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Abstract. The process of ontology developmémiolvesa range ofkills and
know-how often requiring team work of differepeople each of them withnis

own way of contributingto the definition and formalization of the domain
representationFor this reasoncollaborative development is an important
feature for ontology editing tools, and should take into account the different
charateristics of team participants, provide them with a dedicated working
environment allowing to express their ideas and creatistyl, protecting
integrity of theshared workin this paper we present CONGAS, a collaborative
version of the Knowledge Manament and Acquisition platform Semantic
Turkey which, exploiting the potentialities brought by recent introduction of
context management into RDF triple graptféers a collaborative environment
where proposals for ontology evolution can emerge and d¢p&easevaluated

by team users, trusted across different perspectives and eventually converged
into the main development stream.

1. Introduction

The process of ontology development requires different skills and-koow such as
a deep understanding of the damto be represented and propepertise in domain
modeling, whit rarely can bdound in one single person. Moreover, assessing the
knowledge structure of an ontology typically involves different refinement steps,
personal rethinking and discussion. Fois reason, even the realization of medium
size ontologies often requires the collaboration of several experts, each of them
bringing their own knowledge and skills towards the development of a consistent,
hopefully stable, and potentially reusable damrapresentatian

As a naturakonsequence for the fact, and thanks to the maturity now reached by
ontology development tools and to the proliferation of collaborative solutions brought
by the advent of Web 2.0, we have seen in the last years an emetgiegtin the
research community towardse identification of requiremenf4,2] and the proposal
of innovative solution§3,4,5] for collaborativedevelopment of ontologies

The requirements and features which have emerged in these works mainly address
the integration of tools supporting communication amtussion among users, the
resolution of issues related to concurrent editargl the definition of standard access
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control and contribution modalitiegVhat lacks thereof is thability for users to go
beyond simple discussion or voting about rotimeicornerontology modificationsto
follow or even create arbitrary evolution paths for the ontolaties are working on.

In our research work, we haveied to propose a novel approach to collaborative
ontology development which woulfill the above gapby accountinghe effort and
resultsof the Semantic Web Interest Group Mamed Graph§6], and by exploiting
the possibilitiesoffered by their introductian

In our approach, ontological knowledge is distributed across differ@emexts
(identified by diverse named graphwshich identify the branched workspace of team
members as well as the main development trunk sharetl dfthem Users can thus
freely work in their personal contexivhich is given by the merge of the named graph
assigned to them and of the main development trumki),can also inspect other
contexs, access their content, atrdst (part of) the statements contained théneis
virtually importing them into their contexthis poses unlimited possibilities to the
creativity ofeach single team membevho can bringhis work ahead and lately have
it discussed through traditional communication gadgets or even impficitypoted
ashefinds other userscceptingandtrustinghis proposals.

Thanks tothe introduction oNamed Graphito a few of thecurrenty available
triple store technologies, such as Jgfa(through the NG4J8] library extension),
and Sesame 2[@], we have also been abledevelop angresent here CONGAS, a
novel system for collaborative editing 8EmanticWeb ontologies, which has been
developed as a parallel collaborativersion ¢ the Knowledge Management and
Acquisition platform Semantic Turkgy0].

2. Related Works

The first published result ondwedGraphs dates back to the work of Carroll et al.
[11], thoughotherworks have addressed the problem of data provenanddocality
in the years beforgl2,13]. The introduction of Named Graphs has been a necessary
step for the Semantic Web, their ability to express firdtamation about RDF
graphs is an important ingredient for addressing a ranigeiofportant requirements
swch as Data syndicationinformation Access, RDF Signatuf&4] and Trust[15],
expressing prapsitional attituded16], scoping assertions and logand managing
ontology versioning and evolution. All tfie above mainly account for one necessity:
the ability to track provenance of single grapmerged intocompound RDF
repositories

To our knowledgeno collaborative environment for development of knowledge
graphs of the RDF family hasidely exploited Named Graphs support, to introduce
user spaces. There are however other aspects of collabanatidlegy development
which have been evidenced and widely experimented in severas.Wwigkmention a
few of them according ttheir specific contributions

