

=HGDI NT JLK M

GON : this meansthat the instancesof GPI area subsetof the in-
stancesof GON . A NT JLK M relationshipimpliesanintensionalNT relationship.

=HG
I DISJJLK M

G
N : this meansthat G

I and G
N will never shareinstances- the

instancesaredisjoint.

Note: de�ning extensionalaxiomssynJLK M , ntJ�K<M andbtJLK M requiresa structural
compatibilitybetweentheinvolvedclassesin MOMIS .

Foreignkeys. To preserve information betweenclasses(tables)properof the rela-
tional schemawe supportalsoForeignkeys descriptions.We useforeign keys
informationto feedthecommonthesaurusandenrichsemanticknowledgeof the
sources.



12 MOMIS: The Theory

Mapping Rules. Thiskind of rule is introducedin ODL � � in orderto expressrelation-
shipsexistingbetweentheintegratedODL � � schemadescriptionof theinforma-
tion sourcesandthe ODL ��� schemadescriptionof theoriginal sources.These
ruleswill beillustratedin detail in Section2.3,togetherwith examplesof use.

Theextractionprocesshasthegoalof translatingobjectpatternsandsourceschemas
into ODL ��� descriptions.Translationis performedby awrapper. Moreover, awrapper
canbeaskedfor thesourcenameandtype(e.g.,relational,semistructured).
Thetranslationinto ODL � � , on thebasisof theODL � � syntaxandof theschemade�-
nition, is performedby thewrapperasfollows:
Givenarelationof a relationalsourceor aclassor apattern	'+���,S� , translationinvolves
the following steps: i) an ODL ��� classnamecorrespondsto the relationnameor to

+ , respectively, and ii) for eachrelationattribute or label +F!T2U, , an attribute is de-
�ned in thecorrespondingODL � � class.Furthermore,attributedomainsareextracted.
Structureextractioncanbeperformedasproposedin [aSBDFS97, NAM98].
In �gures 2.5 and 2.6 we report the ODL ��� representationof the ED.Fast Food
objectpatternandof theFD.Restaurant relation. ThecompleteODL ��� schemas
representationof theEDandFDsourcesareshown in �gures 2.17and2.18.

interface Fast_Food
( source semistructured ED ) {

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?; };

Figure2.5: ODL �
� representationof a SemistructuredClassfrom objectpatternsfrom

theEDsource

interface Restaurant ( source relational FD
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; };

Figure2.6: ODL �
� representationof aRelationaltablefrom theFDsource

To representobjectpatternsin ODL ��� , union andoptionalconstructorsareused. In
particular, theunion constructoris usedto representobjectpatternsdescribinghet-
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erogeneousobjectsin thesource.An exampleof useof theunion constructorin the
ODL � � classrepresentingthe Address patternof the EDsource(seeFigure2.4) is
shown in Figure2.7.Thesemanticsof theunion constructorandof optionalattributes
in ODL ��� will bediscussedin thesection2.1.4,usingtheOLCD DescriptionLogics.

interface Address
( source semistructured Eating_Source ) {

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

union
{ string; };

Figure2.7: An exampleof union constructorin ODL � �

2.1.4 The OLCD Description Logic

ODL ��� descriptionsare translatedinto OLCD (ObjectLanguage with Complements
allowingDescriptivecycles) descriptionsin orderto performDescriptionLogicsinfer-
encesthatwill beusefulfor semanticintegration.
In this section,we give the syntaxof OLCD (the semanticsis given in section2.7);
Readersinterestedin a formalaccountcanreferto [BBLS98].

Typesand Schemas We assumea countablesetof symbols V of attribute names
(denotedby WX�@W

I

��W

N

�<Y Y<Y ) andweassumeacountableset Z of typenames(denotedby
[

,
[

I ,
[

N , Y<Y Y ), which includestheset \]-_^ Integer � String � Bool � Real ` of
base-typedesignators(which will bedenotedby a ) andthesymbols b , c . A path d

is eitherthesymbol e , or a dot-separatedsequenceof elementsf

I . f

N . g g<g . fih , where
fi?j2kVmln^
op��qX`S&srt-Uu��<Y Y<Y ��vw( . e denotestheuniquepathof length0. Let x denote
the setof all paths. yz&'Vn��Zn( denotesthe setof all �nite typedescriptions(denoted
by ) , )

I , )

N , Y<Y Y ), alsobrie�y calledtypes, over given V{�@Z , obtainedaccordingto
the following abstractsyntaxrule, where W

?
C-|W

A for r$C -m} (in thesequeld , d

I , d

N ,
. . . , denotea path, ~ denotesa basevalue, • denotesa relationaloperator): )€#

[%•

)

Iz‚

)

N

•

)

Izƒ

)

N

•�„

)

•

^i)O`†…

•

^")O`i‡

•�ˆ

W

IŠ‰

)

I

�‹Y<Y YŒ��W�•

‰

)Ž•i•

•

o•)

•

d�•�~

•

d�‘

b denotesthe top type, c denotesthe emptytype, ^�`

… and
ˆ

• denotethe usualtype
constructorsof setandrecord(tuple),respectively. The ^")O`�‡ constructis anexistential
setspeci�cation,whereat leastoneelementof thesetmustbeof type ) . Theconstruct

ƒ standsfor intersection, theconstruct‚ standsfor union, theconstruct
„

standsfor
complement, whereaso constructsclassdescriptions,i.e., is an object set forming
constructor. d�•�~ , dz‘ representatomicpredicates: d�•�~ is a range restrictionand d’‘

expressespathunde�nedness.
Givenasetof typedescriptionsyz&'Vn�@Zn( , aschema“ over y’&sV{�@Zn( is a total function

“

‰

Z•”–&s\—l˜^
b™��c3`
(–#šy’&sV{�@Zn( , which associatestype namesto descriptions. “

is partitionedinto two functions: “X› , which introducesthe descriptionof primitive
typenameswhoseextensionsmustbeexplicitly providedby theuser;and “wœ , which
introducesthe descriptionof virtual type nameswhoseextensionscanbe recursively
obtainedfrom theextensionof thetypesoccurringin their description.
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In OLCD cyclic typenamesareallowed: in fact,sinceatypenamemayappearin type
descriptions,wecanhavecircular references, thatis, typenameswhichmakedirector
indirectreferencesto themselves.
Giving a type as set semanticsto type descriptions,DescriptionLogics, and thus
OLCD, allows oneto provide relevant reasoningtechniques:computingsubsumption
relationsbetweentypes(i.e., “is-a” relationshipsimplied by typedescriptions),decid-
ing equivalencebetweentypes,anddetectinginconsistent(i.e.,alwaysempty)types.

ODL ��� to OLCD translation

In this section,wedescribehow ODL � � sourceschemadescriptionsaretranslatedinto
OLCD descriptions.

ODL � � classes.In general,a ODL � � classis translatedinto a OLCD primitive class
in a simpleway: eachattributeof theODL � � classbecomesan attributeof the
correspondingOLCD class. For example,the Restaurant ODL ��� classis
translatedasfollows:

“
› (ES.Restaurant )= o [r code : String , name: String , street : String ,

zip code : String , pers id : Integer , special dish : String ,
category : Integer , tourist menu price : Integer ]

Someaspectsof anODL �
� classdeclaration,suchas

key r code in theRestaurant ODL �
� class,arenot translatedinto OLCD,

but will beusedin thesemanticinformationintegration.

Union constructor. The union constructorof ODL �
� is translatedusing the con-

struct ‚ of OLCD; for example,theAddress patternof �gure 2.7 is translated
in OLCD asfollows:

“
› (ES.Address )= ož• String ‚

[city : String , street : String , zipcode : String ] Ÿ

Optional constructor. Theconstruct‚ is alsousedto translateoptionalattributesinto
OLCD. In fact,anoptionalattributeatt speci�esthata valuemayexist or not
for a given instance.This fact is expressedin OLCD astheunion betweenthe
attributespeci�cation(with its domain)andattributeunde�nedness, denotedby‘

operator:&

ˆ

�� � Ž¡

‰

��¢i£Š��
"¤w¡�•

‚

�� � Ž¡1‘�( . Forexample,in theFast Food interface,
theoptionalattributesaretranslatedasfollows:

“
› (ES.Fast Food) = o

•
[ name : String , address : ES.Address ,

specialty : ^i¥� �¦X
"¤�§�` , category : String ] ƒ

([ phone : Integer ] ‚ phone ‘ ) ƒ

([ nearby : ES.Fast Food ] ‚ nearby ‘ ) ƒ

([ midprice : Integer ] ‚ midprice ‘ ) ƒ

([ owner : ES.Owner ] ‚ owner ‘ ) Ÿ

Integrity constraint rules. An if then integrity constraintrule is integratedinto an
OLCD classdescription,by usingthe ƒ , ‚ and

„

constructs.For example,the
rule:

rule Rule1 forall X in Restaurant :
(X.category > 5) then X.tourist_menu_price > 100;



2.1Inf ormation extraction with ODL ��� 15

is addedto theES.Restaurant descriptionasfollows:

“�› (ES.Restaurant ) = o

•

[ r code : String , name : String ,

street : String ,
zip code : String , pers id : Integer , special dish : String ,
category : Integer , tourist menu price : Integer ] ƒ

&

„

& category ¨E©�(

‚

& tourist menu price ¨ 100 (�( Ÿ

Then,in our framework, integrity constraintsarestatementsabouttheworld and
notaboutthecontentsof thedatabaseasin Reiter'sapproach[Rei88].

Intensional relationships. Are not translated.

Extensionalrelationships. An “isa” relationshipsG I ISA G N relatedto anExtensional
relationshipsandexpressedin ODL � � by therule:

rule Rule2 forall X in C1 then X in C2

is integratedin the G
I classdescription,by usingthe ƒ construct: “

›
&

G
I

(–-

G
N

ƒ

Y<Y Y

Foreignkeys. A Foreignkey wherethe class ª

I containsa �eld that referencesthe
class ª

N , is translatedintroducingonedummyattribute in both classesto keep
trackof therelationship.

For suchforeignkey we introducein thede�nition of ª

I theattributedummy1
of type ª

N , andwe introducein ª

N theattributedummy2of type ª

I .

Mapping Rules. Are not translated.

Join Map. Are not translated.

2.1.5 The WordNet lexical database

WordNet[GGV96, Mil95] is an on-line lexical referencesystemwhosedesignis in-
spiredby currentpsycholinguistictheoriesof humanlexical memory. It is the most
importantresourcefor researcherin computationallinguistic, text analysis,andother
related�elds.
In WordNetEnglishnouns,verbs,andadjectivesareorganizedinto synonymsets,each
representingoneunderlyinglexical concept.Differentrelationslink thesynonym sets.
WordNetpresentlycontainsapproximately95,600differentword formsorganisedinto
some70,100wordmeanings,or setsof synonyms(synset).
Lexical semanticsbegins with a recognitionthat a word is a conventionalassocia-
tion betweena lexicalizedconcept(themeaning)andanutterance(thewritten or pro-
nouncedword) thatplaysa syntacticrole. This is a many-to-many association;associ-
ationscanbedistinguishedin thefollowing properties:

Synonymy: propertyof ameaningthathastwo or morewordsthatexpressit. A group
of synonymsis called(in WordNet)synset. Notethatfor eachmeaning/concept
existsoneandonly onesynset. We will denotea synsetas � , and « will denote
thesetof all synset.

Polysemy: propertyof aword to have two or moremeanings.



16 MOMIS: The Theory

Sincetheword word is commonlyusedto referboth to theutteranceandto its asso-
ciatedconcept,discussionsof this lexical associationarevulnerableto terminological
confusion.In orderto reduceambiguity, therefore,word form will beusedhereto re-
fer to thephysicalutteranceor inscriptionandword meaningto referto thelexicalized
conceptthata form canbeusedto express.
The correspondencebetweenthe word form and the word meaningis given by the
Lexical Matrix ¬ , whereby columnstherearetheword form andby rows theword
meaning(one row representa synset). If thereis more than one entry in the same
column,theword form is polysemous;if therearetwo entriesin thesamerow, thetwo
word formsaresynonyms(relative to acontext).
Every elementof the matrix is an entry de�nition fp-­&'®X��¯k( , where ® is the word
form and ¯ (meaning) is the meaningcounter. For example,(address , 2) refers
to theplacewherea personor organisationcanbe foundor communicatedwith, and
(address , 1) refersto a computeraddress.
In thefollowingwewill denoteaword formandthemeaningof ade�nition f°-m&'®X�@¯•(

respectively with f�Y±® and f�Y ¯ . An elementof the lexical matrix ¬ canbe null or
unde�ned.
Sincea synsetis associatedwith a single line of the ¬ , in the following we will
denote�{2€« asrow index for ¬ . In otherwords,the not null elementsof the row

¬

ˆ

�<• , representall andonly the elementsof � . In the sameway, sincea word form
is associatedto a singlecolumnor ¬ in the following we will usetheword form as
columnindex of ¬ .

Semanticrelationshipsbetweenschematerms

In this subsectionwe formally de�ne whatwe meanby extractingThesaurusrelation
fromtheWordNetdatabase.

Formalization of the WordNet database Let ²Q³ the list of termsin WordNetand
let ´w³ thelist of synsetin WordNet.
Thelexical Matrix ¬ canbeexpressedasaset:

¬ µE²z³·¶•´w³

We expressthesetof possibleWordNetrelationshipsbetweensynsetsas:

¸

³
-¹^ Sº†h�»@h�º†¼Dº�� H º�½

JL¾
h�º†¼Dº�� O *Œ»�h�º†¼Dº�� C »

¾�¾�J
*Œ¿

M
?1»�hÀ`

Thelexical databasecanthenbeexpressedasasetof relationships:

Á

³
µÂ´

³
¶

¸

³
¶•´

³

Thetuple &'²
³

�@´
³

��¬Ã�

Á

³
( representstheinformationwe usefrom WordNet.

Formalization of the thesaurusrelationships Let ÄÆÅ thesetof elementin aschema
to beintegrated.An elementf32ÇÄÆÅ representsa local classor a local classattribute.
We de�ne thesetof thesaurusrelations

¸

M
-È^i)zÉ

[

�@a3ÊP�@Ë°Ê4`
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Our goal is to extract asmuchaspossiblecorrect relationshipsbetweenelementsin
Ä Å , thatis, we needto expressade�nition formulaefor theset:

Á

MÌµ·Ä Å ¶

¸

M’¶ÍÄ Å

Extracting thesaurusrelationshipsfr om the WordNet database Our processfor
extracting

Á

M is thefollowing:

1. De�nition of a mappingfunctionbetweentherelationshipsof WordNetandthe
thesaurusrelationships: Î

M

‰

¸

³ #

¸

M

Thede�nition of thefunction

Î

M is givenby thefollowing table:
= Synonymy: correspondsto a SYN relation.
= Hypernymy: correspondsto a BT relation.
= Olonymy: correspondsto a RT relation.
= Corr elation: correspondsto a RT relation.

The

Î

M functionis independentfrom theschemato beintegrated.
2. De�nition of a partialAnnotationfunction Ï

‰

Ä
Å

#5Ð�Ñ"Ò .
The

Î

M function is strictly dependentfrom the schemato be integrated. This
functionmustbede�ned by thedesignerduringtheintegrationprocess.

3. Thesetof interestingthesaurusrelationships
Á

M derivedfrom WordNetis given
by:

Á

MP-È^�&sf

I

��Ó<M���f

N

(O2ÔÄ
Å

¶

¸

MQ¶ÍÄ
Å

‰

qÀ&sW

I

�

Î

MÕ&ÖÓ<M�(†�@W

N

(O2

Á

³Ì�@W

I

2kÏO&sf

I

(†�@W

N

2•ÏQ&'f

N

(�`

Usecase

To beused,thealgorithmof thesaurusrelationshipextractionrequiresthedesignerto
annotatethesourceschema.This meansthat for almost1 eachelementof thevarious
sourcesthedesignermustassociateto it a WordNetsynset.
Themethodweproposeto annotateaschemaelementis in two phasesandconsistsof:

1. choosingtheword formof theelement.By defaultthegivenutteranceis selected,
but, suchnameis notalwayscorrect.For example,considertheattribute
FD.Fast Food.midprice the designerwill have to map it into the word
form price in orderto geta propermeaningfrom WordNet.

2. whentheword formhasbeenselected,thedesignermustresolvethewordPoly-
semy. This is doneby choosingtheright synsetbetweentheonesrelatedto the
selectedword form.

Thehumancontribution is necessarysincethedesigner, relying on his experienceand
sourceknowledge,will choosewhich is theright word form andtheright meaningfor
eachentity.
The annotationis the mostsensiblephaseof the integrationin theMOMIS environ-
ment,sincea goodannotationwill causetheextractionof goodrelationshipsandthis
will generategoodclustersof similar conceptsin differentsources.

1Theattributesto beannotatedareusuallytheonesthedesignerconsiderssigni�cant.
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With annotationwe statetheassociationbetweenelementsandWordNetsynsets; this
allows us to transposerelationshipsbetweensynsetson the implied relationshipsbe-
tweenschemaelements.

2.2 Building the CommonThesaurus

To develop intelligent techniquesfor semanticintegration, inter-schemaknowledge
betweeninformationsourcesin theconsidereddomainhasto beidenti�ed andproperly
represented.For this purpose,we constructa CommonThesaurusof intensionaland
extensionalrelationships,describinginter-schemaknowledgeaboutODL � � classesand
attributesof sourceschemas.TheCommonThesaurusprovidesa referenceon which
to basethe identi�cation of ODL ��� classescandidateto integrationand subsequent
derivationof their globalrepresentation.In theCommonThesaurus,we expressinter-
schemaknowledgein form of relationships(SYN, BT, NT, and RT) andextensional
relationships(SYN JLK M , BT JLK M , andNT JLK<M ) betweenclassesand/orattributenames.The
CommonThesaurusis constructedthroughan incrementalprocessduring which the
following typeof relationshipsareadded:

1. schema-derivedrelationships
2. lexicon-derivedrelationships
3. designer-suppliedrelationships
4. inferredrelationships

Relationshipspresentin theCommonThesaurusareusedby thesubsequentphaseof
semanticinformationintegration(seesection2.3).
Thereare basicallytwo typesof relationshipsdiffering by strength: (1) intensional
relationships,whicharetheweakesttypeof relationships,and(2) extensionalrelation-
ships,which arethestrongertypeof relationshipssincethey alsohave anextensional
impact.
Thedesignermayat any time “strengthen” an intensionalrelationshipandpromoteit
to anextensionalrelationship.Thespeci�cationof anextensionalrelationshipimplies
compatibilitybetweentherelatedelementsandenablessubsumptioncomputation(i.e.,
inferred relationships)and consistency checkbetweenthe elementsinvolved in the
relationship.

2.2.1 Schema-derived relationships

In this stepterminologicalandextensionalrelationshipsat intra-schemalevel areex-
tractedby analysingeachsourceschemadescriptionseparately.
Herearevariouscasesfor thedifferenttypesof sources.

= Fromobjectsources
ODB-Tools [BBSV97a] examinesthegiveninheritanceandaggregationhierar-
chiesbetweenclassesandgeneratesrespectively NT×ÙØDÚ andRTrelationships.
NT×wØDÚ andRTmaybeexplicit (direct inheritance,complex attributes)or com-
putedby thesubsumptionalgorithm.

= Fromrelationalsources
anRTrelationshipis extractedfor eachforeignkey.
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a NT×ÙØDÚ relationshipis extractedeachtime the foreignkey is alsoa key (pri-
maryor candidate)of theclass.
aSYN×ÙØDÚ relationshipis extractedeachtimebetweentwo classesthereexistsa
reciprocal relationshipof BT×wØDÚ (or NT×wØDÚ ).

= Fromsemistructuredsources
relationshipsareextractedapplyingtechniquescitedfor theobjectandrelational
sources.

Example 1 ConsidertheEDandFD sources.A subsetof intra-schemarelationships
automaticallyextractedarethefollowing:

= ED.Fast_Food rt ED.Owner
sincethetypeof theattributeownerof ED.Fast Foodis Owner.

= ED.Fast_Food rt ED.Address
sincethetypeof theattributeaddressof ED.Fast Foodis Address.

= FD.Restaurant rt FD.Person
sinceexistsa foreignkey from Restaurant to Person.

= FD.Restaurant bt FD.Bistro
sincethereis aforeignkey from Bistro to Restaurantandsuchforeignkey is also
a key for Bistro.

= FD.Bistro rt FD.Person
sincethereis a foreignkey from Bistro to Person.

= ED.Address rt ED.Owner
sincethetypeof theattributeaddressof ED.Owneris Address.

2.2.2 Lexicon-derived relationships

In this step,terminologicalandextensionalrelationshipsexistingat inter-schemalevel
areextractedby analyzingODL ��� schemastogether. Theextractionof theserelation-
shipsis basedupon the lexical relationshipsexisting betweenclassesand attributes
names,deriving from themeaningassociatedto theschemaelement's name(seesec-
tion 2.1.5onpage15). It is thedesigner's taskto assigndescriptive/meaningfulnames
or, at least,correctlyinterpretablenames.
Knowledgecarriedby schemanamesis oneof themostimportantinformationwecan
rely in the integrationprocess.To betterexploit suchknowledgefor extractingtermi-
nological relationship,WordNet[Mil95] lexical systemhasbeenused. This enables
our systemto extract a very high numberof thesaurusrelationships.It is very hard
to carryout manuallytheserelationshipswhenthenumberanddimensionsof schema
grows. Relationshipsextractedby WordNetarethenproposedto the thedesignerfor
validation(thedesignercandropunwantedrelationships).

Example 2 ConsidertheEDandFDsources.TherelationshipsderivedusingWordNet
arethefollowing:

ED.Address syn ED.Fast_Food.address
ED.Address syn ED.Owner.address
ED.Address syn FD.Brasserie.address
ED.Address.street syn FD.Restaurant.street
ED.Fast_Food.address syn FD.Brasserie.address
ED.Fast_Food.category syn FD.Restaurant.category
ED.Fast_Food.midprice syn FD.Restaurant.tourist_menu_price
ED.Fast_Food.specialty syn FD.Restaurant.special_dish
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ED.Owner nt FD.Person
ED.Owner syn ED.Fast_Food.owner
ED.Owner.address syn ED.Fast_Food.address
ED.Owner.address syn FD.Brasserie.address
ED.Owner.name syn FD.Brasserie.name
ED.Owner.name syn FD.Restaurant.name
FD.Brasserie nt FD.Restaurant
FD.Brasserie rt FD.Bistro
FD.Brasserie.name syn FD.Restaurant.name
FD.Person bt ED.Fast_Food.owner
FD.Person.first_name nt ED.Owner.name
FD.Person.first_name nt FD.Brasserie.name
FD.Person.first_name nt FD.Restaurant.name
FD.Person.first_name rt FD.Person.last_name
FD.Person.last_name nt ED.Owner.name
FD.Person.last_name nt FD.Brasserie.name
FD.Person.last_name nt FD.Restaurant.name

2.2.3 Designer-supplied inter-schemarelationships

In this step,new relationshipscanbeaddeddirectlyby thedesignerto capturespeci�c
domainknowledgeaboutthesourceschemas(e.g.new synonyms).
This is a crucial operation,becausethe new relationshipsareforcedto belongto the
CommonThesaurusandarethususedto generatetheglobal integratedschema.This
meansthat,if a nonsenseor wrongrelationshipis inserted,thesubsequentintegration
processcanproducea wrong global schema.The following Relationshipvalidation
sectionshowshow oursystemhelpsthedesignerin detectingwrongrelationships.

Example3 In ourexample,thedesignersuppliesthefollowingrelationshipsfor classes
andattributes:

ED.Fast_Food syn FD.Restaurant
ED.Fast_Food.category bt FD.Bistro.type
ED.Fast_Food.specialty bt FD.Bistro.special_dish

2.2.4 Relationshipsvalidation

In this step,ODB-Tools is employedto validateintensionalrelationshipsbetweenat-
tributesandextensionalrelationshipsbetweenclasses.

Intensional relationshipsbetweenattrib utes

Thevalidationof intensionalrelationshipsbetweenattributesis basedon thecompat-
ibility of the domainsof the attributes. This way, valid andinvalid intensionalrela-
tionshipsaredistinguished.In particular, let W

M
-Û	sv

M
�@~

M
� and W�Ü™-Û	ÖvwÜ��@~�Ü<� be two

attributescharacterizedby nameanddomain. The following checksareexecutedon
intensionalrelationshipsde�ned onattributesin theCommonThesaurus:

=

	sW�M SYN W
Ü

� : therelationshipis markedasvalid if ~�M and ~
Ü areequivalent,or if

oneis a specializationof theother;
=

	sW
M BT W�Ü<� : therelationshipis markedasvalid if ~

M containsor is equivalentto
~�Ü ;
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=

	sW M NT W�Ü†� : therelationshipis markedasvalid if ~ M is containedin or is equiva-
lent to ~ Ü .

Whenan attribute domain ~ M ( ~�Ü ) is de�ned usingthe union constructor, as in the
Address example(seeFigure2.7onpage13),avalid relationshipis recognisedif at
leastonedomain~ M ( ~�Ü ) is compatiblewith ~�Ü ( ~ M ).

Extensionalrelationshipsbetweentwo classes

As an extensionalrelationshipbetweentwo classesGRI and GON , the validationis per-
formedcheckingthe consistency of a virtual schemadescribedin OLCD exploiting
ODB-Tools capabilities. The virtual schemais generatedby applyingcommonthe-
saurusrelationshipsto theODL ��� schema.Extensionalrelationshipsaffectstheinher-
itancehierarchiesof theschema.
For example,theextensionalrelationship:

FD.Restaurant btExt FD.Bistro
statedby thedesigneris expressedin theFD.Bistro classdescriptionasfollows:

“�› (FD.Bistro ) = FD.Restaurant ƒ

o [ r code : String , type : String , pers id : Integer ]
SincetheFD.Bistro classdescriptionis consistent,therelationshipbetween
FD.Bistro andFD.Restaurant is validated.On theotherhand,theextensional
relationship

FD.Restaurant btExt ED.Fast_Food
is rejectedsincetheclassdescription: “

› (ED.Fast Food) = FD.Restaurant ƒ . . .
is inconsistent(the attributecategory is de�ned in both theclassesbut on disjoint
domains).In thepresenceof integrity ruleslessintuitive incoherenciesmayarise. In
this casethedesignermaychooseto maintainonly theterminologicalrelationship

ED.Restaurant bt FD.Fast_Food
in theCommonThesaurus.

2.2.5 Checkingconsistencyand inferring newrelationships

In this step,inferencecapabilitiesof ODB-Toolsareexploitedto validatethecommon
thesaurusrelationshipsandto infer new relationships,in orderto setup a rich com-
mon thesaurusto supportthe identi�cation of semanticallysimilar ODL �

� classesin
differentsources,aswill be shown in next section. In the running examplethere are
no inferred relations. To performthis task it is necessaryto build a virtual schema
taking in accountall thecommonthesaurusrelationships,thento run ODB-Tools on
suchvirtual schema.ODB-Tools will computeincoherentrelationshipsandwill also
infer all relationshipsinvolvedby thevirtual schema, then,suchnew relationshipswill
beaddedto thecommonthesaurus.

2.2.6 Virtual schemacreation

Thevirtual schemapassedtoODB-Toolsdescriptionlogicengineisdescribedin OLCD
(seesection2.1.4on page13) andis derivedfrom theschemaof thesourcesapplying
somemodi�cationsimplied by thecommonthesaurusrelationships.
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Generatingthevirtual schemawe exploit theODB-Toolsvalidationandinferenceca-
pabilitiesto discoverincoherencesdueto thecommonthesaurusrelationships,validate
relationshipsbetweenattributeswith respectto domainmatching,andinfer all possible
relationshipinvolvedby theexistentones.
SinceODB-Tools is ableto discover schemaincoherences, during thevirtual schema
generationwe transformtheextensionalrelationships(thestrongestrelationshiptype)
into structuraldeclarations.if ODB-Toolsdoesnotsignalsany incoherencethismeans
thatextensionalrelationshipsarenot con�icting.
Validationof theexisting relationshipsis possibleby de�ning, in thevirtual schema,a
virtual classesfor eachschemaelementinvolvedin a relation. ODB-Tools will com-
puteall relationshipsbetweensuchvirtual classesbasedonrelationshipsandschemata
informationandwill producea list of schemacompliantrelationships. If anold rela-
tionshipappearsin thelist thenthis is markedasvalid. Relationshipsthatarein thelist
but donotexist in thecommonthesaurusareaddedasinferredrelationships.
Thevariousrelationshipstypeswill producethefollowing modi�cations:

= ExtensionalSYN
suchrelationshipcausethecreationof adoubleinheritance,thatis

ª

I

)jÉ

[

J�K<M
ª

N

is convertedinto thefollowing two OLCD declarations

“�›P&'ª

I

(z-.ª

NQƒ

Y‹YŒY

“�›P&'ª

N

(z-.ª

Izƒ

Y‹YŒY

= ExtensionalNTandBT

ª

I

[

ÊPJLK M�ª

N

is convertedinto thefollowing OLCD declaration:

“�›P&'ª

I

(z-.ª

NQƒ

Y‹YŒY

= IntensionalSYN
theideais to �nd setsof synonymclassesandmake themhomogeneous.
A setof synonymclassesis given by all the local classesdirectly relatedby a
SYNrelationship.
To make a setof synonymclasses“homogeneous”all classdescriptionarere-
de�ned in orderto sharea commonde�nition obtainedby theunionof thedef-
initions of all the synonym classes.To do that we needto de�ne inheritance,
attributesandrelatedclasses(which aretheclassesin RT relation).
Usingthenotationintroducedin section2.1.5onpage16,
Let Ý

Å thesetof local classesin theschema.
Let Þ

Å thesetof attributesof all local classesin theschema.
Let ß

Å

‰

Þ
Å

#àÝ
Å thefunctionthatrelatesattributesandclassesof theschema;

ß
Å

&'W�( returnstheclasswhereW is de�ned asattribute.
Let

Á

M thesetof commonthesaurusrelations.
Let )ŽÅLº<hÍµEÝjÅ a setof synonymclasses.
Thesetof inheritancesharedby all theclassesin theset, ��? , canbecalculatedby
thefollowing iterativealgorithm:
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1. let �"?Ù-á)ŽÅLº†h

2. let � ? -á� ? lk^iª°2ÔÝ Å

‰

qÀ&'ª
��Ó
��ª

I

(â2

Á

M
�

ª

I

C-€ª���ÓÌ-

[

ÊP��ª

I

2n� ? �@ª°2•Ý Å `

3. let � ? -á� ? lk^iª°2ÔÝ Å

‰

qÀ&'ª

I

��Ó
�@ª (O2

Á

M
�

ª

I

C-€ª���ÓÌ-.aTÊR�@ª

I

2k� ? �@ª°2kÝ Å `

4. if � ? grew thengotopoint 2
5. done.

