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Abstract

Ontologies play an important role in the Semantic Web in providing an an-
notated knowledge base and promoting interoperability of applications. The
alignment of different ontologies remains to be a major problem in this re-
search field, which has concentrated on the development of automated map-
ping tools. Whereas the mapping algorithms show promising results it is evi-
dent, that a human supervisor is still necessary to attend the process.
In this thesis we implement a novel approach to ontology alignment by adopt-
ing techniques from information visualisation (InfoVis) to support the cogni-
tive process and alleviate the human work load. We discuss the task descrip-
tion of visual ontology alignment and identify crucial requirements for the
successful implementation of the methodology.
A vital subtask of the methodology of visual ontology alignment is the verifi-
cation of ontology alignment results. We present a prototype tool that imple-
ments a multi-view visualisation to enable ontology verification and discuss
the development of future versions.
The ultimate goal of AlViz is to fully implement the task description of visual
ontology alignment. To evaluate our research a comprehensive evaluation
strategy is outlined.

Abstrakt

Ontologien sind die Grundpfeiler des Semantic Web. Sie dienen als Wis-
sensdatenbank und ermöglichen die Interaktion zwischen unterschiedlichen
Applikationen. Ontology Alignment ist weiterhin eines der größten Probleme
dieses wissenschaftlichen Forschungsfeldes. Bestehende Ansätze konzentri-
eren sich zur Zeit vorwiegend auf die Entwicklung und Optimierung von au-
tomatisierten Mapping Tools. Während immer bessere Resultate erziehlt wer-
den, ist eine begleitende Steuerung durch einen Menschen unerlässlich.
In dieser Arbeit implementieren wir einen neuartige Verfahrensweise, die An-
leihen aus Informationsvisualisierung (InfoVis) nimmt. Visuelle Artefakte
unterstützen den kognitiven Denkprozess und erleichtern komplexe Informa-
tionsverarbeitungen. Wir beschreiben ausführlich die Konzepte hinter Visual
Ontology Alignment und identifizieren Parameter, die für eine erfolgreiche
Implementierung des Prozesses, notwendig sind.
Ein wichtiger Teilschritt in diesem Unterfangen stellt die Verifikation von On-
tology Alignment Ergebnissen dar. Hierfür stellen wir einen Prototypen einer
Applikation vor, der diesen Teilbereich durch die Darstellung einer Multi-
View Umgebung meistert.
Ziel von zukünftigen Versionen von AlViz ist es, ein Werkzeug zur Verfü-
gung zu stellen, dass den gesammten Bereich von Visual Ontology Alignment
abzudecken weiss. Abschliessend präsentieren wir eine Evaluierungsstrategie
um die gewonnenen Erkenntnisse verifizieren zu können.
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C 1

Introduction

1.1 Motivation

The World Wide Web is considered to be the most excessive data repository avail-
able. In July 2008 Google1 announced [Alpert and Hajaj, 2008] that their system
that processes links on the web has reached a total of 1,000,000,000,000 unique
URLs. This is, of course, just a rough estimate, considering that minimal effort
has been taken to filter similar page content. However, the number of individual
web pages is growing by several billion pages per day. Additionally, “[m]ost of the
Web’s information is buried far down on dynamically generated sites, and standard
search engines never find it.” [Bergman, 2001] Even though significant progress
has been made [Madhavan et al., 2008] to recover information from the so called
“Deep Web”, most of the Web’s content remains unseen.

Most of these web pages have been created to be viewed by a human being, using
a web browser to render text content, pictures, and multimedia objects. The latter
poses quite a difficulty for automated search engines to gather reliable information.
Traditional web crawling algorithms are limited in their perception of a web site to
text parsing and usually ignore multimedia content. In a simplified view of a web
spider, the basic concept is to parse the plain text of a web site and create an index of
words [Brin and Page, 1998]. A query request on the resulting database is answered
by a simple pattern matching approach, yielding query results that match the search
term. The key technology behind any web search engine is its ranking mechanism,
which is usually kept as a secret. A naïve ranking approach includes the number
of occurrences of a specific word on the original web site, or if the term has been
marked with a specific HTML tag. Of course there are more elaborated ranking

1http://google.com, (30.10.2009)

1

http://google.com
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systems but they all have in common that they are only operating on a syntactic
level. They try to identify a text token by syntactic means.

The inability of search engines to act on a semantic level is obvious: There are
few semantic annotations which can be identified on a syntactic level. The syntac-
tic structure provided by HTML tags do not imply semantic connotation. While
Computational Linguistics made some progress in automated processing of natu-
ral language in the last decade, results are closely dependent on the domain of the
analysed text. Basically a properly identified token is matched against a predefined
index, containing the intended meaning of the corresponding word [Krovetz and
Croft, 1992]. Therefore the accuracy of the results is highly dependent on the given
database of mappings between terms and appropriate meaning.

The evolution of the Web from a linked data repository to a distributed knowl-
edge base has been deployed with the concept of the Semantic Web [Berners-Lee
et al., 2001]. The Semantic Web is built on top [Hendler, 2001] of the World Wide
Web and offers an extension of formal language used to describe the content of the
appropriate website in a machine readable form. It provides additional semantic
annotations to syntactic structures, already defined within the World Wide Web.
The goal of the Semantic Web is to provide a basic structure to exploit the vast
range of available information and enable both human and machine agents to search
the knowledge base more effectively. More precisely the Semantic Web intends to
augment semantic meaning to the information resources within and provides this
information to human and machine agents.

Ontologies are a common technique to provide semantic content to a domain and
are seen as key method for the Semantic Web. The most cited definition of an ontol-
ogy has been presented by Gruber [1993]: “An ontology is an explicit specification
of a conceptualization”. Since then, the definition has been extended by three ad-
ditional conditions that are summarised by Sampson [2007]: “An ontology is an
explicit, formal specification of a conceptualization of a domain of interest”. Tech-
nically an ontology is an hierarchical taxonomic scheme rendering the categories
and classes of a domain. These tokens may be enhanced by additional properties
which facilitate reasoning and inference support. A thoroughly crafted ontology is
a knowledge base, comprised of a set of explicit formal specifications of the terms
in the domain.

An ontology defines a common vocabulary for researchers who need
to share information in a domain. It includes machine-interpretable
definitions of basic concepts in the domain and relations among them.
[Noy and McGuinness, 2001]

The compilation of an ontology of a domain is usually done for a very specific task
or application by a domain expert. This procedure requires explicit knowledge of
both the appropriate domain and the field of application the ontology is used for.
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The granularity of the ontology is dependent on the required task. There is no need
to expand the complexity of the ontology if the additional classes are not used by
the underlying application.

The Semantic Web is supposed to inherit the universality and the expressive power
of the World Wide Web, which comes at a price: The Semantic Web will — just as
the World Wide Web — be a decentralised collection of interconnecting, yet hetero-
geneous content. For a application to successfully traverse and navigate reasonably
within the Web, it has to be equipped with a structured collection of information and
a set of inference rules (i.e. an ontology). However, based on the heterogeneous na-
ture of the Web, machines and applications will be confronted with resources based
on deviant or conflicting ontologies. And yet, for the Semantic Web to emerge,
these issues have to be resolved.

To enable interoperability between different applications the corresponding ontolo-
gies need to be aligned. Due to their individual process of creation, the setup and
the naming conventions used may differ between the ontologies. Additionally, even
equally named classes may hold different semantic meanings. There is no way to
avoid ambiguity of natural language. In fact, ontology alignment is a non-trivial
task which requires human interaction. Due to the underlying semantic content
current automated approaches yield no satisfactory results. However, modern au-
tomated approaches provide results that can be used as an intermediate alignment
for a human ontology engineer to complete the alignment process manually. To
this end the computer generated list of preliminary alignments has to be refined and
prepared to be human readable.

The concept presented by Lanzenberger and Sampson [2006] introduces visuali-
sation as a promising tool for ontology alignment, called AlViz. The technical
approach is built upon the human capabilities to conceive visual objects far better
than naked numbers and strings. The two compared ontologies are transcoded and
rendered as two distinct three-dimensional graphs, enabling the viewer to capture
the domain in multiple facets. While placing the graphs of the ontologies next to
each other, matching nodes are coloured according to the given alignment results.
Additionally, on the left-hand side each ontology is rendered in a tree view, showing
its hierarchical structure. Both graph and tree view are linked with each other, high-
lighting the appropriate nodes when selected. Moreover, the ontology visualisations
are linked with each other, enabling the viewer to recognize matching nodes.

The described layout empowers the ontology engineer to quickly comprise the on-
tologies, overview the intersections, and register the similarities. Additionally, pos-
sible miscalculations of the automated alignment process may be recognised by
browsing the neighbourhood of the appropriate nodes both in the graph and tree
views. This supplemental process is supposed to introduce a significant improve-
ment to ontology alignment.
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1.2 Objectives

The major objectives of this thesis are twofold: First, the identification of necessary
requirements for the novel approach of visual ontology alignment. For this cause,
we discuss the specifications of ontology authoring, compare representation alterna-
tives, and analyse competing requirements for visualising ontologies and ontology
alignments. These findings aid us in the process of identification of suitable vi-
sualisation methods that render an intuitive representation of ontology alignments.
Ultimately, we need a comprehensive compilation of requirements for visual ontol-
ogy alignment that composes from the results in the aforementioned survey.

The second objective is to implement a prototype application that incorporates the
requirements and proves its reliability for the task of ontology alignment verifica-
tion. We aim to combine information visualisation techniques with the process of
ontology alignment and develop an interactive visualisation for ontology alignment
results. The requirements from the first part of this thesis aid us in the development
process.

The objectives of this thesis have to be placed in the context of the recent visual
ontology alignment research and the conceptualisation and development of AlViz.
Lanzenberger and Sampson [2006] outline the initial conceptualisation and pro-
pose the use of visualisation techniques to facilitate user understanding of ontology
alignment results. Sampson and Lanzenberger [2006] propose the research ques-
tion, how visualisation can support the ontology engineer’s understanding and in-
terpretation of alignment results, and introduce visual ontology alignment as a novel
approach. Sampson et al. [2007] describe an integrated approach to organizational
data interoperability with the help of visual ontology alignment. Lanzenberger and
Sampson [2007] extend a general alignment framework to reflect the adoption of
visualisation techniques and evaluate visual ontology alignment in multiple stages.
Sampson [2007] describes in her Ph.D. thesis a comprehensive framework for un-
derstanding ontology alignment quality, including ontology alignment definition
and description, conceptual framework development, ontology quality and evalua-
tion measures, data model quality, and ontology management. The interoperability
of Semantic Web applications are discussed by Sampson et al. [2008]. The paper
proposes the use of ontologies and conceptual modelling in an overall approach
for data interoperability and presents promising results from a tool evaluation for
locating additional candidate alignments. Lanzenberger et al. [2008] discuss qual-
ity measures for ontology alignment and define requirements for visual ontology
alignment.

Additionally, two master theses depict technical enhancements and essential de-
velopment achievements of the implementation of AlViz. Huber [2009] improves
the clustering algorithm to achieve a balanced visualisation, and conducts an eval-
uation study to validate the improvement in usability. Gradwohl [2009] pursues
the implementation of a suitable work flow for ontology alignment visualisation
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by implementing re-calculation of alignment results. Furthermore, he extended the
Euzenat et al. [2004] alignment format to incorporate additional requirements used
by AlViz.

1.3 Thesis Outline

The embracing research field of this thesis is the Semantic Web. We start with the
history and definition of the next generation of the World Wide Web in Chapter 2
and continue to lay out the foundations of ontology authoring by discussing the
applications and development of ontologies. An in-depth analysis of the problems
of ontology mapping and ontology alignment, and the presentation of a standardised
XML format for the representation of ontology alignment results completes the
necessary background knowledge of ontology authoring.

We further engage with an introduction of information visualisation techniques for
the representation of ontologies and ontology alignments. An analysis of require-
ments for alignment visualisation and promising graph visualisation methods con-
cludes the chapter.

In Chapter 3 we discuss the implementation of the novel approach of visual on-
tology alignment. We outline the task description and introduce requirements for
a successful implementation. We introduce a prototype application for ontology
validation using a multi-view visualisation. AlViz combines automated mapping
algorithms and interactive visualisation techniques to provide a multiple represen-
tations of alignment augmented ontologies.

In Chapter 4 we describe a use case scenario and outline the necessary steps to con-
clude a validation process of prepared alignment mappings using the visualisation
capabilities of AlViz. We prepare a conceptual evaluation strategy to verify user
performance and usability of the methodology. Thereafter we give a detailed de-
scription of future enhancements to achieve the goal of providing a tool for visual
ontology alignment.

Finally, in Chapter 5 we compile a summary and present our conclusions. The
chapter ends with an outline of future work.



C 2

Foundations

2.1 Semantic Web

The underlying structure of today’s World Wide Web is based on a simple princi-
ple. Web content consists mainly of distributed hypertext which is unidirectionally
connected. Access is enabled by a combination of search by pattern matching and
link navigation. The content is primarily designed to be accessed and interpreted
by humans. The underlying hypertext paradigm is mainly concerned with layout
and presentation issues. The meaning of the content is implicit and subject to the
reader’s interpretation. Additionally, the increasing use of images and multime-
dia content introduces multi-modal dependencies in human–computer interaction.
Whereas static textual context is supposed to be perceived visually, the amendment
of animated images, sound, and interactive content requires multiple sensory recep-
tors for the user (or machine agent) to perceive and comprehend the provided infor-
mation. This tendency of increased modality penalises or even obviates users with
cognitive or sensory impairments. If the information is provided by a combination
of multiple modalities, the content is only comprehensible when all communication
paths are received. Similar difficulties arise for automated processing or software
agents.

Simplicity has been one of the key factors for the fast growth of the Web, enabling
untrained users to navigate within and even create new content. The drawback is a
lack of expressiveness of meaning. The HyperText Markup Language1 (HTML) has
been developed to provide easy annotations for structural tagging. The content can
be tagged on a syntactic level (e.g. title, subtitle, paragraph, emphasized text, . . . )
but not by semantic meaning. This shortcoming has been targeted by the Semantic
Web.

1http://www.w3.org/TR/html4/, (30.10.2009)

6
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The key idea behind the Semantic Web is to explicate the meaning of web content
by adding semantic annotations to syntactic structures, and to provide reasoning
methods for inference. “The goal [. . . ] is to transform the Web from a linked
document repository into a distributed knowledge base and application plattform
[Horrocks, 2007].”

The transformation implies a shift of interpretation. The meaning of the content be-
comes explicitly defined and linked to a well defined and publicly available vocab-
ulary. The exploitation of the vocabulary enables automated processes and software
agents to understand the content and navigate the web more efficiently. They can
even assist human users with cognitive or sensory impairments.

The semantic web is an extension of the World Wide Web in which
both data and its semantic definition can be processed by computer pro-
grams. The next generation of the Web will combine existing web tech-
nologies with knowledge representation formalisms in order to provide
an infrastructure allowing data to be processed, discovered and filtered
more effectively in the web [Grau, 2004].

As we mentioned previously, the concept of the Semantic Web is based on ex-
tending the basic structure and appending semantic annotations to already existing
syntactical structures. Foremost the process of extension is a simple tagging mech-
anism. The eligible term gets classified and annotated with the appropriate class.
Without an underlying knowledge base this tagging would be useless as no new
informations has been obtained. The problem of understanding the term has only
been transformed to a problem of understanding the class name. So far no meaning
has been introduced.

In order to solve the latter we need to access a knowledge base providing sufficient
semantic information about the class we have identified. The eligible term becomes
an instance of the class in an appropriate knowledge base rendering a semantic
model of a domain. This model is being provided by ontologies.

