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Abstract. We extend the notion of ontology matchinggommunity-driveron-
tology matching. Primarily, the idea is to enable Web comitiesito establish
and reuse ontology mappings in order to achieve, withindfomsnmunities, an
adequate and timely domain representation, facilitatedvedge exchange, etc.
Secondarily, the matching community is provided with thes peactice, which is
a public alignment reuse. Specifically, we present an agprtzaconstruction of a
community-driven ontology matching system and discussipdementation. An
analysis of the system usage indicates that our strategpisiging. In particu-
lar, the results obtained justify feasibility and usef@mef the community-driven
ontology mappings’ acquisition and sharing.

1 Introduction

Matchingis a plausible solution to the semantic heterogeneity prabh many appli-
cations, such as schema/ontology integration, query airggye&gent communication,
web services discovery, etc. It takes two ontologies, eadlisting of a set of discrete
entities (e.g., classes, properties) as input and prodiscestput the relationships (e.g.,
equivalence, subsumption) holding between these enfitid®, 22]. Heterogeneity is
typically reduced in two steps: (i) match two ontologiegrttby determining thalign-
ment(mappings) and (i) execute the alignment according to aticgtion needs (e.g.,
query answering). In this paper, we focus only on the firgt,sdad in particular, on one
of the promising directions in matching, which is thiignment reuse

A rationale behind the alignment reuse is that many ontelgp be matched are
similar to already matched ontologies, especially if they @escribing the same ap-
plication domain [21, 22]. Eventually, once an alignmerd baen determined, it can
be saved, and further reused as any other data on the Weh. & lasge) repository
of mappings has a potential to increase the effectivenesstdhing systems by pro-
viding yet another source of domain specific knowledge. kénfirevious works, e.g.,
of COMA++ [1], which followed aprivate alignment reuse approach (where access to
the system is limited to individual users, who usually do kimdw each other, hence,
they do not communicate with each other); we propopelaic approach, where any
agent, namely Internet user (most importantly commundfassers, opposed to indi-
vidual users) or potentially programs, can match ontolgiave the alignments such
that these are available to any other agents’ reuse. Thablieg the cross-fertilization



between the participating parties and help achieving tladsgaf these parties coopera-
tively. We call this approach @emmunity-driven ontology matching

Reuse of mappings created by different users, howeverjémptsolving, among
others, such challenges as Hppropriatenessf mappings when using them in the new
applications andrustissues. For instance, questions like "What kind of alignhaken
need (e.g., partial vs. complete)?”, "Can | use this mappimgy application context
(e.g., biology, chemistry)?” appear. The answers to suelstipns substantially depend
on who uses the mappings, when, and in which scenarios. Iprtdgosed approach,
we address these issues by involving communities in coetgruand sharing of the
(subjective) alignments.

There are two contributions of the paper. The first one inetimlcommunity-driven
ontology matching approach, its implementation, and usagéysis. Thus, primarily, it
enables the Web communities with the facilitated knowleslgdnange, a more compre-
hensive and up-to-date domain representation, and so con8arily, it provides the
matching community with the new practice, which is a publigranent reuse. The sec-
ond contribution includes an analysis of the existing armgglmatching systems from
the community-driven ontology matching perspective. Tlitusstimates their potential
for the reuse in the community-driven matching scenarios.

The rest of the paper is structured as follows. In Section & bwefly introduce
the ontology matching problem. Community-driven ontoleggtching is presented in
Section 3, while its implementation is addressed in SectidResults of the prototype
usage are reported in Section 5. Section 6 discusses sttte aft matching systems
from the community-driven ontology matching perspectii@ally, Section 7 contains
some conclusions and outline of the future work.

2 Ontology Matching

Following [10, 22], we define a mapping element (mapping)&siple:(id, e, ', n, R),
whereid is a unique identifier of the given mapping elemengnde’ are the entities
(e.g., classes, properties) of the first and the secondamytakspectivelyy is acon-
fidence measuna the [0,1] range holding for the correspondence betweerettiities
e ande’; R is a relation (e.g.equivalencesubsumptiopholding between the entities
ande’. An alignmentis a set of mapping elements. The matching operation detesni
the alignment for a pair of input ontologies.

