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Abstract—The problem of modifying an ontology in response causing unnecessary confusion as well as misunderstandings.
to a certain need for change is a complex and multifaceted one, The purpose of this paper is the introduction of a terminology

being addressed by several different, but closely related and often hich follows the most common uses of the various terms
overlapping research disciplines. Unfortunately, the boundaries of . the literat Fixi this t inol il all ¢
each such discipline are not clear, as certain terms are often used in the ,' erature. |X|ng IS ermlpo ogy willallow us to .
with different meanings in the relevant literature. The purpose determine the boundaries of each field as well as to get a grip

of this paper is to identify the exact relationships, connections on their differences, overlaps, interactions and connections.
and overlaps between these research areas and determine the To do that, we perform a shallow, but broad, literature
boundaries of each field, by performing a broad review of the yayje\ on the field of ontology change, and introduce a broadly
relevant literature. . . .
accepted terminology that will, hopefully, serve as a point of
I. INTRODUCTION reference for the ontology change community. Our purpose is
Originally introduced by Aristotle,ontologies are often to give a clear overall picture of each relevant subfield and
viewed as the key means through which the Semantic Wegtermine the boundaries, interactions and overlaps between
vision [3] can be realized. Ontologies provide a means tbe various areas; the interested reader is referred to the
formally define the basic terms and relations that comprisgimerous bibliographic references that will appear throughout
the vocabulary of a certain domain of interest [34], enabliri§jis paper for more details on each area or deeper results. A
machines to process information provided by human agergemprehensive summary of the results of our survey can be
As a result, they can help in the representation of the contéaund in table | at the end of this paper.
of a web page in a formal manner so as to be suitable for use
by an automated computer agent, search engine or other web
service. The importance of ontologies in current Al researéh What is an Ontology?
is also emphasized by the interest shown by both the researcithe term ontology has come to refer to a wide range of
and the enterprise community to various problems related farmal representations, including taxonomies, hierarchical ter-
ontologies and ontology manipulation [39]. minology vocabularies or detailed logical theories describing
Ontologies are often large structures, whose developmentiomain [44]. For this reason, a precise definition of the term
and maintenance give rise to interesting research problenasrather difficult. A commonly used definition can be found
One of the most important such problems is the problem @f [21] where an ontology was defined to beecification of
modifying an ontology in response to a certain need. In thisshared conceptualization of a domain
paper, the ternontology changewill be used to describe this A more formal, algebraic, approach, identifies an ontology
problem; the term will be used in a broad sense, covering aay a pair< S, A >, where S is thesignatureof the ontology
type of change, including changes to the ontology in respongging modeled by some mathematical structure, such as a
to external events, changes dictated by the ontology engindettice, a poset or an unstructured set) and A is ke of
changes forced by heterogeneity considerations and so onontological axiomswhich specify the intended interpretation
In order to cope with the complex problem of ontologyf the signature in a given domain of discourse [27].
change, several related research disciplines have emerged
(such as ontology evolution, alignment, merging, mappirtgy Ontology Change
etc), each dealing with a different facet of the problem. TheseSeveral reasons for changing an ontology have been iden-
areas are greatly interlinked; as a result, several works difted in the literature. An ontology, just like any structure
systems deal with more than one of these topics causingtaring information, may need to change simply because the
certain confusion to a newcomer. This confusion is furthenodeled domain has changed [55]; but even if we assume a
increased by the fact that certain terms are often used wiitatic domain, which is a rather unrealistic assumption for most
different meanings in the relevant literature, denoting simileapplications, we may need to change the perspective under
but not identical, research directions or concepts. For examplesich the domain is viewed [44], or we may discover a design
of such confusing and overused terms refer to [13], [51]. flaw in our original conceptualization [52]; we may also wish
We believe that this lack of a standard terminology constie adapt to a change in users’ needs or perspective and/or
tutes a major bottleneck for the ontology change communiipcorporate additional functionality [22]; new information,