- Wiki adoption [17] and [18] offer ontology developmentcollaborative
environmentdased on (modified versions of) wiki platforms. Both ofnthdo
not address the general target of ontology development, and are respectively
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oriented towards Enterprise Modali and acquiring consensus over the
definition of reusabl®©ntology DesigrPatterng19]

- Ontology modularizationthe Hozo ontology editof3] enables asynchronous
development of ontologies that are subdivided into multiple -Hcdenected
modules. A developer checks out and locks a specific module, edits it locally,
and then checks it back ikach module are however still owned by all team
menbers, thus limiting the freedom of action and rapid drafting of new ontology
branches

- Methodology The Cicero tool [20] implements the DILIGENT [2]]
mehodology to for collaborative ontology development. The DILIGENT
methodology focuses on the process of argumentation, thus supporting the
generation of discussions about ontology maturing, both in general as well as for
specific resources

- Models in [22] the authors present an ontology supporting the definition of
requirements for collaborative ontology development, while [28] an
workflow ontology carbe used to describe different kind of workflows for the
same task (they also experimentedirtreodel in expressing the DILIGENT
methodologycited above).

- Full integration into complete ontology development tomid5], an extension
for the popular Knowledge Management and Acquisition tool Prdtgdjéis
presented, perfectly integrating several contradistinguish features for
collaborativeontology development, into the base tool (and thus beneficiating of
all of its traditional editing facilities)these includeiser managemengnabling
discussions/annotationsvorkflow support (through the workflow ontology
cited above) andynchronous/synchronous editingf available data.

3. True Collaboration through Interwoven Ontology User Spaces

The objective which has been targeted in the design of CONGAS was to develop a
completely new stereotype of collaboration, in which users could discusg, aoejec
approve modificatiosto existing ontology resources (from very common ontological
axioms, such as classificatiamdis-a organization to detailedtriple level analysis)
as well agland this is the novelty with respect to existing tools and metbQidsl)
create and propose entirglgw ontology branchesvhich can then be aligned/merged
to the core ontology.

In our model, each user is assigned his dediasded spaceand can develop new
extensions for theditedontology without the need to propose thstepby-step on
the main development trunkor the risk ofa totally unrestricted editing, resulting in
the production ofoisy data which could be entropic fother users and thus ftire
whole collaborative mcess By default, eachuseris able to viewin his spacethe
main development trunk arah ontology branch associatedhtion. The usethasfull
read/write privileges over his personal development branch, while he can only
propose changesto the main trunk and discuss them through ordinary
argumentatiofvotingme c hani s ms ( f o Noterthat this éinhithtisrovee t ¢ € )
themain trunk is confined to what is actually translated into deletion of ¢r{plee to
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Fig. 1 A user viewing ontology contributions proposed by other team members

the monotonic discipline of RDR25]), but addition of axioms referring to resources
in the main trunk can be handled through the user sfiacexample, if the user is
willing to add ardfs:subClassOfelationship between two classes (namehgin:A
andmain:B belonging to the main trunk, this is not considered a modification, since
it involves the sole creation of the triple:

main:A rdfs:sub@kssOf main:B

which can thus be stored in his personal ontology branch (that is, irsdrispace
The component which is in charge of projecting the sdtiplies governed by the
rdfs:subClassQOfredicateinto a tree visualization afntology classeswill take into
account this triple and show the tree accordingly, with daaam:Aarrangedunder
classmain:B

What thus happens is that different users caudn participatein suggesting
changes to the main trunk (which is considefeazer) while they can freely
contribute to the evolution of the ontology taking their way on extending the set of
resources and their related axiordser spacesthough assigned on a peser basis
and granting writgorivileges only to their owner, can howe\ws browsed by other
users(see Fig. 1, where concepts and instanca®ated byteam membersand
associated to them by different coloese browsed by current usethe content of
each space can be exported to the spaces of other users who decistéttand add
it to their respectiveevolution branchThis way, it is easy for new knowledge to be
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produced by independent usedsscussionis supportedoy forums/mlls (which are

also enabled for foreign user spaceg)ile convergence of the result is assured by the
trust&import mechanism which allows several users to quickly share (portions of)
proposed branches and thus promote them for the next main trunler8eas from

the perspective of theiple store engine, the ROEpositoryis an aggregation of

- several named graphs, representing foreign ontologies (whichordgnbe
accessewvith read privilegesby all kind of usersimported by the main trunk