Let �i¿™µ˜ÞzÅ thesetof attributessharedby all theclassesin theset

�i¿�&')ŽÅ�º†h�(z-¹^iW$2ÔÞzÅ

‰

q�ªP-Âß�Å
&sW�(†�@ª°2n)ŽÅLº†hX`

Let �"¾ÌµEÝ Å thesetof classesrelatedto theclassesin theset
�"¾�&B) ÅLº†h (’-

^"ªS2kÝ Å

‰

qÀ&sª
�@Ó
�@ª

I

(O2

Á

M���ÓÌ-.Ë°ÊP�@ª

I

2n) Å�º†h �@ª°2•Ý Å �@ª

I

C-€ªi`il

^"ªS2kÝjÅ

‰

qÀ&sª

I

��Ó
��ª<(O2

Á

M ��ÓÌ-.Ë°ÊP�@ª

I

2n)ŽÅ�º†hŠ�@ª°2•ÝtÅ��@ª

I

C-€ªi`

Oncecalculated,thesets�i? , �i¿ and � ¾ in thede�nition of eachclassª of theset
of synonymclasses)wÅLº†h will besomethinglike:

“ › &sª<(z-.ª†?

I ƒ

YŒY‹Y

ƒ

ª†?‹h

ƒ

o [
W�h

I
‰

W
M

I

��W�h

N
‰

W
M

N

� YŒY‹Y‹�@W�h�¼

‰

W
M

¼™�@W
¾

I
‰

ª
¾

I

�@W
¾

N
‰

ª
¾

N

�<Y‹Y‹YŒ��W
¾

»

‰

ª
¾

» ]
where

ª†?

I

� YŒY‹Y‹�@ª†?

I

2n� ?

W�h

I

� YŒY‹Y‹�@W�h�¼ areattributenamefor attributesin �
¿

W�M

I

� YŒY‹YŒ��W�M
¼ areattributetypefor attributesin �

¿

W�¾

I

�<Y‹YŒY‹�@W�¾
» aredummyattributesname,and

ª†¾

I

� YŒY‹YŒ��ª†¾
»

2n�"¾ .
= IntensionalNTandBT

This is a casesimilar to the intensionalSYNrelationship.In this casewe have
to homogenizea classª ã with theclassesª ã from which intensionallyit inherits.
We needto compute:

– Theset )
ã'M of intensionalsuperclasses.

– The set �
¿ of attributesthat representthe union of attribute of ª
ã andat-

tributesof theclassesin )wã'M .
– Theset �"¾ of classesrelatedto ª ã or relatedto any of theclassesin )wã'M .

Theset )
ã'M canbecomputedby applyingthefollowing iterativealgorithm:

1. )
ã'M

-È^"ª
ã

`

2. let )Žã'Mz-€)Žã'MÀl{^"ª°2ÔÝ
Å

‰

qŽ&sª
�@Ó
�@ª

I

(O2

Á

M
�

ª

I

C-€ª���ÓÌ-

[

ÊP��ª

I

2n)Žã'M���ª°2ÔÝ
Å

`

3. let )Žã'Mz-€)Žã'MÀl{^"ª°2ÔÝ
Å

‰

qŽ&sª

I

��Ó
�@ª (O2

Á

M
�

ª

I

C-€ª���ÓÌ-.aTÊR�@ª

I

2k)Žã'M��@ª°2kÝ
Å

`

4. if )Žã'M grew thengo to point2
5. done.

Bothsets�i¿ and �
¾ canbecomputedusingthealgorithmdescribedabovefor the

caseof SYNrelationshipconsidering)ÙÅLº<hä-.)
ã'M

= terminological RT
For eachRT relationshipinvolving a given class ª and one other class ª

I , a
virtual complex attribute W�¾ of type ª

I is addedto thede�nition of ª in thevirtual
schema.

Seesection3.4.1onpage53for how thisfeaturehasbeenimplementedin theMOMIS
prototype.
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2.3 Semanticinformation integration

In this section,we describetheinformationintegrationprocessto constructtheglobal
integratedview of ODL ��� sourceschemas.Theproposedprocessallowssemi-automatic
identi�cation of ODL ��� classescandidateto integrationby meansof clusteringproce-
duresbasedon theconceptof af�nity andon therelationshipknowledgein theCom-
mon Thesaurus.Moreover, the processsupportsa semi-automatedsynthesisof each
selectedclusterinto an integratedglobal ODL � � class,by handlingsemantichetero-
geneitythroughthede�nition of suitablemappingrulesfor eachglobalclass.

2.3.1 Af�nity of ODL : ;

classes

To integratetheODL � � classesof thedifferentsourcesinto globalODL � � classes,we
employ hierarchicalclusteringtechniquesbasedon theconceptof af�nity . This way,
weidentifyODL � � classesthatdescribethesameor semanticallyrelatedinformationin
differentsourceschemasandgiveameasureof thelevel of matchingof theirstructure.
This activity is performedwith theARTEMIS tool environment.ARTEMIS hasbeen
conceivedfor asemi-automaticintegrationof heterogeneousstructureddatabases[CAV00].
In thecontext of MOMIS, theARTEMIS af�nity frameworkhasbeenextendedandap-
plied to theanalyzisof ODL ��� schemadescriptions.In thefollowing, we describethe
extensionsto theaf�nity-based clusteringto copewith objectpatternsandsemistruc-
tureddataintegration.ODL �

� classesareanalyzedandcomparedby meansof af�nity
coef�cients which allow usto determinethelevel of similarity betweenclassesin dif-
ferentsourceschemas.
In particular, ARTEMIS evaluatesa Global Af�nity coef�cient as the linear com-
bination of a NameAf�nity coef�cient and a Structural Af�nity coef�cient, respec-
tively. Af�nity coef�cients for ODL ��� classesare evaluatedby exploiting termino-
logical relationshipsof the CommonThesaurus.To this end, a strength “Žå is as-
signedto eachtypeof terminologicalrelationshipæ in theCommonThesaurus,with

“ SYN ç

“ BT/NT ç

“ RT. In the following, whennecessary, we usenotation “Š?èAÕé

to denotethe strengthof the terminologicalrelationshipæ for terms >�? and >BA in the
Thesaurus;furthermore,we use“ SYN -¹u , “ BT -.“ NT -.ê�Y ë and “ RT -€ê�Y © .
An af�nity function ,3&'( is de�ned on top of the CommonThesaurusto evaluatethe
af�nity of two terms.Theaf�nity ,3&s>Õ��>�!ì( of two terms> and >�! is equalto thehighest-
strengthpath of terminologicalrelationshipsbetweenthem, if at leastone path ex-
ists, and is otherwisezero. Given two terms > and >@! and a path of terminological
relationshipsbetweenthem,the strengthof this pathis computedby multiplying the
strengthsof all terminologicalrelationshipsinvolved in it. ,3&s>Õ��>�!‹( coincideswith
the strengthof the highest-strengthpath between> and >�! , denotedby #

¼ , that is,
,™&Ö>Õ��>�!ì(z-.“

I�N

é

g�“

N

�

é

gÕY Y<YÕg�“Àí

¼Rî

I�ï

¼

. In thefollowing,weusethesymbol ð to denote
the fact that two termshave af�nity in the CommonThesaurus.Let ª and ª

! be two
ODL ��� classesbelongingto sources) and )’! respectively. Let usnow de�ne how the
af�nity coef�cients arecomputed.

NameAf�nity coef�cient

The NameAf�nity coef�cient of two ODL ��� classesª and ª<! , denotedNA &sª
��ª†!1( , is
themeasureof theaf�nity betweentheir namesvÆñ and vwñFò , if this measureexceedsa
speci�edthreshold(seeTable2.1).
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Table2.1: NameAf�nity coef�cient
Coef�cient Value Condition
NA &'ª
�@ª†!1( ,3&svwñ ��vwñFòs( if ,3&svwñ<�@vwñFòs(

ç

Ï

0 if ,3&ÖvÙñ<�@vwñFòs(DóÂÏ

Legend:ô�õ†ö'ô

õ

ò

denotethenameof ÷ and ÷�ø , respectively.
ù is a thresholdusedto selecthigh valuesof úRû’ü‹÷

ö

÷�ø1ý .

û’üŒþ

ö

þ ø ý coincideswith thestrengthof thehighest-strengthpathbetweenþ and þ ø .

For any pairs of classes,
[

,3&'ª
�@ª !1(ÿ2

ˆ

ê�� u†• .
[

,3&'ª
�@ª†!1( is equalto the strengthof
the path #

¼ of terminologicalrelationshipsin the CommonThesaurusoriginating
the higheststrengthvalue, if this value exceedsa speci�ed threshold Ï (e.g., Ï•2

ˆ

ê�Y ����ê�Y �
• ). In this case,the NameAf�nity valueis proportionalto the lengthof the
pathandto thetypeof relationshipsinvolvedin this path.In particular,

[

,™&sª
��ª"!1( is u

if only SYN relationshipsareinvolvedin apath.Otherwise,
[

,3&sª"!'�@ª<!‹( is zero.

Structural Af�nity coef�cient

TheStructuralAf�nity coef�cient of two ODL �
� classesª and ª†! , denotedSA&sª��@ª<!Œ( , is

themeasureof thelevel of matchingof ª and ª ! basedon attributerelationshipsin the
CommonThesaurus(seeTable2.2).

Table2.2: StructuralAf�nity coef�cient
Coef�cient Value Condition
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ô

��' , where ûzü1÷�ý and ûzü1÷�ø‹ý are

thesetsof attributesin ÷�÷
ø , respectively

(

õ)�+* ,.-0/21!*�3�4 5�6�78-�9�:<;>=�*

* 1?*

, controlfactorwhere @BAC��D
üFE�ý

�HG

standsfor avalid

terminologicalrelationshipin theCommonThesaurus

The StructuralAf�nity coef�cient returnsa value in the range
ˆ

ê�� u†• proportionalto
thenumberof attributesof thetwo classeswhosenameshave af�nity in theCommon
Thesaurus,re�ned by a controlfactor �jñ . In particular, �tñ evaluatesthepercentageof
attributeshaving af�nity thathave a valid relationshipin theCommonThesaurus(see
stepValidationof relationshipsillustratedin Section2.2.4).
Thevalue ê indicatestheabsenceof attributeswith af�nity in theconsideredclasses,
while thevalue u indicatesthatall attributesde�ned in thetwo classeshaveaf�nity and
areconsideredvalid. Thegreaterthenumberof attributeswith af�nity in theconsidered
classes,andthegreaterthenumberof positive validity control results,thehigherthe
valueof )j,3&'ª
�@ª<!1( .
In general,giventwo classes,anattributeof oneclassmayhaveaf�nity with morethan
oneattributeof theotherclass.In theevaluationof the )j,™&sª
��ª"!‹( coef�cient, we con-
siderthesemultiple af�nities asasingleaf�nity correspondencebetweenoneattribute
anda setof attributes. For theevaluationof StructuralAf�nity , optionalattributesof
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ODL � � classesrepresentingobjectpatternsmustbe consideredproperly. Depending
on which attributesaretaken into account,the following optionsarepossiblefor the
computationof the )j,3&B( coef�cient:

1. All attribute-based.With this option,optionalattributesaretreatedastheother
onesandarealwaystaken into accountwhenevaluatingthe af�nity of ODL � �

classesdescribingobjectpatterns.

2. Commonattribute-based.With this option,optionalattributesarenot takeninto
accountwhenevaluatingtheaf�nity .

3. Threshold-based.With this option,optionalattributesaretakeninto accountfor
af�nity evaluationonly if they arecommonto at leastacertainnumberof objects
(i.e.,a threshold)of theconsideredobjectpattern.

Thethird option is dif�cult to apply, sinceit requiressettingthevalueof a threshold,
whichcanbedependentonthespeci�c objectpatternor onthesource.As for theother
two options,they have differentimplicationson theaf�nity valuesproduced.Givena
patternto becompared,thesecondoptiongivesaf�nity valueshigherthanthe�rst one,
in presenceof thesamenumberof attributepairswith af�nity . In fact,fewerattributes
areconsideredat the denominatorof the )j,3&B( formula choosingoption 2). On the
otherhand,if mostattributesof anobjectpatternareoptional,thenoption1) is better
for StructuralAf�nity evaluation.Thechoicebetweenthe�rst two optionsdependson
thespeci�c applicationunderanalysis.In our example,we appliedboth optionsand
wediscussobtainedvaluesin thefollowing, whenpresentingresultsof clustering.

Example4 ConsiderclassesED.Owner andFD.Person . By applyingtheall attribute-
basedoption,wehavethatSA(ED.Owner,FD.Person ) =

N

�

I

�

�?I

gÕuS-€ê�Y �KJ dueto the
following af�nities:
ED.Owner.name ð3^ FD.Person.first name,FD.Person.last namè .

Global Af�nity coef�cient

The GlobalAf�nity coef�cient of two ODL ��� classesª and ª<! , denotedL4,3&'ª
�@ª<!ì( , is
themeasureof theiraf�nity computedastheweightedsumof theNameandStructural
Af�nity coef�cients (seeTable2.3).

Table2.3: GlobalAf�nity coef�cient
Coef�cient Value Condition

M$NPORQTS�Q

øRU VXWZY\[�]

N^ORQTS.Q

øFU`_aVXbBYc[�d

NPORQ�S�Q

ø�U in all cases
Legend:e
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and
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W#Ykj

e

bBY

�lG

, areintroduced
to assesstherelevanceof eachcoef�cient computingtheglobalaf�nity value.

Weightsin L4,3&'ª
�@ª<!ì( allow theanalystto differentlystressthe impactof eachcoef�-
cientin theevaluationof theglobalaf�nity value.

Example5 TheGlobalAf�nity coef�cient of ED.Owner andFD.Person is com-
putedasfollows: GA(ED.Owner ,FD.Person ) = ê�Y±©Sg<ê�Y ënm·ê�Y ©Sg<ê�Y �oJÌ-.ê�Y ��u using

prq

	
-

pns

	
-€ê�Y © , sincewe considerbothaf�nity coef�cients equallyrelevant.
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Clustering of ODL � � classes

To identify all the ODL � � classeshaving af�nity in the consideredsourceschemas,
we employ a hierarchicalclusteringtechnique,which classi�esclassesinto groupsat
differentlevelsof af�nity , forming a tree[Eve74]. Thehierarchicalclusteringproce-
dureusesa matrix t of rank u where u is thetotal numberof ODL � � classesto be
analysed.An entry t

ˆ v

��w�• of thematrix representstheaf�nity coef�cient L4,™&sª2x���ª • (

betweenclassesªTx and ª • . Clusteringis iterative andstartsby placingeachclassin
a clusterby itself. Then,at eachiteration,thetwo clustershaving thegreatestaf�nity
valuein t aremerged. t is updatedat eachmerging operationby deletingtherows
andthecolumnscorrespondingto themergedclusters,andby insertinganew row anda
new columnfor thenewly de�nedclusterª x • . Theaf�nity valuebetweenª x • andeach
remainingcluster yª in t is computed.The new valuebetweenª x • anda remaining
cluster yª is setto themaximumaf�nity valuebetweentheaf�nity valuesthat ª x and ª<•

hadwith yª in t . Theprocedureterminateswhenonly oneclusteris left andproduces
astheoutputa tree,whereleavescorrespondto ODL ��� classesandintermediatenodes
haveanassociatedaf�nity valuecharacterizingtheunderlyingleaves.

Initial Distance matrix:
Elements: 18

e0 Interface [ED.Address]
e1 Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Bistro]
e4 Interface [FD.Brasserie]
e5 Interface [FD.Person]
e6 Interface [FD.Restaurant]
e7 [odli3.SimpleAttribute: ED.Address.street type: string]
e8 [odli3.SimpleAttribute: ED.Fast_Food.address type: odli3.TypeToSolve@275a92]
e9 [odli3.SimpleAttribute: ED.Fast_Food.midprice type: signed long]

e10 [odli3.SimpleAttribute: ED.Owner.address type: odli3.TypeToSolve@2b5267]
e11 [odli3.SimpleAttribute: ED.Owner.name type: string]
e12 [odli3.SimpleAttribute: FD.Brasserie.name type: string]
e13 [odli3.SimpleAttribute: FD.Person.first_name type: string]
e14 [odli3.SimpleAttribute: FD.Person.last_name type: string]
e15 [odli3.SimpleAttribute: FD.Restaurant.name type: string]
e16 [odli3.SimpleAttribute: FD.Restaurant.street type: string]
e17 [odli3.SimpleAttribute: FD.Restaurant.tourist_menu_price type: signed long]

src-| e0 | e1 | e2 | e3 | e4 | e5 | e6 | e7 | e8 | e9 |e10 |e11 |e12 |e13 |e14 |e15 |e16 |e17 |
e0 | |0.5 |0.5 | | | | | | | | | | | | | | | |
e1 |0.5 | |0.5 | | | |0.8 | | | | | | | | | | | |
e2 |0.5 |0.5 | | | |0.8 | | | | | | | | | | | | |
e3 | | | | |0.5 |0.5 |0.8 | | | | | | | | | | | |
e4 | | | |0.5 | | |0.8 | | | | | | | | | | | |
e5 | | |0.8 |0.5 | | |0.5 | | | | | | | | | | | |
e6 | |0.8 | |0.8 |0.8 |0.5 | | | | | | | | | | | | |
e7 | | | | | | | | | | | | | | | | |1.0 | |
e8 | | | | | | | | | | |1.0 | | | | | | | |
e9 | | | | | | | | | | | | | | | | | |1.0 |

e10 | | | | | | | | |1.0 | | | | | | | | | |
e11 | | | | | | | | | | | | |1.0 |0.8 |0.8 |1.0 | | |
e12 | | | | | | | | | | | |1.0 | |0.8 |0.8 |1.0 | | |
e13 | | | | | | | | | | | |0.8 |0.8 | |0.5 |0.8 | | |
e14 | | | | | | | | | | | |0.8 |0.8 |0.5 | |0.8 | | |
e15 | | | | | | | | | | | |1.0 |1.0 |0.8 |0.8 | | | |
e16 | | | | | | | |1.0 | | | | | | | | | | |
e17 | | | | | | | | | |1.0 | | | | | | | | |

Figure2.8: Initial af�nity matrix for clustering

We canseea completeprocessof clusteringstartingfrom initial thesaurusrelation-
shipsapplyingtherelationshipsweights(for SYN, NT, RT respectively 1, ê�Y ë , ê�Y © ) is
computedtheInitial af�nity matrix (Figure2.8). In Figure2.9shownsthecorrespond-
ing NamingAf�nity Matrix, Figure2.10showstheStructuralAf�nity Matrix, andlast
Figure2.11showstheGlobalAf�nity Matrix
Figure2.12 shows the af�nity tree resultingfrom clustering(using ê�Y � as threshold
value)our setof ODL ��� classesby using the all attribute-basedmethod. Oncethe
af�nity treehasbeenconstructed,animportantissueis relatedto theselectionof clus-
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Naming Affinty matrix:
Elements: 18

e0 Interface [ED.Address]
e1 Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Bistro]
e4 Interface [FD.Brasserie]
e5 Interface [FD.Person]
e6 Interface [FD.Restaurant]
e7 [odli3.SimpleAttribute: ED.Address.street type: string]
e8 [odli3.SimpleAttribute: ED.Fast_Food.address type: odli3.TypeToSolve@275a92]
e9 [odli3.SimpleAttribute: ED.Fast_Food.midprice type: signed long]

e10 [odli3.SimpleAttribute: ED.Owner.address type: odli3.TypeToSolve@2b5267]
e11 [odli3.SimpleAttribute: ED.Owner.name type: string]
e12 [odli3.SimpleAttribute: FD.Brasserie.name type: string]
e13 [odli3.SimpleAttribute: FD.Person.first_name type: string]
e14 [odli3.SimpleAttribute: FD.Person.last_name type: string]
e15 [odli3.SimpleAttribute: FD.Restaurant.name type: string]
e16 [odli3.SimpleAttribute: FD.Restaurant.street type: string]
e17 [odli3.SimpleAttribute: FD.Restaurant.tourist_menu_price type: signed long]

src-| e0 | e1 | e2 | e3 | e4 | e5 | e6 | e7 | e8 | e9 |e10 |e11 |e12 |e13 |e14 |e15 |e16 |e17 |
e0 | |0.5 |0.5 |0.32|0.32|0.4 |0.4 | | | | | | | | | | | |
e1 |0.5 | |0.5 |0.64|0.64|0.4 |0.8 | | | | | | | | | | | |
e2 |0.5 |0.5 | |0.4 |0.32|0.8 |0.4 | | | | | | | | | | | |
e3 |0.32|0.64|0.4 | |0.64|0.5 |0.8 | | | | | | | | | | | |
e4 |0.32|0.64|0.32|0.64| |0.4 |0.8 | | | | | | | | | | | |
e5 |0.4 |0.4 |0.8 |0.5 |0.4 | |0.5 | | | | | | | | | | | |
e6 |0.4 |0.8 |0.4 |0.8 |0.8 |0.5 | | | | | | | | | | | | |
e7 | | | | | | | | | | | | | | | | |1.0 | |
e8 | | | | | | | | | | |1.0 | | | | | | | |
e9 | | | | | | | | | | | | | | | | | |1.0 |

e10 | | | | | | | | |1.0 | | | | | | | | | |
e11 | | | | | | | | | | | | |1.0 |0.8 |0.8 |1.0 | | |
e12 | | | | | | | | | | | |1.0 | |0.8 |0.8 |1.0 | | |
e13 | | | | | | | | | | | |0.8 |0.8 | |0.64|0.8 | | |
e14 | | | | | | | | | | | |0.8 |0.8 |0.64| |0.8 | | |
e15 | | | | | | | | | | | |1.0 |1.0 |0.8 |0.8 | | | |
e16 | | | | | | | |1.0 | | | | | | | | | | |
e17 | | | | | | | | | |1.0 | | | | | | | | |

Figure2.9: NamingAf�nity Matrix for clustering

ters to be integratedfor the de�nition of the global ODL ��� classesof the integrated
schema.Clustercomputationis interactive, basedon thenumericalaf�nity valuesin
the af�nity tree. In particular, ARTEMIS providesa threshold-basedmechanismfor
clusterselection.Thedesignerspeci�esa valuefor a thresholdÊ andclusterscharac-
terisedby anaf�nity valuegreaterthanor equalto Ê areselectedandproposedto the
designer. High valuesof thresholdwill generatesmall,highly homogeneousclusters.
By decreasingÊ 'svalue,clusterscontainingmoreODL ��� classescanbeselected(see
clustergeneratedwith Ê€-€ê�Y � in �gure 2.14).In thetool, thedefaultvalueof Ê is set
to ê�Y±© . Thisdefaultvaluecanbere�ned dynamically, onthebasisof thecharacteristics
of retrievedclustersandof thespeci�c applicationunderanalysis.Onceclustershave
beenselected,ODL ��� classesthathaveanextensionalterminologicalrelationshipwith
at leastoneclassin theclusterandnot yet includedin it (if any), areforcedto belong
to theclusteranyway, to de�ne anintegratedglobalODL �

� classthatis representative
of all possiblesemanticallyrelatedsourceclasses.
The designercancon�rm this threshold-basedclusterselectionmadeby the tool for
thesubsequentsynthesisactivity.

2.3.2 Synthesisinto an integrated schemadescription

Thegenerationof ODL ��� global classesout of selectedclustersis a synthesisactivity
performedinteractively by the designer. Synthesisof clustersof ODL ��� classesre-
quirestakinginto accountsemanticheterogeneity, which hasto betreatedproperlyto
comeup with anintegratedanduniform representationat theglobal level. Let G

+'? be
a selectedclusterin theaf�nity treeand z�ª ? theglobalODL ��� classto bede�ned for

G

+ì? .



2.3Semanticinformation integration 29

Structural Affinty matrix:
Elements: 6

e0 Interface [ED.Address]
e1 Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Brasserie]
e4 Interface [FD.Person]
e5 Interface [FD.Restaurant]

src-| e0 | e1 | e2 | e3 | e4 | e5 |
e0 | | | | | |0.08|
e1 | | |0.09| | |0.06|
e2 | |0.09| |0.16|0.28|0.09|
e3 | | |0.16| |0.28|0.09|
e4 | | |0.28|0.28| |0.16|
e5 |0.08|0.06|0.09|0.09|0.16| |

Figure2.10:StructuralAf�nity Matrix for clustering

First,weassociatewith z�ª<? asetof globalattributes, correspondingto theunionof the
attributesof theclassesbelongingto G

+Ö? . Theattributeshaving a valid terminological
relationshipareuni�ed into a uniqueglobalattribute in z�ª"? . Theattributeuni�cation
processis performedautomaticallyfor whatconcernsnamesaccordingto thefollowing
rules:

= for attributesthathavea SYN relationship,only onetermis selectedasthename
for thecorrespondingglobalattributein z�ª

? ;
= for attributesthathavea BT/NT relationship,a namewhich is abroadertermfor

all of themis selectedandassignedto thecorrespondingglobalattributein z�ªi? .

For example,theattributeuni�cation processfor cluster G

+

N of �gure 2.13onpage32
(thatwill benamedin Food Place)automaticallyproducesthefollowing setof global
attributes:

name, address, phone?, specialty, category, nearby?,
midprice?, owner?, special_dish, street, zip_code, type,
r_code, b_code, pers_id, tourist_menu_price

Thedesignercanaddmappingrulesto properlysettheglobalclass.A globalclassalso
includesmappingrulesfor globalattributes.A mappingrule is de�ned for eachglobal
attribute W of z�ª

? andspeci�es:

= Attribute correspondencesin the cluster: valuesof W dependon the attributes
thathave beenuni�ed into W during theconstructionof z�ª"? . Mappingrulesare
de�ned to statefor W which attributesof theODL ��� classesin theclusterunder
analysiscorrespondto W . In specifyingmappingrulesfor globalattributes,the
following correspondencescanbespeci�ed:

1. And correspondence: this speci�es that a global attribute correspondsto
theconcatenationof two or moreattributesof a classª0xä2�{��o| .
For example,by de�ning a mappingrule for theglobal attribute name of
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Global Affinty matrix:
Elements: 7

e0 Interface [ED.Address]
e1 Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Bistro]
e4 Interface [FD.Brasserie]
e5 Interface [FD.Person]
e6 Interface [FD.Restaurant]

src-| e0 | e1 | e2 | e3 | e4 | e5 | e6 |
e0 | |0.25|0.25|0.16|0.16|0.2 |0.24|
e1 |0.25| |0.29|0.32|0.32|0.2 |0.43|
e2 |0.25|0.29| |0.2 |0.24|0.54|0.24|
e3 |0.16|0.32|0.2 | |0.32|0.25|0.4 |
e4 |0.16|0.32|0.24|0.32| |0.34|0.44|
e5 |0.2 |0.2 |0.54|0.25|0.34| |0.33|
e6 |0.24|0.43|0.24|0.4 |0.44|0.33| |

Figure2.11:GlobalAf�nity Matrix for clustering

{��K} , thedesignerspeci�esthataglobalattributenamecorrespondsto both
first name andlast name attributesof FD.Person class.By spec-
ifying the and correspondencebetweenfirst name and last name
for the global attribute name, the designerstatesthat the valuesof both
first name andlast name attributeshave to beconsideredasvalues
of name whenclassFD.Person is considered.

