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Abstract. The idea of a “Semantic Web” has created a lot of interest in the use of
ontologies — formal descriptions of a part of the world — for describing the meaning

of information on the web. However, when ontologies are used on the web, several
problems appear: how can different ontologies be combined, what happens when they
are changed, and how should they be adapted for new tasks. Those questions require
the management of ontologies, their use and their evolution. This paper describes a
research project that will investigate the management of ontologies in an web-based
setting.

1 Ontologies on the Web

In the last few years, there has been put a lot of effort in the development of techniques
that aim at the “Semantic Web”. This envisioned next generation of the World Wide Web
will enable computers tasethe information on the internet. This means that computers
will not only distribute and render the information, but also select, combine, transform and
relate data, to support humans in performing tasks. Such a web will be more targeted at
problem solving and query answering than at mere information retrieval.

A lot of those newly developed techniques require a formal description of a paurt of
humanenvironment, i.e., a description of a part of the real world. Such descriptions, in
various degrees of formalness and specificity, are often catéalogies[4]. Nowadays,
people are taking the first steps towards the “Semantic Web” by annotating (web)data with
standard terminologies and other semantic meta data. This is providing us with a lot of
freely accessible domain specific ontologies. However, to form avellof semantics—
which will allow computers to combine and infer implicit knowledge — those separate
ontologies should be linked and related to each other. Adaptation of existing ontologies,
and composition of new ontologies from ontologies that are already around will play a
central role in this process, as it will both simplify the specification of new knowledge and
leverage the interconnection.

The research that is described in this paper will investigate the management of on-
tologies in a distributed, web-based setting. Ontology management covers several aspects,
which are described in more detail in the next section. In seftion 3, we describe two impor-
tant building blocks. Finally, we present some ideas on practical validation in sgction 4.

2 Ontology Management

Ontology management is the whole set of methods, methodologies, and techniques that is
necessary to efficiently use multiple variants of ontologies from possibly different sources
for different tasks. There are several reasons for ontology management.

2.1 Combination of ontologies

In the envisaged distributed context of a Semantic Web, ontologies from different sources
will be linked and combined. However, the reuse of existing ontologies is often not possible
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without considerable effortZ[11]. The ontologies either need tonbegrated[d], which

means that they are merged into one new ontology, or the ontologies can be kept separate. In
both cases, the ontologies have taligned which means that they have to be brought into
mutual agreement. The problems that underlie the difficulties in integrating and aligning
are themismatcheghat may exist between separate ontologies. Ontologies can differ at the
language level, which can mean that the syntax in which they are represented disagrees, or
that the expressivity is different. Ontologies also can have mismatches at the model level,
for example in scope, granularity, paradigm, or modeling siyle [5].

The large number of possible mismatches that can exist between ontologies require that
the ontology combination process is guided. Ontology management methods should help
to decide which ontologies can be combined and should determine the required adaptations
and the possible consequences of the combination.

2.2 Evolving ontologies

Ontologies are often developed by several persons and continue to evolve over time. Do-
main changes, adaptations to different tasks, or changes in the conceptualization might
cause modifications of the ontology. Therefore, both the development and the maintenance
of ontologies require advanced versioning methods. Configuration management, that takes
care of the identification, relations and interpretation of ontology versions, is necessary.

Related to this is the fact that the evolution of ontologies also causes interoperability
problems. The impact of ontology revisions on conforming data or applications that use
them is an important aspect of ontology management [6]. Incompatibility for ontologies
means that the original ontology can not be replaced by the changed version without caus-
ing side effects. The side effects depend on the use of the ontology and the relations that it
has.

1. When an ontology is used to specify the meaning of data, this data may get an different
interpretation or may use unknown terms. An example of this use is a web page which
content is annotated with terms from an ontology.

2. If ontologies are built from other ontologies, changes to the source ontology may affect
the meaning of the resulting ontologies.

3. Applications that use the ontology may also be hampered by changes to the ontology. In
the ideal case, the conceptual knowledge that is necessary for an application should be
merely specified in the ontology; however, in practice applications also use an internal
model. This internal model may become incompatible with the ontology.

The interpretation of compatibility is different for each of those types of usage. In the
first case, compatibility means the ability to interpret all the data correctly through the
changed ontology. This is much like the interpretation of compatibility in database schema
versioning. Compatibility here means “preservation of instance data”.

In the second case, the effects of the changes on the logical model that the ontology
forms are often important. Other ontologies that import an ontology might depend on the
conclusions that can be drawn from the it. A change in the ontology should not make
previous conclusions invalid. In this case, compatibility means “consequence preservation”.