Figure 1 shows two parts of ontologies describing an acadelepartment. For
example, according to some matching algorithm based onibitig and structure anal-
ysis, the confidence measure (for the fact that the equigaleziation holds) between
entities with label®Research Associate in ontology on the left, an&esearcher in on-
tology on the right could be 0.68, thereby producing theofeihg mapping element:
(idy,3, ResearchAssociate, Researcher, 0.68, =). However, the relation between the

1=-E Worker Faculty E-=1
2 Administrative Staff Director 2
3 SeniorBesearcher Researcher 3

4 ResearchAssociate

Fig. 1: Two simple ontologies and the alignment



same pair of entities, according to another matching algorivhich is able to deter-
mine that the first entity ia kind of the second entity, could be exactly the less general
relation (without computing the confidence measure). Tiushis case, the 5-uple
(idy 3, ResearchAssociate, Researcher,n/a,C) is returned to the user.

3 Community-Driven Ontology Matching

In this section, we introduce a community-driven ontologgtahing problem, provide
a motivating scenario for it, and describe the benefits o&ftyoach.

3.1 Problem Statement

By acommunitywe mean here a group of individuals that have common intesesd
(often) maintain their own communication and collabonatenvironments through,
e.g., Semantic Web community portals [6]. Recent reseatehtified a high impor-
tance of direct involvement of humans and communities imlogly management: an
agent or a human contributor was shown to be an indispenpahiief a semantic net-
work [18], and participation of a community in ontology ctnustion was shown as a
way to a more complete and up-to-date domain knowledge septation [25].

Being in line with the general ideas of community-drivenaatyy management,
community-driven ontology matchimgtends conventional ontology matching by in-
volving end users, knowledge engineers, and developer coities in the processes
of establishing, describing and reusing mappings. Moreigedy, community-driven
ontology matching operation can be defined as follows. lé$aks input information
from an agent, e.g., a human contributor (such as requetkextppersonal data), and
two ontologies, each consisting of a set of discrete estitgeich as classes, proper-
ties). Based on the input information, the operation endapss, besides conventional
ontology matching, some community-driven ontology mamaget operations, such as
social network analysis, harvest of additional web datdetermines as output the re-
lations (e.g., equivalence, subsumption) between théientf the input ontologies,
which are particularly tailored to resolve the semanticehmgeneity problem of an
agent. All the output relations are representedanaotated mappingand are to be
propagated to the communities associated with the humaniloator.

A specific feature of relations resulting from the commudtjven ontology match-
ing is their customization to the user/community and aniappbn requirements. Thus,
the community-driven matching process determiggective alignment&otice that
subjective alignments are appropriate for specific tasks gpecific community, but
may be inappropriate or even contradicting to practicesligiocommunities.

The community-driven ontology matching operation regaineman involvement
and utilizes resources of the following (main) types:

Information about Users. This represents information about agents involved in the
community-driven ontology matching. For example, thepextise in the domain,
experiences with the ontologies being matched, their gaal$ so on.



Information about Communities, Groups, Social Networks. This captures relations
between agents. For example, which agents belong to the sammunity, to
which agents a particular agent trusts most of all. The$s lretween agents help
in recommendation/sharing of an ontology alignment ambaeg, for instance, in
choosing a mapping element when multiple alternativeg.exis

Tools Facilitating Automatic Ontology Matching. These tools are often based, among
others, on linguistic techniques. However, such tools nmye sufficiently helpful
when the users have to match ontologies specified in differatural languages,
e.g., in English and Arabic. In these cases, one may rely dimdpial users and
automatic natural language translation systems in additaools for automatic
ontology matching.

3.2 Motivating Scenario

Suppose a community member wants to be timely informed aheutends happening
in his/her communities and potentially interesting trehdppening in other communi-
ties. Specifically, a biologist wants to be notified aboutlighied papers, conferences
and other activities associated with the congepteinin the biology research commu-
nity where he/she comes from, as well as in the chemistryaresecommunity. Thus,
he/she wants to know which papers and activities are coregside be important for
both communities.