- a coregraph, containinglata from the frozen main trunk. It is accessible by all
users, and it is reaebnly for dl standard users, though grantingrite
permissions t@ntologyadministrators

- a set of named graphs associated to user spaces. Each afatinée inspected
by all users, hawrite permission®nly for the owner of the spagéhough it can
be entirely removed, but not modified, tmytologyadministratos)

- a set of named graphs associated to foreign ontologies imported by development
branchesrbm use spaces.

Management of ontologies to be visualized for each user is done by first importing all
the first three set of graphs from the above list. Then, the listwdfimports
statements for the user development branch is inspected, and all gapled from

the fourth set which is cited in the object of these statements is added to the
ontologies to be visualized for that user.

4. The Hosting Application: Semantic Turkey

CONGAS has been developed on topSsmantic Turkey(ST, from now on) a
Knowledge Management and Acquisition Systeralized by the ART group of the
University of Rome, Tor Vergata

Developed as a Web Browser extension (available for the popular Web Browser
Firefox), Semantic Turkegims at reducing the impedance mismatch eetwdomain
experts and knowledge investigators on the one side, and knowledge engineers on the
other, by providing them with a unifying platform for acquiring, building up,
reorganizing and refining knowledggemantic Turkey offerm facttraditional men
options for ontology development, but it is also able to react to a m@nggeveral
intuitiveactions( s uc h as d rolgegtd bext oh the gpapdard wersidrfrom
the web page to the ontology paneisbh contextual outcon®(i.e. similar gesires
may result in even long sequences of ontology modifications which depend on the
kind of object dragged from the Web Page, on the type of resource where it is dragged
ete® ). ST deepeiinteractionwith Webcontent is not only limited to the possibiliby
importing text and other sorts of media from Web Pages; it also features an extension
mechanism which covers all of its aspects and technologies: from user interaction,
through its Ul extension points linked to the same Mozilla Extension mechanism
which is at the base of its hosting web browser, to knowledge management and
persistence (thorough standard OSGi service extendibility).

In realizing CONGAS, we have first examined the different possibilities which
were available for converting the system irgodistributed environmentThese
aspects will be discussed in the next section.
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5. Architecture

For economy of space, we will limit ourselves here to describe those architectural
changesn Semantic Turkey which have been introduced to realizeoltaborative
version CONGAS For a detailed description of Semantic Turkey architecaune
knowledge modelthe reader may refer {a0], while [26] containsrelevant updates
related to the extension mechanism

Semantic Turkey architecture @ganized around a thréeer layering, withthe

presentation layer embodying the true Firefox extension and the other two layers built
around java technologiesrfmanaginghe business logic and data access

Both the two interlayer interfaces could be, in principle, be separated in a

distributed environment(http communication is already adopted between the
presentation and middle layer, and data access interfaceasily be implemented
towards remote RDF repositories), when thinking about needed reengineering of
this architecture for porting ST to a collaborative framework, we faced the following
possibilities:

- Centralizing the sole Persistence layer and ria collaborative client
applications with a rewritten business logic $apport transaction based
communication with the RDF service

- Keeping the presentation layer for client applications, and move both server and
persistency on the centralized colladtbre server

- Split the middle layer into two components, one which is bundled with client
applications and provides the required business logic for their operations, and
the other one which coordinates collaboration between clients and manages all
relatedservices

The first one has been discarded, since it would have produced nothing more than a
user interface for transactidased knowledge repositories. The thition would

have proven to be the best solution, though one consideration about client technology
made us leaning towards the seconé what is reported as the presentation lager i

ST architecture, is actually represented by the whole array of technologEstsg
browser extendibility For example,with respect tothe current implementation
available for Firefox, an extension of tdavaScripanguage is adopted to support
business logic of extensions to be develgpieccan thus be used to handle the
minimal support required by user interaction, while demanding to the collaborative
server most of the necessary computatiénalogous technologies satisfying the
minimal computation requirements of user interaction are expected to be found for all
classes obrowsers, thus not invalidating the architecture on its own.

