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Abstract. Ontologies as means for conceptualiz- ized” approach of mediation is probably not flexible enough,
ing and structuring domain knowledge within a and distributed systems of mediation are more appropriate.
community of interest are seen as a key to realize Building on this idea and on existing work, we introduce

the Semantic Web vision. However, the decentral-
ized nature of the Web makes achieving this con-
sensus across communities difficult, thus, hamper-
ing efficient knowledge sharing between them. In
order to balance the autonomy of each community

in this paper MAFRA, an Ontology MApping FRAmework
(MAFRA) for distributed ontologies in the Semantic Web.
Within MAFRA we provide an approach and conceptual
framework that provides a generic view onto the overall dis-

with the need for interoperability, mapping mech- tributed m_appi.ng.process. The distriputed ngture of Semant
anisms between distributed ontologies in the Se- Web entails significant degrees of information redundancy,
mantic Web are required. In this paper we present incoherence and constant evolution, thus changing theaatu
MAFRA, an interactive, incremental and dynamic of the ontology mapping problem: instead of creating actati
framework for mapping distributed ontologies in specification document relating entities in two ontologaes
the Semantic Web. continuous, incremental, interactive and highly dynamaz p

cess supporting mapping evolution is required to scale up to

the ever-changing nature of ontologies being mapped. Estab

1 Introduction lishing a mapping between two ontologies is an engineering
process of consensus building between two communities al-

The current WWW is a grealt success with respect to t{§2dy agreeing on common ontologies for their own respec-
amount of stored documents and the number of users. Ho{l¥€ domains. This task implies negotiation, so attenten i
ever, the ever-increasing amount information on the Wert?Jaid to providing means forcoopgrative mapping. Thus, pro-
places a heavy burden of accessing, extracting, intengretiposeq framework offers support in all parts of the ontology
and maintaining information on the human users of Web. Tirf'2PpPINg life-cycle.

Berners-Lee, the inventor of the WWW, coined the vision of o . . .

Semantic Web, providing means for annotation of Web reQrgamzqtmn of t.h's paper. .In section 2 we motivate our
sources with machine-processable metadata providing thé(}‘Rrk by '””‘Pd‘%"'”g an application fo.r whose successa ,SOIU'
with background knowledge and meaning (see [2]). Ontold!on ©© the d|_str|but_ed qntology mapping problem is re_qdure
gies as means for conceptualizing and structuring domaﬁ?sed on this application, we have collected the requirésnen

knowledge are seen as the key to enabling the fuffillment 9 r developing MAFRA. In section 3 we introduce the un-

the Semantic Web vision erlying conceptual architecture of MAFRA. In section 4 we
However, the de-centralized nature of the Web makes ir];(?Cus on mapping representation and present the current sta

deed inevitable that communities will use their own ontolot"S of our semantic bridging ontology and discuss its fea-

gies to describe their data. In this vision, ontologies heern- tures. Section 5 presents the realized mapping implementa-

selves distributed and the key point is the mediation b tion within KAON - an ontology and Semantic Web applica-

I . . .Gfi-on frameworK. Before we conclude a short discussion of
tween distributed data using mappings between ontologies

Th . . related and future work is given in section 6.

us, complex mappings and reasoning about those map-

pings are necessary for comparing and combining ontolo-

gies, and for integrating data described using different op MAFRA — Application Scenarios

tologies [15]. Existing information integration systenteda

approaches (e.g., TSIMMIS [6], Information Manifold [8], Design of MAFRA recognizes specific requirements of sev-
Infomastef, MOMIS*, Xyleme®) are “centralized” systems eral concrete application scenarios. In this section wegre

of mediation between users and distributed data sourcgfe of these scenarios and discuss its respective require-
which exploit mappings between a single mediated schemgents.

and schemas of data sources. Those mappings are typicallyPeople can't share knowledge if they do not speak a com-
modeled as views (over the mediated schema in the local-afion language”. This simple insight accurately charactsriz
view approach, or over the sources schemas in the global-gfat makes knowledge management a challenging task. Its
view approach) which are expressed using languages haviggal to reach global knowledge access within different de-
a formal semantics. For scaling up to the Web, the “centrafartments of an enterprise is usually difficult due to the fac
that different departments usually encompass different vo

http://infomaster.stanford.edu/infomaster-info.html cabularies, which hinders communication. Large companies

