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Foreword

This documentdescribeghe work doneduring my Ph.D studiesin ComputerEngi-
neering.It is organizedn two parts.

The r stand main part describeshe reseactprojectMOMIS for the Intelligent
Integration of heterogeneousformation. It outlinesthetheoryfor Intelligentintegra-
tion andthedesignandimplementatiorof theprototypethatimplementghetheoretical
techniques.

During my Ph.D.studiesl stayedat the NortheasteriJniversityin Boston,Mass.
(USA). Subjectof the secondpart of this documents the work | did with Professor
KenBaclawvski in informationretrieval on annotationof documentsisingontologies,
andretrieval of theannotateadlocuments.
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Chapter 1

Part | - Intelligent Integration

Developingintelligent tools for the integration of information extractedfrom multi-
ple heterogeneousourcess a challengingissueto effectively exploit the numerous
sourcesvailableon-line,for example,in global, Internet-basethformationsystems.
The problemwe consideiis theidenti cation of semanticallyrelatedinformation,that
is, information describingthe samereal-world conceptsin different sourceshaving
semanticheterogeneityIn fact, informationsourcego be integratedare usually pre-
existing andhave beendevelopedindependentlyConsequentlysemanticheterogene-
ity canarisefor the aspectselatedto terminology structure andcontext of theinfor-
mation,andhasto be properlydealtwith duringintegrationin orderto effectively and
correctlyexploit theinformationavailableatthesourcesintegrationandreconciliation
of datacomingfrom heterogeneousourcess a researchopic in databasefHul97].
Several contributionshave appearedn literature,including methods techniquesand
toolsfor integratingandqueryingheterogeneousatabasefCHS 94, GKD97, LRO96
PGMW95].

This documentdescribessolutionsto the integrationissuedevelopedin the MOMIS
(MediatorervirOnmentfor Multiple InformationSources)BCV99, BCVB00,BBC 00|
project?.

The goal of informationextractionandintegrationtechniquegdevelopedin MOMIS
is to constructsynthesizedintegrateddescriptiongi.e., a global virtual view) of the
information coming from multiple heterogeneousourcesto provide the userwith a
uniform query interfaceagainstthe sourcesndependenfrom their locationandthe
level of heterogeneityof their data. Moreover, to meetthe requirementf global,
Internet-basedhformation systemawith a possiblyhigh numberof sourcego bein-
tegrated,it is importantto develop tool-assistedechniquesn orederto automateas
muchaspossibleinformationextractionandintegrationactiities. This goalhasbeen
achiezedwith the MOMIS projectby developingthe SI-DesignefBBC 00].

Like otherintegration projects]AKH96, CHS 94, LRO96, MOMIS follows a “se-
manticapproach’to informationintegration basedon the conceptuakchema®f the
informationsourcesandon a mediatorcomponentMOMIS implementsa  [Age]

IMOMIS is ajoint projectamongthe Universita di Modenae Reggio Emilia, the Universit di Milano,
andtheUniversit di Bresciastartedwithin theltalian researclprojectiINTERDATA, themen.3“Integration
of Informationover the Web”, coordinatedy V. De Antonellis, Universita di Brescia.

2MOMIS will also nancedby theMURST in 2000/200awithin theD2l: Integration, Warehousingand
Mining of HeterogeneouData Soucesproject
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architecturdor integrationandqueryoptimization,the mediatorcomponentelieson
severaltools,namelyARTEMIS [CA99D), developedby Universityof Milano andUni-
versityof Brescia,andODB-Tools[BBSV974, developedby Universityof Modenae
Reggio EmiliaandWordNet[GGV96] developedby the Cognitive Sciencd_aboratory
at PrincetonUniversity.

Mostof theinformationfor integrationis providedby thewrappels, usingODL ~ from
the sourcedescriptionandstoredin ODL  datastructure By exploiting the WordNet
lexical systemMil95] andthe OLCD DescriptionLogic inferencecapabilitiesa Com-
monThesauruss built. TheCommonThesauruss composef relationshipdbetween
schemalementsxtractedfrom theschematalescriptionsderivedfrom thelexical re-
lationshipsbetweenthe conceptin WordNet,andexplicitly statedby the integration
designerBasedntherelationshipsn theCommonThesaurusaf nity coefcients are
computed.Thesecoefcients give ameasuref the level of matchingbetweerthe ele-
mentsof the differentsourcesMOMIS computesa setof candidate$slobal Classes
by applyingaf nity-basedclusteringontheaf nity coefcients. For eachGlobalClass
Mappingrulesarede ned thatdescribewhich local classedbelongto the global class
andhow local attributesare mappednto the global attributes. Moreover, extensional
relationshipsandjoin mapsarede ned to provide a solutionto the objectfusionprob-
lem. Suchinformationareusedby the QueryManagerduringthemergeprocesf the
local queriesresult.
TheMOMISprojectalsofacegheproblemsandchallengeselatedto theintegrationof
semistructuredatasourcesin this casethereis nostrongdistinctionbetweermetain-
formationanddata,but meta-informatioris storeddirectly in the data. The signi cant
growth of semi-structuredatasourcege.g.,Webdocumentsgallsfor thedevelopment
of methodstechniquesandlanguagesor thistypeof data[Bun97, BDHS96,CGL9§.
Thus,thetypical problemsof integrationshouldbe addresseih thelight of thesenew
requirements.

Part of the projectis the developmentof a prototypewhich is the softwareapplication
basedbntheMOMIS theory Theprototypeis writtenin Java, is basetbnthe CORBA
architectureand supportsmost of the MOMIS featureslike the DescriptionLogics
capabilitiesthe ARTEMIS af nity computatiorandclusteringandtheinteractionwith
WordNet.

Baseterminology

In this documentwe argue aboutconceptdik e sourcesclassesjnterface,which are
brie y introducedhere.

A Local Souceis asourceof data,suchasa databaseor atext le. Eachlocal source
is interfacedto MOMIS throughawrapper. A Local Classis aninterface(or clas9
presentin alocal souce A Local Attribute is an attribute of a local class The In-
tegration Designeris a personthat facesthe integration problemusingthe MOMIS
system.The Global View is a sourceschemagresentedy the mediatoraftertheinte-
grationprocesghatallows to accessn a uniform way to the datain thelocal sources.
A Global Classis aninterface(or clasg thatis partof the®> Global View. A Global
Attributeis anattribute of a global class

3Sincewe integrateone schemaat time during an integration sessionwe will referencea singleglobal
views. Obviously it is possibleto have several global view on the sameor differentlocal classegenerated
by severalintegrationsessionduilt with differenttamgets.



How this part is organized

This partof thedocumentis organizedasfollows.

Chapter2 describeshetheoryonwhichthe MOMIS projectis based.Theintegration
approachs discussedrom atheoreticalpoint of view.

Chaptei3 discussethesoftwarearchitecturef theMOMIS prototype All its modules
(exceptthe SI-Designerareoutlined.

Chapterd givesa discussiorof the main GraphicalUserInterfaceof the MOMIS pro-

totype called SI-Designer Suchinterfaceleadsthe integration designerthroughthe
integrationphasedgrom local sourcego theintegratedschema.

Chapter5, we give our concludingremarksandan overview of future work aboutthe
MOMIS project.

Note

This documentshouldalso be a referencefor the softwarel wrote. The description
of some(l assumemportant)anng/ing technicaldetailsis targetedto peoplethatwill
managehe softwarewritten duringmy studies.
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Chapter 2

MOMIS: The Theory

This chapterdiscussesheoreticalaspectof the MOMIS project. MOMIS is anHet-

erogeneousSouceIntegration project. Thegoalof the projectis to studytheproblems
relatedto integrationandbuild a prototypethatactsasa  Semantidntegrationand

TransformatiorService(see[Age, HK95] for adescriptionof the  architecture).

In MOMIS, theoreticalsolutionsfor several problemsof integration are proposed.
Most of the solutionsdiscussedn this chapterhave beenimplementedn the MOMIS

prototype others Jik e the semistructuredneta-informatiorextraction,have not.

ODLi3 Schema
sources acquisition

»-| Common Thesaurus
Generation

Affinity calcolus
and clustering

Global schema
> Local Schemata
Mapping

Figure2.1: Integrationphasesn MOMIS

In MOMIS we divide the integrationin the phaseqshovedin Figure2.1): (1) de-
scriptionof a genericdatasourcein ODL , (2) generatiorof the commonthesarus,
repositoryof integrationknowledge,(3) computationof af nity betweenschemaele-
ments(local classesndlocal attributes)andgeneratiorof globalclassesasclustersof
local classesand(4) descriptionof thelocal classesn termsof mappingof theglobal
attributeson the correspondindpcal attributes.

This chaptelis organizedasfollows:

In section2.1, we describethe toolswe useto automaticallyretrieve asmuchseman-
tics aspossibleduring the integrationprocess.In particularwe introducethe ODL
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languagethe OLCD DescriptionLogic, andWordNet. In section2.2,we describehow
suchtoolsareusedto feedtheintegrationknowledgebasecalledCommonThesaurus
In section2.3,we describeheintegrationtechniquedor building the mediatorvirtual
global schemaof consideredsourceausingthe knowledgein the CommonThesaurus
Sections2.4 and 2.5 respectiely presenttechniquedor optimizing query execution
basedn BaseExtensiorandExtensionaHierarchy, andtheway we facedthe Object
Fusion problem. Section2.6, we make comparisonswith relatedworks. Finally, in
section?.7,the Interpretatiorandsemanticof the OLCD languages brie y described.

2.1 Information extraction with ODL

An importantgoal of informationextractionis the constructiorof a semanticallyrich
representatioof theinformationsourcego beintegratedby meansof acommondata
model. In semanticapproacheso integration, this taskis performedby de ning a
model,ODL in MOMIS andby wrappertoolsdevelopedor eachkind of datasource
type, which translatethe conceptualschemaof the given sourcesinto the common
model. For corventionalstructuredinformation sources(e.g., relational databases,
object-orienteddatabases)schemadescriptionsare always available and can be di-
rectly translatednto the selecteccommondatamodel.

For example for relationaldatabaseansformatiorrule-sets asdescribedn [FV95]
for relationalto ODMG schemaorversioncanbeused.To shov wrappergunctional-
ities, let usintroducea runningexample,includingarelationalsourceanda semistruc-
turedsource.

2.1.1 Therunning 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: Food GuideDatabas€FD)

We considertwo sourcesin the RestauranGuide domain,storinginformation about
restaurants.The Eating Source guidebook(ED) is semistructurechnd contains
information aboutfastfoods of the West coast,their menus,quality, andsoon. A
portion of this sourceis shavn in Figure2.3. The Food Guide Databas€FD) is
a relationaldatabaseontaininginformation aboutUSA restaurant§rom 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 , andBrasserie . Informationrelatedto restaurantss main-
tainedin the Restaurant  relation. Bistro instancesare a subsetof Restau-
rant instancesandgive informationaboutthe small informal restaurantshat sene
wine. EachRestaurant  andBistro is managedy aPerson . Informationabout
placesvheredrinksandsnacksaresenedarestoredin the Brasserie  relation.
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2.1.2 Managing semistructured data

In this subsectiowe discusshow semi-structuredata(e.g.,Web datasourcestanbe
handledin the MOMIS systemwhereschemadescriptionggenerallyare not directly
available. In fact, a basiccharacteristiof semistructurediatais thatthey are“self-
describing”. This meanghatthe informationgenerallyassociatedavith the schemads
speci eddirectly within data[Bun97].

Eating Datasource

fast-food

2 Yy 9 ‘Green Park'

,Z§Q' &/ g - p g ‘Burger'
&L ’

&

E / : @

‘Chinese' 'Big Bar i : ‘Italian’ b "Manager'
‘China’ ‘chi . \ . 'Spaghetji’ . "John Smith' ‘Green Street'
Menlo ParElhlcken '555-1234" 666-421° ‘Army Streetp 9 [asagne

‘Park Avenue' '98654"
‘New York'

Figure2.3: Semistructuredourcekating (ED)

Oneof thegoalsof informationextractionfor integrationwhensemistructureéhforma-
tion sourcesareinvolvedis to derive andexplicitly representhe schemaof the source
aswell. For this purposewe proceedasfollows. Accordingto the modelsproposed
in literaturefor semistructurednformationsource§Bun97, PGMW94, a semistruc-
turedsourceis represente@sa rooted,labeledgraphwherenodescontaindata(e.g.,
animageor free-formtext) andlabelededgesdescribeheconceptepresentetly data
in the correspondingnode.

Figure2.3shavsanexampleof agraph-basetepresentationf asemistructuredource,
calledEating Source , containinginformationrelatedto local fastfood. In the
graphmodel, a semistructureabject (object, for short) canbe viewed as a triple of
theform , Whereid is the objectidenti er, label is astringde-
scribingwhatthe objectrepresentsandvalue is the value,which canbe atomicor
compl. Theatomicvaluecanbeinteger, real, string,image,while thecomple value
is asetof pairs(id,label), whereid is anobjectidenti er.

A complex objectcanbe thoughtasthe parentof all the objectsthat form its value
(childrenobjects). A givenobjectcanhave oneor moreparents.We denotethe fact
thatanobject is achild objectof anotherobject by andusenotation
label to denotethelabelof . With referencdo the sourcein Figure2.3,thereis
onecomple root objectwith four complex childrenobjectsthatrepresentast-foods.

EachFast _Food objecthasanatomicobjectname, category andspecialty
FurthermoresomeFast _Food objectshave anatomicaddress while someothers
acomplex objectaddress , anatomicphone , acomplex objectnearby (thatspec-
i es the nearesffast-food),and a complex objectowner , specifyingthe name, the
address andthejob of thefast-foodsowner.

To extractschemainformationfrom asemistructuregource , weintroducethenotion
of objectpattern In semistructuredlatamodels,labelsare descriptive as much as
possible. Furthermorethe samelabel is generallyassignedo all objectsdescribing
the sameconceptin . All objects of arepartitionedinto disjoint sets,denoted
set, suchthatall objectsbelongingto the samesethave the samelabel . An object
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patternis thenextractedfrom eachsetto representll the objectsin the set. Formally,
anobjectpatternis de ned asfollows:

De nition 2.1.1(Object pattern) Letset bea setof objectsn a semistructuedsource
Shavingthesameéabel . Theobjectpatternof set is a pair of theform |,A , whee
is thelabel of theobjectsbelongingto set, and label sud thatthere exists
atleastoneobject set with

Fromthis de nition, anobjectpatternis representatie of all differentobjectsthatde-
scribethe sameconceptin . In particular label of an objectpatterndenoteshe
conceptandset of anobjectpatterndenoteghe propertieqor attributes)character
ising the conceptin the source. Sincesemistructuredbjectscan be heterogeneous,
labelsin  correspondo child objectthatcanbe de ned only for someof the objects
in set, but not for all. We call suchkind of labels“optional” and denotethemwith
symbol“?”.

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

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

Owner-pattern
Address-pattern

Figure2.4: Objectpatterndor theEDsource

With respectto the ED sourceof Figure 2.3, three objectpatternsare extracted(see
Figure2.4): Fast _Food, representingbjectsdescribingeatingplaces;Owner rep-
resentingobjectsdescribingpeopleinvolved; Address , representingbjectsdescrib-
ing addresses.The extraction processproducesalso the Address patternto take
into accountthe differentstructureof the Address objectsin the ED source(i.e., in
semistructuredbjects , ,and addresss atomicwhile in object it is comple).

An objectpatterndescriptionfollows an openworld semanticgypical of the Descrip-
tion Logic approacfwS89. Objectsconformingto apatternshareacommonminimal
structurerepresentetly nonoptionalpropertiesput canhave additional(i.e.,optional)
properties. In this way, objectsin a semistructurediatasourcecan evolve and add
new propertiesput they will beretrievedasvalid instance®f the correspondingbject
patternwhenprocessing query

2.1.3 TheODL language

For asemanticallyich representationf sourceschemagsndobjectpatternsaassociated
with informationsourcedo beintegrated we introducean object-orientedlescription
languagecalledODL . Accordingto recommendationef ODMG andto the diffu-
sionof POB[Age, ed.97, the objectdatamodelODL is very closeto the ODL
language.ODL s a sourceindependentanguageusedfor information extraction
to describeheterogeneouschema®f structuredandsemistructuredlatasourcesn a
commonway. Referto appendixA for the completesyntaxof the ODL

ODL introduceghefollowing mainextensionswith respecto ODL:
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Union constructor. The union constructor denotedby union , is introducedto ex-
pressalternatve datastructuresn thede nition of anODL  classthuscaptur
ing requirement®f semistructuredata.An exampleof its usewill beshovnin
thefollowing.

Optional constructor. The optional constructoy denotedby the questionmark "?”,
is introducedfor classattributesto specify that an attribute is optionalfor an
instancg(i.e., it couldbenot speci edin theinstance).This constructoitoo has
beenintroducedto capturerequirement®f semistructurediata. An exampleof
its usewill beshawn in thefollowing.

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

Intensional relationships. Theseareterminolagyical relationshipsxpressingnter/intra-
schem&nowledgefor the sourceschemaslintensionarelationshipsarede ned
betweenclassesand attributes,and are speci ed by consideringclass/attrilite
namescalledterms.Thefollowing relationshipsanbespeci edin ODL

SYN (Synorym-of), de ned betweertwo terms and , with , that
areconsideredgsynorymsin every consideredource(i.e., and canbe
indifferentlyusedin every sourceto denotea certainconcept).

BT (BroaderTerms),or hyperrymy, de ned betweentwo terms and
suchas hasabroadermoregeneraimeaningthan . BT relationshipis
not symmetric.Theoppositeof BT is NT (Narrover Terms),or hyporymy.

RT (RelatedTerms),or positive associationde ned betweentwo terms
and thataregenerallyusediogethelin thesamecontext in theconsidered
sources.

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

Extensionalrelationships. To expressknowledgeaboutthesourceaxtensiongheODL
providesthe concepibf extensionakelationships:

SYN : thismeanghattheinstanceof  arethesameof . A
SYN relationshipmpliesanintensionalsy N relationship.

BT : this meanghattheinstanceof  areasupersedf thein-
stance®f .ABT relationshipmpliesanintensionaBT relationship.

NT : this meansthatthe instanceof  area subsetof thein-
stance®f .ANT relationshipmpliesanintensionaNT relationship.

DISJ : thismeanghat and  will nevershareinstances the

instancesredisjoint.

Note: de ning extensionalaxiomssyn , nt andbt requiresa structural
compatibility betweertheinvolvedclassesn MOMIS .

Foreignkeys. To presere information betweenclasses(tables)properof the rela-
tional schemawe supportalso Foreignkeys descriptions.We useforeign keys
informationto feedthecommonthesaurusindenrichsemantiknowledgeof the
sources.
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Mapping Rules. Thiskind of ruleis introducedn ODL in orderto expresselation-
shipsexisting betweertheintegratedODL  schemalescriptionof theinforma-
tion sourcesandthe ODL  schemadescriptionof the original sources.These
ruleswill beillustratedin detailin Section2.3,togethemwith examplesof use.

The extractionprocesshasthe goal of translatingobjectpatternsandsourceschemas
into ODL descriptionsTranslationis performedoy awrapper Moreover, awrapper
canbeasledfor the sourcenameandtype (e.g.,relational,semistructured).
Thetranslationinto ODL , onthebasisof theODL syntaxandof theschemale -
nition, is performedby thewrapperasfollows:

Givenarelationof arelationalsouiceor aclassor apattern , translatiorinvolves
the following steps:i) an ODL  classnamecorrespondso the relation nameor to
, respectiely, andii) for eachrelation attribute or label , an attribute is de-

ned in thecorresponding@DL  class.Furthermoreattribute domainsareextracted.
Structureextractioncanbe performedasproposedn [aSBDFS97NAM93].

In gures 2.5 and 2.6 we reportthe ODL representatiorf the ED.Fast _Food
objectpatternandof the FD.Restaurant  relation. ThecompleteODL schemas
representatioof the EDandFD sourcesareshavn 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?; s

Figure2.5:ODL representatioof a Semistructuredlassfrom objectpatternfrom
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; I

Figure2.6: ODL representatioof a Relationaltablefrom the FD source

To represenbbjectpatternsin ODL , union and optional constructorsare used. In
particular the union constructolis usedto represenbbjectpatternsdescribinghet-
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erogeneousbjectsin the source.An exampleof useof theunion constructoiin the
ODL classrepresentinghe Address patternof the ED source(seeFigure2.4) is
shavnin Figure2.7. Thesemantic®f theunion constructoandof optionalattributes
in ODL  will bediscussedh thesection2.1.4,usingthe OLCD DescriptionLogics.

interface Address

( source semistructured Eating_Source ) {
attribute string  city;
attribute string street;
attribute string  zipcode; };
union
{ string; }

Figure2.7: An exampleof union constructoin ODL

2.1.4 The OLCD Description Logic

ODL descriptionsare translatednto OLCD (ObjectLanguage with Complements
allowing Descriptivecycleg descriptionsn orderto performDescriptionLogicsinfer-
enceghatwill beusefulfor semantidntegration.

In this section,we give the syntaxof OLCD (the semanticss givenin section2.7);
Readersnterestedn aformal accountcanreferto [BBLS98].

Typesand Schemas We assumea countablesetof symbols of attribute names
(denotechy ) andwe assume countableset  of typenamegdenotedy
.+ » ),whichincludestheset Integer  String Bool Real of
base-typalesignatorgwhich will be denotecby ) andthesymbols , . A path
is eitherthesymbol , or adot-separatedequencef elements . . . ,where
denotegheuniquepathof lengthO. Let  denote
the setof all paths. denoteghe setof all nite type descriptions(denoted
by , , , ) alsobriey calledtypes over given , obtainedaccordingto
the following abstractsyntaxrule, where for (in thesequel , , ,
..., denotea path, denotesabasevalue, denotesarelationaloperator):

denoteghetoptype denoteshe emptytype and denotethe usualtype
constructor®f setandrecord(tuple),respectiely. The construcis anexistential
setspeci cation,whereatleastoneelemenbf thesetmustbeof type . Theconstruct

standdfor intersection the construct standsfor union, the construct standsfor
complementwhereas constructsclassdescriptions,i.e., is an object setforming

constructor , represenaitomic predicates is a range restrictionand

expressepathunde nedness

Givenasetof typedescriptions ,ascdhema over is atotal function
, which associatesype namesto descriptions.

is partitionedinto two functions: , which introducesthe descriptionof primitive

type nameswhoseextensionanustbe explicitly providedby theuser;and , which
introducesthe descriptionof virtual type nameswvhoseextensionscan be recursvely
obtainedfrom the extensionof thetypesoccurringin their description.
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In OLCD cyclic typenamesareallowed: in fact,sinceatypenamemayappeain type
descriptionsye canhave circular refelencesthatis, typenameswvhich make director
indirectreferenceso themseles.

Giving a type as set semanticsto type descriptions,DescriptionLogics, and thus
OLCD, allows oneto provide relevantreasoningechniquescomputingsubsumption
relationsbetweertypes(i.e., “is-a” relationshipsmplied by type descriptions)decid-
ing equivalencéetweertypes,anddetectingnconsistenti.e., alwaysempty)types.

ODL to OLCD translation

In this sectionwe describehow ODL  sourceschemalescriptionsaretranslatednto
OLCD descriptions.

ODL classes.In generala ODL classis translatednto a OLCD primitive class
in a simpleway: eachattribute of theODL classbecomesan attribute of the
correspondingdLCD class. For example,the Restaurant ODL classis
translatedasfollows:

(ES.Restaurant )= [r code: String ,name: String , street : String ,
zip _code : String ,pers _id :Integer ,special _dish : String ,
category :Integer ,tourist _menuprice :Integer ]

Someaspect®f anODL  classdeclarationsuchas
key r _code intheRestaurant ODL classarenottranslatednto OLCD,
but will beusedin the semantidnformationintegration.

Union constructor. The union constructorof ODL s translatedusing the con-
struct of OLCD; for examplethe Address patternof gure 2.7is translated
in OLCD asfollows:

(ES.Address )= String
[city :String ,street : String ,zipcode : String

Optional constructor. Theconstruct is alsousedo translateoptionalattributesinto
OLCD. In fact,anoptionalattributeatt speci esthatavaluemay exist or not
for agiveninstance.This factis expressedn OLCD asthe union betweerthe
attributespeci cation(with its domain)andattributeunde nednessdenotedhy

operator: . ForexamplejntheFast _Food interface,
the optionalattributesaretranslatedasfollows:
(ES.Fast _Food) = [ name: String ,address : ES.Address |,
specialty , category : String ]

([ phone : Integer ] phone )
([ nearby :ES.Fast Food] nearby )
([ midprice :Integer ] midprice )
([ owner : ES.Owner ] owner )

Integrity constraint rules. An if thenintegrity constraintrule is integratedinto an

OLCD classdescriptionby usingthe , and constructs.For example,the
rule:
rule Rulel forall X in Restaurant

(X.category > 5) then X.tourist_menu_price > 100;
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is addedo theES.Restaurant  descriptionasfollows:

(ES.Restaurant )= [r_code : String ,name: String ,

street : String ,
zip _code : String ,pers _.id :Integer ,special _dish : String |,
category :Integer ,tourist _menuprice :Integer ]

category tourist _menu_price 100

Then,in ourframework, integrity constraintarestatementabouttheworld and
notaboutthe contentsof thedatabasasin Reiter's approactRei8§.

Intensional relationships. Are nottranslated.

Extensionalrelationships. An “isa” relationships 1sA  relatedo anExtensional
relationshipsandexpressedn ODL by therule:

rule Rule2 forall Xin Clthen X in C2

is integratedin the  classdescription,by usingthe construct:

Foreignkeys. A Foreignkey wherethe class containsa eld thatreferenceshe
class , is translatedntroducingone dummyattribute in both classego keep
trackof therelationship.

For suchforeignkey we introducein the de nition of  theattribute dummyl
of type ,andweintroducein theattributedummy2of type

Mapping Rules. Are nottranslated.

Join Map. Are nottranslated.

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
importantresourcdor researchein computationalinguistic, text analysis,andother
related elds.

In WordNetEnglishnouns verbs,andadjectivesareorganizednto synorym sets,each
representingneunderlyinglexical concept Differentrelationslink the synorym sets.
WordNetpresentlycontainsapproximately95,600differentword formsorganisednto
some70,100word meaningspr setsof synoryms(synsex.