II. ONTOLOGIES AND ONTOLOGY CHANGE



previously unknown, classified or otherwise unavailable mayewpoint of the conceptualization, information received by
become available or different features of the domain mapme external source, a change in the domain, communica-
become important [25]. tion needs between heterogeneous sources of information or

In addition, ontology development is becoming more anghtologies, the fusion of information from different ontologies
more a collaborative and parallelized process, whose subpradd so on.
ucts need to be combined to produce the final ontology [32]; This definition covers several related research areas which
this process would require changes in each subontologya® studied separately in the literature. In this paper, we
reach a consistent final state. But even then, the so-callddntify nine such areas, nameintology mapping, morphism,
“final” state is rarely final, as ontology development is usuallglignment, articulation, translation, evolution, versioning, in-
an ongoing process [25]. tegrationandmerging Each of these areas deals with a certain

The complex web of dependencies that is usually formdacet of the problem from a different view or perspective,
around an ontology is another common reason for changevering different application needs, change scenarios or needs
The distributed nature of the Semantic Web implies that tlier change (see table | for a comprehensive summary).
knowledge engineer has no control over dependent and/oifhese fields are greatly interlinked, so several papers deal
depending ontologies; if any of these ontologies change, tvh more than one of these problems. In other cases, the same
local ontology might also need to be modified [25]. In otheterm is used in different papers to describe different research
cases, a certain agent, service or application may need to assas. This situation can easily lead to misunderstandings,
an ontology whose terminology or representation is differenonfusion and unnecessary waste of effort, especially for
from the one it can understand [9], so he needs to perfoannewcomer. In the following sections, we will attempt to
some kind of translation (change) in the imported ontologprecisely define the boundaries of each area and uncover their
Finally, we may need to merge or integrate information fromelations, overlaps and differences. This attempt will hopefully
two or more ontologies in order to produce a more appropriadeaw a fine line between the various research areas, allowing
one for some application [51]. the clarification of the meaning of each term and making

Several philosophical problems related to knowledge upddtee differences and similarities between them explicit. The
in general have been identified in the research arelaebéf definitions provided here will not be arbitrary, but will be
revision[19], [20], [28]; many of them are also applicable tdased on the most common uses of each term in the literature.
knowledge represented in ontologies [12], [13]. However, the
problem is further complicated by the large size of modern
day ontologies [39] and by the aforementioned ontology- Disambiguating the Terms
interdependencies; even subtle changes in an ontology mantology versioning is often considered a stronger variant
have unforeseeable effects in dependent and/or dependdfigontology evolution [23]. Under that viewpoint, ontology
applications, services, data and other ontologies [54]. evolution is the process of changing an ontology without losing

These facts raise the need to maintain different interoperabista or negating its validity, whereas ontology versioning
versions of the same ontology [25], [26], [31], a problemshould additionally guarantee the validity, interoperability and
greatly interwoven with ontology change [30]. Moreovemanagement of all previous versions, including the current
heterogeneity leads to problems when an agent, serviceooe, as well as transparent access to these versions.
application uses information from two different ontologies [9]. This viewpoint is influenced by related research on re-
As ontologies often cover overlapping domains using differetational and object-oriented database schema evolution and
viewpoints and terminology, some kind of translation may beersioning [18], [29], [50]. A survey on the differences and
necessary in many practical applications. similarities of ontologies and databases, as well as their impact

All these arguments indicate the importance of the problewith respect to evolution and versioning, can be found in
of ontology change and motivate us to use the term in orddd]. In this paper it is argued that ontology evolution and
to cover all aspects of ontology modification, as well as thersioning become indistinguishable under this understanding,
problems that are indirectly related to the change operatibecause, due to the distributed nature of the Semantic Web,
such as the maintenance of different versions of an ontologltiple versions of ontologies are bound to exist and must
or the translation of ontological information in a commome supported. Furthermore, ontologies and dependent elements
terminology. More specifically, we will use the teromtology are likely to be owned by different parties; as a result, some
change to refer to the problem of deciding the modificationmarties may be unprepared to change and others may even
to perform upon an ontology in response to a certain nedm opposed to it [25]. All these facts force us to maintain
for change as well as the implementation of these modificaad support different versions of ontologies, making ontology
tions and the management of their effects in depending dagaplution (under this understanding) useless in practice.
ontologies, services, applications, agents or other elements We believe that the problem of modifying the ontology (on-