4 http://sparc20.ing.unimo.it/Momis/
5 http://www.xyleme.com 8 http://kaon.semanticweb.org
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typically consist of departments such as Human Resourceé®milarity. This module establishes similarities between en-
Production, Sales, Marketing and Finance. By using ontoldities from the source and target ontology. Similarity begw
gies, the task of collecting, organizing, and distributthg conceptual models is hard to measure and often establishing
knowledge within one department may be solved — ontola suitable similarity measure is a very subjective taske&sv
gies provide a sound semantic basis for the definition different similarity measures have been proposed in liteea
meaning that can be understood by both humans and nja4, 3,5, 10, 1], focusing on different aspects of ontology e
chines. Also, a single department is typically small enougtities. We don’t further elaborate on this issue, as it isinot
so that achieving consensus among interested parties-is feaope of this paper.
sible. However, designing a large-scale ontology covetirg
needs of all departments has shown to be a very difficult tasiemantic Bridging. Based on the similarities computed in
due to effort, scale and maintainability. Interoperapibie- the previously described phase, the semantic bridging mod-
tween departments can then be achieved by mapping of dfle is responsible for establishing correspondence betwee
tologies of each department. It is anticipated that mappir@ntities from the source and target ontology. Technically,
existing ontologies will be easier than creating common orthis is accomplished by establishing semantic bridgesi- ent
tology because a smaller community is involved in the prdies reflecting correspondence between two ontology estiti
cess. It is important to emphasize that we do not considerpart from the semantic correspondence, additional “proce
closed world and centralized information integration egst dural” information is needed to further specify the tramsfo
as a possible solution for the problem introduced above. Mation to be performed, e.g. translation of measures like cu
Onto|oggind is an Onto'ogy_based environment tack”ngrencies. Semantic bl‘ldglng iS further discussed in Sedjon
this problem. It builds on Semantic Web standards with the ) ) )
goal of enabling next generation knowledge management a xecution. This mod_ule actually transforms mstan_ces from
plications allowing management and usage of multiple ori- € source ontology into target ontology by evaluating the s

tologies. An important requirement within the developmerﬁnantic bridges defined earlier. In general two distinct nsode

of the Ontologging multi-ontology system is that there expf operation are possible, namely offline (static, one-time

ists extensive tool support for supporting the overall niagp transformation) and online (dynamic, continuous mapping

process. A specific requirement was the support of automa gt\;]vee(r;. sourcedqnd thg target) execution. Execution issues
detection of similarities of entities contained in the twis d TUrther discussed in section 5.

ferent department ontologies. Post-processing. The post-processing module takes the re-

sults of the execution module to check and improve the qual-
3 Conceptual Framework ity of the transformation results. The most challengindstas
_ ) ) _ of post-processing is establishing object identity - reting
An ontology mapping process, as defined in [14], is the sgig that two instances represent the same real-world object
of activities required to transform instances of a source o7 Fyrthermore, by computing statistical propertiesafis-

tology into instances of a target ontology. By studying th¢ormed instances, it is possible to check whether semantic
process and analyzing different approaches from the litefyigges were underspecified.

ature [14] we observed a set of commonalities and assem-

bled them into the MAFRA conceptual framework, outlined _ . .
in Figure 1. The framework consispts of five horizontal mod=-2 Vertical Dimension of MAFRA
ules describing the phases that we consider fundamental aniek vertical dimension of MAFRA contains modules that in-

distinct in a mapping process. Four vertical components rugract with horizontal modules during the overall mapping
along the entire mapping process, interacting with hotizlon process. Following four modules have been identified and

modules. will be only shortly mentioned in this paper:

3.1 Horizontal Dimension of MAERA Ev_olution. This modules focuse; on keeping semar)tic
- _ _ _ o ~ bridges obtained by the “Semantic Bridge” module, which
Within the horizontal dimension, we identified followingdiv must be kept in synchrony with the changes in the source
modules: and target ontologies. Evolving ontologies on the Semantic
Web result in an update requirement of the corresponding se-
mantic bridges. Although this may be achieved by reapplying

data to be mapped onto the same representation level, copihd mapping process, this is probably not the most efficient o

with syntactical, structural and language heterogenéy. [ :
: ) ) accurate way. Thus, the mapping process must have an evolu-
Both ontologies must be normalized to a uniform represen- ; - N
: : Lo . _tion component that will reuse the existing semantic bridge
tation, in our case RDF(S), thus eliminating syntax differ- . .
: d . in adapting them to new requirements.
ences and making semantics differences between the source

and the target ontology more apparent [14]. To facilitat,th cooperative Consensus Building. The cooperative Consen-

we developed a LIFT tool providing means to bring DTDsgy5 Building module is responsible for establishing a conse
XML-Schema, and relational databases to the structurel levg ;s on semantic bridges between two communities partici-
of the ontology. Lift is not further elaborated in this paper pating in the mapping process. This is a requirement as one
we shall simply assume that the source and target ontologigss to choose frequently from multiple, alternatively poss
are already represented in RDF-Schema with their instancgg, mappings . The amount of human involvement required to
in RDF. achieve consensus may be reduced by automating the map-