2.2 Ontology

Historically, the term ontology has been borrowed from philosophy where its roots
can be traced back to ancient Greek philosophy. In computer science ontologies
are a rather new concept, but, similar to the philosophical counterpart, had and still
has an ongoing discussion about its definition. However, the discussion in com-
puter science will not withstand the quality of discussion in philosophy, as in the
former, the dispute covers mostly technical and syntactical differences. Øhrstrøm
et al. [2005] presents a comprehensive overview and comparison.
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In artificial intelligence literature you can find many different and sometimes even
contradicting definitions. In the scope of this work an ontology represents a model
of a domain. It presents an ”explicit, formal specification of a conceptualisation
of a domain of interest.” [Sampson, 2007] All entities of the ontology are explic-
itly defined and formally specified, thus alleviating automated parsing and machine
processing. Ontologies are supposed to render a (task-)complete model of a limited
domain of interest. They are not meant to model the whole world, but to provide
sufficient information of a particular domain of interest to fulfil the requirements of
a given task. Depending on the level of detail, ontologies can be used as a controlled
vocabulary, glossary, thesaurus, or all of the above. They can deliver a list of un-
ambiguous interpretations of terms, provide additional semantic meanings to these
terms, and yield the relationships that hold between them. Ontologies are tailored
to act as a knowledge base on a certain subject.

2.2.1 Ontology Definition

An ontology consists of a vocabulary describing the aspects of the domain, provides
properties and semantic specifications to every specified item and aligns them in a
natural order by referencing individual items based on the relationships between
them. Every entity of the ontology holds a semantic definition of a single part of
the model, giving an explicit specification of the intended meanings to the terms
in the vocabulary. So in the context of an ontology, every entity has a formally
specified definition that yields a semantic meaning of this entity.

Formally an ontology consists of classes (explicit description of concepts in a do-
main), properties (features, attributes and restrictions of a class, relations that hold
between individual classes) and instances (i.e. a real world object of a class of the
model). Similar to Ehrig [2005] we define an ontology O as a tuple:

O := (C,≤C ,R,≤R, I,≤I , A)

• with disjoint sets C (classes), R (relations and properties) and I (instances),

• partial orders ≤C on C, ≤R on R and ≤I on I holding the hierarchy of classes,
relations and instances,

• and A representing the axioms used for inferring knowledge.

The classes are arranged in a taxonomic hierarchy, where the root of the tree is usu-
ally defined as an abstract term (e.g. Thing in OWL, see Section 2.2.4 for details),
whereof every other entity can be derived. The taxonomic arrangement emerges
naturally from the relations between the classes. Every class is a subclass of its pre-
decessor defined by a is-a relation, thus forming an hierarchical structure. A sub-
class represents concepts that are more specific than its superclass. Additional prop-
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erties and constraints can be specified to explicitly define relations among classes.
Multiple subclasses of a single superclass (i.e. sibling classes) must be defined
properly to yield a semantic disambiguation. This is achieved by appropriate re-
strictions enforcing to model semantic differences of adjacent classes described by
their properties.

The structure defined by classes and properties lays out a framework which is usu-
ally referred to as core ontology schema. The schema defines the relations between
concepts and properties and forms an explicit rule set which can be used to infer
knowledge. A core ontology schema together with a set of individual instances of
classes and a set of axioms constitutes an ontology2.

Another widely accepted definition according to Noy and McGuinness [2001]
states, that an ontology consists of classes, properties and restrictions. Thus, an
ontology together with a set of individual instances constitutes a knowledge base.
However, there is a fine line where the ontology ends and the knowledge base be-
gins, depending on its actual usage. The level of granularity can differ among dif-
ferent applications, such that the leaf nodes of an ontology can be interpreted both,
as classes or as instances of the appropriate ontology.

In order to understand the conception of ontologies, a visual example will be help-
ful. The following is a graph representation of the science ontology3, which is a
slightly improved version of the KA2 ontology developed by the Knowledge An-
notation Initiative of the Knowledge Acquisition Community4. Notice that these
are just examples to introduce a common understanding of ontologies. Neither the
presented ontology nor the visualisation tools represent a standardised view of the
subject. An ontology is a rather abstract conception. The actual implementation
depends on the use case, environmental constraints, or personal preferences. The
visualisation of an ontology describes a graphical interpretation of a conceptuali-
sation of a domain: They do not claim to be correct but rather useful for a given
task.

Figure 2.1 shows the class hierarchy of the science ontology. It represents a graph-
ical representation of the class taxonomy with the root node being Thing. Note that
the ontology hierarchy is a partial order: Every subclass inherits the properties of
its predecessor, thus incorporating a specialised entity of its parent.

The screen shot has been taken from Protégé5, a free open source ontology edi-
tor and knowledge-base framework. The visualisation itself is part of the Jambal-

2 Some definitions of ontology depend on an explicitly defined lexicon which provides signs and
lexical references. Our definition implicitly assumes that a shared and approved lexicon exists that
we can agree on.

3http://protege.stanford.edu/ontologies/ontologyOfScience/ontology_of_
science.htm, (30.10.2009)

4http://ontobroker.semanticweb.org/ontos/ka2.html, (30.10.2009)
5http://protege.stanford.edu, (30.10.2009)

http://protege.stanford.edu/ontologies/ontologyOfScience/ontology_of_science.htm
http://protege.stanford.edu/ontologies/ontologyOfScience/ontology_of_science.htm
http://ontobroker.semanticweb.org/ontos/ka2.html
http://protege.stanford.edu
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Figure 2.1: Visual representation of the class tree of the science ontology, gener-
ated with the Jambalaya plug-in of Protégé.

aya6 plug-in, which uses Shrimp7 to visualise regular Protégé and OWL knowledge
bases.

Core features of Protégé are class browser and class editor to navigate and modify
ontologies. Figure 2.2 shows a partially collapsed class tree on the left side and the
property definition of the selected item on the right.

A class entity gets aligned in an is-a relation of the class hierarchy, inheriting all
properties from its predecessors and extending them by specialisation. Relations to
other classes are constraints to be satisfied and must conform with the partial order:
Consider a relation between class A and class B, then all subclasses of A inherit a
relation to class B or a subclass of B.

The level of detail of an ontology increases with the number of classes. The more
classes an ontology has, the more nodes are available for instances to be connected
to. However, more specialised classes do not necessarily increase semantic expres-
siveness. They only increase the level of diversification. Semantic meaning tough

6http://webhome.cs.uvic.ca/~chisel/projects/jambalaya/jambalaya.html,
(30.10.2009)

7http://www.thechiselgroup.org/shrimp, (30.10.2009)

http://webhome.cs.uvic.ca/~chisel/projects/jambalaya/jambalaya.html
http://www.thechiselgroup.org/shrimp
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Figure 2.2: Protégé has built-in features to navigate and edit ontology classes

is primarily encoded in the properties and relations of the classes. Thus expressive-
ness of an ontology increases with the number of properties.

2.2.2 Applications

Ontologies gained a wide acceptance beyond the domain of theoretical sciences
and tend to acquire a critical role in e-commerce and business models. They pose
as a vital concept for browsing and searching techniques, ensure interoperability
in knowledge management, information retrieval and configuration, and deliver the
key technique for global controlled vocabularies. These features are extensively
used by online catalogues, databases, web publications, and knowledge manage-
ment applications. McGuinness [2002] provides a comprehensive overview of areas
of use of ontologies including controlled vocabulary, site organisation and naviga-
tion support, extendible upper level ontology, browsing and search support, disam-
biguation support, consistency checking, interoperability support, validation and
verification testing, configuration, and exploitation of generalisation/specialisation
information.

A well-defined ontology, characterising a complete model of a specific domain, is
a semantically enriched repository making it very useful for various tasks and ap-
plications. Collaborating research groups take advantage of distributed ontologies
to share a common, formally defined understanding of parts of the world. Web
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resources and applications using harmonised ontologies may depend on a shared
vocabulary and a well-defined specification. Software agents can interact and nego-
tiate with each other and traverse the Semantic Web autonomously. A common, for-
mally defined understanding enables them to exchange queries and extract knowl-
edge, which broadens their own knowledge base. Successful navigation and inter-
action relies on a mutual agreement on the used vocabulary.

The reuse of domain knowledge proves to be a key feature of ontologies. Whereas
the distribution of an entire ontology supports interaction between various applica-
tions, it is convenient to split up ontologies into separate sub-domains if a simpler
task is at hand. Smaller ontologies are easier to implement and to maintain. They
can be distributed and managed by collaborating ontology engineers. Merging and
integration of various ontologies are well-known methodologies [Gangemi et al.,
1998; Pinto and Martins, 2001]. Small ontologies that describe portions of a larger
domain can be merged to form a larger ontology. Coarse-grained ontologies are
extended to describe a more detailed domain of interest.

The popularity of ontologies increased massively in the last decade. Their sim-
plicity and expressiveness made them a popular subject in scientific research and
application development. In recent years, many applications in various research
disciplines have been developed to exploit ontologies as an universal knowledge
base. Disciplines, such as biology and genetics [Seki and Mostafa, 2005], medicine
[Gonçalves et al., 2009], Semantic Web services [Wang et al., 2008], ubiquitous
computing [Christopoulou et al., 2005], legal information systems [Mommers,
2003], multi-agent environments [Li et al., 2005], and self-management systems
[Zhou et al., 2007], describe the appropriate domain of interest using ontologies.

Building an application based on an ontology supports the separation of domain
knowledge (i.e. the underlying ontology) from the operational knowledge (i.e. the
algorithms written to perform a task). The operational knowledge can be imple-
mented independently of the domain. If the application logic is strictly separated
from the domain at hand, the application can easily be reused to deliver appropri-
ate results on a different domain by simply exchanging the underlying ontology.
Another benefit going along with the separation of domain and operational knowl-
edge is the avoidance of domain bias compiled into the application. An application
strictly to be build for a specific domain-dependent task induces domain assump-
tions to be hard-coded. Whereas using an ontology as the solely resource of do-
main knowledge, all domain assumptions have to be explicitly defined within the
ontology. Consistent separation of domain and operational knowledge enables the
application to easily adapt domain assumptions within the domain ontology, and
avoids domain biased application code.

In Information Engineering relational databases are traditionally used as data stor-
age. Relational databases are characterised by static schema descriptions, allowing
users to easily add new data, which conform the predefined structure. Data sets of
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unknown structure are difficult to introduce. Usually both database definition and
task logic have to be adapted accordingly. The corresponding application is tightly
built on top of the specific database layout, implementing domain constraints and
assumption, which cannot be encoded within the knowledge base. Newly intro-
duced or adapted constraints are difficult to implement as they have to be applied
both to the data storage schema and most likely to the application logic as well.

Ontologies enforce a strict separation between data schema and actual instances.
The core ontology schema formally describes the properties and relations that hold
for any individual data set within the domain of interest. This schema can then be
filled with actual instances of the classes defined by the schema. However, the appli-
cation built on top of the ontology must not implement any assumptions of the real
world data represented by actual instances, but try to reduce domain assumptions
and unintended domain and encoding bias to a minimum [Gruber, 1993; Gómez-
Pérez and Benjamins, 1999]. In classical Software Engineering there is no explicit
separation between operational and domain knowledge. Applications are written
both domain- and task-dependent, rendering them useless for deviant assignments
and subjects. The use of ontologies encourages the segregation of domain knowl-
edge from operational knowledge. Applications that are following this paradigm
tend to avoid domain bias and promote re-usability.

2.2.3 Ontology Engineering

Ontology Engineering is the task of designing, implementing and maintaining on-
tologies and ontology-based applications — it is an ubiquitous task in the life cycle
of an ontology. “Ontologies, as any engineering development, need the definition
and standardization, of a life cycle and methodologies and techniques that drive
their development." [Gómez-Pérez, 1994]

The task of crafting a new ontology for a specific domain is very time consum-
ing. The development process is necessarily iterative and subject to continuous
re-evaluation. Every iteration of revision and refinement compiles a more detailed
conceptualisation of the domain. Similar to knowledge engineering the develop-
ment has to be attended by domain experts [Gómez-Pérez, 1994] sharing a mutual
agreement on devised aspects. The resulting ontology is supposed to be an objec-
tive description of the concepts in the domain. It is important to understand, that
compiling a complete ontology for even a limited aspect of the world is not feasible.
The level of detail an ontology provides needs to be limited by a definition of scope
and purpose.

Ontology engineering requires thorough knowledge of the appropriate domain and
the task the ontology is developed for. Furthermore, all users of the ontology have to
agree upon the specifications of the domain described by the ontology. It is obvious
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that this assignment needs both sufficient technical and domain knowledge, as well
as cooperative skills to satisfy all requirements.

A key motivation for introducing an ontology is the possibility of knowledge shar-
ing. The high costs of knowledge acquisition and formalisation can be distributed
among multiple applications and tasks. This reasonable approach competes with
the application-driven approach most ontologies have been developed. The result-
ing ontology usually shows a trade-off between the two approaches. In order to
perform reasonable for a particular application the underlying domain knowledge
incorporated into the ontology is strongly affected by the nature of the task and pur-
pose. This dependency usually indicates a flaw in the separation of domain and task
knowledge. A good overview about the discussion can be found in Guarino [1997].

In order to clarify the differences between domain and task knowledge consider the
following example: In computer science the term P = NP? may easily be identified
as the still open question whether the class of nonpolynomial problem lies within
the class of polynomial problems or not. However, for a computer program to come
to the same conclusion, the following steps have to be taken first:

1. Identify a mathematical expression: The program has to have knowledge of
the concepts of equations, algebraic notations and the usage of variables.

2. After the successful identification of the presence of an equation it still has
to consider the context of the term. A potential (mis)interpretation may be
the definition of an algebraic neutral element, where P denotes an instance or
variable, and N represents the neutral element. This disambiguation can only
be confirmed by specification of the domain of interest and the knowledge of
problem classes within this domain.

3. Identify the instantiation of the variables: In this case the equivalence of P
being the class of polynomial problems and NP as the class of nonpolynomial
problems.

4. Finally, additional knowledge about the history of the problem, the defini-
tion of completeness, and the implications of a possible solution should be
considered to complete a formal understanding.

The conclusion, that P = NP? represents the question whether the class of nonpoly-
nomial problem lies within the class of polynomial problems, can only be derived
by invoking a lot of domain specific background knowledge. Now consider an on-
tology to explicate the concepts of P = NP?. When would you consider it to be
complete? Which classes are necessary? There would probably be classes for P,
NP, problems, and completeness, but the decision on introducing classes on all al-
gebraic concepts would heavily depend on the purpose and task of the ontology. If
the domain of interest proves to be used for formal verification of problem classes,
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then probably historical references should be ignored. However, if we conclude
that the steps above are crucial for the understanding of the term P = NP?, then all
concepts have to be explicated in the ontology — including historical references.

This simple example should illustrate that the vital task of an ontology engineer is
to cope with the trade-off in the compilation of an appropriate granularity of de-
tails. Significant parts of domain expertise are highly implicit and are based on
background knowledge. The role of an ontology engineer is to explicate implicit
knowledge and compose a task-complete ontology. Whereas a maximum level of
granularity of an ontology is to be preferred, unfortunately most ontologies have
been constructed with a task-driven approach: Only those parts of the domain that
are essential to a given task, are explicitly defined. Therefore the resulting ontolo-
gies are difficult to reuse. Domain assumptions not explicated within the ontology
have to be explicitly incorporated into the task knowledge.

In order to enhance knowledge sharing and the reuse of ontologies, they have to be
crafted to capture background knowledge in a way to make implicit assumptions
transparent. Often the level of detail and semantic annotations has to be increased.

If we happen to have ontologies, each of them rendering a complete model of the
necessary knowledge about one of the four steps described in the P = NP? example,
we could compose a merged ontology to conclude the interpretation of P = NP?
without the need of implicit background knowledge.

Notice that this is a fundamental shift of approaches in information engineering
and information retrieval. Traditional information systems usually assume, that the
user has sufficient knowledge about the problem domain, leaving the user to cast
adequate interpretations. Web search queries, for example, are limited to complex
pattern search matches, usually ignoring the context of interest. A search query for
“P = NP?” probably yields results from many different subjects, hopefully includ-
ing the intended scope of the issuer. However, the filtering of the results — that
is, to find those results that match the intended meaning of the initial search query
— is left to the user. In order to be able to identify valid results, the user must
have sufficient knowledge of the domain before s/he initialises a search. The user
needs to have appropriate background and specialist knowledge to be able to work
with the information system. Intelligent information support systems are supposed
to take responsibility of the knowledge domain, taking the need for detailed do-
main knowledge away from the user. Ontologies are a promising candidate to help
achieving this.