In this definition, the need to change the ontology mayplogy evolution) should be clearly separated from the problem
take several different forms, including, but not limited to, thef maintaining the interoperability of different versions of the
discovery of new information (some new instance data, anott@rtology (ontology versioning). This distinction is not always
ontology, a new observation etc), a change in the focus or ttlear in the literature, because the ontology dependencies and
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interrelationships force us to consider the issue of propagatirgplaced by a series of atomic changes. Even though possible,
the changes to dependent elements [37]. This tight couplitigs not generally appropriate to use a series of atomic changes
has caused ontology evolution algorithms to deal with thete replace a complex change, as this might cause undesirable
problems as well. For example, in [54], ontology evolution iside-effects [54]; the proper level of granularity should be
defined as the timely adaptation of an ontology to changétentified at each case. Unfortunately, there is no general
business requirements, to trends in ontology instances amghsensus in the literature on the type and number of complex
patterns of usage of the ontology-based application, as wellcdmnges that are necessary. In [54], 12 different complex
the consistent management and propagation of these charg@mnges are identified; in [44], 22 such operations are listed; in
to dependent elements. [56] however, the authors mention that they have identified 120
On the contrary, here we defimmtology evolution to refer different interesting complex operations and that the list is still
to the process of modifying an ontology in response to growing! In fact, the number of definable complex operations
certain change in the domain or its conceptualizatid3]; can only be limited by setting a granularity threshold on the
on the other handgntology versioning refers to the ability operations considered; if we allow unlimited granularity, we
to handle an evolving ontology by creating and managingill be able to define more and more operations of coarser
different versions of it[30]. Thus, ontology evolution is and coarser granularity, limited only by our imagination [32].
restricted to the process of modifying an ontology whil&hus, creating a complete list of complex operations is not
maintaining its validity, whereas ontology versioning dealgossible, but, fortunately, it is not necessary either, since a
with the problem of managing different versions of an evolvingomplex operation can always be defined as a series of atomic
ontology, maintaining interoperability between versions armperations [32].
providing transparent access to each version as required byrhe third phase is theemantics of changehase, in which

the accessing element. we identify and address any problems that will be caused when
. ) . the required changes are actually implemented, thus guarantee-
B. Ontology Evolution: General Discussion ing the validity of the ontology at the end of the process. For

Since an ontology is a specification of a shared conceptuakample, if a concept is deleted, we need (among other things)
ization of a domain [21], a change may be caused by eithetcadetermine what to do with its instances (e.g., delete them or
change in the domain, a change in the conceptualization oreaclassify them). In [54], it is suggested that the final decision
change in the specification [30]. Changes in the specificatishould be made indirectly by the ontology engineer, through
refer to changes in the way the conceptualization is formaltie selection of certain pre-determined evolution strategies,
recorded, i.e., changes in the representation language. Tihiicating the appropriate action in each case. Other (manual
type of change is dealt with in the field of ontology translatioor semi-automatic) approaches are also possible (see [23]).
(see the next section and table | at the end of this paper). Thiikjs phase is probably the most crucial of ontology evolution,
our definition of ontology evolution covers the first two typesecause during that phase the direct and indirect effects of a
of change only (domain and conceptualization changes). given change request are determined.

Both types of changes are not rare. The conceptualizationThe change implementatiorphase follows, where the
of the domain may change because of a new observatidmnges are physically applied to the ontology, using an
or measurement, a change in the viewpoint or usage agpropriate tool, like, for example, the KAON API [54]. Such
the ontology, newly-gained access to information that wastool should have transactional properties, based on the ACID
previously unknown, classified or otherwise unavailable and swodel, i.e., guaranteeing Atomicity, Consistency, Isolation and
on. The domain itself may also change, as the real world its&tirability of changes [23]. It should also present the changes
is generally not static but evolves over time. More examplés the ontology engineer for final verification and keep a log
of reasons initiating changes can be found in [30], [44].  of the implemented changes [23].