" http://www.ontologging.com ping process as much as possible.

Lift & Normalization. This module focuses on raising all
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Fig. 1. Conceptual Architecture

Domain Constraints and Background Knowledge. The qual- aspect of a semantic bridge. By analyzing ontologies used on
ity of similarity computation and semantic bridging may behe Semantic Web, we identified following five dimensions
dramatically improved by introducing background knowl-of semantic bridges:

edge and domain constraints, e.g. by using glossariespo he
identify synonyms or by using lexical ontologies, such as
WordNet or domain-specific thesauri, to identify similaneo
cepts.

h. Entity dimension reflects the type of ontology entities

being bridged,

Cardinality dimension reflects the number of ontology

entities being bridged,

3. Structural dimension reflects the way how elementary
bridges may be combined into more complex bridges,

. Constraint dimension reflects constraints applied dur-
ing the execution phase to instances from the source on-

Graphical User Interface. Mapping is a difficult and time
consuming process, which is not less difficult than building4
an ontology itself, i.e. deep understanding of both coneept
alizations required on human side, thus extensive graphica tology

support must be given and it is a separate issue how this cag) acformation dimension reflects how instances of

be achieved in an optimal way. The_ graphical user interfaces o source ontology are transformed during the mapping
(GUI) modules allows the users drive the mapping process, process

provide domain constraint and background knowledge, cre-
ate semantic bridges, refine bridges according to the sesuitntity dimension. Semantic bridges may relate the ontology
of the execution module, etc. Some aspects of the GUI aggrtities (i) concepts (modeling classes of objects from the

further elaborated in section 5. real world), (ii) relations (modeling relationships between
objects in the real world), anéiji) attributes (modeling sim-
4 Semantic Bridging ple properties of objects in the real world) afid) exten-

sional patterns (modeling the content of the instances).

As mentioned in subsection 3.1, the role of the semantic = = , his di . . h
bridging componentis to semantically relate entities ftbe Cardinality dimension. This dimension determines the num-

source and target ontologies. This is achieved by creating €7 Of ontology entities at both sides of the semantic bridge
called semantic bridges. A role of a semantic bridge is to eh2n9ing froml : 1tom : n. However, we have found that in
capsulate all necessary information to transform instante MOSt €as€s: : 7 is nota common requirement, $a » and
one source ontology entity to instances of one target oggolo ™ * 1 suffice. Even whem: : n are encountered, often they
entity. In the rest of this section we first explore the natfre may be decomposed into n: . bridges.

semantic bridges by analyzing their different dimensicas d Sructural dimension. This dimension reflects the way how

Fermining each bridge. Next we discuss.c.)ur z_;lpproach of u(§,Tementary bridges may be combined into more complex
ing a meta-ontology to enable the specification of semant idges. We distinguish between the following different re
bridges. At last we give an example of how semantic bridgqgtionS that may hold between bridges:

can be defined between two domain ontologies.
— Specializationallows a bridge to reuse definitions from

another bridge and provide additional information (e.g. a
bridge relating Employee concepts from two ontologies
The nature of semantic bridges may be understood by con- may be a specialization of a more general bridge relating
sidering different dimensions, each describing one paletic Person concepts),