2. Or correspondence: this speci�es that a global attribute correspondsat
mostto oneof the attributesof a class ª

x
2~{��

| . An or correspondence
is usefulwhena globalattributeis suitablefor two or morelocal attributes
of a source,dependingon thevalueof anotherlocal attribute,called“tag
attribute”. For example, let us supposewe have a clusterdescribingan
automobile global classandthat classesin the clusterhave price val-
uesfor carsin Italian Liras andUS Dollars. Here,country is the tag
attribute. In this example, it is possibleto de�ne an or correspondence
betweentheattributesItalian price andUS price by declaringthe
following mappingrule:

attribute integer price
mapping rule(S.car.Italian_price union

S.car.US_price on Rule1),
...

rule Rule1 { case of S.car.country:
``Italy'' : S.car.Italian_price;
``US'' : S.car.US_price; }

= Default/nullvalues: thesearepossiblyde�ned for localattributescorresponding
to W , basedon the knowledgeof the single local source,if W is not applica-
ble in theconsideredsource.For example,with referenceto G

+

I , themapping
rule de�ned for theglobalattributezone speci�esthat theobjectsof theclass
ED.Fast Food regardthe“Paci�c Area” while objectsof FD.Restaurant
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ClusterTree:
tools.Distance: 0.25
+src:
| Interface [ED.Address]
+dst:
| tools.Distance: 0.34285714285714286
| +src:
| | tools.Distance: 0.5428571428571429
| | +src:
| | | Interface [ED.Owner]
| | +dst:
| | | Interface [FD.Person]
| |
| +dst:
| | tools.Distance: 0.4
| | +src:
| | | Interface [FD.Bistro]
| | +dst:
| | | tools.Distance: 0.43125
| | | +src:
| | | | Interface [ED.Fast_Food]
| | | +dst:
| | | | tools.Distance: 0.4454545454545455
| | | | +src:
| | | | | Interface [FD.Brasserie]
| | | | +dst:
| | | | | Interface [FD.Restaurant]
| | | |
| | |
| |
|

Figure2.12:ClusterTreein clustering

andFD.Bistro wherever in theUSA.

For eachglobal ODL ��� classz�ª
? , a persistentmappingtablestoringall the mapping

informationis generated.
As anexample,themappingtablefor theFood Place class,setby themappingrules
of �gure 2.15,is shown in �gure 2.16.
Themappingtablein �gure 2.15describestheFood Placeglobalclass.In the�rst row
thereis thelist of local classescomposingtheglobalclass.In the�rst columnthereis
thelist of theglobalattributesof theglobalclass.Givenarow (theglobalattribute W€• )
anda column(the local class ª

* ) the correspondingmappingtablecell ¯
ñ describes

how combinethe local attributeof ª
* to computethevaluefor W

• . Thecontentof the
cell ¯

ñ meansasfollows:

= a singlename:meanssimplemapping,the local attribute is mappedasglobal
attributefor theinstanceof thelocal class.

= NULL: the local classdoesnot export any valuesfor thegivenglobalattribute.
It simply returnsanull value.
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Clusters:
cluster [0]

[Interface [ED.Address]]
cluster [1]

[Interface [ED.Owner]]
[Interface [FD.Person]]

cluster [2]
[Interface [FD.Bistro]]
[Interface [ED.Fast_Food]]
[Interface [FD.Brasserie]]
[Interface [FD.Restaurant]]

Figure2.13:Proposedclusters

FD.Restaurant

FD.Brasserie

ED.Fast_Food

FD.Bistro

FD.Person

ED.Owner

ED.Address
C0

C1

C2

0.45

0.43
0.4

0.54

0.34

0.25

Figure2.14:Exampleof af�nity tree

= anandbetweennames:thereis anandcorrispondencebetweenattributes.
= anor betweennames:thereis anor corrispondencebetweenattributes.
= a stringbetweenquotationmarks:a constant(default) valueis associatedto this

globalattributesfor eachinstanceof thelocal class.

Integrity constraintrulescanalsobespeci�ed for globalODL �
� classesto expressse-

manticrelationshipsexistingamongthedifferentsources.Supposethatin ourdomain,
a relationshipexistsbetweenthecategory andthepriceof a food place.For example,
thefact thatall thefood placeswith a `High' category have a pricehigherthen$ 100
canbeexpressedby thefollowing integrity constraintrule in theglobalschema:

rule Rule2 forall X in Food_Place :
(X.category =`High') then X.price > 100;
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interface Food_Place
{ attribute name

mapping_rule ED.Fast_Food.name,
FD.Brasserie.name,
FD.Restaurant.name;

...
attribute category

mapping_rule ED.Fast_Food.category,
FD.Bistro.type,
FD.Restaurant.category;

attribute specialty
mapping_rule ED.Fast_Food.specialty,

FD.Restaurant.special_dish;
attribute address

mapping_rule ED.Fast_Food.address,
FD.Brasserie.address,
(FD.Restaurant.street and

FD.Restaurant.zip_code);
attribute price

mapping_rule ED.Fast_Food.midprice,
FD.Restaurant.tourist_menu_price;

attribute zone
mapping_rule ED.Fast_Food = `Pacific Coast',

FD.Bistro = `Atlantic Coast',
FD.Brasserie = `Atlantic Coast',
FD.Restaurant = `Atlantic Coast';

}

Figure2.15:Exampleof globalclassspeci�cationin ODL ���

2.4 BaseExtensionand ExtensionalHierar chy

BaseExtensionandExtensionalHierarchyareusedby MOMIS to optimizetheexecu-
tion costof aquery.
A baseextensiondatastructuredescribeshow data(extensions)storedin differentlocal
classesoverlap.For eachglobalclass,asetof baseextensionsis build whichdescribes
how local classesdataoverlaps.
Theinformationrequiredfor building baseextensionsis bothsuppliedby theintegra-
tion designerin the form of extensionalaxioms,andis extractedalsofrom the local
schemata.
In this sectionwe will usethefollowing termswith thesemeanings:

= Instancerepresentsoneof thedatastructureinstanceof any local classes.

= Objectrepresentsoneobject in the reality. For example,a restaurantÓ , which
is an exampleof a realworld object. The object Ó is describedin variousdata
sourceslike theyellow pagesdatabaseor the tax of�ce database.In both such
datasourcesthereis at leastoneinstancethatrefersto thesameÓ object.

The main propertyof a BaseExtension is that an objectalwaysbelongsto a single
baseextension,which further groupsall local classescontainingthe instancesthat
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Food Place ED.Fast Food FD.Bistrot FD.Brasserie FD.Restaurant
name name NULL name name
code NULL r code b code r code
owner owner pers id pers id NULL
phone phone NULL NULL NULL
nearby nearby NULL NULL NULL
category category type NULL category
specialty specialty NULL NULL special dish
address address NULL address street and zip code

price midprice NULL NULL tourist menu price

zone 'Pacific Coast' 'Atlantic Coast' 'Atlantic Coast' 'Atlantic Coast'

Figure2.16:Food Place mappingtable

referencestheobject.
Thesetof BaseExtensionsspeci�c to eachglobalclassis thenorganizedin suchaway
to optimizeretrieving duringglobalclassquerying.An ExtensionalHierar chy is in-
tuitivelyaspecialisationhierarchyof basicextensions,basedontheattributescommon
to thevariousbasicextensions.TheExtensionalHierarchyallows, giventheattribute
setof a query, to quickly retrieve the (minimal) setof basicextensionsto queryfor
obtainingthecorrectqueryanswerwith theminimalcost.
Thealgorithmfor BaseExtensionsandExtensionalHierarchycomputationisdescribed
in [SS98] startingfrom Extensionalrelationships(seesection2.1.3onpage11)thatwe
call alsoextensionalaxioms.
BaseExtensionandExtensionalHierarchyareGlobalclassspeci�c. Eachglobalclass
hasits own BaseExtensionandExtensionalHierarchy.
In theMastersthesis[Ven00] thetheoryrelatedto theBaseExtensionandExtensional
Hierarchyis describedin detail,moreover it describeshow suchtechniquesareimple-
mentedin theMOMIS prototype.

Using BaseExtensionand ExtensionalHierar chy

Hereis abrief descriptionof how BaseExtensionandExtensionalHierarchytechnique
areusedin queryexecutionoptimization.
Theexecutionplanis thefollowing:

= genericqueriescontainingjoinsaresplit in asetof basicqueries. A basicquery
is aqueryonasingleglobalclass.

= eachbasicqueryis split into local queriesto sendto thesourcewrappers.This
phaserelieson ExtensionalHierarchyandBaseExtensionin order to quickly
chooselocal classinvolvedby thebasicqueryandgeneratethelocalqueries.

= local queriesareexecutedandthe resultsarefused(usingjoin maps, seesec-
tion 2.5onpage35) to obtainthebasicqueryresultset.

= last thejoin betweenthebasicqueriesis computedin orderto obtaintheglobal
queryresultset.
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2.5 The Object Fusionproblem: the Join Maps

The ObjectFusionproblemfacesthe problemof how to identify entriesin different
local classes(fromdifferentdatasources)that referto thesamerealworld object.
Thisis aproblemthatthequerymanager shouldresolveateachqueryexecutionduring
the phaseof recompositionof datacoming from the local classes,accordingto the
informationgivenby thedesignerduringintegrationphase.
Fusionensuresthecorrectness,completenessandminimality of theresponsebut is not
easyto implement.Thefollowing pointsbasicallyexists:

= themediatoris notownerof theobjectsstoredin local classesbut only provides
a global view. This meanthat the mediatorcannotimposea way to identify
objectsin the differentsources.Eachsourcemay have its own techniquesto
retrieve objects,suchaskeys for relationalsourcesandOID for objectsources.
Usuallyinstancereferringthesamerealwordobjectareidenti�ed with different
keysor OID, dependingon thesourcesuchobjectis stored.

= it is necessaryto studyandusetechniquesto uniquely identify a given object
acrossglobalschemaandlocal sources.

= it is it is necessaryto supplyinformationto makesuchtechniqueswork.

The MOMIS approachto objectfusionis basedon datastructurescalledJoin Maps.
Join Mapsareextensionalrelationshipsbetweenlocal classesof thesameglobalclass;
this fusionis performedonglobalclassesobjectfrom local classesobjects.
Join Mapsarebasedon the implicit assumptionof theexistenceof keys for the local
Interfaces.A singleJoinMap relationshipbetween(local) classesª

I and ª

N expresses
how uniquelymapinstancesof ª

I andinstancesof ª

N specifyingsomethinglike a join
predicate.This is possibleexpressingthecorrespondencebetweenthekeys attributes
of thetwo interfaces.
In MOMIS we facedthe problemof automaticallyextractingasmuch implied Join
Mapsaspossible,andhow to managefusionbasedonsemanticallyhomogeneousand
heterogeneouskeys.
By exploiting information,suchas: extensionalthesaurusrelationships,terminologi-
cal thesaurusrelationships,extensionalaxioms,mappingtable,andkeys (primaryand
candidate)of the local classes,it is possibleto computeautomaticallya numberof
possibleJoinMaps2. For example,we automaticallyextracta JoinMap betweentwo
attributes W

I and W

N semanticallyhomogeneous,when(1) thearerespectively key for
two local classesª

I and ª

N mappedin thesameglobal class,(2) exists a terminolog-
ical SYNrelationshipbetweenW

I and W

N and(3) arebothmappedin thesameglobal
attribute.
Joinsbetweenlocalclasseshaving heterogeneouskeysis possibleusinganappropriate
conversion table. Suchtableis importedin momisasany other local classesfrom a
sourceconnectedby a wrapper.
Referto thethesis[Fer00] for moredetailson fusionsolutionadoptedin theMOMIS
project.

2All JoinMapsautomaticallycomputedmustbevalidatedby thedesigner
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2.6 Relatedworks

Worksrelatedto theissuesdiscussedin thispaperarein theareaof semistructureddata
andheterogeneousinformationintegration.

Heterogeneousinformation integration

In this area,many projectsbasedon a mediatorarchitecturehave beendeveloped.
For example,themediator-basedTSIMMIS project[CMH

�

94] follows a `structural'
approachand usesa self-describingmodel (OEM) to representheterogeneousdata
sourcesandpatternmatchingtechniquesto performa prede�nedsetof queriesbased
onaquerytemplate.
The semanticknowledgeis effectively encodedin the MSL (MediatorSpeci�cation
Language)rulesenforcingsourceintegrationat themediatorlevel. Althoughthegen-
eralityandconcisenessof OEM andMSL makethisapproachagoodcandidatefor the
integrationof widely heterogeneousandsemistructuredinformationsources,a major
drawbackin suchanapproachis thatdynamicallyaddingsourcesis anexpensivetask.
In fact,new TSIMMIS sourcesmust�rst bewrappedandthemediatorruleshaveto be
rede�nedto take into accountnew knowledgeandtheir MSL de�nitions recompiled.
The administratorof the systemmust �gure out whetherand how the new sources
have to be assimilatedin themediator. In our case,this informationis automatically
discoveredby meansof clustering.
MOMIS is basedona mediatorarchitectureandfollows the`semanticapproach'.Fol-
lowing theclassi�cationof integrationsystemsproposedby Hull [Hul97], MOMIS is
in theline of the“virtual approach”andis in thecategoryof “read-onlyviews”; thatis,
it is a systemwhosetaskis to supportan integrated,read-only, view of datastoredin
multiplesources.ThemostsimilarprojectsareGARLIC, SIMS[AKH96], Information
Manifold [LRO96] andInfomaster[GKD97].
The GARLIC project[CHS

�

94] builds up on a complex wrapperarchitectureto de-
scribethe local sourceswith an OO language(GDL), andon thede�nition of Garlic
Complex Objectsto manuallyunify thelocal sourcesto de�ne a globalschema.
TheSIMSproject[AKH96] proposesto createaglobalschemade�nition by exploiting
the useof DescriptionLogics (i.e., the LOOM language)for describinginformation
sources.Theuseof aglobalschemaallowsbothGARLIC andSIMSprojectstosupport
everypossibleuserquerieson theschemainsteadof aprede�nedsubsetof them.
InformationManifold system[LRO96], astheMOMIS project,providesasourceinde-
pendentandqueryindependentmediator. The input schemaof InformationManifold
is a setof descriptionsof thesources.Givena query, thesystemwill createa planfor
answeringthequeryusingtheunderlyingsourcedescriptions.Algorithmsto decidethe
usefulinformationsourcesandto generatethequeryplanhavebeenimplemented.The
integratedschemais de�ned mainlymanuallyby thedesigner, while in ourapproachit
is tool-supported.
Infomaster[GKD97] providesintegratedaccessto multiple distributedheterogeneous
informationsourcesgiving theillusion of acentralized,homogeneousinformationsys-
tem.It is basedonaglobalschema,completelymodeledby theuser, andacoresystem
that dynamicallydeterminesan ef�cient plan to answerthe user's queriesby using
translationrulesto harmonisepossibleheterogeneitiesacrossthesources.
An approachbasedon DescriptionLogicsandontologiesis takenin theOBSERVER
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systemto supportsemanticinteroperationand formulation of rich queriesover dis-
tributedinformationrepositorieswheredifferentvocabulariesareused[MKSI96]. Here
the ideais thateachrepositoryhasits own ontology. Inter-ontologyrelationshipsare
speci�edin adeclarativeway (usingDescriptionLogics)in aninter-ontologymanager
moduleto handlevocabulary heterogeneitiesbetweenontologiesof differentinforma-
tion repositoriesfor queryprocessing.In this respect,our CommonThesaurusplays
a similar role in that we specify inter-sourceterminologicalrelationships.The focus
hereis moreonrepresentationof inter-ontologyrelationshipsto solvevocabularyprob-
lemsat theintensionalandextensionallevel for queryprocessingratherthanon using
theserelationshipsfor derivinganintegratedvirtual view of theunderlyinginformation
sources.Moreover, in our approach,we try to extractasmuchinformationaspossible
from sourcedescriptionsandfrom WordNetandweshow how this informationcanbe
usedfor af�nity evaluationandintegrationpurposes.
Theanalysis,discovery, andrepresentationof inter-schemapropertiesis anothercrit-
ical aspectof the integration processand researchproposalshave appearedon this
topic. In [PSU98a], semi-automatictechniquesfor discoveringsynonyms,homonyms
andobject inclusion relationshipsfrom databaseschemasaredescribedanda semi-
automaticalgorithmfor integratingandabstractingdatabaseschemesispresentedin [PSU98b].
It is worth noticingthatthedesignof systemsfor informationgatheringfrom multiple
sourcesisalsoaddressedin Arti�cial Intelligencethroughmulti-agentsystems[LHK

�

98],
concentratingmainly on high level tasks(e.g.,o-operation,planning,belief revision)
relatedto theextractionprocess[Dra97].

Object fusion

In this section,wewill brie�y discussrelatedworksonObjectfusionproblem.
An interestingwork on ObjectFusionproblempresentin literatureis [HST99] where
a classi�cation of heterogeneityin schemaintegration is presented.An architecture
for schemamappingis alsoincluded.ObjectFusionis solvedby powerful rulesstated
by theBRIITY mappinglanguageableto expressconversionfunctionandSQL where
clauses.
One other interestingapproachto the Object Fusionis the one implementedin the
TSIMMIS mediatorsystem[PAGM96, ea95]. In TSIMMIS it is assumedminimal
knowledgeof thestructureandcontentsof thesourcesandhave beendevelopedopti-
misationtechniquesfor dataaccessto the fusedobjects.To representsuchdata,they
usea schema-lessobject-orientedmodel,calledObjectExchangeModel (OEM). The
approachto objectfusion is basedon semanticobjectidenti�ers speci�ed by a setof
declarative, logic rules. Eachrule mapsobjectsat a sourcethatpertainto someiden-
ti�able real world entity, into a virtual objectat the mediator. The virtual object is
assigneda semanticallymeaningfulobject identi�er. Mediatorobjectsthat have the
sameobject-idarethenfusedtogether.

Semistructureddata

The issueof modellingsemistructureddatahasbeeninvestigatedin the recentlitera-
ture. In particular, asurvey of problemsconcerningsemistructureddatamodellingand
queryingis presentedin [Bun97]. Two similar modelsfor semistructureddatahave
beenproposed[BDHS96,PGMW95], basedonrooted,labelledgraphwith theobjects
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asnodesandlabelson edges.Accordingto themodelpresentedin [BDHS96], infor-
mationresidesat labelsonly, while accordingto the“ObjectExchangeModel” (OEM)
proposedby Papakonstantinouet. al. in [PGMW95], informationalsoresidesatnodes.
Very similar proposalsfor modelingsemi-structureddatacomefrom theArti�cial In-
telligencearea[CGL98], wherein analogywith our approach,a DescriptionLogic is
adopted.The issueof addingstructureto semistructureddata,which is moredirectly
concernedwith our conceptof objectpattern,hasalsobeeninvestigated.In particu-
lar, in [GW97], thenotion of dataguidehasbeenproposedasa “loose descriptionof
thestructureof thedata”actuallystoredin aninformationsource.A proposalto infer
structurein semistructureddatahasbeenpresentedin [NAM98], wheretheauthorsuse
agraph-baseddatamodelderivedfrom [BDHS96, PGMW95].
In [Bun97], a new notion of a graphschemaappropriatefor rooted,labelledgraph
databaseshasbeenproposed.Themainusagesof thestructureextractedfromasemistruc-
turedsourcehavebeenpresentedfor queryoptimization.In fact,theexistenceof apath
in thestructuresimpli�es queryevaluationby limiting thequeryonly to datathatare
relevant. In this paper, we are more concernedwith usageof the structurein form
of objectpatternsto supportthe integrationof semistructuredsourceswith structured
databases.More recently, XML [Bos97] hasemergedin theframework of information
representationover theWeballowing thedesignerto explicitly point out thesemantic
role of datawithin a source. Here, the notion of DocumentType De�nition (DTD)
is introducedto modelthestructureof a setof documents.DTDs play a role similar
to our objectpatternsandcanbedirectly usedto derive theODL �

� descriptionof the
informationassociatedwith them.

Original contributions of MOMIS w.r.t. previousworks

Theoriginal contribution of thework presentedin this chapteris relatedto theavail-
ability of asetof techniquesfor thedesignerto facecommonproblemsthatarisewhen
integratingpre-existing informationsource,containingbothsemistructuredandstruc-
tureddata.
Theideaof combiningreasoningcapabilitiesof DescriptionLogicswith af�nity-based
clusteringtechniquesis new andallows boththevalidationof the inter-sourceknowl-
edgeusedfor theintegrationandtheidenti�cation of candidatesto integrationin away
automatedasmuchaspossible.
The interactive exploitation of WordNetfrom within our tools combinedwith subse-
quentaf�nity analysisis alsoanovel capabilityfor anintegrationtool. In this way, we
cantake into accountandinteractively revisesemanticknowledgerelatedto themean-
ing of namesin the consideredsourcedescription,aswell asthe structureof classes
in sourceschemadescriptionsand their level of matchingto comeup with asmuch
informationaspossiblefor theextractionof globalintegratedclasses.
Furthermore,weprovidethecapabilityof explicitly introducingmany kindsof knowl-
edgesuchas: integrity constraints,extensionalrelationshipsandto checkthe global
consistency of implicit anddesignerprovidedknowledge.

2.7 OLCD : Inter pretationsand databaseinstances

We assumetheunionof the integers,thestrings,thebooleans,andtherealsastheset
•

of basevalues. To build complex values, we furtherassumeacountable,setdisjoint
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interface Fast_Food
( source semistructured ED )
{ 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 Address
( source semistructured ED ) {

attribute string city;
attribute string street;
attribute string zipcode;

}; union {
string;

};

interface Owner ( source semistructured ED )
{ attribute string name;

attribute Address address;
attribute string job;};

Figure2.17:ExamplesourceEatingSource(ED)
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interface Restaurant
( source relational FD

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 FD

key (pers_id)
) {

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

};

interface Bistro
( source relational FD

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 FD

key (b_code)
){

attribute string b_code;
attribute string name;
attribute string address;

};

Figure2.18:ExamplesourceFood GuideSource(FD)
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Chapter 3

The MOMIS Prototype:
Ar chitectureand
Implementation

The MOMIS prototypeis a softwareof about100 thousandslines of Java codeand
was(andwill be)developedby severalpeople.To developa coherentsystem,reusing
codeasmuchaspossible,we neededa effective andcleanarchitectureanda setof
smalltools(likemake�les or startscript)to managethesystem.
In this chapter, theMOMIS architecturethesoftwareorganizationaredescribed1.
During my Ph.D.studiesI setup mostof the architecturedescribedin this chapter,
bothsoftware(organizationof softwaredevelopmentdirectoriesandtools)andorgani-
zational(awebsitefor thedevelopmentcoordination).

3.1 Intr oduction

TheMOMIS systemis designedfor schemaintegration.Figure3.1showsthearchitec-
tureof thesystemin termsof functionalmodules.Thesystemis composedby several
objectthatcommunicatesusingtheCORBA [Groa] standard.
Theobjectare:

Wrappers Eachdatasource(relational,object,XML, ...) mustbepresentedto MOMIS
in astandardway, andthis is whatthewrappersdo. Eachobjectrepresentsadata
structure(seesection3.5for adetaileddescription).

SI-Designer SI-Designeris theGUI (GraphicUserInterface)for theMOMIS Global
SchemaBuilder. Its goal is to leaddesignerfrom the schemataacquisitionof
sourcesto thetuningof themappingtablethroughthevariousstepsof theinte-
gration.This is theclient objectthatusesotherserver objects(seechapter4 for
a detaileddescription).

1We describemany details; this is written to be a quick referencefor peoplewho will be part of the
MOMIS developmentteam
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Figure3.1: MOMIS prototypearchitecture

WordNet This is the server whoseobjectprovides the accessto the WordNet, and
thatis ableto extractlexiconderivedintensionalrelationshipsbetweenattributes
andclasses,exploiting thelexical relationshipscontainedin theWordNetlexical
system(seesection3.6for a detaileddescription).

ODB-Tools This objectprovidesaccessto theODB-Toolsprototype.ODB-Tool is a
framework for object-orienteddatabase(OODB) schemavalidation,preserving
taxonomycoherenceandperformingtaxonomicinference,andsemanticquery
optimization(seesection3.7for a detaileddescription).

Global Schema A Global Schemaobject containsall information for queryingthe
resultingglobalschemaby a queryiesmanagerobject. Suchobjectis produced
by theSI-DesignerGUI andcontainsthesourcesschemata,the thesaurus,and
themappingtable(seesection3.8for adetaileddescription).

Query Manager A GlobalSchemaobjectusesinformationproducedduringtheinte-
grationstepsto querya globalschema.It is ableto dividea queryon theglobal
schemain a setof queryfor the local sourcesandto mergeresults(for further
informationseetheSilvia Zanni's thesis[Zan00] in Italian).

This chapterdescribesmoduleimplementationandall the organizationalinfrastruc-
turesto supportthesoftwaredevelopment.

3.2 Overview of organizational infrastructur es

In developingtheMOMIS protypewe hadto spreaddevelopmentwork betweensev-
eraldevelopers,assigningto eachpersontheresponsibilityof apartof theprototype.
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To coordinatethedevelopmentteamweperiodicallyhavegroupmeetingsandsetupa
developmentprivate(passwordprotected)websiteandonemailing list.
The developmentsite is the of�cial mediafor groupcommunication.All meetings,
newsandchoicesarereportedthroughthesite.
Eachgroupmembercanmodify both thesourcecodedirectoryandthedevelopment
sitedirectory, hastheresponsibilityto developpartof theMOMIS softwareandmain-
tain updatedthecorrespondingdocumentation.Suchdocumentationis relatedbothto
theoreticalaspectsandimplementationarchitecturechoices.
It is mandatoryfor eachgroupmemberto presenthis work at meetingsusingdocu-
mentswritten in HTML storedon thedevelopmentwebsite. This guaranteesthat the
developmentsitecontentis constantlyupdated.
Otherinformationpresenton thecoordinationsiteincludes:

= Thegroupagenda, documentthatcontainsasynthesisof all groupmeetings.
= Theto-dodocument, containingconstantlyupdatedfuturework dividedby The-

oreticalaspects, Productre-engineeringandImplementationaspects.
= The conventionsdocument, describingguidelinesandstandardssharedby the

groupmembers.
= Thehow-todocument, a few practicalhow-to to solvemostcommonproblems.
= Theknowbugsdocument.

Nowadayswehavea10Megabytesof on-linehandmadedocumentationonmodules.
Moreover, otherservicesprovided throughthe developmentsite arethe accessto all
manuals(suchasCORBA speci�cation,andJava API andtutorial) andMOMIS pro-
totypesourcecodedocumentationgeneratedby javadoc(roughly7 Megabytes).
Wefoundmeetings,mailing list anddevelopmentwebsiteveryusefultoolsfor knowl-
edgesharingandcoordination.

3.3 Overview of softwareorganization

Softwaredevelopmentdirectoriesaredividedin differentpackages;thisallowsseveral
peopleto work togetheron theprototypedevelopment.Thedevelopmentdocumenta-
tion is acollectionof HTML pageswherethedocumentationstructureis clonedby the
softwarestructure.
Eachdevelopmentmemberis responsiblefor its assignedprojectmoduleandshould
maintainalignedbothsoftwareanddocumentation.
Following a macro distinction betweenthe MOMIS prototype,componentscan be
dividedinto thefollowing directories:

= sharedcomponentsContainscode(libraries)thatis sharedby all MOMIS mod-
uleslike thepackageodli3 , theparserfor ODL �

� andseveraltoolsclasses.

= serverContainstheimplementationof CORBA serverobjects,mainmomisser-
vantandfactoryobjects.Thesearethemaininterfacefor accessingtheMOMIS
distributedintegrationservices.Basicallyit containstheimplementationfor the
MomisFactory, theGlobalSchemaandtheQueryManager servers.

= modulesEverycodethatis notaserveror asharedlibrary, everyapplicationthat
is relatedor developedfor theMOMIS projectis storedin this directory.
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Beforeexamining the contentof eachoneof the cited directories,let me saya few
words on the other servicedirectoriesand �les presentin the root directory of the
MOMIS prototype.

Prototypedir ectoriesstructur e

= applicationscontainsall demonstration applicationdevelopedfor or usingthe
MOMIS prototype.

= declarationsIDLContainstheIDL CORBA declarationfor all theMOMIS CORBA
interfaces.

= doc containssourcecodedocumentationproducedby JavaDoc for the whole
MOMIS prototypecode.

= lib containsJava librariesusedby severalmodules.It contains,for example,the
librariesfor XML parsingandmanagement.

= utilities containsmiscellaneousJava tools.
= var containslog andPid(Processidenti�er) �les for therunningMOMIS server

objects(suchaswrappersor WordNetinterface).
= bat containsall scriptto starttheMOMIS prototypeonMS Windowssystems.

Important �les

= 0setVars Script (for both csh andbash ) for settingenvironmentvariablefor
theMOMIS prototype.

= momis.confis the con�guration �le for all the MOMIS server objects. Each
server, starting,readscon�gurationfrom this �le.

= startMomisis abashscriptto startandstop

General conventions for dir ectories In the important directory thereare special
proposal�les or directorieswith thefollowing functions:

= 0note.txt : �le usedto adddevelopmentnotesanddocumentationfor the
currentdir. Usuallycontainsa brief descriptionof what thedirectorycontains,
instructionsfor usingthesoftwareimplementedin thedirectory, anda(optional)
�le by �le descriptionof thedirectorycontent.

