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Objective

Deeper Semantics

I A wide variety of schemas(suchas classi�cations,directory
trees,web directories, relationalschemas. . . ) are exposedon
the Web.

I They conveya clear meaningto humans(e.g. help in the
navigationof large collectionsof documents).

I However,they conveyonly a small fraction of their meaning
to machines,asmeaningis not formally/explicitly represented.
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Objective

Deeper Semantics

I A wide variety of schemas(suchas classi�cations,directory
trees,web directories, relationalschemas. . . ) are exposedon
the Web.

I They conveya clear meaningto humans(e.g. help in the
navigationof large collectionsof documents).

I However,they conveyonly a small fraction of their meaning
to machines,asmeaningis not formally/explicitly represented.

Our goal
Designa generalmethodologyfor automaticallyeliciting and
representingthe intendedmeaningof schemaelementsand making
it availableto machines.
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Directory Structure

PICTURES n1

SARDINIA n2

BEACHES n3 MOUNTAINS n4

TRENTINO n5

COLOR n7

LAKES n9 CASTLES n10 MOUNTAINS n8

BLACK and WHITE n6
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Directory Structure

PICTURES n1

SARDINIA n2

BEACHES n3 MOUNTAINS n4

TRENTINO n5

COLOR n7

LAKES n9 CASTLES n10 MOUNTAINS n8

BLACK and WHITE n6

Intendedmeaning

Pictures [depicting] mountains [located in] Sardinia
Pictures [in] color [depicting] mountains [located in] Trentino
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ER schema

Author

Journal

Publication Person

IsA

1:n 0:n

Article
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Problems

I Eliciting the meaningof an exposedschemarequiresthat we
formally/explicitly representthe intendedmeaningof eachof
its elements

I Part of elementmeaning(the structural meaning) is exposed
with the schema(and for sometypesof schemas,like ER
schemasor RDFS,evenformally codi�ed)

I However:
I typically, part of the structural meaningis not exposed(e.g.

the relation betweenpicturesand Sardinia)
I the conceptualcontent is \hidden" in the choiceof (natural

language)labels
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Our proposal(version0.9)

I Constructall meaningskeletonswhich are compatiblewith the
structure of a schema

I Construct the conceptualcontent of labelsfrom their
linguistic formulation

I Useany availabledomainknowledgeto �lter out meaning
skeletonswhich are not compatible

I Usethe combinationof structural meaningand conceptual
content to producea formal and explicit representationof
eachschemaelement'sdeepsemantics.
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A problemwith this idea

Conceptual level

PRIVATE

PUBLIC

Data level

PUBLIC

Exposed schema

Beaches

Pictures

Projection

Translation

Sardinia
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Dictionariesassemanticcoordinationtools

I Conceptsare not directly accessible(they're mental
constructs)nor comparable

I The only accesswe haveto other people'sconceptsis through
their useof (natural) language

I Luckily, for natural languages,we havea very powerful tool
for semanticcoordination: dictionaries (lists of words + list of
acceptablesensesfor eachword)

I We proposeto systematicallyusedictionary sensesas
surrogatesof concepts
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The intuitive model

picture#1..beaches#1..sardinia#1

PUBLIC

Data level

PUBLIC

Exposed schema

Beaches

Pictures

Projection

Translation

Sardinia

Lexicalization

Lexical level

SEMI-PRIVATE
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Our proposal(version1.0): WDL

Meaningsare representedin a formal language(calledWDL, for
WordNet DescriptionLogic), which is the result of combining
two main ingredients:

I a logical language, with a precise(formal) semanticsand a
sounda completedecisionprocedure(DescriptionLogics)

I WordNet sensesas the vocabulary of the descriptive
language
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WDL example- ER

Author

Journal

Publication Person

IsA

1:n 0:n

Article

The meaningof the node labeledwith \Publication" in this ER
schemais

Publication#1 u 9Author#1 � :Person#1

and the intuitive semanticsis \a copy of a printed work o�ered for
distribution" that \a humanbeing", \writes ... professionally..."
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WDL example- Directories