4.1 Dimensions of Semantic Bridges
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— Abstraction is a variation of the type of the super- — The class RANSFORMATION is mandatory in each se-
classes. When this attribute is set, the specified bridge mantic bridge except if the semantic bridge is set as ab-
should not be executed independently, but only as super- stract. It uses the inService relation to link to the trans-

class of another. formation procedure, and any execution engine and func-
— Compositionrelation between to bridges specifies thata tion specific attributes in order to specify extra require-
bridge is composed of other bridges, ments;
— Alternatives relation between bridges specifies a set of — The class ©NDITION represents the conditions that
mutually exclusive bridges. should be verified in order to execute the semantic

bridge. Condition is operationally similar to transforma-
Congtraint dimension. The constraint dimension permits to  tion in the sense that it must specify all the extra require-
control the execution of a semantic bridge. It reflects v ments for the function that test the conditions. Because
constraints applied during the execution phase to instance any semantic bridge may have a condition, it allows to
from the source ontology. Constraints act as conditions tha  control complex transformations according to both the
must hold in order the transformation procedures is applied schema and instances data, specially in combination with
onto the instances of the source ontology, e.g. the bridgleev  SemanticBridgeAlt and the Composition constructs.
uate only if the value of the source instance matches a pertai— The CompPosITION modelling primitive identified

pattern. above is supported by the hasBridge relation in the
. _ _ o . _ SEMANTICBRIDGE class. It has no cardinality limit nor
Transformation dimension. This dimension reflects how in- type constraint which allows any semantic bridge to ag-

stances of the source ontology are transformed during the gregate many different bridges. Those semantic bridges

mapping process. Transformations assume different com- are then called one by one, and processed in the context
plexity and variety depending on the ontologies being of the former.

bridged. — The ALTERNATIVE modelling primitive is supported by
the SemanticBridgeAlt class. It groups several mutual
4.2 Semantic Bridging Ontology (SBO) exclusive semantic bridges. The execution parser checks
each of the bridges condition rules and the first bridge
Within our approach four different types of relations betwe which conditions hold is executed while the others are
entities, a particular semantic bridge exists. A specificat discarded.

of all available semantic bridges, organized in a taxonomy,

is a semantic bridging ontology (SBO). To actually relate |n the following, we will describe how the semantic bridg-
the source and target ontology, the mapping process creajig§ ontology has been represented so it may be used within
an instance of SBO containing semantic bridge instanceSemantic Web applications.

each encapsulating all necessary information to transiiorm

stances of one source entity to instances of the targeyentigg represented in DAML+OIL. DAML+OIL 8 has

In the following sections we will describe the semantic Bfid ooy choosen to represent the semantic bridge ontology.

ing ontology in more detail. 3 DAML+OIL builds on and extends RDF-Schema and pro-
Figure 2 describes the most important entities of the s@;4os a formal semantics for it. One of the goals in

mantic bridging ontology. We refer to the five, preViO“SIVSpecifying the semantic bridge ontology was to main-

described semantic bridge dimensions: tain and exploit the existent constructs and minimize ex-
— Three basic types of entities are considered: Concep %a constructs, which would maximize as much as possi-
: : e the acceptance and understanding by general Seman-
Relations and Attributes, X . 4 .
tic Web tools. The SBO ontology is available online at

— The class 8MANTIC BRIDGE is the most generic ) ;
bridge, it defines the relations to source and target ell']l_ttp.//kaon.semantlcweb.org/2002/04/SBO.daml.

tities. It is specialized according to the entity type and
according to cardinality. Though, there are many combiy 3 Example
nations of entity types and cardinality bridges that are not

explicitly specified, it is important to mention that they| et us consider Figure 3 where a small part of two different
can be easily specialized from more general bridges. ontologies are represented. The ontology on the left sitie (o
— The class ERVICE represents a class used to referencgescribes the structure of royal families and associatei in
resources that are responsible to connect to, or descrijguals. These concepts are combined with events, both indi
transformations. This class is intended to be used to dgigual events (birth date and death date) and families svent
scribe these transformations resources. Because SerViG%rriages and divorces). The ontology on the right sidg (02
are normally external to the execution engine, it is recharacterizes individuals using a very simple approads. It
quired to describe some fundamental characteristics likgainly restricted in representing if the individual is eith
name, interface (number and type of arguments) and Ig-pMan or a Woman. Unlike o1 that extensively enumerates
cation. Argument and its sub classes Arg and ArgArraynarriages and divorces, 02 is concerned just with the num-
pgrmits to describes these characteristics in a simple apdy of marriages. The goal of this example is to specify a
direct form. mapping between the source and target ontology (01 and 02

— RuLE is the general class for constraints angespectively), using the developed semantic bridge ogfolo
transformation-relevant information, which provides a

relation to the service class. 8 http://www.daml.org/2001/03/daml+oil-index.html
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(SBO). In order to exploit the SBO potentialities, the

ping specification follows the structure of the ontologies b
ing mapped, normally in the form of a taxonomy. Thereforey s

Ontology view in UML

map- <Seq ordinal ="2">
<bridge rdf:resource="#lndivi dual - Man"/ >
</ Seq>
</ hasBri dge>
manti cBri dgeAl t >

a mapping structure represented according to SBO tends to

arrange bridges in a hierarchical way.
First, the mapping must define the two ontologies

The alternative ConceptBridge’s are presented next:
beingndividual-Woman” and "Individual-Man”.

mapped. Additionally, one may specify top-level semantic

bridges which serve as entry points for the translationneve
if there are not mandatory. In this case the translationrengi

starts executing the "Individual-Individual” bridge.

