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Abstract. Domain ontologies are widely used to explicit declarative
knowledge. However, it is a difficult task to obtain an explicit and shared
vocabulary that can be used in computer systems. Besides that, many domains
require not only textual data but also visual data to express the meaning of the
concepts. Some ontology editors have been devel oped to support collaboration
on the ontology development process, but none of them have support to visual
domains or ontological foundation, which is important to build efficient
ontologies with semantic validation. In this paper, we introduce an approach
to support collaborative construction and evolution of visual domain
ontologies using metadata ontol ogies based on a foundational ontology.

1. Introduction

In the Knowledge Engineering process, we are uguatincerned on collecting
knowledge shared by a specific community, storingsi a formal ontology and using
this ontology as a reusable artifact for variougppses. As we know so far, an ontology
is defined as a formal specification of shared conceptualization (Borst, 1997).
Knowledge domains are not static: they evolve whew elements become part of the
domain or when elements become obsolete (De Le¥19)2These changes need to be
adapted to the domain model, updating the ontolbyy adding or removing
components. Therefore, collaboration has becoménaortant part of the ontology
development process, helping in making explicit tomcept behind vocabulary and
evolving the vocabulary to its new meanings.

Several classic ontology editors have been devdloper time. Some interesting recent
approaches focus on collaboration aspects of ogyalevelopment, like NeON Project
(Haase et al., 2008), OntoEdit (Sure et al., 2@d2) Collaborative Protégé (Tudorache,
Noy, & Musen, 2008). Collaborative Protégé hasoiiticed a metadata ontology to
support this collaboration, allowing the specifioatof changes and annotations on the
domain ontology. However, we think that the fordaalguage oriented-interface is hard
for the domain specialist to deal with, becausesh®/is not usually familiar with
ontology formalization.
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Many information domains like Medicine and Geologged visual information to
express knowledge. Our tool allows the user todbailconceptual model of visual
knowledge, getting advantage of visual represemtatlike icons and images to help in
expressing the full meaning of the concepts. Onother hand, in order to capture the
correct meaning of a concept, it is necessaryttthéeuser express his/her understanding
about that concept through the use of propertiasitave concrete meaning to him/her.
This is the role of foundational ontologies: exgrése inherent properties that provide
identity to the objects in some world. Our proposansists of developing a
collaborative web environment for ontology constiat with two main contributions:
support to visual domains and support to ontolddamandation.

The collaboration is based on metadata informatioout the ontology components, so
that the users can express their understanding #®wmeaning of the concepts without
requiring any formal representation language, buing mechanisms to manipulate
visual information and to express rich semantic edVietadata information provides
the necessary vocabulary and artifacts that caar difie basis for the development of
applications for collaborative ontology construntioThe metadata and the domain
ontology data are generically stored in a datahagéples.

This paper is organized as follows: In Section 2 explain why and how visual
domains are important on ontology development. kctiSn 3, we present the
foundational ontology that provides ontological fidation to our metadata models.
Section 4 introduces the metadata ontologies tieath@ main contribution of this work.
In Section 6, we conclude and anticipate some éutwork.

2. Visual Domains

Some information domains require visual knowledgeaacrucial part of the problem
solving process like Medicine or Geology and mo$t Natural Sciences. The
interpretation process occurs through a visualepatimatching against the domain,
capturing the objects that can support the infexgrath. Some of these visual objects
have even barely translation to a propositionalcdgson. Therefore, the ontology
construction in visual domains requires more thantmlic descriptions to explain the
concepts. Besides that, many ontology developadsifieasier to provide descriptions
of their domain concepts and properties using Visgpresentations rather than only
formal descriptions (or pure natural language desons).

According to Lorenzatti (2011), a concept can beresented in two different ways:
through a symbol from a language or through a padtoepresentation (an imagistic
representation, like an image or icon). Icons arglar to what they represent, so, their
meaning is captured through the same process cep@rn used to recognize the
represented object or event. In other words, itammg can be understood from the
observation of the representation. Images are phapbs of concepts, intended to
provide examples of instances of a concept, tryingransmit its meaning. Therefore,
the concepts can be associated either to a symbolaopictorial representation, like an
image, a draw, an icon, a chart, etc. An icon dan be associated to each property
value. For example, the propeRpundness can have an associated icon to each of its
values: low-rounded, rounded, high-rounded.
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3. Foundational Ontology