PICTURES n1

SARDINIA n2

BEACHES n3 MOUNT AINS n4

TRENTINO n5

COLOR n7

MOUNT AINS n8 LAKES n9 CASTLES n10

BLACK and WHITE n6

The meaningof the node n3 of the hierarchical classi�cation is

image#2 u 9subject#4:(beaches#1u 9Located#1:f Sardinia#1g)

The intuitive meaningis \a visualrepresentationproducedon a
surface" [image#2] whose\subject" [subject#4] is \an area of
sandslopingdown to the water of a seaor lake" [beach#1]
\situated in" [Located#1] \an islandin the Mediterraneanwest of
Italy" [Sardinia#1]
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MeaningElicitation

The problemof meaningelicitation can be restatedas the problem
of �nding a WDL expression� (n) for eachelementn of a schema,
so that the intuitive semanticsof � (n) is a good enough
representationof the intendedmeaningof the element.
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SemanticElicitation in Practice

Three main steps
I MeaningSkeletons: encode the structural information

containedin a schema,namelythe information carried by a
schemawith meaninglesslabels. This information comesfrom
the (in)formal semanticof the schema.
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SemanticElicitation in Practice

Three main steps
I MeaningSkeletons: encode the structural information

containedin a schema,namelythe information carried by a
schemawith meaninglesslabels. This information comesfrom
the (in)formal semanticof the schema.

I Local meaning: encodesthe meaningof the label associated
to an elementwhentaken in isolation. Information on local
meaningscan be derivedfrom a lexicon(e.g. WordNet ).
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SemanticElicitation in Practice

Three main steps
I MeaningSkeletons: encode the structural information

containedin a schema,namelythe information carried by a
schemawith meaninglesslabels. This information comesfrom
the (in)formal semanticof the schema.

I Local meaning: encodesthe meaningof the label associated
to an elementwhentaken in isolation. Information on local
meaningscan be derivedfrom a lexicon(e.g. WordNet ).

I Relationsbetweenlocal meanings(Rmn): relationsthat may
hold betweenlocal meanings(e.g. the relation Located#1
betweenbeach#1 and Sardinia#1). Relationsbetweenlocal
meaningcan be extractedfrom the domainknowledge
(ontologies).
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MeaningSkeletons

I Meaningskeletonsare associated to eachnode n of a schema,
I A Meaningskeleton is a DL conceptwhosebasiccomponents

are the nodesof the graph,and the possiblerelationsbetween
them.

I The meaningskeletonassociated to a node n representsthe
structural information carried by this node (independentfrom
its label).
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MeaningSkeletons(cont'd)

n1

n2 n3 n4

Example
In directories, the meaningskeletonof the node n2 is:

n1 u 9Rn1;n2:n2

n2 acts as a \mo di�er" of n1, and Rn1;n2 is role connectingthe two
nodes.
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MeaningSkeletons

IsA

1:n 0:nn_1 n_2 n_3

n_4 n_5

Example
The meaningskeletonof the blue node (identi�ed by n1),
according to the formal semanticsof ER schemadescribed by Alex
Borgida et. al. is the following:

n1 u 8n1:n4 u 9n2:n3
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Local Meanings

I The local meaningof a node n in a schema,denotedwith
� (n), is a DL descriptionrepresentingall possiblemeaningsof
the label associated to a node.

I � (n) is computedby exploitinga linguistic resources
I A linguistic resourceasa function which, givena word,

returnsa set of senses, eachrepresentingan acceptable
meaningof that word.

I WordNet is probablythe best electroniclexicalavailableto
date.
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Local Meanings- Examples

Example

WordNet (\picture" ) = picture#1; picture#2; : : : ; picture#9

WordNet (\Sardinia") = Sardinia#1; Sardinia#2

If the label of m is \picture" and the label of n is \Sardinia" then

� (m) = Picture#1 t Picture#2 t � � � t Picture#9

� (n) = Sardinia#1 t Sardinia#2

Paolo Bouquet Meaning elicitation from schemas



Relationsbetweenlocal meanings

I Domainknowledgeis usedto discoversemanticrelations
holdingbetweenlocal meanings.