<Mappi ng rdf: | D="mappi ng">
<rel at esSour ceOnt ol ogy rdf:resource="&o1;"/>
<rel atesTarget Ont ol ogy rdf:resource="&02;"/>
<hasBri dge rdf:resource="#I ndividual - I ndi vi dual "/ >
</ Mappi ng>

Notice that the target ontology intends to create ins
of either "02:Woman” or "02:Man”, but not "02:Individu
In object oriented terminology "02:Individual” class isi

<Concept Bri dge rdf:1D="Indi vi dual - Wman" >

<subBridgeX rdf:resource="#l ndivi dual - | ndi vi dual "/ >
<rel atesSourceEntity rdf:resource="#l ndividual "/>
<rel atesTarget Entity rdf:resource="#Wnan"/>
<whenVeri fiedCondition rdf:resource="#i sFemal e"/>

</ Concept Bri dge>

<Concept Bri dge rdf: | D="1Indi vi dual - Man" >

<subBri dgeCf rdf:resource="#l ndividual - | ndi vi dual "/ >
<rel atesSourceEntity rdf:resource="#l ndi vidual "/>

<rel atesTarget Entity rdf:resource="#Man"/>
</ Concept Bri dge>

tancespoth bridges rely on the "Individual-Individual” bridge
al". {0 translate "02:Man” and "02:Woman” inherited attributes
®2 from "02:Individual’. Hence, both are specified as sub-

to be abstract. It is therefore required to state that this Cobridges of "Individual-Individual” concept bridge. Adibn-

cept bridge should not be used to create instances, but segyg »|ngividual-Woman” concept bridge specifies the when
just as support to sub bridges, like it happens in object Orgrifiedcondition property to isFemale”. As remarked bel-

ented paradigm. SBO uses the abstract property in th

€S€ §4w, this condition is responsible to test if the individus

cumstances. If no abstract property is specified or if it igf feminine sex. If the condition is verified the bridge is ex-
set to FALSE, then the concept bridge is considered as nofs;ted. Otherwise, and because the condition is testee in th

abstract.

context of a SemanticBridgeAlt, the next concept bridge in

) It_ is now ‘necessary 1o §et the" altc?,rna.ltive ,,betvyeelrp]e alternative is processed. The next concept bridge in the
ol:ndividual” and either "02:Woman” or "02:Man”. This 5jtarnative is "Individual-Man” which has no associatedco
situation is specified by a SemanticBridgeAlt. In this céee t dition, and therefore it is unconditionally executed.

alternatives are two ConceptBridge’s: "Individual-Worhian
and "Individual-Man”. Bridges may be numerically ordered:

which can useful if the last bridge has no specified con

Respecting the translation process, consider that an
=2ol:Individual” instance is to be translated. The trarnskat
dltlor?—Jngine seeks for bridges relating "ol1:Individual” to any 02

Both rdf.n like syntax and the one presented are allowed @y Three are found, but one of them is abstract and is

specify the order.

<Semanti cBridgeAl t rdf:|D="ManO Wonman" >
<hasBri dge>
<Seq ordi nal ="1">
<bridge rdf:resource="#l ndi vi dual - Woman"/ >
</ Seq>
</ hasBri dge>
<hasBri dge>

therefore rejected. The other two are both defined in the con-
text of a SemanticBridgeAlt. The SemanticBridgeAlt choos-
ing/exclusion process starts. One of the bridges (or even-
tually none if none of the associated conditions is veri-
fied) is selected. The concept bridge must then create a tar-
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get instance which will serve as context for complementargervice expects a relation which is the case of "spouseld” an

bridges.

therefore no problem occurs. A similar situation occurdwit

Complementary attribute bridges are in this example sinibirth-birth” AttributeBridge. Once again there is no prob

ple 1:1 attribute bridges, relating one attribute from o&ano
attribute in 02, through the associated transformation.