In order to exemplify community-driven ontology matchiteg,us consider a simple
scenario which involves four researchers from two natwiree communities. The
researchers aféar k, M chael , Jenny, andAl exander . They are represented by
roles held in their communities (i.e., end user, knowledygreeer, developer) and web
domains/communities where they interact (e.g., biologgnaistry). These researchers
have the following profiles:

name [Mark name |Jenny |
interactsbiology, chemistry web applicatiohs| interactschemistry web applicatidn
role(s) [end user role(s) |end user, developer |

name |M chael name |Al exander

interactsbiology, chemistry web applications| interactshiology, chemistry web applications
role(s) |end user, knowledge engineer role(s) |end user

A community view on ontology matching process is shown inuFég2. Let us
discuss it in detail.
Suppose the following two actions take place:
— M chael creates an alignmenibetween ontologies coming from ol ogy and
chemi st ry web applications;
— Al exander uses the alignmemh
The result of a tool for community-driven ontology matchisghe alignmenin
which is recommended tigar k. After the tool recommends a new mappingvar k,
he, as a researcher, can benefit from the extended intebilitgrbetweenbi ol ogy
andchem st ry web applications without applying any effort to rediscotrex new
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Fig. 2: A community-driven ontology matching process

knowledge (already establishedMychael and validated byAl exander ). Whereas,
in the proposed scenario, alignmenis not recommended tbenny, because she does
not use théi ol ogy web application.

Process of mapping recommendation to individual users anthwnities can be
varied and qualitatively improved by analysis of indivilaad community profiles,
e.g., reusing information about users’ activity and experin certain domains, users’
collaboration history, users’ social networking relas@nd mutual trust [14].

3.3 Benefits from Employing Community-Driven Ontology Matching

In the given scenario, a biologist will be enabled to matah ¢bncepts standing for
proteinin the ontologies of chemists and biologists, and benefibfoeing easily aware
of the community-driven changes. His/her community mermslsan also contribute as
well as benefit from mappings created by the scientist. Conittyxdriven ontology
matching facilitates mapping discovery and satisfacttomfmapping reuse, as, e.g., in
the given scenario (i) the mappings used by one of the bistegan be easily found by
his/her community via social networkihd(ii) the mappings established by the biologist
will be most likely valid and valuable for his’lher communitherefore, via community-
driven ontology matching, Web communities becosaéf-manageableiith respect to
generation of alignments between the ontologies from thicgzating parties.

Supporting growth of the Semantic Waldassistance to the ontology matching de-
velopment communigre the major added values of community-driven ontologychrat
ing compared to conventional ontology matching. Let usudis¢hese points in turn.

Primarily, community-driven ontology matching amountsealability and dynam-
icity characteristics of the Semantic Web. In fact, it exd®and preserves advantages
given to the communities by the (ordinary) Web.

! See "knowledgeweb on the people’s portal” for an examplderiification and representation
of a cross-linked research community: http://people.sgimaeb.org



— The ontologies which are constructed, aligned and furthelved by the commu-
nitiesrepresent the domain and connection with other domains icargrehensi-
bly than the ontologies designed and matched by an externall&dge engineer.
External knowledge engineers are typically the bottleniedcke ontology compre-
hensiveness, as they are not capable to capture all théi®adémapping elements
that might take place in a community and associated comiesnit

— The community-driven ontology matching approach proviabagyher dynamicity
and up-to-datenest® the outside-world changes in time, compared to the con-
ventional ontology matching approach. When ontologieseeiched by external
knowledge engineers, all the changes need to be capturddtamdiuced by these
engineers. With external knowledge experts, the delayahziag and introducing
the changes might take days, weeks or even months. This delayacceptable
for many dynamic domains, where vocabularies regularlyrapitily change (e.g.,
business or sport).

— Community-driven ontology matching approach with its sative alignmense-
mantically extends the current Wly following the Web principles of scalable,
self-organizable mass of content and structures. In the Wdésl) anyone is free
to publish anything that he/she finds important. End usexs@idecide whether
published Web information and services are exploited arlnddemantic Web this
principle should remain (for it to become large scale). €f@ne, we should allow
publishing different and even contradicting alignmentsagk of these alignments
in proper contexts should be ensured by annotations anatesrassisting for the
choice of a particular alignment for the needs of users anthazanities.

Secondarily, the community-driven ontology matching nalty assists to creation
of a stimulating environment for developers of ontology chatg services/systems.