I wroteasmallperl programcalledldir , to helpto managethe0note.tex �le.
= Makefile : this �le describeshow to do the following actions: compilethe

codecontainedin the currentdirectory from sourcecode,clean the directory
from compiledclassesandall useless�les generatedduring development,and
generatethedocumentationfor thecodecontainedin thecurrentdirectoryin the
directorydoc.

= doc : thisdir containsthedocumentationgeneratedfrom thesourcecode.

Therestof this sectionwill bedevotedto themostimportantdirectoriesand�les.

The starting script startMomis

As shown in Figure3.2,thescriptstartMomis in themomisprototypedevelopment
maindirectoryis ableto startor stopall MOMIS servicesor to startor stopthesingle
service,includingthemostcommonlyusedwrappers.
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Start or stop MOMIS components
sintax: ./startMomis (start|stop) [option]

where "option" are:
n name server
m MOMIS factory server
o ODB-Tools
w CORBA_WordNet
wd1 Wrapper dummy Univers
wd2 Wrapper dummy University

Example:
to start ODB-Tools use:

./startMomis start o

TO START THE WHOLEMOMIS:
./startMomis start

TO STOP THE WHOLEMOMIS:
./startMomis stop

Figure3.2: Thehintsfrom thestartMomis script

This script maintainsthe processnumberand the log �le for eachmanagedserver
objectgenerating�les with extensionsrespectively .pid and.log in the directory
var , the�le namewithout extensionidenti�es theserver.
Thepid �le is createdeachtime a server is startedandis removedwhentheserver is
stoppedandcontainsthePid to kill to stoptheserver.

Starting MOMIS under Windows

We broughttheMOMIS prototypeon theMS Windowsplatform. We did not have to
recompilea single�le, but wehadto write asetof scriptsto startserversin Windows.
Suchscriptsarethefollowing:

= setVars.bat called from the other scripts, setsthe commonenvironment
variables

= 0startMomis_naming.bat Startsnamingserver
= 1startMomis_services.bat StartsbasicMomisservices,MomisFactory

andWordNetServer
= SIDesigner.bat Startanew sessionof SI-Designer

The con�guration �le momis.conf

In �gure 3.3 the momis.conf �le currentlyusedis shown. With this �le we can
specifyseveral con�guration parameterssuchastheCORBA namingserver address,
theserver timeoutperiod,whereto write temporary�les andwherearelocatedODB-
Toolscommandsin thesystem.

The modules componentdir ectory

This directorycontainsthemodulesusedby theMOMIS prototypesuchas:
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#
#
# Configuration file for the MOMIS prototype
#
#
orbPort=1050
orbServer=sparc20.dsi.unimo.it
#
# Time out in seconds
timeOutGracePeriod=28800
timeOutCheckPeriod=3600

#
# OdbTools parameters
#
#
# name for the registration in the naming server
odbt_namingName=odbt
#
# dir where write the tmp files
odbt_dirTmp=/tmp/
#
# command used to limit the system resources at each run
odbt_limitaCommand=/export/home/progetti.comuni/M omis/pro totype/\

modules/ODBTools/_sorgentiC/odbtools/limita 10
odbt_odlTrasl=/export/home/progetti.comuni/Momis/ prototyp e/module s\

/ODBTools/_sorgentiC/odbtools/odl_trasl
#
odbt_olcdDesigner=/export/home/progetti.comuni/Mo mis/prot otype\

/modules/ODBTools/_sorgentiC/odbtools/ocdl-designer
odbt_odbqo=/export/home/progetti.comuni/Momis/pro totype/m odules\

/ODBTools/_sorgentiC/odbtools/odbqo

#
# Global Schema parameters
#

#
# mext: Momis Extensional knowledge management
mext_namingName=mextServer

Figure3.3: MOMIS maincon�guration�le momis.conf

= ODBTools ThismoduleimplementsaCORBA interfaceof theDescriptionlog-
icsbasedObjectSchemaoptimizationtool.

= SIDesigner Main MOMIS GraphicalUserInterface.This moduleleadsthe
Designerin integration from local schemaacquisitionto the de�nition of the
mappingtables.

= WordNet Implementationof theCORBA interfacefor theWordNetontology.
Theserverdirectly accessesthedatabase�les of WordNetandimplementsThe-
saurusrelationsextractioncapabilities.

= wrapperAccess This is a MOMIS Wrapperfor MS Access.
= wrapperClient MOMIS simpleMOMIS Wrapperclient. Allows accessto

all wrappersfunctionalitiesthrougha commandline text interface.
= wrapperDummy MOMIS Wrapperfor �les, theonly actionis to returnasde-

scriptionthecontentof a given�le
= wrapperJDBC MOMIS Wrapperfor JDBCdatasources
= wrapperXMLg MOMIS Wrapperfor XML documents.
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3.4 The shared componentdir ectory

This directorycontainsall java codesharedby all serversandMOMIS modules.This
directorymustbeincludedin theCLASSPATHto runalmostall MOMIS tools.
This directorycontainsthefollowing �les:

= Parser.java generatedfrom odli3.y by byacc/j [Jam], is the parserfor
the ODL � � language. From an ODL � � streamit generatesin memoryobject
representationusingtheclassesof theodli3 package.

= GSStatus.java nowadaysis a serializableobjectthatstoresall java objects
producedduringtheMOMIS integrationphaseusingSI-Designer.

= GlobalSchemaProxy.java thisclasssuppliesfacilitiesto access,serialize,
saveandloadaGSStatus objectincludingthecommunicationwith GlobalSchema
CORBA objects.

ThisdirectorycontainspackagesthatimplementJavaStubsandSkeletonfor theCORBA
interfacesgeneratedusing idlj commandstarting from the IDL de�nition in the
declarationsIDL directory.
In addiction,thefollowing fundamentalpackagesareimplemented:

= odli3 Containsclassesto managetheODL �
� language

= globalschemaContainsclassesto manageintegrationstepslike mappingtable
or join maps.

= toolsContainsseveralclassesthat implementsusefulfeatureslike themanage-
mentof timeout or reada con�guration�le.

For furtherinformationaboutclassesandimplementationseethedocumentationgener-
atedby javadoc , it canberequestfromthewebmasterof theMOMIS website[Grob].

3.4.1 The ODL
:†;

classesand the Parser

During my thesisI modi�ed theparserandsomedatastructurein theODL �
� package

createdby AlbertoZanoli (see[Zan99]).
This packagecontainsall datastructuresusedfor thelocal classesdescription.
Figure 3.4 showns the list of the classesin the odli3 packagepreservingordered
to show the inheritancehierarchy. For example,it containsJava classesthatdescribe
typeswhereodli3.Type is theancestorclassandodli3.StructType is a leaf
classthatinheritsfrom odli3.ConstrType andthenfrom odli3.Type .
Major changesI madeto thepackagearedescribedin thefollowing subsections.

Intr oduction of MomisObject

All theobjectsof thepackageodli3 inherit from theMomisObject . Thiswasdone
to eventuallyaddfeaturessharedby all odli3 object.
This featureis usedby theSI-Designerto save thestatusof its componentmodules.
Eachcomponentmoduleof SI-Designersavesa singleobjectin theadditionalinfo of
thecurrentschemausingaskey a namewhatis uniquefor themodule.
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class java.lang.Object
class odli3.Error (implements java.io.Serializable)
class odli3.MomisObject (implements java.io.Serializable)

class odli3.Attribute (implements java.io.Serializable)
class odli3.GlobalAttribute (implements java.io.Serializable)
class odli3.Relationship (implements java.io.Serializable)
class odli3.SimpleAttribute (implements java.io.Serializable)

class odli3.CandidateKey (implements java.io.Serializable)
class odli3.Case (implements java.io.Serializable)
class odli3.Constant (implements java.io.Serializable)
class odli3.ForeignKey (implements java.io.Serializable)
class odli3.KeyList (implements java.io.Serializable)
class odli3.MappingRule (implements java.io.Serializable)

class odli3.AndList (implements java.io.Serializable)
class odli3.AttributeOnly (implements java.io.Serializable)
class odli3.DefaultValue (implements java.io.Serializable)
class odli3.UnionList (implements java.io.Serializable)

class odli3.Operation (implements java.io.Serializable)
class odli3.OpVar (implements java.io.Serializable)
class odli3.Rule (implements java.io.Serializable)

class odli3.CaseRule (implements java.io.Serializable)
class odli3.ExtRule
class odli3.ForallRule (implements java.io.Serializable)

class odli3.RuleBody (implements java.io.Serializable)
class odli3.Compare (implements java.io.Serializable)
class odli3.ForallExist (implements java.io.Serializable)

class odli3.Exist (implements java.io.Serializable)
class odli3.Forall (implements java.io.Serializable)

class odli3.In (implements java.io.Serializable)
class odli3.RuleOperation (implements java.io.Serializable)

class odli3.RuleOpArg (implements java.io.Serializable)
class odli3.DotNameArg (implements java.io.Serializable)
class odli3.ValueArg (implements java.io.Serializable)

class odli3.StructVar (implements java.io.Serializable)
class odli3.ThesRelation (implements java.io.Serializable)

class odli3.AttributeRel (implements java.io.Serializable)
class odli3.AttrIntRel (implements java.io.Serializable)
class odli3.InterfaceRel (implements java.io.Serializable)

class odli3.Type (implements java.io.Serializable)
class odli3.TypeToSolve (implements java.io.Serializable)
class odli3.ValueType (implements java.io.Serializable)

class odli3.ConstrType (implements java.io.Serializable)
class odli3.EnumType (implements java.io.Serializable)
class odli3.StructType (implements java.io.Serializable)
class odli3.UnionType (implements java.io.Serializable)

class odli3.SimpleType (implements java.io.Serializable)
class odli3.BaseType (implements java.io.Serializable)

class odli3.AnyType (implements java.io.Serializable)
class odli3.BooleanType (implements java.io.Serializable)
class odli3.CharType (implements java.io.Serializable)
class odli3.FloatingType (implements java.io.Serializable)
class odli3.IntegerType (implements java.io.Serializable)
class odli3.OctetType (implements java.io.Serializable)
class odli3.RangeType (implements java.io.Serializable)
class odli3.StringType (implements java.io.Serializable)

class odli3.DefinedType (implements java.io.Serializable)
class odli3.TemplateType (implements java.io.Serializable)

class odli3.ArraySequence (implements java.io.Serializable)
class odli3.BagType (implements java.io.Serializable)
class odli3.ListType (implements java.io.Serializable)
class odli3.SetType (implements java.io.Serializable)

class odli3.TypeContainer (implements java.io.Serializable)
class odli3.IntBody (implements java.io.Serializable)
class odli3.Interface (implements java.io.Serializable)
class odli3.Module (implements java.io.Serializable)
class odli3.Schema (implements java.io.Serializable)
class odli3.Source (implements java.io.Serializable)

class java.lang.Throwable (implements java.io.Serializable)
class java.lang.Exception

class odli3.OdlException

Figure3.4: Hierarchytreeof theclassesof theodli3 package
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When the schemathat containsthe whole integrationstatusobject is serializedand
saved,thestatusobjectsof thecomponentmodulesaresavedtoo.

Intr oduction of TypeContainer

To allow anestedde�nition, weneededauniformwayto storetypes.Now thedatatype
containers(IntBody, Interface,Module,Schema,Source)inheritedtypesmanagement
facilities from this object. In addiction,this enablesa way to resolve typesidenti�ed
by identi�er in a post-processingphase.
Typesmanagedby this objectare: constants,typesde�ned throughtypedef,enums,
interfaces,modules,rules, structs,thesaurusrelations,typesto be solved in a post
processingphaseandunions.
Eachcontaineralsoknows his parent,and this allows the inheriteddatatypesto be
found.
Methodsde�ned for eachdatatypeby thisObject,for example,for thestructtypeare:

public StructType getStruct(java.lang.String name)
public void addStruct(StructType c) throws OdlException
public void addStructs(java.lang.Object[] c)

throws OdlException
public java.lang.Object[] getStructs()

The searchmethodgetStruct performsthe recursive searchback from parentto
parentup to the top elementof theschematree. Similar methodsarede�ned for the
otherkindsof datamanagedby theTypeContainer objects.

Typesnamepostparsing resolution

TheParser hasbeenmodi�ed to acceptrecursivede�nitions andODL modules.
During parsingall typesreferencedby identi�er (not basictypes)or foreignkeys are
usedwithoutany controlof existencebecausethede�nition couldbeafterthatpointof
elaboration.ThesetypesareacceptedasTypeToSolve andfor eachTypeContainer
thereis traceof all suchTypeToSolve .
In postparsingprocessing,all referencesleavedto beresolvedmustbecheckedandre-
solved.Thisprocessisperformedby two methodsde�nedin theclassTypeContainer :

= solveUnsolvedForeignKeys : This methodtries to solve unsolvedrefer-
encesfor: ForeignKeys, Keylist andThesaurusrelations. It alsoveri�es that
thereareno duplicatedThesaurusrelations. If any referenceis not correct,an
exceptionOdlException is thrown.

= solveUnsolved : Triesto solve typesde�ned by typedef,for eachinterfaces
an attribute list is built since(becauseof the union clause)the samenameof
attributecouldbeassociatedwith differentattributes(differing in type).

Sincetypescanbede�ned in schema,interfacesandmodules,theseprocedures
arerecursive throughtheobjecttreethatdescribestheODL �

� schema.

Typesolvedare:Interfaces,typesde�ned by TypeDefandExtRule.

Theseare recursively solved in the following sub-type-container:Interfaces,
Modules,IntBody.
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toOdl implementation

This featureexportsthecontentof theodli3 classesinto a ODL ��� format.
This featurehasbeenimplementedde�ning thetoOdl methodfor eachodli3 class.
Callingsuchmethodonthe(toplevel)Schemaobjectwill producetheODL ��� descrip-
tion of theschemaandof all its sub-componentslike typedef s interfaces,attributes,
const,etc. recursively calling thetoOdl methodfor eachsub-components.
TheproducedODL ��� codewill re�ect thein memorydatastructurewhereareallowed
nestedmodulede�nitions.

toOlcd implementation

This featuresexportsthecontentof theodli3 classesinto a olcd formatreadyto be
usedby ODB-Tool for schemavalidation.
Olcd is the input dataformat recognizedby ODB-Tools. SinceODL � � is richer than
Olcd, informationis lostduringtheconversionandtheprocessis not reversible.
This featurehasbeenimplementedde�ning the toOlcd methodfor (almost)each
classin thepackageodli3 . Themethodinvocationon high level objects,causesthe
recursivecall of themethodoneverysub-component.
Tables3.1,3.2 and3.3 shows how this functionmapsthe types.Figure3.5 shows an
exampleof mapping,sincein olcd yet theconceptof unionor or doesnot exist. All
attributesof all InterfaceBodies of aninterfacearemappedasattributesin olcd.
Attributeswith thesamenameareduplicatedusinguniquenames.

interface Course
( source object Univers

extent Courses
key (course_name) )

{ attribute string course_name;
attribute Professor taught_by; }

union Course_1
{ attribute string course_name;

attribute string course_description;
attribute Professor taught_by; };

is mappedas:

prim Course = ˆ [
course_name : string ,
taught_by : Professor ,
course_desc : string ,
course_name0 : string ,
taught_by0 : Professor ] ;

Figure3.5: Exampleof /odli3/ to olcd mapping

toOlcdSimB implementation

toOlcdSimBis a featurevery similar to toOlcd (seesection3.4.1on page52) but is
usedto implementThesaurusRelationshipsvalidationandinference(by the module
SIMb).
This methodwill createa virtual schema(seesection2.2.6on page21 for moreinfor-
mation)describedin OLCD to be passedto ODB-Tools for ThesaurusRelationships
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ODL OLCD
any top
boolean bool
char string
double real
�oat real
int integer
long integer
short integer
string string
unsignedshort integer
unsignedlong integer

Table3.1: MappingbetweenODL ��� andolcd simpledatatypes

ODL OLCD
type[] (arrays) ó type ¨ (list of)
list óž¨ (list of)
bag ^R` (setof)
set ^R` (setof)

Table3.2: MappingbetweenODL ��� andolcd of collections

validationandinference.
A maincharacteristicof this featureis thatThesaurusRelationshipscontribute in In-
terfacede�nition.
NT lexical relationshipscausetheInterfaceto inherit from theBroaderInterface.
RT interfacecausethede�nition of dummyattributesthat links to therelated¿ inter-
face.
SYN relationshipscausethe Interfaceto be groupedin a setof Synonym Interface.
Theseinterfacessharethesamede�nition in termsof ParentInterfacesandattributes.
The parentInterfacesof eachof the synonym Interfacesis given by the union of the
InterfaceeachInterfaceinherits from or takespart in a NT or BT relationship. The
setof attribute is givenby theunionof theattributeseachinterfaceinheritsfrom. RT
relationshipthatgive riseto theRT dummyattributesis givenby theunionof theRT
relationshipthatinvolvesat leastoneInterfacein theSYN group.

Intr oduction of ThesaurusByObject

This classspeedsup relationshipsretrieving from a Schemaobject.All theThesRela-
tion objectsareorganizedin MapobjectswherekeysaretheelementasODL ��� Objects
of theThesRelation objects.
This objectis constructedovera schemaandindexesall thesaurusrelationscontained
by suchschemagiving asetof methodfor fastaccessto setof relations.
To index relationsaHashMapis used,whichallowsinformation(objects)to berelated
to a givenkey object,thusproviding a fastway to retrieve suchinformationgiventhe
key object.
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ODL OLCD
interface prim
view virt
const btype
struct type
typedef type

Table3.3: MappingbetweenODL ��� andolcd of elements

Thisobjectprovidesmethodslike:

= SetgetRelations(java.lang.Objectelement)that returnsa set of ThesRelations
relatedto a givenelement.

= SetgetRelations(java.lang.Objectelement1,java.lang.Objectelement2)that re-
turnsa setof ThesRelationsbetweenthegivenelements.

= SetgetSynRelations(java.lang.Objectelement)Returnsall thesynonymyrelation
for a givenElement

= SetgetInterfaceParentRelations(Interfaceelement)Given an interface,returns
all InterfaceRel relationswherethe given Interfaceis narrow term NT to
anotherInterface. Note that MOMIS storesall InterfaceRelas NT relations
(broadterm - BT relationsare transformedin NT by the constructors).So it
is enoughto look for the relationswherethegiven interfaceappearsasFIRST
element.

And so on. All interestingandusedqueriesat the thesaurusarecodedin this object
andareusableby all MOMIS components.

3.5 The MOMIS wrappers

Thewrappersin MOMIS aretheaccesspoint for thedatasources.Eachdatasource
(relational,object,XML, ...) mustbe presentedto theMOMIS systemin a standard
way, andthisis whatthewrapperdoes.A wrapperis aCORBA objectthatis connected
to a sourceandis ableto describethesourcestructureusingtheODL ��� languageand
suppliesaway to queryto sourceusingtheOQL��� language.
Thissectionshowstheinterfacefor accessingwrapperfeaturesandanoverview of the
wrappersI implementedfor my Ph.d.thesis.

3.5.1 The IDL interface for a wrapper

Figure3.6 shows the CORBA interfaceimplementedby the WrapperObjects. The
functionsavailableare:
getTypereturnsthetypeof thewrapper.
getSourceNamereturnsthe nameof the datasource. The returnednameis only the
namethe designerof the wrapperassignedto the datasource,it is not a universal
name.
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interface Wrapper {
string getType() raises (momisOqlException);
string getDescription() raises (momisOqlException);
MomisResultSet runQuery( in string oql )

raises (momisOqlException);
string getSourceName() raises (momisOqlException);

};

Figure3.6: TheMOMIS WrapperIDL interface

getDescriptionThis function asksthe sourcethe meta-informationaboutthe schema
andproducesa ODL ��� descriptionof thesourceschemaandreturnsit to theCORBA
client asastring.
runQueryThis functioncausesthesourceto evaluatea OQL ��� queryandgeneratesa
MomisResultSet CORBA objectthat(likeacursor)allow to accessto theresulting
dataset.

interface MomisResultSet {
long getColumnCount() raises (momisOqlException);
string getColumnName(in long column) raises (momisOqlException);
long getColumnType(in long column) raises (momisOqlException);
boolean next() raises (momisOqlException);
void close() raises (momisOqlException);
long getColumnByName(in string column) raises (momisOqlException);
long getLong(in long column) raises (momisOqlException);
char getChar(in long column) raises (momisOqlException);
double getDouble(in long column) raises (momisOqlException);
float getFloat(in long column) raises (momisOqlException);
string getString(in long column) raises (momisOqlException);
string stringSet();
const long TYPE_Unsupported = -1; /* Unsupported Type */
const long TYPE_Long = 1;
const long TYPE_Char = 2;
const long TYPE_Double = 3;
const long TYPE_Float = 4;
const long TYPE_String = 5;

};

Figure3.7: TheMomisResultSetIDL interface

Figure3.7 shows the MomisResultSetCORBA interface. It is a very simplecursor
implementation.WecanalsoseethatMOMIS datatypesrecognizedthroughwrappers
is verypoorrelatedto thedatatypessupportedby ODL �

� .

3.5.2 The dummy wrapper

The dummywrapperis the simplestwrapperwe canimplement. It is not associated
with any datasourceand,it readstheschemadescriptiondirectly from a�le containing
a ODL �

� description.Obviously it is notableto reply to queryrequests.
Thiswrapperis parametrizedto selectin whichnamingserverregisteritself asCORBA
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object. Otherparametersarealsotheregistrationnameandthenameof the �le con-
tainingtheODL � � sourcedescription.

3.5.3 The JDBC wrapper

This is quite a real wrapperwhich meansthat it hasboth sourceintrospectionand
sourcequeryingcapabilities.Both thesefeaturesareprovidedthroughstandardJDBC
calls. This ensurethatthis wrappercanbeusedfor all datamanagementsystemsthat
supportJDBC.
On startingthe wrapperit readsa con�guration �le that containsparametersfor the
JDBCconnectionlike JDBCdriver to useandtheconnectionstring,aswell asother
CORBA parametersthat speci�y whereis thenamingserver andthenameto usefor
registeringin thenamingserver.
The main object is a factoryobjectbecauseit generatesa new MomisResultSet
objecteachtime the methodrunQueryis called. In the con�guration �le parameters
arealsospeci�edfor managingtime-outof unusedMomisResultSetobjects.
The introspectionof the sourceis performedusingthe ResultSetMetaData ob-
jects. UsingJDBC-1doesnot make certain�nformation vavailablelike arenot avail-
ableinformationlike foreignor primarykey de�nitions or constraints,sothedescrip-
tion returnedby this wrappercontainsonly a the list of tablesthat aremappedinto
/odli3/ classesand,for eachclass,a list of typedattributes.
The queryingfeatureis implementedwithout applyingany �lter to the /oqli3/ query
andis sentas-isto theunderlyingdatasourcemanagementsystem.This implies that
thewrapperworks�ne only in casesof extremelysimplequerieswhere/oqli3/ queries
areSQL queries.This is nota strongassumptionbecausethe/momis/Querymanager
is alsoableto formulateonly basic(verysimple)queriestowardslocaldatasources.

3.5.4 Other wrappers

Duringtheprojectdevelopmentotherwrappersweredevelopedandothersarein devel-
opingphase.AmongthedevelopedonesweshouldcitetheXML wrapper, see[Gue00],
whichdoesnothavethequeryingcapabilitiesyetbecausetheXML-QL is notyetasta-
blestandard.
Otherwrappersin developingare the wrapperbasedon JDBC 2.0 that will make it
possibleto obtainricherdescriptionof thesourceor ad-hocwrapperlike wrappersfor
DBMS likeMS Access,IBM DB2 andOracle.

3.6 The MOMIS WordNet interface

WordNetis a lexical databaseintroducedin section2.1.5onpage15.
The MOMIS WordNet modulewas developedby Giovanni Malvezzi [Mal00] and
implementsa techniqueto �nd intensionalrelationsinter-schema.Thegoal is to dis-
cover af�nities/similitude betweenclassesfrom differentdatasources.The modules
extract lexical relationsbetweenschemaelementnames(classesandattributesarethe
elements)andworks on the meaningof the namesusedto describethe classesand
attributescontent.
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This moduleprovidesaccessto theWordNetontologyby accessingthedatabase�les
directly, it hasbeendesignedfor useby theSLIM moduleof theSI-DesignerGUI.
It is possibleto extractfrom WordNetthefollowing typesof lexical relations:

Synonymy, Hypernomy2, Hyponomy3, Holonomy4, Meronomy5, Corr elation6

WhereHyponomyandMeronomyarerespectively inverserelationsof Hypernomyand
Holonomy.
The relationsfrom WordNet are proposedas semanticrelationsto be addedto the
CommonThesaurusaccordingto thefollowing mapping:

= Synonymy: correspondsto a SYN relation.
= Hypernomy: correspondsto a BT relation.
= Holonomy: correspondsto a RT relation.
= Corr elation: correspondsto a RT relation.

TheCommonThesaurusmustcontainsonlysemanticrelations,sotheWordNetmodule
only proposesrelationsto thedesigner, who mustvalidatethemmanuallyto promote
lexical relationsto semanticrelations.
Themodulesimplementanalgorithmthat,giventheschemaelementsannotated(man-
ually by the designerthrougha GUI) with the right meaning,producesall semantic
relationspresentin theontology.
Startingfrom theschemato beintegrated,thedesignermustdeclarearelationbetween
eachschemaelementsnames(classnamesor attributenames)andtheWordNetmean-
ing usedin thecontext. That is, givena name,thedesignermustchooseoneor more
of thenamemeanings.
This is a two stepprocess.

1. Word form choice.In thisstep,theWordNetmorphologicprocessorshouldaid
thedesigner. A word form is theword withoutany suf�x esdueto declinationof
conjugation.

For example,in Figure3.8,by selectingtheaddress attributethemorphologic
processorreturnsthebaseform address .

If suchword formis not foundor thereis ambiguity7, or it is notsatisfactory, the
designercanseta customword form.

2. Sensechoice. The designercanchooseto setthemappingof an elementwith
zero,oneor moresenses.For example,in �gure 3.8WordNethas15 meanings
for theword form address from which themostappropriateonesarechosen.

Figure3.9 shows the interfaceto accessthe MOMIS WordNetservice. A shortde-
scriptionof theavailablemethodsfollows:

2Generalizationrelation
3Specializationrelation
4Aggregationrelation,part
5Aggregationrelation,all
6The correlationis a relation betweentwo termsin two synonym setsthat sharesthe samefather in

hypernymy sense.
7E.g. axes has3 word forms: ax (1 sense),axis (5 senses),axe (2 senses).
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Figure3.8: address meanings

module WordNetApp {
interface CORBA_WordNet {

string trovaSensi( in string word);
string trovaParenti( in string formaBase,

in long synset_offset, in long pos);
string creaThes( in string namePathTaged);
string trovaHashObject( in string word);
long killObject();

};
interface WordNetFactory {

CORBA_WordNet newCORBA_WordNet();
};

};

Figure3.9: TheMOMIS WordNetmoduleIDL interface

= trovaSensimeanssearchfor meanings.When given a word, it runs the mor-
phologicalengineto �nd the word form. It returnsa string that containsthe
serializationor a Java Vectorof objects(wn2slim.Meaning ) that represents
WordNetmeanings.

= trovaParentimeanssearchfor Parents.Givena word in a normalizedform, the
referencepositionof thesynsetandnumberthat identi�es thetypeof WordNet
element(noun, verb, adjective, adverb), it calculatesthesense'sexpansionto his
nearsenses.It returnsa Vectorof serializedmeanings.

= creaThes meanscreatethesaurus.Whengivenastringthatcontainstheserial-
izedform of awn2slim.NodeTag vector, it returnsasetof lexical relationsto
beaddedto thethesaurus.Thissetis givenby astringthatcontainstheserialized
form of wn2slim.ThesaurusEntry vector.

= trovaHashObject searchesfor hypernymytreefor thenounsyntaxcategory.
Whengivena word form, it returnsall its hypernyms.