, The implemented changes need to be propagated to all
C. Ontology Evolution Phases interested parties; this is the role of tbbange propagation

In order to tame the complexity of the problem, six phasgshase. In [37], two different methods to address the problem
of ontology evolution have been identified, occurring in are compared, namely push-based and pull-based approaches.
cyclic loop [54]. Initially, we have thehange capturingphase, Under a push-based approach, the changes are propagated
where the changes to be performed are identified. Three typeshe dependent ontologies as they happen; in a pull-based
of change capturing have been distinguished: structure-drivapproach, the propagation is initiated only after the explicit
usage-driven and data-driven [23]. request of each of the dependent elements. In both [37]

Once the changes have been determined, they haveatwl [54] the push-based approach is favored. Alternatively,
be properly (and formally) represented during tbleange one could avoid this step altogether, by using an ontology
representation phaserhere are two major types of changesyersioning algorithm [31], allowing the interested parties to
namely atomic and complex [56] (also called elementary amebrk with the original version of the ontology and update to
composite in [54]). Atomic changes represent simple, finthe newer version at their own pace, if at all. This alternative
grained changes such as the deletion of a concept. Compkexonsidered more realistic for practical purposes [25].
changes represent more coarse-grained changes and can B@ally, the change validationphase allows the ontology



engineer to review the changes and possibly undo them. Thased on some type of identification mechanism to differen-
phase may uncover further problems with the ontology, thtiate between various versions of an ontology, but it is not
initiating new changes that need to be performed to improaéways clear when two ontologies constitute different versions.
the conceptualization; in this case, we need to start ov8hould any change in the file that stores the ontology constitute
by applying the change capturing phase of a new evolutitime creation of a new version? When a concept specification
process, closing the cyclic loop. changes, but the new specification is semantically equivalent
Notice that heterogeneity issues are not handled by tteethe original one, does this constitute a new version? More
above ontology evolution model. Obviously, any approadsenerally, when the ontology changes syntactically, but not
to ontology evolution would collapse in the presence cfemantically, does this constitute a new version? These and
heterogeneity, unless coupled with some algorithm that dealmilar problems are dealt with in [25], [31].
with heterogeneity (like the ones discussed in the next section)Another desirable property of an ontology versioning sys-
However, under the proposed model, this is not a problem, tasn is the ability to allow transparent access to different
the ontology engineer identifies the changes to be performegtsions of the ontology, by automatically relating versions
during the change representation phase, so it can be reasonfitty dependent elements [30]. Other issues involved is the so-
assumed that these changes will be represented in a suitalaléed “packaging of changes” [31] as well as the different
terminology. An alternative model of ontology evolution, intypes of compatibility and how these are identified [30].

volving five phases, has been proposed in [52]. Another related problem is the introduction of a certain
version relation between ontological elements (such as classes)
D. The Current State of the Art in Ontology Evolution that appear in different versions of the ontology and the

The current state of the art in ontology evolution, as Weﬂr?lpzmesh tl:]at such i?il r?ila::?: zlaoulr:j dri]ta Vre'l Tihli rreriaﬂonths
as a list of relevant tools can be found in [23]. Some Q €d a change speciiicatio [30] a S fole 1S 10 make the

these tools are simple ontology editors, whereas others provllr éatlonsmp between different versions of ontological elements

more specialized features to the user. In some cases, the gllic_it. Using this relation, one can identify the changgs the.lt
can define some kind of pre-defined evolution strategies [S%fiy.g'ven elemgnt went Fhrough bet\_/veen d|fferen.t versions; in
that control how changes will be made, thus allowing th d|t|o.n, a version relation should mclud_e certgm meta-data
tool to perform some of the required changes automaticall _gardlng these changes [31]. In [52] this relation is stored

Other tools allow collaborative edits, i.e., several users ¢ RNd a version _Iog wh|ch N actually_ a specially designed
ontology containing the different versions of each element,

work simultaneously on the same ontology [7], whereas othets well as the relation between them and some related meta-
support transactional changes [23]. In other works, featur 3 T . X T o
ta. Similar considerations led to the definition of migration

related to ontology versioning, undo/redo operations and oth ifications 1601, which iat ncents between different
helpful utilities are supported [7]. Some tools provide intuitiv;é/pf‘“} r?a ? sn[ n]t | N ?tssroc ahe EO Cﬁp Sb © n ce f rme 3
graphical interfaces that help the visualization of the proces% slons of an ontology after a change has been periormed.