2.2.3.1 Ontology Development

So far, we have introduced ontologies as a key methodology to arouse semantic
meaning to knowledge bases, information retrieval, and artificial intelligence. In
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this section, we shall discuss the different approaches to create and maintain on-
tologies.

“Ontology development can be considered a type of software devel-
opment and thus should follow the general principles of the software
project life cycle.” [Obrst et al., 2003]

There are usually two options to create an ontology. Either it is built from scratch,
or it is composed from existing ontologies. Ontology building, which refers to
the task of creating an ontology from scratch, has been thoroughly discussed in
Pinto and Martins [2004]. As a hands-on documentation, Noy and McGuinness
[2001] compiled an excellent step-by-step guide to initially design, implement and
maintain ontologies.

Different methodologies have been proposed and evaluated for this task. According
to Pinto and Martins [2004] all of them can be divided into five subtask: specifica-
tion, conceptualisation, formalisation, implementation, and maintenance.

Specification Identify the purpose and scope of the ontology. The goal of this task
of limitation is to outline the scope and detail of the ontology. The application
or task the ontology is built for must be provided with sufficient knowledge
to perform reasonably. For the sake of performance, the ontology should
not contain gratuitous details the application is unable to use for its task.
Notice that this task of limitation imposes penalties for subsequent reuse of
the ontology.

Conceptualisation Describe a conceptual model of the ontology to be built, such
that it meets the specification. The resulting model consists of concepts and
relationships among those concepts.

Formalisation Transform the conceptual description into a formal model. This
step yields a more detailed concept than the conceptualisation model. The
resulting form can be seen as a preliminary step towards the final formalisa-
tion.

Implementation Implement the formalised ontology in a knowledge representa-
tion language.

Maintenance Update and correct the implemented ontology. That is, review the
classes and relationships among them, and correct possible inconsistencies.
Depending on the used representation language, a reasoner can be applied to
infer formal errors.

The life cycle of an ontology usually does not end after its creation. Evaluation and
maintenance are crucial tasks for an ontology to remain accurate for a given task.
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An ontology evolves over time: New knowledge will be incorporated, new classes
added or altered to adjust the representation of the domain as the corresponding real
world objects change.

All of these modifications have to be evaluated and documented. The task of main-
tenance interjects the principle of versioning to ontology engineering [Kauppinen
and Hyvönen, 2004]. There is no inherent technique to monitor and track the differ-
ences between multiple versions of an evolving ontology. Especially in a distributed
environment, where collaborative development of a single ontology has been pur-
sued and every party maintains local copies, the principles of versioning have to be
obeyed. Keeping track of the various versions of an ontology is an important task
of an ontology engineer.

Ontology building is a time-consuming and error-prone task. The resulting on-
tology is usually limited in expression and detail, hand-crafted to serve a specific
application. Reusing ontologies can yield faster results if composed from validated
and approved sub-ontologies [Uschold et al., 1998; Simperl, 2009].

There are two concerns that can be faced with ontology reuse:

Ontology Merging Two or more ontologies on the same subject are merged into a
larger, comprising ontology by unifying knowledge from the source ontolo-
gies.

Ontology Integration Building a new ontology by assembling available ontolo-
gies on different subjects. The resulting ontology covers a wider domain than
any of the source ontologies.

Both ontology versioning and, more obviously, ontology reuse depend to a great
detail on the premise of identifying similarities between ontologies. In the setup
of versioning the problem of tracking the evolution of single classes can be faced
by identifying the corresponding classes in both versions of the ontology and docu-
menting its development. In ontology reuse the task of finding overlapping classes
in different sub-ontologies in order to merge them is based on the successful iden-
tification of identical classes. Ontology mapping is the methodology to face this
problem.

2.2.3.2 Ontology Mapping

Ontologies have been developed for a wide range of domains and for a wide range
of applications. Some of the ontologies share a common domain but, as they have
been developed independently for different tasks, are not compatible by means of
interchangeability. The applications are unable to use different ontologies while re-
maining accurate on solving the given task. Above that, the applications are unable
to interoperate with each other, as they do not share the same terms. Because their
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underlying ontologies differ, we can not assume, that they inherit the same meaning
for the same classes. Even if they do have the same vocabulary (i.e. the set of class
names overlap) the semantic meaning of the classes may differ.

Nevertheless, we can safely assume that, as the ontologies share the same domain,
vital parts of the ontologies describe the same part of the world. Thus even if the
syntax may differ (e.g. class names) the semantic meaning (e.g. properties of the
corresponding classes) are similar. If we could find a mapping of equivalent entities
in both ontologies the corresponding applications may interoperate with each other.

The task of identifying relationships between the entities of two different ontologies
is called ontology mapping. That is, given two ontologies, O1 and O2, for every en-
tity in O1 find a corresponding entity in O2 with the same or closest semantics. The
degree of mapping results can include simple one-to-one correspondences between
each entity, or result in a complex declarative mapping. An ontology mapping
presents semantic relations between ontologies. Furthermore, not only equality
relations can be identified, but more distinguishable mappings, stating for exam-
ple, that two entities are semantically similar to each other, or that one entity is
semantically broader or narrower than the other. In certain configurations, also in-
equality or opposition are interesting findings, especially when annotated with a
corresponding confidence factor. Notice, that mappings usually can only be applied
in one direction. We discuss mutual relations as intrinsic part of ontology alignment
(Section 2.2.3.3).

The mapping results are usually stored separately from the original ontologies to be
provided for further ontology engineering tasks. The focus of ontology mapping lies
in the representation to deliver necessary information about the relations between
two ontologies. These findings can then be processed by a subsequent task.

In the context of heterogeneous ontologies and the need of knowledge sharing on-
tology mapping is a crucial activity to facilitate interoperability. To stress the im-
portance of ontology mapping, we shall discuss multiple applications of ontology
mapping [Euzenat and Shvaiko, 2007].

Ontology engineering. We already discussed in detail the necessity of ontology
mapping in ontology engineering. Ontology merging and ontology integra-
tion depend greatly on the ability to match overlapping entities from different
ontologies. The identified entities can then be used to incorporate the input
ontologies, building a larger ontology on top. Ontology reuse can hardly be
obtained without the utilisation of ontology mapping results.

Ontology evolution and versioning are mastered by computing a mapping of
multiple versions of the same ontology. The mapping result can be appreci-
ated as semantic difference between evolving ontologies.

Information integration is the task of integrating diverse information from multi-
ple resources and of different representations. The user is then presented with
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a harmonised interface for query input, rendering the heterogeneous layout of
the underlying resources transparent. In the background, however, the query
engine has to interpret and rewrite the initial enquiry to match the query lan-
guage of the appropriate information source. The translation is accompanied
by a mapping step to identify correspondences between semantically related
entities among different data sources. Before presenting the user with the
final answer, the results obtained from multiple information sources are rec-
onciled and filtered for redundancies and duplicates.

Peer-to-Peer Information Sharing. “Peer-to-peer (P2P) is a distributed commu-
nication model in which parties (also called peers) have equivalent func-
tional capabilities in providing each other with data and services [Euzenat
and Shvaiko, 2007].” Traditional P2P systems provide rather strict schema
restrictions, allowing the user to tag their data only with elemental meta in-
formation (e.g. author, title, file size, . . . ). Every peer has to adapt to the
usage of the global schema, being unable to modify or extent it. Although
peers are granted autonomy in respect to participation, they are denied to act
autonomously in respect to schema design. In more advanced semantic P2P
systems this flaw has been tried to overcome by relaxation of homogeneity
requirements. Peers are allowed to introduce more complex specifications of
their concepts by providing ontologies to describe content. Along with the
introduction of different ontologies emerges the necessity of mapping equiv-
alent concepts between independent schemas.

Web Service Composition. Web services are platform-independent software com-
ponents that are available in the distributed environment of the Internet.
Based on this paradigm applications are assembled by composition of ap-
propriate web services rather than programmed manually. Web service pro-
cessors are supposed to deal with independent and replaceable web services
to achieve a particular goal. The problem of web service composition [Srivas-
tava and Koehler, 2003] is to parse and compare the descriptions of promising
services, incorporate and dynamically choose new services, and to appropri-
ately route the data they process. To compose different services, data has to
be routed from the output of some services to the input of another service.
If the underlying ontologies of the connected services differ, they have to be
mapped so as to enable knowledge sharing.

Autonomous communication systems. When two autonomous and indepen-
dently designed agents meet in a multi-agent environment, they have little
chance to negotiate with each other if they do not share the same ontology.
“Agents confronted with heterogeneous ontologies have to find the correspon-
dences between these ontologies in order to start understanding each other’s
messages [Euzenat and Shvaiko, 2007].”
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In ambient computing a similar problem arises if mobile devices try to take
advantage of the surrounding environment for providing services to users.
The need of alignment of ontologies between personal agents and environ-
mental devices is a preliminary requirement for a mutual understanding and
initial negotiation. Above that, agents have to cope with environmental
changes and keep track of newly appearing or changing devices and sensors.

Navigation and query answering. In an open distributed environment all commu-
nication relies on a mutual understanding among all participants. Navigation
within such an environment — as in the Semantic Web — strongly depends
on the agreement of common knowledge. Unlike in information integration,
where the use of a global knowledge schema is obliged, the Semantic Web
does not provide such a convenience. Every interaction between two par-
ticipants is preceded by a negotiation of the communication schema. In the
traditional World Wide Web users are accustomed to use their own terminol-
ogy for queries. Semantic query answering systems transparently rewrite the
query according to available ontologies and translate it into the language of
the appropriate query system.

Considering the topology of the Web today, the majority of its content is
neither directly linked nor automatically indexable. This part of the Internet is
called “Deep Web” or “Invisible Web” and refers to data sources that provide
considerable amount of information with back-end databases. Manual query
interfaces are the only accessible way to gather information from the Deep
Web, thus preventing web crawling engines from automatically extracting
and indexing their content. An et al. [2007] outlines an approach to facilitate
automated information extraction from the Deep Web by automatic attribute
extraction and ontology-based similarity comparison.

Ontologies are a promising concept to model a semantically enriched knowledge
base that provides information about a specific domain of interest, to be used by a
specific application. The lack of a single, globally agreed on and omnipotent ontol-
ogy, rendering every aspect of the world, makes ontology mapping an indispensable
technique to introduce knowledge sharing and reuse. Thus, the power of ontologies
can only be unleashed by advancement in ontology mapping tools.

2.2.3.3 Ontology Alignment

So far, we did not pay much attention to the distinction between ontology classes
and specific instances, as they do not differ in syntax. It is more a matter of seman-
tics whether the leaf nodes of an ontology are interpreted as instances or concepts.
Therefore the ontology engineering methods introduced so far can be applied to on-
tologies both with and without instances. In this regard ontology alignment proves
to be an exception.



CHAPTER 2. FOUNDATIONS 21

Given two ontologies, ontology alignment describes the task where for every entity
in one ontology try to find a corresponding entity in the second ontology with the
same or closest meaning. The intended purpose of ontology alignment is to bring
two ontologies into mutual agreement. The respective ontologies are tailored to be
interchangeable and semantically equivalent. For this cause, it may be mandatory
to map entities that are specified as classes in one ontology, but implemented as
instances in the other ontology. Whereas ontology mapping concentrates on finding
mappings between two individual entities, ontology alignment represents a more
holistic approach.

A preceding mapping process yields a list of one-to-one correspondences, repre-
senting the equality relation that holds between the mapped entities. Obviously,
there may be entities that have no corresponding term in the other ontology. In case
of such a partial alignment, new concepts and relations have to be introduced to
provide a sufficient target in either ontology. In contrast to ontology mapping, in
order to complete an ontology alignment, one or more ontologies are adapted and
have to be extended by the missing parts of the opposed ontology.

In the alignment of heterogeneous ontologies it proves to be insufficient to consider
only equality associations. Real-world ontologies tend to be implemented with
different granularities. Multiple entities of an ontology can bear characteristics that
are encoded in a single entity of the opposed ontology. Whereas the semantics are
described in a single class, the same meaning can be described by union of multiple
classes. It is very likely that compared entities are not completely the same, but —
by missing vital properties — are related by subsumption or extension.

As an extension of one-to-one mappings, if the alignment relation between two
entities fails to be described as equal, try to apply any one of the following associa-
tions: syntactically equal, similar, broader-than or narrower-than. The identification
of these complex alignments adds significant complexity to simple one-to-one iden-
tity mapping algorithms.

Notice that a successful match according to the alternative associations does not
conclude an alignment. It does, however, alleviate a subsequent manual alignment
process. The main focus of this thesis is the implementation of a semi-automated
approach to ontology alignment that has been outlined by Lanzenberger and Samp-
son [2006]. Starting point is a preliminary, computer-generated mapping, which
includes a wide range of semantically annotated relations that hold between the
entities of two ontologies. Based on these mapping results, an ontology engineer
can easily identify missing concepts in either ontology and finalise the alignment
process.
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2.2.4 OWL Web Ontology Language

The World Wide Web Consortium (W3C) arranged a working group to develop a
standard ontology language to be used to share and exchange meaning. The result
was the OWL ontology language standard8. OWL is based on a Description Logic
(DL), being a logic-based knowledge representation formalism. DLs implement
an object-oriented model, describing a domain in terms of concepts (classes), roles
(properties and relationships) and individuals (instances). The key feature of DLs
(and other logics) is that they have a formal semantic.

DLs can, in fact, be seen as decidable subsets of first-order predicate
logic, with individuals being equivalent to constants, concepts to unary
predicates and roles to binary predicates. As well as giving a precise
and unambiguous meaning to descriptions of the domain, this also al-
lows for the development of reasoning algorithms that can be used to
answer complex questions about the domain [Horrocks, 2007].

The implementation of OWL uses an RDF9 based syntax to incorporate seamless
into the Semantic Web context.

Ontologies, being designed to be modular and easily extendible, tend to become
very large and complex (e.g. the Cyc ontology10, the National Cancer Institute the-
saurus11, The United Nations Standard Products and Services Code R©12, the System-
atized Nomenclature of Medicine–Clinical Terms (SNOMED CT R©)13). The task of
designing and developing an ontology for a domain of interest is very time con-
suming and error-prone. The complexity increases with the number of classes and
corresponding properties. Modern ontology engineering tools assist the engineer-
ing process not only with an adequate design and layout, but with built-in reasoning
support. Ontologies modelled in OWL represent a logic knowledge base, offer-
ing inferring methods to be applied. Reasoning at design time offers the benefit of
identifying design errors at an early stage and can be used to verify the correctness
of the developed ontology. For example, inconsistencies and synonymous classes
can easily be identified. In ontology engineering, an inconsistent class describes an
over-constrained class where the description of its properties denies the existence
of instances. It is usually an unintended feature of the design if a class is designed
not to have any instances, therefore a reasoner will indicate such a class and yield a
warning. Synonymous classes have exactly the same set of instances. Whereas it is
sometimes desirable to have alternative class names for the same set of instances,

8http://www.w3.org/TR/owl-semantics/, (30.10.2009)
9http://www.w3.org/RDF/, (30.10.2009)

10http://www.opencyc.org/, (30.10.2009)
11http://ncit.nci.nih.gov/, (30.10.2009)
12http://www.unspsc.org/, (30.10.2009)
13http://www.nlm.nih.gov/research/umls/Snomed/snomed_main.html, (30.10.2009)

http://www.w3.org/TR/owl-semantics/
http://www.w3.org/RDF/
http://www.opencyc.org/
http://ncit.nci.nih.gov/
http://www.unspsc.org/
http://www.nlm.nih.gov/research/umls/Snomed/snomed_main.html
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it may be a result of unwary property definitions causing different classes to be
semantically equal.

As we have seen in Section 2.2, the hierarchical structure of the classes of an ontol-
ogy is constructed merely by the relations defined by the class properties. Ontology
tools implicitly assume that every class is part of the partial order ≤C we defined
in Section 2.2.1. A newly introduced class is defined as a subclass of an existing
one, whereas the application handles the proper definition of relationship that holds
between the parent and child class. This approach holds the option to integrate im-
plicit assumptions that are not formally represented in the knowledge base. The
use of a reasoner may help to avoid such a mistake. The descriptions of the classes
are explicitly defined and should be complete and precise to render the hierarchical
structure. Thus the computation of the class hierarchy can be left to the reasoner.
The ontology engineer afterwards verifies whether the result is consistent with the
intended ontology. If the resulting hierarchy does not comply with the intended
meaning, the class descriptions have to be adjusted.