— Ontology matching is an expensive process. In communiyedontology match-
ing, the expenses are shifted from the ontology/alignmexihtainers to the com-
munities employing them. This shift results &equate investment distribution
among the ontology entities (e.g., classes and propediws¥ome particular map-
ping elements of the alignment. Specifically, the ontologtjties or mapping ele-
ments of higher importance to the communities gain moresuapterms of more
associated resources.

— The community-driven ontology matching approach contebuo creation of an
environment for an evaluation of automatic matching akpons. Indeed, as the
community-driven ontology matching approach stipulated the users, depend-
ing on their needs, select the most effective or efficienbiatigms and systems for
ontology matchingexisting ontology matching systems will be impropedma-
nently in competition for their users.

— Lack of background knowledge, most often domain specifioltedge, is one of
the key problems of ontology matching these days [13]. It &€ recent industry-
strength evaluations show [2, 11], most of state of the atiesys, for the tasks of
matching thousands of entities, perform not with such higjlhes ofrecall (namely
~30%) as in cases of "toy” examples, where the recall was nftest around 80%.
To this end, community-driven ontology matching approactvigesyet another



source of domain specific knowledgamely a (public) repository of alignments
from the past match operations.

Practically, these advantages are gained by introducinigfeastructure that en-
ables the communities to match their ontologies and reusdagy mappings which
are relevant to them. In the rest of the paper we mostly cdrateron technical details
supporting the primarily benefits (as identified above). M/liddressing a technical
solution for the secondary benefits is posed as the futurk.wor

4 Implementation

4.1 Architecture

In the context of the World Wide Web, the community-drivetadogy matching can be
seen as a service, which was created by a community of dearsldp used by the com-
munity of users, and which fills in a machine processible sépoy with mappings.
The implemented prototype of the community-driven ontglagatching serviceal-
lows semi-automatic ontology matching and saving the agggtonapping elements in
a publicly available repository, currently, as OWL files.eTtesulting application runs
on a Tomcat server, reusing three major software compon®&iRsA API [10], OWL
API [3] and Jena 2 [5]. A JSP interface to make the applicatieailable for the final
user and to realize the semi-automatic matching procesgmydsmented.

An architecture of the community-driven ontology matchsygtem is shown in
Figure 3. Let us discuss it in detail.
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Fig. 3: Architecture of the community-driven ontology matgy system

The community-driven ontology matching service, depegdinthe task, may take
as input ontologies, ontology repositories, mapping el@sjeannotated mapping ele-

2 The community-driven ontology matching service is avdéainline at http://align.deri.org



ments and repositories of annotated mapping elements.yitpraduce as output an-
notated mapping elements and repositories of annotategdingaplements. The repos-
itories of annotated mapping elements are produced as tomgtead or in addition

to annotated mapping elements depending on the requestolither contains sev-

eral annotated mapping elements and additional annosasipecific to the context or
subjectiveness of the identified semantic heterogenedflpm. The output produc-
tion process is directed by involvement of the communitiesatly via user interfaces
(Ul) and indirectly via tools and applications employingrmmunity-driven ontology

matching services.

Human contributorsThese form a crucial part of community-driven ontology nhatc
ing. The roles of the human contributors are end users, letyd engineers and devel-
opers. The domains for activities of human contributorsaameapplications which can
be represented on the Web (e.g., chemistry, biology).

Tools and Web application§hese provide a platform for alignment reuse in com-
munities. Web applications are usually domain-dependehtather end communities
around a certain topic. They often employ tools. Tools, imtare typically created
for developer communities. They are domain-independeditraay reuse or include
mapping repositories (as well as ontologies) to supporliegtfpns’ integration. Tool
category also includes various (external) ontology mathe

Ontologies, mapping elements, repositories of ontologie$ mapping elements.
In the perspective of Web communities, ontologies are nwodih domain shared by
a group of individuals who form communities on the basis @ #haring. Mappings
link ontology entities, and therefore, provide a basis fdeioperation between com-
munities. A repository of ontologies and mapping elemergssaveral ontologies and
mapping elements united for a common usage purpose. All #pings that are val-
idated by a human are stored in an OWL serialization in a plybdivailable mapping
repository. Therefore, usage and experiment with the enlersion of ontology align-
ment implementation result in generation of human validafga on matched ontology
items’ that can be reused by Semantic Web applications.