[33]. For more details on such systems refer to [7], [23]. F The Current State of the Art in Ontology Versioning
A declarative language for changing the data portion of AN Ac an aid to the task of ontology versioning, certain

RDF ontplogy appears |n.[38]. An alternative approach th%ols have been developed which automatically identify the
uses belief revision techniques to handle ontology evoluti ¥erences between ontology versions; unfortunately, most

has're.cently appeared [11.]’ [14}-{16]; S|m.|Iar app.roache?s,.a &eh tools provide information at the level of atomic changes
preliminary stage, appear in [35], [40]. An interesting variatio

. . ~[32]. PROMPTDIFF [45] uses certain heuristics to compare
of the problem appears in [17], [58], [59], where the evolvin ifferent versions of ontologies and outline their differences,

objects (ano! thgreforg the m_ain o bjects of study) are fie producing a structural diff between them. OntoView [31]
concepts; this viewpoint is quite different from the standargi:mainS a tool similar to PROMPTDIFF, whose output is a
one, in which the evolving object is an ontology as a whol '

%ertain ontology of changes.

A survey on the different ways that can be used to rep-
resent a set of changes, as well as the relation and possible

Once the actual changes have been performed, ontoldgteractions between such representations can be found in [32];
versioning comes into play. Ontology versioning typicallyn the same paper, another ontology of changes is proposed,
involves the storage of both the old and the new version obntaining both atomic and complex operations. A similar
the ontology and takes into account identification issues (i.entology of changes is proposed in [52], where the changes
how to identify the different versions of the ontology), there identified through a version log stored in this ontology of
relation between different versions (i.e., a tree of versiom#fianges.
resulting from the various ontology modifications) as well A method to identify compatibility between versions is
as compatibility information (i.e., information regarding theresented in [24], [25] where the SHOE language [36] is used
compatibility of any pair of ontology versions). to make backward compatibility between versions explicit and

Several non-trivial problems are associated with this tas#eterminable by a computer agent. This is an indirect approach
For example, any ontology versioning algorithm should be the problem of ontology versioning, because it allows the

E. Ontology Versioning



computer agent to determine autonomously which versitimat relate both ontological signatures and axiomistice that

to use, as opposed to [30], [31], where a more direct andtology morphism, unlike the other fields discussed in this
centralized path is taken. In [26], a temporal logic approad®ction, is not restricted to the ontology signature only, but
is used to allow access in different versions of an ontologycovers the ontological axioms as well.

In ontology mapping and morphism the ontologies are
related via functions; an interesting, and more general, alterna-
tive is by means of a relatioThe task of finding relationships
A. General Discussion between signature entities belonging to two different ontolo-

Work related to these areas tries to mitigate the probler@igs is called ontology alignmen§o the output of ontology
caused by the heterogeneity of the Semantic Web. The gen@lignment is a binary relationship between the ontological
motivation for these research fields is that different ontologigtgnatures. This approach is more liberal, allowing greater
(and sources of information based upon different ontologielgxibility, so it is more commonly used in practice.
generally use different terminology, different representation A binary relationship could be decomposed into a pair of
languages and different syntax to refer to the same or simit@tal functions from a common intermediate source; therefore,
concepts. A nice list of use cases where this heterogenditg alignment of two ontologies could be described by means
may cause problems can be found in [9]. of a pair of ontology mappings from a common intermediate