<AttributeBridge rdf:|D="name-name">

<rel atesSourceEntity rdf:resource="#name"/>

<rel atesTarget Entity rdf:resource="#nane"/>

<accor di ngToTransf or mati on rdf: resour ce="#copyNane"/ >
</ AttributeBridge>

<Transformation rdf:|D="copyNane">
<mapSour ceAr gument >
<MapAr g>
<from rdf:resource="#nane"/>
<to>sourceString</to>
</ MapAr g>
</ mapSour ceAr gunent >
<mapTar get Ar gunent >
<MapAr g>
<fronptarget String</fronm>
<to rdf:resource="#nane"/>
</ MapAr g>
</ mapTar get Ar gument >
<i nSer vi ce>CopySt ri ng</i nServi ce>
</ Transf or mati on>

The "name-name” attribute bridge for example, bridge<s/

"02:Individual.name” to "02:Individual.name”. The assoc

lem because the source entity is accepted as an attribute and
the rest is up to the transformation and its associatedcservi

<AttributeBridge rdf:|D="nariages">

<rel atesSourceEntity rdf:resource="#spouseln"/>

<rel atesTargetEntity rdf:resource="#noMariages"/>

<accor di ngToTransf ormati on rdf: resour ce="#count Spouses"/ >
</ AttributeBridge>

<Transformation rdf: | D="count Spouses"> <put Servi ceAr gunent >
<MapAr g>
<fronprel ation</from
<to rdf:resource="#spouseln"/>
</ MapAr g>
</ put Ser vi ceAr gunent >
<mapTar get Ar gunment >
<MapAr g>
<fronmpcount </ fronmp
<to rdf:resource="#noMari ages"/>
</ MapAr g>
</ mapTar get Ar gument >
<i nServi ce>Count Rel ati ons</i nServi ce>
</ Transf or mati on>

<AttributeBridge rdf:1D="birth-birthDate">
<rel atesSour ceEntity rdf:resource="#birth"/>
<rel atesTarget Entity rdf:resource="#birthDate"/>
<accordi ngToTransformation rdf:resource="#Birth"/>
AttributeBridge>

ated transformation in this bridge has the responsibitity t<manstormtion rdf:io="girtn">

copy/create the attribute and assign it to the conceptrinsta

Remember that the concept instance has been created by the

concept bridge previously.

Concerning the transformation, it intends to map between
the bridge entities and the transformation service argtsnen

<put Ser vi ceAr gument >
<MapAr g>
<frompl</fronm>
<to rdf:resource="#birth"/>
</ MapAr g>
</ put Ser vi ceAr gunent >
<put Ser vi ceAr gument >
<MapAr g>
<fromp2</frome
<to rdf:resource="#date"/>
</ MapAr g>

This mapping specification varies according to the service b </ put servi cear gunent >

requested, either in type, cardinality and used tags. For ex
ample, the "copyName” transformation specifies the "Copy-
String” service to be called. This service expects to rexeiv

a source argument called "sourceString” and the output

<mapTar get Ar gunent >
<MapAr g>
<fronptarget String</fron>
<to rdf:resource="#birthDate"/>
</ MapAr g>
</ mapTar get Ar gument >
. <i nServi ce>Royal Dat e</ i nServi ce>
4Sransf or mati on>

named "targetString”. The transformation maps "sourceS-

tring” with the attribute "ol:Individual.name” and "targe
String” to the "o02:Individual.name”. "title-title” attbute

bridge is very similar to the previous and is not be presente
In contrast, "marriages” attribute bridges for example, ar

slightly different from previous ones. Notice that the smur

entity is not an attribute but a relation to another concept o :
gonce it is possible to create a table of correspondences be-

Normally an AttributeBridge would not be correctly applie

Finally, the "isFemale” condition is considered. This con-
dition is responsible to verify if an instance of an indivadu
{g of feminine sex. In this case the pattern refers to the fact
that the value of sex attribute has value "F”. Normally, the
services applied in a condition return a boolean value. How-
ver, this constraint would depend on the translation engin

However, since this is a very common mapping pattern tHé/€en boolean types and other types. For example, it would
translation engine allows to process the relation as an Ae reasonable to consider a true result if the service return

tribute. That could eventually be a problem if the transkati
service expects an attribute. However, the "CountRelation

set of entities or false if it return a empty set.