Annotated mapping elements and repositories of annotatgzping elementdn
order to select mapping elements which fit best for a desaskl @nnotated mapping
elements are produced by community-driven ontology matgkérvice. Annotation of
a mapping element generally contains its usage-relatedctegistics. Repositories of
annotated mapping elements are collections of mappingsienannotated with values
corresponding to characteristics specified in Table 1. Dejog on specific ontology
and alignment selection algorithms, additional mappinarabteristics can be consid-
ered.

User interfaces and API connectio@®mmunity-driven ontology matching is avail-
able to all the community members, and visual ontology regmeations (web-forms,
graphics and natural language descriptions) are the oaggdliin the portals user inter-
faces and commonly shared in human-portal interactiontieoregular Web users (not
necessarily ontology engineers), ontology matching isrsized to provision of natu-
ral language descriptions, filling out forms and triggerimglicit personalization and

% The mappings acquired from human contributors by the algrirservice are available online:
http://align.deri.org:8080/people/mappings.owl



Table 1: Characteristics of community-driven ontology piag repositories

Mapping Characteristics Sample Values
by what or by whom by an automatic ontology matching service
a mapping element was established http://align.deri.org;

manually by a user with an address
anna.zhdanova@deri.org
by what or by whom by a community using the Web application
a mapping element was re-established or used http://people.semanticweb.org;
by a user community of the Jena tool
how often and when ca. 100 times per day;
a mapping element was re-established or used 2 times per week

ontology instantiation (e.g., resulting from observintuat use of the ontology entities
such as calculation of entity popularity measure). Meateylihe ontology mappings
introduced at the natural language and user-form level patential to be reused also
at the level of machine-to-machine interoperation.

4.2 Functionality

At present, automatic matching of ontologies usually cafeoperformed with a due
quality. Therefore, we consider semi-automatic matchimigere a system suggests
mappings between entities of the source ontologies andsesaither discards or fol-
lows these suggestions. With the current implementatton following functions are
offered to the user:

Choose two ontologies to matdiiser needs to select two ontologies to be matched
by inputting URIs of ontologies or specifying files from treehl disk (see Figure 4).

&) http: //align.deri.or

OWL Ontology Aligner

'derifalign.jsp

ogy alignmen € (INRIA),

s portali a Semantic Web portal and mataportal

Please input URIs of the two DWL ontologies that you want to align.
The input can be URIs of ontology files located on the Web or URISs of ontology files located on your computer.

fThe following URIs may serve for examples/tests.

15t URI: httpi//c703-deri03.uibk.ac.
2nd URI: http:f/c703-deri03.uibk. ac

fexternal/ontol.owl
externalfonto2. owl

ar

15t URID: http://ebiquity.umbe edufvz. 1/ontology/publication. owl#publication
2nd URI: http:ffc703-deri03.uibk. ac. at: 8080/ external/edu.mit. visus.bibtex. owl

URI of the first ontology ity biquity.umbc.edupv2.1/ontology/publication.owl#publication

URI of the second ontology |hitp//c703-deril3.uibk ac.at8080/external/edu.mitvisus.bibtex owl

Ontology alignment method

Submit

meAlignment

lalgorithms supported:
qAli Simply co es the equality of class and property names (once downcased) and align those objects with the same name;
EditDistName Alianment Uses an editina {or Levenstein| distance between {downcased) entitv names. It thus have to build 2 matrix of distance

Fig. 4: Ontology and matching method selection



Choose a matching algorithm/servicehe ontology matching service provides ac-
cess to a number of different ontology matching algorithns systems (e.g., edit dis-
tance matcher). User selects a desired one and starts tbleinggbrocess (see Figure 4).

Provide feedback on automatically generated alignm@fiten the matching pro-
cess has finished, the system reports the alignment detedniiine user can now per-
form the approve/discard operation of the mapping elen@mtsper-mapping element
basis.

Store the alignmenOnce the user has decided that all the necessary mapping ele-
ments are in place, he/she will tell the system to store tigmaent determined for a
later re-use. Thus, the user can save the chosen ontologyimgapin OWL files) in
common repository available on the Web for everyone's résise Figure 5).