Becauseof the complexity of the datastructureusedin the WordNet interaction,the
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choice(at leastin this developmentphasewherethewholeprototypeis evolving) was
madenot to passthroughcomplex CORBA IDL interfacesandobjects,but insetadto
useserializedjavaobjects.
To exchangedata,the WordNet moduleusesthe shared packagewn2slim , where
object that representsSynset, ThesaurusEntry, schemaelementsidenti�er, etc. are
implemented.
For moreinformationaboutthewn2slim interface,referto thejavadoc documen-
tationandto [Mal00]

3.7 The MOMIS ODB-Toolsinterface

This sectiondescribesthe modulethat allows accessto the ODB-Tools [BBSV97b,
BBSV97c]servicesthroughCORBA.
ODB-Toolsisanintegratedenvironmentfor object-orienteddatabase(OODB)schemata
validationandsemanticqueryoptimization,basedonadescriptionlogickernel[BN94],
preservingtaxonomycoherenceandperformingtaxonomicinferences.

module OdbToolsApplic {
interface OdbTools {

string translate_Odl_Olcd ( in string odl, out string olcd );
string translate_Odl_Olcd_vf ( in string odl,

out string olcd,
out string vf );

string validate_Odl ( in string odl, out string fc );
string validate_Odl_XML ( in string odl, out string xmlf );
string validate_olcd_XML ( in string olcd, out string xmlf );
string validate_OdlSS ( out string fc );
string validate_OdlSS_vf ( out string fc, out string vf );
string optimize_Oql ( in string odl, in string oql, out string stdOut );
string optimize_OqlSS ( in string oql );
string optimize_OqlSS_vf ( in string oql, out string vf );
long killObject();

};
interface OdbToolsFactory {

OdbTools newServant ( in string description );
};

};

Figure3.10:TheODB-ToolsIDL interface

We developeda CORBA applicationto useODB-TOOLSservicesthroughCORBA.
Suchapplicationis madeof a server sideanda client side. The server part provides
standardCORBA servicesaccessibleby CORBA clients.
To accesstheserver we wrotetwo client applications,a textual client anda graphical
client. The Textual client is simple andcanbe invoked from a commandline or in
batchscripts.TheGraphicalclienthasauserfriendly interface( �gure 3.11)to access
ODB-Tools services.It canbe executedasa Java applicationor applet,andcontains
ScVisualTool tool to visualizeoptimizationsgraphically.
Moreover, in orderto accessODB-Tools from anotherCORBA application,theonly
thingsto know are(1) the idl interfaceand(2) theaddressof thecomputeron which
CORBA objectsresides(atpresent,sparc20.dsi.unimo.itonport1050)).
Theserversideservicesaredescribedby theIDL descriptionshown in �gure 3.10and
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Figure3.11:Graphicalinterface

correspondto thefollowing ODB-Toolsservices:

OdbTool describestheservantobjectsupplyingODB-Toolsservicesinvokedby the
following operations:

translate Odl Olcd translatesa ODBMS schemafrom ODL (anODL ODMG
extension)to OLCD[BBLS98]8.

translate Odl Olcd vf Translatesaschemadescribedin ODL into aOLCD de-
scriptionreturningalsoa visual form descriptionusedby theScVisual
GUI.

validate Odl Translatesandvalidatesschemadescribedin ODL. ODB-Tools
internally, translatesthe schemainto OLCD andruns the Validator. The
validatoroptimizestheschemaand,if it exists,signalsincoherences.

validate Odl XML Works asvalidate Odl but output is returnedalso in
XML.

validate olcd XML Validates(optimize)a schemadescribedin OLCD andre-
turns a XML �le. ODB-Tools runs the Validatordirectly on the OLCD
schemaandsignalsany incoherences.Outputis returnedin XML. This is
themethodthatusedby MOMIS .

validate OdlSS Activatesthevalidationandoptimizationof apreviously trans-
latedschema.Thevalidate Odl translatesandvalidatesandoptimizes
a schemadescribedin ODL ¨ .

validate OdlSS vf Worksasvalidate OdlSS anda visual form is alsore-
turned.

optimize Oql Optimizesa OQL query on a ODL schema. The ODB-Tools
queryoptimizeroptimizesa OQL queryona givenschema.

optimize OqlSS OptimizesanOQL (ODMG) queryon a previously validated
schema.optimize Oql optimizesa queryon a ODL schemaby per-
formingschematranslationandvalidationandqueryoptimizationsteps̈.

killServer De-allocatesthe connectionservantobject. This operationshould
beinvokedby a client beforeclosingconnection;if not, theservantobject
will alsobede-allocatedaftera time-outperiod.

idlOT factory Describesa factoryobject,i.e., theCORBA objectto refer to in order

8translate Odl Olcd vf , validate OdlSS vf and optimize OqlSS vf supply the same
servicesof thethreemethodsabove,but generateaschemadescriptionin visualform(see[Cor97]).
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to openaconnection.

newServer Opensa new connection,i.e., createsa new servantobjectinstance
whosereferenceis postedto theclient.

Naming Server

OdbTool Factory Server

OdbTools Server Client OdbTool

New Client OdbTool

OdbTool Factory Server

OdbTools Server Client OdbTool

New Client OdbTool

OdbTools Server Client OdbTool

New Client OdbTool

Server CORBA

Server CORBA

OdbTools Server Client OdbTool

New Client OdbTool

Server CORBA

Naming Server

OdbTool Factory Server

Naming Server

Naming Server

OdbTool Factory Server

Server CORBA

New Server

Figure3.12:Requestof a new client connection

In theimplementation,themainODB-Toolsobjectisafactoryobject(interfaceidlOT factory );
for eachclient connectionrequesta new servantobject (interfaceidlOdbTool ) is
createdandits referenceis returnedto theclient (see�gure 3.12).

The XML representation

The SIM moduleof the SI-DesignerusesODB-Tools to performThesaurusrelation
validation and inference. To provide a standard way to get ODB-Tools resultswe
modi�ed theODB-Toolssoto generateanXML outputaswell.
SuchXML adheresto theDTD showedin �gure 3.13:
Thecorrespondingclient shoulduseaXML parserto getODB-Toolsdata.

3.8 The MOMIS Global Schema

Theroleof aGlobalSchemaobjectis to representanintegratedschema.It containsall
informationaboutintegrationsuchasthe de�ned global classes,the mappingtables,
thethesaurusandthedescriptionof theschemaof theintegratedsources.
This informationwill allow any querymanager to performquerieson therepresented
integratedschema.
Nowadays,theGlobalSchemais anextremelysimplecomponent.Figure3.14shows
theIDL interfaceto accessa GlobalSchemaobject.
Themethodsimplyallowsaclientto accesstheschemaname(getName andsetName )
or theschemastatus(getStatus andsetStatus ).
Thestatusis exchangedasa serializedGSStatus Java object.This objectis de�ned
in theshareddirectoryandbasicallycontainsa odli3.Schema object,i.e., theroot
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<!ELEMENT SCHEMA(LEVEL*)>
<!ELEMENT LEVEL (

CLASSES_TO_DISPLAY,
EQU,
CLASSES_COLORS,
ISA,
ISA_COLORS,
RELATIONS_TO_DISPLAY
)>

<!ATTLIST LEVEL value CDATA #REQUIRED
type CDATA #IMPLIED>

<!ELEMENT CLASSES_TO_DISPLAY(CLASS*)>
<!ELEMENT EQU (RELEQU*)>
<!ELEMENT CLASSES_COLORS(color*)>
<!ELEMENT ISA (RELISA*)>
<!ELEMENT ISA_COLORS (color*)>
<!ELEMENT RELATIONS_TO_DISPLAY (RELATION*)>

<!ELEMENT CLASS (CLASS*)>
<!ATTLIST CLASS name CDATA #REQUIRED >

<!ELEMENT ATTRIBUTE ()>
<!ATTLIST ATTRIBUTE type CDATA #REQUIRED

name CDATA #REQUIRED >

<!ELEMENT RELEQU()>
<!ATTLIST RELEQU c1 CDATA #REQUIRED

c2 CDATA #REQUIRED >

<!ELEMENT color ()>
<!ATTLIST color class CDATA #REQUIRED

value CDATA #REQUIRED >

<!ELEMENT RELISA ()>
<!ATTLIST RELISA c1 CDATA #REQUIRED

c2 CDATA #REQUIRED >

<!ELEMENT RELATION ()>
<!ATTLIST RELATION target CDATA #REQUIRED

source CDATA #REQUIRED
path CDATA #REQUIRED >

Figure3.13:TheODB-ToolsXML ouputDocumentTypeDe�nition

of the treeof objectsthat maintainsinformationaboutsources,thesaurusandglobal
classes.
A CORBA GlobalSchemaobjectisaccessiblethroughaninstanceof theclassGlobalSchemaProxy .
ThismanagesCORBA connectionandstatusserialization(see[Gui00]).
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interface GlobalSchema {
void setName(in string name);
string getName();
string getStatus();
void setStatus(in string status);
long killObject();

};

Figure3.14:TheQueryManagerIDL Interface
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Chapter 4

The MOMIS SI-Designer

This chapterpresentsthe MOMIS moduleSI-Designer , architectureanduser's
manual. SI-Designeris the GUI (GraphicUser Interface)for the MOMIS Global
SchemaBuilder. SI-Designerleadsthe designerthroughthe stepsof the integration
process,from theacquisitionof schematasourcesto thetuningof themappingtable.
This is themostimportantcomponentof theMOMIS prototype;it is a modularcon-
tainerof toolsimplementedby differentpeople.
In thischapter, wefocusonthestrategicchoicesandconceptsrelatedto theSI-Designer
software. Most of the implementationchoicesaredescribedin the sourcecodedoc-
umentation,so for further informationrefer to the documentationextractedfrom the
sourcecodeby javadoc .

4.1 The SI-Designerarchitecture

Mostof SI-Designermoduleshavebeendevelopedbyseveralstudentsduringcomputer
engineeringLaureathesis.Theirgoalwasto analyze,designandimplementoneof the
integrationsphasesdescribedin thetheory.
My role was to de�ne andproject the modulararchitectureto allow peopleto work
together, establishsetof guidelinesfor developmentandcoordinatethestudents.
Figure4.1showsthemainobjectsSI-Designeris composedof. For anoverview of the
MOMIS architecture,seechapter3.

= SI Designer , themaincontainer, isaGUI object.It is responsiblefor CORBA
connections(througha proxy) towardsMOMIS servers and manageall other
sub-modules.
It also maintainsalso the schemaobject that holdsall integration information
andis responsiblefor its initialization and serialization,it alsoallows saving it
andallowssaving it ondisk.

= GlobalSchemaProxy is theobjectresponsiblefor thecreationof theGlobal
SchemaCORBA object.
This maintainsalignedthe Global Schemaanda local working copy of the in-
tegrationknowledge(i.e. all integrationinformationlike thelocal schematade-
scription,thethesaurus,etc.).

= SIDPhase Eachpanelthat implementsa differentfunction inheritsfrom this
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classthefeaturesto communicatewith theSI Designer .
= The objectsARM, ARTEMIS, EXTM, SAM, SIM, joinMap , testPackage ,

thesRelationEditor , SLIM andTUNIMarethemodulesthatcomposethe
SI-Designerinterface.

SAM

thesRelationEditor

EXTM

SLIM

ARM

ARTEMIS

TUNIM

JoinMap

SI_Designer

SIDPhase

testPackage

Global SchemaGlobalSchemaProxy

Schema

SI-Designer

CORBA-IIOP

Figure4.1: SI-Designerrun-timearchitecture

4.2 An integration session

In this section,a whole integrationsession,from sourcewrappingto thetuningof the
mappingtables,usingSI-Designeris shown.
In the following macro stepsfor the integration in an ideal sequentialorderarede-
scribed.Eachstepis highly interactive, thedesignerusuallyacquiresbetterandbetter
knowledgeof the sourceto be integratedduring integration,so, in a real integration
session,thedesignerwill movebackandforth throughtheintegrationphases.

Wrapping of the sources

The�rst stepof theintegrationusingMOMIS is to preparedatasourcesto beaccessed
by MOMIS . EachsourceshouldbewrappedusingthemostappropriateWrapper. We
developeda very simpleandgenericJDBCwrapper(seesection3.5.3)but it maybe
necessaryto developanadhocwrapperfor a speci�c datasource.
Whoever runs the Wrappermust choosethe sourcenameand register the running
Wrapperinto a namingserveraccessibleby SI-Designer.
Wrappersfor a given sourceshouldbe initialized andrun by the responsibleof the
source.

Choosinga signi�cant namefor the global view

(Figure4.2)TheSI-Designerintegrationsessionstartschoosinga signi�cant namefor
theglobalschemawe will build.
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Sourceconnection/acquisition

Eachsource,or better, thewrapperof eachsourceto be integrated,is reachedby the
CORBA namingservice:oneneedonly to statetheregistrationnameandthenaming
serviceaddresswherethewrapperis registered.
If therearetwo (or more)sourceswith the samename,SI-Designerwill askyou to
internally renamesourceswith thesamename.This will bethenameof thesourcein
SI-Designer.

Figure4.2: SI-Designersourceacquisitionmodule

For eachsource,SI-Designerreadsthe sourcedescriptionandshows the sourcesin
termsof local classesandattributeson theleft of theSI-Designerwindow (seeFigure
4.2).

Computation of intra-schemarelationships

Figure 4.3 shows the panel that enablesthe designerto browse and edit Thesaurus
Relationships.Clicking thebuttonrun SIM theODB-ToolsCORBA serviceis called
andintraschematarelations(seesection2.2.1onpage18)extracted.

WordNet annotation and Lexical relationshipsextraction

Figure4.4shows thepanelthatallows thedesignerto annotatetheschemato be inte-
grated(seesection2.1.5on page16 and3.6 on page57). Figure4.5shows Common
Thesaurusterminologicalrelationshipsextractedfrom WordNet.
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Validation of lexical relationshipsand inferenceof new relationships

After the terminologicalrelationshipextraction,clicking on the button run SIMb on
theCommonThesaurusrelationshipeditorpanel,ODB-Toolsserviceis calledagainto
validateandinfer new relationships(seesection2.2.4onpage20and2.2.5onpage21).
Figure 4.6 shows againrelationshipsin the commonthesaurus,after the validation
phase.

Creationof proposedGlobal Classes

Figure4.7 shows a screenshotof the interfacefor runningandtuning theARTEMIS
Clustering/af�nity algorithm(seesection2.3.1onpage24). Theclusteringtool canbe
tunedby working on clusteringthresholdsandrelationweights. In the lower part of
thewindow, a text areashowsthetraceof theintermediateresultsduringtherunof the
ARTEMIS algorithm.
In additionFigures4.8and4.9show thepanelfor tuningtheproposedglobalclasses.
Clusterof local classescomputedby ARTEMIS areproposedasGlobalClasses,and
thedesignercanrenameor modify thecompositionof suchGlobalClasses.

Creationof the global classattrib utesand mapping table

Thelaststepof integration(with thecurrentversionof SI-Designer)is theCreationand
tuningof theglobalclassattributemappingtable(seesection2.3.2).After thesimple
mapping(Figure4.10)anattributeaggregationis proposed,andthedesignercanthen
re�ne themapping(Figure4.11).

4.3 Methodologicalconsiderations

This sectiongives a few hints for the correctuseof SI-Designerderived from our
experience.

Relationshipseditor hints

Themoduleshown in Figure4.3 is designedto managetheCommonThesaurusrela-
tionships.
Throughthis moduleit is possibleto run theextractionfrom schemata,validationof
relationshipsandnew relationshipinferentialalgorithmson theschemata.
Thedesignercanalsochooseto manuallyaddor removerelationships.
We suggestrunningtheinferentialalgorithmaftereachnew thesaurusrelationshipsis
addedin orderto detectimmediatelyif thenew relationshipgeneratesinconsistences.
It is possibleto iteratively re�ne theclusteringaddingor removing relationships.To
�nd therelationshipsto addor remove to improveclustering,try to look at thecluster
coef�cients.
Thedisplayedrelationshipsaretheonesusedby theARTEMIS algorithmto compute
globalclassesby clustering.
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Figure4.3: SI-DesignerSIM: computationof intra-schemarelationships

Lexical annotation hints

TheSLIM moduleshown in Figure4.4allowsinteractionwith WordNet.It graphically
allows the designerto associateWordNet meaningsto every schemaelement,then
retrieve from WordNetlexical relationshipsbetweensuchmeaningsandconvert them
into (not yet validated)commonthesaurusrelationships.
This is themostsensiblepoint in integration,if a schemais well whenannotatedthe
integrationtimeandeffort candramaticallybereduced.
Main rulesto follow annotatingare:

= Annotateevery local class,takingcareto choosetheWordNetmeaningthatbest
correspondswith thereality the local schemadescribes.Context is very impor-
tant.

= If theword form for theelementis not signi�cant, replaceit with a meaningful
word andchoosetheright meaning.

= Annotateonly signi�cant attributes.
Attributepresentin all interfaceslike name, codeor identi�er couldleadto the
generationof wrongrelationships.
For example,namehasthe right meaningassociatedto the Interfacename. It
could meanpersonname,city name,or the nameof anything. This meanthat
(wrong) relationshipsbetweentheinterfacePersonandCity, or Personandany-
thingcouldbegenerated,andsoon.

= Annotateonly elementsyou aresureaboutthemeaning.
If you arenot sure,you shouldstudythedatasourceto beintegratedbetter, and
thenannotatetheelements.
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Figure4.4: SI-DesignerSLIM module,WordNetannotation

Clustering tuning hints

Rememberthat clusteringis strictly implied by the relationshipspresentin the the-
saurus.If therelationshipsarewrongit is not possibleto automaticallyextracta good
cluster.
For a betterunderstandingof the clusteringalgorithm(the ARTEMIS tool) andcon-
ceptslike namingaf�nity andstructural af�nity , seesection2.3.1onpage24;
Thetuningparametersfor theclusteringarethefollowing (seeFigure4.7).

= Therelationshipweights.
Whenworking on theseparameterswe canto give moreor lessimportanceto
this or that kind of relationship.
For example,if we have a schemawith a lot of RT relationshipandthenumber
of clustersis toohigh,we cantry to lower theweightof theRTrelationshipand
recomputetheclusters.

= Theaf�nity threshold.
This parametergivesanindex of reliability to thenamingaf�nity .
Theclusteringwill beaffectedby thenamingaf�nity only if thenamingaf�nity
coef�cient is higherthanthethreshold.

= Theclusteringthreshold.
This xparameterthat in�uencesthewidth of clusters.Thehigherthethreshold,
thesmallerthecomputedclustersarebecausea high af�nity is neededbetween
Interfacesto bepartof thesamecluster.
In caseof goodclustering,this parameterchoosesthenumberof clustersvs the
numberof local classesin eachcluster.
To have oneideaof thetreeclusteringquality, look at theClusteringTree(like
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the onesshowed in Figure4.14). From this treeyou canseethe distancesin
termsof af�nity valuesbetweenInterfaces.
If theinstancesthedesignerknows to bestrictly relatedarerepresentedasnear
treeleaves,thetreestructure is good,andby increasingor decreasingtheclus-
teringthresholdwe canto obtaingoodclusters.
We can also try to modify other tuning parametersor study the relationships
presentin thethesaurus.

= Thenameaf�nity andthestructural af�nity coef�cients.
Theseparameterssimply give more importanceto the nameor the structural
af�nity while weighingtheaf�nity betweenInterfaces.Theclusteringalgorithm
will thenusesuchweightsto computeclusters.
Thehigherthenameaf�nity parameter, thehigherthe importanceof thename
af�nity . Thesamegoesfor structural af�nity .

Global classestuning hints

(Figure4.9)This is very importantstep.
In this phasethedesignerchoosesthecompositionof theglobal classes.No onecan
guaranteethat the semiautomaticmodelproposedby MOMIS is correct(usuallyin-
deedtherearea few errors)andit is the responsibilityof thedesignerto performthe
right tuning.
An importantstepis to assigntheright nameto theglobalclasses.This will help the
designergatherlocal classesby meaning.
The designeris the judge. Right mappingrelies on the designer's experienceand
knowledgeof thesourcesacquiredduringthepreviousphases.
It is correctto leavesomeuselesslocal classesunmapped(evenif it would bebetterif
theseuselesslocal classeswherenotexportedby thesourcewrapper).

Mapping table tuning hints

In thisphasethedesignerchoosesfor eachglobalclasshow eachattributeof eachlocal
classthatis partof theglobalclassis mappedinto theglobalclassglobalattributes.
Like for theGlobalclassestuning,heretheexperienceandknowledgeof thedesigner
arethebasisto obtaintheright mapping.

4.4 Implementation

This sectiondescribessomeconcepts,datastructuresandtechniquesimplementedin
SI-Designer, andmodulesI implemented.

4.4.1 The SIDPhaseinterface

Eachmoduleof SI-Designermustimplementthis interface.Throughthemethodsde-
�ned in this interfacewecanto shareintegrationknowledgethroughSI-Designermod-
ulesandprovideasimpleway for coordinationbetweenmodules.
Themethodsimplementedby this interfaceinclude:
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Figure4.5: SI-DesignerPartof therelationshipextractedfrom WordNet

= GlobalSchemaProxygetProxy()ReturnstheGlobalschemaproxyobject.This is
thewayto retrieveandmodifyschemainformation.TheGlobalSchemaProxy
objectis in fact responsiblefor maintainingntheGlobalSchemadatarepository
alignedwith thelocal copy.

= void update()throwsSIDExceptionThis methodis calledby SI-Designereach
time themoduleis displayed.

= void saveStatus()throws SIDExceptionThis methodis called by SI-Designer
eachtime themodulelosesfocus.

The strategy for modulecoordinationimplementedby the SIDPhaseinterfaceis the
following:

= When the userdecidesto get into the module, the moduleusing the method
getProxy is responsiblefor loading the modulestatusfrom the main Schema
object(thatcontainsall informationrelatedto theintegration).

= Whentheuserdecidesto changemodule,themoduleis responsiblefor saving
its statusandall moduleinformationinto theSchemaobject.

4.4.2 Saving and exchangingknowledgein MOMIS

Herewediscussvariousfeaturesadoptedto save,retrieveandshareIntegrationknowl-
edge.
Problemsrelatedto statusin MOMIS are:

= how to interruptandresumeanSI-Designerintegrationsession
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Figure4.6: SI-DesignerSIM: relationshiparevalidatedandnew relationshipsinferred

= how to allow usersto runquerymanagersusingtheintegrationstructurescreated
by SI-Designer.

We neededa fast,reliableandeasysolutionto save andcommunicatethe integration
knowledgethatis carriedby many complex memorydatastructures.
Ourchoicewasto useJavaObjectSerialization, sparingourselvestheworry of de�n-
ing descriptionlanguagesor datainterchangespeci�cations.
Wesupportedserializationin themaincodeof SI-Designer(i.e.,theclassSI-Designer)
allowing thedesignerto save,wheneverhewants,thestatusof thesession.Oncesaved,
it is possibleto starta new SI-Designersessionspecifyinga serializedstatususingthe
option:

java SI-Designer -l /path/to/the/seriealizedStatus.mms

We alsousedserializationto exchangedatausingtheCORBA connections.The idea
wasto usestringscontainingserializedJava Objects.We did it usinga base64 cod-
ing techniqueto overcomeproblemsdueto differentcharsetrepresentation.Eachtime
we serializean object we transformthe resultingbinary streamin a base64 codes
sting.Deserializing,at �rst wedecodethebase64stringin abinarystreamthatcanbe
deserialized.We usethis techniquewhensaving SI-Designerstatusandwhencommu-
nicatatingbetweentheSLIM moduleandtheWordNetCORBA interface.
The main disadvantagein using java serializationis that, especiallyin developing
phases,oncea class ª is modi�ed, all old serializedstatuscontainingthe ª classbe-
comeincompatiblewith the new recompiledjava code. This meanthat all existing
integrationmustberedone.
We arecurrentlystudyinganddevelopingtools for automaticallyserializingany seri-
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Figure4.7: SI-DesignertheARTEMIS clusteringparameters

alizablejavaObjectin XML (evenif in Sunthereis ananalogousproject).
Using XML we expectthe following advantages:lessof a problempassingthrough
differentversionsof serializedjavaclasses,humanreadabilityof theserializedcode(if
neededwecanmanuallymodify or createastatus)and,aboveall, betterportability for
integratinginformation. Using XML easyparsingcapabilities,andXML translation
languageslike XSL, it will be easyto exchangeintegrationknowledgewith applica-
tionsrequiringthemlikeothermediators.

4.4.3 The CommonThesaurusEditor module

Thismodule,anexampleof which is givenin Figure4.6,allowsthedesignerto browse
andedit relationshipsde�ned in theCommonThesaurus.
It showsrelationshipsin differentcolorsaccordingto themoduleproducerof therela-
tionships.For example,relationshipsextractedfrom schemaareshown in dark gray;
terminologicalrelationshipsfrom WordNet in blue, inferredrelationshipsin red, and
designermanuallyaddedrelationshipsin green.
Moreover, thethesauruseditormakeit possibleto show therelationorderedby source,
by type(SYN, NT, BT, RT), by destinationor by producer. Oneneedonly to click on
thecorrespondingheaderto sorttherelationshipson thechosencolumn.
Edit capabilitiesallow thedesignerto remove any relationshipfrom thethesaurus,or,
addexplicitly new relationships.
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Figure4.8: SI-Designertheclustersproducedby ARTEMIS asproposedglobalclasses

4.4.4 The ARTEMIS module

In thissectionimplementationrelatedproblemsandsolutionsarepresented.Thetheory
relatedto ARTEMIS waspresentedin section2.3.1.
A lot of informationaboutimplementationlike thedetaileddescriptionof all themeth-
odsor thedescriptionof theobjectsprivatevariableis alsoomitted; thesedetailsare
availablein thedocumentationextractedfrom thesourcecodeby javadoc .
In designingtheARTEMIS I adheredto thefollowing guidelines:

= ARTEMIS mustbeapackage,
= all thealgorithmsmustbelocatedin a well interfacedobject,
= developmentshouldbeasfastaspossible,
= thesourcecodeshouldbeasreadableaspossible.

To build a packagewas not a problem. Moreover, the architectureof SI-Designer
requiresthatmodulesbedevelopedin packages.To developtheprototypequickly and
getthecodereadableI reliedonastronglyObjectOrientedarchitectureanddeveloped
a few toolsfor managingdistancegraphs.

Object part of the ARTEMIS package

ThemainclassimplementedhasbeencalledArtemisandcontainsall ARTEMIS com-
putationalgorithms.Its interfaceis thefollowing:

= publicArtemis(GlobalSchemaProxyschemaProxy)is theconstructor. An ARTEMIS
objectcontainsa referenceto theGlobalSchemaProxy. In this way it is alwais
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Figure4.9: SI-Designerglobalclassesafterthedesignertuning

ableto accessto the currentschemato get/save the ARTEMIS statusor to get
thesaurusrelationships.

= voidsaveStatusInSchema()Savethestatusof thisArtemisObjectinto theschema
reachableby schemaProxy;

= void doClustering() Call all computingroutinesgetting the clustering. This
is only one shortcutto perform the stepsprovide by calling the methodsin
sequence:computeInitialDistanceMatrix, computeNameAf�nity , computeStruc-
turalAf�nity() , computeGlobalAf�nity() , computeClustering()andcomputeClus-
tersFromClusterTree().

= voidcomputeInitialDistanceMatrix()ComputestheInitial DistanceMatrix. This
methodsimply translatestherelationshippresentin thethesaurusin af�nity , ac-
cordingto thecoef�cient chosenby thedesigner.

= void computeNameAf�nity() Computesthe NameAf�nity usingan interactive
algorithm.This algorithmwill �nd themaximumaf�nity betweeneachelement
trying any possiblepath(seebelow for a betterdescription).

= voidcomputeStructuralAf�nity() ComputestheStructuralAf�nity fromtheSchema
structureandthenamingaf�nity matrix (seesection2.3.1for a theoreticalde-
scriptionof thisalgorithm.

= void computeGlobalAf�nity() ComputestheGlobalAf�nity from theStructural
af�nity matrixandtheNamingaf�nity matrix.

= voidcomputeClustering()Computestheaf�nity treefrom theGlobalaf�nity ma-
trix.

= VoidcomputeClustersFromClusterTree()Fromtheaf�nity treeproducedbycom-
puteClusteringthismethoddivideslocal classesin clusters.

= staticvoid populateGlobalClassesFromClusters() Fromclusters(vectorof vec-
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Figure4.10:SI-DesignertheTUNIM module,a �rst simpleattributemapping

tor of Interfaces- thelocal classes)populatesGlobalclasses.
= java.util.VectorgetClusters() ReturnsaVectorof Vectorsof Interfaces.
= ArtemisStatusgetStatus()ReturnstheStatusobject.
= publicStringtoString()

TheobjectArtemisStatussimply containsthecon�gurationparametersfor ARTEMIS
suchas the clusteringthresholdor the weight to usefor eachkind of relationship
(SYN,NT,BT,RT). An objectof the classArtemisStatusis saved in the schemaaddi-
tional informationto store/retrievetheARTEMIS status.
All ARTEMIS computationalgorithmarebasedon distancesbetweenelements,I de-
�ned the DistanceObject, which simply storesa genericdistance(representedasa
�oating pointvalues)betweentwo Javaobjects.In addition,I createdtheDistanceMap
classandtheDistanceMapSymmetricalthatinheritsfrom DistanceMap. Eachinstance
of theDistanceMapclasscanmanagea setof Distanceobjectsandis suitableto rep-
resentdirectedgraph. Instancesof the DistanceMapSymmetricalmanagesdistances
consideringthemassymmetricaland is suitableto representundirectedgraph. The
methodof the classDistanceMapSymmetricalare the sameof the DistanceMapbut
overriddenfor managingsymmetricalconnections.
The�rst stepin theARTEMIS computationsis to transformall thesaurusrelationship
betweenschemaelementinto distances(accordingto thestatussettings).By doingthis
we canutilize algorithmsfor symmetricaldistancegraph.
The following sectiondescribesthe most signi�cant techniquesimplementedin the
ARTEMIS module.
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Figure4.11:SI-Designera tunedglobalclassmappingtable

The algorithm to computenaming af�nity

Thenamingaf�nity computationrequiresthecomputationof thepaththatmaximizes
theaf�nity betweenall nodesof thegraph.Maximumaf�nity is theSYN af�nity and
hasvalue1; minimum af�nity is absenceof af�nity andis associatedto the value0.
For example,given the elementsf
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( . In theimplementation,theaf�nity is calleddistance
(sinceit is most usualto work with distancesin graphs)anda single af�nity value
betweentwo elementsis representedby a Distanceobject.
Theproblemof computingall maximalaf�nity betweenall nodesis thesameof �nding
the minimum distance(following any path) betweenall nodesof a distancegraph.
Thereareonly two differences:

= thegoalis to �nd maximumdistance
= thedistanceon a pathis computedmakingtheproductof thedistancesinstead

of thesum.