Lexical semanticsbegins with a recognitionthat a word is a corventionalassocia-
tion betweenra lexicalizedconcept(the meaning)andanutterancegthe written or pro-
nouncedwvord) thatplaysa syntacticrole. Thisis a mary-to-mary associationassoci-
ationscanbedistinguishedn thefollowing properties:

Synonymy: propertyof ameaninghathastwo or morewordsthatexpresst. A group
of synorymsis called(in WordNet)synset Notethatfor eachmeaning/concept
existsoneandonly onesynset We will denoteasynsetas , and will denote
thesetof all synset

Polysemy: propertyof aword to have two or moremeanings.
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Sincethe word word is commonlyusedto refer both to the utteranceandto its asso-
ciatedconceptdiscussion®f this lexical associatiorarevulnerableto terminological
confusion.In orderto reduceambiguity thereforeword formwill be usedhereto re-
fer to the physicalutteranceor inscriptionandword meaningo referto thelexicalized
concepthataform canbeusedto express.

The correspondencbeetweenthe word form and the word meaningis given by the
Lexical Matrix , whereby columnstherearethe word form andby rows the word
meaning(onerow representa synset If thereis morethanoneentryin the same
column,theword form is polysemousif therearetwo entriesin the samerow, thetwo
word formsaresynoryms(relative to a context).

Every elementof the matrix is an entry de nition , where is the word
formand (meaning is the meaningcounter For example,(address , 2) refers
to the placewherea personor organisationcanbe found or communicatedvith, and
(address , 1) refersto acomputeraddress.

In thefollowing we will denoteaword formandthemeaningof ade nition
respectrely with and . An elementof the lexical matrix ~ canbe null or
unde ned

Sincea synsetis associatedvith a singleline of the , in the following we will
denote asrow index for . In otherwords,the not null elementsf the row

, representll andonly the elementof . In the sameway, sincea word form
is associatedo a singlecolumnor  in thefollowing we will usethe word form as
columnindex of

Semanticrelationshipsbetweenschematerms

In this subsectiorwe formally de ne whatwe meanby extracting Thesaurugelation
fromtheWbrdNetdatabase

Formalization of the WordNet database Let the list of termsin WordNetand
let thelist of synsein WordNet.

Thelexical Matrix =~ canbeexpresse@saset:

We expressthe setof possiblewordNetrelationshipbetweersynsetas:
S H o] C

Thelexical databaseanthenbeexpressedsa setof relationships:

Thetuple representsheinformationwe usefrom WordNet.

Formalization of the thesaurusrelationships Let thesetof elemenin aschema
to beintegrated.An element represents local classor alocal classattribute.

We de ne thesetof thesauruselations
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Our goalis to extractas muchas possiblecorrect relationshipshetweenelementsn
, thatis, we needto expressade nition formulaefor the set:

Extracting thesaurusrelationshipsfrom the WordNet database Our procesdor
extracting is thefollowing:

1. De nition of a mappingfunctionbetweertherelationshipof WordNetandthe
thesauruselationships:

Thede nition of thefunction is givenby thefollowing table:

Synonymy: correspond$o a SY N relation.
Hypernymy: correspondso aBT relation.
Olonymy: correspond$o a RT relation.

Correlation: correspond$o aRT relation.

The functionis independentrom theschemdao beintegrated.

2. De nition of a partial Annotationfunction .
The functionis strictly dependentfrom the schemao be integrated. This
functionmustbede ned by thedesigneiduringtheintegrationprocess.

3. Thesetof interestingthesauruselationships  derivedfrom WordNetis given

by:

Usecase

To beused,thealgorithmof thesauruselationshipextractionrequiresthe designeito
annotatethe sourceschema.This meanghatfor almost eachelementof the various
sourceghe designemustassociateo it a WordNetsynset.

Themethodwe proposeo annotatea schemalements in two phasesandconsistof:

1. choosingheword formof theelement By defaultthegivenutterances selected,
but, suchnameis notalwayscorrect.For example,considerthe attribute
FD.Fast _Food.midprice  the designermwill have to mapit into the word
formprice in orderto geta propermeaningfrom WordNet.

2. whentheword form hasbeenselectedthe designemustresohe theword Poly-
semy Thisis doneby choosingtheright synsetbetweerthe onesrelatedto the
selectedvord form.

Thehumancontributionis necessargincethe designerrelying on his experienceand
sourceknowledge,will choosewhichis theright word form andtheright meaningor
eachentity.

The annotationis the mostsensiblephaseof the integrationin the MOMIS  erviron-
ment,sincea goodannotationwill causethe extractionof goodrelationshipsandthis
will generateyoodclustersof similar conceptsn differentsources.

1Theattritutesto be annotatedreusuallythe onesthe designerconsidersigni cant.
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With annotationwe statethe associatiorbetweerelementsandWordNetsynsetsthis
allows usto transposeelationshipshetweensynseton the implied relationshipe-
tweenschemaelements.

2.2 Building the Common Thesaurus

To develop intelligent techniquesfor semanticintegration, inter-schemaknowledge
betweerinformationsourcesn theconsideredlomainhasto beidenti ed andproperly
representedFor this purposewe constructa CommonThesauruf intensionaland
extensionatelationshipsgescribingnterschema&nowledgeaboutODL  classesnd
attributesof sourceschemasThe CommonThesauruprovidesa referenceon which
to basethe identi cation of ODL classescandidateto integration and subsequent
derivationof their globalrepresentationin the CommonThesaurusywe expressinter-
schemaknowledgein form of relationships(syN, BT, NT, and RT) and extensional
relationshipgsyn , BT ,andNT ) betweerclassesnd/orattribute names.The
CommonThesauruss constructedhroughan incrementalprocessduring which the
following type of relationshipsareadded:

1. sthema-derivedelationships
2. lexicon-derivedrelationships
3. designersuppliedrelationships
4. inferredrelationships

Relationshipgpresentin the CommonThesaurusreusedby the subsequenphaseof

semantidnformationintegration(seesection2.3).

Thereare basicallytwo typesof relationshipsdiffering by strength: (1) intensional
relationshipsyhich arethewealesttype of relationshipsand(2) extensionakelation-
ships,which arethe strongertype of relationshipssincethey alsohave anextensional
impact.

The designemay at ary time “ strengtheri anintensionalrelationshipandpromoteit

to anextensionarelationship.The speci cationof anextensionarelationshipmplies
compatibilitybetweertherelatedelementsandenablesubsumptiortomputatior(i.e.,

inferred relationships)and consisteng check betweenthe elementsinvolved in the
relationship.

2.2.1 Schema-dernvedrelationships

In this stepterminologicaland extensionalrelationshipsat intra-schemdevel are ex-
tractedby analysingeachsourceschemalescriptionseparately

Herearevariouscasedor thedifferenttypesof sources.

Fromobjectsources

ODB-Tools[BBSV974d examinesthe giveninheritanceandaggreationhierar
chiesbetweerclassegandgeneratesespectiely NT andRT relationships.
NT andRT maybe explicit (directinheritancecomple attributes)or com-
putedby the subsumptiomlgorithm.

Fromrelationalsources

anRT relationshipis extractedfor eachforeignkey.
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aNT relationshipis extractedeachtime the foreignkey is alsoa key (pri-
maryor candidatepf theclass.

aSYN relationships extractedeachtime betweertwo classeshereexistsa
reciprocal relationshipof BT (orNT ).

Fromsemistructued sources
relationshipsareextractedapplyingtechniquegitedfor theobjectandrelational
sources.

Example1 Considerthe ED andFD sources.A subsebf intra-schemaelationships
automaticallyextractedarethefollowing:

ED.Fast_Food rt ED.Owner

sincethetype of theattribute ownerof ED.Fast Foodis Owner.
ED.Fast_Food rt ED.Address

sincethetypeof the attribute addressof ED.Fast Foodis Address
FD.Restaurant rt FD.Person

sinceexistsa foreignkey from Restauant to Person

FD.Restaurant bt FD.Bistro

sincethereis aforeignkey from Bistro to Restauantandsuchforeignkey is also

akey for Bistro.

FD.Bistro rt FD.Person
sincethereis aforeignkey from Bistro to Person
ED.Address rt ED.Owner

sincethetypeof theattribute addressof ED.Owneris Address

2.2.2 Lexicon-derivedrelationships

In this step,terminologicalandextensionakelationshipsxisting atinter-schemdevel

areextractedby analyzingODL schemasogether The extractionof theserelation-
shipsis baseduponthe lexical relationshipsexisting betweenclassesand attributes
namesgderiing from the meaningassociatedo the schemalements name(seesec-
tion 2.1.50n pagelb). It is the designerstaskto assigndescriptve/meaningfuhames
or, atleast,correctlyinterpretablenames.

Knowledgecarriedby schemaiamess oneof the mostimportantinformationwe can
rely in theintegrationprocess.To betterexploit suchknowledgefor extractingtermi-
nological relationship,WordNet[Mil95] lexical systemhasbeenused. This enables
our systemto extract a very high numberof thesauruselationships.lt is very hard
to carry out manuallytheserelationshipsvhenthe numberanddimensionof schema
grows. Relationshipsxtractedby WordNetarethenproposedo the the designeffor
validation(the designercandrop unwantedrelationships).

Example 2 ConsidetheEDandFDsourcesTherelationshipglerivedusingWordNet
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 Designersuppliedinter-schemarelationships

In this step,new relationshipsanbe addeddirectly by thedesignetto capturespeci ¢
domainknowledgeaboutthe sourceschemage.g. new synoryms).

This is a crucial operation,becauséahe new relationshipsareforcedto belongto the
CommonThesauruandarethususedto generatahe globalintegratedschema.This
meanghat,if a nonsens@r wrongrelationshipis inserted the subsequerintegration
processcan producea wrong global schema. The following Relationshipvalidation
sectionshavs how our systemhelpsthe designeiin detectingwrongrelationships.

Example 3 In ourexample thedesignesupplieghefollowing relationshipgor 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-Toolsis employedto validateintensionalrelationshipsetweenat-
tributesandextensionakelationshipdbetweerclasses.

Intensional relationshipsbetweenattrib utes

The validationof intensionalrelationshipetweenattributesis basedon the compat-
ibility of the domainsof the attributes. This way, valid andinvalid intensionalrela-
tionshipsaredistinguished.In particular let and betwo
attributescharacterizedby nameand domain. The following checksare executedon
intensionakelationshipgle ned on attributesin the CommonThesaurus:

SYN :therelationships markedasvalidif and areequivalent,or if
oneis a specializatiorof theother;
BT : therelationshipis markedasvalidif  containsor is equivalentto
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NT  : therelationshipis markedasvalid if  is containedn or is equiva-
lentto

Whenan attribute domain () is de ned usingthe union constructorasin the
Address example(seeFigure2.7 onpagel3),avalid relationshipis recognisedf at
leastonedomain () is compatiblewith ().

Extensionalrelationshipsbetweentwo classes

As an extensionalrelationshipbetweentwo classes and , thevalidationis per
formed checkingthe consisteng of a virtual schemadescribedn OLCD exploiting
ODB-Tools capabilities. The virtual schemais generatedy applyingcommonthe-
saurugelationshipgo theODL schemaExtensionatelationshipsaffectstheinher
itancehierarchieof the schema.

For example the extensionakelationship:
FD.Restaurant btExt FD.Bistro
statedby the designetis expressedn the FD.Bistro  classdescriptiornasfollows:
(FD.Bistro )= FD.Restaurant
[r_code : String ,type : String ,pers _.id : Integer ]
SincetheFD.Bistro  classdescriptionis consistenttherelationshipbetween
FD.Bistro andFD.Restaurant is validated.Ontheotherhand,the extensional
relationship
FD.Restaurant btExt ED.Fast Food
isrejectedsincetheclassdescription:  (ED.Fast _Food) = FD.Restaurant
is inconsisten(the attribute category  is de ned in boththe classedut on disjoint
domains).In the presencef integrity ruleslessintuitive incoherenciesnay arise. In
this casethe designemay chooseo maintainonly theterminologicalrelationship
ED.Restaurant bt FD.Fast Food
in theCommonThesaurus.

2.2.5 Checkingconsistencyand inferring newrelationships

In this step,inferencecapabilitiesof ODB-Toolsareexploitedto validatethecommon
thesauruselationshipsandto infer new relationshipsjn orderto setup a rich com-
mon thesaurugo supportthe identi cation of semanticallysimilar ODL  classesn
differentsourcesaswill be shovn in next section. In the running examplethere are
no inferred relations. To performthis taskit is necessaryo build a virtual schema
takingin accountall the commonthesauruselationshipsthento run ODB-Tools on
suchvirtual schema.ODB-Toolswill computeincoherentrelationshipsaandwill also
infer all relationshipsnvolvedby thevirtual schemathen,suchnew relationshipswill
beaddedo thecommonthesaurus.

2.2.6 Virtual schemacreation

Thevirtual schemaassedo ODB-Toolsdescriptioriogic engines describedn OLCD
(seesection2.1.40n pagel3) andis derivedfrom the schemaof the sourcesapplying
somemodi cationsimplied by the commonthesauruselationships.



22 MOMIS: The Theory

Generatinghe virtual schemawe exploit the ODB-Tools validationandinferenceca-
pabilitiesto discoserincoherencedueto thecommonthesauruselationshipsyalidate
relationshipdetweerattributeswith respecto domainmatchingandinfer all possible
relationshipinvolvedby the existentones.

SinceODB-Toolsis ableto discoser schemancoheencesduringthe virtual schema
generatiorwe transformthe extensionalrelationshipgthe strongestelationshiptype)
into structuraldeclarationsif ODB-Toolsdoesnot signalsary incoherencehis means
thatextensionakelationshipsarenot con icting.

Validation of the existing relationshipss possibleby de ning, in thevirtual schemaa
virtual classedor eachschemaelementnvolvedin arelation. ODB-Toolswill com-
puteall relationshipdetweersuchvirtual classedasedn relationshipsandschemata
informationandwill producea list of schemacompliantrelationships If anold rela-
tionshipappearsn thelist thenthisis markedasvalid. Relationshipshatarein thelist
but do not exist in the commonthesaurusreaddedasinferredrelationships

Thevariousrelationshipgypeswill producethefollowing modi cations:

ExtensionaSYN
suchrelationshipcausehe creationof adoubleinheritancethatis

is corvertedinto thefollowing two OLCD declarations

ExtensionaNT andBT

is corvertedinto thefollowing OLCD declaration:

IntensionalSYN

theideaisto nd setsof synonyntlassesandmake themhomaeneous

A setof synonynrlasseds givenby all the local classedirectly relatedby a

SYNrelationship.

To malke a setof synonynclasses‘homogeneousall classdescriptionarere-

de ned in orderto sharea commonde nition obtainedby the union of the def-

initions of all the synorym classes.To do that we needto de ne inheritance

attributesandrelatedclassegwhich arethe classesn RT relation).

Usingthenotationintroducedn section2.1.50n pagel6,

Let thesetof localclassesn theschema.

Let thesetof attributesof all local classe$n theschema.

Let thefunctionthatrelatesattributesandclasse®f the schema;
returnsthe classwhere is de ned asattribute.

Let thesetof commonthesauruselations.

Let asetof synonyntlasses

Thesetof inheritancesharecdby all theclasses$n theset, , canbecalculatedy

thefollowing iterative algorithm:
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1. let
2. let

3. let

4. if grewthengotopoint2
5. done.

Let thesetof attributessharedy all the classesn the set

Let the setof classeselatedto the classesn theset

Oncecalculatedthesets , and inthede nition of eachclass of theset
of synonyntlasses will besomethindike:

[

where

areattribute namefor attributesin
areattributetypefor attributesin
aredummyattributesname,and

IntensionalNT andBT

This is a casesimilar to the intensionalSYNrelationship.In this casewe have
to homayenizeaclass with theclasses from whichintensionallyit inherits.
We needto compute:

— Theset  of intensionakuperclasses.

— Theset of attributesthatrepresenthe union of attributeof andat-
tributesof theclassesn

— Theset of classeselatedto orrelatedto ary of theclassesn

Theset  canbecomputediy applyingthefollowing iterative algorithm:

1.
2. let

3. let

4. if grew thengoto point2
5. done.

Bothsets and canbecomputedisingthealgorithmdescribedbovefor the
caseof SYNrelationshipconsidering

terminolaical RT

For eachRT relationshipinvolving a given class andone otherclass , a
virtual complec attribute  oftype isaddedothede nition of in thevirtual
schema

Seesection3.4.1onpage53for how thisfeaturehasbeenimplementedn the MOMIS
prototype.
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2.3 Semanticinformation integration

In this section,we describethe informationintegrationprocesgo constructhe global
integratedview of ODL  sourceschemasTheproposegrocessllowssemi-automatic
identi cation of ODL classexandidateo integrationby meansof clusteringproce-
duresbasedon the conceptof af nity andon the relationshipknowledgein the Com-
mon Thesaurus.Moreover, the processsupportsa semi-automatedynthesisof each
selectedclusterinto an integratedglobal ODL  class,by handlingsemantichetero-
geneitythroughthede nition of suitablemappingrulesfor eachglobalclass.

2.3.1 Afnity of ODL classes

To integratethe ODL  classe®f the differentsourcesnto globalODL  classeswe
employ hierarchicalclusteringtechniquesasedon the conceptof af nity . This way,
weidentifyODL classeshatdescribéhesameor semanticallyelatednformationin
differentsourceschemasndgive a measuref thelevel of matchingof their structure.

This activity is performedwith the ARTEMIS tool ervironment. ARTEMIS hasbeen
concevedfor asemi-automatintegrationof heterogeneoustructurediatabasegCAV0Q].
In thecontext of MOMIS, the ARTEMIS af nity framework hasbeenextendedandap-
pliedto theanalyzisof ODL schemalescriptionsin thefollowing, we describethe
extensiongo the af nity-based clusteringto copewith objectpatternsandsemistruc-
tureddataintegration.ODL  classesreanalyzedandcomparedy meansof af nity
coefcients which allow usto determinethelevel of similarity betweerclassesn dif-
ferentsourceschemas.

In particular ARTEMIS evaluatesa Global Afnity coefcient asthe linear com-
bination of a NameAf nity coefcient anda Structual Af nity coefcient, respec-
tively. Af nity coefcients for ODL classesare evaluatedby exploiting termino-
logical relationshipsof the CommonThesaurus. To this end, a strength s as-
signedto eachtype of terminologicalrelationship in the CommonThesauruswith
SYN BT/NT rT- In the following, when necessarywe usenotation
to denotethe strengthof the terminologicalrelationship for terms and in the
Thesaurusfurthermorewe use gy . BT NT and Rt
An afnity function is de ned on top of the CommonThesaurudo evaluatethe
afnity of two terms.Theaf nity of twoterms and is equalto the highest-
strengthpath of terminologicalrelationshipsbetweenthem, if at leastone path ex-
ists, andis otherwisezero. Giventwo terms and anda path of terminological
relationshipsbetweenthem, the strengthof this pathis computedoy multiplying the
strengthsof all terminologicalrelationshipsinvolved in it. coincideswith
the strengthof the highest-strengtipath between and , denotedby , thatis,
. In thefollowing, we usethesymbol to denote
the factthat two termshave af nity in the CommonThesaurusLet and betwo
ODL classedelongingto sources and respectiely. Let usnow de ne how the
af nity coefcients arecomputed.

NameAf nity coef cient

The NameAf nity coefcient of two ODL classes and , denotedNA , IS
the measuref the af nity betweerntheirnames and , if this measurexceedsa
speci edthreshold(seeTable2.1).
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Table2.1: NameAf nity coefcient

| Coef cient | Value | Condition
NA if
0 if
Legend:

denotethenameof and |, respectiely.
is athresholdusedto selecthigh valuesof
coincideswith the strengthof the highest-strengtpathbetween and .

For ary pairs of classes, is equalto the strengthof
the path of termmologlcalrelatlonshlpsn the CommonThesaururiginating
the higheststrengthvalue, if this value exceedsa speci ed threshold (e.g.,

). In this case,the NameAf nity valueis proportionalto the length of the
pathandto thetype of relationshipsnvolvedin this path.In particular is
if only SYN relationshipsareinvolvedin apath. Otherwise, is zero.

Structural Af nity coef cient

The StructuralAf nity coefcient of two ODL classes and , denotedSA ,is
the measuref thelevel of matchingof and basedon attributerelationshipsn the
CommonThesaurugseeTable2.2).

Table2.2: StructuralAf nity coefcient

| Coef cient | Value | Condition |
SA if |
0 if |
Legend:
, Where and are
the setsof attributesin , respectiely
, controlfactorwhere standgor avalid

terminologicalrelationshipn the CommonThesaurus

The StructuralAf nity coefcient returnsa valuein the range proportionalto
the numberof attributesof the two classesvhosenameshave af nity in the Common
Thesauruste ned by acontrolfactor . In particulay  evaluateghe percentagef
attributeshaving af nity thathave a valid relationshipin the CommonThesaurugsee
stepValidationof relationshipsllustratedin Section2.2.4).

Thevalue indicatesthe absencef attributeswith af nity in the considerectlasses,
while thevalue indicateghatall attributesde nedin thetwo classehave af nity and

areconsideredalid. Thegreatethenumberof attributeswith af nity in theconsidered
classesandthe greaterthe numberof positive validity control results,the higherthe

valueof

In generalgiventwo classesanattributeof oneclassmayhave af nity with morethan
oneattribute of the otherclass.In the evaluationof the coefcient, we con-
siderthesemultiple af nities asasingleaf nity correspondendeetweeroneattribute
anda setof attributes. For the evaluationof StructuralAf nity , optional attributesof



26 MOMIS: The Theory

ODL classegepresentingbjectpatternsmustbe consideregroperly Depending
on which attributesaretaken into accountthe following optionsare possiblefor the
computatiorof the coefcient:

1. All attribute-based With this option, optional attributesaretreatedasthe other
onesandare alwaystaken into accountwhenevaluatingthe af nity of ODL
classeslescribingobjectpatterns.

2. Commorattribute-basedWith this option,optionalattributesarenot takeninto
accountwhenevaluatingthe af nity .

3. Threshold-basedwith this option,optionalattributesaretakeninto accountor
afnity evaluationonly if they arecommonto atleastacertainnumberof objects
(i.e.,athreshold)f theconsidereabjectpattern.

Thethird optionis dif cult to apply, sinceit requiressettingthe valueof a threshold,
which canbedependenbnthespeci c objectpatternor onthesource As for theother
two options,they have differentimplicationson the af nity valuesproduced.Givena
patternto becomparedthesecondptiongivesaf nity valueshigherthanthe rst one,
in presencef the samenumberof attribute pairswith af nity . In fact, fewer attributes
are consideredat the denominatorof the formula choosingoption 2). On the
otherhand,if mostattributesof anobjectpatternareoptional,thenoptionl) is better
for StructuralAf nity evaluation.Thechoicebetweerthe rst two optionsdepend®n
the speci ¢ applicationunderanalysis.In our example,we appliedboth optionsand
we discusbtainedvaluesin thefollowing, whenpresentingesultsof clustering.

Example4 Considerclasse€D.Owner andFD.Person . By applyingtheall attribute-

basedption,we havethatSA(ED.Owner,FD.Person )= — dueto the
following af nities:
ED.Owner.name  FD.Person.first -name,FD.Person.last _name .

Global Af nity coef cient

The Global Af nity coefcient of two ODL classes and , denoted ,is
themeasuref theiraf nity computedastheweightedsumof the NameandStructural
Af nity coefcients (seeTable2.3).

Table2.3: Global Af nity coefcient

Coef cient | Value Condition
in all cases
Legend:
and , with and , areintroduced

to assessherelevanceof eachcoefcient computingtheglobalaf nity value.

Weightsin allow the analystto differently stressthe impactof eachcoef-
cientin the evaluationof theglobalaf nity value.

Example5 The Global Af nity coefcient of ED.Owner andFD.Person is com-
putedasfollows: GA(ED.Owner ,FD.Person )= using
, sincewe considetbothaf nity coefcients 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 esclassesnto groupsat
differentlevels of af nity , forming atree[Eve74. The hierarchicalclusteringproce-
dureusesamatrix of rank where isthetotalnumberof ODL classego be
analysedAn entry of thematrix representtheaf nity coefcient
betweenclasses and . Clusteringis iterative andstartsby placingeachclassin
aclusterby itself. Then,at eachiteration,the two clustershaving the greatesaf nity
valuein arememged. s updatedat eachmeiging operationby deletingthe rows
andthecolumnscorrespondingo thememedclustersandby insertinganew row anda
new columnfor thenewly de nedcluster . Theafnity valuebetween andeach
remainingcluster in  is computed.The new valuebetween  andaremaining
cluster is setto themaximumaf nity valuebetweertheaf nity valuesthat and
hadwith in . Theprocedurderminatesvhenonly oneclusteris left andproduces
astheoutputatree,whereleavescorrespondo ODL classegndintermediatenodes
have anassociateaf nity valuecharacterizingheunderlyingleaves.