In order to work with or develop large ontologies it may be useful to modularise
the knowledge base. A reasoner can help identifying valid subsets and dividing
an ontology into smaller modules. This technique can be used to facilitate parallel
work or create subsets of the domain to be used by other applications. Additionally,
smaller ontologies are easier to comprehend and verify. With the help of ontology
integration the final ontology can be derived.

2.2.5 Ontology Alignment Representation

Heterogeneity proves to be a major problem of the Semantic Web. Ontologies have
been deployed to cope with this issue. Unfortunately, due to their independent in-
tegration, ontologies themselves tend to introduce inhomogeneity when various on-
tologies cover similar subjects. This problem has been approached with ontology
alignment, trying to align ontologies with each other and enable interoperability
of applications using different ontologies. Again, the individualistic development
of various ontology alignment methodologies calls for reconciliation on alignment
representations to increase interoperability between ontology mapping and ontol-
ogy alignment tools, and to bundle collaborative effort in the development of ontol-
ogy alignment tools.

The standardisation of ontology alignment representation initiates central features
for the Semantic Web community:

Archiving. The task of ontology mapping is usually a preliminary step in a
more complex ontology engineering work flow, making the mapping results
volatile. However, the mapping representation may be preserved for later ref-
erence in order to reconstruct the mapping process. Especially in ontology
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evolution and versioning, an archive of ontology mappings an ontology has
gone through can be analysed to gain information about ontology evolution.

Distribution. In collaborative environments the impact of a specific ontology map-
ping must be discussed with participating ontology engineers. For this matter
a concordance on the exchange format has to be established. An agreement
on the representation of such ontology mappings will improve collaboration
quality among distributed parties.

Comparison. In the context of a specific ontology alignment task, the choice of
a specific ontology mapping algorithm among various competing contribu-
tions, proves to be crucial to the overall performance. A standardised output
representation of mapping results facilitates direct comparison between dif-
ferent ontology mapping algorithms.

Modularisation. With a standardised interface for ontology mapping results, on-
tology authoring tools can be modularised to implement different adaptors
for exchanging results and provide input to various consecutive tasks.

Driven by the crucial need for ontology mapping tools, several different indepen-
dently developed methodologies have been introduced. Even though the problem is
very well specified, the actual implementations of the alignment results differ sig-
nificantly. During the work on AlViz, we discovered that no appropriate ontology
alignment representation standard exists, that covers the specific requirements of
the task sufficiently.

An appropriate ontology alignment representation format has to meet the following
qualifications:

Representation of detailed alignment features. AlViz initially used the FOAM
mapping algorithm as input for the visualisation, but during the implemen-
tation, the authors had future development in mind, assuming that various
mapping tools can be incorporated. However, compared to other ontology
alignment techniques FOAM delivers a very detailed alignment feature set,
including 24 similarity functions and confidence factors for every mapping.
This rich feature set has to be properly encoded in the specified format.

Human and Machine Readable. The output format is supposed to be machine-
readable, for obvious reasons, as the ontology mapping results are usually
an intermediate step in a complex ontology engineering process and are sup-
posed to be machine processable. Additionally, the demand for a human-
readable format comes from various considerations. First, as an develop-
ment and integration aid: Developers can easily verify whether their algo-
rithms correctly generate, parse, and transform mappings. Second, for a
quick glance, users can look at the raw file to search and identify nodes and
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their corresponding mappings. Finally, in accordance to the semantic web
paradigm to provide semantic content and enable sensible navigation for both
human and machine agents.

Verifiable Schema specification. Another requirement is the need for formal spec-
ification of the file schema. The alignment format has to be well de-
fined and verifiable. The requirement is easily satisfied by the use of
XML:Schema14(XSD) or Document Type Definition15 (DTD). Both descrip-
tion languages support checking and validation, and can be used to identify
valid input files before the actual parsing takes place.

Transformation support. Furthermore, the chosen format has to alleviate trans-
formation of alignment results into various representations and enable subse-
quent processing. In the case of AlViz, the mappings are filtered and trans-
formed to visualise alignment links between two ontologies.

To our best knowledge, the proposal of an ontology alignment format that resem-
bles the requirements of AlViz closest, has been provided by Euzenat [2004]. Un-
fortunately, while matching the given requirements in almost all points, the actual
schema definition does not allow a degree of detail, we need to express all align-
ment features. Due to restricted time constraints we finally decided to implement a
custom-built specification of ontology alignment format. However, we are pleased
to notice that our definition resembles a substantial similarity to the proposal of
Euzenat [2004]. We are confident that our approach can easily be implemented
as an extension of Euzenat’s alignment format or even be merged. As a first step
for a consolidated alignment format Gradwohl [2009] extended the Euzenat API in
order to suit the requirements of AlViz. The proposed XML format has been suc-
cessfully implemented and will be used as the primary alignment format in future
AlViz versions.

So far, we have discussed the technical requirements and implications of ontology
mapping and ontology alignment in detail. But when it comes to formally define
and process meaning, we have to face limitations that fail to be resolved by technical
means. In Artificial Intelligence literature this border is called the Semantic Gap.

2.2.6 Ontologies and the Semantic Gap

Every attempt of transforming a real world object into a formal computational repre-
sentation induces a semantic disparity between the real world object and its descrip-
tion. For the human mind an object is only perceived as an interpretation regarded
on the contexts of both, the object and the human being itself. The translation into

14http://www.w3.org/XML/Schema, (30.10.2009)
15http://www.w3.org/TR/REC-html40/sgml/dtd.html, (30.10.2009)

http://www.w3.org/XML/Schema
http://www.w3.org/TR/REC-html40/sgml/dtd.html


CHAPTER 2. FOUNDATIONS 26

natural language, and subsequently into a formal language to be represented by a
computer, is thus accompanied by a loss of expressiveness. This characterisation is
dubbed semantic gap or semantic mapping problem.

The semantic gap is the lack of coincidence between the information
that one can extract from the visual data and the interpretation that the
same data have for a user in a given situation [Smeulders et al., 2000].

Whereby the current centre of interest of ontology mapping research concentrates
on the development of automated mapping tools to devise reliable mapping al-
gorithms, it should be noted, that a fully automated mapping process can not be
achieved. Considering the intended purpose of ontologies, i.e. explicate implicit
knowledge of parts of the real world and providing a complete formal model of the
domain of interest, this implies a noteworthy deficiency.

The evaluation of ontologies is a major concern in the AI community, however, it
concentrates on the technical aspects and implications of the implementation. Even
though the purpose of the evaluation has been proposed generously — “The goal is
to prove compliance of the world model (if it exists and is known) with the world
modelled formally [Gómez-Pérez, 2001]” — the actual validation of requirements
and competency questions are performed qualitatively. That is, a group of human
experts assert the quality of compliance.

Ontology mapping is a hard problem in Artificial Intelligence, dealing with hu-
man notions of knowledge and the comparison of semantically annotated entities.
The categories of possible mismatches of ontologies have been identified by Klein
[2001] and extended by Sampson [2007]. The mismatches can arouse at different
levels:

Language Level. Mismatches at the language level occur when ontologies that are
described in different languages are compared with each other. These concep-
tual languages may differ in the specifications of their underlying paradigms,
representation of logical notions, or their level of expressiveness. Given
thoughtful consideration, this kind of mismatches can usually be solved au-
tomatically.

Ontology Level. Ontology level mismatched can occur when two ontologies are
expressed in the same language, but tend to have different conceptualisa-
tions of the same domain. The characteristics of mismatches on an ontol-
ogy level include the scope of concepts, model coverage and granularity,
paradigm differences, competing modelling conventions of concept descrip-
tions, synonym and homonym terms, and encoding disparities. In a nutshell,
mismatches on the ontology level occur, when two different ontology engi-
neers build two different ontologies in the same domain, using different terms
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(or granularities) to describe the same concepts, or use the same notation to
describe different concepts.

Human Level. Human level mismatches are defined by Sampson [2007] as the dif-
ferences of (biased) views and interpretations of the real world among com-
munities, groups, or single ontology engineers. “[T]hey represent a ’model’
based on that subjective view of the developers and not the model of that part
of the real world being investigated.” She continues, “We claim that differ-
ences among the way we perceive, understand and articulate constructs affect
the way we create ontologies. These differences often bring about the need
for alignment of ontologies in the first place.”

Even though Klein [2001] identified the style of modelling in his classification of
mismatches as a source of disparity, he failed to give appropriate tribute to the fact
that many mismatches are based on different human interpretations. Even though
he states, that “the alignment of concepts is a task that requires understanding of
the meaning of concepts, and cannot be fully automated”, we believe the level of
human mismatches to be the main cause for the lack of fully automated ontology
alignment techniques.

Although significant progress has been made in the development of automated on-
tology mapping tools to provide promising results, a fully automated algorithm is
not feasible. In the long run, the problem we are facing in ontology mapping, nar-
rows down to the question, whether computers will — or even should — ever be
able simulate human perception and understanding.

2.3 Visualisation

Visual images have an ancient history of helping people explaining complex phe-
nomena. When the first caveman chiselled the location and direction of an ap-
proaching antelope herd onto a cave wall he probably used a vivid visualisation to
distribute his knowledge. Legend has it that Archimedes died for his circles he was
drawing on the sand (Noli turbare circulos meos!). Leonardo da Vinci used graphic
visualisations to describe his inventions, making people understand and recognise
his genius mind.

The human mind undoubtedly processes visual data faster and more reliable than
any other sensual input. Perception and cognition are closely interrelated, rendering
the human visual system into a pattern seeker of enormous power.

The old proverb “a picture is worth a thousand words” analogously illustrates what
only recently has emerged into a young scientific research area: Information Visu-
alisation (InfoVis) is “the use of computer-supported, interactive visual represen-
tations of data to amplify cognition.” [Card et al., 1999] The crucial property of
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this definition are the last three words “to amplify cognition”. Thinking and under-
stand does not entirely occur inside our brain. “Most cognition is done as a kind of
interaction with cognitive tools, pencils and papers, calculators, and increasingly,
computer-based intellectual supports and information systems.” [Ware, 2004] The
human mind is able to increase its cognitive potential if it is supported by external
artefacts of stored intermediate data. Such external objects provide an additional
form of information representation that can be directly perceived and used without
being interpreted and formulated explicitly [Zhang and Norman, 1994].

“The core of the benefits provided by visuals seems to hinge upon their
acting as a frame of reference or as a temporary storage area for hu-
man cognitive processes. Visuals augment human memory to provide
a larger working set for thinking and analysis and thus become external
cognition aids.” [Fekete et al., 2008]

Information Visualisation aims at providing such visual artefacts and developing
insights from collected data for decision making support. “One of the greatest ben-
efits of data visualisation is the sheer quantity of information that can be rapidly
interpreted if it is presented well.” [Card et al., 1999] However, it is important to
note, that graphical representations may promote — but as well — hinder informa-
tion processing tasks [Ng, 2000].

Ware [2004] highlights a number of additional advantages of visualisation.

• Visualisation provides an ability to comprehend huge amounts of data.

• Visualisation allows the perception of emergent properties that were not an-
ticipated.

• It is common for a visualisation to reveal things not only about data itself, but
about the way it is collected thus providing invaluable quality control.

• Visualisation facilitates understanding of both large-scale and small-scale
features of the data. It can be especially valuable in allowing the perception
of patterns linking local features.

• Visualisation facilitates hypothesis formation.

In ontology alignment visualisation we will strongly depend on this properties and
develop and apply visualisation techniques that suit the needs of the task.
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2.3.1 Ontology Visualisation

The availability and propagation of ontology description languages introduced
reuse and portability to ontologies. Various tools and applications have been de-
veloped to facilitate ontology authoring, manipulation and distribution. Many au-
tomated tasks and applications based on OWL have been developed, proving its
reliability as computer-readable language. Unfortunately, the same ontology rep-
resentation lacks human-readable processing. The larger an ontology becomes the
more likely a human reader fails to conceive its semantic meaning by just analysing
its OWL representation.

This lack of human perception weights heavily on the subject of ontology research.
Still, the need of a human analyst for given or developing ontologies remains to
be essential for a successful implementation. The concept of ontologies is based
on semantic perception and agreement of parts of the (human) world. Thus the
representation and implementation of such a model (i.e. the ontology) can only
be evaluated by a human expert, trying to bridge the semantic gap. It is therefore
inevitable to create a form of representation that is easily perceived and adapted by
a human but which simultaneously maintains the feature of effective parsing and
evaluation by a computer.

The size and complexity of ontologies render mark-up languages useless for this
task. It seems that there is a fundamental trade-off between computer and human-
readable concepts of representation. Lines and lines of repeating tags and attributes
are easily processed by an automated parser, leaving a human reader on the other
side to get lost in the repetitive source code.

It is common practice in database engineering and information systems to use dia-
grams and visualisations to present the content and structure of the analysed system
(e.g. Entity-Relationship (ER) diagrams [Chen, 1976], Unified Modeling Language
(UML)16). The key features of such visual representations are analogous visualisa-
tion of vital properties in graph theory, encoded by attributes like vicinity or size.
The entities placed on the visualisation plane are tagged according their mark-up
properties, whereas dependencies between symbols identify relationships. Similar
visualisation techniques have been developed and applied to ontologies, leaving the
ontology community with a variety of different visualisation tools.

Along with the increasing usage of ontologies emerged the need for visualisation
methods to alleviate their design, management and analysis. More specifically, a
survey initiated by Ernst and Storey [2003] identifies the following use cases for an
ontology visualisation tool:

• Assist with navigating information space

• Show hidden relationships

16http://www.uml.org/,(30.10.2009)

http://www.uml.org/
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• Show areas of interest

• Check for inconsistencies or errors

• Present reports to others

• Help with understanding new ontologies

• Identify and describe relationships

There are several ontology visualisation methods discussed in ontology literature.
Katifori et al. [2007] assembled an excessive survey on various ontology visualisa-
tion techniques and categorises their characteristics and features. Their conclusion,
however, leaves us unsatisfied: “there is not one specific method that seems to be
the most appropriate for all applications and, consequently, a viable solution would
be to provide the user with several visualizations, so as to be able to choose the one
that is the most appropriate for his/her current needs.” That is, even though there
exists a variety of visualisation techniques for ontologies, no golden standard can
be named: There is no specific visualisation method to be the most accurate for any
application. Every single visualisation technique yields specific assets and draw-
backs. A viable solution to this dilemma appears in providing the user with several
different visualisations. Furthermore, users tend to appreciate visualisations that
offer orderly and clear browsing, even if it requires zooming into the ontology and
focusing on a specific part. However, browsing does not suffice for tasks involving
the location of specific nodes. Users prefer effective search tools or query mecha-
nisms to tedious browsing, especially if large ontologies have to be examined. After
all, one of the hardest problems of ontology visualisation remains to be scalability.

The visualization of ontologies and metadata is a challenging issue
with several applications not only in the Semantic Web but also in
Software Engineering, Database Design and Artificial Intelligence [Tz-
itzikas and Hainaut, 2006].

As ontologies show the tendency to grow very large in respect to both, number of
entities and amount of detail, the resulting visualisation tends to become cluttered
and disorganised.

2.3.2 Ontology Alignment Visualisation

Notice, that ontology visualisation significantly differs from ontology alignment
visualisation. Whereas the problem of ontology visualisation has been thoroughly
discussed in ontology and information visualisation literature, the field of visual
ontology alignment is still a very young discipline. Accordingly, there are very few
visualisation tools for assisting with ontology alignment. However, the results of
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user experience concerning ontology visualisation can be used as a starting point
and contribute valid insight for requirements of ontology alignment visualisation.

In the first survey that tackles the problem of ontology alignment visualisation,
Sampson and Lanzenberger [2006] state some interesting findings that distinguishes
the requirements of ontology and ontology alignment visualisation. Starting with
well-founded issues based on crucial requirements for ontology visualisation, they
identified two issues that get intensified when applied to ontology alignment: First,
to maintain smooth interaction for the users, time complexity needs to be held low.
Interactivity and responsive controls are a vital part of the visualisation, enabling
the user to swiftly verify a specific alignment by switching from the alignment view
into the detailed view of a single ontology.