As analgorithmto computesuchdistance, I choseaniterative algorithmthat, instead
of recursively exploring the graphsearchingfor the minimumpath, tries to �nd the
shortestlocal distanceconsideringever 3 nodeat a time. At eachstepwe consider
all possiblecombinationsof 3 nodesA,B andC, if the distance(A,C) passingby B,
computedas ªn&s,3�@a–(n©«ª{&sa$�

G

( is better than the distanceªn&s,3�

G

( the distance
ªn&',T�

G

( is replacedwith thenew one. The algorithmiteratesthesestepsuntil there
arenochangesin thedistancegraph.
Thedemonstrationthatthisworkscanbedoneby absurdity. Imaginethatthealgorithm
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has�nished andthata path d

I exists from A to C passingby thepoint B thatgivesa
distancebetterthanthedistanceª{&s,T�

G

( . Theabsurdityis thatthealgorithmis termi-
nated!In fact,evaluatingthepointsA,B andC thealgorithm�nds abetterdistanceand
will replaceas ªn&',T�

G

( , this graphmodi�cation requirethatthealgorithmperformsa
new iterationon thegraphandcannotbeterminated.

Treerepresentationascompositionof Distanceobjects

Thealgorithmthatbuilds theclusteringtreeusestheDistanceobjectsto representthe
built tree. In fact, a Distanceobject relatestwo treebranchesindicatesthe distance
betweenthem. Leaf nodesof thetreearegraphelements,while nonleaf nodesof the
graphareDistanceobjects.For example,considerthegraphin Figure4.12; the tree
is composedby 3 leaf schemaelementsconnectedby distanceelementsthatcarrythe
af�nity information.

distance2 - 0.5
+-- distance1 - 0.8
| +-- element1
| +-- element2
+-- element3

Figure4.12:An exampleof ArtemistreeexpressedusingDistances

This graphmeansthat betweenelement1andelement2thereis af�nity ê�Y ë andthat
betweentheseandelement3thereis af�nity ê�Y±© .

The toStringmethodand the DistanceMapSymmetricalclass

In Figure4.13andFigure4.14partof theoutputof theArtemis.toStringmethodout-
put is shown. This methodsimply calls the toStringmethodfor eachlocal objectof
Artemis. We can thereforeseethe ArtemisStatusstatus;the initial distancematrix
(whichsimplyreportsthethesaurusknowledge);theAf�nity matrix,whichhasalot of
computeddistances;theStructuralAf�nity matrix; theGlobalAf�nity matrix; thegen-
eratedclustertree;andtheproposedclusters.ThetoStringrepresentationof a Artemis
showsall computationstepsandallows thecomputationstepsto betraced.
DistanceandDistanceMapSymmetricalclassesmanagesdistancesbetweenany kind
of Java object. The result of the toString methodof a Distanceobjectcontainsthe
toStringrepresentationof boththerelatedobjects.

Other objectsin the ARTEMIS package- the graphical interface

Theotherobjectscontainedin theARTEMIS packageareGUI speci�c objects.
Figure 4.7 shows the panelthat allows the designerto tune the ARTEMIS module.
Throughthis panelwe canmodify theARTEMIS computationparameters,andat bot-
tom theresultscalculatedstep-by-stepareindicated.
In �gure 4.8 the panelfor global classes/clustertuning is shown. Suchpanelallows
the designerto modify the nameandthe contentof eachsingleglobal class,adding
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Global Affinty matrix:
Elements: 13

e0 Interface [Computer_Science.CS_Person]
e1 Interface [Computer_Science.Course]
e2 Interface [Computer_Science.Location]
e3 Interface [Computer_Science.Office]
e4 Interface [Computer_Science.Professor]
e5 Interface [Computer_Science.Student]
e6 Interface [University.Department]
e7 Interface [University.Research_Staff]
e8 Interface [University.Room]
e9 Interface [University.School_Member]

e10 Interface [University.Section]
e11 Interface [tax_position_xml.ListOfStudent]
e12 Interface [tax_position_xml.Student]

src-| e0 | e1 | e2 | e3 | e4 | e5 | e6 | e7 | e8 | e9 |e10 |e11 |e12 |
e0 | |0.2 |0.1 |0.2 |0.73|0.68|0.2 |0.56|0.1 |0.60|0.2 |0.2 |0.56|
e1 |0.2 | |0.25|0.12|0.25|0.25|0.12|0.25|0.25|0.25|0.58|0.12|0.25|
e2 |0.1 |0.25| |0.25|0.12|0.12|0.06|0.12|0.5 |0.12|0.25|0.06|0.12|
e3 |0.2 |0.12|0.25| |0.25|0.16|0.08|0.16|0.25|0.16|0.12|0.08|0.16|
e4 |0.73|0.25|0.12|0.25| |0.59|0.16|0.44|0.12|0.46|0.25|0.16|0.44|
e5 |0.68|0.25|0.12|0.16|0.59| |0.16|0.43|0.12|0.68|0.25|0.25|0.61|
e6 |0.2 |0.12|0.06|0.08|0.16|0.16| |0.25|0.06|0.16|0.12|0.08|0.16|
e7 |0.56|0.25|0.12|0.16|0.44|0.43|0.25| |0.12|0.39|0.25|0.16|0.38|
e8 |0.1 |0.25|0.5 |0.25|0.12|0.12|0.06|0.12| |0.12|0.32|0.06|0.12|
e9 |0.60|0.25|0.12|0.16|0.46|0.68|0.16|0.39|0.12| |0.25|0.25|0.64|

e10 |0.2 |0.58|0.25|0.12|0.25|0.25|0.12|0.25|0.32|0.25| |0.12|0.25|
e11 |0.2 |0.12|0.06|0.08|0.16|0.25|0.08|0.16|0.06|0.25|0.12| |0.25|
e12 |0.56|0.25|0.12|0.16|0.44|0.61|0.16|0.38|0.12|0.64|0.25|0.25| |

Figure4.13: An examplefrom Artemis.toString() output,theGlobalAf�nity
matrix

or removing local classes.By usingthis graphicalinterfacethedesignercanbuild his
own globalclassesfrom scratchor tunetheonesproposedby MOMIS .
The main objectsusedaretwo DynamicTree, which containsasmain nodes,respec-
tively, NodeSourceandNodeGlobalClassesobjects.BothNodeSourceandNodeGlob-
alClassesareDefaultMutableTreeNodeobjects(thismeansthatarenodesmanagedby
aJtreeSwingcomponent)thatcontainaschildrenNodeInterfaceobjects.A NodeInter-
facerepresenta local classesandcanbeeitherin theTreeof theclassesto bemapped
(organizedby sources)or in the mappedinterfacetree(organizedby global classes).
All routinesfor mappingor un-mappinginterfacesimply move NodeInterfacenodes
from onetreeto theother. At theendof theDesignertuning,theGlobalClasstreeis
parsedandnew GlobalClassesdatastructurearecreated.
Actually thetwo sub-panelsof theclusteringmodule,theonefor Globalclassestuning
andtheonefor the ARTEMIS algorithmtuning,aredesignedto be two independent
modulesandcould appearasmain SI-Designerpadssincethey are totally indepen-
dentfrom eachother. Both readstatusthroughtheGSProxyandbothgenerateGlobal
Classes.I developedtheClusteringPanelspeci�cally to unify thesetwo panels.This
objectactsasa subSI-DesignerpanelpropagatingthesaveStatusandUpdatemethod
to thesinglemodules.

4.4.5 The testmodule

The testmodulehasbeendevelopedfor testingroutinesduring the executionof SI-
Designer. Sinceit is aSI-Designermoduleit canaccessall integrationinformation.
TheGUI is rathersimpleandis composedonly of a big text area(usedto displaythe
outputof thetestroutines)andatool-barthatcontainsthebuttonsconnectedto thetest
routines.
Two functionsarepermanentlyplacedin this panel:

= theSchema.toOlcdmethod.Themethodis calledonthemainschemaobjectand



4.4Implementation 81

ClusterTree:
tools.Distance: 0.25
+src:
| tools.Distance: 0.25
| +src:
| | Interface [Computer_Science.Office]
| +dst:
| | tools.Distance: 0.3214285714285714
| | +src:
| | | tools.Distance: 0.5833333333333334
| | | +src:
| | | | Interface [Computer_Science.Course]
| | | +dst:
| | | | Interface [University.Section]
| | |
| | +dst:
| | | tools.Distance: 0.5
| | | +src:
| | | | Interface [Computer_Science.Location]
| | | +dst:
| | | | Interface [University.Room]
| | |
| |
|
+dst:
| tools.Distance: 0.25
| +src:
| | Interface [University.Department]
| +dst:
| | tools.Distance: 0.25
| | +src:
| | | Interface [tax_position_xml.ListOfStudent]
| | +dst:
| | | tools.Distance: 0.5666666666666667
| | | +src:
| | | | Interface [University.Research_Staff]
| | | +dst:
| | | | tools.Distance: 0.6428571428571428
| | | | +src:
| | | | | Interface [tax_position_xml.Student]
| | | | +dst:
| | | | | tools.Distance: 0.6857142857142857
| | | | | +src:
| | | | | | tools.Distance: 0.7333333333333334
| | | | | | +src:
| | | | | | | Interface [Computer_Science.CS_Person]
| | | | | | +dst:
| | | | | | | Interface [Computer_Science.Professor]
| | | | | |
| | | | | +dst:
| | | | | | tools.Distance: 0.6875
| | | | | | +src:
| | | | | | | Interface [Computer_Science.Student]
| | | | | | +dst:
| | | | | | | Interface [University.School_Member]
| | | | | |
| | | | |
| | | |
| | |
| |
|

Figure4.14:An examplefrom Artemis.toString() output,theClusteringTree

returnsa olcd descriptionof theglobalschema.This descriptionis readyto be
sentto ODB-Toolsto performschemavalidationor relationshipinference.

= theSchema.toOdlmethod.Themethodis calledon themainschemaobjectand
returnsanODL ��� descriptionof theintegratedschemacontainingthecomplete
descriptionof the local sources,the thesaurus(expressedasa list of relation-
ships),andthegeneratedmappingtables.

This descriptioncould(but doesnot work yet) bepassedasinput to theODL ���

parserthat shouldreallocatealmosttotally the datastructuresthat describethe
integration. This cannotbea total reconstructionsinceinformationlike theSI-
Designermodulestatus(like theSLIM elementannotation)cannotbeexpressed
in ODL ��� andwill belost.
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4.5 Implementation andexperimentationconsiderations

Someactivities performedin MOMIS for informationsourceintegrationhave anele-
mentof subjectivity, beinganintuitiveprocess,becausetheknowledgeandexperience
of thedesignercanbe a requirementto ensurethat the integrationis proceedingcor-
rectly. In particular, thespeci�cationof inter-sourcerelationships,bothintensionaland
extensional,andthevarioustuningactivities areof thiskind.
Oureffort hasbeenconcentratedin helpingthedesignerby providing interactivefunc-
tionalitiesandallowing the designerto have easyaccesseachtime to asmuchinfor-
mationpossibleaboutsourceandintegrationprocess.
In the following, we give th main feedbacksof theexperimentationof MOMIS tools
onpracticalintegrationexamples.Thegoodqualityof af�nity evaluationreliesonboth
the correctnessof the intensionalrelationshipsandon theparameters(i.e., strengths,
weights,thresholds)usedin thecalculationof thecoef�cients andtheir relativevalues.
ARTEMIS hasbeenexperimentedondifferentsetsof conceptualdatabaseschemasto
selecta setof default values(i.e., the onesworking satisfactorily in mostcases)for
thevariousparameters(strengths,thresholds,weights)interveningin theaf�nity and
clusteringstages.Thevaluesof terminologicalrelationshipstrengthsin theCommon
Thesaurusandof af�nity weightsandthresholdsusedin the examplesof this paper
correspondto theseselecteddefault values.Default values,however canbe dynami-
cally variedby thedesignerwhennecessaryin orderto tailor theaf�nity calculationto
thespeci�c integrationcontexts.
As a consequence,mostdif�cult tasksinvolved in the integrationprocessresultsim-
pli�ed, in thatsemanticallyrelatedinformationis automaticallyidenti�ed andthede-
signeris askedfor avalidationof theproposedresultsor, for ambiguoussituations,for
aselectionamonga setof pre-de�nedchoices.
Moreover, thepossibilityof interactingwith thetool to varydefault parametercon�g-
urationsandcomparetheir resultsallows the tuning of the integrationprocess.The
experimentedinteractionwith WordNetwassatisfactory in sourcesintegrationwhen
theschematato be integratedhave “meaningfulnames”;in this case,mostof the ter-
minologicalinter-schemarelationshipsareobtained,thusavoidingalot of boringwork
for thedesigner. However, for many legacy applicationsadoptednamesarenot mean-
ingful. In this case,theautomaticextractionof intra-schemarelationshipsandtheaid
of the systemin checkingconsistency of explicitly given relationshipsaregoodaids
for thedesigner.
A deeperdiscussionof the experimentationresultsof the useof strengthenedtermi-
nologicalrelationshipsandaf�nity-based clusteringof ARTEMIS for the integration
of heterogeneousdataschemasin the Italian Public Administrationdomain,is given
in [CAV00, CA99a].
With respectto theMOMIS prototype,weimplementedit in Java,relyingontheporta-
bility of suchlanguage.We obtaineda portablesoftwareapplication. The MOMIS
prototyperunsonUnix machineaswell asWindowsmachinewithouthaving to recom-
pile a singleclass.Also communications(CORBA connection)arequite transparent,
andit workswell regardlessof theexecutionplatform. UsingJava we obtainedporta-
bility but we lost performances.Themostresourceconsumingalgorithmsin MOMIS
are the searchfor lexical relationshipsin WordNet and the validation/inferentialal-
gorithm (SimB). Suchalgorithms,with a schemaof 37 interfacesin 3 sourcesand
247attributes,in a distributedenvironment(SI-Designerrunningon a Windows Ma-
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chinePentiumIII 600Mhz,servers,runningon a SolarisSparc433Mhz)takesabout
70 secondsto extract 1016new lexicon-derivedrelationships,while the executionof
the SimB algorithmtakesabout240 secondsto executeand infers 40 new relation-
ships.ARTEMIS (runningonthePentium)takesabout15secondsproposing23global
classes.
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Chapter 5

Conclusions

In this document,we have presenteda semi-automatedapproachto informationex-
tractionandintegrationof heterogeneousinformationsources.The ODL ��� language
is introducedfor informationextractionand integration,by taking into accountalso
semistructuredinformationsources.A DescriptionLogic module(ODB-Toolsengine)
providesinferencecapabilitiesto constructa CommonThesaurusof inter-sourcere-
lationships,the WordNetlexical databaseis usedasknowledgebaseto addinforma-
tion for the integration in form of lexicon derived relationships,and a clustergen-
eratormodule(ARTEMIS tool environment)providescapabilitiesto identify candi-
datesglobal classesof the integratedglobal view. The proposedapproachhasbeen
implementedin theMOMIS prototypefollowing aconventionalwrapper/mediatorar-
chitecture.MOMIS providesa setof toolsandassociatedtechniquesfor performing
semanticintegration. MOMIS providesseveral techniquesandassociatedtools for
helpingthedesignerin theintegrationof heterogeneousinformationsourcesby means
of anapplicationwith agraphicalinterface,calledSI-Designer. SI-Designerinterfaces
all the employed tools with the goal of allowing an interactive and customizeduse
of MOMIS techniquesby thedesignerbasedon thespeci�c requirementsof a given
integrationprocess.
Futureresearchwill bedevotedto thedevelopmentof theQueryManagercomponent
of MOMIS with queryoptimizationand“answercomposition”functionalities,based
on de�nition of extensionalaxiomsandintegrity constraintsde�ned on globalODL ���

classes.One of the original aspectsof the Query Managerwill consistof employ-
ing DescriptionLogics-basedcomponents(i.e., ODB-Tools) to performsemanticop-
timizationstepsbothon globalandlocal queries,to minimizethenumberof accessed
sourcesandthevolumeof datato beintegratedastheresultof sub-queryexecution.
Researchin MOMIS will alsofacetheproblemof theAutomaticIntegration,where
wewill studytechniquesto eliminate(at leastin someapplications)theroleof theinte-
grationdesigner. To automatetheintegrationwe will movetheannotationcapabilities
on Wrappersandwe will extendtheODL ��� (languageanddatastructures)to support
annotations.Furthermore,we will considerusingMobile Agentsastool to discover
interestingdatasources.
The MOMIS projectwill be �nanced for years2001/2002by the D2I: Integration,
Warehousing, andMiningofHeterogeneousDataSourcesprojectof theItalianMURST
ministry.
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Chapter 6

Part II - Inf ormation Retrieval
with the Keynetsystem

Thispartpresentstheresultsobtainedin theinformationretrieval (IR) researchactivity
at theNortheasternUniversity (Boston,MA - USA) underthesupervisionof Professor
KennethBaclawski duringmy six-monthstayin theUSA.
In particular, asetof algorithmsto ef�ciently compareKeynetsystemobjectsin order
to speed-uptheinformationretrieval arepresented.
Also presentedis a techniqueto classifydocumentswith respectto a givenqueryand
a techniqueto aid theuserin re�ning thequery.
To this endwe developed:

= anintersectionalgorithmfor graphs
= anindexing andclassi�cationtechniquebasedontheintersectionwith thequery

graph
= a tool for superqueryclassi�cation calculusof a setof documentsthat satisfy

the given query. This studydoesnot presentany resultaboutprecisionand
recall (theseareindexesusedto measurethe informationretrieval systemper-
formances)becausewe did not have any alreadyannotedcollectionon which
to measuretheseindexes(for example,an annotatedcollectionis the Tipster's
collections).

6.1 The Keynetsystem

TheKeynetsystemis designedfor IR from acorpusof informationobjectsin asingle
subjectarea. It is well suitedfor non-textual informationobjects,suchasscienti�c
data�les, satelliteimagesandvideotapes.For example,theliteral contentof asatellite
imagedoesnot includethegeographiccoordinatesof theboundariesof the imageor
othercartographicabstractions.Somekindsof textualdocument,suchasresearchpa-
persin asinglediscipline,canalsobesupported.With currenttechnology, Keynetcan
supportvery high-performanceIR from a corpushaving up to severalmillion objects
at approximatelythesamelevel of performanceassmallercorpora.
A Keynetsystemrequiresthedevelopmentof asubject-speci�cconceptsontologythat
is understandableto a literatepractitionerof the �eld. A Keynetontologyrepresents
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knowledgeusinga directedgraphof conceptualcategoriesandrelationshipsamong
them. Keynet, further, assumesthateachinformationobject(document) in its corpus
hasbeenannotatedwith a contentlabel that indicateswhat portion of the subject-
speci�c ontologyrelatesto thecontentof theobject(keynetstructure).
Tools have beendevelopedandtestedworking in a biomedicalcontext. The Uni�ed
MedicalLanguageSystem(UMLS) developedby theNationalLibrary of Medicineis
thereferenceontology[HL93] for this context.
Both contentlabelsandquerieshave the samedatastructurecalledthe keynetstruc-
ture. A keynet may be regardedas a kind of semanticnetwork [Lev92] , although
in practiceit is semanticallyintermediatebetweenkeywordsandsemanticnetworks.
Thekeynetframework generalizesmany commonlyusedmechanismsfor information
retrieval, suchas: subjectclassi�cation schemes,keywords,documentabstracts,re-
views, contentlabelsfor non-textual information objects,propertiessuchas author
or dateof publication,rangesof text strings,suchas“wild card” matchstrings,and
rangesof quantities.TheKeynetsystemallowsa uniformtreatmentof thesedisparate
techniquesin a systemthat permitsa greatdealof �e xibility comparedto traditional
databaseandinformationretrieval systems.For example,onecancombineall of the
above mechanismsin a single systemand easily add new featuresto the ontology,
suchasnew attributesandkeywords. In addition,the Keynet framework allows for
sequencesof conceptslinkedby relationshipsandexpressedin naturallanguageusing
phrases,clauses,sentencesandparagraphs.
A contentlabel is similar to an abstractor review of a documentboth in sizeandin
beingseparatelyaccessiblefrom its correspondinginformationobject. Using a tool
suchasM&M-Query System[BF93], acontentlabelcanbegeneratedby theauthorof
theinformationobjectwith nomoreeffort thanis now takento write theabstractor to
selectthekeywords.

6.2 Graphs in Keynetsystem

Both queriesandcontentlabelsarerepresentedasgraphsof concepts.To represent
nodesof eachgraphin main memorywe usethe following datastructure,calledthe
keynetstructure. This structureis usedto storekeynetinformationadfor communica-
tion in theKeynetclusterof computers.This is thestructureof thecontents:

= Ontology Identi�er . Eachontologyis assignedauniqueintegeridenti�er.
= Major versionnumber. Sinceontologiescanevolveover time,a versionnum-

ber is usedto distinguishbothmajorandminor versionsof anontology. Minor
versionsdiffer from oneanotheronly by theadditionof new concepts,concep-
tual categoriesandrelationshiptypes. Major versionsmay differ in moresub-
stantialways,includingthesplittingof categories,mergingof categories,aswell
asmorecomplex alterationsin theontology.

= Minor versionnumber.
= Count. SincetheKeynetsystemis distributed,keynetshave to be transmitted

betweennodesof thenetwork. During thetransmissionthecount�eld speci�es
that thekeynethasbeensplit into a numberof piecesasspeci�ed in this �eld.
Normally thevalueof this �eld is 1.

= Sequencenumber Whena keynet is in several pieces,this �eld will have the
sequencenumberof this piece. The valuesrangefrom 0 to one lessthan the
count�eld above.
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= Vertex count This is thecountof thenumberof verticesthatwill bespeci�edin
thelist immediatelyfollowing this �eld.

= Vertex list This is asetof zeroor morevertex speci�cations.Eachvertex speci-
�cation consistsof threeintegersasfollows:

– Vertex id Eachvertex of akeynethasauniqueidenti�er within thekeynet.
– Type id Eachvertex hasa typeor conceptualcategory. Thetypesandtheir

identi�ers arelistedin theontology.
– Instanceid A vertex maybeinstantiatedusingoneof the instancesgiven

in theontology. Instanceidenti�ers arenonzerointegers. If this �eld has
value0, thenthevertex hasnotbeeninstantiated.

– Outgoing Edgelist This is asetof all theedgeswith thisvertex assource.
– Incoming Edgelist This is a setof all theedgeswith this vertex asdesti-

nation.

= Edgecount This is thecountof thenumberof edgesthatwill bespeci�edin the
list immediatelyfollowing this �eld.

= Edgelist This is a setof zeroor moreedgespeci�cations.Eachedgespeci�ca-
tion consistsof threeintegersasfollows:

– Sourcevertex This is thevertex identi�er of thesourceof this edgein the
keynet.

– Destination vertex This is the vertex identi�er of the destinationof this
edgein thekeynet.

– Edgetype id Eachedgehasa type.Theedgeor relationshiptypesand

A keynetstructure w is basicallya graph w

‰

&�¬’�…­3( wherethecoupleof verticesand
edges is associatedrespectively to the coupleof conceptsand relationshipsamong
conceptsof theontology.

Tissue^muscle Organ^heart

Cell^lymphocyte

Organ^right ventricle

consists of

consists ofpart of

associated with
associated with

Mammal^monkey

Acquired Abnormality^hernias incarcerate

affects

Keynet (a) Keynet (b)

Figure6.1: Exampleof keynetgraphs

In �gure 6.1 two examplesof keynetstructure are shown. Keynet (a) representthe
text: “Monkeyscansuffer fromherniasincarcerate.” andKeynet(b) representsthetext
“Theright ventricleis containedin theheart,bothof which primarily consistof muscle
tissue. Lymphocytesareassociatedwith boththeright ventricleandtheheart.”
In �gure 6.2two examplesof keynetstructurefor representingqueryareshown. Keynet
(q1) derives from the text “What antibodieslyse (lysis) lymphocytesin vivo?” and
Keynet(q2) derivesfrom thetext “Whatmarrow transplantprotocolsusemonoclonal
antibodiesto depleterecipientlymphocytes?”
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Cell Function^lysis

Immunologic Factor^??

^in vivo

Immunologic Factor^antibodies

Cell^lymphocytes

produces
isa

location_of

Therapeutic or Preventive Procedure^??

Body Part, Organ, or Organ Component^marrow

Immunologic Factor^monoclonal antibodies

^depleteCell^lymphocytes

Functional Concept^transplantTherapeutic or Preventive Procedure^protocols

disrupts

location_of

isa

Keynet (q2)Keynet (q1)

Figure6.2: Exampleof keynetgraphsfor queries

6.3 The Keynetsearch enginearchitecture

Thepurposeof Keynet1 is to assistin retrieving informationobjectsfrom a corpusof
them. Theseinformationobjectsneednot be textual andmay be physically located
anywherein the network. Retrieval is accomplishedby meansof a contentlabel for
eachinformationobject.Thesecontentlabelsarestoredin a repositoryat theKeynet
site. The structureof the contentlabelsis speci�ed by an informationmodelor on-
tology. Thecontentlabelsareindexedby meansof a distributedhashtablestoredin
themainmemoriesof a collectionof processorsat theKeynetsite. Theseprocessors
form the searchengine. Eachcontentlabel containsinformationaboutlocatingand
acquiringthe informationobject. The Keynetsystemis only concernedwith �nding
informationobjects;usersareresponsiblefor actuallyacquiring(andpresumablypay-
ing for) informationobjects.
To seemorepreciselywhereall of thesecomponentsreside,andhow they arecon-
nectedto oneanother, refer to Figure6.3. The user's computeris in the upperleft
position. A copy of the ontologyis kept locally at theusersite. As this will require
from severalhundredmegabytesto a few gigabytesof memory, it would generallybe
storedonaCD-ROM. Theontologyis alsothebasisfor theuserinterfaceto thesearch
engine. Queriesmustconformto the format speci�ed by the ontology, andaresent
over thenetwork to a front-endprocessorat theKeynetsite. Responsesaresentback
over thenetwork to theuser's site,wherethey arepresentedto theuserusingtheon-
tology. Theprototypesystemusesaconnectionlesscommunicationprotocolsothatno
connectionis requiredfor makinga query, andalsoso that the responsesneednot be
sentbackfrom thesamecomputerthatoriginally receivedthequery.
At theKeynetsite, the front-endcomputeris responsiblefor relayingqueryrequests
to oneof the searchenginecomputers.The reasonfor having a front-endcomputer
is mainly for distributing the workloadbut it alsohelpsto simplify the protocol for
makingqueries. The searchengineitself is a collectionof processors(or morepre-
ciselyserver processes)joinedby a high-speedlocal areanetwork. Thesearchengine
processorswill becallednodes.Therepositoryof contentlabelsis distributedondisks
attachedto someof thenodes.Theindex to thecontentlabelsis distributedamongthe
mainmemoriesof thenodes.Theprototypediffersfrom theKeynetarchitectureonly
in thatit randomlygeneratestherepositoryaswell asqueriessentto it.
Sincea connectionlesscommunicationprotocol is unreliable,it is necessaryfor the
usercomputerto re-sendthequeryif thereis no responseaftera timeoutperiod. The
Keynetprotocolis statelessandidempotent,andso it workswell with a connection-

1from [BS94d]
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Figure6.3: Exampleof keynetgraphs

lesscommunicationservice. Thereis a similar protocol for registeringinformation
objectsby sendingcontentlabelsto theKeynetsite,but this is not explicitly shown in
Figure6.3.

6.4 Graph comparisonfunctions

Intr oduction

In the theory of graphs,a graph L consistof a �nite nonemptyset ¬ of elements
that are called verticesor points, togetherwith a set ­ of distinct ordered(for the
directedgraphs) or unordered(not directedgraphs) pair of points that belongto ¬ .
Eachelementf of theset ­ is saidedge.
A vertex is saidlabeledwheneachvertex canbebeidenti�ed uniquelyby alabel +®„ . In
thesameway, we cansayanedgeis labeledwhentheedgecanbeuniquelyidenti�ed
by a label +sf .
Thekeynetstructure is a directedgraphwith labeledverticesandlabelededges.In a
keynetstructure it is not requiredthatlabelsuniquelyidenti�es verticesor edges.This
meansthat verticesor edgesthat sharesthe samelabel areallowed. This is due to
the natureof the conceptsdescribedin a document,i.e., in keynetstructure a vertex
representsaconceptin a document.
A conceptmay be introducedandreferredin a documentmorethanonce. This pro-
ducesa singlekeynetvertex. But, in a documentthesameconceptcanalsobe intro-
ducedin morethanonedifferentcontext andthis requiresmoreequalsverticesto be
represented.