Initial Distance  matrix:
Elements: 18

e0 Interface [ED.Address]
el Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Bistro]

e4 Interface [FD.Brasserie]
e5 Interface [FD.Person]
e6 Interface [FD.Restaurant]

el5
el6
el7

[1.0 1.0 (08 [08 |
| | | | |
| | | | |

1.0

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]
ell [odli3.SimpleAttribute: ED.Owner.name type: string]
el2 [odli3.SimpleAttribute: FD.Brasserie.name type:  string]
el3 [odli3.SimpleAttribute: FD.Person.first_name type:  string]
el4 [odli3.SimpleAttribute: FD.Person.last_name type:  string]
el5 [odli3.SimpleAttribute: FD.Restaurant.name type:  string]
el6 [odli3.SimpleAttribute: FD.Restaurant.street type:  string]
el7 [odli3.SimpleAttribute: FD.Restaurant.tourist_menu_price type: signed long]
srcl e0 | el | e2 | e3 | e4 | e5 | e6 | e7 | eB | €9 [el0 [ell |el2 |el3 [eld |el5 [el6 [el7 |
€0 | [05 05 | | | | | | | | | | | | | | | |
el |05 | 05 | | | 08 | | | | | | | | | | | |
€2 |05 [05 | | | 0.8 | | | | | | | | | | | | |
e3 | | | | [0.5 |05 0.8 | | | | | | | | | | | |
e4 | | | 0.5 | | 0.8 | | | | | | | | | | | |
€5 | | 0.8 105 | | 05 | | | | | | | | | | | |
€6 | 0.8 | [0.8 |08 05 | | | | | | | | | | | | |
e7 | | | | | | | | | | | | | | | | 1.0 | |
e8 | | | | | | | | | | |10 | | | | | | | |
e9 | | | | | | | | | | | | | | | | | |10 |
el0 | | | | | | | | |10 | | | | | | | | | |
ell | | | | | | | | | | | | |10 08 0.8 |10 | | |
el2 | | | | | | | | | | | 10| |08 08 |10 | | |
els | | | | | | | | | | | [0.8 0.8 | 0.5 08 | | |
eld | | | | | | | | | | | [0.8 |08 0.5 | 0.8 | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |

1.0

Figure2.8: Initial af nity matrix for clustering

We canseea completeprocessof clusteringstartingfrom initial thesaurugelation-
shipsapplyingthe relationshipsveights(for SYN, NT, RT respectiely1, , )is

computedhelnitial af nity matrix (Figure2.8). In Figure2.9 shavnsthe correspond-
ing NamingAf nity Matrix, Figure2.10shavsthe StructuralAf nity Matrix, andlast

Figure2.11shavsthe Global Af nity Matrix

Figure 2.12 shows the af nity treeresultingfrom clustering(using  asthreshold
value)our setof ODL classesby usingthe all attribute-basednethod. Oncethe

af nity treehasbeenconstructedanimportantissueis relatedto the selectionof clus-
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Naming Affinty matrix:
Elements: 18

e0 Interface [ED.Address]
el 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]

€10 [odli3.SimpleAttribute: ED.Owner.address  type:  odli3.TypeToSolve@2b5267]

ell [odli3.SimpleAttribute: ED.Owner.name type: string]

el2 [odli3.SimpleAttribute: FD.Brasserie.name type:  string]

el3 [odli3.SimpleAttribute: FD.Person first_name type:  string]

el4 [odli3.SimpleAttribute: FD.Person.last_name type:  string]

el5 [odli3.SimpleAttribute: FD.Restaurant.name type:  string]

el6 [odli3.SimpleAttribute: FD.Restaurant.street type:  string]

el7 [odli3.SimpleAttribute: FD.Restaurant.tourist_menu_price type: signed long]
src| e0 | el | e2 | e3 | e4d | e5 | e6 | e7 | e8 | €9 [el0 [ell |el2 |el3 [el4 [el5 |el6 |el7 |
e0 | 0.5 0.5 ]0.32]|0.32/0.4 0.4 | | | | | | | | | | | |
el [05 | 0.5 ]0.64/0.64]|0.4 |08 | | | | | | | | | | | |
e2 [05 05 | 0.4 ]0.32/0.8 0.4 | | | | | | | | | | | |
e3 10.32|0.64/0.4 | 10.64/0.5 108 | | | | | | | | | | | |
e4 ]0.32]0.64/0.32|0.64| [0.4 |08 | | | | | | | | | | | |
e5 [0.4 (04 (08 [05 (0.4 | 105 | | | | | | | | | | | |
e6 [0.4 (08 (04 (08 [08 05 | | | | | | | | | | | | |
e7 | | | | | | | | | | | | | | | 10| |
e8 | | | | | | | | | | 110 | | | | | | | |
e9 | | | | | | | | | | | | | | | | | 10|
el0 | | | | | | | | 110 | | | | | | | | | |
ell | | | | | | | | | | | | |10 08 08 10 | | |
el2 | | | | | | | | | | | 110 | [08 108 |10 | | |
el3 | | | | | | | | | | | [08 0.8 | [0.64/0.8 | | |
el4 | | | | | | | | | | | [08 0.8 [0.64] 08 | | |
el5 | | | | | | | | | | | |10 1.0 08 (08 | | | |
el6 | | | | | | | 110 | | | | | | | | | | |
el7 | | | | | | | | | |10 | | | | | | I I |

Figure2.9: NamingAf nity Matrix for clustering

tersto be integratedfor the de nition of the global ODL  classeof the integrated
schema.Clustercomputationis interactive, basedon the numericalaf nity valuesin
the afnity tree. In particular ARTEMIS providesa threshold-basecthechanisnfor
clusterselection.The designeispeci esavaluefor athreshold andclusterscharac-
terisedby anaf nity valuegreaterthanor equalto areselectecandproposedo the
designer High valuesof thresholdwill generatesmall, highly homogeneouslusters.
By decreasing 'svalue,clusterscontainingmoreODL  classesanbe selectedsee
clustergenerateavith in gure 2.14).In thetool, thedefaultvalueof is set
to . Thisdefaultvaluecanbere ned dynamically onthebasisof thecharacteristics
of retrieved clustersandof the speci ¢ applicationunderanalysis.Onceclustershave
beenselectedODL classeshathave anextensionaterminologicalrelationshipwith
atleastoneclassin the clusterandnotyetincludedin it (if ary), areforcedto belong
to theclusteranyway, to de ne anintegratedglobalODL classthatis representatie
of all possiblesemanticallyrelatedsourceclasses.

The designercancon rm this threshold-basedlusterselectionmadeby the tool for
thesubsequerdynthesisactiity.

2.3.2 Synthesisinto an integrated schemadescription

Thegeneratiorof ODL  global classesout of selectectlustersis a synthesisactivity
performedinteractively by the designer Synthesisof clustersof ODL classege-
quirestakinginto accountsemanticheterogeneitywhich hasto be treatedproperlyto
comeup with anintegratedanduniform representatioat the globallevel. Let be
aselectectlusterin theaf nity treeand  theglobalODL classto be de ned for
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Structural Affinty matrix:
Elements: 6
e0 Interface [ED.Address]
el Interface [ED.Fast_Food]
e2 Interface [ED.Owner]
e3 Interface [FD.Brasserie]
e4 Interface [FD.Person]
e5 Interface [FD.Restaurant]

src-|] e0 | el | e2 | e3 | ed | e5 |
el | I I I I 0.08|
el | | |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,weassociatavith  asetof globalattributes correspondingo the unionof the
attributesof theclassedelongingto . Theattributeshaving a valid terminological
relationshipareuni ed into a uniqueglobal attributein . Theattribute uni cation

processs performedautomaticallyfor whatconcern;xamesaccordingo thefollowing

rules:

for attributesthathave a sy N relationshiponly onetermis selectedasthename
for thecorrespondingylobalattributein =~ ;

for attributesthathave a BT/NT relationshipanamewhichis a broadettermfor
all of themis selectedandassignedo the correspondingjlobalattributein

For example theattribute uni cation procesdor cluster  of gure 2.13on page32
(thatwill benamedin Food Place)automaticallyproduceghe following 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

Thedesignecanaddmappingrulesto properlysettheglobalclass.A globalclassalso
includesmappingrulesfor globalattributes.A mappingrule is de ned for eachglobal
attribute of  andspeci es:

Attribute correspondencem the cluster valuesof dependon the attributes
thathave beenuni ed into  duringthe constructiorof . Mappingrulesare
de nedto statefor which attributesof theODL  classesn the clusterunder
analysiscorrespondo . In specifyingmappingrulesfor global attributes,the
following correspondencesanbespeci ed:

1. And correspondencethis speci esthat a global attribute correspondso
the concatenationf two or moreattributesof a class
For example,by de ning a mappingrule for the global attribute name of
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Global Affinty matrix:

Elements: 7

e0 Interface [ED.Address]

el 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-l e0 | el | e2 | e3 | e4 | e5 | e6 |
el | [0.25]0.25|0.16|0.16|0.2 [0.24]
el |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: Global Af nity Matrix for clustering

, thedesignespeci esthata globalattributename correspondso both

first _nameandlast _name attributesof FD.Person class.By spec-
ifying the and correspondencbetweenfirst _name andlast _name
for the global attribute name, the designerstatesthat the valuesof both
first _nameandlast _name attributeshave to be consideredsvalues
of name whenclassFD.Person is considered.

. Or correspondencethis speci es that a global attribute correspondsat

mostto one of the attributesof a class . An or correspondence
is usefulwhenaglobalattributeis suitablefor two or morelocal attributes
of a source, dependingon the value of anotherocal attribute, called“tag
attribute”. For example, let us supposewe have a clusterdescribingan
automobile  global classandthat classesn the clusterhave price val-
uesfor carsin Italian Liras and US Dollars. Here,country is the tag
attribute. In this example, it is possibleto de ne an or correspondence
betweertheattributesltalian  _price andUSprice by declaringthe
following mappingrule:

attribute integer  price
mapping rule(S.car.ltalian_price union
S.car.US_price on Rulel),

rule Rulel { case of S.car.country:
“ltaly” . S.car.ltalian_price;
Tust . S.car.US_price; }

Default/nullvalues thesearepossiblyde ned for local attributescorresponding

to

, basedon the knowledge of the single local source,if is not applica-

ble in the consideredsource.For example,with referenceto , the mapping
rule de ned for the global attribute zone speci esthatthe objectsof the class
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
| +SIC:

| | tools.Distance: 0.5428571428571429
| | +src:

| | | Interface [ED.Owner]

| | +dst

| | | Interface [FD.Person]

(I

|  +dst:

| | tools.Distance: 0.4

| | +src:

| | | Interface [FD.Bistro]

| | +dst

| | | tools.Distance: 0.43125

| | | tsrc:

| | | | Interface [ED.Fast_Food]

| | | +dst

| | | | tools.Distance: 0.4454545454545455
| | | | +src

| | | | | |Interface [FD.Brasserie]

[ | | | +dst

| | | | | Interface [FD.Restaurant]
[

[

(I

I

Figure2.12: ClusterTreein clustering

andFD.Bistro  whereverin the USA.

For eachglobal ODL class , a persistenmappingtable storingall the mapping
informationis generated.

As anexample themappingtablefor theFood _Place classsetby themappingrules
of gure 2.15,isshovnin gure 2.16.

Themappingtablein gure 2.15describeshe Food Placeglobalclass.In the rst row
thereis thelist of local classesomposinghe globalclass.In the rst columnthereis
thelist of theglobal attributesof theglobalclass.Givenarow (theglobalattribute )
anda column(the local class ) the correspondingnappingtable cell describes
how combinethelocal attribute of  to computethevaluefor . The contentof the
cell ~meansasfollows:

a single name: meanssimple mapping,the local attribute is mappedasglobal
attributefor theinstanceof thelocal class.

NULL: thelocal classdoesnot export ary valuesfor the given global attribute.
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: Proposealusters

< ED.Owner ' C1
|
|

& 0.54™ FD.Person |

c2

Figure2.14: Exampleof af nity tree

anandbetweemamesthereis anand corrispondencéetweerattributes.

anor betweemamesthereis anor corrispondencédetweerattributes.
a stringbetweemuotationmarks:a constan{default) valueis associatedo this
globalattributesfor eachinstanceof thelocal class.

Integrity constraintrulescanalsobe speci edfor globalODL  classedo expressse-
manticrelationshipsxistingamongthedifferentsourcesSupposéehatin ourdomain,
a relationshipexists betweerthe cateyory andthe price of afood place. For example,
thefactthatall the food placeswith a "High' category have a price higherthen$ 100
canbeexpressedy thefollowing integrity constraintule in theglobalschema:

X in
="High'")

Rule2 forall
(X.category

rule Food_Place

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

BaseExtensiomandExtensionaHierarchy areusedoy MOMIS to optimizethe execu-

tion costof aquery

A baseaxtensiondatastructuredescribe$iow data(extensionsktoredn differentlocal
classe®verlap.For eachglobalclass a setof baseextensionds build which describes

how local classeslataoverlaps.

Theinformationrequiredfor building baseextensionss bothsuppliedby theintegra-
tion designerin the form of extensionalaxioms,andis extractedalsofrom the local

schemata.
In this sectionwe will usethefollowing termswith thesemeanings:

Instancerepresentsneof thedatastructureinstanceof ary local classes.

Objectrepresent®neobjectin the reality. For example,arestaurant , which
is an exampleof arealworld object. The object is describedn variousdata
sourcedik e the yellow pagesdatabaser the tax of ce databaseln both such

datasourceghereis atleastoneinstancethatrefersto thesame object

The main propertyof a BaseExtensionis that an objectalways belongsto a single
baseextension,which further groupsall local classescontainingthe instanceghat
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Food Place ED.FastFood | 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

referencesheobject.

Thesetof BaseExtensionspeci ¢ to eachglobalclassis thenorganizedn suchaway
to optimizeretrieving during global classquerying. An ExtensionalHierar chy is in-
tuitively a specialisatiorierarchyof basicextensionshasedntheattributescommon
to the variousbasicextensions.The ExtensionaHierarchyallows, giventhe attribute
setof a query to quickly retrieve the (minimal) setof basicextensionsto queryfor
obtainingthe correctqueryansweiwith the minimal cost.

Thealgorithmfor BaseExtensionandExtensionaHierarchycomputatiors described
in [SS99 startingfrom Extensionatelationshipgseesection?.1.3onpagell)thatwe
call alsoextensionabxioms

BaseExtensiomandExtensionaHierarchy areGlobal classspeci c. Eachglobalclass
hasits own BaseExtensiorandExtensionaHierarchy.

In the Masterghesig[Ven0(Q thetheoryrelatedto the BaseExtensionandExtensional
Hierarchyis describedn detail, moreoverit describediow suchtechniquesreimple-
mentedn theMOMIS prototype.

Using BaseExtensionand ExtensionalHierar chy

Hereis abrief descriptiorof how BaseExtensiorandExtensionaHierarchytechnique
areusedin queryexecutionoptimization.

Theexecutionplanis thefollowing:

genericqueriescontainingjoins aresplitin asetof basicqueries A basicquery
is aqueryonasingleglobalclass.

eachbasicqueryis split into local queriesto sendto the sourcewrappers.This
phaserelies on ExtensionalHierarchyand BaseExtensionin orderto quickly
choosdocal classinvolvedby the basicqueryandgeneratehelocal queries.
local queriesare executedandthe resultsare fused (usingjoin maps seesec-
tion 2.50n page35) to obtainthe basicqueryresultset.

lastthejoin betweerthe basicqueriesis computedn orderto obtainthe global
queryresultset.
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2.5 The Object Fusion problem: the Join Maps

The Object Fusionproblemfacesthe problemof how to identify entriesin different
local classegfromdifferentdatasources)that referto the samerealworld object

Thisis aproblemthatthequerymanayer shouldresole ateachqueryexecutionduring
the phaseof recompositiorof datacoming from the local classesaccordingto the
informationgivenby thedesigneduringintegrationphase.

Fusionensureshe correctness;ompletenesandminimality of theresponséut is not
easyto implement.Thefollowing pointsbasicallyexists:

themediatoris not ownerof the objectsstoredin local classedut only provides
a global view. This meanthat the mediatorcannotimposea way to identify

objectsin the differentsources. Eachsourcemay have its own techniquego

retrieve objects,suchaskeysfor relationalsourcesand OID for objectsources.
Usuallyinstancereferringthe samerealword objectareidenti ed with different
keys or OID, dependingn the sourcesuchobjectis stored.

it is necessaryo study and usetechniquedo uniquelyidentify a given object
acrosgylobalschemandlocal sources.

it is it is necessaryo supplyinformationto make suchtechniquesvork.

The MOMIS approacho objectfusionis basedon datastructurescalled Join Maps
Join Mapsareextensionarelationshipdbetweerlocal classeof thesameglobalclass;
thisfusionis performedon globalclasse®bjectfrom local classe®bjects.

Join Mapsarebasedon theimplicit assumptiorof the existenceof keys for the local
Interfaces.A singleJoinMap relationshipbetween(local) classes and expresses
how uniquelymapinstance®f andinstance®f specifyingsomethindike ajoin
predicate.This is possibleexpressinghe correspondencketweerthe keys attributes
of thetwo interfaces.

In MOMIS we facedthe problemof automaticallyextractingas muchimplied Join
Mapsaspossible andhow to managdusionbasedon semanticalljhomogeneouand
heterogeneouseys.

By exploiting information, suchas: extensionaltthesauruselationshipsterminologi-
cal thesauruselationshipsextensionalaxioms,mappingtable,andkeys (primaryand
candidate)of the local classesijt is possibleto computeautomaticallya numberof
possibleJoinMaps’. For example,we automaticallyextracta Join Map betweertwo
attributes and semanticallyhomogeneousyhen(1) the arerespectiely key for
two local classes and mappedn the sameglobal class,(2) exists a terminolog-
ical SYNrelationshipbetween and and(3) arebothmappedn the sameglobal
attribute.

Joinsbetweerocal classefiaving heterogeneouseysis possibleusinganappropriate
corversiontable Suchtableis importedin momisasary otherlocal classedrom a
sourceconnectedy awrapper

Referto thethesis[Fer0( for moredetailson fusionsolutionadoptedn the MOMIS
project.

2All JoinMapsautomaticalljcomputednustbevalidatedby the designer
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2.6 Relatedworks

Worksrelatedto theissuedliscussedh this paperarein theareaof semistructuredata
andheterogeneousformationintegration.

Heterogeneousnformation integration

In this area,mary projectsbasedon a mediatorarchitecturehave beendeveloped.
For example,the mediatorbasedT SIMMIS projectfCMH 94] follows a “structural’
approachand usesa self-describingmodel (OEM) to representheterogeneoudata
sourcesand patternmatchingtechniquego performa prede nedsetof queriesbased
onadquerytemplate.

The semanticknowledgeis effectively encodedn the MSL (Mediator Speci cation
Language)ulesenforcingsourceintegrationat the mediatorlevel. Althoughthe gen-
erality andconcisenessf OEM andMSL make this approactagoodcandidatdor the
integrationof widely heterogeneouandsemistructurednformationsourcesa major
drawbackin suchanapproachs thatdynamicallyaddingsourcess anexpensve task.
In fact,new TSIMMIS sourcesnust rst bewrappedandthemediatoruleshaveto be
rede nedto take into accountnen knowledgeandtheir MSL de nitions recompiled.
The administratorof the systemmust gure out whetherand how the new sources
have to be assimilatedn the mediator In our case this informationis automatically
discoveredby meanf clustering.

MOMIS is basedn a mediatorarchitectureandfollows the ‘semantiapproach'.Fol-
lowing the classi cationof integrationsystemsproposedy Hull [Hul97], MOMIS is
in theline of the“virtual approach’andis in thecategory of “read-onlyviews”; thatis,
it is a systemwhosetaskis to supportanintegrated,read-only view of datastoredin
multiple sourcesThemostsimilar projectsareGARLIC, SIMS[AKH96], Information
Manifold [LRO9€ andInfomaste[{GKD97].

The GARLIC project[CHS 94] builds up on a complex wrapperarchitectureo de-
scribethe local sourceswith an OO languagg(GDL), andon the de nition of Garlic
Complex Objectsto manuallyunify thelocal sourcego de ne aglobalschema.
TheSIMS projectfAKH96] proposeso createaglobalschemale nition by exploiting
the useof DescriptionLogics (i.e., the LOOM language)or describinginformation
sourcesTheuseof aglobalschemallowsbothGARLIC andSIMS projectsto support
every possibleuserquerieson the schemansteadof a prede nedsubsebf them.

InformationManifold systen[LRO96, astheMOMIS project,providesasourceinde-
pendentandqueryindependenmediator Theinput schemaof InformationManifold
is a setof descriptionof the sources Givena query, the systemwill createa planfor
answeringhequeryusingtheunderlyingsourcedescriptionsAlgorithmsto decidethe
usefulinformationsourcesandto generateéhe queryplanhave beenimplementedThe
integratedschemas de ned mainly manuallyby thedesignerwhile in our approactit
is tool-supported.

Infomaste{GKD97] providesintegratedaccesgo multiple distributedheterogeneous
informationsourcegyiving theillusion of a centralizedhomogeneousformationsys-
tem. It is basedn aglobalschemagcompletelymodeledby theuser andacoresystem
that dynamicallydeterminesan ef cient plan to answerthe users queriesby using
translatiorrulesto harmoniseossibleheterogeneitieacrosghe sources.

An approachhasedon DescriptionLogics andontologiesis takenin the OBSER/ER
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systemto supportsemanticinteroperationand formulation of rich queriesover dis-

tributedinformationrepositoriesvheredifferentvocalulariesareusedMKSI196]. Here
theideais thateachrepositoryhasits own ontology Inter-ontologyrelationshipsare

speci edin adeclaratve way (usingDescriptionLogics)in aninter-ontologymanager
moduleto handlevocahulary heterogeneitiebetweerontologiesof differentinforma-

tion repositoriedor queryprocessing.In this respectour CommonThesaurugplays

a similar role in that we specifyinter-sourceterminologicalrelationships.The focus

hereis moreonrepresentationof inter-ontologyrelationshipgo solve vocahulary prob-

lemsat the intensionalandextensionalevel for queryprocessingatherthanon using

theserelationshipgor deriving anintegratedvirtual view of theunderlyinginformation

sourcesMoreover, in our approachye try to extractasmuchinformationaspossible
from sourcedescriptionsandfrom WordNetandwe shown how thisinformationcanbe

usedfor af nity evaluationandintegrationpurposes.

The analysisdiscovery, andrepresentationf inter-schemgoropertiess anothercrit-

ical aspectof the integration processand researchproposalshave appearedn this

topic. In [PSU984, semi-automatitechniquedor discoseringsynoryms,homoryms

and objectinclusionrelationshipsfrom databaseschemasare describedand a semi-
automatialgorithmfor integratingandabstractinglatabasechemess presente¢h [PSU98H.
It is worth noticingthatthe designof systemdor informationgatheringfrom multiple
sourcess alsoaddresseih Arti cial Intelligencethroughmulti-agensystemgLHK 98],
concentratingnainly on high level tasks(e.g.,0-operationplanning,belief revision)
relatedto the extractionprocesgDra97.

Object fusion

In this sectionwewill brie y discusselatedworkson Objectfusionproblem.

An interestingwork on ObjectFusionproblempresentn literatureis [HST99 where
a classi cation of heterogeneityn schemaintegrationis presented.An architecture
for schemamappingis alsoincluded.ObjectFusionis solved by powerful rulesstated
by the BRIITY mappinglanguageableto expressconversionfunctionandSQL wheie
clauses.

One otherinterestingapproachto the Object Fusionis the one implementedn the
TSIMMIS mediatorsystem[PAGM96, ea93. In TSIMMIS it is assumedninimal
knowledgeof the structureandcontentsof the sourcesandhave beendevelopedopti-
misationtechniquedor dataaccesgo the fusedobjects. To represensuchdata,they
usea schema-les®bject-orientednodel,called ObjectExchangeModel (OEM). The
approachto objectfusion is basedon semanticobjectidenti ers speci ed by a setof
declaratve, logic rules. Eachrule mapsobjectsat a sourcethat pertainto someiden-
ti able realworld entity, into a virtual objectat the mediator The virtual objectis
assigneda semanticallymeaningfulobjectidenti er. Mediator objectsthat have the
sameobject-idarethenfusedtogether

Semistructured data

The issueof modellingsemistructurediatahasbeeninvestigatedn the recentlitera-
ture. In particular a surwey of problemsconcerningsemistructuredlatamodellingand
queryingis presentedn [Bun97]. Two similar modelsfor semistructurediatahave
beenproposedBDHS96,PGMW95, basedn rooted labelledgraphwith the objects
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asnodesandlabelson edges.Accordingto the modelpresentedn [BDHS96], infor-
mationresidesatlabelsonly, while accordingo the“Object ExchangeMiodel” (OEM)
proposedy Papalonstantinotet. al. in [PGMW295, informationalsoresidesatnodes.

Very similar proposaldor modelingsemi-structuredlatacomefrom the Arti cial In-
telligencearea CGL98], wherein analogywith our approacha DescriptionLogic is
adopted.Theissueof addingstructureto semistructurediata,which is moredirectly
concernedvith our conceptof objectpattern,hasalsobeeninvestigated.In particu-
lar, in [GW97], the notion of dataguide hasbeenproposedasa “loose descriptionof
the structureof the data” actuallystoredin aninformationsource.A proposato infer
structurein semistructuredatahasbeenpresentedh [NAM98], wheretheauthorsuse
agraph-basedatamodelderivedfrom [BDHS96 PGMW95.

In [Bun97), a new notion of a graphschemaappropriatefor rooted,labelledgraph
databaselasbeenproposedThemainusage®f thestructureextractedrom asemistruc-
turedsourcehave beenpresentedor queryoptimization.In fact,theexistenceof apath
in the structuresimpli es queryevaluationby limiting the queryonly to datathatare
relevant. In this paper we are more concernedwith usageof the structurein form
of objectpatterngo supportthe integrationof semistructuregourceswith structured
databasedMorerecently XML [Bos97 hasemegedin theframeavork of information
representatioover the Web allowing the designetto explicitly point out the semantic
role of datawithin a source. Here, the notion of DocumentType De nition (DTD)
is introducedto modelthe structureof a setof documents.DTDs play a role similar
to our objectpatternsandcanbe directly usedto derive the ODL  descriptionof the
informationassociateavith them.

Original contributions of MOMIS w.r.t. previousworks

The original contribution of the work presentedn this chapteris relatedto the avail-
ability of asetof techniquegor the designetto facecommonproblemsthatarisewhen
integratingpre-&isting informationsource containingboth semistructureéndstruc-
tureddata.

Theideaof combiningreasoningapabilitiesof DescriptionLogicswith af nity-based
clusteringtechniquess new andallows boththe validationof the inter-sourceknowl-
edgeusedfor theintegrationandtheidenti cation of candidateso integrationin away
automatecismuchaspossible.

The interactive exploitation of WordNetfrom within our tools combinedwith subse-
guentaf nity analysids alsoanovel capabilityfor anintegrationtool. In this way, we
cantake into accountandinteractively revise semantidknowledgerelatedto themean-
ing of namesin the consideredsourcedescription,aswell asthe structureof classes
in sourceschemadescriptionsand their level of matchingto comeup with asmuch
informationaspossiblefor the extractionof globalintegratedclasses.
Furthermorewe provide the capabilityof explicitly introducingmary kindsof knowl-
edgesuchas: integrity constraintsextensionalrelationshipsandto checkthe global
consisteng of implicit anddesigneiprovidedknowledge.