Second, the given visualisation space needs to be used more efficiently to present the
user with a large number of concepts simultaneously. A global view of the topology
of an ontology may indicate specific properties, which can be used to locate similar
parts between the aligned ontologies.

Both requirement amendments can be derived from the fact, that in ontology align-
ment two ontologies have to be observed and analysed, thus doubling the amount
of raw input data necessary for the visualisation.

Research in the field of information visualisation [van Ham and van Wijk, 2002]
suggests three proposals to challenge the scalability problem of visualising a large
number of nodes:

1. Increase available display space, by either using three dimensional and/or
hyperbolic spaces.

2. Reduce the number of information elements by clustering or hiding nodes.

3. Use the given visualisation space more efficiently by using every available
pixel.

In addition to generic visualisation requirements, Sampson and Lanzenberger
[2006] identify supplemental issues that are genuine to ontology alignment. The
analysis implies that properties needed for a single ontology raise a conflict when
applied to the visualisation of alignment results based on two ontologies. Existing
tools for visualising ontologies are designed for a specific range of queries, thus
lacking support for visualising certain ontology characteristics needed for align-
ment. Also, “in order to support an overview and detail approach appropriately,
multiple views are needed for ontology alignment.” These findings support the as-
sumption that the requirements of ontology visualisation differ significantly from
requirements of visualising ontology alignments.

Visualisation of a single ontology usually has its focus on helping the user to un-
derstand the internal structure, the relationships within and the descriptions of the
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classes of the ontology considered. The goal of visualising ontology alignments, on
the other hand, is to facilitate the identification of similarities in the structures of
both ontologies, emphasising the relationships between them, and pointing out the
differences of similar classes. The different aims already indicate that a good ontol-
ogy visualisation may not be a good candidate for visualising ontology alignments,
since it would give information about the two individual ontologies in detail, but not
about the relationship between them, which was obtained through alignment. The
main difference between ontology visualisation and ontology alignment visualisa-
tion is that, in the latter, we do not aim for a correct visualisation of all details of an
ontology, but rather for decent support of a vivid characterisation of the differences
and alignments. A good ontology alignment visualisation uses the available screen
space to show the relation between the two ontologies, while necessarily hiding
details of the two aligned ontologies.

Nevertheless, in order to decide whether two classes of aligned ontologies are simi-
lar, detailed information about the class definitions need to remain available. Ontol-
ogy alignment visualisation has to be implemented as a two-tier approach, includ-
ing an alignment view and a detailed view showing the source ontologies. First, the
alignments between two ontologies have to be visualised, emphasising the differ-
ences and pointing out the similarities among appropriate entities. A global view
of both ontologies puts an overview of alignments into display. Starting from this
initial screen, the presented ontologies can be explored and compared. The verifi-
cation of a specific mapping is carried out by examination of the detailed view. This
screen allows the analysis of ontology structures, neighbourhood, and class proper-
ties. Based on the information propagated by the ontology definition, the mapping
can be verified and the alignment finalised.

We can summarise the findings and compile a list of considerations for a successful
implementation of ontology alignment visualisation.

• The underlying technical task at hand is a visualisation of multidimensional
data covering ontology definition, alignment mappings, and the aggregation
of both. The separation of the individual ontologies and their appropriate
mappings is essential for a rapid understanding.

• Data complexity increases significantly as compared to ontology visualisa-
tion. Scalability and overall performance has to be kept in mind from the
very beginning to ensure a decent user experience.

• Visualisation of information is usually obtained following two steps: First, a
transformation of the raw data into a preliminary, semantic structure has to be
performed. During this step, in order to specify what to visualise, the raw in-
formation gets selected, filtered, transformed, classified, or merged. Second,
the actual visualisation is drawn using the first transformation as input data.
The second step concludes the question, on how to visualise. Obviously, the
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choices selected in the first step limit the options for the second step. In the
case of ontology alignment visualisation this means, to thoroughly discuss
the necessary raw data and the impact on the rendering performance.

• For a successful ontology alignment visualisation information about the on-
tology mappings has to be obtained and augmented with complete informa-
tion of both ontology definitions. The information sources (i.e. the raw on-
tology data, and the alignment information) should be stored separately, or at
least be easily extracted and distributed.

• The introduction and utilisation of an open and well-defined alignment format
alleviates cooperation and exchange.

• The user should be presented with separate views for each ontology and the
ontology alignment visualisation. A seamless transition between both views
facilitates navigation within, and observation of details of specific areas.

• Interactivity is a core feature of the visualisation. A seamless user-induced
transformation of the graph is vital to the understanding and utilisation.

• Performance is task critical and has to be considered from the beginning.

The basic setting of an ontology alignment visualisation constitutes of two ontolo-
gies and a list of mapping results. The ontologies are represented in a static OWL
structure, which has to be preserved for subsequential automated processing. The
mapping results can be derived from an automated alignment process and are ex-
ploited for a preliminary visualisation. One approach to cope with this task has
been presented by Lanzenberger and Sampson [2006], introducing a methodology
to maintain the OWL structure in order to retain automated parsing of the ontology.
As an extension, the very same OWL document is used to introduce a visualisation
of the ontology, which can easily be perceived by a human user. The ontology visu-
alisation is primarily tailored to facilitate alignment of two given ontologies. Thus,
the key motivation is to enhance similarities and differences between the compared
data structures. The necessity to render the ontologies formally correct can be re-
duced as long as it assists the comparison process. Hence, the formal representation
of an OWL document can be exploited for automated processing, whereas the graph
visualisation facilitates a human ontology engineer to comprehend the differences
and similarities of the aligned ontology structures.

2.3.3 Graph Visualisation

Based on the inherent structure of an ontology, i.e. emerging and cascading from a
single root node, the intuitive visualisation approach would imply some sort of tree
graph. It is therefore not surprising that many ontology visualisation tools include
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a tree visualisation. Luckily, the research in ontology visualisation methods has
been intensified in the last decade, resulting in various different approaches and
techniques to chose from [Katifori et al., 2007].

The classic explorer-like tree visualisation can still be found in many ontology au-
thoring tools. Whereas this visualisation provides an indispensable aid for navi-
gation and search within a given ontology, it yields some problems concerning its
accuracy. The tree view primarily displays inheritance (is-a) relations. Multiple
inheritances are usually resolved by placing these nodes under all its parents. This
approach implies difficulties for inexperienced users, who may be confused as to
why a class appears multiple times in different sub-trees of a single ontology. How-
ever, the main concern about the tree view visualisation arises with more complex
ontologies where role relations are specified. The inheritance relations are indeed
perfectly covered by the tree view, but the visualisation method does not provide
means to represent role relations. To be more specific: The tree view can only
represent one kind of relation, whereas general ontologies can comprise an infinite
number of interrelations.

This unbound property of ontologies contributes to the intensified search for proper
visualisation techniques. It is primarily responsible for the conclusion that no sin-
gle visualisation method can be applied to cover all aspects of an ontology. It is
therefore not possible to map the vast amount of different ontology structures to a
specific graph topology. In a nutshell: If we intend to render a graphical model of
a random ontology, the properties of the resulting graph will not be known to us
a priori. The schematic restrictions of the ontology definition do not confine the
graph topology.

In ontology visualisation we will be confronted with graph topologies varying from
simple trees to random graphs. However, this is true only if we restrict the link
properties of the visualisation to be based on the inheritance relation solely. By
expanding the possible link coverage to include all possible role relations of an
ontology, the resulting graph topology will probably resemble a small world graph
[Gil and García, 2004].

The search for a visualisation method that works best for any given ontology must
therefore be approached from a graph theoretical angle. A node and link graph
constitutes a connection topology that usually can be defined by two vital proper-
ties: The clustering coefficient and the characteristic path length. Many empirical
graphs devised from natural phenomena tend to have a large clustering coefficient
and a small characteristic path length (also known as average shortest path length).
Those graphs are called small world network, by analogy with the small world phe-
nomenon postulated by Milgram [1967]. Many biological, technological an social
networks — including the World Wide Web [Adamic, 1999] and the Semantic Web
[Gil and García, 2004] — have a small world topology. They are difficult to analyse
using conventional means.
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Visualisation techniques specialised on small world graphs can cover a wide range
of different graph layouts, basically because such graphs are neither regular nor
random graphs.

Stephen Ingram presented such a visualisation algorithm named Small World Graph
Visualization [Ingram, 2005]. An actual rendering of his graph visualisation can be
seen in Figure 2.3. His algorithm is an implementation of a technique devised by
Noack [2005] to calculate the lengths of edges in a graph based on an energy based
clustering model. The problem with a generic physical layout is, that it “seeks to
minimize the variance in edge lengths, leading to a uniform graph layout [Ingram,
2005].” In order to render a distinguished and appropriate cluster visualisation we
depend on a variety of edge lengths, with shorter lengths between near-by nodes
and longer edges between distinct clusters. Noack’s algorithm — dubbed LinLog —
describes such a model in which the edge lengths are proportional to their coupling.

van Ham and van Wijk [2004] introduced a series of interactive techniques for clus-
ter graph visualisation to be applied on top of the node geometry computed by the
Noack layout to define a dendrogram17 of nodes. These technical specifications
allow a smooth interpolation between nodes in a given sub-tree. This semantic/ge-
ometric interpolation, together with a fisheye focus-plus-content technique, allows
the user to explore the cluster hierarchy and reveal the semantics behind the node
community.

The use of a clustering small world algorithm for ontology visualisation introduces
some promising advantages:

• Cluster visualisations support hierarchical structures by collapsing all nodes
of a sub-tree into a single cluster node. The user is presented with a clear view
of high-level objects that comprise all characteristics of their specialised child
nodes. An overview of these cluster nodes helps to gain a basic understanding
of the graph structure and offers a global starting point for both, detailed
examination, and opportunistic browsing.

• Energy-based methods for creating line drawings of vertices in undirected
networks are popular for visualising node and link graphs. These methods
generally consist of two parts: an energy model, and an algorithm to calcu-
late a state with minimum total energy. Earlier algorithms failed to provide
shorter vertices between near-by nodes and longer edges between distinct
clusters. The Noack algorithm [Noack, 2003, 2005] succeeds in clearly iso-
lating clusters by appropriately calculate the length of vertices between graph
nodes, rendering the layout’s edge lengths proportional to their coupling. The
visualisation instantly reveals the relations between clusters, varying the dis-
tance between them based on their semantic similarity.

17A dendrogram is a tree diagram that indicates the sequence in which a hierarchical clustering of
nodes is performed.
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Figure 2.3: Stephen Ingram’s Small World Graph Visualization. [Ingram, 2005]
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• Many ontologies (particularly medium and large sized) tend to have a
high degree of clustering, which makes them ideal for cluster visualisation.
An adequate visualisation can efficiently advertise the underlying structure
[Lanzenberger and Sampson, 2006]. Furthermore, the specific implemen-
tation of clustering visualisation is not over-selective on the graph layout,
rendering representative visuals of (almost) arbitrary structures. But even in
the case that all relations of an ontology have to be taken into account for the
visualisation, a small world graph may be the perfect representation.

• A vital property of well-designed visualisation methods is visual appeal. It is
important in making an interface inviting for the user to explore and navigate
within the visualisation with ease. Watching clusters falling apart or emerging
from composed nodes fails to grow tiresome but gives a perfect overview of
the communities in the graph.

• The visualisation technique offers an easy and intuitive method for panning
and zooming. The user is able to interactively select an arbitrary aperture of
the hierarchy to explore. By manually adjusting the zoom level the user can
autonomously decide on the level of detail of the current neighbourhood.

• An important part of the visualisation are the interactive possibilities the user
gets presented with. S/he can actively browse and navigate within the visu-
alisation, expand and collapse groups of nodes (i.e. clusters), or choose any
desired part of the graph to explore in detail. This interaction helps in un-
derstanding the structure and semantics of the graphical representation, thus
promoting cognitive processing tasks. It supports the discovery process and
facilitates goal oriented decision making processes, when specific knowledge
has to be obtained from the visualisation.

2.4 Summary

In this chapter we laid out the foundations of visual ontology alignment. The vi-
sion of the Semantic Web is to transform the loosely linked data repository, called
the World Wide Web, into a global knowledge base by introducing semantic mean-
ing to unstructured information. Ontologies are considered to be the back bone of
the emerging Semantic Web phenomena. Their role is to archive a complete and
consistent representation of a specific knowledge domain that can be queried and
extended. The lack of an omnipotent universe ontology enforces us to deal with the
alignment of competing ontologies to facilitate interaction of different applications.

The methodology of ontology mapping introduces knowledge sharing and reuse to
the domain of ontology engineering by identifying the semantic differences between
two ontologies. The task of ontology mapping is difficult and needs human supervi-
sion to generate accurate results. Concepts from information visualisation (InfoVis)
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may provide leverage to the tedious process. However, the visualisation of a sin-
gle ontology significantly differs from the task of visualising ontology alignment
results. A promising graph rendering method to provide insight to both topics are
clustering small world graphs. We believe, that the combination of various infor-
mation visualisation techniques (e.g. linking and brushing, panning and zooming,
detailed and global view, . . . ) can boost the performance of the overall task of visual
ontology alignment.



C 3

Visual Ontology Alignment

Even though encouraging results have been obtained in the last decade in the field
of ontology integration, one major issue remains open: Accurate ontology mapping
can only be achieved under the supervision of a human authority. The semantic am-
biguity is too difficult for an automated process to resolve. Researchers are there-
fore putting more and more effort to assist human ontology engineers and provide
helpful tools and methodologies to alleviate the overall process.

Information visualisation (InfoVis) proves to be a promising asset for this task. In-
teractive visualisation techniques help to shift the user task from largely cognitive
into being more visual and physical, taking the work load off the human mind and
storing intermediate information into an external representation [Ng, 2000]. Pre-
requisite is a well-designed and presented graphical representation that promotes
information processing tasks and embeds the single steps within a uniform applica-
tion.

In this chapter we discuss the formal methodology of visual ontology alignment and
introduce AlViz [Lanzenberger and Sampson, 2006], a prototype application that
implements a work flow according to the process definition introduced by Sampson
[2007].

3.1 Task Description

The visual ontology alignment process consists of more than just a graphical repre-
sentation. It has to be embedded in a consistent work flow including ontology selec-
tion, automated mapping computation, evaluation and correction, and re-iteration.
The process of ontology alignment has been described by Ehrig and Sure [2004]
and has been extended for visual ontology alignment by Sampson [2007].

39
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We essentially agree with Sampson’s proposal for a unified visual ontology align-
ment process, however, we would like to stress some details on the actual implemen-
tation. The visualisation is supposed to be a wrapper encasing the whole alignment
process, thus providing a uniform front end to the alignment steps. The subtasks
of mapping, evaluation, and correction (which comprise an iteration) have to be
supervised by the user. This is done at best within and in accordance to the visuali-
sation of the ontologies that are annotated according to the currently valid mapping.
Before the first mapping the user is presented with a side-by-side view of the on-
tologies where s/he can mark obvious relationships to speed up the initial mapping
process. Subsequently, the evaluation of the automated mapping is verified using
the same visualisation, only augmented with the annotation of candidate mappings.
If some corrections are necessary, the user is encouraged to point at the according
node and adjust the relationship. After submitting the changes the next iteration can
commence.

Following this informal task description the centre of the visual ontology alignment
process is indeed the visualisation. But instead of placing it at the end of the process,
it needs to be tailored as the central hub for all subsequent alignment steps. The
subtasks are initiated from within the visualisation and return back to it after their
successful completion to trigger adjustments to the overall representation of the
ontologies and their alignments.

According to this specification we argue that the task of visual ontology alignment
aims at the exploitation of visualisation as a cognitive tool for ontology alignment
problem solving. In order to obtain satisfactory results the problem description has
to provide answers for a number of requirements:

• The goal is to provide the end user with a visual representation of proposed
alignments to enable understanding, agreement, and validation of the map-
pings.