<Condi tion rdf:ID="isFenal ">



</ Condi ti on>

5

MAFRA is currently under development within the KAON
Ontology and Semantic Web FramewdrkKAON offers a
framework and a common set of tools for realizing scalable
and reliable ontology-enabled Semantic Web applications.| -
The architecture underlying KAON is depicted in Figure 4,
with elements split into three layers as described next.

— The Application and Services Layer contains com-

MAFRA — An Ontology MApping FRAmework 7

<put Ser vi ceAr gurrent > pings can be created using OntoMat-SOEP — a tool for ontol-
e Pt from ogy and metadata management. However to simplify the task
drmpage e of establishing mappings, a plug-in for OntoMat has been im-
Sout Servi conr gument > plemented. A screen-shot of the user interface for mapping
R Pomepatterna from specification is presented in Figure 5. In this example two
drpnge ontologies have been opened side by side, and in between an
S hervi cevcnsaadeandvat chel i nservi ce> instance of the semantic bridging ontology is created uaing

simplified user interface.

Implementation

ponents providing interface to KAON. Human agents '
typically use one of user interface applications realized [
within OntoMat - a Ul framework for ontology appli-
cations offering easy integration and interoperability of Fig. 5. Creating Mappings Using KAON Tools

different tools for managing ontologies and metadata. i _ ] o
KAON-Portal is a framework for the generation of Web AS mentioned earlier mapping execution is implemented
portals from ontology-based data. Interoperability witVithin KAON API —the focal point of the KAON architec-
non-Java platforms is realized through a Web-service ifUre- KAON API models the domain of ontology applica-
terface. Furthermore, machine agents use the Web SERNS, providing classes such as Concept, Relation, lostan

vice interface to access KAON methods and functionaftc- @hd means for their creation and manipulation. Conse-
ity. guently, instances of the semantic bridging ontology can be

expressed using KAON API constructs and processed and
stored in the desired storage systems available within KAON

The KAON mapping service supports the mapping execu-
oo 1 e tion phase under two distinct modes of operation:

Metadata Focused  Mapping

Crawler

RelationBridges | Atreuge aeges |
=

OntoMat App Framework Web Service Connectors Web Application Framework

Engineering Interface

Applications
& Services

— Offline (static) execution, transforming source ontology
KaoN-AP! | omnes | [ | soap | JzEE |y Wain Memory instances into target ontology instances once, without
"Sarer — later synchronization,
[ wovsener | — Online (dynamic) execution, where a connection be-

Middleware

Data
And
Remote
Services

tween source and target ontology instances is constantly

Relational | . .

Backend

Services atlonal malntalned .
p2p Database XMLRDF

sented as an instance of a bridging ontology. Therefore;

Execution in either of the two modes is currently devel-
oped on the basis of the run-time structure model depicted in
Figure 6, taking the upper half of the KAON mapping ser-
— TheMiddleware Layer is focused around KAON API, vice box for offline execution and the lower half for online
providing primitives for ontology access and manipulaexecution.
tion via different means. The middleware layer also in-

Fig. 4. KAON Architecture

cludes a remote, J2EE-based implementation of KAON- D Ontology
API which allows to work multiple user on the same| Ontology
mapping task. Mapping execution is realized within this
Iayer. Source Semantic Offline |generates | Target
— TheData and Remote Services Layers the back-end | Ol Bridee | Mapping Ontology
part of KAON. For local, in-memory operation storage——= DU %
based on a modified version of RDF API may be used. Virtual Instance
As mentioned above for enabling scalable and concur- i 1 Gnody | uon Mapping Service

rent applications, KAON RDF Server is realized within
the J2EE framework. Atomicity of updates is ensured by

. . Fig. 6. Mapping Run-time Structure
using transactions.

As specified in section 4, mapping is specified and repre- Offline ex_ecutlon IS support_ed as a batch process._To exe-
cute, a previously generated instance of the semantic-bridg

m .
aIPIg ontology and an instance of the ontology to be trans-

® http://kaon.semanticeweb.org formed are passed to the offline mapping service. It can then
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perform the execution and generate an instance of the tdwas been described. In contrast to our work, the RDFT on-

get ontology by applying transformations from the semantitology describes a set of core bridgegifolift XML tags to

bridging ontology. The offline mapping service as been imthe RDF model andii) to define bridges between RDF(S)

plemented in Java. classes and properties and(iid) translate transformation re-
Online execution is more complex, since the connectiosults back to XML. In the paper [12] it remains unclear, how

between instances of the source and target ontology is cagxecution specific information in the form of the constraint

stantly maintained - notifications of changes to sourcelentocand transformation dimension is attached to the bridges. Fu

ogy instance are mapped to changes in the target ontolotipyermore, it is also not discussed if the overall procesg-is e

instance and propagated to the user. The user has no meaosted statically or dynamically, where we offer both solu-

to detect that mapping is going on. To achieve this, as in th®ns.