2.7 OLCD : Inter pretationsand databaseinstances

We assumehe union of the integers,the strings,the booleansandtherealsasthe set
of basevalues To build comple values we furtherassume countable 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;

I3

interface Owner ( source semistructured ED )

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

Figure2.17: ExamplesourceEating. Source(ED)

from , of objectidenti ers (denotecby ). Theset of all valuesover
is de ned asthe smallestsetcontaining and , suchthat, if arevalues,
thenthe set is a value,anda partial function isa
value. Thefunction istheusualtuple value;the standardchotation
will be henceforthused. Let be the equality inequality and total
orderrelations,denotedby , de ned asusualon . Equality andinequalitycanbe
extendedfrom toall : theequalityoperator( ) hasthe meaningof identity, i.e.,
two objectsareequalif they have the sameidenti er, two setsareequaliff they have
equalelementstwo tuples,say , are
equalif they have the sameattributesand equalattribute labelsare mappedto equal
values. Objectidenti ers are assignedvaluesby a total valuefunction from to
. Let  denotethe setof all paths. Givena setof objectidentiers andavalue
function |, let afunctionde ned asfollows:

emptypath:

singleelementpath:

multiple elementpath: . .
where is thesymbolof functioncomposition.
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Noticethat,for all , isunde nedonsetvalues.Let beavalueand beapath.
By we meanthe uniquevalue (whenit exists) reachablédrom following

, thatis the value of the partial function in . Let be the ( x ed) standard
interpretationfunction from to . For a given objectassignment, eachtype
expression is mappedo asetof valueg(its interpretation) An interpretationfunction
isafunction from to satisfyingthefollowing equations:

= dom
Note thatthe interpretationof tuplesimplies an openworld semanticdor tuple types
similar to the oneadoptedby Cardelli[Car84, andthat selectobjectswhich do
nothavethepath .
It shouldbenotedthananinterpretatiordoesnotnecessarilymply thattheextensionof
anamedtypeis identicalto the type descriptionassociateavith thetype namevia the
schema . Forthispurposewe haveto furtherconstrairtheinterpretatiorfunction: An
interpretatiorfunction is alegal instanceof aschema iff theset is nite, andfor
if dom
if dom
we seethattheinterpretatiorof a primitive type nameis includedin theinterpretation
of its descriptionwhile theinterpretatiorof avirtual typeis theinterpretatiorof its de-
scription.In otherwords,theinterpretatiorof a primitive typenamehasto be provided
by theuser accordingo the givendescriptionwhile theinterpretatiorof avirtual type
nameis dravn from its de nition andfrom theinterpretatiorof primitive type names,
thuscorrespondindo a view in databaseontet. Givenatype of aschema , we
saythat isconsistenif andonly if thereis alegalinstance of suchthat
Giventwotypes , ofaschema ,wesaythat subsumes iff
for all legalinstances of

all Fromthe above de nition,
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interface
( source

Restaurant
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;
I3
interface Person
( source relational FD
key (pers_id)
) |
attribute integer  pers_id;
attribute string first_name;
attribute string last_name;
attribute integer  qualification;
b
interface Bistro
( source relational FD
key (r_code)
foreign_key (r_code) references Restaurant
foreign_key (pers_id) references Person
i
attribute string r_code;
attribute set<string> type;
attribute integer pers_id;
I3
interface Brasserie
( source relational FD
key (b_code)
i
attribute string b _code;
attribute string name;
attribute string address;
I3

Figure2.18: ExamplesourceFood Guide Source(FD)
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Chapter 3

The MOMIS Prototype:
Ar chitecture and
Implementation

The MOMIS prototypeis a software of about100 thousanddines of Java codeand
was(andwill be)developedby severalpeople.To developa coherensystemyeusing
codeas muchaspossible,we neededa effective and cleanarchitectureand a set of
smalltools (like make les or startscript)to managehe system.

In this chapteytheMOMIS architecturehe softwareorganizatioraredescribed.
During my Ph.D. studiesl setup mostof the architecturedescribedn this chapter
bothsoftware(organizatiorof softwaredevelopmentirectoriesandtools)andorgani-
zational(awebsite for the developmentcoordination).

3.1 Intr oduction

TheMOMIS systemis designedor schemantegration. Figure3.1shavsthearchitec-
ture of the systemin termsof functionalmodules.The systemis composedy several
objectthatcommunicatesisingthe CORBA [Grog standard.

Theobjectare:

Wrappers Eachdatasourcgrelational,object, XML, ...) mustbepresenteto MOMIS
in astandardvay, andthisis whatthewrappersio. Eachobjectrepresentadata
structure(seesection3.5for adetaileddescription).

Sl-Designer Sl-Designeiis the GUI (GraphicUserInterface)for theMOMIS Global
SchemaBuilder. Its goalis to lead designerfrom the schematacquisitionof
sourcego the tuning of the mappingtablethroughthe variousstepsof the inte-
gration. This is the client objectthat usesothersener objects(seechapterd for
adetaileddescription).

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

WordNet This is the sener whoseobject providesthe accesso the WordNet, and
thatis ableto extractlexicon derivedintensionafelationshipsetweerattributes
andclassesexploiting thelexical relationshipsontainedn theWordNetlexical
system(seesection3.6for a detaileddescription).

ODB-Tools This objectprovidesaccesgo the ODB-Tools prototype.ODB-Tool is a
framework for object-orientedlatabas¢ OODB) schemavalidation,preserving
taxonomycoherencend performingtaxonomicinference,and semanticquery
optimization(seesection3.7 for a detaileddescription).

Global SchemaA Global Schemaobject containsall information for queryingthe
resultingglobal schemaby a queryiesmanageobject. Suchobjectis produced
by the SI-DesignerGUI and containsthe sourcesschematathe thesaurusand
the mappingtable(seesection3.8for a detaileddescription).

Query Manager A GlobalSchemabjectusesnformationproducedduringtheinte-
grationstepsto querya globalschemalt is ableto divide a queryonthe global
scheman a setof queryfor the local sourcesandto memge results(for further
informationseethe Silvia Zanni'sthesisZan0( in Italian).

This chapterdescribeanoduleimplementationand all the organizationalinfrastruc-
turesto supportthe softwaredevelopment.

3.2 Overview of organizational infrastructur es

In developingthe MOMIS protypewe hadto spreaddevelopmentwork betweersev-
eraldevelopersassigningo eachpersontheresponsibilityof a partof the prototype.
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To coordinatehe developmenteamwe periodicallyhave groupmeetingsandsetup a

developmentprivate(passverd protected)veb site andonemailing list.

The developmentsite is the of cial mediafor group communication. All meetings,
news andchoicesarereportedthroughthesite.

Eachgroupmembercan modify both the sourcecodedirectoryandthe development
sitedirectory hastheresponsibilityto developpartof theMOMIS softwareandmain-

tain updatedhe correspondinglocumentationSuchdocumentatioris relatedbothto

theoreticalaspectandimplementatiorarchitecturechoices.

It is mandatoryfor eachgroup memberto presenthis work at meetingsusing docu-
mentswritten in HTML storedon the developmentweb site. This guaranteethatthe
developmentsite contentis constantlyupdated.

Otherinformationpresenbnthe coordinatiorsiteincludes:

Thegroupagenda documenthatcontainsa synthesiof all groupmeetings.
Theto-dodocumentcontainingconstantlyupdateduturework dividedby The-
oretical aspectsProductre-engineering@andimplementatioraspects

The corventionsdocument describingguidelinesand standardsharedby the
groupmembers.

Thehow-todocumenta few practicalhow-to to solve mostcommonproblems.
Theknowbugsdocument

Nowadayswve have a 10 Megabytesof on-linehandmadedocumentatioron modules.

Moreover, other servicesprovided throughthe developmentsite are the accesgo all
manualgsuchasCORBA speci cation,andJava AP| andtutorial) andMOMIS pro-
totypesourcecodedocumentatiomeneratedby javadoc(roughly 7 Megabytes).

We foundmeetingsmailing list anddevelopmentwebsitevery usefultoolsfor knowl-
edgesharingandcoordination.

3.3 Overview of software organization

Softwaredevelopmentdirectoriesaredividedin differentpackagesthis allows several
peopleto work togetheron the prototypedevelopment.The developmentdocumenta-
tionis acollectionof HTML pagesvherethe documentatiostructures clonedby the
softwarestructure.

Eachdevelopmentmemberis responsibldor its assignegrojectmoduleandshould
maintainalignedboth softwareanddocumentation.

Following a macio distinction betweenthe MOMIS prototype,componentsan be
dividedinto thefollowing directories:

sharedcomponent€ontainscode(libraries)thatis sharedy all MOMIS mod-
uleslikethepackagendli3 ,theparserfor ODL andseveraltoolsclasses.

serverContaingheimplementatiorof CORBA senerobjects,mainmomisser
vantandfactoryobjects.Thesearethe maininterfacefor accessinghe MOMIS

distributedintegrationservices Basicallyit containsthe implementatiorfor the
MomisFactory, the Global Shemaandthe QueryManager seners.

modulesEvery codethatis notaseneror asharedibrary, every applicationthat
is relatedor developedfor the MOMIS projectis storedin this directory
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Before examining the contentof eachone of the cited directories,let me say a few
words on the other servicedirectoriesand les presentin the root directory of the
MOMIS prototype.

Prototype dir ectoriesstructur e

applicationscontainsall demonstation applicationdevelopedfor or usingthe
MOMIS prototype.

declamationsIDLContainghelDL CORBA declaratiorfor alltheMOMIS CORBA
interfaces.

doc containssourcecode documentatiorproducedby JavaDoc for the whole
MOMIS prototypecode.

lib containslava librariesusedby severalmodules.lt containsfor example,the
librariesfor XML parsingandmanagement.

utilities containamiscellaneousavatools.

var containdog andPid (Processdenti er) les for therunningMOMIS sener
objects(suchaswrappersor WordNetinterface).

bat containsall scriptto startthe MOMIS prototypeon MS Windows systems.

Important les

Oset\drs Script (for both csh andbash ) for settingenvironmentvariablefor
theMOMIS prototype.

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

startMomisis a bashscriptto startandstop

General corventions for directories In the important directory there are special
proposal les or directorieswith thefollowing functions:

Onote.txt : le usedto adddevelopmentnotesand documentatiorfor the
currentdir. Usually containsa brief descriptionof whatthe directorycontains,
instructionsfor usingthe softwareimplementedn thedirectory anda (optional)
le by le descriptionof thedirectorycontent.

| wrotea smallperl programcalledldir , to helpto manageheOnote.te le.

Makefile : this le describeshow to do the following actions: compilethe
code containedin the currentdirectory from sourcecode, cleanthe directory
from compiledclassesandall uselessles generatediuring development,and

generatéhedocumentatiorior thecodecontainedn the currentdirectoryin the
directorydoc

doc : thisdir containghe documentatiomeneratedrom the sourcecode.

Therestof this sectionwill be devotedto the mostimportantdirectoriesand les.

The starting script startMomis

As shovnin Figure3.2,thescriptstartMomis  in themomisprototypedevelopment
maindirectoryis ableto startor stopall MOMIS servicesor to startor stopthe single
servicejncludingthe mostcommonlyusedwrappers.
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Start or stop MOMIS components
sintax: JIstartMomis (start|stop) [option]

where “option" are:

n name server

m MOMIS factory  server

o ODB-Tools

w CORBA_WordNet

wdl Wrapper dummy Univers
wd2 Wrapper dummy University

Example:
to start ODB-Tools use:
JstartMomis start o

TO START THE WHOLEMOMIS:
JIstartMomis start

TO STOP THE WHOLEMOMIS:
JIstartMomis stop

Figure3.2: Thehintsfrom thestartMomis  script

This script maintainsthe processnumberandthe log le for eachmanagedsener
objectgeneratingles with extensionsrespectiely .pid and.log in the directory
var , the le namewithout extensionidenti es the server

Thepid le is createdeachtime a sener is startedandis removedwhenthe seneris
stoppedandcontainsthe Pid to kill to stopthe sener.
Starting MOMIS under Windows

We broughtthe MOMIS prototypeon the MS Windows platform. We did not have to
recompileasingle le, butwe hadto write a setof scriptsto startsenersin Windows.

Suchscriptsarethefollowing:

setVars.bat called from the other scripts, setsthe commonernvironment

variables

OstartMomis_naming.bat Startsnamingsener
1startMomis_services.bat StartsbasicMomis servicesMomisFactory
andWordNetSerer

SiDesigner.bat Starta new sessiorof Sl-Designer

The con guration le momis.conf

In gure 3.3the momis.conf le currentlyusedis shovn. With this le we can
specify several con guration parametersuchasthe CORBA namingsener address,
thesenertime out period,whereto write temporaryles andwherearelocatedODB-

Toolscommandsn the system.

The modules componentdir ectory

This directorycontainshe modulesusedby the MOMIS prototypesuchas:
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Configuration file  for the MOMIS prototype

H* o H R

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_odITrasl=/export/home/progetti.comuni/Momis/ prototyp e/module s\
/ODBTools/_sorgentiC/odbtools/odI_trasl

#

odbt_olcdDesigner=/export/home/progetti.comuni/Mo mis/prot  otype\
/modules/ODBTools/_sorgentiC/odbtools/ocdl-designer

odbt_odbgo=/export/home/progetti.comuni/Momis/pro totype/m odules\
/ODBTOools/_sorgentiC/odbtools/odbgo

#

# Global Schema parameters

#

#

# mext: Momis Extensional knowledge management
mext_namingName=mextServer

Figure3.3: MOMIS maincon guration le momis.conf

ODBTools Thismoduleimplementsa CORBA interfaceof theDescriptionog-
ics basedObjectSchemabptimizationtool.

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

WordNet Implementatiorof the CORBA interfacefor the WordNetontology
Thesenerdirectly accessethe databasdes of WordNetandimplementsThe-
saurusrelationsextractioncapabilities.

wrapperAccess Thisis aMOMIS Wrapperfor MS Access.

wrapperClient MOMIS simpleMOMIS Wrapperclient. Allows accesgo
all wrapperdunctionalitiesthrougha commandine text interface.
wrapperDummy MOMIS Wrapperfor les, theonly actionis to returnasde-
scriptionthe contentof a given le

wrapperJDBC MOMIS Wrapperfor JDBC datasources

wrapperXMLg MOMIS Wrapperfor XML documents.
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3.4 Theshared componentdirectory

This directorycontainsall java codesharedy all senersandMOMIS modules.This
directorymustbeincludedin the CLASSPATHo runalmostall MOMIS tools.

This directorycontainghefollowing les:

Parser.java generatedrom odli3.y by byacc/j[Jan], is the parserfor
the ODL language. Froman ODL streamit generatesn memoryobject
representationsingtheclasse®f theodli3 package.

GSStatus.java  nowadayss a serializableobjectthat storesall java objects
producedduringthe MOMIS integrationphaseusingSI-Designer

GlobalSchemaProxy.java thisclasssuppliedacilitiesto accessserialize,
saseandloadaGSStatus objectincludingthecommunicatiomwith GlobalSchema
CORBA objects.

Thisdirectorycontaingackageghatimplementlasa StubsaandSleletonfor the CORBA
interfacesgeneratedusingidlj commandstarting from the IDL de nition in the
declarationsIDL directory

In addiction thefollowing fundamentapackagesreimplemented:

odli3 Containsclassedo manageheODL language

globalshhemaContainsclassedo managentegration stepslike mappingtable
or join maps.

tools Containsseveral classeghatimplementsusefulfeaturedik e the manage-
mentof timeout or reada con guration le.

For furtherinformationaboutclassesndimplementatiorseethedocumentatiogener
atedbyjavadoc it canberequestromthewebmasteoftheMOMIS website[Grob)].

3.4.1 TheODL classesandthe Parser

During my thesisl modi ed the parserandsomedatastructurein theODL  package
createdby Alberto Zanoli (see[Zan99).

This packagecontainsall datastructuresisedfor thelocal classeslescription.

Figure 3.4 shawvns the list of the classedn the odli3 packagepreservingordered
to shaw the inheritancehierarchy For example,it containsJava classeshatdescribe
typeswhereodli3. Type istheancestoclassandodli3.StructType is aleaf

classthatinheritsfrom odli3.ConstrType andthenfrom odli3.Type

Major changes madeto the packagearedescribedn thefollowing subsections.

Intr oduction of MomisObject

All theobjectsof thepackagendl|i3 inheritfrom theMomisObject . Thiswasdone
to eventuallyaddfeaturessharedoy all odli3 object.

This featureis usedby the SI-Designerto save the statusof its componentmodules.
Eachcomponenmoduleof Sl-Designeisavesa singleobjectin the additionalinfo of

the currentschemaisingaskey anamewhatis 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 odli3.0dIException

Figure3.4: Hierarchytreeof theclasse®f theodli3 package
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When the schemathat containsthe whole integration statusobjectis serializedand
saved, the statusobjectsof the componenmodulesaresavedtoo.

Intr oduction of TypeContainer

Toallow anestede nition, we needed uniformwayto storetypes.Now thedatatype
containergIntBody, Interface,Module, SchemaSource)inheritedtypesmanagement
facilities from this object. In addiction,this enablesa way to resole typesidenti ed
by identi er in a post-processinghase.

Typesmanagedy this objectare: constantstypesde ned throughtypedef,enums,
interfaces,modules,rules, structs,thesaurugelations,typesto be solved in a post
processingphaseandunions.

Eachcontaineralso knows his parent,andthis allows the inheriteddatatypesto be
found.

Methodsde ned for eachdatatype by this Object,for example for the structtypeare:

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

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

The searchmethodgetStruct ~ performsthe recursve searchback from parentto
parentup to the top elementof the schematree. Similar methodsarede ned for the
otherkindsof datamanagedy the TypeContainer  objects.

Typesname post parsing resolution

TheParser hasbeenmodi ed to acceptrecursve de nitions andODL modules

During parsingall typesreferencedy identi er (not basictypes)or foreignkeys are
usedwithoutary controlof existencebecausehede nition couldbeafterthatpoint of
elaborationTheseaypesareaccepteédsTypeToSolve andfor eachTypeContainer
thereis traceof all suchTypeToSolve

In postparsingprocessingall referenceteavedto beresolvedmustbechecledandre-
solved. Thisprocesss performedoy two methodgle nedin theclassTypeContainer

solveUnsolvedForeignKeys : This methodtriesto solve unsohedrefer
encesfor: ForeignKeys, Keylist and Thesauruselations. It alsoveri es that
thereare no duplicatedThesauruselations. If ary references not correct,an
exceptionOdIException  is thrown.

solveUnsolved : Triesto solve typesde ned by typedef,for eachinterfaces
an attribute list is built since(becauseof the union clause)the samenameof
attribute couldbe associatedvith differentattributes(differingin type).

Sincetypescanbede ned in schemainterfacesandmodulestheseprocedures
arerecursve throughthe objecttreethatdescribeshe ODL  schema.

Typesolvedare:Interfacestypesde ned by TypeDefandExtRule.

Theseare recursvely solved in the following sub-type-containerinterfaces,
Modules,IntBody.
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toOdl implementation

Thisfeatureexportsthe contentof theodli3 classesntoaODL format.

Thisfeaturehasbeenimplementedle ning thetoOdl methodfor eachodli3  class.
Callingsuchmethodonthe(toplevel) Schemaobjectwill produceheODL descrip-
tion of theschemandof all its sub-componentike typedef sinterfacesattributes,
const,etc.recursiely callingthetoOdl methodfor eachsub-components.
TheproducedODL codewill re ect thein memorydatastructurewhereareallowed
nestednodulede nitions.

toOlcd implementation

This featuresexportsthe contentof the odli3  classesnto a olcd formatreadyto be
usedby ODB-Tool for schemavalidation.

Olcd is the input dataformatrecognizedoy ODB-Tools. SinceODL is richerthan
Olcd, informationis lostduringthe corversionandthe processs notreversible.

This featurehasbeenimplementedde ning the toOlcd methodfor (almost)each
classin the packageodli3 . The methodinvocationon high level objects,causeghe
recursve call of themethodon every sub-component.

Tables3.1, 3.2 and 3.3 shaws how this functionmapsthe types. Figure 3.5 shavs an
exampleof mapping,sincein olcd yet the conceptof unionor or doesnot exist. All
attributesof all InterfaceBodies of aninterfacearemappedasattributesin olcd.
Attributeswith the samenameareduplicatedusinguniquenames.

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; h

is mappeds:

prim Course =" [

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 (seesection3.4.10n page52) but is
usedto implementThesaurusRelationshipsvalidationandinference(by the module
SIMb).

This methodwill createa virtual schemgseesection2.2.6on page21 for moreinfor-
mation)describedn OLCD to be passedo ODB-Tools for Thesaurudgelationships
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ODL OLCD
ary top
boolean bool
char string
double real
oat real
int integer
long integer
short integer
string string
unsignedshort | integer
unsignedong | integer

Table3.1: MappingbetweerODL andolcd simpledatatypes

ODL OLCD

type]] (arrays) type (list of)
list (list of)
bag (setof)

set (setof)

Table3.2: MappingbetweerODL  andolcd of collections

validationandinference.

A main characteristiof this featureis that ThesauruRelationshipsontributein In-
terfacede nition.

NT lexical relationshipsausehe Interfaceto inherit from the Broaderinterface.

RT interfacecausethe de nition of dummyattributesthatlinks to therelated; inter-
face.

SYN relationshipscausethe Interfaceto be groupedin a setof Synorym Interface.
Theseinterfacessharethe samede nition in termsof Parentinterfacesandattributes.
The parentinterfacesof eachof the synorym Interfacesis given by the union of the
Interfaceeachinterfaceinheritsfrom or takespartin a NT or BT relationship. The
setof attribute is givenby the union of the attributeseachinterfaceinheritsfrom. RT
relationshipthatgive riseto the RT dummyattributesis givenby the union of the RT
relationshipthatinvolvesatleastonelnterfacein the SYN group.

Intr oduction of ThesaurusByObject

This classspeedsp relationshipgetrieving from a Schemaobject. All the ThesRela-
tion objectsareorganizedn MapobjectswherekeysaretheelementasODL  Objects
of theThesRelation  objects.

This objectis constructedver a schemaandindexesall thesauruselationscontained
by suchschemayiving a setof methodfor fastaccesgo setof relations.

To index relationsa HashMapis used which allows information(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: MappingbetweerODL  andolcd of elements

This objectprovidesmethoddike:

SetgetRelations(java.lan@bjectelement)that returnsa set of ThesRelations
relatedto a givenelement.

SetgetRelations(java.lan@bjectelementljava.langObjectelement2}hatre-
turnsa setof ThesRelationbetweerthegivenelements.

SetgetSynRelations(java.lam@bjectelementReturnsall the synonymyelation
for agivenElement

Setgetinterface@rentRelations(Interfacelement)Given an interface, returns
all InterfaceRel relationswherethe given Interfaceis narrav term NT to

anotherinterface. Note that MOMIS storesall InterfaceRelas NT relations
(broadterm - BT relationsare transformedn NT by the constructors).So it

is enoughto look for the relationswherethe given interfaceappearasFIRST
element.

And soon. All interestingandusedqueriesat the thesaurusre codedin this object
andareusableby all MOMIS components.

3.5 The MOMIS wrappers

Thewrappersn MOMIS arethe accespoint for the datasources Eachdatasource
(relational,object, XML, ...) mustbe presentedo the MOMIS systemin a standard
way, andthisis whatthewrapperdoes.A wrappelis a CORBA objectthatis connected
to asourceandis ableto describehe sourcestructureusingthe ODL  languageand

suppliesaway to queryto sourceusingtheOQL language.

This sectionshavs theinterfacefor accessingvrapperfeaturesandanoverview of the
wrapperd implementedor my Ph.d.thesis.

3.5.1 ThelDL interface for awrapper

Figure 3.6 shavs the CORBA interfaceimplementedby the WrapperObjects. The
functionsavailableare:

getTypereturnsthetypeof thewrapper

getSouceNamereturnsthe nameof the datasource. The returnednameis only the

namethe designerof the wrapperassignedo the datasource,it is not a universal
name.
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interface Wrapper {
string  getType() raises (momisOglException);
string  getDescription() raises  (momisOglException);
MomisResultSet  runQuery( in string oqgl )

raises  (momisOglException);
string  getSourceName() raises (momisOglException);

I3

Figure3.6: TheMOMIS WrapperDL interface

getDescriptionThis function asksthe sourcethe meta-informatioraboutthe schema
andproducesa ODL descriptionof the sourceschemaandreturnsit to the CORBA
clientasastring.

runQueryThis function causeghe sourceto evaluatea OQL queryandgenerates
MomisResultSet CORBA objectthat(likeacursor)allow to accesso theresulting
dataset.

interface MomisResultSet  {

long getColumnCount() raises  (momisOglException);
string  getColumnName(in  long column) raises (momisOglException);
long getColumnType(in long column) raises  (momisOglException);
boolean next() raises  (momisOglException);
void close() raises  (momisOglException);
long getColumnByName(in  string  column) raises (momisOglException);
long getLong(in long column) raises  (momisOglException);
char getChar(in long column) raises  (momisOglException);
double getDouble(in long column) raises  (momisOglException);
float  getFloat(in long column) raises  (momisOglException);
string  getString(in long column) raises  (momisOglException);
string  stringSet();

const long TYPE_Unsupported = -1; /* Unsupported Type */

const long TYPE_Long =
const long TYPE_Char
const long TYPE_Double
const long TYPE_Float
const long TYPE_String

akrwNE

Figure3.7: TheMomisResultSelDL interface

Figure 3.7 shavs the MomisResultSeCORBA interface. It is a very simple cursor
implementationWe canalsoseethatMOMIS datatypesrecognizedhroughwrappers
is very poorrelatedto the datatypessupportecdby ODL

3.5.2 The dummy wrapper

The dummywrapperis the simplestwrapperwe canimplement. It is not associated
with ary datasourceand,it readsheschemalescriptiordirectlyfroma le containing
aODL description.Obviouslyit is notableto reply to queryrequests.

Thiswrappeiis parametrizedo selectin which namingsenerregisteritself asCORBA



56 The MOMIS Prototype: Ar chitectureand Implementation

object. Otherparametersarealsothe registrationnameandthe nameof the le con-
tainingtheODL  sourcedescription.

3.5.3 The JDBC wrapper

This is quite a real wrapperwhich meansthat it hasboth sourceintrospectionand
sourcequeryingcapabilities.Both thesefeaturesareprovidedthroughstandardl DBC
calls. This ensurethatthis wrappercanbe usedfor all datamanagemengystemghat
supportJDBC.

On startingthe wrapperit readsa con guration le that containsparameterdor the
JDBC connectionlike JDBC driver to useandthe connectionstring, aswell asother
COREBA parametershat speci y whereis the namingsener andthe nameto usefor
registeringin thenamingsener.

The main objectis a factory objectbecausét generatess nev MomisResultSet
objecteachtime the methodrunQueryis called. In the con guration le parameters
arealsospeci edfor managingime-outof unusedMomisResultSebbjects.

The introspectionof the sourceis performedusingthe ResultSetMetaData ob-
jects. Using JDBC-1doesnot make certain nformation vavailablelik e arenot avail-
ableinformationlik e foreignor primarykey de nitions or constraintssothe descrip-
tion returnedby this wrappercontainsonly a the list of tablesthat are mappedinto
/odli3/ classesnd,for eachclass.alist of typedattributes.

The queryingfeatureis implementedwithout applyingary lter to the /o0qli3/ query
andis sentas-isto the underlyingdatasourcemanagemergystem. This implies that
thewrappermworks ne only in casef extremelysimplequeriesvhere/oqli3/ queries
areSQL queries.Thisis nota strongassumptiorbecauséhe/momis/Querymanager
is alsoableto formulateonly basic(very simple)queriesowardslocal datasources.