• By providing a visually appealing and self-explanatory visualisation, the end
user does not need to be an ontology engineer to understand the complex
semantics of the ontology, but has to apprehend the meaning of the aligned
entities.

• Multiple views are obligatory to provide access to both global and detailed as-
pects of the aligned data. The combination of different types of graph layouts
— that is, displaying the ontology from different perspectives — facilitates
the user to comprehend and navigate large information space.

• Follow the Visual Information Seeking Mantra: “Overview first, zoom and
filter, then details-on-demand [Shneiderman, 1996].”

• Mappings between two ontology entities can bear different semantic similar-
ities. The visualisation needs to make the type of similarity explicit.
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• The tool needs to allow the user to validate candidate alignments, either by
accepting or rejecting the proposed correspondences; to correct invalid pro-
posed alignments; and to provide support of determining missing alignments.

• The design and implementation of the interactive tool needs to consider time
complexity of the layout algorithm to be low to maintain satisfactory user
interaction.

• The focal point of the navigation is concentrated on the entities involved in a
specific alignment mapping, not the entire information space. The tool needs
to provide a way to highlight the candidate entities and their embedding in
the local neighbourhood.

• Provide structural context of the candidate alignments, so the user can explore
the neighbourhood of the corresponding concepts.

• The layout of the visualisations needs to make efficient use of the available
screen estate. The visual scalability is important to display a large number of
concepts simultaneously, without presenting the user with a cluttered view.

After laying out the task requirements, in the following section we present the proto-
type version of our tool, AlViz, that aims to approach the problem of visual ontology
alignment.

3.2 AlViz

AlViz has been designed and developed at the Institute of Software Technology
and Interactive Systems at the Technical University of Vienna. It aims to facilitate
the task of ontology alignment by providing a methodology for visualisation and
verification of alignment results. AlViz is supposed to assist the user in the process
of ontology alignment, offering an easy-to-use interface and a set of functions to
speed up the task of finding accurate alignment mappings. With the juxtaposition of
automated alignment mappings and the semantic capabilities of a human ontology
engineer the performance and accuracy of the ontology alignment process can be
increased. This ambition is pursued by exploitation of information visualisation
techniques to present the user with a multi–view environment that enables visual
comprehension of ontologies and their mapping results.

AlViz is founded on three cornerstones, which shall be discussed in this chapter:
(1) Protégé (Section 3.2.1) is an ontology authoring tool, providing a framework
for ontology editing and analysis. Designing AlViz to be a Protégé plug-in allows
the exploitation of a well-defined and thoroughly tested application interface for
ontology manipulation. (2) The initial alignment mappings are provided by the
Framework for Ontology Alignment and Mapping (FOAM, Section 3.2.2), a tool for
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(semi-)automated ontology mapping. FOAM has been designed to derive complex
alignments based on similarity heuristics. (3) The ontology visualisation algorithm
is based on Stephen Ingram’s Small World Graph implementation (Section 3.2.3).
Being a cluster visualisation, the interactive graph allows intuitive navigation and
exploration of the graphical representation and allows the user to smoothly switch
the level of detail.

The combination of these three technologies is the starting point for the implemen-
tation of a powerful tool for visual ontology alignment that offers a consistent work
flow. AlViz assists the user during the complete process to efficiently and accurately
verify and correct ontology alignment mappings. The work flow includes the selec-
tion of appropriate ontologies, the loading of preliminary mapping results, visuali-
sation and exploration of ontology alignments, correction of misaligned mappings
and storage of the final alignments. We believe that the current prototype version of
AlViz significantly increases the speed and accuracy of ontology alignment. Future
implementations will further reduce the tedious work load and improve the overall
experience, leading to faster and more reliable results.

3.2.1 Protégé

Protégé1 is a free open source ontology editor and knowledge base framework,
which has been developed at the Stanford University and is supported by a large
community of independent developers. Protégé has been chosen for its wide ac-
ceptance in the Semantic Web community and for its sophisticated support for ma-
nipulating OWL documents. Its extensible architecture allows the implementation
of a wide range of add-ons and plug-ins. Being written in Java it runs on almost
any platform and provides a full–fledged and mature Application Program Interface
(API) for parsing, processing, and the visualisation of OWL documents.

The architecture of Protégé allows and invites the implementation of powerful ex-
tensions [Gennari et al., 2003] to the core application. There are few restrictions
on the size and impact of these extensions, varying from small add-ons to (almost)
stand–alone applications within a separate workspace — dubbed tab-widget.

AlViz has been developed as a tab-widget for Protégé, which brings the bene-
fit of having an independent application whilst enjoying all features of a well-
implemented API and the convenience of a consistent Graphical User Interface
(GUI). The methods for manipulating OWL data structures are inherited from the
Protégé API, whereas the visualisation and ontology alignment methods have been
implemented autonomously. In this way the core application can easily be trans-
ferred to a similar framework with minimal effort by adapting the methods for GUI
and OWL manipulation.

1http://protege.stanford.edu, (30.10.2009)

http://protege.stanford.edu
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3.2.2 FOAM

In Section 2.2.3.2 we defined ontology mapping as the task of identifying similar
semantic nodes in two ontologies. As we now approach tools for automated on-
tology alignment, we will need a formal — and therefore algorithmic expressible
— definition of similarity. In the scope of this work we will refer to similarity as
defined in Ehrig [2005]. Accordingly, the similarity function maps a pair of entities
to a real number between 0 and 1, expressing the similarity between them. A calcu-
lated value of 1 means that the compared entities are identical, whereas a similarity
of 0 implies that they are different and lack any common characteristics. This defi-
nition can be extended such that not only simple entities can be compared but also
sets of composed entities (e.g. sub-ontologies).

The Framework for Ontology Alignment and Mapping2 (FOAM) is a tool to fully or
semi-automatically align two or more OWL ontologies based on similarity heuris-
tics. It has been developed by Marc Ehrig and York Sure at the University of Karl-
sruhe. The goal of FOAM is to provide the user with a tool to return high quality
alignment results (with explanations) for two given ontologies. This goal is pursued
by six steps [Ehrig and Sure, 2005]:

1. Feature Engineering: As Ehrig [2005] states, “Entities are the same, if their
features are similar”, feature selection and composition are vital ingredients
for a successful mapping approach. Thus, the primary step Feature Engineer-
ing selects excerpts of the overall ontology definition to describe a specific
entity. This step is based on an educated guess about significant features (e.g.
labels, subsumption, restrictions) which are then used for the actual compar-
ison process.

2. Search Step Selection: In order to perform reasonably on large ontologies, it
may be inefficient to compare each entity from one ontology with each en-
tity of the other. Clever limitation of the comparing node-pairs can improve
performance and accuracy. The Search Step Selection aims to reduce unnec-
essary comparison of distinct nodes by choosing promising pairs of nodes to
be compared.

3. Similarity Assessment: This step indicates the actual similarity value for a
given pair of candidate entities. Notice that the value also indicates equal-
ity (i.e. a value of 1) and diversity (i.e. a value of 0).

4. Similarity Aggregation: Based on the feature selection for any given pair of
compared entities several similarity values are computed. These different
similarity assessments have to be aggregated into a single measure.

2http://www.aifb.uni-karlsruhe.de/WBS/meh/foam/, (30.10.2009)

http://www.aifb.uni-karlsruhe.de/WBS/meh/foam/
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5. Interpretation: The interpretation strategy uses individual or aggregated sim-
ilarity values to derive and propose an alignment. This is usually achieved
with thresholds or combination of structural and similarity criteria. This step
may also include user validation if a semi-automated approach is preferred.

6. Iteration: Identification of one entity pair influences the similarity of neigh-
bouring entities. Thus, the similarity is propagated through the ontologies,
forcing a re-calculation of neighbouring entity pairs. This step ends, when no
new alignments are proposed.

After a predefined number of iterations the process returns a representation of align-
ment results, indicating the mapping relations between two given ontologies. The
output of the results, however, is given as a long list of one-to-one accordances, rep-
resenting the unique identification of the compared nodes and additional numeric
values of similarities. The type of relation and the location of the nodes within
the ontologies are not intuitively appreciated. The ontologies have to be physically
examined to put the alignment results in place and validate the findings.

3.2.3 Small World Graph Visualisation

The graph visualisation algorithm used in AlViz is based on an implementation of
Stephen Ingram [Ingram, 2005] incorporating the energy–based clustering LinLog
model of Noack [2005] and a series of interactive techniques for cluster graph visu-
alisation devised by van Ham and van Wijk [2004]. Ingram’s Java implementation
— dubbed Small World Graph Visualisation — exploits prefuse3 as visualisation
toolkit to develop an interactive graphical representation, and Colt4, a set of Open
Source Libraries for High Performance Scientific and Technical Computing.

We implement both of these algorithms using an efficient sparse matrix formulation.
In practice we use the sparse matrix facilities provided by Colt, a set of Open Source
Libraries for High Perfor- mance Scientific and Technical Computing in Java.

The Small World Graph Visualisation is a clustering algorithm, establishing rela-
tions between nearby nodes and visualising neighbourhoods of close entities. The
cluster visualisation helps a user to examine the structure of the ontology intuitively.
The level of detail can be adjusted by a zoom level slider on the right hand side of
the screen, thus enabling the user to explore the cluster hierarchy gradually.

Similarity is derived from the weights between two nodes. Edges between similar
nodes are shorter, placing the nodes closer to each other. The clustering algorithm
decides which nodes become merged into a single cluster. Navigation within the
graph is established by panning and zooming. The global view shows individual

3http://www.prefuse.org/, (30.10.2009)
4http://acs.lbl.gov/~hoschek/colt/, (30.10.2009)

http://www.prefuse.org/
http://acs.lbl.gov/~hoschek/colt/
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nodes that are placed within the graph according to their relations. Zooming out
leads to the merging of nearby nodes to a larger cluster. By seamless zooming and
panning every part of the graph can be examined in detail. The animated composi-
tion or decomposition of clusters conveys the graph structure to the user.

The algorithm takes a tuple of two nodes and an optional value of weighting as input
parameters. In the current implementation of AlViz, the inheritance relation is used
to render the graph layout: The nodes represent ontology classes and the vertices
represent the is-a relations. However, in future releases the user will be provided
with a selection of available (role-)relation of the ontology to chose from.

The weighting of the links has a significant impact on the graph layout as it is used
to compute the distance between two nodes (i.e. the edge), thus inducing a level
of neighbourhood. Adjacent nodes with a higher weighting value are placed closer
to each other than nodes with a smaller value. Therefore the weighting primarily
determines whether two nodes are part of the same cluster.

In the current setup the graph nodes are visualised based on the is-a relation of the
ontology, ignoring transitive relations. Thus only nodes that are a direct subclass
of their predecessors are taken into account. Such relations are treated equally, rep-
resented with the same weighting factor. However, the configuration can easily be
adjusted to represent transitive relations by applying different weightings depending
on the is-a–distance between two nodes.

3.2.4 Putting it all together

Protégé is the underlying framework, providing the methods for ontology manipu-
lation on the data layer. FOAM is used to deliver preliminary mapping results for
the initial alignment. Finally, the clustering algorithms used for the visualisation
are Small-World Graphs.

Putting it all together, the work flow starts with an automated mapping algorithm
applied on the given ontologies. The results are loaded into the AlViz plug-in to
prepare a first draft of intended mappings. These preliminary mapping results are
incorporated and visualised. The user is then presented with a coloured and linked
graph where the colours represent semantic proximity between the linked entities
of the given ontologies. The classes found to have correspondences are marked and
linked with their counterpart in the opposed ontology. Finally, the eligible classes
can be examined in detail by exploring their properties and neighbourhood based
on their ontology definition. AlViz incorporates multiple techniques to deliver and
present complete information in such a way that a human ontology engineer can
finalise the alignment process with minimal effort.

The core feature of AlViz is the excessive use of information visualisation tech-
niques, presenting the user with various options and possibilities to explore and
analyse both ontologies and the relationships between them. The use of multi-
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ple views showing different interpretations of the same information augments the
understanding of the structure and supports consistent navigation within the ontolo-
gies.

Figure 3.1: The initial startup screen of AlViz showing an overview of the applica-
tion.

The main screen of AlViz is divided in two identical parts placed on top of each
other (Figure 3.1). The first ontology is placed in the upper half of the screen,
while the second resides in the lower half. Each ontology has a separate view plane
consisting of two graphical interpretations.
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The presented view of an ontology5 consists of three separate visualisation tech-
niques. First, the graph visualisation is computed based on the is-a relation of the
ontology classes. Every class is treated as a node, whereas an is-a relation between
two classes represents an edge. Based on the edge count, the distance between two
nodes is determined, placing entities sharing many edges closer to each other. The
graph constitutes a cluster visualisation. By zooming out — in manually shifting
the slider on the right hand side of the graph — groups of nodes collapse, emerging
into a single but larger node. Pulling the slider in the opposite direction increases
the detail level again, making the clusters to fall apart and reveal the individual
nodes.

The second technique handles the automated alignment results provided by an exter-
nal mapping tool — In this early stage of development only one mapping algorithm
(i.e. FOAM) is available. Future implementations will be equipped with a selection
menu for the user to choose from a list of different ontology mapping tools. The
classes identified to have relations to classes in the opposing ontology are colourised
according to their particular semantic relation. Each relation category is associated
with a specific colour, for a user to easily perceive the semantics of the alignments.
The colourisation is placed on top of the cluster visualisation, representing a merged
screen of detailed and alignment view, showing both the source ontologies and the
alignments that hold between them. In conjunction with the nested cluster visual-
isation the clusters change colours to show the predominant alignment types in a
branch of the ontology at different zoom levels.

Finally, for the third technique both ontologies are linked with a view of the J-Tree
class browser visualisation, showing the taxonomy of the appropriate ontology. The
presented view (Figure 3.1) enables the user to explore each ontology by multiple
means and in great detail. Due to the clustering algorithm users can pan and zoom
into every area of the graph, enabling them to select a region of interest and explore
the graph in detail. The graph and the J-Tree representations are internally linked,
such that changing the focus in one visualisation induces a change in focus in the
other. That is, by moving the mouse to a specific node in the graph and pressing
the mouse button the node is marked as selected. This selection is linked back to
the J-Tree where the corresponding node is highlighted and selected as well. In
case of a (partly) collapsed J-Tree, the thread leading to the appropriate node is
opened automatically, rendering the class visible. This technique is called linking
and brushing and works in both ways: It can be initialised from either the J-Tree or
the small world graph. Figure 3.2 shows an example of this technique.

These visualisation techniques are used for both ontologies. So each half of the
screen is treated equally and is provided with the same methods for analysing, ex-
ploring, and examining the according ontology. But the ontology panels are not

5 The visualisation techniques used for both ontologies are identical and differ only on the spe-
cific calculations based on the underlying ontology. The technical details on the user interface and
visualisation methods are valid for both instances.
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Figure 3.2: The nodes annotated with a black shadow are identified to be similar in
both ontologies. Linking and brushing connects the appropriate nodes
in all four ontology representations and highlights their location.

entirely independent. One vital methodology has been implemented for the visual
comparison of the observed ontologies. Linking and brushing is propagated through
both ontologies. That is, selecting a class in either J-Tree or small world visuali-
sation in one ontology highlights the associated class in the opposed ontology, if
a semantic relation has been specified that holds between them. In the case that a
node is selected that fails to have a corresponding entity, any previous established
selection in the opposed ontology gets revoked, dissolving the highlighting.

The main features of AlViz are indisputably the various visualisation techniques
that allow users to quickly gain an overview of the ontologies at hand and visually
explore the mappings between them. However, for a satisfying user experience the
work flow has to be optimised and convenient methods implemented to handle the
loading and storage of ontologies and their corresponding alignment results. These
improvements will be a main concern in future versions. The current prototype acts
as a proof of concept for visual ontology alignment.
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The following sections describe the technical details and implementation issues that
occurred during the development.

3.3 Technical Design

The technical development of AlViz is still a work in progress. The version de-
scribed in this thesis is an early prototype that is already mature enough to prove its
usability and its suitability to assist a human user in the difficult task of ontology
alignment.