Comparison functions

To categorizegraphsanduseef�cient algorithmwe needto de�ne a comparisonfunc-
tion. Sinceouralgorithmsarebasedoncomparingsortedlist of verticesor edges,such
functionmustde�ne anorderrelationshipamongobjects.
For example,in theKeynetsystemthelabelfor a vertex is givenby theconceptiden-
ti�er 2. If we assumethat theconceptidenti�er for a vertex is an integernumber, the

2The conceptidenti�er for a vertex is the identi�er of the ontologyconceptrepresentedby the vertex.
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comparisonfunction betweentwo verticescanbe easilyde�ned asthe function “al-
gebraic differencebetweenthe conceptidenti�er of the two vertices” ® ñ�¯ &Ž„
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Two edgesareequalswhentheedge label, thesourcevertex andthedestinationvertex
areequals.
Usingthecomparisonfunctionamongverticesanda functionthatcomparestheedges
labelwecande�ne thecomparisonfunctionamongedges,for example,evaluatingthe
threeattributesin thefollowing order: (1) theedgelabel,(2) thesourcevertex and(3)
thedestinationvertex.
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Matching algorithm

Thematching3 algorithmcomparestwo graphsandcreatestheintersectiongraph.
Sincewe de�ned comparisonfunctionsfor verticesandedgeswe canassumethat the
lists of verticesandedgesaresorted. So we canapply the algorithmto �nd equals
elementsin two orderedlist (that is quite fast),the list of verticesandthe list of the
edges.
This algorithmperforms,in theworstcase,v

I

m˜v

N comparisonwhere v

I and v

N are
thelengthof thethetwo sortedlist (seeFigure6.4).

6.5 Classi�cation and indexing of a query result set

Intr oduction

We developedthis tool to categorizequery results. The goal is to build a tool that
quickly give an idea to the usersof the contentsof the query result set. Sincethe
graphical User Interfaceshows the keynetgraphicalrepresentationof thequery, our
proposalis to show to theuserall documentsthatmatchthequerycategorizedby the
“ typeof matching”.
TheKeynetsystem,usingitsdistributedhashtable,isableto retrievefrom thedatabase
all the documentsthat roughly matchthe query. The tool presentedin this section

Eachvertex of any keynetstructurethat representthe sameconceptrefersto the sameontologyobjectby
suchidenti�er.

3In thegraphtheorya matching is a subsetof theedgesin which no vertex appearsmorethanonce.We
useanothermeaningfor thethetermmatch. For us,two graphsmatch whenthey carrythesameinformation.
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Figure6.4: Comparisonsin comparingsortedlists

categorizethesedocumentsaccordingto thefollowing rules:

1. Let the representativegraph for a documentbe the intersectionbetweenthe
queryandthedocumenthimself.We assumetherepresentativegraphexpresses
thetypeof matching

2. Onecategory is identi�ed uniquelyby a “r epresentativegraph” that is itself a
Keynetstructure.

3. Onecategory containsa list of all andonly thedocumentsthat sharethesame
“r epresentativegraph” characterizingthecategory.

This impliesthatgivena documentanda query, eachdocumentbelongsto a uniquely
identi�ed category.
Categorizing the documentand showing for eachcategory the representativegraph
andotherstatisticalinformationsuchasthenumberof documentsin eachcategory, the
averagerankingweight4 of thedocumentsgivestheuseranoverall ideaof thekind of
documentshasbeenretrievedby thequery.

The classi�er

A category is a couple(an object) ª

‰

&�wŠ�…µ
•

( that relatesa keynetstructurew with a
list of otherkeynetstructuresµ

• .
A categorizer object must managea list of categories. The main operationsfor a
categorizerare:

1. inserta document~ in thecategorizerspecifyingits representativegraphz .
2. providesa way to accessto thecategoriesandto thedocumentlist of eachcate-

gory.

Now wedescribetheeasiestwayto insertanew document~ characterizedby thegraph
z in a categorizer. Let uscall this processthenaiveapproach.
We searchagraphthatis equalto z within thecharacteristicgraphsof thecategories.
If found, let ª bethecategorywith thecharacteristicgraphequalsto z . Thecategory ª

4At present,therankingof documentsis performedby usingthecosineweightingtechnique[Sal89],
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is thecategory for ~ andweadd ~ to thelist of documentof ª .
If not found, we createa new category ª with z ascharacteristicgraphand ~ in thelist
of documents.Thenwe add ª to thelist of categoriesof thecategorizer.
Themainproblemof thenaivecategorizer is that it is too slow. Eachtime we have to
inserta new documentwe performanaverageof vÆñ�¶�Ð graphcomparison,wherevÆñ is
the numberof categories. Moreover, comparingtwo graphsis a expensive operation
becausewe have to compareall edgesandverticesof bothgraphs.

An indexedclassi�er

Wewantaclassi�er thatreducesthenumberof vertex andedgecomparisonin orderto
speedup theclassi�cationprocess.
It is possibleto substitutethecomparisonamongvertices(or edges)with thecompar-
ison amongreferencesto categories(for examplea pointer to a category objector a
category identi�er) andwe will show how to do it.
Let usintroducea simpli�ed representationof theKeynetgraphmodel.
Let · the referenceontology for a Keynet system. Here is describeda simpli�ed
representationfor theontology:
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»
(

Wherȩ » is thesetof nodes(or concepts)of theontology
Á

» arethetypeof relationshipsallowedby theontologyamongontologynodesand
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» is thesetof edges(relationshipsamongnodes)composingtheontology. Notethat
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A Keynetgraph ¹ canberepresentedasa subsetwith repetitionof theontologyele-
ments.It canberepresentedby thefollowing couple:

¹%-È&R¸
*

��Ä
*

(

¸
*

µ.^�&Ž„X��vw(

‰

„$2º¸
»

��v 2p^�u���Ð�� YŒY‹Y `�`

Ä
»

µ€^�&@&Ž„

I

��Ó
�…„

N

(Õ�@vw(

‰

„

I

��„

N

2º¸
»

�@Ó™2

Á

»
�@vp2p^�u���Ð�� YŒY‹YŒ`�`

Thenumberv is necessarysinceverticesandedgesmight appearmorethanoncein a
Keynetgraph.
This kind of representationrelieson theindex techniqueusedto index graphsor cate-
gories(in thecategorizerwe index thecategoriesdescribingthecharacteristicgraphs
of thecategory).
By de�nition, two graphsareequalswhenthey haveexactly(thesamenumberof) the
sameverticesand(thesamenumberof) thesameedges.Theequalityof two verticesor
edgesof differentgraphsis givenby thecomparisonfunctionsdescribedin section6.4
onpage89.

Data structur e

Theabove representationis obtainedby maintaininga list of verticesandfor eachof
suchvertex „ , storinga list of couple ª h

‰

&sª���vw( . In this couple ª is an identi�er of a
category(for exampleapointer)andv is thenumberof timesthevertex „ appearsin the
characteristicgraphof thecategory ª . To savememoryspaceandspeedupcomparisons
we assumethat if a category doesnot appearin the list of a vertex „ it meansthat its
representativegraphdoesnothavethevertex „ (thisassumptionimpliesthattheempty
graph,noverticesandnoedges,mustbetreatedin a particularmanner).
Thesamerepresentationis maintainedfor theedges(for eachedgeis maintaineda list
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of couples &sª���vw( category, number). Figure6.5 areshows the datastructuresmain-
tainedby theclassi�cator.

category

characteristic keynet

list of keynet

category

characteristic keynet

list of keynet

categorizer

list of edge & catNo

list of vertice & catNo

vertex & catNo

list of catNo

vertex

edge & catNo

list of catNo

edge
catNo

category

number

catNo

category

number

Figure6.5: Datastructuresfor theclassi�cator

This kind of representationis usefulwhenwe try to �nd a categorygivenits represen-
tativegraph(this is the�rst stepof theinserta new documentoperation).
To retrieve the category for a given representative graph z we follow the algorithm
below accordingto thefollowing hypothesis:

1. lists of verticesarekeptorderedbothin the z graphandin thecategorizer
2. lists of edgesarekeptsortedbothin the z graphandin thecategorizer

The algorithm

Thefollowing is thealgorithmimplementedby theindexedcategorizer.
if ( z is a emptygraph)
. handletheemptycategory
else
. search thecategoryusingdatastructure
. compare theedge lists
. get the�r st categorizer f�ñ edge
. get the�r st graphedge f2• countingtheoccurrences
. do
. . if (nomoreedge to compare)
. . . exit do
. . endif
. . compare thetwo edges
. . if (edgesmatch)
. . . if (is not initialized the +

ñ category list)
. . . . initialize the +

ñ category list from f
ñ

. . . else

. . . . intersect+
ñ with the f

ñ category list
. . . endif
. . . if ( +Öñ is empty(no categories))
. . . . thecategory for z doesnotexists
. . . . exit routine #1
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. . . endif

. . . getnext graphedge f • countingtheoccurrences

. . . getnext categorizer f ñ edge

. . elseif ( f • greatthan f ñ )

. . . getnext categorizer f ñ edge

. . else

. . . z hasanedgenotpresentin thecategorizer

. . . thecategory for z doesnotexists

. . . exit routine #2

. . endif

. done

. if (thereare otheredgesin z )

. . z hasanedgenotpresentin thecategorizer

. . thecategory for z doesnotexists

. . exit routine #3

. endif

. label #1

. compare thetheverticeslists

. get the�r st categorizer „�ñ vertex

. . get the�r st graphvertex „
• countingtheoccurrences

. do

. . if (nomore verticesto compare)

. . . exit do

. . endif

. . compare thetwovertices

. . if (verticesmatch)

. . . if (is not initialized the +sñ category list)

. . . . initialize the +sñ category list from „�ñ

. . . else

. . . . intersect +sñ with the „�ñ category list

. . . endif

. . . if ( +Öñ is empty(nocategories))

. . . . thecategoryfor z doesnotexists

. . . . exit routine #4

. . . endif

. . . getnext graphvertex „
• countingtheoccurrences

. . . getnext categorizer „
ñ vertex

. . elseif ( „
• greatthan „

ñ )
. . . getnext categorizer „�ñ vertex
. . else
. . . z hasa vertex notpresentin thecategorizer
. . . thecategory for z doesnotexists
. . . exit routine #5
. . endif
. done
. if (thereare otherverticesin z )
. . z hasa vertex notpresentin thecategorizer
. . thecategory for z doesnotexists
. . exit routine #6
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. endif

. label #2

. in + ñ there is onlyonecategory

. andis thecategory for z

endif

Basicallythecategory for z is selectedintersectingall thelist of categoriesthatmatch
all the edgesand all the verticesof the graph z . The intersectionis performedby
initializing theintersectionlist +sñ on the�rst edgeor vertex matching,andintersecting
this list with thelist of theotheredgeor vertex matching.
To prove the correctnessof thealgorithm,we have yet to describethe two following
steps:

1. initialize the + ñ category list from f ñ (or „ ñ )

This procedureinitializes a list of category + ñ usedto selectthe category of a given
graphz . Thesameprocedureis usedto initialize +'ñ from a list of categoriesassociated
to bothanedgeof thecategorizer( f�ñ ) or to a vertex of thecategorizer( „�ñ ).
Thelist +

ñ is initializedby copying thecategoriesfrom thelist associatedwith theedge
f

ñ (or thevertex „
ñ ) accordingto thefollowing rules:

1. rememberthat f
ñ matchesf2• andwe call thisvertex f .
2. the numberof occurrencesof the edge fB• (or the vertex „�• ) in z must match

thenumberassociatedthecategory. This meansthatthegraphsof eachselected
category musthave exactly thesamenumberof occurrencesof theedgesf (or
thevertex „ ) asthegraphz .

3. thenumberof edgesandthenumberof verticesof z mustmatchtherespective
numberof edgesandnumberof verticesof thegraphof eachselectedcategory.

2. intersect +Öñ with the „�ñ category list

In thelist +sñ only thoseclassesthatarepresentalsoin thelist associatedwith theedge
f
ñ (or with the vertex „�ñ ) aremaintained. Moreover, the numberof occurrencesof
the edge f0• (or the vertex „B• ) in z mustmatchwith the numberassociatedwith the
category. Thismeansthatthegraphof eachmaintainedcategorymusthaveexactly the
samenumberof occurrencesof theedgesf (or thevertex „ ) asthegraphz .

Proof of correctness

We prove thatour indexing algorithm�nds for z all andonly thecategoriesthathave
asrepresentativegraphz�ñ a graphthatmatchesz .
We assumethat two graphsz

ñ and z matchwhenthey have exactly thesamevertices
andedgesandwith thesamenumberof occurrences.Two verticesor two edgesmatch
accordingto thecomparisonfunctionsdescribedon page89. Thedatastructuresde-
scribedonpagee92mustbecorrectlymaintainedaswell.
Find only thosecategories:
We canhave differentsituationsthatdiffer from thecasewhere z is theemptygraph.
This caseis handledas an exceptionso we make surethat if the emptycategory is
alreadypresent,thenwe will �nd it. In thefollowing list we will examineall possible
waysto selector unselectacategory in thealgorithmonpage93:

= from theinitializationof thelist +sñ all categorieswherez�ñ hasanumberof edges
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or of verticesdifferentthan z aredropped.
= exit #1 z candiffer from a z ñ becausehasadifferentnumberof occurrencesof a

givenedge.Thismeansthattherepresentativegraphz ñ of theselectedcategories
hasthesamenumberof occurrencesof eachmatchingedgefor eachmatching
edge.

= exit #2andexit #3 if we �nd anedgein z thatis notpresentin any z ñ , wedonot
selectany category. Thismeansthatall selectedcategoriesmusthaveat leastthe
sameedgesof z .

= label#1in thispoint in thelist +sñ all thecategorieswith z�ñ with thesamenumber
of edgesof z arepresent,theedgesarethesameandtheoccurrenceis thesame
for eachmatchingedge.

= exit #4 z candiffer from a z�ñ becauseit hasa differentnumberof occurrences
of a given vertex. This meansthat the representative graph z�ñ of the selected
categorieshasthesamenumberof occurrencesof eachmatchingvertex, for each
matchingvertex.

= exit #5andexit #6 if we�nd avertex in z thatis notpresentin any z ñ , wedonot
selectany category. Thismeansthatall selectedcategoriesmusthaveat leastthe
sameverticesof z .

= label#2at thispoint in thelist +
ñ all categorieswith z

ñ arepresentwith thesame
numberof edgesof z , theedgesarethesameandtheoccurrenceis thesamefor
eachmatchingedgeandalsowith thesamenumberof verticesof z , thevertices
arethesameandtheoccurrenceis thesamefor eachmatchingvertices.
This is thede�nition of matchinggraphs.

Find all thosecategories:
Theroutineof initializationinitialize thelist +'ñ with all thecategoriespresentin thelists
associatedwith a categorizeredgeor vertex. Sincethesecategorizerlist arecorrectly
maintainedby thecategorizer, then,in eachlist, all thecategorieswith thegivenedge
or vertex arepresent.
Supposetherearetwo categoriesthat matchthe given graph z . Both categories,for
constructionof thedatastructures,will appearin all thecategorizerlists in sucha way
to describethegraphz .
This meansthatbothcategorieswill beselectedby the initialization procedureof the
list +Öñ andwill also remainin the list +sñ after eachcategory intersectionstep. Since
bothof themmatchthegraphz , bothwill beselectedby thealgorithm(eachof theexit
pointswill beskipped).
But in the list +Öñ therewill beonly onecategory. We canprove this by supposingthe
existenceof two differentcategories ª

I and ª

N . If ª

I and ª

N will be selectedby the
algorithm,it meansthatboththerespective characteristicgraphsz

I and z

N matchesz

andthis implies that z

I match z

N . This is impossiblefor thede�nition of categorizer,
which requiresthat the representative graphsof eachcategory must all be different
from theothers.

Complexity

To studythealgorithmcomplexity weneedto parametrizethedatato beprocessedand
to makeseveralassumptions.Ourgoalis not to expresstheexactformula,howeverwe
wantto giveanapproximationof thealgorithmcomplexity.
We representour setof graphsto beclassi�edby thesecharacteristicparameters:
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=

v?• numberof graphsto categorize
=

v ñ numberof categoriesin whichsuchgraphswill beclassi�ed
=

v ¯ averagenumberof verticesfor thegraphsin theset
=

vwJ averagenumberof edgesfor thegraphsin theset

We assumea random,uniform distribution of edgesandverticesin eachgraphandof
graphsin theset. We alsoassumethat thecasesof repeatedvertices(e.g.,morethan
onevertex with the samelabel) or edgesin a grapharerare(the indexing algorithm
will runfasterwith ahighnumberof verticesor edgesrepetitions).Weconsiderasunit
of measurefor thecalculusof thecomplexity thecomparisonbetweentwo identi�ers
andassignthefollowing weight:

= 1 comparetwo identi�ers, by assumption
= 2 comparetwo graphvertices,becausein our casea vertex is identi�ed by a

coupleof other identi�ers. This is an optimistic assumption;a vertex may be
identi�ed in amuchcomplex way

= 3 comparetwo graphedges,becausean edgeis characterizedby two vertices
andsomeotherinformation.An averagecomparisonmatcheshalf of thesedata.

To comparetwo lists of v elements(of edgesor vertices)we assumethey areordered
sothatthis operationcanbeperformedwith v comparisons.

Naivealgorithm

To searcha category we assumeit employs average h
»

N graphcomparisons.Thecost
for a graphcomparisonis Ð�v#¯Pg�J�v

J .
Thecomplexity for thenaivealgorithmis givenby:

JÌg<v?•Sg†vwñjg v!¯Rg<v
J

Indexingalgorithm

To searcha category we assumeit performs,in theworst casev
J edgecomparisons,

v!¯ vertex comparisonsand h
»

N

g�&sv
J

mÿv!¯
( categorycomparisons.
To inserta category we have to comparevZ¯ vertices, v

J edgesandsort vÙñPgÀ&sv!¯‘m

v
J

(Õ��v!¯��@v
J listsof identi�ers.

Thecomplexity for theindexing algorithmis givenby:

v
•

g‹&�J�vwJ¦mHÐ
v
¯

m

h
»

N

g�&svwJ¦mÿv
¯

(�(�m

vwñ g‹&�J�v
J

mHÐ
v!¯Bm

vwñjg�&Öv!¯rmÿv
J

(Æg +s�0z

N

&Övwñ’g�&Öv!¯rmÿv
J

(�(…m

v!¯Sg +s�0z

N

&Öv!¯�(!m·v
J

g"+s�0z

N

&sv
J

(�(

Themostimportantoperation(i.e., �nd a classfunction)canbeperformedin a ƒä&svw(

of thenumberof thegraph.

Tests

The testwerecomputedon a linux machine;the time hasbeenmeasuredusingtheC
functiontimes .
We rantwo kindsof testsetsusingrandomgeneratedgraphswith differenttopologies.
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Figure6.7: Timeevaluationfor a queryabcwith 6 verticesand3 edges

1. A �rst testset(abc) is composedby graphswith only 3 vertices(labels'a', 'b'
and'c') repeatedseveral times. For theedges,only onekind of labelexists,so
thenumberof edgesis verysmall J

N

. In theseteststhemostcharacterizingdata
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Figure6.9: Timeevaluationfor a querya..zwith 2 verticesand0 edges

of a graphis thenumberof repetitionsof a givenvertex or edge.
Thesetestscorrespondto thegraphin Figure6.7and6.8.
Figure6.7 is obtainedby categorizing this setof graphsusinga querywith 6
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Figure6.10:Timeevaluationfor aquerya..zwith 5 verticesand0 edges

verticesand6 edges. This producescategorieswith average6 verticesand3
edgesmatched.Figure6.8 is obtainedby categorizingthis setof graphsusinga
querywith 15 verticesand25 edges.This producescategorieswith average10
verticesand6 edgesmatched.

2. Thesecondtestset(a..z) is composedof graphswith amorerealisticdistribution
of vertices(the verticesallowedare26 andrepetitionsareallowed, too). Also,
thenumberof allowedlabelsfor therelationshipsare3 sothenumberof allowed
edgesis Ð
�

N

gTJ .
Thesetestscorrespondto thegraphin Figure6.9and6.10.
Figure6.9is obtainedby categorizingthis testsetof graphsusingaquerywith 6
verticesand5 edges.Thisproducescategorieswith anaverageof 2 verticesand
0 edgesmatched.Figure6.10is obtainedby categorizingthis testsetof graphs
usinga querywith 15 verticesand42 edges.This producescategorieswith an
averageof 5 verticesand0 edgesmatched.

Figure6.6summarizesthenumberof categoriesextractedby classifyingthetestsetfor
each,varyingthetesttypeandthenumberof graphof thetestset.
Theestimatedtime for theindexedalgorithmhasbeencomputedusingtheformulaof
page97without addingtheinsertiontimesof thenewscategories.

6.6 Query re�nement

Re�ne thequery ¼ meansto write a moreselective query ¼

I the resultsof ¼

I area
subsetof the resultsof ¼ . In the following we sayextenda queryto meanre�ne the
query. This is becausethere�nementof a Keynetqueryis doneby addingverticesor



6.6Query re�nement 103

edgesto theorginalquerygraph.
Ourgoalis to designa tool thatassiststheuserin queryre�nement.
We proposea tool thatgivena queryanda list of documentthatexactly matchesthe
query, the tool behaves like a categorizer that classi�es documentsaccordingto all
possiblewaysthequerycanbere�ned.
This tool is usefulwhenthenumberof documentsreturnedfrom thequeryis high (for
examplemorethan150documents).
We de�ne a supergraphgraphof a givenquerycomputedon a givendocumentasthe
union of the querygraphandan edgethat is not part of the querybut is part of the
document.In Figure6.11anexampleof supergraphextractioncomparinga queryand
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Document:
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d^

b^

Supergraphs:

Figure6.11:Supergraphextraction

a documentis shown.
Imaginethat the usersubmitsa querythat is associatedto too many documents.In
this case,the GUI of the systemwill show the keynetgraphof the queryandallow
theuserto explorewaysto re�ne thequery. Clicking on a concept(a vertex) of such
graphwill popup a list of all relationshipsthatextendsuchconcept(with all related
informationsuchasnumberof document,averageweight, ...). Theusercanre�ne the
querychoosingoneconcept,thenarelationshipandthenaconceptagain.
Theprocesscanobviouslybeiteratedandthenew queryextensioncanberecomputed
usingthedocumentin thedocumentlist of thechosenrelationship).
This way to browsethedatabasestartingfrom thegivenqueryallows theuserto learn
aboutthedistributionof thedocumentsin thedatabase.
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Figure6.12:Queryre�nementprocess

Figure6.12thestepsfor keynetqueryre�nementareshown.
Contents: In thissectionwepresenttwo procedures:oneto extractall possibleexten-
sionsof aqueryfrom adocument,andoneto handletheassociationamongall possible
extensionof a queryandtheassociateddocument.
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Edgematching for the supergraph problem

Herewedescribehow to performthematchingbetweenaquerygraphandadocument
in orderto extractall new edgesthatextendsthequery.
The problem
Let ¼ &�¬ Ü �…­ Ü ( thequerygraphand ªn&�¬ ° �…­ ° ( thedocumentgraphwe want to useto
extendthequery ¼ .
Let f agenericedgeand,let f�Y±�<Ó
ª and f�Y ~�� > thesourceanddestinationverticesof f .
We wantto extractthesetof outputedgesƒ¾½¿­À° , �32aƒ where:

1. qŒ„Í2�¬�Ü

‰

��Y � Ó
ªP-4-Á„ or ��Y ~�� >z-4-Â„

Wheretherelationship-4- is calculatedusingthecomparisonfunctionof page89.
The algorithm
If for eachvertex „ž2+¬ of a graph L &�¬’�…­™( aremaintainedthe list of ingoing and
outgoingedgeswecanapplythefollowing algorithm.

1. comparetheverticesof thedocument( ~ ) with theverticesof thequery(( ~ ))
2. for eachmatchingvertex copy the reference(the pointer) of the ingoing and

outgoingedgesin a list of duplicatededges.
3. sorttheextractededgesanddeletetheduplicatededges.

Complexity
We make thefollowing assumptions:

=

v
¯�° numberof verticesof thedocumentgraph

=

v
¯†Ü numberof verticesof thequerygraph

=

vwJ
° numberof edgesof thedocumentgraph

=

vwJ
Ü numberof edgesof thequerygraph

We candistinguishthefollowing stepsandcorrespondingcosts:
sortingverticesof documentandquery: vZ¯�°Ã©O+s�0zÀ&Öv!¯�°"(#m·v!¯†Ü ©O+s�0zÀ&Öv!¯†Ü†(

extractingedgeswith duplicates:v
¯�°

mÿv
¯

J mHÐn©QÏ•©QvwJ
°

sortinganddeletingduplicatededges:Ðn©OÏÄ©QvÆJ
°

©°&�uÅm·+'�0zŠ&BÐn©OÏÄ©QvwJ
°

(�(

WhereÏ·2

ˆ

ê�� u†• is aparameterof thegraphto compare.
Ï is theprobability for a documentto have a vertex in commonwith thequery. If we
supposeuniformdistribution in edgescorrelation,andgiventhatthedocumentandthe
querysharesthequeryvertices,then Ï -

h�Æ�


h
Æ�Ç

m

h
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h�Èi¼
ãFJL¾�ÉZÊ0Ë
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¾
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J

Å�îXh�Æ…


.

When Ïm-5u this meansthat all the edgesof any documentwill be selectedby the
currentquery.

Data structur e for supergraph categorizer

In this sectionwe describea procedurefor supergraphextractionthat ful�lls the fol-
lowing requirements:

1. It processesseveraldocumentscomparingthemwith auniquegivenquery.
2. For eachdocument,we want to handle(generateand memorize)all possible

supergraphsof thedocumentaccordingto thegivenquery.
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3. Givena supergraph,we want to know which documentssharethegivensuper-
graph.

4. Given a vertex of the query we want to know what the possiblesupergraphs
arethat involve suchvertex. Therefore,givena vertex, it is possibleto selecta
way to extend(re�ne) thequery, andthenthelist of documentwith theselected
extensionwill beavailable.

We assumethatthefollowing statementsaretrue:

= a graphis a couple L

‰

&�¬’�…­3( where ¬ is a list of verticesand ­ is a list of
edges

= for eachvertex „H2“¬ the list of edgesingoing andthe list of edgesoutgoing
from thevertex „ aremaintained

= functionsto compareedgesandverticeshavebeende�ned. Suchfunctionsmake
it possibleto uniquely de�ne an order relationshipamongedgesand among
vertices.

Observe that any supergraphof a given query can be describedas the union of the
querygraphandanedgethatextendsthequerybut doesnotbelongsto thequery. This
meansthat a subgraph for a givenqueryis completelyde�ned by an extensionedge.
This allowsusto save memoryandcputime in handlingsupergraphs.
The proposeddatastructureto storeandclassifyquerysupergraphsis implemented
memorizing:

superquery is a graph that containsthe querygraphandall (not duplicated)edges
thatextendthequeryin theprocesseddocuments.

categories is a list of categoryobject.A categoryobjectassociatesanedgewith a list
of documentsandknows if thevertex belongsto thequery. In thelist categories
therewill beacategory for eachsuperqueryedge.And in eachcategory's list of
documents,therewill bea list of all documentsthatcontainsthecategoryedge.

By maintainingthis datastructureit is easyto extract informationabouttheextension
of the querystartingfrom a given vertex of the query. All the edgesthat extendthe
category aregivenby theunion of the ingoing andoutgoingedgesfrom theselected
vertex in thesuperquerygraph.Thelist of documentsassociatedto eachsingleselected
edgeis storedin thecategorycharacterizedby thatedge.

6.7 Relatedwork

We worked in a speci�c branchof InformationRetrieval, we developedtools to han-
dle knowledgein the Keynet system. For more information aboutKeynet system
see[BS94a, BS94b, BS94d, BF93,BS94c].TheKeynetsystemusesthecosineweight-
ing techniqueto rankdocumentsdescribedin [Sal89].
Basically we work with labeleddirectedgraphsand theseare treatedin the graph
theory, but our tools are designedfor retrieving information. Sincethe graphsare
labeled,we de�ned a order relationshipon verticesand edgesand usedsuchorder
relationshipsfor comparinggraphs. To handlethe graphisomorphismproblem,we
lookedat thealgorithmpresentedin [Ull76].
The architectureof thegraphcategorizeris a simpli�cation of thearchitectureof the
Keynetsystem[BS94c][BS94d].
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Queryre�nement
[VWSG97] introducestheconceptrecall. This is anexperimentalmeasureof analgo-
rithm's ability to suggesttermsthataresemanticallyrelatedto theuser's information
need;it alsopresentsa fastalgorithmfor termssuggestionswith thegoalof improv-
ing theprecision. Suchalgorithmis basedon termweightingamongthetermsof the
documentsthatmatchthequery.
[LCHH97] presentsa visual query interfacefor queryingmultimediadatabasesthat
allows usersto posequeriesusingiconsandmenuin a drag-and-dropfashion. This
interfacetranslatesthevisualqueryin CSQL,a querylanguagewith additionalpred-
icatesfor imagematchingandsemantic-basedquerycondition. This is a tool to help
usersquerya multimediadatabasein an“exploratory” fashion.
[JFS98] presentsanimprovementof theunsafe(orapproximate) queryalgorithmof [Per94].
It modi�es thequeryevaluationbasedon thecurrentcontentsof thebuffers,andthis
speedsup theretrieval in queryre�nements.
In contrastwith [LH99] and[VWSG97], whosemotivationis to enhanceinformation
retrievalby developingmodelswith theability to diagnoseauser'sinformationalgoals,
our approachis not basedon probabilitybut relieson thestructureof theKeynetsys-
tem.