I Intuitively, giventwo primitive conceptsC and D, we search
for a role R, denotedwith � (C; D) that possiblyconnecta
C-object with a D-object.

I As an example,the relation that connectsthe concept
picture#2 and the conceptSardinia#1 can be subject#4.
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Putting thingstogether

PICTURES n1

SARDINIA n2 TRENTINO n3 ... n4

1. Meaningskeletonn1 u 9Rn1;n2; n2

2. Instanciatethe skeletonwith all possiblecombinationsof local
meanings(e.g. picture#1 u 9Rn1;n2:Sardinia#1, . . . ,
picture#5 u 9Rn1;n2:Sardinia#2, . . . )

3. �ll the meaningskeletonwith the semanticrelationsbetween
the local meaningsand discard all the local senseswhich do
not havesemanticrelations:

picture#1 u 9subject#4:Sardinia#1

.
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An application:schemamatching

?

Beaches

image#1..beach#1..Italy#1 picture#1..Sardinia#1..beach#1

Data level

Projection2

Exposed schemas

Translation1 Translation2

Beaches

Pictures

Sardinia

Images

Italy

Lexical level

Projection2

Paolo Bouquet Meaning elicitation from schemas



Schemamatching(continued)

I Oncethe meaningof two schemasis elicitedand represented
in WDL, discoveringsemanticrelationsacrossthem is a
matter of logical reasoning

I We can useany standard DL reasonerto discoverequivalence
or subsumptionbetweenany pairsof nodesof di�erent
schemas

I The relationscomputedby this method are meaningful(have
a clearly de�ned semantics)and can be usedfor distributed
DL reasoning
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Schemamatching(continued)

Concept� from the �rst schema:

image#2 u 9subject#4:(beaches#1u 9Located#1:f Italy#1 g)

Concept� from the secondschema:

picture#1 u 9subject#4:(beaches#1u 9Located#1:f Sardinia#1g)

Usinglexical+ domainknowledge, we can easilyinfer that:

image#2� picture#1; Sardinia#1v Italy#1 j= � v �

Paolo Bouquet Meaning elicitation from schemas



Peer-to-peerschemamatching

?

Beaches

image#1..beach#1..Italy#1 picture#1..Sardinia#1..beach#1

Data level

Projection2

Exposed schemas

Translation1 Translation2

Beaches

Pictures

Sardinia

Images

Italy

Lexical level

Projection2

Observation
Matching can be asymmetric(directional), dependingon the two
agents'domainknowledge.
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Implementations

I A �rst implementationcalledCtxMa tch 1.0, which uses
WPL (propositional logic) encoding

I Our current implementationCtxMa tch 2.0, which usesa
WDL encoding (WordNet + \lexicalized" OWL ontologies)

I GUI for CtxMa tch 2.0 which allows creating,editing and
matchingschemas
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Projects

I Matching classi�cationsin Distributed Knowledge
Management(Project: EDAMOK { Provinciadi Trento)

I Extracting knowledgefrom information and content sources
(Project: VIKEF { EU fundedintegratedproject)

I Ontologyalignmentvia elicitation in e-learning environments
(Project: APOSDLE{ EU funded)

I Intelligent queriesacrossheterogeneousweb sites(Project:
WISDOM { Italian Ministry of Research and University)

I Databaseintegration through DB schemaelicitation and
matching(Project: RISICOM)

I Ontologyextraction from texts usingelicitation (Project:
ONTOTEXT { Provinciadi Trento)
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Conclusion

I The method presentedherecan be usedon manyschemas
which are alreadyavailableon the web (e.g. in most portals or
e-businessweb sites)

I The main messageis: ontologiesMUST be complemented
with lexical information

I We needa principledway for \lexicalizing" ontologies(and
store the resultsin OWL) to closethe gap betweenstructural
and intendedmeaning
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