AlViz has been developed with a modularised approach in mind. The technical
implementation resembles the work flow of the overall task. Every step of the
work flow has been implemented in a separate Java class to allow for independent
development of different parts in the application, and to enable the replacement of
individual steps. The application — and therefore the work flow — is divided into
five major steps:

Initial Alignment Mapping. AlViz is dependent on external tools to provide
alignment mappings. For a smooth and fast delivery we suggest the use of
(semi-)automatic ontology mapping algorithms such as FOAM.

Transformation of Alignment Results. External tools usually deliver their results
in their specific representation. This step coordinates the transformation of
those tool-dependent mappings into the general AlViz alignment format.

Loading and Parsing. The first task of the work flow involves the loading of the
ontologies and their corresponding alignment mappings. The parsing of those
external resources is explained in this section.

The visual representations of class browser and graph visualisation is the core
functionality of AlViz. The characteristics of both visualisation techniques
and their technical coupling is of eminent importance to the fundamental un-
derstanding of AlViz.

The AlViz Tab Widget. This section describes the global perspective: The main
classes and methods of the implementation, how they interoperate, and how
they compose the final application.

Every step has well-defined prerequisites and a specific outcome that is required for
the subsequent task. We shall discuss every step in detail.
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3.3.1 Initial Alignment Mapping

AlViz does not implement automated alignment methods. It depends on external
tools to provide the initial mappings. This design decision allows the usage of var-
ious and multiple alignment algorithms, and they can even be combined to deliver
more accurate results. As we have discussed in Section 2.2.6, there are no auto-
mated alignment tools that perform reasonable on arbitrary input data. There are,
however, various algorithms that perform well on specific ontologies or on specific
domains. The modularised structure of AlViz pays tribute to these findings and
allows the usage of various mapping tools to increase the quality of ontology align-
ment. It remains to be the decision of the ontology engineer to evaluate promising
ontology alignment tools to provide accurate initial mapping results.

However, the output listings generated by these tools can usually not be directly fed
into AlViz. It has to be transformed into an generalised alignment result format.
Unfortunately, the specific requirements of AlViz exceed the specifications of the
Ontology Alignment API introduced by Euzenat [2004] so that the current imple-
mentation requires mapping results to be encoded according to the AlViz mapping
format.

In this thesis we will concentrate on a set up in which FOAM has been used to
provide initial alignment mappings. FOAM has various parameters that can be set
using a separate file. In the basic setup five parameters are mandatory: The file
locations of the two ontologies, the file location of pre-known alignments, the spec-
ification of a scenario (whether the mapping process is intended for query rewriting,
ontology merging, data integration, reasoning, ontology evolution, or no predefined
scenario at all), and the file location for alignments that get cut off during the map-
ping process. Additional, but optional parameters, include the maximum number of
iterations, the use of a specific decision strategy, the cut-off value, whether to ask
the user for input on doubtful findings (semi-automatic approach), the file location
to store the results, and whether multiple alignments for each entity are allowed or
removed.

In the default configuration of FOAM the algorithm yields a binary result for any
two nodes it compares, identifying identical or distinct classes. However, the un-
derlying mapping process does distinguish various level of similarities so that in
“collaboration with the developer of Foam we found correspondences between our
categories and 23 rules in the alignment algorithm.” [Sampson, 2007] The outcome
of this collaboration is a specific configuration in which the FOAM algorithm de-
livers a complete list of 23 assets, each describing a specific similarity class and
the value at which the relation between the two nodes adhere to this characterisa-
tion. A complete listing of identified similarity classes can be found in Table A-1
in the appendix. This is necessary because AlViz handles various similarity classes
that are visualised accordingly. For a domain expert or ontology engineer with the
task of aligning two different ontologies, it is essential to distinguish between close
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similarities and obvious disparities. AlViz renders such properties with different
colourisation, allowing the end user to confirm or reject the mappings.

3.3.2 Transformation of Alignment Results

The default output format of FOAM representing the mapping results yields in its
basic form a list of semicolon–separated Universal Resource Identifiers (URI), in-
dicating, that the two nodes are identical. Depending on the chosen algorithm op-
tions, a variety of additional fields are computed, representing for example, the type
of alignment similarity, a confidence factor, or the correctness of the match. All of
these additional values are appended to the initial tuple of URIs and separated by
semicolons. In the specific configuration that feeds the visualisation algorithm of
AlViz, the final alignment results are delivered in a flat file. Unfortunately, such
a representation tends to be cluttered and confusing, which makes them difficult
to comprehend without some introduction or documentation. A short extract of an
example output file has been provided in Listing 3.1, showing the results of the
alignment mapping between the ontology animalA and the ontology animalB.

Listing 3.1: FOAM output file
h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA . owl#

TwoLeggedPerson ; n u l l ; h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s /

a n i m a l s / an imalsB . owl# Hermaphrod i t e ; n u l l ; 0 .10083160083160081 ; −0 .3 ; −1 .0 ; −1 .0 ;
−1 .0 ; −0 .3 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ;
0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ;
0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ;
−1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ;
−1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
1 . 0 ; 0

h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA . owl#
TwoLeggedPerson ; n u l l ; h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s /

a n i m a l s / an imalsB . owl# Animal ; Animal ; 0 .10083160083160081 ; −0 .1 ; −1 .0 ; −1 .0 ; −1 .0 ;
−0 .3 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; 0 . 0 ;

0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ;
−0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 1 . 0 ; 0

h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA . owl#
TwoLeggedPerson ; n u l l ; h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s /

a n i m a l s / an imalsB . owl#Woman ; n u l l ; 0 .10083160083160081 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ;
−0 .3 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; 0 . 0 ;
0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ;
−0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 1 . 0 ; 0

h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA . owl#
TwoLeggedPerson ; n u l l ; h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s /

a n i m a l s / an imalsB . owl#Man ; n u l l ; 0 .10083160083160081 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ;
−0 .3 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; 0 . 0 ;
0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; 0 . 0 ;
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−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ;
−0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 1 . 0 ; 0
�

AlViz is unable to use the default output format of FOAM directly. Rather, the
alignment mapping has to be transformed into a well-defined XML format that
can be interpreted by the AlViz parser. We have documented the specification of
the XML format in both XML Schema6 (XSD) and Document Type Definition7

(DTD). The specifications are listed in the Appendix (Listing A-1 and A-2).

The mapping results have to be dissected and each identified item specifically anno-
tated. This transformation has been implemented by Jennifer Sampson with an Ex-
tensible Stylesheet Language Transformations8(XSLT) processor to transform the
initial flat file format into a well-formed XML Document that is validated against
the AlViz mapping format specification.

Listing 3.2: AlViz input file
<?xml v e r s i o n = " 1 . 0 " e n c o d i n g ="UTF−8"?>

<AlViz >

<Nodes>

<Node u r i =" h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA .
owl# TwoLeggedPerson ">

< E n t i t y l a b e l =" n u l l " t y p e ="" / >

<CNode u r i =" h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s /

an imalsB . owl # Hermaphrod i t e ">

< E n t i t y l a b e l =" n u l l " t y p e ="" / >

< S i m i l a r i t y I n f o C o r r e c t v a l u e =" −1.0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ;
0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ;
−1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 1 . 0 ;
0">

<C o n f i d e n c e v a l u e ="0 .10083160083160081" / >

</ S i m i l a r i t y I n f o >

</CNode>

</Node>

<Node u r i =" h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s / animalsA .
owl# TwoLeggedPerson ">

< E n t i t y l a b e l =" n u l l " t y p e ="" / >

<CNode u r i =" h t t p : / / www. a t l . lmco . com / p r o j e c t s / o n t o l o g y / o n t o l o g i e s / a n i m a l s /

an imalsB . owl # Animal ">

< E n t i t y l a b e l =" Animal " t y p e ="" / >

< S i m i l a r i t y I n f o C o r r e c t v a l u e =" −1.0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ;
0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ; −1 .0 ; 0 . 0 ; −1 .0 ;
−1 .0 ; 0 . 0 ; 0 . 0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −0 .3 ; −1 .0 ; −0 .3 ;
−1 .0 ; −1 .0 ; −0 .3 ; −0 .3 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; −1 .0 ; 1 . 0 ;
0">

<C o n f i d e n c e v a l u e ="0 .10083160083160081" / >

</ S i m i l a r i t y I n f o >

6http://www.w3.org/TR/xmlschema-0/, (30.10.2009)
7http://www.w3.org/TR/REC-xml/#dt-doctype, (30.10.2009)
8http://www.w3.org/TR/xslt, (30.10.2009)

http://www.w3.org/TR/xmlschema-0/
http://www.w3.org/TR/REC-xml/#dt-doctype
http://www.w3.org/TR/xslt
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</CNode>

</Node>

</ Nodes>

</ AlViz >
�
After the transformation into the XML format (Listing 3.2) a human user can easily
perceive its semantics. It may still be overloaded and difficult to capture all indi-
vidual entries, but for a quick look or verification of single results it is more than
sufficient. But the XML format brings advantages for automated parsing as well.
The hierarchical structure allows the parser to navigate within the document, select-
ing and extracting only relevant parts. Future extension of the format can be written
in such a way that parsers, relying on the old format, do not fail to identify the data
that it is still able to process.

The preparation of the alignment mappings is currently an external task. Obviously,
it is necessary to embed such a vital process into the core application as soon as
possible. However, the functionality will remain the same: (1) Configuration of the
mapping algorithm, (2) initiate the mapping process, (3) retrieve the results and (4)
transform them into the appropriate XML format. These steps will be included in
future versions of AlViz.

3.3.3 Loading and Parsing

Three components have to be loaded to initialise the alignment framework. First,
the two ontologies to be aligned are loaded either from a prepared Protégé project or
by manual selection. Being a Protégé plug-in AlViz uses Protégé built-in methods
and data structures to load, store and represent ontologies. Thus, the first ontology
can be extracted and loaded from any Protégé project. The second ontology has to
be imported from a valid OWL file.

The third component to be loaded is a list of preliminary alignment results, used for
an initial alignment visualisation. Unfortunately, Protégé does not provide develop-
ers with an standardised method to retrieve and store alignment results. Neverthe-
less, it is possible to store these results within the Protégé project file, which shall
be implemented in a future version of AlViz. Currently, the alignment results have
to be loaded and stored manually from a separate XML file.

During the parsing process of the alignment results, the semantic relations are iden-
tified and preserved for subsequent exploitation. For the final visualisation these
relations will be used to mark corresponding nodes. Each relation is associated
with a specific colour, thus graph nodes that hold a specific relation are coloured
accordingly.

FOAM actually identifies 23 different semantic relations, which are encoded in the
alignment results file. Whereas all of these relations are valid and useful, some of
them imply similar semantic findings. Moreover, presenting the user with a clut-
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tered graph containing multiple similar colours may lead to distraction and even ag-
gravate perception and cognition of the information visualisation. Treisman [1985]
explains in her theory of preattentive processing that specific visual features do not
necessarily require to be processed by the complete visual and cerebral system but
can be rapidly and accurately be identified by our low–level visual system.

Preattentive processing of visual information is performed automati-
cally on the entire visual field detecting basic features of objects in the
display. Such basic features include colors, closure, line ends, contrast,
tilt, curvature and size. These simple features are extracted from the
visual display in the preattentive system and later joined in the focused
attention system into coherent objects. Preattentive processing is done
quickly, effortlessly and in parallel without any attention being focused
on the display. [Treisman, 1985]

Of course, this short cut has its limits. If there are more than seven colours used for a
visualisation, the preattentive processing will not be applied by our brain. Instead,
sequential scanning would be required for a successful perception, resulting in a
much longer process.

Therefore, to limit the amount of colour codes some of the available semantic rela-
tions are subsumed and represented by the same colour. The implemented compi-
lation of semantic relation and the corresponding colour code is listed in Table 3.1.
The full list and the corresponding colour code can be examined in Table A-1 from
the appendix.

semantic relation colour
equal red
syntactically equal orange
similar green
broader blue
narrower magenta
different yellow

Table 3.1: Colour code

The XML encoded alignment results are taken by the AlViz parser and validated
against the AlViz XSD. For reading and validating XML structures, the SAX
parser9 has been utilised. If a well-formed and successfully validated XML struc-
ture is identified, a nested Hashtable data structure is constructed, representing the

9http://www.saxproject.org/, (30.10.2009)

http://www.saxproject.org/
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alignment results. The generated data structure resembles a look-up table to facil-
itate mapping between linked nodes. This feature is excessively exploited in the
interactive visualisation for linking and brushing.

The FOAM algorithm tries to find all relations that hold between two entities. If a
comparison of two nodes yields the result that they are equal then they subsequently
tend to be syntactically equal and similar as well. AlViz is only interested in the
strongest semantic relation (i.e. in this case equal). However, the alignment result
format allows the specification of more than one semantic relation to be specified for
any two nodes. These features are also represented in the Hashtable, but, for easier
access, the strongest similarity relation has been extracted and stored separately.
The ranking of strong relations can be seen in Table 3.1, reading from top to bottom.

All subsequent computation of the ontologies is based on the Hashtable data struc-
ture. The input files are closed and remain untouched.

3.3.4 The Visual Representations

The global view of AlViz consists of four individual visualisations, two for each
ontology. The view pane is thus divided twice, showing two representations of the
first ontology in the upper half of the screen and two for the second ontology below.
The technical implementation is based on a nested GridLayout architecture, where
each ontology is referenced by a JPanel to adjust the visualisations independently.
Both JPanels are then integrated within an additional GridLayout constituting the
global view.

For the remainder of this thesis we will refer to the upper half of the screen as first
ontology panel and the lower half as second ontology panel. Each ontology panel
consists of a J-Tree representation and a small world representation of the ontology.
The ontology panels are identical with the exception that their visual representations
are each based on the respective ontology.

The J-Tree representation is an inherent functionality of Protégé and needed only
few modifications to suit our needs. In order to enable linking and brushing a new
Java class has been implemented that extends the Protégé class accordingly. The
added functionality includes the tracking of selected entities, the highlighting of
appropriate nodes, and the methods for collapsing/expanding a sub tree if the se-
lected node is currently collapsed.

Severe modification had to be implemented to Ingram’s source code to accommo-
date the design of AlViz: The algorithm places the graph randomly on the screen,
presenting the user with different topologies of the same ontology every time it is
loaded. The AlViz implementation has been modified in order to disable the ran-
dom initial placement of nodes. This adaptation has been introduced to present the
user with a consistent view of an ontology. For a complete alignment process it may
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be necessary to run multiple sessions, for why the user must be supported to easily
recognise already known ontologies and continue the work where s/he left.

Furthermore, the original code does not support independent colourisation of single
nodes or clusters. This extension had to be implemented in order to emphasise sim-
ilarity results obtained by the automated ontology mapping. The colour of a single
node is determined by the initial mapping file according the mapping in Listing A-
1. The strongest relation determines the specific colour of a node. Beyond that, if
adjacent nodes get visually merged into a cluster when zooming out, the colour of
the appearing cluster node is determined by majority vote. If more than 50 percent
of the nodes share a common colour, this colour is propagated and used for the
emerging cluster node. This behaviour may change in future versions. An alterna-
tive implementation where the colour of the strongest relationship is chosen for the
emerging cluster has been discussed, but temporary suspended until an according
user study has been conducted.

Again, additional methods have been implemented to enable linking and brushing.
The user interacts with the visualisation using the mouse pointer as a focal tool.
In a lower zoom level the focal tool acts as a geometric fish eye distortion within
the operating diameter of the virtual fish eye lens. The focused clusters collapse
and reveal the single nodes that constitute the specific cluster. Ingram’s version
draws concentric circles around the operating diameter of the lens and unfolds the
identifier of the focused node in a tool tip. The user actively moves the focus tool
and gets immediate response of its sphere of action. The indication of the focus
diameter is thus redundant and has been removed. Similarly, identification of the
focused node is only relevant when the node is selected. Using the linking and
brushing technique, the according node is selected in the adjacent J-Tree where the
node name is displayed prominently. The tool tip is therefore unnecessary and has
been secluded.