The obvious solution to this problem is the provision ofntology. We use the termntology articulationto refer tothe
a set of translation rules of some kind that will allow u®rocess of determining the intermediate ontology and the two
to nullify these terminological differences. To put it simplymappings to the initial ontologies
the goal of the whole process is to make two ontologies Finally, the termontology translatioris used in the literature
refer to same entities using the same name and to diffeth two different meanings. Under one understanding, ontol-
ent entities using different names. For example, we shoulgy translation refers téhe process of changing the formal
be able to identify that the concepts RESEARCHER arfépresentation of the ontology from one language to another
RESEARCHSTAFFMEMBER that appear in two different This changes the syntactic (only) form of the axioms, but not
ontologies refer to the same real-world concept, i.e., the cldbe signature of the ontology. Under the second understanding,
of researchers. We should also be able to differentiate betwegriology translation refers totsanslation of the signaturen
two different uses of the entity CHAIR, as it could refer t&@ manner similar to that of ontology mapping. The difference
the class of chairs (as a furniture) in one ontology and to tietween ontology mapping and ontology translation is that the
people forming a Workshop’s Chair in another. former specifies the functions that relate the two ontologies’

Even though these research fields basically deal with tRignatures, whereas the latter applies these functions to actu-
same problem (i.e., heterogeneity resolution), they can 8y implement the mapping.
identified based on the type of translation rules that is produced
at the output. Due to the close relationship between thesé Methodology and the Current State of the Art
areas, sometimes the term ontology alignment (e.g., in [9]) orThe methods commonly used to address the problem of
ontology mapping (e.g., in [27]) is used to refer collectiveljieterogeneity include studying the taxonomic or mereological
to all of them. In this section, we will try to disambiguate th&tructure of the entities, evaluating name similarities (where
situation; most of the material for this section is taken frorfhe names are compared as strings) and so on. Other methods

IV. ONTOLOGY MAPPING, MORPHISM, ALIGNMENT,
ARTICULATION AND TRANSLATION

[9] and [27]. use a thesaurus to study the linguistic similarities of names,
o use semantic approaches, or determine the similarity based
B. Definitions on the instances of each entity. The final similarity evaluation

The termontology mapping refers to the task of relatingnay also be affected by the evaluation of the similarity of the
the signatures of two ontologies that share the same domaintities’ neighborhood. In real systems, a combination of some
of discourse in such a way that the mathematical structucd these approaches with some kind of human intervention
of ontological signatures and their intended interpretationsjsually works best. A detailed classification and description
as specified by the ontological axioms, are respecf#te of these methods can be found in [9].
result of an ontology mapping algorithm is a collection of Two popular systems that deal with heterogeneity are
functions on ontological signatures. A similar (and equivalenBROMPT [46], [47] (originally called SMART [48]) and
definition appears in [4], where ontology mapping is defined &himaera [39]. In [10], the term ontology matching is used to
a (declarative) specification of the semantic overlap betwersfer to an ontology mapping algorithm based on the linguistic
two ontologies, which can be either one-way (injective) grroperties of terms, using a thesaurus based on WordNet [41].
two-way (bijective). In [53], a certain string metric is proposed to evaluate name

This definition restricts the mappings to ontological signaimilarities of elements in different ontologies, upon which an
tures. A more ambitious and interesting approach would bedatology alignment algorithm could be based. Some thoughts
create mappings that deal with both the signatures and the ar-the issue of heterogeneity in the context of the SHOE
ioms of the ontologies. The teromtology morphismmefers to language can be found in [24], [25]. An interesting method of
that approach, i.ethe development of a collection of functiongmproving the results of an alignment process, which exploits