3.5.4 Other wrappers

Duringtheprojectdevelopmenbtherwrappersveredevelopedandothersarein devel-
opingphase Amongthedevelopedneswe shouldcitethe XML wrappersegGue0q,
whichdoesnothavethequeryingcapabilitiesyetbecaus¢he XML-QL is notyetasta-
ble standard.

Otherwrappersin developingare the wrapperbasedon JDBC 2.0 that will make it
possibleto obtainricherdescriptionof the sourceor ad-hocwrapperlike wrapperdor
DBMS like MS Access)BM DB2 andOracle.

3.6 The MOMIS WordNet interface

WordNetis alexical databaséntroducedn section2.1.50n pagel5.

The MOMIS WordNet module was developedby Giovanni Malvezzi[Mal00] and
implementsa techniqueto nd intensionalrelationsinter-schema.The goalis to dis-
cover af nities/similitude betweenclassedrom differentdatasources.The modules
extractlexical relationsbetweerschemalementamedclassesandattributesarethe
elements)and works on the meaningof the namesusedto describethe classesand
attributescontent.
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This moduleprovidesaccesgo the WordNetontologyby accessinghe databasedes
directly, it hasbeendesignedor useby the SLIM moduleof the SI-DesigneiGUI.

It is possibleto extractfrom WordNetthe following typesof lexical relations:
Synonymy, Hypernomy?, Hyponomy?, Holonomy*, Meronomy?®, Corr elation®

WhereHyponomyandMeronomyarerespectiely inverserelationsof Hypernomyand
Holonomy,

The relationsfrom WordNet are proposedas semanticrelationsto be addedto the
CommoriThesaurusccordingo thefollowing mapping:

Synonymy: correspond$o a SY N relation.
Hypernomy: correspondso a BT relation.
Holonomy: correspondso a RT relation.
Corr elation: correspondso a RT relation.

TheCommorThesaurusnustcontainsonly semanticelations sotheWordNetmodule
only proposeselationsto the designerwho mustvalidatethemmanuallyto promote
lexical relationsto semantiaelations.

Themodulesmplementanalgorithmthat,giventheschemalementannotatedman-
ually by the designerthrougha GUI) with the right meaning,producesall semantic
relationspresenin theontology

Startingfrom the schemdo beintegrated thedesignemustdeclarearelationbetween
eachschemalementsiamegqclassnamesor attribute namesyandthe WordNetmean-
ing usedin the contet. Thatis, givena name the designemustchooseoneor more
of thenamemeanings.

Thisis atwo stepprocess.

1. Word form choice.lIn this step,the WordNetmorphologicprocessoshouldaid
thedesignerA word formis theword without arny sufx esdueto declinationof
conjugation.

For example,in Figure3.8,by selectingheaddress attributethemorphologic
processoreturnsthe baseform address .

If suchword formis notfoundor thereis ambiguity’, or it is notsatishictory the
designercanseta customword form.

2. Sensechoice. The designercanchooseto setthe mappingof an elementwith
zero,oneor moresenseskor example,in gure 3.8 WordNethas15 meanings
for theword formaddress from which themostappropriateonesarechosen.

Figure 3.9 shaws the interfaceto accesshe MOMIS WordNetservice. A shortde-
scriptionof the availablemethodgollows:

2Generalizationelation

3Specializatiorrelation

4Aggregationrelation,part

5Aggregationrelation,all

6The correlationis a relation betweentwo termsin two synorym setsthat sharesthe samefatherin
hypertymy sense.

7E.g.axes has3wordforms:ax (1sense)axis (5senses)xe (2senses).
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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();

b
interface WordNetFactory  {

CORBA_WordNet newCORBA_WordNet();
h

%

Figure3.9: The MOMIS WordNetmodulelDL interface

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

trovaRParentimeanssearchfor Parents.Givenaword in a normalizedform, the
referencepositionof the synsetandnumberthatidenti es the type of WordNet
elementnoun verb, adjective adverh, it calculategshesenses expansiorto his
nearsensesilt returnsa Vectorof serializedneanings.

creaThes meangreateghesaurusWhengivenastringthatcontaingheserial-
izedform of awn2slim.NodeTag vector it returnsasetof lexical relationsto
beaddedo thethesaurusThis setis givenby a stringthatcontaingheserialized
form of wn2slim.ThesaurusEntry vector

trovaHashObject  searchefor hyperrymy treefor thenounsyntaxcateyory.
Whengivenaword form, it returnsall its hyperryms.

Becauseof the complexity of the datastructureusedin the WordNetinteraction,the
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choice(atleastin this developmentphasewnherethe whole prototypeis evolving) was
madenot to passthroughcomplex CORBA IDL interfacesandobjects,but insetadto
useserializedava objects.

To exchangedata,the WordNet module usesthe shared packagewn2slim , where
object that representsSynset ThesaurusEntryschemaelementsidenti er, etc. are
implemented.

For moreinformationaboutthewn2slim interface referto thejavadoc documen-
tationandto [Mal00]

3.7 The MOMIS ODB-Toolsinterface

This sectiondescribeghe modulethat allows accesgo the ODB-Tools [BBSV97h,
BBSV97c]serviceghroughCORBA.

ODB-Toolsis anintegratedervironmentfor object-orientedlatabaséOODB) schemata
validationandsemantiqueryoptimization basednadescriptiorlogic kernel[BN94],
preservingaxonomycoherenceandperformingtaxonomicinferences.

module OdbToolsApplic {
interface OdbTools {
string  translate_OdI_Olcd ( in string odl, out string oled );
string  translate_Odl_Olcd_vf ( in string odl,
out string  olcd,
out string vf );

string  validate_OdI ( in string odl, out string fc );
string  validate_OdI_XML ( in string od, out sting xmlf )
string  validate_olcd_XML ( in string oled, out string xmlf );

string  validate_OdISS ( out string fc );

string  validate_OdISS_vf ( out string fc, out string vf );

string  optimize_Oq|l ( in string odl, in sting ogl, out string stdOut );

string  optimize_OqISS ( in sting ogl );

string  optimize_OqISS_vf ( in string ogl, out string vf );

long killObject();
b
interface OdbToolsFactory {

OdbTools newServant ( in string  description );
h

b8

Figure3.10: The ODB-ToolsIDL interface

We developeda CORBA applicationto useODB-TOOLS serviceshroughCORBA.
Suchapplicationis madeof a sener sideanda client side. The sener part provides
standardCORBA servicesaccessibldy CORBA clients.

To accesghe senerwe wrote two client applicationsa textual clientanda graphical
client. The Textual client is simple and can be invoked from a commandline or in
batchscripts.The Graphicalclienthasa userfriendly 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,the only
thingsto know are (1) theidl interfaceand(2) the addresf the computeron which
CORBA objectsresideqat presentsparc20.dsi.unimo.ibn port 1050)).

Thesenersideservicesaredescribedy thelDL descriptiorshavnin gure 3.10and
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Figure3.11: Graphicalinterface

correspondo thefollowing ODB-Toolsservices:

OdbTool describeghe servantobjectsupplyingODB-Tools servicesinvoked by the
following operations:

translate_Od|_Olcd translatea ODBMS schemdrom ODL (anODL ODMG
extension)to OLCD [BBLS98].

translate_Od| _Olcd_vf Translatesschemalescribedn ODL intoaOLCD de-
scriptionreturningalsoa visual form descriptionusedby the ScVisual
GUL.

validate_Od| Translatesand validatesschemadescribedn ODL. ODB-Tools
internally, translateghe schemainto OLCD andrunsthe Validator The
validatoroptimizesthe schemaand,if it exists,signalsincoherences.

validate_ Odl_XML Works asvalidate _Odl but outputis returnedalsoin
XML.

validate_olcd_XML Validatesoptimize)a schemadescribedn OLCD andre-
turnsa XML le. ODB-Tools runsthe Validator directly on the OLCD
schemandsignalsarny incoherencesOutputis returnedn XML. Thisis
themethodthatusedby MOMIS .

validate_OdISS Activatesthevalidationandoptimizationof a previously trans-
latedschemaThevalidate _Odl translategndvalidatesandoptimizes
aschemalescribedn ODL .

validate_OdISSvf Worksasvalidate _OdISS andavisualformis alsore-
turned.

optimize_Ogl Optimizesa OQL query on a ODL schema. The ODB-Tools
gueryoptimizeroptimizesa OQL queryon agivenschema.

optimize_0OqISS Optimizesan OQL (ODMG) queryon a previously validated
schema.optimize _Ogl optimizesa queryon a ODL schemaby per
forming schemdranslatiorandvalidationandqueryoptimizationsteps.

killServer De-allocatesthe connectionservantobject. This operationshould
beinvokedby a client beforeclosingconnectionjf not, the servantobject
will alsobede-allocatedfteratime-outperiod.

idlIOT _factory Describesafactoryobject,i.e.,the CORBA objectto referto in order

Stranslate  _Odl .Olcd _vf , validate _OdISS vf andoptimize _OqISS_vf supplythe same
servicef thethreemethodsabove, but generatex schemalescriptionin visualform (see[Cor97)).
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to openaconnection.

newSewrer Opensanew connectionj.e., createsa new servantobjectinstance
whosereferences postecdto the client

Figure3.12: Requesbf anew clientconnection

In theimplementationthemainODB-Toolsobjectis afactoryobject(interfaceidlOT _factory
for eachclient connectionrequesta new servantobject (interfaceidlOdbTool ) is
createdandits references returnedo theclient (see gure 3.12).

The XML representation

The SIM moduleof the SI-DesignerusesODB-Tools to perform Thesauruselation
validation and inference. To provide a standad way to get ODB-Tools resultswe
modi ed the ODB-Toolssoto generatan XML outputaswell.

SuchXML adheregdo the DTD shavedin gure 3.13:

Thecorrespondinglient shouldusea XML parserto getODB-Toolsdata.

3.8 The MOMIS Global Schema

Therole of aGlobal Schemabbjectis to represenanintegratedschemalt containsall
informationaboutintegrationsuchasthe de ned global classesthe mappingtables,
thethesaurusindthedescriptionof the schemaof theintegratedsources.

This informationwill allow arny querymanayer to performquerieson therepresented
integratedschema.

Nowadays the Global Schemas anextremelysimplecomponentFigure 3.14shows
thelDL interfaceto access GlobalStiemaobject.
Themethodsimplyallowsaclientto accessheschemaname(getName andsetName )
ortheschemastatug(getStatus  andsetStatus ).

The statusis exchangedhsa serializedGSStatus Java object. This objectis de ned
in the shaed directoryandbasicallycontainsa odli3.Schema  object,i.e., theroot
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<IELEMENT SCHEMA(LEVEL*)>
<IELEMENT LEVEL (
CLASSES_TO_DISPLAY,
EQU,
CLASSES_COLORS,
ISA,
ISA_COLORS,
RELATIONS_TO_DISPLAY
)>
<IATTLIST LEVEL value CDATA#REQUIRED
type  CDATA#IMPLIED>

<IELEMENT CLASSES_TO_DISPLAY(CLASS*)>
<IELEMENT EQU (RELEQU*)>

<IELEMENT CLASSES_COLORScolor*)>

<IELEMENT ISA (RELISA%)>

<IELEMENT ISA_COLORS (color*)>

<IELEMENT RELATIONS_TO_DISPLAY (RELATION*)>

<IELEMENT CLASS (CLASS*)>
<IATTLIST CLASS name CDATA#REQUIRED>

<IELEMENT ATTRIBUTE ()>
<IATTLIST ATTRIBUTE type CDATA#REQUIRED
name CDATA#REQUIRED >

<IELEMENT RELEQU()>
<IATTLIST RELEQU cl CDATA#REQUIRED
c2 CDATA#REQUIRED >

<IELEMENT color  ()>
<IATTLIST color class CDATA#REQUIRED
value CDATA#REQUIRED >

<I[ELEMENT RELISA ()>
<IATTLIST RELISA cl CDATA#REQUIRED
c2 CDATA#REQUIRED >

<IELEMENT RELATION ()>

<IATTLIST RELATION target CDATA#REQUIRED
source CDATA#REQUIRED
path CDATA#REQUIRED >

Figure3.13: The ODB-Tools XML ouputDocumentType De nition

of the tree of objectsthat maintainsinformation aboutsourcesthesaurusand global

classes.

A CORBA GlobalSchemabijectis accessibléhroughaninstanceof theclassGlobalSchemaProxy
Thismanage£ORBA connectiorandstatusserialization(see[Gui0Q]).
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interface GlobalSchema {
void setName(in string  name);
string  getName();
string  getStatus();
void setStatus(in string  status);
long killObject();

h

Figure3.14: The QueryManagenDL Interface
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The MOMIS Prototype: Ar chitectureand Implementation




Chapter 4

The MOMIS SlI-Designer

This chapterpresentehe MOMIS module SI-Designer , architectureand users
manual. Sl-Designeris the GUI (Graphic User Interface)for the MOMIS Global
SchemaBuilder. Sl-Designereadsthe designerthroughthe stepsof the integration
processfrom theacquisitionof schemataourcego the tuningof themappingtable.
This is the mostimportantcomponenbf the MOMIS prototype;it is amodularcon-
tainerof toolsimplementedy differentpeople.

In thischapterwefocusonthestratgyic choicesandconceptselatedo the SI-Designer
software. Most of the implementatiorchoicesare describedn the sourcecodedoc-
umentationso for furtherinformationrefer to the documentatiorextractedfrom the
sourcecodeby javadoc .

4.1 The Sl-Designerarchitecture

Mostof SI-Designemoduleshave beerdevelopedby severalstudentsluringcomputer
engineerind-aureathesis.Theirgoalwasto analyze designandimplementoneof the
integrationsphaseslescribedn thetheory

My role wasto de ne andprojectthe modulararchitectureto allow peopleto work
togetherestablishsetof guidelinesfor developmentandcoordinatehe students.

Figure4.1showvsthe mainobjectsSI-Designeiis composedf. For anoverview of the
MOMIS architectureseechapter3.

S| _Designer ,themaincontaineyisaGUI object.It isresponsibléor CORBA
connectiongthrougha proxy) towardsMOMIS seners and manageall other
sub-modules.

It also maintainsalsothe schemaobjectthat holds all integrationinformation
andis responsibldor its initialization and serialization,it alsoallows saving it
andallows saving it on disk.

GlobalSchemaProxy istheobjectresponsibldor the creationof the Global
SdhemaCORBA object.

This maintainsalignedthe Global Sthemaanda local working copy of the in-
tegrationknowledge(i.e. all integrationinformationlik e thelocal schematale-
scription,thethesaurusgtc.).

SIDPhase Eachpanelthatimplementsa differentfunction inheritsfrom this
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classthefeaturego communicatevith the S| _Designer

The objectsARM ARTEMIS EXTM SAM SIM, joinMap , testPackage
thesRelationEditor , SLIM andTUNIMarethemoduleghatcomposehe
Sl-Designetinterface.

Sl-Designer

CORBA-IIOP Global Schema

SI_Designer GlobalSchemaProxj

thesRelationEditor

SIDPhase

ARTEMIS

testPackage

Figure4.1: SI-Designerun-timearchitecture

4.2 An integration session

In this section,awholeintegrationsessionfrom sourcewrappingto the tuning of the
mappingtables,usingSl-Designelis shovn.

In the following macio stepsfor the integrationin an ideal sequentiabrder are de-
scribed.Eachstepis highly interactive, the designeusuallyacquiresetterandbetter
knowledgeof the sourceto be integratedduring integration, so, in a real integration
sessionthedesignemill move backandforth throughtheintegrationphases.

Wrapping of the sources

The rst stepof theintegrationusingMOMIS isto preparedatasourcego beaccessed
by MOMIS . Eachsourceshouldbewrappedusingthe mostappropriatéNrapper We
developeda very simpleandgenericJDBC wrapper(seesection3.5.3)but it may be
necessaryo developanadhocwrapperfor aspeci ¢ datasource.

Whoever runs the Wrappermust choosethe sourcenameand register the running
Wrapperinto a namingsener accessibléy Sl-Designer

Wrappersfor a given sourceshouldbe initialized and run by the responsibleof the
source.

Choosinga signi cant namefor the global view

(Figure4.2) The SI-Designelintegrationsessiorstartschoosinga signi cant namefor
theglobalschemawe will build.
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Sourceconnection/acquisition

Eachsource or better the wrapperof eachsourceto be integrated,is reachecdoy the
CORBA namingservice:oneneedonly to statethe registrationnameandthe naming
serviceaddreswherethewrapperis registered.

If therearetwo (or more) sourceswith the samename,SI-Designemwill askyou to
internally renamesourceswith the samename.Thiswill be the nameof the sourcein
Sl-Designer

Figure4.2: SI-Designeisourceacquisitionmodule

For eachsource,Sl-Designemreadsthe sourcedescriptionand showvs the sourcesn
termsof local classesndattributeson the left of the SI-Designewindow (seeFigure
4.2).

Computation of intra-schemarelationships

Figure 4.3 shows the panelthat enablesthe designerto browse and edit Thesaurus
Relationships Clicking the button run SIM the ODB-Tools CORBA serviceis called
andintraschemataelations(seesection2.2.1on pagel8) extracted.

WordNet annotation and Lexical relationshipsextraction

Figure4.4 shavs the panelthatallows the designetto annotatehe schemao beinte-
grated(seesection2.1.50n pagel6 and3.6 on page57). Figure4.5shovs Common
Thesauruserminologicalrelationshipsextractedfrom WordNet.
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Validation of lexical relationshipsand inferenceof newrelationships

After the terminologicalrelationshipextraction, clicking on the button run SIMb on
theCommonThesauruselationshipeditorpanel,ODB-Toolsserviceis calledagainto
validateandinfer new relationshipgseesection?2.2.4onpage20and2.2.5o0npage?1).
Figure 4.6 shavs againrelationshipsin the commonthesaurusafter the validation
phase.

Creation of proposedGlobal Classes

Figure4.7 shavs a screershotof the interfacefor runningandtuningthe ARTEMIS
Clustering/ahity algorithm(seesection2.3.1onpage24). Theclusteringtool canbe
tunedby working on clusteringthresholdsandrelationweights. In the lower part of
thewindow, atext areashownsthetraceof theintermediateesultsduringtherun of the
ARTEMIS algorithm.

In additionFigures4.8 and4.9 shaw the panelfor tuningthe proposedylobal classes.
Clusterof local classexomputecby ARTEMIS are proposedas Global Classesand
thedesigneicanrenameor modify the compositionof suchGlobal Classes.

Creation of the global classattrib utesand mapping table

Thelaststepof integration(with thecurrentversionof SI-Designerjs theCreationand
tuning of the global classattribute mappingtable (seesection2.3.2). After the simple
mapping(Figure4.10)anattribute aggreationis proposedandthe designercanthen
re ne themapping(Figure4.11).

4.3 Methodological considerations

This sectiongives a few hints for the correctuse of Sl-Designerderived from our
experience.

Relationshipseditor hints

The moduleshownn in Figure4.3is designedo manageghe CommonThesaurusela-
tionships.

Throughthis moduleit is possibleto run the extractionfrom schematayalidation of
relationshipsaandnew relationshipinferentialalgorithmson the schemata.
Thedesigneicanalsochooseo manuallyaddor removerelationships.

We suggestunningtheinferentialalgorithmaftereachnew thesauruselationshipgs
addedn orderto detectimmediatelyif thenew relationshipgenerateinconsistences.
It is possibleto iteratively re ne the clusteringaddingor removing relationships.To
nd therelationshipgo addor remove to improve clustering try to look atthe cluster
coefcients.

Thedisplayedrelationshipsarethe onesusedby the ARTEMIS algorithmto compute
globalclassedy clustering.



4.3 Methodological considerations 69

Figure4.3: SI-DesignelSIM: computatiorof intra-schemaelationships

Lexical annotation hints

TheSLIM moduleshovn in Figure4.4allowsinteractionwith WordNet. It graphically
allows the designerto associateNordNet meaningsto every schemaelement,then
retrieve from WordNetlexical relationshipsetweersuchmeaningsandcorvertthem
into (notyet validated)commonthesauruselationships.
This is the mostsensiblepoint in integration,if a schemads well whenannotatedhe
integrationtime andeffort candramaticallybereduced.

Main rulesto follow annotatingare:

Annotateeverylocal classtaking careto choosehe WordNetmeaningthatbest
correspondsvith the reality the local schemadescribesContext is very impor-

tant.

If theword form for the elementis not signi cant, replaceit with a meaningful
word andchooseheright meaning.

Annotateonly signi cant attributes.

Attribute presenin all interfacedike name, codeor identi er couldleadto the
generatiorof wrongrelationships.

For example,namehasthe right meaningassociatedo the Interfacename. It

could meanpersonname,city name,or the nameof arnything. This meanthat
(wrong) relationshipdbetweertheinterfacePersonandCity, or Personandary-

thing couldbe generatedandsoon.

Annotateonly elements/ou aresureaboutthe meaning.

If you arenotsure,you shouldstudythe datasourceto be integratedbetter and
thenannotatgheelements.
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Figure4.4: SI-DesigneiSLIM module, WordNetannotation

Clustering tuning hints

Remembethat clusteringis strictly implied by the relationshipspresentin the the-
sauruslf therelationshipsarewrongit is not possibleto automaticallyextracta good
cluster

For a betterunderstandingf the clusteringalgorithm (the ARTEMIS tool) and con-
ceptslike namingaf nity andstructuial af nity , seesection2.3.1on page24;

Thetuning parameter$or theclusteringarethefollowing (seeFigure4.7).

Therelationshipweights.

Whenworking on theseparametersve canto give moreor lessimportanceto
this or that kind of relationship.

For example,if we have a schemawith alot of RT relationshipandthe number
of clustersis too high, we cantry to lower theweightof the RT relationshipand
recomputeheclusters.

Theaf nity threshold.

This parametegivesanindex of reliability to the namingaf nity .
Theclusteringwill beaffectedby thenamingaf nity only if the namingaf nity
coefcient is higherthanthethreshold.

Theclusteringthreshold.

This xparametethatin uencesthe width of clusters.The higherthethreshold,
the smallerthe computedclustersarebecause high af nity is neededetween
Interfaceso be partof the samecluster

In caseof goodclustering this parametechooseghe numberof clustersvs the
numberof local classesn eachcluster

To have oneideaof the treeclusteringquality, look at the ClusteringTree (like
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the onesshaved in Figure4.14). From this tree you can seethe distancesn
termsof af nity valuesbetweennterfaces.

If theinstanceghe designeiknows to be strictly relatedarerepresentedsnear
treeleaves,thetreestructuie is good,andby increasingor decreasinghe clus-
teringthresholdwe canto obtaingoodclusters.

We canalso try to modify othertuning parametersr study the relationships
presenin thethesaurus.

Thenameaf nity andthestructural af nity coefcients.
Theseparametersimply give more importanceto the nameor the structual
af nity while weighingtheaf nity betweerinterfaces.The clusteringalgorithm
will thenusesuchweightsto computeclusters.

The higherthe nameaf nity parameter the higherthe importanceof the name
af nity . The samegoesfor structural af nity .

Global classeduning hints

(Figure4.9) Thisis veryimportantstep.

In this phasethe designerchooseshe compositionof the global classes.No onecan
guarantedhat the semiautomatienodel proposedoy MOMIS is correct(usuallyin-
deedtherearea few errors)andit is the responsibilityof the designetto performthe
right tuning.

An importantstepis to assignthe right nameto the globalclasses.Thiswill helpthe
designegatherocal classedy meaning.

The designeris the judge. Right mappingrelies on the designers experienceand
knowledgeof the sourcesacquiredduringthe previousphases.

It is correctto leave someuselesdocal classesinmappedevenif it would be betterif
theseuselesdocal classesvherenot exportedby the sourcewrapper).

Mapping table tuning hints

In thisphasehedesignechoosedor eachglobal classhow eachattribute of eachocal
classthatis partof theglobalclassis mappednto the global classglobalattributes.

Lik e for the Global classeduning, herethe experienceandknowledgeof thedesigner
arethebasisto obtaintheright mapping.

4.4 |Implementation

This sectiondescribesomeconceptsdatastructuresaandtechniquesmplementedn
Sl-Designerandmodulesl implemented.

4.4.1 The SIDPhaseinterface

Eachmoduleof SI-Designemustimplementthis interface. Throughthe methodsde-
ned in thisinterfacewe canto shareintegrationknowledgethroughSI-Designemod-
ulesandprovide asimpleway for coordinatiorbetweermodules.

Themethoddmplementedy this interfaceinclude:
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Figure4.5: SI-DesignetPart of therelationshipextractedfrom WordNet

GlobalSthemaPoxygetProxy()Returnghe Globalschemaroxy object. Thisis
thewayto retrieveandmodify schemanformation. TheGlobalSchemaProxy
objectis in factresponsibldor maintainingnthe GlobalSchemalatarepository
alignedwith thelocal copy.

void update()throws SIDExceptionThis methodis calledby SlI-Designereach
time themoduleis displayed.

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

The stratgyy for modulecoordinationimplementedby the SIDPhasenterfaceis the
following:

When the userdecidesto get into the module, the module using the method
getPoxy is responsiblefor loading the module statusfrom the main Sthema
object(thatcontainsall informationrelatedto theintegration).

Whenthe userdecideso changemodule,the moduleis responsibldor saving
its statusandall moduleinformationinto the Schemaobject.

4.4.2 Saving and exchangingknowledgein MOMIS

Herewe discussvariousfeaturesadoptedo save, retrieve andsharentegrationknowl-
edge.
Problemgelatedto statusn MOMIS are:

how to interruptandresumean SI-Designetintegrationsession



4.41mplementation 73

Figure4.6: SI-DesignelSIM: relationshiparevalidatedandnew relationshipsnferred

how to allow usergo runquerymanagersisingtheintegrationstructurecreated
by SI-Designer

We neededh fast,reliableandeasysolutionto save andcommunicatehe integration
knowledgethatis carriedby mary complex memorydatastructures.

Our choicewasto useJava ObjectSerialization, sparingoursehestheworry of de n-
ing descriptionanguage®r datainterchangespeci cations.