Reuse the alignmenthe user may need to modify manually an existing alignment
and reuse the mappings independently from the OWL Ontoldignér service. For
these actions, the user receives confirmed by him/her mgpinan accessible way
(see Figure 5).

address | & hittp: //align.deri.org:8080/deri/saveMappings . jsp

OWL Ontology Aligner - Mappings are Saved

Powered by

and The Peaple's portal: a Sermantic Web portal and metapartal

The following mappings are identified:

<rdf:RDF
¥xmlns:rdf="http://wuw.vd.org/1999/02/22-rdf-syntax-ns4"
xwlns:owl="http://www.w3.org/2002/07/0wli" >
<rdf:Description rdf:sbout="http://www.example.org/ontology2#journalarticle™s
<rdf:type rdf:resource="http://vww.w3.org/2002/07/owlfClass"/>
</rdf:Descriptions>
<rdf:Description rdf:shout="http://www.example.org/ontologylfjournalarticle™s
<rdf:type rdf:resource="http://vwww.w3.org/2002/07/owlfClass"/>
<owl:equivalentClass rdf:resource="http://www.example.org/ontologyZ#journalarticle”/>
</rdf:Description>
<rdf:Description rdf:sbout="http://www.w3.org/2000/01/rdf-schema#subClassOL">
<rdf:type rdf:resource="http://www.w3.org/2002/07/owl#Class"/>
<owl:ecquivalentClass rdf:resource="http://www.wd.org/2000/01/rdf-schemafsubClass0OL"/ >
</rdf:Description>
</rdf:RDF>

Fig. 5: Mapping output

Extend to annotated mapping repositdrycommunity-driven ontology matching,
assigning community-related information to the gained piags is highly important.
Such additional information should convey the details andbntext of mapping cre-
ation and foreseen usage, i.e., who created the mapping, wiith what instrument,
etc. A basic ontology alignment format [10] can be extendé@t an annotation pro-
viding additional community-related information about apping as follows:
<map> <Cel | >
<entityl rdf:resource="http://ww. exanpl e. or g/ ont ol ogyl#revi ewedarticle’ />
<entity2 rdf:resource="http://ww. exanpl e. org/ ont ol ogy2#article />
<nmeasur e rdf: datatype="&xsd; float’ >0. 6363636363636364</ neasur e>

<rel ation>=</rel ati on>



<dc: creat or > <foaf: Person>
<f oaf : name>Anna V. Zhdanova</foaf: nanme>
<rdf s: seeAl so rdf:resource="http://ww. ee. surrey. ac. uk/ Personal / A. Zhdanova/ f oaf . rdf "/ >
</ foaf : Person> </ dc: creator> <dc: dat e>2005- 03- 30</ dc: dat e>
<dc:contributor rdf:resource="http://align.deri.org"/>
</ Cel | > </ map>

As mentioned ir$3.1, resulting alignments can formally contradict or subsweach
other. Nevertheless, they can be correctly employed in anoamity-driven Semantic
Web environment. The role of alignments’ annotations istsuee a correct interpreta-
tion of an alignment in a context of a specific task. Let us @®rsa simple example.
Suppose, one sub-community of biologists may be interestdy in journal papers
dealing withprotein While, another sub-community may be interested in all &infl
papers on the same subject. When a biologist belongs to btithse sub-communities,
areconciliation algorithm is needed in order to decide vidrat of information needs to
be delivered to the user. Such an algorithm may employ peasi®f alignments, biol-
ogist’s personal data, and other details of the communmityed alignment annotations.

5 Usage Analysis

The community-driven ontology matching service has beaiiawe online since Novem-
ber 2004. The usage of the service has been observed for andgsults of the usage
analysis are summarized in Table 2. In particular, the fiottiron lists the character-
istics which were analyzed. The second and the third columm®sent the statistics,
respectively, for the first half of the observation period & the whole period.