user validation combined with machine learning techniques,In [46], [47] ontology merging is defined as the process
can be found in [8]. of creating a new, coherent ontology that includes information
In [42], a probabilistic technique is used towards thiom two or more source ontologies; this is implicitly assumed
aim; the final similarity evaluation of this ontology mappingo include the process of resolving any possible heterogeneities
algorithm is affected by the similarity probabilities of eacletween the merged ontologies. In these papers, ontology
entity’s neighborhood, improving the initial mapping resultmerging and alignment are understood as variations of the
Another method based on probabilistic analysis, which takeame problem, the only difference being that ontology merging
into account uncertainty issues in the mapped ontologies aasults in the creation of a new ontology, whereas in ontology
be found in [49]. A general-purpose approach to the probleatignment the merged ontologies persist, with links established
of translation is described in [6]. A much more extensive ligietween them.
of systems and works related to these research areas can e similar use of the term can be found in [39], whereas,
found in [4], [9], [27]; a relevant evaluation appears in [1]. in [25], the same research area is described using the term
Unfortunately, heterogeneity resolution in ontologies stithntology integration. According to [35], ontology merging
relies on human intervention; however, the process hasamounts to making sure that different agents use the same
be automatic in order to be practical [27]. In this directiorterms in identical ways (in a manner similar to ontology
advances in the field of natural language processing wilignment). In [27] ontology integration is defined as the
probably help researchers gain a better understanding on phecess of combining ontologies to build new ones, but whose
processes behind automatic heterogeneity resolution [27]. respective signatures are usually not interpreted in the same
. . domain of discourse. In [5] the same term is used to refer
D. Heterogeneity Resolution and Ontology Change to the process of combining a number of local ontologies in
Notice that most of the fields studied in this section dgrder to build a global one, with the purpose of being able to
not directly modify any ontology, but provide translatioranswer queries over the local ontologies using the global one
rules that relate ontologies. As a result, many would argé@d the mappings between these ontologies.
that these research areas should not be considered subfielgsere, we will define these terms along the lines of [51],
of ontology change. We believe otherwise, for two reasonghich was an attempt to disambiguate between different uses
First, heterogeneity resolution constitutes a prerequisite ff the term ontology integration. Three different uses of
successful ontology change, as it makes no sense to tryiie term were identified in that paper. The first refers to
change an ontology in response to new information unless bete composition of ontologies covering loosely related (i.e.,
the ontology and the new information are formulated using tRgmilar) domains this is mainly used when building a new
same terminology, language and syntax. So, it makes practigatology that covers all these domains. The tesntology
sense to study these fields along with the problem of ontologitegration has been reserved for this process.
change. The second use of the word refers to ttembination of
Second, heterogeneity resolution implicitly requires thentologies covering highly overlapping or identical domains
modification of an ontology, so it is really a subfield othjs process is used to fuse ontologies that contain information
ontology change in the wide sense of the term used #hout the same subject into one large (and hopefully more
this paper. Indeed, consider two agents with heterogene@ugurate) ontology. The termntology mergingvas attached
ontologies that need to communicate and some translatignthis interpretation.
rules allowing this communication. In this particular example, Finally, the third use of the term integration refers to the
the “need for change” is the need for communication. Thevelopment of an application that uses one or more ontolo-
rules produced do not directly modify any ontology; howevegjies the more appropriate teromtology usewvas reserved for
they allow each agent to change the other agent’s ontologiys process. In this paper, we focus on the first two research
locally to fit his own terminology, language and syntax. Sgreas, namely ontology integration and merging.
the change in this case is made on-the-fly by each agent. In
this sense, we could consider ontology mapping and the otffer Differences Between Integration and Merging
fields studied in this section to be subfields of ontology changeThere are certain subtle differences between the processes
that simply provide us with a method to change an ontologjf integration and merging. Ontology integration is mainly
(even though no change is performed explicitly). applied when the main concern is the reuse of other ontologies.
The domain of discourse of the new ontology is usually more
. i o general than the domain of any of the source ontologies and
A. Discussion and Definitions integration often places the different (source) ontologies in
Both ontology integration and merging refer to the construdifferent modules that comprise the resulting ontology.
tion of a new ontology based on the information found in two On the other hand, in ontology merging, the focus is on
or more source ontologies; yet, the two terms refer to slighttyeating an ontology that combines information on a given
different research areas. Unfortunately, the exact meaningtopic from different sources. In this case, the information from
each term is not clear in the literature, as they are often usheé source ontologies is greatly intermingled, so it is difficult
interchangeably [51], causing a certain amount of confusioto identify the part(s) of the final ontology that resulted from
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each source ontology. A more detailed discussion can be fousmtologies should be merged in the resulting ontology. The
in [51]. final choice relies on the ontology engineer. Some ideas on
ontology merging (called integration there) in the context of
the SHOE language can be found in [25]; however, [25] is
It is a common practice in the literature (e.qg., [4], [25], [46]focused on the part of merging that deals with heterogeneity
[51]), to consider heterogeneity resolution to be an internadsolution. In [5], an interesting theoretical framework for
part of ontology merging or integration. This is a reasonabtmtology integration is defined, focusing on the creation of
choice, because in most cases the fused ontologies camegppings between the source and the resulting ontologies and
from different sources, so they are generally heterogenedmw these mappings can be exploited for query answering.
in terms of vocabulary, syntax, representation etc. Therefodm interesting theoretical approach to ontology merging can
the task of resolving any heterogeneities between the soubeefound in [2], whereas in [47] some interesting connections
ontologies constitutes a major part of the task of ontologyf object-oriented programming with the problem of ontology
merging (or integration). This is mostly true in merging, whermerging are uncovered. The FCA-MERGE algorithm [57]
the domain of discourse is (almost) identical. This has led performs ontology integration in a very efficient way, but is
even more confusion on the exact meaning of the terms, lzssed on certain strong assumptions. A more detailed list of
several researchers consider ontology merging (or integratieodls and systems related to the problem can be found in [4],
and alignment to be variations of the same problem (e.g., [38.].
[46]). Even though the problem of evaluating ontology merging
However, it should be clear that simply resolving théechniques is still open in Al [57], certain comparison attempts
heterogeneity issues between two ontologies is not sufficidgrave been made. In [34], the authors perform a comparison
for successful integration (or merging); recall that differerietween PROMPT and Chimaera in the context of bioinfor-
ontologies may encode different viewpoints regarding the raahtics. In [46], the same two tools are compared with the
world, thus several conceptual differences are bound to exigéneric Pratge-2000 [43]. Furthermore, [39] compares the
even if the same terminology is used. This is reminiscent efficiency of ontology merging with a simple plain-text editor,
how beliefs held by different people are often different (angherging with the Ontolingua editor and merging with the
in some cases contradictory), even if a common terminologpecialized tool Chimaera, which is described in the same
is agreed upon. paper. These comparisons are made from a certain standpoint;
Similarly, modeling conventions and choices may be di& general, objective comparison is difficult, as it is not clear
ferent; one example of modeling choice that often depentew the utility of such tools could be measured [39].
on personal taste or convention is whether to model a certain
distinction between similar elements by introducing separate VI. CONCLUSION