We supportedserializationin themaincodeof Sl-Designefi.e.,theclassSI-Designey
allowing thedesigneto save,whene&erhewants thestatusof thesessionOncesaved,
it is possibleto startanew Sl-Designeisessiorspecifyinga serializedstatususingthe
option:

java Sl-Designer -|  /path/to/the/seriealizedStatus.mms

We alsousedserializationto exchangedatausingthe CORBA connectionsTheidea
wasto usestringscontainingserializedJasa Objects. We did it usinga base64 cod-
ing techniqueto overcomeproblemsdueto differentcharsetepresentationEachtime
we serializean object we transformthe resulting binary streamin a base64 codes
sting. Deserializingat rst we decodehebase64 stringin abinarystreanthatcanbe
deserializedWe usethis techniquevhensaving SI-Designesstatusandwhencommu-
nicatatingbetweerthe SLIM moduleandthe WordNetCORRBA interface.

The main disadwantagein using java serializationis that, especiallyin developing
phasespncea class is modi ed, all old serializedstatuscontainingthe classbe-
comeincompatiblewith the new recompiledjava code. This meanthat all existing
integration mustberedone.

We are currentlystudyinganddevelopingtoolsfor automaticallyserializingary seri-
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Figure4.7: SI-Designetthe ARTEMIS clusteringparameters

alizablejava Objectin XML (evenif in Sunthereis ananalogougroject).

Using XML we expectthe following advantages:lessof a problempassingthrough
differentversionsof serializedava classeshumanreadabilityof theserializedcode(if
neededve canmanuallymodify or createa status)and,above all, betterportability for
integratinginformation. Using XML easyparsingcapabilities,and XML translation
languagedike XSL, it will be easyto exchangeintegrationknowledgewith applica-
tionsrequiringthemlik e othermediators.

4.4.3 The Common ThesaurusEditor module

Thismodule,anexampleof whichis givenin Figure4.6,allowsthedesigneto browse
andeditrelationshipgle ned in the CommonThesaurus.

It shavsrelationshipsn differentcolorsaccordingto the moduleproducerof therela-
tionships. For example,relationshipsextractedfrom schemaareshown in dark gray;

terminologicalrelationshipsrom WordNetin blue, inferredrelationshipsn red, and
designemanuallyaddedrelationshipsn green

Moreover, thethesaurugditormake it possibleto shav therelationorderedby source,
by type (SYN, NT, BT, RT), by destinatioror by producer Oneneedonly to click on

the correspondindneadeto sorttherelationshipon the chosercolumn.

Edit capabilitiesallow the designetto remove ary relationshipfrom the thesaurusor,

addexplicitly new relationships.
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Figure4.8: SI-Designetheclustergproducedy ARTEMIS asproposedjlobalclasses

4.4.4 The ARTEMIS module

In thissectionmplementationmelatedproblemsandsolutionsarepresentedT hetheory
relatedto ARTEMIS waspresentedn section2.3.1.

A lot of informationaboutimplementationik e the detaileddescriptiorof all the meth-
odsor the descriptionof the objectsprivatevariableis alsoomitted;thesedetailsare
availablein thedocumentatiomxtractedfrom the sourcecodeby javadoc

In designinghe ARTEMIS | adheredo thefollowing guidelines:

ARTEMIS mustbea package,

all thealgorithmsmustbelocatedin awell interfacedobject,
developmenshouldbe asfastaspossible,
thesourcecodeshouldbe asreadableaspossible.

To build a packagewas not a problem. Moreover, the architectureof SI-Designer
requiresghatmodulesbe developedin packagesTo developthe prototypequickly and
getthecodereadabld reliedon astronglyObjectOrientedarchitectureanddeveloped
afew toolsfor managinglistancegraphs.

Object part of the ARTEMIS package

ThemainclassimplementechasbeencalledArtemisandcontainsall ARTEMIS com-
putationalgorithms.Its interfaceis thefollowing:

public Artemis(GlobalSeemaPoxyscthemaPoxy)is theconstructorAn ARTEMIS
objectcontainsa referenceo the GlobalShemaPoxy. In this way it is alwais
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Figure4.9: SI-Designemglobal classesfterthedesignetuning

ableto accesgo the currentschemao get/sae the ARTEMIS statusor to get
thesauruselationships.

voidsaveStatusin®ema() Save thestatusof this ArtemisObjectinto theschema
reachabldy schemaPoxy;

void doClustering() Call all computingroutinesgetting the clustering. This
is only one shortcutto perform the stepsprovide by calling the methodsin
sequencecomputelnitialDistanceMatrixcomputeNameAfity , computeStruc-
tural Af nity() , computeGlobalAfity() , computeClustering@ndcomputeClus-
tersfromClusterTee()

void computelnitialDistanceMatrix(Computeghenitial DistanceMatrix. This
methodsimply translateghe relationshippresenin thethesaurusn af nity , ac-
cordingto the coefcient choserby thedesigner

void computeNameAfity() Computeghe NameAf nity usinganinteractive
algorithm. This algorithmwill nd the maximumaf nity betweereachelement
trying ary possiblepath(seebelow for a betterdescription).

void computeStruct@Af nity() ComputesheStructuralAf nity fromtheSchema
structureandthe namingaf nity matrix (seesection2.3.1for a theoreticalde-
scriptionof thisalgorithm.

void computeGlobalAfity() Computeghe Global Af nity from the Structural
af nity matrixandthe Namingaf nity matrix.

void computeClustering@omputesheaf nity treefromtheGlobalaf nity ma-
trix.

\Void computeClustesFromClusterfee()Fromtheaf nity treeproducedy com-
puteClusteringhis methoddivideslocal classesn clusters.

static void populateGlobalClasses&mClustes() From clusters(vectorof vec-



4.41mplementation 77

Figure4.10: SI-Designethe TUNIM module,a rst simpleattribute mapping

tor of Interfaces- thelocal classespopulatesGlobalclasses.
java.util.\ectorgetClustes() Returnsa Vectorof Vectorsof Interfaces.
ArtemisStatugetStatus(Returnsthe Statusobject.

public StringtoString()

The objectArtemisStatusimply containsthe con guration parameterfor ARTEMIS

suchas the clusteringthresholdor the weight to use for eachkind of relationship
(SYN,NT,BT,RT). An objectof the classArtemisStatuss sased in the schemaaddi-

tional informationto store/retrige the ARTEMIS status.

All ARTEMIS computatioralgorithmarebasedon distancedetweerelements) de-
ned the DistanceObject, which simply storesa genericdistance(representecs a
oating pointvalues)oetweertwo Javaobjects.In addition,| createdheDistanceMap
classandthe DistanceMapSymmetricthatinheritsfrom DistanceMap Eachinstance
of the DistanceMapclasscanmanagea setof Distanceobjectsandis suitableto rep-
resentdirectedgraph. Instanceof the DistanceMapSymmetricahanageglistances
consideringthem as symmetricalandis suitableto represenundirectedgraph. The
methodof the classDistanceMapSymmetricare the sameof the DistanceMapbut
overriddenfor managingsymmetricaconnections.

The rst stepin the ARTEMIS computationss to transformall thesauruselationship
betweerschemalemeninto distancegaccordingo thestatussettings) By doingthis
we canutilize algorithmsfor symmetricaldistancegraph.

The following sectiondescribeghe mostsigni cant techniquesmplementedn the
ARTEMIS module.
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Figure4.11: Sl-Designeiatunedglobalclassmappingtable

The algorithm to compute naming af nity

Thenamingaf nity computatiorrequiresthe computatiorof the paththatmaximizes
theaf nity betweenrall nodesof the graph. Maximum af nity is the SYN afnity and
hasvalue 1; minimum af nity is absencef af nity andis associatedo the valueO.

For example,giventheelements , and wheretheonly af nity betweenthem
are and , the af nity hasvalue  givenby
theproductof . Intheimplementationtheaf nity is calleddistance

(sinceit is mostusualto work with distancesn graphs)and a single af nity value
betweertwo elementss representetly a Distanceobject.

Theproblemof computingall maximalaf nity betweerall nodess thesameof nding
the minimum distance(following ary path) betweenall nodesof a distancegraph.
Thereareonly two differences:

thegoalisto nd maximundistance
the distanceon a pathis computedmakingthe productof the distancesnstead
of thesum.

As analgorithmto computesuchdistance | choseaniterative algorithmthat,instead
of recursvely exploring the graphsearchingor the minimumpath, triesto nd the
shortestiocal distanceconsideringever 3 nodeat a time. At eachstepwe consider
all possiblecombinationsof 3 nodesA,B andC, if the distance(A,C) passingby B,
computedas is better than the distance the distance

is replacedwith the new one. The algorithmiteratesthesestepsuntil there
areno changesn thedistancegraph.

Thedemonstratiothatthisworkscanbedoneby absurdity Imaginethatthealgorithm
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has nished andthata path existsfrom A to C passingby the point B thatgivesa
distancebetterthanthe distance . Theabsurdityis thatthe algorithmis termi-
nated!In fact,evaluatingthepointsA,B andC thealgorithm nds abetterdistanceand
will replaceas , this graphmodi cation requirethatthe algorithmperformsa
new iterationon thegraphandcannotbeterminated.

Treerepresentationascompositionof Distanceobjects

The algorithmthatbuilds the clusteringtreeusesthe Distanceobjectsto representhe
built tree. In fact, a Distanceobjectrelatestwo tree branchesndicatesthe distance
betweerthem. Leaf nodesof the treearegraphelementswhile nonleaf nodesof the
graphareDistanceobjects. For example,considerthe graphin Figure4.12;thetree
is composedy 3 leaf schemalementonnectedy distanceslementghatcarrythe
af nity information.

distance2 - 05
+-- distancel - 0.8
[ +--  elementl
[ +--  element2
+--  element3

Figure4.12: An exampleof ArtemistreeexpressedisingDistances

This graphmeansthat betweenelementland element2hereis af nity andthat
betweertheseandelement3hereis af nity

The toString method and the DistanceMapSymmetricatlass

In Figure4.13andFigure4.14 partof the outputof the Artemis.toStringnethodout-
putis shavn. This methodsimply calls the toString methodfor eachlocal object of
Artemis We canthereforeseethe ArtemisStatustatus;the initial distancematrix
(which simplyreportsthethesaurugnowledge);the Af nity matrix,which hasalot of
computedlistancesthe StructuralAf nity matrix; theGlobal Af nity matrix;thegen-
eratedclustertree;andthe proposectlusters. ThetoStringrepresentationf a Artemis
shaws all computatiorstepsandallows the computatiorstepsto betraced.
Distanceand DistanceMapSymmetricalasseananageglistancedetweenary kind
of Java object. The resultof the toString methodof a Distanceobject containsthe
toStringrepresentatioof boththerelatedobjects.

Other objectsin the ARTEMIS package- the graphical interface

The otherobjectscontainedn the ARTEMIS packageare GUI speci ¢ objects.
Figure 4.7 shavs the panelthat allows the designerto tunethe ARTEMIS module.
Throughthis panelwe canmodify the ARTEMIS computatiorparametersandat bot-
tomtheresultscalculatedstep-by-ste@reindicated.

In gure 4.8the panelfor global classes/clusteuning is shavn. Suchpanelallows
the designerto modify the nameandthe contentof eachsingle global class,adding
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Global  Affinty matrix:
Elements: 13
e0 Interface [Computer_Science.CS_Person]
el 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]
€10 Interface [University.Section]
ell Interface [tax_position_xml.ListOfStudent]
el2 Interface [tax_position_xml.Student]
src-f e | el | e2 | e3 | e4 | e5 | e6 | e7 | e8| €9 [el0 |ell |el2 |
€0 | 02 |01 [0.2 ]0.73]0.68]0.2 10.56/0.1  0.60[0.2  [0.2 [0.56]
el 02 | 10.25/0.12]0.25/0.25[0.12]0.25]0.25|0.25/0.58]0.12|0.25]
e2 (0.1 [0.25] 10.25]0.12]0.12]0.06/0.12]0.5 10.12]0.25/0.06]0.12]
e3 0.2 [0.120.25] 10.25]0.16/0.08]0.160.25/0.16]0.12|0.08]0.16]
e4 10.73]0.25/0.12]0.25| 10.59]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] 10.16]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| 10.25/0.06/0.16/0.12|0.08]0.16|
e7 |0.56]0.25/0.12|0.16/0.44]0.43|0.25] 10.12/0.39]0.25/0.16/0.38|
e8 |0.1 ]0.25[0.5  |0.25/0.12/0.12|0.06]0.12| 10.12|0.32]0.06/0.12|
€9 |0.60/0.25/0.12|0.16/0.46/0.68]0.16]0.39]0.12] 10.25/0.25/0.64|
€10 [0.2 ]0.58]0.25/0.12]0.25|0.250.12|0.25|0.32]0.25| 10.12]0.25]
e1l [0.2 ]0.12]0.06/0.08|0.16]0.25/0.08|0.16|0.060.25]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,the Global Af nity
matrix

or removing local classesBy usingthis graphicalinterfacethe designercanbuild his
own globalclassesrom scratchor tunethe onesproposedy MOMIS .

The main objectsusedaretwo DynamicTeg which containsas main nodes,respec-
tively, NodeSouwreandNodeGlobalClassesbjects.Both NodeSoureandNodeGlob-
alClassesareDefaultMutableTeeNodebjects(this meanghatarenodesmanagedy
aJtreeSwingcomponentjhatcontainaschildrenNodelnterfacebjects.A Nodelnter
facerepresenalocal classegindcanbeeitherin the Treeof the classedo be mapped
(organizedby sources)r in the mappednterfacetree (organizedby global classes).
All routinesfor mappingor un-mappinginterfacesimply move Nodelnterfacaodes
from onetreeto the other At the endof the Designertuning,the Global Classtreeis
parsedandnew Global Classeglatastructurearecreated.

Actually thetwo sub-panel®f theclusteringmodule the onefor Globalclasse$uning
andthe onefor the ARTEMIS algorithmtuning, aredesignedo be two independent
modulesand could appearas main Sl-Designerpadssincethey aretotally indepen-
dentfrom eachother Both readstatusthroughthe GSPoxy andbothgenerateslobal
Classes! developedthe ClusteringRinel speci cally to unify thesetwo panels. This
objectactsasa subSl-Designepanelpropagatinghe saveStatuand Updatemethod
to thesinglemodules.

4.45 Thetestmodule

The testmodulehasbeendevelopedfor testingroutinesduring the executionof SI-
Designer Sinceit is a SI-Designemoduleit canaccessll integrationinformation.

The GUI is rathersimpleandis composednly of a big text area(usedto displaythe
outputof thetestroutines)andatool-barthatcontainghebuttonsconnectedo thetest
routines.

Two functionsarepermanentlyplacedin this panel:

theSdhema.toOlcdnethod. Themethodis calledonthe mainschemabjectand
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ClusterTree:

|

| +src

| | Interface [Computer_Science.Location]
| +dst:

| | Interface [University.Room]

|

tools.Distance: 0.25

+src:

| tools.Distance: 0.25

| +src

| | Interface [Computer_Science.Office]
| +dst:

| | tools.Distance: 0.3214285714285714
| +sIC:

| |  tools.Distance: 0.5833333333333334
| | +src

| | | Interface [Computer_Science.Course]
| | +dst:

| | | Interface [University.Section]
| |

| +dst:

| tools.Distance: 05

|

|

|

|

|

|

|

tools. Distance: 0.25

+srC:

| Interface [University.Department]

+dst:

| tools.Distance: 0.25

+sIC:

| 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,the ClusteringTree

returnsa olcd descriptionof the global schema.This descriptionis readyto be
sentto ODB-Toolsto performschemavalidationor relationshipinference.

the Sthema.toOdmethod.The methodis calledon the main schemabbjectand
returnsanODL  descriptionof theintegratedschemacontainingthe complete
descriptionof the local sourcesthe thesaurugexpressedasa list of relation-
ships),andthe generateanappingtables.

This descriptioncould (but doesnot work yet) be passedasinput to the ODL
parserthat shouldreallocatealmosttotally the datastructureshat describethe
integration. This cannotbe a total reconstructiorsinceinformationlik e the SI-
Designemodulestatuglikethe SLIM elementannotationcannotbe expressed
in ODL andwill belost.
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4.5 Implementation and experimentationconsiderations

Someactiities performedn MOMIS for informationsourceintegrationhave anele-
mentof subjectvity, beinganintuitive processbecaus¢he knowledgeandexperience
of the designercanbe a requiremento ensurethat the integrationis proceedingcor-
rectly. In particular thespeci cationof inter-sourcerelationshipsbothintensionabnd
extensional andthevarioustuningactiities areof thiskind.

Our effort hasbeenconcentrateih helpingthe designeby providing interactve func-
tionalitiesandallowing the designeito have easyacces®achtime to asmuchinfor-
mationpossibleaboutsourceandintegrationprocess.

In the following, we give th mainfeedbackof the experimentatiorof MOMIS tools
onpracticalintegrationexamples.Thegoodquality of af nity evaluationreliesonboth
the correctnes®f the intensionalrelationshipsand on the parametergi.e., strengths,
weights,thresholds)sedin the calculationof thecoefcients andtheirrelative values.

ARTEMIS hasbeenexperimentedn differentsetsof conceptuatiatabasechemaso
selecta setof default values(i.e., the onesworking satistctorily in mostcasesyfor
the variousparametergstrengthsthresholdsweights)interveningin the af nity and
clusteringstages.The valuesof terminologicalrelationshipstrengthsn the Common
Thesaurusand of af nity weightsandthresholdsusedin the examplesof this paper
correspondo theseselecteddefault values. Default values,however canbe dynami-
cally variedby the designemwhennecessarin orderto tailor theaf nity calculationto
thespeci c integrationcontexts.

As a consequencamostdif cult tasksinvolvedin the integration procesgesultsim-
pli ed, in thatsemanticallyrelatedinformationis automaticallyidenti ed andthe de-
signeris asledfor avalidationof the proposedesultsor, for ambiguoussituationsfor
aselectionramonga setof pre-de nedchoices.

Moreover, the possibility of interactingwith thetool to vary default parametecon g-
urationsand comparetheir resultsallows the tuning of the integrationprocess.The
experimentednteractionwith WordNetwas satishctoryin sourcesntegrationwhen
the schematdo be integratedhave “meaningfulnames”;in this case mostof the ter-
minologicalinter-schemaelationshipsreobtainedthusavoiding alot of boringwork
for thedesignerHowever, for mary legag/ applicationsadoptechamesarenot mean-
ingful. In this case the automaticextractionof intra-schemaelationshipsandthe aid
of the systemin checkingconsisteng of explicitly given relationshipsaregoodaids
for thedesigner

A deepediscussiorof the experimentatiorresultsof the useof strengthenedermi-
nologicalrelationshipsand af nity-based clusteringof ARTEMIS for the integration
of heterogeneoudataschemasn the Italian Public Administrationdomain,is given
in [CAV00, CA99a].

With respecto theMOMIS prototype weimplementedt in Java, relyingontheporta-
bility of suchlanguage.We obtaineda portablesoftware application. The MOMIS
prototyperunson Unix machineaswell asWindows machinewithouthaving to recom-
pile a singleclass. Also communication§CORBA connection)arequite transparent,
andit workswell regardlesf the executionplatform. Using Java we obtainedporta-
bility but we lost performancesThe mostresourceconsumingalgorithmsin MOMIS
are the searchfor lexical relationshipsin WordNetand the validation/inferentialal-
gorithm (SimB). Suchalgorithms,with a schemaof 37 interfacesin 3 sourcesand
247 attributes,in a distributed ervironment(SI-Designerunningon a Windows Ma-
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chinePentiumlll 600Mhz,seners,runningon a SolarisSparc433Mhz)takesabout
70 secondgo extract 1016 new lexicon-derivedrelationshipswhile the executionof
the SimB algorithm takes about240 secondgo executeandinfers 40 new relation-
ships.ARTEMIS (runningonthePentium)takesaboutl5secondproposing23global
classes.
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Chapter 5

Conclusions

In this documentwe have presentedh semi-automate@pproachto information ex-
tractionandintegrationof heterogeneousformationsources.The ODL language
is introducedfor information extraction and integration, by taking into accountalso
semistructureéhformationsourcesA DescriptionLogic module(ODB-Toolsengine)
providesinferencecapabilitiesto constructa CommonThesauruf inter-sourcere-
lationshipsthe WordNetlexical databasés usedasknowledgebaseto addinforma-
tion for the integrationin form of lexicon derived relationships,and a clustergen-
eratormodule (ARTEMIS tool ernvironment)provides capabilitiesto identify candi-
datesglobal classeof the integratedglobal view. The proposedapproachhasbeen
implementedn theMOMIS prototypefollowing acorventionalwrapper/mediatoar
chitecture. MOMIS providesa setof tools andassociatedechniquedor performing
semanticintegration. MOMIS provides several techniquesand associatedools for
helpingthedesigneiin theintegrationof heterogeneousformationsourcedy means
of anapplicationwith agraphicalinterface,calledSI-DesignerSl-Designeinterfaces
all the employed tools with the goal of allowing an interactive and customizeduse
of MOMIS techniquedy the designetbasedon the speci ¢ requirement®f a given
integrationprocess.

Futureresearchwill be devotedto the developmeniof the QueryManagercomponent
of MOMIS with queryoptimizationand“answercomposition"functionalities,based
onde nition of extensionalxiomsandintegrity constraintsle ned on globalODL
classes.One of the original aspectf the Query Managerwill consistof employ-
ing DescriptionLogics-basedomponentgi.e., ODB-Tools) to performsemanticop-
timization stepsbothon globalandlocal queriesto minimize the numberof accessed
sourcesandthevolumeof datato beintegratedasthe resultof sub-queryexecution.

Researchin MOMIS will alsofacethe problemof the AutomaticIntegration,where
wewill studytechniqueso eliminate(atleastin someapplications}herole of theinte-
grationdesigner To automateheintegrationwe will move the annotatiorcapabilities
on Wrappersandwe will extendtheODL (languageanddatastructures}o support
annotations.Furthermorewe will considerusingMobile Agentsastool to discover
interestingdatasouices

The MOMIS projectwill be nanced for years2001/2002by the D2I: Integration,
WarehousingandMining of Hetelogeneou®ata Sourcesprojectof theltalianMURST
ministry.
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Chapter 6

Part Il - Information Retrieval
with the Keynetsystem

This partpresentsheresultsobtainedn theinformationretrieval (IR) researchactiity
attheNortheasterrUniversity (Boston,MA - USA) underthesupervisiorof Professor
KennethBaclawvski during my six-monthstayin the USA.

In particular a setof algorithmsto ef ciently compareK eynetsystemobjectsin order
to speed-ugheinformationretrieval arepresented.

Also presenteds atechniqueo classifydocumentsith respecto a givenqueryand
atechniqueo aid theuserin re ning thequery

To this endwe developed:

anintersectioralgorithmfor graphs

anindexing andclassi cationtechniquebasedntheintersectiorwith thequery
graph

a tool for supeguery classi cation calculusof a setof documentghat satisfy
the given query  This study doesnot presentary resultaboutprecisionand
recall (theseareindexesusedto measurahe informationretrieval systemper
formances)ecausave did not have any alreadyannotedcollection on which
to measurdheseindexes (for example,an annotatectollectionis the Tipster's
collectiony.

6.1 The Keynetsystem

TheKeynetsystemis designedor IR from a corpusof informationobjectsin a single
subjectarea. It is well suitedfor non-textual information objects,suchas scienti ¢
data les, satelliteimagesandvideotapesFor example theliteral contentof a satellite
imagedoesnot includethe geographicoordinatef the boundarief the imageor
othercartographi@abstractionsSomekinds of textual documentsuchasresearctpa-
persin asinglediscipline,canalsobe supportedWith currenttechnologyK eynetcan
supportvery high-performancéR from a corpushaving up to severalmillion objects
atapproximatelythe samdevel of performanceassmallercorpora.

A Keynetsystenrequiregshedevelopmenbf a subject-speci cconceptontology that
is understandablto a literate practitionerof the eld. A Keynetontologyrepresents
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knowledgeusing a directedgraphof conceptuakateyoriesand relationshipsamong
them. Keynet, further, assumeshateachinformationobject(documentin its corpus
has beenannotatedwith a contentlabel that indicateswhat portion of the subject-
speci ¢ ontologyrelatesto the contentof the object(keynetstructuie).

Tools have beendevelopedandtestedworking in a biomedicalcontext. The Uni ed
Medical LanguageSystem(UMLS) developedby the NationalLibrary of Medicineis
thereferenceontology[HL93] for this context.

Both contentlabelsand querieshave the samedatastructurecalledthe keynetstruc-

ture. A keynetmay be regardedas a kind of semanticnetwork [Lev92] , although
in practiceit is semanticallyintermediatebetweenkeywords and semanticnetworks.

Thekeynetframavork generalizesnary commonlyusedmechanismgor information
retrieval, suchas: subjectclassi cation schemeskeywords, documentabstractsye-

views, contentlabelsfor non-textual information objects,propertiessuchas author
or dateof publication,rangesof text strings,suchas“wild card” matchstrings,and
rangef quantities.The Keynetsystemallows a uniform treatmenbf thesedisparate
techniquesn a systemthat permitsa greatdealof e xibility comparedo traditional
databas@andinformationretrieval systems.For example,one cancombineall of the

abore mechanismsn a single systemand easily add new featuresto the ontology

suchasnew attributesandkeywords. In addition, the Keynet framework allows for

sequencesf conceptdinkedby relationshipsandexpressedn naturallanguageusing
phrasesclausessentenceandparagraphs.

A contentlabelis similar to an abstractor review of a documentbothin sizeandin

being separatelyaccessibldrom its correspondingnformation object. Using a tool

suchasM&M-Query SystemBF93], acontentabelcanbegeneratedy the authorof

theinformationobjectwith no moreeffort thanis now takento write the abstracor to

selectthe keywords.

6.2 Graphsin Keynetsystem

Both queriesand contentlabelsare represente@s graphsof concepts.To represent
nodesof eachgraphin main memorywe usethe following datastructure calledthe
keynetstructue. This structureis usedto storekeynetinformationadfor communica-
tion in theKeynetclusterof computersThisis the structureof the contents:

Ontology Identi er . Eachontologyis assignedh uniqueintegeridenti er.
Major version number. Sinceontologiescanevolve overtime, aversionnum-
beris usedto distinguishbothmajorandminor versionsof anontology Minor
versionsdiffer from oneanotheronly by the additionof new conceptsconcep-
tual categgoriesandrelationshiptypes. Major versionsmay differ in more sub-
stantialways,includingthe splitting of categories,memging of catejories,aswell
asmorecomple alterationsn the ontology

Minor versionnumber.

Count. Sincethe Keynetsystemis distributed, keynetshave to be transmitted
betweemodesof the network. During thetransmissiorthe count eld speci es
thatthe keynet hasbeensplit into a numberof piecesasspeci edin this eld.
Normally the valueof this eld is 1.