5.1. Coordination and Synchronization

Coordination between users is important in a collaborative environment, as well as
keeping sync between what they see while editing the ontology, and chartges to
model which can have been submitted by other users.

A refresh button is present in each client, which has the double function of
activating (when depressed) a complete refresh of the graphic view over the ontology
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and of alerting (by blinking) users wh a change has been made by another team
member.A log of changeso the whole ontology repositoiig also available, so that

the user can account for these changes in case they generate some conflict with or
provide useful input for the work he is doing.

The process of convergence towards a shared evolution for the ontology (i.e.
freezing proposed changes in the developnuemik) is activated through different
triggering events: roughly divided asplicit triggers (e.g, when a certain percentage
of team members has reached consensus over a resource/statbatésf is trusting,
and thus importing, the given resource/statement in its user spacex@ivit ones
(e.g., by explicit approval, through argumentation services such as polls and forums,
seenext section for details).

Access management divides users according to three main categories:

- Viewerswho can acces$i¢ontology, view resources, and comment or vote on
the choices madghis role is usually assigned to domain expefffpse usey,
then, can "look and speak”

- Users in addition to the rights ofiewers theyown a dedicated user spase
that hey can "look, speak, angroposé.

- Administrators An administrator has all the rights of a ydart it is also able to
modify the main deslopment trunk, as well as provide other coordination
activity such as moderating forums aratcepting proposalsThus an
admini str at or propameandivalidatek , speak,

Finally, a simple versioning system allows administrators to freeze snamghots
developed ontologies at a certain time and store them with an assigned tag (usually, a
version number). A version manager enables then users to retrieve them and inspect
their content.

5.2. Services

In building CONGAS,we have tried to integrate sevefedtures andools supporting
collaborative developmentogether with the concept ofuser spaceand model
trustingwhich pervade all of its architectural choices.

A poll-based mechanisailows users to express their opinions. They may choose
on open arguents for discussioropen poll3, where both the theme and options for
polling are chosen by one of the users, as well as on validity of all statements
available in development trunk and branchssr{dard polls Standard polls are
automaticallyassociated by the system to their related statement, and can be easily
accessed when inspecting the projection of that statement (a class/property in the tree,
an individual in the list of instances of a class, or a valued property in a resource
descriptia).

With a similar approach, alsofarumhas been added to the systemablingboth
the creation of free thematic discussions about ontology evolatimhof discussions
focused on proposed resources and stateniemrtg., whenever a user adds a new
reurce, it is easy to open a discussion on it: the thread is automatically matched by
the resource URI and it can lately always be accessed from a context menu option for
that resourceEmailing is also supported, by retrieving public mail addresses of
registered users.
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Fig. 2 The SPARQL query panel, with facilities for restricting the domain of the qu
specific user contexts

Finally, alsoquerysupport has been integrated with theer spaceparadigm A
SPARQL interface Kig. 2) allows users to select which user spaces will be
considered (panel on the right) when retrieving tuples from the repository (the main
development trunk is put by fdilt in the query template, though it may be excluded
by the user by manually changing the query code).

6. Conclusions

Apart fromits services and functionaliti€fer supportingcollaboration which are in
line with stateof-art tools on collaborative editingnd improve thenm some cases,
as for the generation of forum threads and palisomaticallylinked to proposed
ontology resourcés the main contribution of CONGAS to collaboratigatology
developmentresices in its coordinated editing of evolution brancipesposedby
users The possibilities offered by Named Graphs opgma completely novel
scenario in which users may fredgnd massivelyrontribute to the main trunk of
development of an ontology, withbthe risk of ovelgenerating undesired axioms,
nor suffering fromthe impedance brought by a strictly disciplingesate procedure.
It is this aspectstressingautonomy and independence of the usdrich fills the gap
between collaboration methodologmich as the already mentioned DILIGENihd
current implementations of collaboration tools: whtrese latter(coll. Protégé, or
SWOORP [27]) provide supportfor collaboration and discussioon one single
ontology(which may thus implemertheanalysisandrevision steps of DILIGENT)