6.8 A graphical user interface for Keynetvisualization

This sectiondescribesa tool (KNEditor ) developedby myselffor Keynetvisualiza-
tion over text documents.Thegoalof this tool is to let theuserperceive by intuition
how conceptsarecorrelatedin theshowedtext.
Thedescriptionof thisgraphicalinterfaceshouldaidto explain,throughexample,what
aKeynetis.
Guideline: in designingthisapplicationI triedto reducetheredundancy of information
storedin thememorydatastructure.Theapplicationwasalsodesignedto providetext
editingfunctions(text insertor delete).
Theapplicationis a now keynetviewer application.It canloada Keynetandit allows
theuserto navigateinteractively throughrelationships.

6.8.1 Speci�cations

Graphical layout

TheGUI is composedof four windowsthatdisplaythefollowing information:

= list of concepts
= list of relationships
= propertiesof theselecteditems
= thedocumentviewer, showsthetext andthekeynetgraphof thedocument.

In thedocumentviewerwindow weadoptthefollowing conventions:

= a word relatedto aconceptis displayedin blue.
A conceptis representedby a small blue dot over the text at the beginningof
theword,all relationshipsarrowsstartsandendson thatpoint.
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Figure6.13:Screenshotof theKNEditor application

= a relationshipis shown in red
Relationshipsarerepresentedwith arrowsfrom the startingconceptto the end
concepts.
Unselectedrelationshipsarevisualizedastranslucentarrows; selectedonesare
displayedas�lled redarrows(highlighted).

= plain text is shown asblacktext overwhitebackground
= highlightedtext is representedwith a light graybackground.

The KNEditor allows theuserto (1)selecta concept. This will highlight the concept
andrelatedrelationshipsandshow theconceptproperties.(2) selectinga relationship,
will highlight the relationshipandrelatedconceptsandshow the relationshipproper-
ties. (3) selectinga regionof text will highlight theregion.

6.8.2 The ontology

Ontology access

Weneedto accesstheontology(1) in ordertoextractthenamesof thecategory/terms/relationship
given the ID; (2) to extract the ID of thecategory/terms/relationshipgiven thename;
(3) to extractall possiblerelationshipsamongtwo conceptsgiventheconcepts,andlet
theuserchoosethepreferredone.
I needanaccuratedescriptionof theontology.
Sincetheontologydatabaseis 1.6gigabytes,weneedafastandef�cient wayto access
to theontology(e.g.,usingadatabaseor preparingreverseindexes).
For thedevelopmentproposalwedonothavesuchkind of ontologyinteraction,but the
temporarysolutionis to readcategories/terms/relationshipsfrom the�le containingthe
keynetannotation�les andstorethemin three�les:
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= categories.txt
= terms.txt
= relations.txt

Such�les actasa (verysimple)ontologyproxy.
Theontologyinteractionandtheuser'sability to editaKeynetdescriptionarethemain
featuresto beimplemented.

6.8.3 Implementation notes

Figure6.14theobjectstructureof thetool is shown. It is fully written in Java.
Thissectionadressesthedifferentproblemsfacedduringtheimplementation.

Keynet

Edge Vertex

Concept

KNEDocument

DocConcept DocCharacter

DocLine

Categories RelationsTerms

Ontology 14 sept 1999

*

*

*
out

in
*

*

OntologyRelationReferences

DisplayAttributes next
previous

previous

next

first

firstfirst

first

OntyologyIdentificationReferences

Figure6.14:Architectureof theapplication

Text representation

Thetext (KNEDocument) isadoublechainedlist of characters(KNEDocCharacter ).
Eachcharacterhasseveralproperties,suchas:thevalue(thecharacterto display),the
text colorandthebackgroundcolor, thefont, thenthewidth, heightandascentsizes.
I wrotea routinefor formattingtext thatdividesthetext in theseverallines5 usedonly
for visualization,accordingto thedisplayareaavailabletheheightandwidth of each
singlecharacterandtheline separators(EOL characters)
Lines arestoredin a double-chainedlist of lines. A line containsat leastoneword
(obviouslyonly if theline hasat leastonewordbeforetheEOL). Theline layeris used
alsoto speedup characteridenti�cation from thewindows coordinateswhentheuser
clicksover thetext.

Saving format vsruntime format (1) Thetext in thesavingformatcanbeseenasa
list of characters,andin suchtext a charactercouldbeidenti�ed by absoluteposition.
Thetext associatedwith aconceptor with arelationship,canberepresentedasacouple

5A Document couldberepresentedasa list of pagesandeachpageasa list of lines.But thispage layer
is not implementedatmomentbecauseweassumeonly smalldocumentswill behandled.
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of integervalues & d���� rF>LrL�ivj�@+sf"v<z�>

v

( , wheredX��� rB>LrL�iv is thenumberof the�rst charin
thetext and +'f v<z�>

v

expressesthenumberof charof thetext.
(2) For theKNEditor, this kind of representationis too rigid. We needa more�e xible
representationthatallowscharactersandconceptsto beaddedwithoutworryingabout
maintainingcoherencebetweenthepositionandlength. So, for theeditorwe usethe
object pointersto doublelink conceptsand characters.A charactercan ber related
to a single concept,a relationshipor nothing. Moreover and a concept(but also a
relationship)maintainsa list of charactersthat representsthe text associatedwith the
concept.
Translation
For translatingamongthesetwo representation(loadingtranslate(1) # (2) andsaving
translate(2) # (1)) werequiretwo functions:

1. (loading) retrievesa chargiventheposition
2. (saving) calculatestherelative thepositionof a givena charasif thetext wasa

list of characters.

To speedup this processwe needa dirty �ag anddatastructurethat is refreshedafter
loadingandbeforesaving (if thedirty �a g is true),whichmemorizethestartingposition
of theLines in thedocument.

Graphical layout management

Thegraphicallayoutis generatedin animage(with thesizeof thedisplayarea)stored
in memory. This imageis generatedeachtime somethingchangesin thetext, suchas
window resizing,highlightingor un-highlightingof any object,text scrollingandText
insertingor deleting(not yet implemented).
Thisimageis displayedin thedocumentdisplayareaeachtimethatsomethingchanges
in thetext or eachtime thewindow requiresrepainting.

Concepts,vertices and relationships A keynet is a list of conceptsand a list of
relationships(calledalsoedges) amongconcepts.I extendedthis modelallowing a
conceptto berepresentedby moretext area6 in thetext. A conceptcanberecalledby
moretext areas, but a text areacanrecalla singleconcept.So I calledsuchtext area
asvertex. A conceptthuscontainsa list of verticesandis identi�ed by a category id
anda term id from theontology. To maintainthespatialmeaningsof therelationship
i de�ned edgesto be relationshipsbetweenvertices. Obviously, the conceptsinherit
relationshipsfrom thevertices.

DocConcepts Sincebothverticesandedgeshavereferencesto text, I introducedthe
DocConcepts classthatis usedto managethemappingbetweenthekeynetitemsand
the text in thedocument.A DocConcepts objectcanbea vertex or anedge.Each
characterof thedocumenthasareferenceto DocConceptobject(is null if thecharacter
is notrelatedto any keynetitem.,For thisreason,I introducedthenonoverlappingrule
amongconceptsin thetext.

6A text areais acontiguoussequenceof charactersin thetext of thedocument
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How a regionof text is identi�ed

Thefollowing itemsrequireaclevermethodto identify a regionof text:

= currentselectionof text
= text associatedwith aconcept
= text associatedwith a relationship

Therearedifferentwaysto identify a region: (a) specifyingthe�rst andthelastchar-
acterpointer. The sequentialityof the selectionis guarantee.I do not have to worry
aboutthe numberof charactersin the selection,but I may have sometroublewhenI
deleteor move the lastcharof theselection.(b) specifyingthe �rst characterandthe
lengthof the text. Thesequentialityof theselectionis guarantee.Eachtime I addor
deletea charof theselectionI have to increaseor decreasethecounterof chars(this
is notacomputationallycostfulloperationbecauseeachcharof theselectionknowsto
thatit is partof theselection,whichmakestheoperationgo fast).(c) memorizingin a
vectorall pointersto text characters.Thesequentialityof theselectionis notguarantee.
Eachtime I addor deletea charI haveto align thewholevector.
Solution
I chosethesolutionb: a startingcharacterpluslengthof theselection.
During theselectionof text, thetext associatedwith a conceptor a relationshipcanbe
eitherall selectedor all unselected.It is not possibleselectonly a piecepieceof text
relatedto aconceptor a relationship.

Curr ent cursor Position. The cursorpositionidentify the positionof the insertion
point. This canbe representedby a characterpointer. The portionwhereto insert is
after the pointedcharacter. The cursorPostioncanhave null value,null valuemeans
insertnew charactersat thebeginningof thedocument.

6.8.4 Implemented functionalities

This is a row listing implementedfunctionalitieswrittenduringtheimplementation.

= Speedup the imagegeneration.To print eachchar, I have to setthe following
attributes:(1) color (2) font (3) backgroundcolor.
In orderto speedup thecharacterwriting, I canclustera sequenceof character
(with thesameattributes)anddraw a backgroundrectangleanda singlestring
oncewithoutsettingmany timestheseproperties.

= Arrows for therelationships.I alsotriedarcsbut I don't like them.
= Selectionvs highlightingpolicies.

We haveto handletwo differentkind of selections:

– text selection.
A text selectioncanbedescribedasa list of consecutivecharacters.

– concept(edge/vertices)selection.This is usefulin text navigation

Solution
Only unassignedtext (text not relatedto any concept)canbeselectedwhile con-
ceptscan only be highlighted. But this will not allow cutting and pastingof
portionof text containingconcepts.
To facilitatecuttingandpastingI mustde�ne anapproachthatallows theselec-
tion of thetext relatedto someconcept.Themostimportantthing to do is not to
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allow partialselectionof a assignedportion of text; that is, thetext relatedto a
conceptcanbeonly or all selectedor all unselected.

= Highlight: How to highlight:

– A vertex is highlightedby:
- clicking on thetext relatedto thevertex.
- selectingtheconceptthatcontainsthevertex.
- selectinga relationshipthatrecallthevertex.

– A conceptcanbehighlightedby:
- clicking on theconcepton theconceptslist.
- selectinga vertex.

– A relationshipcanbehighlightedby:
- clicking onan(highlighted)arrow or
- clicking on thetext relatedto therelationship.
- selectinga vertex thatthis relationshipis related.
- clicking on therelationshipon theedgeslist.

Eventsto handle:

– Click on a vertex text. Action: Highlight all the relationshipsconnected
to suchvertex (andthetext of therelationship)anddestinationrelatedver-
tices.Highlight theconceptin theconceptlist.

– Click on a edgetext or click on a edge arrow or click on a edgein the
edge list. Action: Highlight bothverticesof suchrelationshipandthetext
relatedto therelationship.Eachtime I highlighta relationshipI will move
this to the lastpositionin thevectorof the relationships.This meansthat
thiswill bethelastto bedisplayedandthe�rst to beselected.

– Click on a concept in the conceptlist. Action: Highlight all verticesof
suchconcept.

Implementation: I canusea vector of thehighlightedconceptsthatmaintains
the list of the currentlyhighlighteditems. This speedsup the un-highlighting
process.
I will implementasmany functionsastheeventsto handle.

6.9 Conclusionsand futur ework

In thisdocumentwepresentedasetof toolsfor InformationRetrieval relyingongraph
of concepts.We presentedhigh performanceKeynet(or, in general,graph)classi�er
providing description,proof of correctnessanda setof testsperformedon an imple-
mentation.In studyinghow to comparinggraphswith duplicatednodes,theproblem
arisesof graph isomorphismin distinguishingamongthe equalsverticesrelying on
graphstructure. An openproblemis to evaluateif it is worth distinguishingamong
equivalentverticesin order to obtain more knowledgeuseful for the documentre-
trieval.
We alsopresentedananalysisonhow Keynetfeaturescanbeexploitedin queryre�n-
ing or databasebrowsingstartingfrom a query. Queryre�nementby classi�cationis
a queryclassi�cationtool, but it is alsoaninstrumentto learnfrom thesearchengine,
sincethedocumentdatabasecanbebrowsedstartingfrom any query. It shouldbein-
terestingto studyhow to bring this featureon a term-basedsearchengine(Keynet is
basedonconceptgraphs).



112 Part II - Inf ormation Retrieval with the Keynetsystem

During my stayin theUSA a theoryfor documentrankingspeci�cally for theKeynet
systemwas in developementstage. This theory is necessarybecausein the Keynet
systemthe independenceof termsis not guaranteed(the Keynet systemdealswith
edgesandverticesand,edgesandverticesin agrapharenot independent,e.g.,anedge
requiresthe presenceof two vertices)andthis is oneof the main assumptionsin the
InformationRetrieval Theory.
Researchon Keynetis proceedingdevelopinga modulefor automatingtheextraction
of a contentlabel from a textual document.It is basedon a machine-learningengine
ableto disambiguatethe mappingamongtermsof thedocumentandthe conceptsof
theontology.



Appendix A

ODL Ì~Í syntax

Here is the full syntaxof the ODL ��� language.This syntaxhasbeenautomatically
generatedfrom theyaccde�nition of theparserof theMOMIS prototype.

	 OdlSpeci�cation� : : =
	 De�nition � .

•

	 De�nition � ;
•

	 De�nition � ; 	 OdlSpeci�cation�

	 De�nition � : : =
	 TypeDcl�

•

	 ConstDcl�
•

	 ExceptDcl�
•

	 Interface�

•

	 RuleDcl�

•

	 ExtRuleDcl�
•

	 ThesaurusRelation�

•

	 Module�

•

	 error�

	 TypeDcl� : : = typedef 	 TypeDeclarator�

•

	 ConstrTypeSpec�

	 TypeDeclarator� : : =
	 TypeSpec�j	 Declarators�

	 Declarators� : : =
	 Declarator�

•

	 Declarators� , 	 Declarator�

	 Declarator� : : =
	 Identi�er �

•

	 Identi�er �j	 ArraySizeList�

	 ArraySizeList� : : =
	 FixedArraySize�

•

	 ArraySizeList�z	 FixedArraySize�

	 TypeSpec� : : =
	 SimpleTypeSpec�

•

	 ConstrTypeSpec�
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	 SimpleTypeSpec� : : =
	 BaseTypeSpec�

•

	 TemplateTypeSpec�
•

	 Identi�er �

	 BaseTypeSpec� : : =
	 FloatingPtType�

•

	 IntegerType�

•

	 CharType�

•

	 BooleanType�

•

	 OctetType�

•

	 RangeType�

•

	 AnyType�

	 FloatingPtType� : : = �oat
•

double

	 IntegerType� : : =
	 LongIntType�

•

short
•

unsignedlong
•

unsignedshort

	 LongIntType� : : = integer
•

int
•

long

	 CharType� : : = char

	 BooleanType� : : = boolean

	 OctetType� : : = octet

	 RangeType� : : = range { 	 RangeSpeci�er� }

	 RangeSpeci�er� : : =
	 SignedIntegerLiteral� , 	 SignedIntegerLiteral�

•

	 SignedIntegerLiteral� , + in�nite
•

- in�nite , 	 SignedIntegerLiteral�

	 AnyType� : : = any

	 TemplateTypeSpec� : : =
	 ArrayType�

•

	 StringType�

•

	 CollectionType�

	 ArrayType� : : = array < 	 SimpleTypeSpec� , 	 IntegerLiteral� >

	 $$1� : : =
	 ArrayType� : : = array < 	 SimpleTypeSpec� > 	 $$1� sequence<

	 SimpleTypeSpec� , 	 IntegerLiteral� >

	 StringType� : : = string < 	 IntegerLiteral� >
•

string

	 CollectionType� : : =
	 AttrCollectionSpeci�er� < 	 SimpleTypeSpec� >

	 AttrCollectionSpeci�er� : : = set
•

list
•

bag
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	 ConstrTypeSpec� : : =
	 StructType�

•

	 UnionType�

•

	 EnumType�

	 StructType� : : = struct 	 Identi�er � { 	 MemberList� }

	 MemberList� : : =
	 Member�

•

	 MemberList�j	 Member�

	 Member� : : =
	 TypeSpec�j	 Declarators� ;

	 UnionType� : : = union 	 Identi�er � switch ( 	 SwitchTypeSpec� ) {
	 SwitchBody� }

	 SwitchTypeSpec� : : =
	 IntegerType�

•

	 CharType�

•

	 BooleanType�

•

	 EnumType�

•

	 ScopedName�

•

	 RangeType�

	 SwitchBody� : : =
	 Case�

•

	 Case�Q	 SwitchBody�

	 Case� : : =
	 CaseLabelList�’	 ElementSpec� ;

	 CaseLabelList� : : =
	 CaseLabel�

•

	 CaseLabel�z	 CaseLabelList�

	 CaseLabel� : : = case	 ConstExp� :
•

default :

	 ElementSpec� : : =
	 TypeSpec�j	 Declarator�

	 EnumType� : : = enum 	 Identi�er � { 	 EnumeratorList� }

	 EnumeratorList� : : =
	 Enumerator�

•

	 EnumeratorList� , 	 Enumerator�

	 Enumerator� : : =
	 Identi�er �

	 ConstExp� : : =
	 OrExpr�

	 OrExpr� : : =
	 XOrExpr�

•

	 OrExpr� | 	 XOrExpr�

	 XOrExpr� : : =
	 AndExpr�

•

	 XOrExpr� ˆ 	 AndExpr�

	 AndExpr� : : =
	 ShiftExpr�

•

	 AndExpr� & 	 ShiftExpr�

	 ShiftExpr� : : =
	 AddExpr�

•

	 ShiftExpr� >> 	 AddExpr�

•

	 ShiftExpr� << 	 AddExpr�

	 AddExpr� : : =
	 MultExpr �

•

	 AddExpr� + 	 MultExpr �

•

	 AddExpr� - 	 MultExpr �
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	 MultExpr � : : =
	 UnaryExpr�

•

	 MultExpr � * 	 UnaryExpr�

•

	 MultExpr � / 	 UnaryExpr�

•

	 MultExpr � \% 	 UnaryExpr�

	 UnaryExpr� : : =
	 Signes�Q	 PrimaryExpr�

•

	 PrimaryExpr�

	 PrimaryExpr� : : =
	 Identi�er �

•

	 IntegerLiteral�
•

	 FloatingPtLiteral�

•

( 	 OrExpr� )
•

( 	 error� )

	 ConstDcl� : : = const 	 StringType�z	 Identi�er � = 	 StringLiteral�
•

const 	 CharType�’	 Identi�er � = 	 CharacterLiteral�

•

const 	 IntegerType�t	 Identi�er � = 	 ConstExp�

•

const 	 FloatingPtType�’	 Identi�er � = 	 ConstExp�

	 SignedIntegerLiteral� : : =
	 IntegerLiteral�

•

	 Signes�Q	 IntegerLiteral�

	 SignedFloatingPtLiteral� : : =
	 Signes�Q	 FloatingPtLiteral�

•

	 FloatingPtLiteral�

	 Signes� : : = -
• +

	 ExceptDcl� : : = exception 	 Identi�er � { 	 OptMemberList� }

	 OptMemberList� : : =
•

	 MemberList�

	 ScopedName� : : =
	 Identi�er �

•

:: 	 Identi�er �

•

	 ScopedName� :: 	 Identi�er �

	 Interface� : : =
	 InterfaceDcl�

	 IntView � : : = interface
•

view

	 InterfaceDcl� : : =
	 IntView �z	 Identi�er � : 	 InheritanceSpec�

	 OptTypePropertyList�t	 OptPersistenceDcl�

	 SingleInterfaceBody�

•

	 IntView �z	 Identi�er � : 	 InheritanceSpec�

	 OptTypePropertyList�t	 OptPersistenceDcl�

	 SingleInterfaceBody�t	 InterfaceBodyUnionList�

•

	 IntView �z	 Identi�er �’	 OptTypePropertyList�

	 OptPersistenceDcl�z	 SingleInterfaceBody�

•

	 IntView �z	 Identi�er �’	 OptTypePropertyList�

	 OptPersistenceDcl�z	 SingleInterfaceBody�

	 InterfaceBodyUnionList�
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	 InheritanceSpec� : : =
	 Identi�er �

•

	 InheritanceSpec� , 	 Identi�er �

	 OptTypePropertyList� : : =
•

( 	 OptSourceSpec�j	 OptExtentSpec�j	 OptKeySpec�

	 OptCandKeySpec�t	 OptForKeySpec� )

	 OptSourceSpec� : : =
•

source 	 SourceType�z	 Identi�er �

	 SourceType� : : = relational
•

nfr elational
•

object
•

�le
•

semistructured

	 OptExtentSpec� : : =
•

extent 	 ListExtent�

	 ListExtent� : : =
	 Identi�er �

•

	 ListExtent� , 	 Identi�er �

	 OptKeySpec� : : =
•

key 	 Key �

	 OptCandKeySpec� : : =
•

	 CandKeySpecList�

	 CandKeySpecList� : : =
	 CandKeySpec�

•

	 CandKeySpecList�j	 CandKeySpec�

	 CandKeySpec� : : = candidate key 	 Identi�er �z	 Key �

	 OptForKeySpec� : : =
•

	 ForKeySpecList�

	 ForKeySpecList� : : =
	 ForKeySpec�

•

	 ForKeySpecList�j	 ForKeySpec�

	 ForKeySpec� : : = foreign key ( 	 ForeignKeyList � ) references	 Identi�er �

	 OptRefKeyList �

	 OptRefKeyList � : : =
•

( 	 ForeignKeyList � )

	 ForeignKeyList � : : =
	 Identi�er �

•

	 ForeignKeyList � , 	 Identi�er �

	 Key � : : = ( 	 PropertyList� )

	 PropertyList� : : =
	 PropertyName�

•

	 PropertyList� , 	 PropertyName�

	 PropertyName� : : =
	 Identi�er �

	 OptPersistenceDcl� : : =
•

persistent
•

transient

	 InterfaceBodyUnionList� : : =
	 InterfaceBodyUnion�

•

	 InterfaceBodyUnionList�Æ	 InterfaceBodyUnion�
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	 InterfaceBodyUnion� : : = union 	 Identi�er �’	 SingleInterfaceBody�

	 SingleInterfaceBody� : : = { 	 InterfaceBody� }

	 InterfaceBody� : : =
	 Export� ;

•

	 Export� ; 	 InterfaceBody�

	 Export� : : =
	 TypeDcl�

•

	 ConstDcl�
•

	 ExceptDcl�
•

	 AttrDcl �

•

	 RelDcl�

•

	 OpDcl�

	 AttrDcl � : : =
	 OptReadonly� attrib ute 	 DomainType�j	 AttributeName�

	 OptFixedArraySize�t	 OptMappingRuleDcl�

	 OptReadonly� : : =
•

readonly

	 AttributeName� : : =
	 Identi�er �

•

	 Identi�er � ?

	 DomainType� : : =
	 SimpleTypeSpec�

•

	 StructType�

•

	 EnumType�

	 OptFixedArraySize� : : =
•

	 FixedArraySize�

	 FixedArraySize� : : = [ 	 IntegerLiteral� ]

	 OptMappingRuleDcl� : : =
•

	 MappingRuleDcl�

	 MappingRuleDcl� : : = mapping rule 	 MapRuleList�

	 MapRuleList� : : =
	 MapRule�

•

	 MapRuleList� , 	 MapRule�

	 MapRule� : : =
	 LocalAttributeName�

•

	 DefaultValue�

•

	 MapAndExpression�
•

	 MapUnionExpression�

	 LocalAttributeName� : : =
	 LocalClassName� . 	 Identi�er �

	 LocalClassName� : : =
	 Identi�er � . 	 Identi�er �

	 DefaultValue� : : =
	 Identi�er � . 	 Identi�er � = 	 StringLiteral�

	 MapAndExpression� : : = ( 	 MapAndList� and 	 LocalAttributeName� )

	 MapAndList� : : =
	 LocalAttributeName�

•

	 MapAndList� and 	 LocalAttributeName�

	 MapUnionExpression� : : = ( 	 MapUnionList� union 	 LocalAttributeName� on
	 Identi�er � )

	 MapUnionList� : : =
	 LocalAttributeName�

•

	 MapUnionList� union 	 LocalAttributeName�
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	 RelDcl� : : = relationship 	 TargetOfPath�j	 Identi�er � inverse
	 InverseTraversalPath�Æ	 OptOrderBy�

	 TargetOfPath� : : =
	 Identi�er �

•

	 RelCollectionType� < 	 Identi�er � >

	 RelCollectionType� : : = set
•

list

	 InverseTraversalPath� : : =
	 Identi�er � :: 	 Identi�er �

	 OptOrderBy� : : =
•

{ order by 	 ScopedNameList� }

	 ScopedNameList� : : =
	 ScopedName�

•

	 ScopedNameList� , 	 ScopedName�

	 OpDcl� : : =
	 OptOneway�j	 OperTypeSpec�j	 Identi�er �z	 ParameterDcls�
	 OptRaisesExpr�’	 OptContextExpr�

	 OptOneway� : : =
• oneway

	 OperTypeSpec� : : =
	 SimpleTypeSpec�

•

void

	 ParameterDcls� : : = ( 	 ParamDclList� )
•

( )

	 ParamDclList� : : =
	 ParamDcl�

•

	 ParamDclList� , 	 ParamDcl�

	 ParamDcl� : : =
	 ParamAttribute�j	 SimpleTypeSpec�j	 Declarator�

	 ParamAttribute� : : =
•

in
•

out
•

inout

	 OptRaisesExpr� : : =
•

raises( 	 ScopedNameList� )

	 OptContextExpr� : : =
•

context ( 	 StringLiteralList� )

	 StringLiteralList� : : =
	 StringLiteral�

•

	 StringLiteralList� , 	 StringLiteral�

	 ExtRuleDcl� : : = extrule 	 Identi�er �’	 ExtRuleSpec�

	 ExtRuleSpec� : : =
	 ForAll �’	 Identi�er � in 	 ExtRuleType�

	 ExtRuleType� : : =
	 ExtRuleIsa�

•

	 ExtRuleBottom�

	 ExtRuleBottom� : : = ( 	 LocalClassName� and 	 LocalClassName� ) then
	 Identi�er � in bottom

	 ExtRuleIsa� : : =
	 LocalClassName� then 	 Identi�er � in 	 LocalClassName�

	 RuleDcl� : : = rule 	 Identi�er �’	 RuleSpec�
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	 RuleSpec� : : =
	 ForAll �’	 Identi�er � in 	 Identi�er � : 	 RuleBodyList� then
	 RuleBodyList�

•

{ caseof 	 Identi�er � : 	 CaseList� }

	 ForAll � : : = for all
•

forall

	 RuleBodyList� : : = ( 	 RuleBodyList� )
•

	 RuleBody�

•

	 RuleBodyList� and 	 RuleBody�

	 RuleBody� : : =
	 DottedName�’	 RuleConstOp�’	 OptRuleCast�

	 LiteralValue�z	 DottedName�j	 RuleConstOp�
	 OptRuleCast�Q	 DottedName�

•

	 DottedName� in 	 DottedName�

•

	 ForAll �’	 Identi�er � in 	 DottedName� : 	 RuleBodyList�
•

exists 	 Identi�er � in 	 DottedName� : 	 RuleBodyList�
•

	 DottedName� = 	 SimpleTypeSpec�j	 Identi�er � (
	 DottedLiteralList� )

	 DottedLiteralList� : : =
	 DottedLiteral�

•

	 DottedLiteralList� , 	 DottedLiteral�

	 DottedLiteral� : : =
	 OptSimpleTypeSpec�z	 DottedName�

•

	 OptSimpleTypeSpec�z	 LiteralValue�

	 OptSimpleTypeSpec� : : =
•

	 SimpleTypeSpec�

	 RuleConstOp� : : = =
• >=
• <=
• <
• >

	 LiteralValue� : : =
	 SignedFloatingPtLiteral�

•

	 SignedIntegerLiteral�
•

	 CharacterLiteral�

•

	 StringLiteral�

	 DottedName� : : =
	 Identi�er �

•

	 DottedName� . 	 Identi�er �

	 OptRuleCast� : : =
•

( 	 SimpleTypeSpec� )

	 CaseList� : : =
	 CaseSpec�

•

	 CaseList�O	 CaseSpec�

	 CaseSpec� : : =
	 LiteralValue� : 	 DottedName�
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	 ThesaurusRelation� : : =
	 LocalAttributeName�t	 ThesRelType�

	 LocalAttributeName�

•

	 LocalClassName�z	 ThesRelType�z	 LocalClassName�

•

	 LocalClassName�z	 ThesRelType�z	 LocalAttributeName�

•

	 LocalAttributeName�t	 ThesRelType�z	 LocalClassName�

	 ThesRelType� : : = syn
•

bt
•

nt
•

rt

	 Module� : : = module 	 Identi�er � { 	 OdlSpeci�cation� }
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