Sequencenumber Whena keynetis in several pieces,this eld will have the
sequencaeumberof this piece. The valuesrangefrom 0 to onelessthanthe
count eld above.
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Vertex count Thisis the countof the numberof verticesthatwill bespeci edin
thelist immediatelyfollowing this eld.

Vertex list Thisis a setof zeroor morevertex speci cations.Eachvertex speci-
cation consistf threeintegersasfollows:

— Vertexid Eachvertex of akeynethasa uniqueidenti er within thekeynet.

— Typeid Eachvertex hasatypeor conceptuatateyory. Thetypesandtheir
identi ers arelistedin the ontology

— Instanceid A vertex may beinstantiatedusingoneof the instancegjiven
in the ontology Instanceidenti ers arenonzerointegers. If this eld has
valueO, thenthevertex hasnot beeninstantiated.

— Outgoing Edgelist Thisis asetof all the edgeswith this vertex assource.

— Incoming Edgelist This is a setof all the edgeswith this vertex asdesti-
nation.

Edgecount Thisis the countof the numberof edgeghatwill bespeci edin the
list immediatelyfollowing this eld.

Edgelist Thisis a setof zeroor moreedgespeci cations.Eachedgespeci ca-
tion consistof threeintegersasfollows:

— Sourcevertex Thisis thevertex identi er of the sourceof this edgein the
keynet.

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

— Edgetype id Eachedgehasatype. Theedgeor relationshiptypesand

A keynetstructue is basicallya graph wherethe coupleof verticesand
edgesis associatedespectiely to the coupleof conceptsand relationshipsamong
conceptf theontology

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

consists of| Organ~healt

affects

associated with . .
associated with

Mammal’\monke}/

| Keynet (a) 1 | Keynet (b)

Organ”right ventricle

Figure6.1: Exampleof keynetgraphs

In gure 6.1two examplesof keynetstructue are shavn. Keynet(a) representhe
text: “Monkeyscansufer fromherniasincarcerate” andKeynet(b) representthetext
“Theright ventricleis containedn theheart,bothof which primarily consistof muscle
tissue Lymphocyteare associatedvith boththeright ventricleandthe heart”

In gure 6.2two examplef keynetstructue for representingjueryareshavn. Keynet
(q1) derivesfrom the text “What antibodieslyse (lysis) lymphocytesn vivo?' and
Keynet(g2) derivesfrom the text “Whatmarrow transplantprotocolsusemonoclonal
antibodiesto depleterecipientlymphocytes?
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Figure6.2: Exampleof keynetgraphsfor queries

6.3 The Keynetsearch enginearchitecture

The purposeof Keynet is to assistin retrieving informationobjectsfrom a corpusof
them. Theseinformation objectsneednot be textual and may be physicallylocated
arywherein the network. Retrieval is accomplishedy meansof a contentlabel for
eachinformationobject. Thesecontentlabelsarestoredin arepositoryatthe Keynet
site. The structureof the contentlabelsis speci ed by aninformation modelor on-
tology. The contentlabelsareindexed by meansof a distributed hashtable storedin
the main memoriesof a collectionof processorat the Keynetsite. Theseprocessors
form the searchengine. Eachcontentlabel containsinformation aboutlocatingand
acquiringthe informationobject. The Keynetsystemis only concernedvith nding
informationobjects;usersareresponsibldor actuallyacquiring(andpresumablypay-
ing for) informationobjects.

To seemore preciselywhereall of thesecomponentseside,andhow they are con-
nectedto one another refer to Figure 6.3. The users computeris in the upperleft
position. A copy of the ontologyis keptlocally at the usersite. As this will require
from severalhundredmegabytedo a few gigabytesof memory it would generallybe
storedon a CD-ROM. Theontologyis alsothe basisfor theuserinterfaceto thesearch
engine. Queriesmustconformto the format speci ed by the ontology, andare sent
over the network to a front-endprocessoat the Keynetsite. Responsearesentback
over the network to the users site, wherethey are presentedo the userusingthe on-
tology. Theprototypesystemusesa connectionlessommunicatiorprotocolsothatno
connections requiredfor makinga query andalsosothatthe responseseednot be
sentbackfrom the samecomputerthatoriginally recevedthe query

At the Keynetsite, the front-endcomputeris responsibldor relayingqueryrequests
to one of the searchenginecomputers.The reasonfor having a front-endcomputer
is mainly for distributing the workload but it alsohelpsto simplify the protocol for
making queries. The searchengineitself is a collection of processorgor more pre-
ciselysener processegpinedby a high-speedocal areanetwork. Thesearchengine
processorwill becallednodes.Therepositoryof contentabelsis distributedon disks
attachedo someof thenodes.Theindex to the contentlabelsis distributedamongthe
mainmemoriesof the nodes.The prototypediffersfrom the Keynetarchitectureonly
in thatit randomlygeneratesherepositoryaswell asqueriessentto it.

Sincea connectionlesgsommunicationprotocolis unreliable,it is necessaryor the
usercomputerto re-sendthe queryif thereis no responsefteratimeoutperiod. The
Keynet protocolis statelesandidempotentandsoit workswell with a connection-

1from [BS94d
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Figure6.3: Exampleof keynetgraphs

lesscommunicatiorservice. Thereis a similar protocol for registeringinformation
objectsby sendingcontentiabelsto the K eynetsite, but this is not explicitly shavn in
Figure6.3.

6.4 Graph comparisonfunctions

Intr oduction

In the theory of graphs,a graph  consistof a nite nonemptyset of elements
that are called verticesor points togetherwith a set  of distinct ordered(for the
directedgraphg or unorderednot directedgraphg pair of pointsthat belongto
Eachelement of theset issaidedce.

A vertex is saidlabeledwheneachvertex canbebeidenti ed uniquelyby alabel . In
the sameway, we cansayanedgeis labeledwhenthe edgecanbe uniquelyidenti ed
by alabel

The keynetstructue is a directedgraphwith labeledverticesandlabelededges.In a
keynetstructueeit is notrequiredthatlabelsuniquelyidenti es verticesor edges.This
meansthat verticesor edgesthat shareshe samelabel are allowed. This is dueto
the natureof the conceptsdescribedn a document.e., in keynetstructue a vertex
represents conceptin adocument.

A conceptmay beintroducedandreferredin a documentmorethanonce. This pro-
ducesa singlekeynetvertex. But, in a documenthe sameconceptcanalsobe intro-
ducedin morethanonedifferentcontext andthis requiresmore equalsverticesto be
represented.

Comparison functions

To catgyorizegraphsanduseef cient algorithmwe needto de ne a comparisorfunc-
tion. Sinceour algorithmsarebasedn comparingsortedlist of verticesor edgessuch
functionmustde ne anorderrelationshipamongobjects.

For example,in the Keynetsystenthelabelfor a vertex is givenby the conceptden-
ti er 2. If we assumehatthe conceptidenti er for a vertex is aninteger number the

2The conceptidenti er for a vertex is theidenti er of the ontology conceptrepresentedy the vertex.
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comparisorfunction betweentwo verticescanbe easily de ned asthe function “al-
gebraic differencebetweenthe conceptidenti er of the two vertice$

Two edgesareequalsvhentheedge label, the sourcevertex andthe destinationvertex

areequals.

Usingthe comparisorfunctionamongverticesanda functionthatcomparesheedges
labelwe cande ne the comparisorfunctionamongedgesfor example evaluatingthe
threeattributesin thefollowing order: (1) the edgelabel, (2) the sourcevertex and(3)

thedestinatiorvertex.

Matching algorithm

Thematching algorithmcompareswo graphsandcreategheintersectiorgraph.
Sincewe de ned comparisorfunctionsfor verticesandedgesve canassumehatthe
lists of verticesand edgesare sorted. So we canapply the algorithmto nd equals
elementdn two orderedlist (thatis quite fast),thelist of verticesandthelist of the
edges.

This algorithmperforms,in theworstcase, comparisorwhere and are
thelengthof the thetwo sortedlist (seeFigure6.4).

6.5 Classi cation and indexing of a query resultset

Intr oduction

We developedthis tool to cateyorize query results. The goalis to build a tool that
quickly give anideato the usersof the contentsof the queryresultset. Sincethe
graphical User Interfaceshaws the keynet graphicalrepresentationf the query our
proposalis to shav to the userall documentghat matchthe querycateyorizedby the
“typeof matding'”.

TheKeynetsystemusingits distributedhashtable,is ableto retrieve from thedatabase
all the documentsghat roughly matchthe query The tool presentedn this section

Eachvertex of ary keynetstructurethat representhe sameconceptrefersto the sameontology objectby
suchidenti er.

3In the graphtheorya matding is a subsebf the edgesn which no vertex appearsnorethanonce.We
useanothemeaningor thethetermmatd. For us,two graphsmatd whenthey carrythesameanformation.
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Figure6.4: Comparisongn comparingsortedlists

catgyorizethesedocumentsaccordingo thefollowing rules:

1. Let the representativegraph for a documentbe the intersectionbetweenthe
gueryandthedocumentimself. We assumehe representativggraphexpresses
thetypeof matding

2. Onecatayory is identi ed uniquelyby a “r epresentativegraph” thatis itself a
Keynetstructure.

3. Onecatayory containsa list of all and only the documentdhat sharethe same
“r epresentativegraph” characterizinghe category.

Thisimpliesthatgivena documentnda query eachdocumenbelongsto a uniquely
identi ed category.

Categorizing the documentand shaving for eachcategory the representativegraph
andotherstatisticalinformationsuchasthe numberof documentsn eachcateyory, the
averagerankingweight* of the documentgjivesthe useran overallideaof thekind of
document$asbeenretrievedby the query

The classi er

A category is a couple(an object) thatrelatesa keynetstructure with a
list of otherkeynetstructures

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

1. insertadocument in the cateyorizer specifyingits representatie graph .
2. providesawayto accesdo the categgoriesandto the documentist of eachcate-

gory.

Now we describéheeasiestvayto insertanew document characterizetdy thegraph
in acateyorizer Let uscall this procesghe naiveapproad.

We searchagraphthatis equalto within thecharacteristigraphsof the cateyories.

If found let bethe category with the characteristigraphequalsto . Thecateyory

4At presenttherankingof documentss performedby usingthe cosineweightingtechnique/Salsg,
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isthecatggoryfor andweadd to thelist of documenbf .
If notfound we createa new categgory with ascharacteristigraphand in thelist
of documentsThenwe add to thelist of cateyoriesof the cateyorizer

Themainproblemof the naivecategorizeris thatit is too slov. Eachtime we have to

inserta new documentve performan averageof graphcomparisonwhere is

the numberof categories. Moreover, comparingtwo graphsis a expensve operation
becausave have to compareall edgesandverticesof bothgraphs.

An indexedclassi er

We wantaclassi er thatreduceghe numberof vertex andedgecomparisonn orderto
speeduptheclassi cationprocess.

It is possibleto substitutethe comparisoramongvertices(or edgeswith the compar
ison amongreferencedo categyories(for examplea pointerto a cateyory objector a
categoryidenti er) andwe will shov how to doiit.

Letusintroduceasimpli ed representationf the Keynetgraphmodel.

Let the referenceontologyfor a Keynet system. Here is describeda simpli ed
representatiofor theontology:

Where isthesetof nodegor conceptspf theontology
arethetypeof relationshipsallowedby the ontologyamongontologynodesand
is the setof edgedrelationshipsamongnodes)composinghe ontology Notethat

A Keynetgraph canberepresentedsa subsetwith repetitionof the ontologyele-
ments.It canberepresentedly thefollowing couple:

Thenumber is necessarginceverticesandedgesmight appeamorethanoncein a
Keynetgraph.

This kind of representationelieson theindex techniqueusedto index graphsor cate-
gories(in the cateyorizerwe index the cateyoriesdescribingthe characteristigraphs
of thecateyory).

By de nition, two graphs are equalswhenthey have exactly (thesamenumberof) the
sameverticesand(thesamenumberof) thesameedges Theequalityof two verticesor
edgeof differentgraphsis givenby thecomparisorfunctionsdescribedn section6.4
onpage39.

Data structur e

The above representatiofis obtainedby maintaininga list of verticesandfor eachof

suchvertex , storingalist of couple . In thiscouple is anidenti er of a

catgory (for exampleapointer)and isthenumberoftimesthevertex appearén the

characteristigraphof thecategory . To save memoryspaceandspeedugomparisons
we assumehatif a catejory doesnot appeatin thelist of avertex it meanghatits

representatie graphdoesnothavethevertex (thisassumptionmpliesthattheempty
graph,no verticesandno edgesmustbetreatedn a particularmanner).

The samerepresentatiois maintainedor the edgeqfor eachedgeis maintaineda list
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of couples catgyory, number). Figure 6.5 are shaws the datastructureamain-
tainedby theclassi cator

edge & catNo nl
categorizer " B
catNo [
list of catNo ~//) categor
list of edge & catNo category »\¥R_/\ 9oy
[ characteristic keynef
" "
list of vertice & cath% number
list of keynet
vertex & catNo m
/_. catNo [ category
n [y ]
category 77/\ characteristic keynef
[
| -
number list of keynet

Figure6.5: Datastructuredor the classi cator

Thiskind of representatiois usefulwhenwetry to nd acateyory givenits represen-
tative graph(thisis the rst stepof theinserta new documenbperation).

To retrieve the category for a given representatie graph we follow the algorithm
belown accordingo thefollowing hypothesis:

1. lists of verticesarekeptorderedbothin the graphandin the cateyorizer
2. lists of edgesarekeptsortedbothin the graphandin thecateyorizer

The algorithm

Thefollowing is thealgorithmimplementedy theindexedcategyorizer
if (isaemptygraph)
handletheemptycategory
else
searh the category usingdatastructue
compaetheedge lists
getthe r stcategorizer edge
getthe r stgraphedge  countingtheoccurrences
do
if (no more edge to compae)
exit_do
endif
compaethetwo edges
if (edgesmatd)
if(is notinitializedthe categorylist)
initialize the  categorylist from
else
intersect withthe categorylist
endif
if( is empty(no categories)
thecatggoryfor doesnotexists
exit_routine #1
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endif
getnextgraphedge countingtheoccurrences
getnext categyorizer edge
elseif( greatthan )
getnext catgyorizer edge
else
hasan edge not presentn the categorizer
thecateggoryfor doesnotexists
exit_routine #2
endif
done
if (there are otheredgesin )
hasan edge not presenin the categorizer
thecateggoryfor doesnotexists
exit_routine #3
endif
label #1

compaethetheverticeslists
getthe r stcategorizer vertex
getthe r stgraphvertex  countingtheoccurrences
do
if (no more verticesto compae)
exit_do
endif
compaethetwo vertices
if (verticesmatc)
if(is notinitializedthe categorylist)
initialize the  category list from
else
intersect withthe categorylist
endif
if( is empty(no categories)
thecategoryfor doesnotexists
exit_routine #4
endif
getnext graphvertex  countingtheoccurrences
getnext categorizer vertex
elseif( greatthan )
getnext categorizer  vertex
else
hasa vertex not presentin the categorizer
thecateggoryfor doesnotexists
exit_routine #5
endif
done
if (there are otherverticesin )
hasa vertex not presentin the categorizer
thecateggoryfor doesnotexists
exit_routine #6
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endif
label #2
in thereis only onecategory
andis the category for
endif

Basicallythe category for is selectedntersectingall thelist of cateyoriesthatmatch
all the edgesand all the verticesof the graph . The intersectionis performedby
initializing theintersectionlist onthe rst edgeor vertex matching,andintersecting
this list with thelist of the otheredgeor vertex matching.

To prove the correctnes®f the algorithm, we have yet to describethe two following
steps:

1.initialize the categorylist from (or )

This procedureinitializes a list of category  usedto selectthe categyory of a given

graph . Thesameprocedurds usedto initialize  from alist of cateyoriesassociated

to bothanedgeof thecatayorizer( ) or to avertex of the categorizer( ).

Thelist isinitialized by copying the catgyoriesfrom thelist associateavith theedge
(orthevertex ) accordingo thefollowing rules:

1. remembethat matches andwe call thisvertex .

2. the numberof occurrence®f the edge (or thevertex )in mustmatch
thenumberassociatethe catgory. This meanghatthe graphsof eachselected
catggory musthave exactly the samenumberof occurrence®f the edges (or
thevertex ) asthegraph .

3. thenumberof edgesandthe numberof verticesof mustmatchtherespectie
numberof edgesandnumberof verticesof the graphof eachselectectategory.

2.intersect withthe categorylist

In thelist only thoseclasseshatarepresentlsoin thelist associateavith theedge
(or with the vertex ) are maintained. Moreover, the numberof occurrence®f
theedge (orthevertex )in mustmatchwith the numberassociatedvith the
catgyory. Thismeanghatthe graphof eachmaintainedcategory musthave exactly the
samenumberof occurrencesf theedges (orthevertex ) asthegraph .

Proof of correctness

We prove thatour indexing algorithm nds for all andonly the cateyoriesthathave

asrepresentatiegraph agraphthatmatches .

We assumehattwo graphs and matchwhenthey have exactly the samevertices
andedgesandwith the samenumberof occurrencesTwo verticesor two edgesmatch
accordingto the comparisonfunctionsdescribedn page89. The datastructurese-
scribedon pageed2 mustbe correctlymaintainedaswell.

Find only thosecategories:

We canhave differentsituationsthat differ from the casewhere is the emptygraph

This caseis handledas an exceptionso we make surethatif the emptycategory is

alreadypresentthenwe will nd it. In thefollowing list we will examineall possible
waysto selector unselect catgyory in the algorithmon page93:

from theinitialization of thelist ~ all categorieswhere hasanumberof edges
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or of verticesdifferentthan aredropped.

exit#1 candifferfroma becausdasadifferentnumberof occurrencesf a
givenedge.Thismeanghattherepresentatiegraph of theselectectategories
hasthe samenumberof occurrence®f eachmatchingedgefor eachmatching
edge.

exit #2 andexit #3if we nd anedgein thatis notpreseninary ,wedonot
selectary catggory. Thismeanghatall selectedcategoriesmusthave atleastthe
sameedgef

label#1in thispointin thelist all thecateyorieswith ~ with thesamenumber
of edgef arepresenttheedgesarethe sameandthe occurrences the same
for eachmatchingedge.

exit #4 candifferfroma becauseét hasa differentnumberof occurrences
of a givenvertex. This meansthatthe representatie graph  of the selected
catgyorieshasthesamenumberof occurrencesf eachmatchingvertex, for each
matchingvertex.

exit #5andexit #6 if we nd avertexin thatis notpresentnary ,wedonot
selectary catggory. Thismeanghatall selectedcategoriesmusthave atleastthe
sameverticesof

label#2 atthispointin thelist  all categorieswith  arepresentvith thesame
numberof edgef , theedgesarethe sameandthe occurrences the samefor
eachmatchingedgeandalsowith the samenumberof verticesof , thevertices
arethesameandthe occurrences the samefor eachmatchingvertices.

Thisis thede nition of matchinggraphs.

Find all thosecategories:

Theroutineof initializationinitialize thelist  with all thecateyoriespresentn thelists
associateavith a cateyorizeredgeor vertex. Sincethesecateyorizerlist arecorrectly
maintainedby the cateyorizer, then,in eachlist, all the catggorieswith the givenedge
or vertex arepresent.

Supposéherearetwo catgoriesthat matchthe givengraph . Both cateyories,for
constructiorof thedatastructureswill appeaiin all the categorizerlistsin suchaway
to describethegraph .

This meanghatboth categorieswill be selectedy theinitialization procedureof the
list andwill alsoremainin thelist after eachcateyory intersectionstep. Since
bothof themmatchthegraph , bothwill be selectedy thealgorithm(eachof theexit
pointswill beskipped).

Butin thelist therewill be only onecateyory. We canprove this by supposinghe
existenceof two differentcategories and . If and will be selectedby the
algorithm,it meanghatboththerespectie characteristigraphs and matches
andthisimpliesthat match . Thisis impossiblefor the de nition of cateyorizer,
which requiresthat the representatie graphsof eachcategory mustall be different
from the others.

Complexity

To studythealgorithmcompleity we needto parametrizeéhedatato be processednd
to make severalassumptionsOur goalis notto expresgheexactformula,howeverwe
wantto give anapproximatiorof thealgorithmcompleity.

We represenbur setof graphsto be classi ed by thesecharacteristiparameters:
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numberof graphsto categorize

numberof categoriesin which suchgraphswill beclassi ed
averagenumberof verticesfor thegraphsn theset
averagenumberof edgedor thegraphsn the set

We assumea random,uniform distribution of edgesandverticesin eachgraphandof
graphsin the set. We alsoassumehatthe caseof repeatedrertices(e.g.,morethan
one vertex with the samelabel) or edgesin a grapharerare (the indexing algorithm
will runfastemwith ahighnumberof verticesor edgegepetitions).We considetasunit
of measurdor the calculusof the compleity the comparisorbetweertwo identi ers
andassignthe following weight:

1 comparegwo identi ers, by assumption

2 comparetwo graphvertices,becausén our casea vertex is identi ed by a
coupleof otheridenti ers. This is an optimistic assumptiona vertex may be
identi ed in amuchcomplex way

3 comparetwo graphedges,becausen edgeis characterizedy two vertices
andsomeotherinformation. An averagecomparisormatchedalf of thesedata.

To comparewo listsof elementqof edgesor vertices)we assumehey areordered
sothatthis operationcanbe performedwith  comparisons.

Naivealgorithm

To searcha category we assumdt employs average— graphcomparisons.The cost
for agraphcomparisoris

The compleity for thenaive algorithmis givenby:

Indexing algorithm
To searcha catggory we assumet performs,in theworstcase edgecomparisons,
vertex comparisonsind — categyory comparisons.

To inserta categyory we have to compare  vertices, edgesandsort
lists of identi ers.

The compleity for theindexing algorithmis givenby:

The mostimportantoperation(i.e., nd a classfunction)canbe performedin a
of the numberof thegraph.

Tests

Thetestwerecomputedon a linux machinethe time hasbeenmeasuredisingthe C
functiontimes .

We rantwo kinds of testsetsusingrandomgeneratedjraphswith differenttopologies.
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Figure6.7: Time evaluationfor aqueryabcwith 6 verticesand3 edges

1. A rst testset(abc) is composedy graphswith only 3 vertices(labels'a’, 'b'
and'c’) repeatedseveraltimes. For the edgespnly onekind of label exists, so

thenumberof edgeds very small

. In theseteststhe mostcharacterizinglata
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of agraphis thenumberof repetitionsof a givenvertex or edge.
Thesetestscorrespondo the graphin Figure6.7 and6.8.

Figure 6.7 is obtainedby categorizing this setof graphsusinga querywith 6
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verticesand 6 edges. This producescategorieswith average6 verticesand 3
edgegmatched Figure6.8is obtainedby categorizingthis setof graphsusinga
querywith 15 verticesand 25 edges.This producescatgorieswith averagel0
verticesand6 edgesmatched.

2. Thesecondestset(a..2 is composedaf graphswith amorerealisticdistribution
of vertices(the verticesallowed are 26 andrepetitionsareallowed, too). Also,
thenumberof allowedlabelsfor therelationshipsare3 sothenumberof allowed
edgess
Thesetestscorrespondo thegraphin Figure6.9and6.10.

Figure6.9is obtainedby catagyorizingthis testsetof graphsusinga querywith 6

verticesand5 edges.This producesatayorieswith anaverageof 2 verticesand
0 edgesnatched.Figure6.10is obtainedby cateyorizingthis testsetof graphs
usinga querywith 15 verticesand42 edges.This producesatejorieswith an

averageof 5 verticesand0 edgesmatched.

Figure6.6 summarizeshenumberof cateyoriesextractedby classifyingthetestsetfor
eachyvaryingthetesttype andthe numberof graphof thetestset.
The estimatedime for theindexedalgorithmhasbeencomputedusingthe formula of
page97 without addingthe insertiontimesof the news cateyories.

6.6 Query re nement

Re ne thequery meango write a moreselectve query  theresultsof  area
subsetof theresultsof . In the following we sayextenda queryto meanre ne the
guery Thisis because¢here nementof a Keynetqueryis doneby addingverticesor
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edgedo theorginal querygraph.
Ourgoalis to designa tool thatassistghe userin queryre nement.

We proposea tool that givena queryanda list of documenthat exactly matcheghe
query, the tool behaeslike a categorizer that classi es documentsaccordingto all
possiblewaysthequerycanbere ned.

Thistool is usefulwhenthe numberof documentseturnedrom thequeryis high (for
examplemorethan150documents).

We de ne a supegraphgraphof a givenquerycomputedon a givendocumentsthe
union of the querygraphandan edgethatis not part of the querybut is part of the
documentlIn Figure6.11anexampleof supegraphextractioncomparinga queryand

Document:

Query: . 2R |
= ‘ o 3
! | (o |
(e ] :
Supergraphs:
e |
|
i
Figure6.11: Supegraphextraction
adocumentis shavn.

Imaginethat the usersubmitsa querythatis associatedo too mary documents.In
this case,the GUI of the systemwill showv the keynetgraphof the queryand allow
the userto explore waysto re ne the query Clicking on a concept(a vertex) of such
graphwill popup alist of all relationshipghat extendsuchconcept(with all related
informationsuchasnumberof documentaverageweight ...). Theusercanre ne the
guerychoosingoneconceptthenarelationshipandthenaconceptagain.

The processanobviously beiteratedandthe new queryextensioncanbe recomputed
usingthedocumenin thedocumentist of the choserrelationship).

Thisway to browsethe databasstartingfrom thegivenqueryallows the userto learn
aboutthedistribution of thedocumentsn thedatabase.

First query

Figure6.12: Queryre nementprocess

Figure6.12the stepsfor keynetqueryre nementareshown.

Contents: In this sectionwe presentwo proceduresoneto extractall possibleexten-
sionsof aqueryfrom adocumentandoneto handletheassociatiommongall possible
extensionof aqueryandtheassociatediocument.
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Edgematching for the supergraph problem

Herewe describehow to performthe matchingbetweera querygraphandadocument
in orderto extractall new edgeghatextendsthe query

The problem
Let the querygraphand the documengraphwe wantto useto
extendthequery
Let agenericedgeand,let and thesourceanddestinationverticesof .
We wantto extractthe setof outputedges , where:

1. or

Wheretherelationship s calculatedusingthe comparisorfunction of page89.
The algorithm

If for eachvertex of a graph are maintainedthe list of ingoing and
outgoingedgeswe canapplythefollowing algorithm.

1. compareheverticesof thedocumen{( ) with theverticesof thequery(( ))

2. for eachmatchingvertex copy the reference(the pointer) of the ingoing and
outgoingedgesn alist of duplicatededges.

3. sorttheextractededgesanddeletethe duplicatededges.