Applications that use the ontology might depend on the logical model, but also on
the characteristics of the ontology itself. For example, a web site that use an ontology for
navigation can depend on the fact that there are only four top-level classes, or that the
hierarchy is only three levels deep. A change that does not invalidate queries to instance
data or the logical model might invalidate queries to the ontology itself. This interpretation
of compatibility is “preservation of answers to ontology queries”.

Changing ontologies thus requires management of the use of ontologies and the effects
on the compatibility.
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2.3 More complicated than database schema versioning and integration

A lot of the research that has been done out in database schema versioning and integration
is relevant and useful for ontology management. Research in this area includes analysis of
causes of changéd12], effects of different operations on the data [1], frameworks for han-
dling different versions coherently/110] and schema integration methodoldgies [2]. How-
ever, in practice there are significant differences between ontologies and database schemas
from the point of view of evolution and versioning. The content and the usage of ontolo-
gies are often more complex than that of database schemas. For example, ontologies often
incorporate much more semantics than database schema'’s which might help to solve some
integration problems. Also, because their primary goal was knowledge sharing, ontologies
are often reused and distributed in a much greater extent than databases. In practice, the
data models of ontologies are also richer then those of database schemas. A more detailed
analysis of differences can be found in [8]. Ontologies turn some of the theoretical prob-
lems and opportunities of database schema versioning into real ones.

2.4 Research question
The central question of this research project can be formulated as follows:

Which mechanisms and methods are necessary to support the combination of on-
tologies from different sources and the changes to them in an open, distributed
environment.

In the next section, we will describe which building blocks of an ontology management
methodology will be developed in this project.

3 Elements for an ontology management framework

The contribution of this research project will consist of several aspects. A method for
change specification of ontologies on the web will be developed. This will coincide with
a methodology for combining, changing and updating online ontologies. The results will
be implemented in an automated ontology management system. In this section, we will
describe the basis of a change specification method and the first implementation of a web-
based ontology management server.

3.1 Change specification mechanism

To determine the requirements for a change specification mechanism, it is important to
realize what ahange relatioractually is. Ontologies usually consist of a set of class defi-
nitions, property definitions and axioms about them. The classes, properties and axioms are
related to each other and together form a model of a part of the world. A change constitutes
a new version of the ontology. This new version defines an orthogonal relation between the
definitions in the original version of the ontology and those in the new version.

The relations between concepts inside an ontology, e.g. between class A and class B,
is thus a fundamentally different relation than the update relation between two versions of
a concept, e.g. between clasgfand class A . In the first case, the relation is a purely
conceptual relation in the domain; in the second case, however, the relation describes meta-
information about the change of the concept.

We distinguish the following properties that are associated with an update relation:

— transformation or actual change a specification of what has actually changed in an
ontological definition, specified by a set of change operations [cf. [1]), e.g., change of
a restriction on a property, addition of a class, removal of a property, etc.;
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— conceptual relation the logical relation between constructs in the two versions of
the ontology, e.g., specified by equivalence relations, subsumption relations, logical
rules, or approximations. The conceptual relation between two versions of a concept
is basically a human decision. It might be that the logical definition of a concept has
changed, while the definition still refers to the same concept. For example, if a property
‘SSN'’ is added to a concept ‘Person’, it is still meant to be the same concept. However,
it is also possible that a concept is narrowed or broadened. This should be decided by
the person that specifies the conceptualization, i.e. the ontology engineer.

— descriptive meta-data likidate, author, andintention of the update: this describes the
when, who and why of the change;

— valid context a description of the context in which the update is valid. In its simplest
form, this might consist of the date when the change is valid in the real world, conform
to valid datein temporal databases]10] (in this terminology, the “date” in the descrip-
tive meta-data is callettansaction daty More extensive descriptions of the context,
in various degrees of formality, are also possible.

A well-designed ontology change specification mechanism should take all these character-
istics into account.

A desired feature of a language for change specification is the “partial understanding”
principle (see also[3]). This principle builds on the idea that a change specification lan-
guage will extend an existing ontology language. In the case that a specific agent is unable
to understand the meta-information about changes (i.e., the extension), it should still cor-
rectly handle the conceptual information about the changes, i.eoteeptual relation
from the above list.

3.2 Ontology Management Server

In this project, an Ontology Management Server will be developed. The system, called
OntoView, will provide a web-based system to manage changes in ontologies. Its main
function is to provide a transparent interface to arbitrary versions of ontologies. To achieve
this, the system maintains an internal specification of the relation between the different
variants of ontologies. It keeps track of theeta-data, theconceptual relationsbetween
constructs in the ontologies and ttransformations between them. This specification is
partly based on change specifications and the versions of ontologies themselves, but also
uses additional human input about the meta-data and conceptual implications of changes.
It allows users to differentiate between ontologies at a conceptual level and to export the
differences as adaptations or transformations.