Table 2: Usage analysis results

Characteristics Observation Period Observation Period
(Nov 04 - Apr 05) (Nov 04 - Oct 05)
Number of the matched entities 52 different ontology 343 different ontology
which were acquired entities entities
Number of the mappings 29 different mappings | 317 different mappings

which were acquired
Number of the ontologies processed
/namespaces known 8 different namespaces| 20 different namespaces$
via the communities involved
Identification of who and when usgthonymous Web users frgamonymous Web users from
community-driven matching service more than 25 countries| more than 40 countries

Table 2 demonstrates (as expected) a relatively infrequeade of the system just
after its launch. For example, during the first half of theleitption period no new
(to the system) ontology namespaces were acquired, nath8lyyamespaces already
existed in the ontologies offered to the prototype usersamples. However, during the
second half of the observation period, 12 completely newasgaces were acquired.
Also, it is worth noticing that the numbers of matched easitand acquired mappings
have substantially increased during the second half ofsthe#ation period.



In general, during the observation time around 750 userssaed the online service.
These were mostly researchers and developers. Accordithg talignments acquired
by the prototype, two types of ontologies served most oftdnput: (i) common knowl-
edge ontologies, with such most frequently used conced®ei@®n Time Place and
(ii) domain specific ontologies (e.g., academia), with soudst frequently used con-
cepts adJUniversity, Faculty, Publication However, ontology entities from more spe-
cific domains were acquired as well. Some examples are a musetology in Italian
and an ontology devoted to electronics of the Dutch origin.

From the experiments with the system, the following two npaivblems restricting
usage of the community-driven ontology matching were ifiexlt

— Sitill, there exists a relatively small number of OWL ontdksy Moreover, there
exists even a smaller number of ontologies which have a mganioverlap, hence,
they are worth being matched. A similar problem (namely,ifigdeal-world OWL
ontology matching tasks) has been encountered in the @ytalatching contests

— There are no services supporting relatively easy reusecfisad ontology align-
ments in predefined scenarios and efficient interaction thighrepositories of an-
notated mappings. We consider these problems to be veryriempand therefore,
pose addressing them as one of our future work directions.

Thus, the above observations suggest that, on the one hengptake of Semantic
Web technology in general, and of community-driven ontglogatching in particular,
by the Web communities is still slow. However, on the othenahe usage analysis
gives us a preliminary vision of a feasibility of ontology pmngs acquisition from the
Web communities and their usefulness for those communities

6 Discussion

There exists a number of semi-automated schema/ontolotghing systems, recent
surveys on the topic are provided in [7, 19, 21, 22], whil¢estd the art matching ap-
proaches can be found in [8,9, 12, 15, 17 22@elow, we analyze some state of the art
matching systems from the community-driven ontology miaigiperspective.

PROMPT is an ontology merging and alignment tool with a sophisédgtrompt
mechanism for possible matching terms [20]. At presentPlROMPT system is sup-
ported by its authors. It is an open source system writteava dnd can be downloaded
from the project web-sife PROMPT handles ontologies expressed in such knowl-
edge representation formalisms as OWL and RDFS. The magiadke in reusing the
PROMPT tool in the community-driven approach comes fronfdlcethat it has being
developed as the Protég@ug-in. Thus, its source code needs additional modifioatio
in order to be suitably integrated within the communityvdri settings.

MAFRA is an ontology mapping framework which aims at matchingritisted
ontologies and reasoning over the mappings [17]. At preskatMAFRA system is

4 See for details, e.g., http://oaei.inrialpes.fr/2005 http://oaei.inrialpes.fr/2004/Contest/
5 A complete information on the topic can be found at www.OnggMatching.org

8 http://protege.stanford.edu/plugins/prompt/prompilh

7 http://protege.stanford.edu/



not supported by its authdtsThe tool is an open source and is implemented in Java.
MAFRA handles ontologies expressed in RDFS and DAML+OILhds been devel-
oped as the KAORIplug-in. Thus, as in the PROMPT system case, the reuse in the
community-driven approach of the ontology matching congmrof MAFRA is hin-
dered by its tight integration with KAON and GUI. Finally, 4p-date documentation

of the MAFRA code is not availabté

Alignment API is an implementation of the format for expressing alignraent
RDF [10]. At present, Alignment API is supported by its authibis an open source. It
is written (in Java) as an extension of the OWL API [3] and cardbwnloaded from
the project web-sité. Alignment API handles ontologies in OWL/RDF. In general,
it can be used for various tasks, such as completing paligairaents, thresholding
alignments, evaluating results of matching algorithmsl sm on. There is a possibil-
ity of integrating new matching algorithms, composing rhatg algorithms, generat-
ing transformations in other than OWL knowledge repredentdormalisms, such as
SWRL rules [16] and C-OWL [4]. The APl module is easy to unthamd, install and
use. The supporting documentation is also available. ldiguAlignment API can be
easily reused (and was reused as discussed in the papee) éortimunity-driven on-
tology matching approach.