The aim of a foundational ontology is establishan¢pasis to obtain coherence in the
negotiations of meaning during the collaboratiomcpss of individuals to build a
conceptual model. Recently, @nified Foundational Ontology (UFO) was proposed
(Guizzardi 2005), defining categories that providetological foundation in the
construction of conceptual models. The UFO is didith three fragments callééFO-

A, UFO-B and UFO-C. We are interested in the thicak framework of meta-
properties and meta-types proposed by Nicola Gagi@Guarino 1995) and Giancarlo
Guizzardi, mainly focused in the UFO-A, which isetltore of the foundational
ontology, consisting of a stable thedmat introduces structuring concepts to offer more
semantics to conceptual modeling languages. Thexefwe will mention here the
notions of rigid sortals, properties, quality domains, partonomic relations and
hierarchical relations. For instance, a rigid sortal is a concept whafeiion requires
that their instances cannot stop being an instaht@s concept in any possible world.
This means that if thessential properties chosen to define the concept cease to be
recognized in the way they were defined, the instanill cease to exist to because it
loses its identity criterion. A person is a rigiortsl while a student is not, since there
are instances of it that can stop being a studdéhiut losing its identity. These are
important constructs for ontological models, sintey allow producing trustful
mappings among different domain ontologies thapstpnteroperability.

The current ontology development tools don’t impdenthis rich formal semantic

representation because they are based only in itlee biasic ontology constructs

(concept, property, property value, relation, aXiahat don’t express the differences of
objects in reality according to human discriminati®he unified foundational ontology

extended these basic primitives, creating sevedditianal constructs that helps in
establishing the taxonomic classification and tleationships among concepts.
Therefore, ambiguity is reduced and the expregsofithe model is increased.

4. M etadata Ontologies for Collaboration

In this paper, we introduce an upper-level domadgependent metadata to specify the
structure of the domain ontology components andalootation events. Using this
metadata, the community of users can define coacaptiributes and domain values,
making also explicit the intended meaning througle tuse of primitives of a
foundational ontology (assigning values to metgprboes and meta-types of concepts),
visual icons and illustrative images. The confliateout selection of names, attributes,
icons and images are solved by the propositiorhahges in the models. The changes
are justified by the ontological definition and atered for further reference.

We introduce two metadata ontologies: the Reprasient Ontology (R.O.), which
defines primitives for representing the domain gy, and the Collaboration Ontology
(C.0.), which defines primitives for representiig tcollaboration events. The domain
ontology components are defined as instances oRte concepts and the changes
made over the domain ontology are defined as ins&f the C.O. concepts. These
models are the basis of our environment, struajuitie meta-level data and helping the
application to deal with the abstract represemtatiof the domain ontology and to track
changes involving symbolic or visual representatiand foundational artifacts.
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4.1. Representation Ontology (R.O.)

When dealing with ontologies, we are commonly fecu®n its main components:
concept, property, property value, relation anaaxiTo add more semantics, this meta
ontology extends some of the main ontology compteney specializing them based on
visual and foundational aspects.

In order to provide visual support, we used theceph [Image], which is specialized in
two sub-concepts: [Photography] (for representihgtps of concept instances) and
[lcon] (for representing symbolic pictorial icon3he R.O. contains some relations that
link a [OntologyConcept] or [OntologyPropertyValug] one [Icon] kaslcon) and a
[Photography] to a [OntologyConceptphptographyOf). To provide ontological
foundation to the model, we have specialized th®.Roncepts using some of the
foundation constructs proposed in the UFO-A fouimtia ontology, enriching the
semantics of the model without adding significamtnplexity. The [OntologyConcept]
was specialized to represent Substantial Univeraats its subclasses: Sortal, Kind,
Mixin, RigidSortal, etc. The [OntologyProperty] a@pt was specialized to represent
the distinct types of property: DataTypeProperty @froperties that point to primitives
like string, int, datetime, etc.) and QualityUniversalProperty (for propestibat have
one or more pre-defined values, like color, ageerudl, etc.). The
[OntologyPropertyValue] concept was specializedQnale. The [OntologyRelation]
concept was specialized to represent the diffetgpes of relations, allowing the
representation of partonomic relations (Extension®femberOf, PartOf, SetOf,
SubQuantityOf and SubsetOf) and the hierarchichssmption relation (SubclassOf).
These constructs, when used correctly, impose samnastrictions to the model, which
can be analyzed by the knowledge engineer to helusers to detect semantic failures
and representational misuses on the domain ontology