The system will provide various functions:

— Reading changes and ontologie©ntoView will accept changes and ontologies via
several methods. Currently, ontologies can be read in as a whole, either by providing a
URL or by uploading them to the system. The user has to specify whether the provided
ontology is new or that it should be considered as an update to an already known on-
tology. In the future, OntoView will also accept changes by reading in transformations,
mapping ontologies, and updates to individual definitions. These update methods pro-
vides the system with different information than the method described above. For that
reason, this also requires an adaptation of the process in which the user gives additional
information.

— ldentification. Identification of versions of ontologies is very important. Ontologies
describe a consensual view on a part of the world and function as reference for that
specific conceptualization. Therefore, they should have a unique and stable identifica-
tion. A human, agent or system that conforms to a specific ontology, should be able to
refer to it unambiguously.



Supporting evolving ontologies on the Internet 5

— Comparing ontologies.One of the central features of OntoView is the ability to com-
pare ontologies at a conceptual level. This is inspired by UNifK , but the im-
plementation is quite different. Standatiff compares versions at line-level, high-
lighting the lines that textually differ in two versions. OntoView, in contrast, compares
version of ontologies at atructural level, showing which definitions of ontological
concepts or properties are changed.

The comparison function distinguishes between the following types of change:
¢ Non-logical change, e.g. in a natural language description. In DAML+OIL, this
are changes in the rdfs:label of an concept or property, or in a comment inside a
definition.
¢ Logical definition change. This is a change in the definition of a concept that af-
fects its formal semantics. Examples of such changes are alterations of subClassOf,
domain, or range statements. Additions or deletions of local property restrictions
in a class are also logical changes. The second and third change in the figure is
(class “Male” and property “hasParent”) are examples of such changes.
o |dentifier change. This is the case when a concept or property is given a new iden-
tifier, i.e. a renaming.
o Addition of definitions.
e Deletion of definitions.
Each type of change is highlighted in a different color, and the actually changed lines
are printed in boldface.
The comparison function also allows the usecharacterizethe conceptual implica-
tion of the changes. For the first three types of changes, the user is given the option to
label them either as “identical” (i.e., the change is an explication change), or as “con-
ceptual change”. In the latter case, the user can specify the conceptual relation between
the two version of the concept. For example, by stating that clags®\a subclass of
AQ.O.

— Analyzing effects of changesChanges in ontologies do not only affect the data and
applications that use them, but they can also have unintended, unexpected and unfore-
seeable consequences in the ontology itself [7].

OntoView provides some basic support for the analysis of these effects. First, on re-
quest it can also highlight the places in the ontology where conceptually changed con-
cepts or properties are used. For example, if a property “hasChild” is changed, it will
highlight the definition of the class “Mother”, which uses the property “hasChild”. In
the future, this function should also exploit the transitivity of properties to show the
propagation of possible changes through the ontology.

— Exporting changes.The main advantage of storing the conceptual relations between
versions of concepts and properties is the ability to use these relations for the re-
interpretation of data and other ontologies that use the changed ontology. To facilitate
this, OntoView can export differences between ontologies as separate mapping ontolo-
gies, which can be used as adapters for data sources or other ontologies. They only
provide a partial mapping, because not all changes can be specified conceptually.

4 Experimental validation

The developed ideas for ontology versioning and management will be used in two case
studies to guide the research and to function as a kind of “validation”. A first experiment

is the integration of literature references inside a research community. Several people will
be asked to describe a particular piece of information in a semantic way, i.e. via an ontol-
ogy. Then, the different ontologies will be related and aligned to create a “web of literature

references”. The goal is to find out which theoretical and practical problems occur when on-
tologies developed by different people with different perspectives are used for information

integration.
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As as second experiment, the UNSPSC classification of productswill be used to test the
change management on large and simple ontologies. The current UNSPSC standard con-
sists of an hierarchy of about 16.000 product categories. It is heavily used by the industry to
classify their product data to allow e-commerce. However, due to the democratic nature of
the standard, it changes very frequently. Every two weeks a change description is published
which alters between 100 and 600 concepts. This causes serious problems for companies.
The experiment will show whether this can be helped by advanced change specifications
and automatic support for transparent version access.

5 Discussion and conclusion

Ontology (change) management shares some characteristics with database management
and database schema versioning. However, there are also some important différences [8].
The most important ones are the richness of the data model of ontologies, the distributed
and re-usable nature of ontologies, and the fact that ontologies often incorporate seman-
tics themselves. All these aspects increase the effects of ontology changes and makes the
necessity for ontology management stronger.

In this research project, the peculiarities of ontology management will be analyzed in
more detail and the achievements of the work in the database area will be used to de-
veloped advanced ontology management methodologies and support. This will be an im-
portant building block for the envisaged “web of semantics” that will leverage the use of
information on the internet.
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