Complexity
We make thefollowing assumptions:

numberof verticesof the documengraph
numberof verticesof thequerygraph
numberof edgesf thedocumengraph
numberof edgesf thequerygraph

We candistinguishthefollowing stepsandcorrespondingosts:
sortingverticesof documentandquery:

extractingedgeswith duplicates:
sortinganddeletingduplicatededges:

Where is a parametepf thegraphto compare.

is the probability for a documento have a vertex in commonwith the query If we
supposeiniform distributionin edgescorrelation andgiventhatthe documentandthe
gueryshareghequeryverticesthen —

When this meansthat all the edgesof any documentwill be selectedby the
currentquery.

Data structur e for supergraph categorizer

In this sectionwe describea procedurefor supegraphextractionthatful lls thefol-
lowing requirements:

1. It processesereraldocumentzomparinghemwith auniquegivenquery
2. For eachdocument,we want to handle(generateand memorize)all possible
supegraphsof thedocumentccordingo the givenquery
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3. Givena supegraph,we wantto know which documentsharethe given super
graph.

4. Given a vertex of the query we want to know what the possiblesupegraphs
arethatinvolve suchvertex. Therefore givena verte, it is possibleto selecta
way to extend(re ne) thequery andthenthelist of documentwith the selected
extensionwill beavailable.

We assumehatthefollowing statementaretrue:

a graphis a couple where s alist of verticesand is alist of
edges
for eachvertex thelist of edgesingoing andthe list of edgesoutgoing

fromthevertex aremaintained

functionsto compareedgesandverticeshave beende ned. Suchfunctionsmake
it possibleto uniquely de ne an order relationshipamongedgesand among
vertices.

Obsene that ary supegraphof a given query can be describedas the union of the
guerygraphandanedgethatextendsthe querybut doesnotbelongsto thequery This
meansthat a subgaphfor a givenqueryis completelyde ned by an extensionedge.
This allows usto save memoryandcputime in handlingsupegraphs.

The proposeddatastructureto storeand classify query supegraphsis implemented
memorizing:

superquery is a graph that containsthe query graphandall (not duplicated)edges
thatextendthequeryin the processedlocuments.

categoriesis alist of category object.A category objectassociateanedgewith alist
of documentandknowsif the vertex belonggto thequery In thelist categories
therewill beacateyoryfor eachsupegueryedge.And in eachcategory slist of
documentstherewill bealist of all documentshatcontainsthe category edge.

By maintainingthis datastructureit is easyto extractinformationaboutthe extension
of the query startingfrom a given vertex of the query All the edgesthat extendthe

catgyory are given by the union of the ingoing and outgoingedgesfrom the selected
vertex in thesupeguerygraph.Thelist of documentsissociatetb eachsingleselected
edgeis storedin the category characterizetby thatedge.

6.7 Relatedwork

We workedin a speci ¢ branchof Information Retrieval, we developedtoolsto han-
dle knowledgein the Keynet system. For more information aboutK eynet system
seg[BS943 BS94h BS94d BF93,BS94c]. TheK eynetsystenmuseghecosineweight-
ing techniqueto rankdocumentslescribedn [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 thealgorithmpresentedn [UII76].

The architectureof the graphcateyorizeris a simpli cation of the architectureof the
KeynetsystemBS944[BS94d.
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Queryre nement

[VWSG97] introduceghe conceptrecall. This is anexperimentaimeasuref analgo-
rithm's ability to suggestermsthatare semanticallyrelatedto the users information
need;it alsopresents fastalgorithmfor termssuggestionsvith the goal of improv-
ing the precision Suchalgorithmis basedon termweightingamongthe termsof the
documentghatmatchthequery

[LCHH97] presentsa visual queryinterfacefor queryingmultimediadatabaseshat
allows usersto posequeriesusingiconsand menuin a drag-and-drogashion. This
interfacetranslateghe visualqueryin CSQL,a querylanguagewith additionalpred-
icatesfor imagematchingandsemantic-baseduerycondition. This is a tool to help
usersguerya multimediadatabasén an“exploratory”fashion.

[JFS98 presentanimprovemenbf theunsafgor approximatg queryalgorithmof [Per94.
It modi es the queryevaluationbasedon the currentcontentsof the buffers, andthis
speedsiptheretrieval in queryre nements.

In contrasiwith [LH99] and[VWSG97], whosemotivationis to enhancenformation
retrieval by developingmodelswith theability to diagnosea usersinformationalgoals,
our approaclhis not basedon probability but relieson the structureof the Keynetsys-
tem.

6.8 A graphical userinterface for Keynetvisualization

This sectiondescribes tool (KNEditor ) developedby myselffor Keynetvisualiza-
tion over text documents.The goal of this tool is to let the userperceve by intuition
how conceptsarecorrelatedn theshavedtext.

Thedescriptiorof thisgraphicalinterfaceshouldaidto explain, throughexample what
aKeynetis.

Guideline in designinghisapplicationl triedto reduceheredundang of information
storedin the memorydatastructure.The applicationwasalsodesignedo provide text
editingfunctions(text insertor delete).

Theapplicationis a now keynetviewer application.It canloada Keynetandit allows
theuserto navigateinteractiely throughrelationships.

6.8.1 Speci cations
Graphical layout

The GUI is composeaf four windows thatdisplaythefollowing information:

list of concepts

list of relationships

propertief theselectedtems

thedocumenviewer, shavs thetext andthe keynetgraphof thedocument.

In thedocumentwiewer window we adoptthefollowing corventions:

aword relatedto a conceptis displayedn blue.
A conceptis representedby a small blue dot over the text at the beginning of
theword, all relationshipsarrows startsandendson thatpoint.
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Figure6.13: Screershotof the KNEditor application

arelationshipis shovnin red

Relationshipsarerepresentedavith arrowsfrom the startingconceptto the end
concepts.

Unselectedelationshipsarevisualizedastranslucentarrons; selectecbnesare
displayedas lled redarrows (highlighted).

plain text is showvn asblacktext overwhite background

highlightedtext is representedith alight graybackground.

The KNEditor allows the userto (1)selecta concept This will highlight the concept
andrelatedrelationshipsandshav the conceptproperties(2) selectinga relationship
will highlight the relationshipandrelatedconceptsand shav the relationshipproper
ties. (3) selectinga region of text will highlighttheregion.

6.8.2 The ontology
Ontology access

We needo accessheontology(1) in orderto extractthenameof thecateyory/terms/relationship
giventheID; (2) to extractthe ID of the catggory/terms/relationshigiventhe name;

(3) to extractall possiblerelationshipsamongtwo conceptgiventheconceptsandlet
theuserchoosehe preferredone.

| needanaccuratedescriptionof the ontology

Sincetheontologydatabasés 1.6 gigabytesye needafastandef cient wayto access
to theontology(e.g.,usinga databaser preparingeverseindexes).

For thedevelopmenproposalwve do nothave suchkind of ontologyinteraction butthe
temporarysolutionis to readcateyories/terms/relationshifigom the le containingthe
keynetannotationles andstorethemin three les:
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_categories.txt
_terms.txt
_relations.txt

Such les actasa (very simple)ontologyproxy.

Theontologyinteractionandtheusersability to editaK eynetdescriptiorarethemain
featurego beimplemented.

6.8.3 Implementation notes

Figure6.14the objectstructureof thetool is shavn. It is fully writtenin Java.
This sectionadressethedifferentproblemsfacedduringtheimplementation.

OntyologyldentificationReferences

‘ Keynet |<—*>’ Concept

* * *

Edge EH Vertex ‘

OntologyRelationReferenc
first

first
DocConcept DocCharacter
DisplayAttributes

first

next
previous

previous

Categories ‘ ‘ Terms ‘ ‘ Relations

Ontology 14 sept 1999

Figure6.14: Architectureof theapplication

Textrepresentation

Thetext (KNEDocument) is adoublechainedist of character6KNEDocCharacter ).
Eachcharactehasseveral propertiessuchas: thevalue (the characteto display),the
text color andthe backgroundtolor, thefont, thenthewidth, heightandascensizes.

| wrotearoutinefor formattingtext thatdividesthetext in the severallines® usedonly
for visualization,accordingto the displayareaavailablethe heightandwidth of each
singlecharacteandtheline separator¢EOL characters)

Lines are storedin a double-chainedist of lines. A line containsat leastoneword
(obviously only if theline hasatleastoneword beforethe EOL). Theline layeris used
alsoto speedup characteiidenti cation from the windows coordinatesvhenthe user
clicks overthetext.

Saving format vsruntime format (1) Thetext in thesavingformatcanbeseenasa
list of charactersandin suchtext a charactecouldbeidenti ed by absoluteposition.
Thetext associatedvith aconcepor with arelationshipcanberepresentedsacouple

5A Document couldberepresentedsalist of pagesandeachpageasallist of lines. But this page layer
is notimplementecat momentbecauseve assumenly smalldocumentsvill behandled.
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of integervalues , Where is thenumberof the rst charin
thetext and expresseshe numberof charof thetext.

(2) For the KNEditor, this kind of representatiors too rigid. We needa more e xible
representatiothatallows charactergandconceptdo beaddedwithout worrying about
maintainingcoherencéetweenthe positionandlength. So, for the editorwe usethe
object pointersto doublelink conceptsand characters.A charactercan ber related
to a single concept,a relationshipor nothing. Moreover and a concept(but alsoa
relationship)maintainsa list of characterghatrepresentshe text associatedvith the
concept.

Translation

For translatingamongthesetwo representatiofioadingtranslate(1) (2) andsaving
translatg2) (1)) werequiretwo functions:

1. (loading) retrievesa chargiventhe position
2. (saving calculatedgherelative the positionof a givena charasif thetext wasa
list of characters.

To speedup this processve needa dirty ag anddatastructurethatis refreshedafter
loadingandbeforesaving (if thedirty a gistrue),whichmemorizethestartingposition
of theLines in thedocument.

Graphical layout management

Thegraphicallayoutis generatedn animage(with the sizeof thedisplayarea)stored
in memory Thisimageis generategachtime somethingchangesn thetext, suchas
window resizing,highlighting or un-highlightingof ary object,text scrollingand Text
insertingor deleting(notyetimplemented).

Thisimageis displayedn thedocumentlisplayareaeachtimethatsomethingchanges
in thetext or eachtime thewindow requiresrepainting.

Concepts, vertices and relationships A keynetis a list of conceptsanda list of

relationships(called also edge9 amongconcepts.| extendedthis modelallowing a

concepto berepresentetdy moretext ared® in thetext. A conceptcanberecalledby

moretext areas but a text areacanrecall a singleconcept.Sol calledsuchtext area
asvertex. A conceptthuscontainsa list of verticesandis identi ed by a cateyory.id

andaterm.id from the ontology To maintainthe spatialmeaningof the relationship
i de ned edgesto be relationshipbetweenvertices. Olviously, the conceptsnherit
relationshipgrom thevertices.

DocConcepts Sincebothverticesandedgeshave referenceso text, | introducecthe
DocConcepts clasghatis usedto managehemappingbetweerthekeynetitemsand
thetext in thedocument.A DocConcepts objectcanbe avertex or anedge.Each
characteof thedocumenhasareferencao DocConcepbbject(is null if thecharacter
is notrelatedto ary keynetitem., For thisreason| introducedhenonoverlappingrule
amongconceptsn thetext.

6A text areais a contiguoussequencef characterin thetext of thedocument
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How aregionof text is identi ed
Thefollowing itemsrequirea clever methodto identify aregion of text:

currentselectionof text
text associatedvith aconcept
text associateavith arelationship

Therearedifferentwaysto identify a region: (a) specifyingthe rst andthelastchar
acterpointer The sequentialityof the selectionis guaranteel do not have to worry
aboutthe numberof charactersn the selection,but | may have sometroublewhen|
deleteor move thelastcharof the selection.(b) specifyingthe rst characteandthe
lengthof thetext. The sequentialityof the selectionis guarantee Eachtime | addor
deletea charof the selectionl have to increaseor decrease¢he counterof chars(this
is nota computationallycostfull operationbecaus@achcharof the selectiorknowsto
thatit is partof the selectionwhich makesthe operationgo fast). (c) memorizingin a
vectorall pointersto text charactersThesequentialityof the selectioris notguarantee.
Eachtime | addor deleteacharl haveto alignthewholevector

Solution

| chosethesolutionb: astartingcharactepluslengthof theselection.

During the selectionof text, thetext associateavith a concepor arelationshipcanbe
eitherall selectedr all unselectedlt is not possibleselectonly a piecepieceof text
relatedto a concepior arelationship.

Curr ent cursor Position. The cursorpositionidentify the positionof the insertion
point. This canbe representedby a charactempointer The portionwhereto insertis
after the pointedcharacter The cursorPostiorcanhave null value, null value means
insertnew charactersitthe beginning of thedocument.

6.8.4 Implemented functionalities
Thisis arow listing implementedunctionalitieswritten duringtheimplementation.

Speedup the imagegeneration.To print eachchar | have to setthe following
attributes: (1) color (2) font (3) backgrounctolor.

In orderto speedup the charactemriting, | canclustera sequencef character
(with the sameattributes)anddraw a backgroundectangleanda single string
oncewithout settingmary timestheseproperties.

Arrows for therelationships! alsotried arcsbut | don't like them.

Selectionvs highlightingpolicies.

We have to handletwo differentkind of selections:

— text selection.
A text selectioncanbedescribedhasalist of consecutie characters.
— concept(edge/ertices)selection.Thisis usefulin text navigation

Solution

Only unassignedext (text notrelatedto any concepticanbeselectedvhile con-
ceptscanonly be highlighted. But this will not allow cutting and pastingof

portion of text containingconcepts.

To facilitatecuttingandpastingl mustde ne anapproactthatallows the selec-
tion of thetext relatedto someconcept.Themostimportantthing to dois notto
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allow partial selectionof a assignecportion of text; thatis, thetext relatedto a
concepicanbeonly or all selectedr all unselected.
Highlight: How to highlight:

— A vertex is highlightedby:
- clicking on thetext relatedto the vertex.
- selectingthe concepthatcontainsthe vertex.
- selectingarelationshiphatrecallthe vertex.
— A conceptcanbehighlightedby:
- clicking onthe concepton the conceptdist.
- selectinga vertex.
— A relationship canbehighlightedby:
- clicking on an (highlighted)arrow or
- clicking onthetext relatedto therelationship.
- selectinga vertex thatthis relationshipis related.
- clicking on therelationshipon the edgedist.

Eventsto handle

— Click on a vertex text. Action: Highlight all the relationshipsconnected
to suchvertex (andthetext of therelationship)anddestinatiorrelatedver-
tices.Highlight the conceptin the conceptist.

— Click on a edgetext or click on a edge arrow or click on a edgein the
edce list. Action: Highlight both verticesof suchrelationshipandthe text
relatedto therelationship.Eachtime | highlightarelationshipl will move
this to the last positionin the vectorof the relationships.This meanghat
thiswill bethelastto bedisplayedandthe rst to beselected.

— Click on a conceptin the conceptlist. Action: Highlight all verticesof
suchconcept.

Implementationl canuseavector of thehighlightedconceptghatmaintains
the list of the currently highlighteditems. This speedsup the un-highlighting
process.

I will implementasmary functionsasthe eventsto handle.

6.9 Conclusionsand futur e work

In thisdocumentve presented setof toolsfor InformationRetrieval relyingon graph
of concepts.We presentedigh performanceKeynet(or, in generalgraph)classi er
providing description proof of correctnessnda setof testsperformedon animple-
mentation.In studyinghow to comparinggraphswith duplicatednodes the problem
arisesof graph isomorphismin distinguishingamongthe equalsverticesrelying on
graphstructure. An openproblemis to evaluateif it is worth distinguishingamong
equivalentverticesin orderto obtain more knowledge useful for the documentre-
trieval.

We alsopresente@nanalysison how Keynetfeaturesanbe exploitedin queryre n-
ing or databasdrowsing startingfrom a query Queryre nementby classi cationis
aqueryclassi cationtool, but it is alsoaninstrumento learnfrom the searchengine,
sincethe documentatabaseanbe browsedstartingfrom ary query It shouldbein-
terestingto studyhow to bring this featureon a term-basedearchengine(Keynetis
basedn concepigraphs).
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During my stayin the USA atheoryfor documentankingspeci cally for the Keynet
systemwasin developementtage. This theoryis necessarpecausen the Keynet
systemthe independencef termsis not guaranteedthe Keynet systemdealswith

edgesandverticesand,edgesandverticesin agrapharenotindependent.g.,anedge
requiresthe presencef two vertices)andthis is one of the main assumptionén the
InformationRetrieval Theory

Researcton Keynetis proceedinglevelopinga modulefor automatinghe extraction
of a contentlabel from a textual document.lt is basedon a machine-learningngine
ableto disambiguatehe mappingamongtermsof the documentandthe conceptof

theontology
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ODL syntax

Hereis the full syntaxof the ODL language. This syntaxhasbeenautomatically
generatedrom theyaccde nition of theparserof the MOMIS prototype.

OdISpeci cation = De nition
De nition ;
De nition ; OdISpeci cation
De nition = TypeDcl
ConstDcl
ExceptDcl
Interface
RuleDcl
ExtRuleDcl
ThesaurusRelation
Module
error
typedef TypeDeclarator
ConstriypeSpec
TypeDeclarator = TypeSpec Declarators
Declarators = Declarator
Declarators, Declarator
Declarator = Identi er
Identier ArraySizeList
ArraySizeList = FixedArraySize
ArraySizelList FixedArraySize
TypeSpec = SimpleTypeSpec
ConstriypeSpec

TypeDcl
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ODL syntax

SimpleTypeSpec

BaseT¥peSpec

FloatingPtTpe

IntegerType

LongIntType

Charlype
Boolean¥pe
Octetype
RangeVpe
RangeSpeci er

AnyType
TemplateYpeSpec

ArrayType
$$1

ArrayType
StringType

CollectionType

AttrCollectionSpeci er

BaseTpeSpec
TemplateYpeSpec

Identi er

FloatingPt¥pe

IntegerType

Charlype

BooleanTpe

Octetype

RangeVpe

AnyType

oat

double

LongIntType

short

unsignedlong

unsignedshort

integer

int

long

char

boolean

octet

range{ RangeSpecier}
SignedintgerLiteral , SignedintgerLiteral
SignedintgerLiteral , + in nite
-in nite , SignedintgerLiteral
any

ArrayType

StringType

CollectionType

array < SimpleTypeSpec, IntegerLiteral >

array < SimpleTypeSpec> $$1 sequence<
SimpleTypeSpec, IntegerLiteral >

string < IntegerLiteral >

string

AttrCollectionSpeci er < SimpleTypeSpec>
set

list

bag
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ConstriypeSpec

StructType

MemberList

Member
UnionType

SwitchTypeSpec

SwitchBody

Case
CaselabelList

Caselabel
ElementSpec
EnumType
EnumeratorList
Enumerator
ConstExp
OrExpr
XOrExpr

AndExpr

ShiftExpr

AddExpr

StructType

UnionType

EnumType

struct Identier { MemberList }
Member

MemberList Member
TypeSpec Declarators;

union ldenti er switch( SwitchTypeSpec) {

SwitchBody }

IntegerType

Charlype

Boolean¥pe

EnumType

ScopedName

RangeVpe

Case

Case SwitchBody
CaselabelList ElementSpec;
Caselabel

CaselLabel CaselabelList
case ConstExp :

default :

TypeSpec Declarator
enum Identier { EnumeratorList}
Enumerator
EnumeratorList, Enumerator
Identi er

OrExpr

XOrExpr

OrExpr | XOrExpr
AndExpr

XOrExpr = AndExpr
ShiftExpr

AndExpr & ShiftExpr
AddExpr

ShiftExpr >> AddExpr
ShiftExpr << AddExpr
MultExpr

AddExpr + MultExpr
AddExpr - MultExpr
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MultExpr

UnaryExpr

PrimaryExpr

ConstDcl

SignedintgerLiteral

SignedFloatingPtLiteral ::

Signes

ExceptDcl
OptMemberList

ScopedName

Interface
IntView

InterfaceDcl

UnaryExpr

MultExpr * UnaryExpr
MultExpr / UnaryExpr
MultExpr \% UnaryExpr
Signes PrimaryExpr
PrimaryExpr
Identi er
IntegerLiteral
FloatingPtLiteral
( OrExpr)

( error)

const StringType Identier = StringLiteral
const Charlype Identier = CharacterLiteral
const IntegerType Identier = ConstExp
const FloatingPtYpe Identier = ConstExp
IntegerLiteral

Signes IntegerLiteral

Signes FloatingPtLiteral

FloatingPtLiteral

+

exception Identier { OptMemberList}

MemberList

Identi er
Identi er

ScopedName:: Identi er

InterfaceDcl

interface

view

IntView Identier : InheritanceSpec
OptTypePropertyList OptPersistenceDcl
SinglelnterbceBody

IntView Identier : InheritanceSpec
OptTypePropertyList OptPersistenceDcl
SingleinterbceBody InterfaceBodyUnionList

IntView Identier OptTypePropertyList
OptPersistenceDcl SinglelnterbiceBody
IntView Identier OptTypePropertyList

OptPersistenceDcl SinglelnterbiceBody
InterfaceBodyUnionList
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InheritanceSpec

OptTypePropertyList

OptSourceSpec

SourceVpe

OptExtentSpec
ListExtent
OptKeySpec
OptCandkeySpec
CandKeySpecList

CandKeySpec
OptForKeySpec

ForKeySpeclList

ForKeySpec

OptRefkeyList

ForeignKeyList

Key
PropertyList

PropertyName
OptPersistenceDcl

InterfaceBodyUnionList ::

Identi er
InheritanceSpec, Identi er

( OptSourceSpec OptExtentSpec OptKeySpec
OptCandkeySpec OptForKeySpec )

source SourceVpe Identier
relational

nfr elational

object

le

semistructured

extent ListExtent
Identi er
ListExtent , Identi er

key Key

CandKeySpecList
CandKeySpec
CandKeySpecList CandkeySpec
candidatekey Identier Key

ForKeySpeclList
ForKeySpec
ForKeySpecList ForKeySpec

foreignkey( ForeignKeyList ) references Identi er

OptRefKeyList

( ForeignKkeyList )

Identi er

ForeignkeyList , Identier

( PropertyList)
PropertyName
PropertyList, PropertyName
Identi er

persistent

transient

InterfaceBodyUnion

InterfaceBodyUnionList InterfaceBodyUnion
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InterfaceBodyUnion
SinglelnterbiceBody
InterfaceBody

Export

AttrDcl
OptReadonly

AttributeName

DomainType

OptFixedArraySize

FixedArraySize
OptMappingRuleDcl

MappingRuleDcl
MapRuleList

MapRule

LocalAttributeName
LocalClassName
DefaultValue
MapAndExpression
MapAndList

MapUnionExpression

MapUnionList

union Identier SinglelnterhceBody
{ InterfaceBody }

Export ;

Export ; InterfaceBody

TypeDcl

ConstDcl

ExceptDcl

AttrDcl

RelDcl

OpDcl

OptReadonly attrib ute DomainType AttributeName

OptFixedArraySize OptMappingRuleDcl

readonly
Identi er
Identier ?
SimpleTypeSpec
Structlype
EnumType

FixedArraySize
[ IntegerLiteral ]

MappingRuleDcl

mapping rule MapRuleList
MapRule

MapRuleList , MapRule
LocalAttributeName
DefaultValue
MapAndExpression
MapUnionExpression
LocalClassName. Identi er
Identier . Identier

Identier . ldentier = StringLiteral

( MapAndList and LocalAttributeName)
LocalAttributeName

MapAndList and LocalAttributeName

(' MapUnionList union LocalAttributeName on
Identier )

LocalAttributeName
MapUnionList union LocalAttributeName
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RelDcl

TargetOfRath

RelCollectionpe

InverseTaversalRth

OptOrderBy
ScopedNameList
OpDcl
OptOnavay
OperlypeSpec
ParameterDcls

ParamDclList

ParamDcl
ParamAttrikute

OptRaisesExpr
OptContetExpr

StringLiteralList

ExtRuleDcl
ExtRuleSpec
ExtRuleType

ExtRuleBottom

ExtRulelsa
RuleDcl

relationship TargetOfRath Identi er inverse
InverseTaversalth OptOrderBy

Identi er

RelCollectionpe < Identier >
set

list

Identier :: Identier

{ order_by ScopedNameList}
ScopedName
ScopedNamelList, ScopedName

OptOnavay OperTypeSpec ldentier ParameterDcls
OptRaisesExpr OptContetExpr

oneway

SimpleTypeSpec

void

( ParamDclList )

()

ParamDcl

ParamDclList , ParamDcl

ParamAttribute SimpleTypeSpec Declarator

in
out
inout

raises( ScopedNameList)

context( StringLiterallList )
StringLiteral

StringLiteralList , StringLiteral
extrule Identier ExtRuleSpec
ForAll Identier in ExtRuleType
ExtRulelsa

ExtRuleBottom

( LocalClassNameand LocalClassName) then
Identi er in bottom

LocalClassNamethen Identier in LocalClassName
rule Identier RuleSpec
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ODL syntax

RuleSpec

ForAll

RuleBodyList

RuleBody

DottedLiteralList

DottedLiteral

OptSimpleTypeSpec

RuleConstOp

LiteralValue

DottedName

OptRuleCast

Caselist

CaseSpec

ForAll Identier in Identier : RuleBodyList then
RuleBodyList

{ caseof Identier : CaselList}
for all

forall

( RuleBodyList )

RuleBody

RuleBodyList and RuleBody

DottedName RuleConstOp OptRuleCast
LiteralValue DottedName RuleConstOp
OptRuleCast DottedName

DottedNamein DottedName
ForAll Identier in DottedName: RuleBodyList
exists Identier in DottedName: RuleBodyList

DottedName = SimpleTypeSpec Identier (
DottedLiteralList )

DottedLiteral

DottedLiteralList , DottedLiteral

OptSimplepeSpec DottedName
OptSimpleypeSpec LiteralValue

SimpleTypeSpec

>=

<=

<

>
SignedFloatingPtLiteral
SignedintgerLiteral
CharacterLiteral
StringLiteral
Identi er
DottedName. Identi er

( SimpleTypeSpec)
CaseSpec

Caselist CaseSpec
LiteralValue : DottedName
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ThesaurusRelation

ThesRelVpe

Module

LocalAttributeName ThesRelVpe
LocalAttributeName

LocalClassName ThesRelVpe LocalClassName
LocalClassName ThesRelVpe LocalAttributeName
LocalAttributeName ThesRelVpe LocalClassName
syn

bt

nt

rt

module Identier { OdISpeci cation }
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