offline case, first an instance of semantic bridging ontology

must be created. It and the source ontology instance are used

to create a virtual instance of the target ontology handlin .

online mapping. Execution occurs dyr?amically -g)e/.g., Whez Conclusion and Future Work

the user queries for all instances of a concept of the target

ontology, the query is mapped into a query for the source on- ) .
tology instance and executed there. Upon execution, the i§Ntologies may used for achieving a common consensus

of all instances obtained is then mapped into all instanges Within @ user community about conceptualizing, strucigrin
the target ontology and reported to the user and sharing domain knowledge. Based on the application
scenario provided by Ontologging we have motivated that

it is unrealistic to assume that one single ontology for dif-
6 Related Work ferent communities of users is realistic in real-world &ppl

cations. We argue that decentralization has been one of the
Much research has been done in the area of information iRey elements for the scalability of the World Wide Web and
tegration. Existing information integration systems ape a jts underlying applications. In order to balance the autoyo
proaches (e.g., TSIMMIS [6], Information Manifold [8], In- of each community with the need for interoperability, map-
fomastet®, MOMIS™, Xyleme*?) are “centralized” systems ping mechanisms between ontologies have been proposed.
of mediation between users and distributed data sourcgs,this paper we presented the Ontology Mapping Frame-
which exploit mappings between a single mediated schemgrk (MAFRA) supporting the interactive, incremental and
and schemas of data sources. Those mappings are typicglhamic ontology mapping process in the context of the Se-
modeled as views (over the mediated schema in the local-gfantic Web. In this paper a specific focus has been set on
view approach, or over the sources schemas in the global-ase semantic bridging phase where we have provided a de-
view approach) which are expressed using languages haviggled description of a semantic bridge meta-ontology, iha
a formal semantics. For scaling up to the Web, the “centrajhstantiated when mapping between two domain ontologies.
ized” approach of mediation is probably not flexible enough, In the future much work remains to be done. First, depend-
and distributed SyStem.S of mediation are more_approprifatg.mg on the domain ontologies, data sources, appli(;ation sce

Furthermore, mapping approaches can mainly be d'su?{arios, user participation, capabilities and other facfar-

guished along th? following threg categories: discover, [ ther semantic bridges may be necessary. For example, proce-
3’5' 10, 1], mapping representation [9, 1,11, 13]_and EX€Cliral mechanisms may complement the taxonomy of seman-

I MADDING FRA K (MAERA basis f "the basis of our technological infrastructure KAON, pemfor
tology MApping mework ( ) as a basis for man-an experiment how multi-user mapping may be efficiently

aging and executing mapping between distributed OntOd;Og'%upported. Third, we will develop an integrated LIFT tool

in the Semantic Web. Within MAFRA we pr(_)wde an ab-at allows to lift several existing data representatioctid-
pr oach aqd conceptual framework that provides a g_enerih:g relational databases, XML-Schema, DTDs onto the same
view and figure onto the overall mapping process. In this P&ata model. Executing a dynamic mapping process keeping

per we have set a specific focus_ on the seman_tic bridgi'?ﬂe autonomy of the different input data will be a challerggin
phase corresponding to the mapping representation categql g

The approaches which resemble our approach more closely
are [13] and [12]. Basically, our work has been motivated by

the work done in [13], where an ontology has been Specncie,é?cknowledgements. Research for this paper was financed

for the translation between the domain-knowledge-base COR\, European Commission, IST, project "Ontologging” (IST-
ponents and problem-solving-method components. The 00-28293) and by Mari,e CL;rie Fellowship on Semantic

gy and Oliver Fodor for stimulating discussions on the lift
omponent and cooperative mapping. Thanks to the students
10 wttp://infomaster.stanford.edu/infomaster-info.html Frank Westerhausen and Zoltan Varady who did the imple-
1 http://sparc20.ing.unimo.it/Momis/ mentation work for the graphical user interface and thécstat

12 http:/vww.xyleme.com transformation engine.

pings with a focus on B2B applications (product catalogue
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