COMA++ is a schema/ontology matching tool with an extensible tjpcd match-
ing algorithms, a framework for combining matching resuéisd a platform for the
evaluation of the effectiveness of the different match&tsAt present, the COMA++
system is supported by its authors. It is written in Java amdbe downloaded from the
project web-sit¢?. COMA++ handles ontologies expressed in OWL. This systep su
ports the alignment reuse operation, although private&indlimited to the individual
users of the system, who usually do not know each other, he¢heg do not com-
municate with each other. In particular, COMA++ supporigrahent reuse for entire
ontologies and their fragments. Since the system is avaitaily as an executable file,
it requires additional efforts to be suitably incorporatethin the community-driven
ontology matching approach.

FOAM is a framework for ontology matching and alignment which @&sdd on
a semi-automatic combination of different heuristicskhats [8, 9]. At present, the
FOAM system is supported by its authors. It is an open sowsem written in Java
and can be downloaded from the project web!8itEOAM handles ontologies in OWL
and RDF. The system is easy to install and use. The suppattiogmentation is also
available. Thus, FOAM can be easily adapted for the setfigise community-driven
ontology matching approach.

The above analysis (which has been carried outin more aégthibbout 15 systems
in [24]) shows that though a relatively large number of ooggl matching systems
were elaborated, only a few of them are available for dowshirad can be potentially

8 private communication

® http://kaon.semanticweb.org/

10 http:/Isourceforge.net/projects/mafra-toolkit/

1 http://co4.inrialpes.fr/align/align.html

12 http://dbs.uni-leipzig.de/Research/coma.html

3 http://www.aifb.uni-karlsruhe.de/WBS/meh/foam/



reused. Further, we identified that neither of the curretdlogy matching approaches
and tools employs community-related aspects, whenevérasmects have a potential
to be beneficial for most of these approaches and tools. PROMERynment API,
and FOAM correspond to our vision of a community-driven dogy matching tool
most of all. Due to the above mentioned PROMPT's dependem&yatégé, Alignment
APl and FOAM (underway) were chosen to serve as a basis fardhmamunity-driven
ontology matching prototype.

In general, it is worth noting that, for example, enginediisformation integration
systems would rather use existing matching systems thdah th@ir own. However, it
is quite difficult to connect existing state of the art mamghsystems to other systems
or embed them into the new environments. They are usuallygoed as stand alone
systems, designed for communication with a human user.ditiad, they are not pro-
vided with an interface described in terms of abstract dgted and logical functional-
ity. Thus, integration of different matching systems irtie hew environments is itself
a challenging task.

7 Conclusions

We have presented the community-driven ontology matchpmraach. A prototype
supporting the approach was implemented and its usage vedgzad. The results
demonstrate feasibility of acquisition and sharing of trg mappings among the Web
communities, thereby supporting, e.g., facilitated krenige exchange within those
communities. Also, by providing a repository of annotateapings, which is a source
of domain specific knowledge, the approach enables othetagyt matching systems
to produce potentially better results (e.g., a higher fecal

To step forwards, community-driven ontology matching reeatbre support for
detailed alignment annotations and specific employmentfofination from user pro-
files, groups, communities, their goals and activities,, éngalignment recommenda-
tion mechanisms. Also, we are interested in further inclusnto the system of dif-
ferent matching algorithms as well as in the support for logies expressed in vari-
ous (besides OWL) knowledge representation formalismenTéstablishing protocols
for machine to machine annotated alignments exchanges aettex end user inter-
faces are among the next steps towards a fully-fledged emmgloy/ of the proposed
approach. Finally, we are interested in applying the ppiles of community-driven on-
tology matching as a part of community-driven ontology ngeraent [23] in practical
case studies, going beyond conventional scenarios at Sieriégb portals [6]. In par-
ticular, we want to investigate the benefits for human cbatdrs from creating and
reusing ontology mappings.
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