4.2. Collaboration Ontology (C.O.)

The Collaboration Ontology (C.O.) defines whichlabbration activities can be done
on the domain ontology. In a simplified way, th€@Cinstances are the changes related
to what has been represented by the R.O. ontolgizh is the domain ontology. The
collaboration process is focused on the proposdl storage of changes made over
concepts, properties or relations and also on atinos that can be attached to any
domain ontology component. The specialists can naeetly changes or annotations
in the domain model by adding, changing or removimgtology components.
Collaboratively, they can see each other changeriiignd discuss about it, possibly
making new modifications until a consolidated damraiodel is obtained.

The C.O. concepts define the set of possible ogyotthanges that can be done in the
system. A change event has some properties thatng@aning to itdomainComponent
relates the change to one domain ontology comppaetiior stores who made the
changegdate stores thalate and time when the changed occurred, to hehacking the
evolution of ontologyyalue storesthe new value of the change. The C.O. describes not
only common changes (ConceptCreated, PropertyReihdwat also visual changes
(ConcepticonChange, ConceptPhotographyChange) aodnddtional changes
(MemberOfRelationCreated, SubsetOfRelationCreated, = QualeCreated,
QualelconChanged, etc.). Therefore, we can chahgesémantics of the concepts,
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adding more information to the domain ontology mathkan the current approaches
offer. For example, if the user once created a €phby instantiating the R.O. concept
[OntologyConcept], and now he/she wants to chatsysteéreotype because it is, in fact,
a RigidSortal, it can be done by creating an instanf the C.O. [ConceptTypeChange]
concept and setting it&lue property to “RigidSortal”. The concept type candbanged
unlimited times by the community, to reach the ecriconsensual semantics.

The C.O. also allows the collaboration on visuamdms. Icons are an unique
alternative representation of the concept, basethenvisual perception, that helps in
avoiding the excessive use of propositional intar$ain ontology-based systems. When
a user changes a concept icon, an instance of EptioonChange] is created and
associated both to the concept and to the icon emgzgoaded. Using the same
procedure, a concept can be associated to onererphotographs by creating instances
of the C.O. concept [ConceptPhotographyCreatedd. Uiser deletes a photograph, an
instance of [ConceptPhotographyRemoved] is createproperty value can also have
an associated icon by creating an instance of ge@Changed]. Further, the users can
make comments specifically about the icons or phatal change these artifacts later on
until they reach the correct consensual visualesgmtation. In Lorenzatti (2011), a
library of icons related to the Sedimentary Geolafpynain was developed with
cognitive analysis support. We are currently usiigs library to validate our
environment. An example of the metadata ontologgraction and the collaboration
history generated when changing visual and fouadati aspects of the domain
ontology is shown in Figure 1.
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Figure 1 Collaboration structure with visual and foundation constructs

6. Conclusions and Future Work

Domain ontologies are explicit conceptual modela shared knowledge, focused on a
specific domain of common interest. Some domaingdnenore than textual
representations for concepts of reality, requiningual representations as well. The
foundational concepts introduced in the UFO-A faatimhal ontology helps the
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construction of semantic models by helping to ditialthe essential properties that
express the identity of the concepts. Besides tihat, foundational data helps the
knowledge engineer to understand the domain andtéoact with the specialists. We
consider that supporting the user to recognizeethm@sperties would help in doing
ontological choices in associating the concepté Wik representation constructs. This
would lead to the development of better quality domontologies, in terms of lucidity
and laconicity, avoiding ambiguity and redundanicyorder to provide the adequate
support, we develop a framework based on metaddtdogies that allow the domain
experts in developing and evolving domain ontolsgigsing textual and visual
representations and ontological foundational data.

The metadata ontologies introduced in this papdrisrusage are focused on providing
a basis for the collaborative construction of ridnguage-independent domain
ontologies. The generated collaboration events farmimportant collaboration and

evolution history that can be used to analyzecaitpoints of the ontology or to track

changes. Our approach is experimentally availabla web-based environment for the
collaborative construction of the Sedimentary Gggldomain ontology at the address
http://obaita.inf.ufrgs.br/, which is currently under constant development.
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