classes or by introducing a qualifying attribute relation in |n this paper, we performed a shallow, but broad literature
one class [6]. Such modeling differences need to be takgiview covering all the diverse types of ontology change. This
into account when selecting what to keep from each ontologyowed us to fix a terminology in an area that is plagued
during the integration or merging process. Reckless inclusigp underspecified and confusing terms which are used with
of ontology elements and axioms from the source ontologiggferent meanings by different researchers. This terminology
(even when homogeneous) is likely to lead to a problematigas not introduced in an arbitrary manner, but was based on
invalid or inconsistent ontology. similar previous attempts (like [27], [51]) and on the most
common uses of the terms in the literature. We hope that
our work will prove helpful towards the clarification of the
According to [6], the process of merging can be brokeoundaries and relations between the various fields and will
down in five steps. During the first step, we identify th@erve as a starting point for researchers interested in any of
semantic overlap between the source ontologies; during @ many facets of ontology change. A summary of the results

second, we devise ways (transformations) to bring the sourggsour study can be found in table | at the end of this paper.
into mutual agreement in terms of terminology, representation

etc. In the third step, we apply these transformations, so we can ACKNOWLEDGMENT

now take the union of the sources (fourth step). The final stepryq 4 ythors are grateful to Panos Constantopoulos, Vassilis
consists of evaluating the resulting ontology for consisten®jsiophides and Nicolas Spyratos for helpful comments in
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