Some modifications were necessary to enforce the use of specific parameters that
are optional in the original implementation. Ingram provides us with two clustering
techniques. The first one to be Average Link, where two neighbouring clusters are
merged if their average shared edge length is the smallest. The second implemen-
tation of a clustering algorithm by Newman [2004] was specifically designed to de-
tect communities in small world graphs. With the current implementation of AlViz
the Average Link algorithm is preferred because the clustering algorithm pays trib-
ute to the geometrical properties of the graph, allowing neighbouring clusters of a
community to emerge simultaneously. Moreover, the algorithm generates an even-
distributed topology, expanding the graph in all directions equally. The Newman
algorithm, on the other side, tends to stretch out the node distribution along the
horizontal axis, aligning the clusters equally on the available screen estate. For
small ontologies this method actually minimises cluster accumulation. We believe
that this property may even hinder the interactive visualisation because the user is
presented with an almost static graph. Thus, in the current implementation the op-
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tion to invoke the Newman algorithm has been removed. However, following the
design principles of AlViz, we intend to include various different graph rendering
algorithms in future versions. The user will then be able to choose a visualisation
method that suits best to the given ontologies.

The Small World Graph visualisation provides three different visualisation meth-
ods for edge rendering: line edges, tube edges, or no edges at all. For AlViz this
selection has been withdrawn, enforcing the rendering of simple line edges to ex-
plicitly indicate the relations among the nodes. No edges would refute these rela-
tions, whereas the drawing of thick tube edges would cause distraction to the clus-
ter topology, drawing too much attention off the clusters. However, the evaluation
study conducted by Huber [2009] revealed that users noticed that the edge thickness
does not reveal any relevance in the relation between two nodes. This indicates that
it may be necessary to adjust the edge thickness according to the distance.

Figure 3.3: The small world graph representation used in AlViz showing the cluster
visualisation of an ontology.

Finally, some visual properties (e.g. slider controls and quality settings) have been
adjusted to better fit the conceptional layout of AlViz. The finalized version of the
small world graph can be observed in Figure 3.3. For a comparison to the original
layout please refer to Figure 2.3 on page 35.
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The rendering of the small world graph is implemented using the prefuse visuali-
sation toolkit, a Java library that supports a rich set of features for data modelling,
visualisation, and interaction. The technical implementation has been adopted from
Ingram’s version. The corresponding Java library got incorporated into the AlViz
package and is distributed with the plug-in. The rendering of the class browser is a
built-in method of Protégé and did not needed to be modified.

3.3.5 The AlViz Tab Widget

As has been stated earlier, the AlViz application is embedded into the Protégé
framework as a tab widget. This plug-in method allows the application to be reason-
able independent but to exploit vital functions of the powerful Protégé API. In order
to enable this functionality, the AlViz main class has to extend the AbstractTabWid-
get class provided by Protégé and implement an appropriate initialize() method,
where the main panel and its layout is specified. The logic to fill and maintain the
content of the tab widget is defined in the SmallWorldParent method. This is the
place where the file dialogue gets initiated, the ontology panels are constructed, and
the overall layout of the application is determined.

A single ontology panel is described in the SmallWorldFrame class. It is composed
from the extended class browser AlVizClsesPanel object, which constitutes the ex-
tended class browser class for the J-Tree, and the FoamData object, which puts
together the ontology structure and the alignment results provided by FOAM.

The FoamData class is actually just a meta container providing methods for ad-
dressing and retrieving ontology data. The parsing of XML encoded alignment re-
sults is performed in the FoamReader class. It implements the control structures for
reading and analysing XML data provided by the SAX parser and compiles a data
structure representing the mapping results. This data structure is then combined
with the data resembling the corresponding ontology. The information concerning
the ontology configuration is retrieved using Protégé methods for accessing OWL
based knowledge bases. The consolidation of mappings and ontology entities is re-
alised within the AlVizReader class. This process identifies the similarity rules and
categorises them according to the specifications from Listing A-1.

This final step concludes the generation of the Hashtable that represents the on-
tology. This data structure is vital to the utilisation and performance of AlViz, as
all ontology and graph operation methods are propagated and interpreted solely
through the manipulation of the Hashtable.
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3.4 Summary

In this chapter we described the novel approach of visual ontology alignment
[Lanzenberger and Sampson, 2006] and presented a prototype application that in-
corporates the findings. AlViz embeds the requirements of visual ontology align-
ment [Sampson, 2007] into an uniform application that aims to guides the user
through the complete work flow and assists by providing an easy-to-use interface.
The tool is implemented as multi–view plug-in for Protégé using J-Trees and small
world graphs. A total number of four visualisations are provided to allow the user
to freely explore the ontologies in detail. The user is provided with various visuali-
sation techniques to interact with the representations: magnifying, change of focus,
colourisation, panning and zooming, and linking and brushing.

In this early version of AlViz the focus of research was to confirm the requirements
of visual ontology alignment and to evaluate an application design based on these
principles. We recognize that the tool is still missing some vital features and en-
hancements to fully integrate the necessary work flow. However, the current version
supports our argument, that visual ontology alignment is a promising conceptual
approach to master the difficult task of ontology alignment.



C 4

Evaluation and Outlook

In this chapter we describe all necessary steps to complete a validation process
of externally prepared alignment mappings. By means of a use case scenario we
illustrate the visualisation capabilities of AlViz. We deem this approach as a perfect
fit to introduce all core features of AlViz to point out and explain the benefits of a
multi-view visualisation environment.

The Section 4.3 provides an analysis of the results of the survey. They are recapped,
assessed, and compared to the initial requirements of the task of visually aligning
ontologies. We evaluate in which respects AlViz meets the proposed requirements,
and where it surpasses our initial goals.

In the final section we address those aspects where further development is necessary.
We compile a comprehensive expose of important enhancements to fully address the
given problem description of visual ontology alignment, and propose improvements
to fulfil the requirements of usability and performance.

4.1 A Use Case

The most efficient way for the assessment of viability or even usefulness of a given
tool is usually also the easiest: To use it. We therefore deem an illustrated use
case scenario of a common validation work flow most appropriate to introduce the
capabilities of AlViz.

This survey is conducted under the premise that the initial alignment mappings have
been prepared by external means. In our case, the mapping tool FOAM has been
used to provide the necessary mapping results. Also, the FOAM specific output file
has been transformed into the XML based AlViz alignment format.

60
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Figure 4.1: Activating the AlViz tab widget in the Protégé configuration menu.

First of all, the AlViz tab widget has to be activated to be used within Protégé. This
can be done from the Project/Configure dialogue (Figure 4.1).

Right after the initialisation of AlViz two separate file dialogues pop up consecu-
tively. The first one (Figure 4.2) asks for the location of the mapping results pro-
vided by the preceding FOAM mapping algorithm, whereas the second dialogue
specifies the location of the second ontology.

After the selection of the corresponding files the application needs a few seconds
to commence the visualisation. During this short start up period the ontologies
are loaded, analysed, and consolidated with the mapping results. The progress of
the final rendering is indicated with a vertical status bar on the far right side of the
screen. When the blue bar reaches the top of the window the rendering is considered
complete.
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Figure 4.2: File dialogue for the location of external alignment results.

The start up screen of AlViz (Figure 4.3) displays four ontology representation —
two for each ontology. The J-Trees on the left hand side are collapsed, whereas the
small world graphs are initialised at an intermediate zoom level, giving an estimate
overview of the topology of the visualised ontologies. The screen shot shows in-
dividually sized cluster nodes, all sharing the same green colour. According to the
similarity class matrix (Listing A-1) they indicate that the majority of the nodes,
emerging into the larger cluster, share a profound similarity to entities in the op-
posed ontology.

By using the mouse pointer as focal tool, the inherent configuration of the clus-
ters can be examined without adjusting the overall zoom level. Figure 4.4 shows
the effect of hovering the mouse pointer over the cluster in the lower right corner
of the visualisation. The cluster vanishes and reveals the comprising nodes. This
technique resembles an intensification of zoom level, bounded to the local neigh-
bourhood in a predefined diameter of the mouse pointer.

The local examination also exposes some orange coloured nodes in the vicinity of
the focused cluster. They indicate syntactically equal entities in the opposed ontol-
ogy. Withdrawing the mouse pointer makes the nodes collapse again, re-merging
the nodes into subsumed cluster.

To permanently expand the cluster configuration the zoom level can be adjusted
to increase the granularity. This can be achieved by pulling the slider on the right
hand side to the lowest setting. Figure 4.5 shows the graph in the highest zoom
level. This view reveals an increased number of orange nodes that indicate a strong
similarity between entities of both ontology.

The strength of AlViz lies in the combination of all four visual representations.
Using the mouse pointer to select an individual node in the graph visualisation lays
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Figure 4.3: The startup screen of AlViz.

a black shading around the specified node. Simultaneously, the adjacent J-Tree
gets expanded, unveiling the corresponding entity within the class browser, and
highlighting the selected class. The name of the selected class and the configuration
of its neighbourhood is disclosed in the class browser.

The final step of the implemented linking and brushing method unites both ontology
panels. If the selected node is found to have a similar node in the opposed ontol-
ogy the individual visual representations are linked together. In this use case (Fig-
ure 4.6) the selected node in the first ontology is labelled Multidimensional_object.
The according node in the second ontology with the closest semantic meaning is
Multidimensional_number, which has been selected and highlighted in both class
browser and small world graph of the second ontology panel. Notice, that the class
browser of the second ontology has been expanded to unveil the location of the
appropriate class name.
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Figure 4.4: Temporary dissection of cluster nodes using the focal tool.

Figure 4.5: A fully expanded cluster graph.

In order to conduct the validation of the proposed ontology alignment mappings
with confidence, the user has to be presented with complete information about the
properties of the eligible nodes. For this cause, the icons in the upper part of the
class browser frame are intended. Hovering above the icons reveals their meaning.
The first icon (View Class) opens a new window that shows the Protégé class editor



CHAPTER 4. EVALUATION AND OUTLOOK 65

Figure 4.6: Illustration of linking and brushing in AlViz.

(Figure 4.7) of the indicated node. The class editor shows the specific configuration
of a single ontology class. All properties, relations, conditions, restrictions, and
annotations can be examined and modified in this view.

The second icon in the class browser heading (View References To Class) reveals
the relations and role restrictions of the class node. It shows whether the examined
entity has sub and super classes, the inherited properties, restrictions on the slot and
facet properties, and whether direct instances are allowed.

The final two icons control the creation and deletion of single ontology classes.
Activating the Create Class icon introduces a new ontology class as child node of
the selected class. Delete Class does the opposite: Removing the selected class and
the complete sub tree emerging from that node.

This concludes the survey on a use case using AlViz to validate ontology alignment
results. Notice, that the work flow resembles vital parts from the task description
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Figure 4.7: The Protégé class editor.

outlined in Section 3.1, thus qualifying as a proposal for the problem domain. In the
following section we shall discuss the findings and evaluate the usability of AlViz
as a visual ontology alignment tool.

4.2 Semantic Implications

The cluster method is laid out straight forward: When zooming out of the graph
nearby nodes get merged and form a larger sphere. However, these emerging cluster
nodes do not correspond to any specific entity in the ontology structure. Intuitively
they seem to resemble a parent concept of the merged nodes, but if we recall the
graph algorithm, every class of the ontology is rendered as single node in the visu-
alisation. So are the parent nodes that are equally distributed and rendered as single
nodes at the highest granularity.
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This draws us to the conclusion, that the hierarchical structure of the ontology is
not appropriately represented in the graph layout.

According to the small world algorithm, all nodes are placed on a plane, where the
distance between the nodes is determined by the weight derived from the is-a rela-
tion of the ontology taxonomy. Therefore, classes are placed in the neighbourhood
of their parents. As a consequence, during the cluster calculation, concepts and
their sub-concepts are likely to be merged. The thus emerging node, however, does
not represent either of them.

So, what are the semantic implications of a cluster node? In the case that a cluster
node comprises a complete sub-tree — that is, a single concept and all subsumed
subclasses of this concept — we can argue that the cluster node represents the gen-
eralised parent class. However, the clustering algorithm does not enforce the clus-
tering of complete ontology sub-trees. We therefore have no knowledge about the
semantic correspondence of a merged cluster node.

Actually, we believe this uncertainty to be a major asset for the task of analysing
ontology alignments. We argued in Section 2.2.6 that the verification of alignment
results can only be sophisticatedly achieved by human supervision. Only the human
mind is capable of bridging the semantic gap that arouses when we try to map real
world objects to formal data structures. Also, from Section 2.3 we know that an
enormous quantity of information can be rapidly interpreted by the human visual
system, and that it can discern patterns that are exceedingly difficult for machines
to perceive — patterns that lie hidden in the visual representation of a graph layout.

We therefore argue, that the semantic implications of the clustered nodes can be
identified by the user, even though we are still unable to identify their meaning. This
visualisation method may promote insight by revealing inherent structural anoma-
lies that remain hidden in an hierarchical correct representation. Of course, it would
be feasible and easily implementable to enforce the clustering of siblings to emerge
into generalised parent clusters. However, we like to stimulate the user to think
outside the square.

4.3 Conceptual Evaluation

In Section 3.1 we defined the task description of visual ontology alignment and
documented a number of requirements that have to be fulfilled in order to obtain
satisfactory result. We will now revise the work flow of AlViz in order to validate
its usefulness according the laid out requirements.

An independent evaluation can be conducted within a controlled user experiment.
Since visualisation aims to enhance visual cognition in the human mind by de-
veloping insights from collected data for decision making support, the only valid
evaluation technique is to involve a human. However, as cognition and insight can
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not be measured decisively, we have to introduce performance as task indicator.
The actual realisation of such a study exceeds the scope of this thesis, but we can
outline the regulations and requirements of execution.

Our proposed evaluation design can be divided into three major validation cate-
gories: Validation of alignment proposal, usability, and technical performance. We
shall describe each category in detail in the following sections.

4.3.1 Validation of Alignment Proposals

The hypotheses on the topic of validation and correction of alignment proposals
have already been defined in the user study conducted by Sampson. The detailed
description of the premisses and execution of the experiment can be found in [Samp-
son, 2007]. Sampson proposed two hypotheses to be evaluated:

H1 AlViz users perform better at the task of finding alignments missed by the au-
tomated tool, compared to those users without AlViz.

H2 AlViz users perform better at the task of accepting or rejecting questionable
alignments, compared to those users without AlViz.

The test set up comprised two different ways to examine the alignments. First, by
using AlViz to evaluate the validity and completeness of the ontology alignment
results; and second, by using only Protégé with a list of concept definitions. In both
cases, the participants were provided with a list of candidate alignments, compiled
by an automated mapping tool. Various conditions have been counter-balanced to
improve the internal validity of the obtained findings.

The results of this experiment showed a promising conclusion. “A number of the
participants noticed that it was significantly easier to discover new alignments when
using AlViz”, which confirmed hypothesis H1. Even though no significant results
have been obtained to accept hypothesis H2, an analysis of each questionable align-
ment indicated, that AlViz users at least were able to correctly reject candidate
alignments more often than Protégé users.

This first user study of a very early AlViz version shows that users appreciate the
concept and design of the tool and benefit from the provided features to increase the
performance of ontology alignment. We will therefore continue where Sampson left
off and describe a follow up survey to evaluate the performance of AlViz.

One major problem that occurred during the first experiment was the initial phrasing
of the second hypothesis. The quantitative analysis of the results revealed a seman-
tic disparity of the expected and obtained findings. The question whether to accept
or reject questionable alignments can only be adequately answered, if we a priori
know the correct mapping. However, this decision is not easily made. We argue in
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Section 2.2.6 that mismatches on the human level are likely to occur due to different
interpretations of the real world. Accordingly, the alignment of ontologies falls for
the same principles and introduces similar conclusions. The correctness of align-
ments are based on the subjective view of the users and can not be verified without
bias by a formal and objective process. Thus, the alignments could only be vali-
dated in accordance with individual or cooperative agreement. We agree with the
proponent that the use of golden standard ontologies does not reflect the intended
purpose of ontology alignment tools, but we argue that they may be necessary to
assure an independent and impartial experiment set up.

4.3.2 Usability

The target audience of AlViz is not necessarily the group of ontology experts. We
would enjoy to lower the scientific requirements for users of ontology alignment
tools and provide means to enable end users of knowledge engineering and semantic
web developers the benefits of ontology integration. For this cause, the emphasis
on usability is one of our major development concerns.

We have identified three requirements that deal with the user experience of visual
ontology alignment tools and that should be tested in the evaluation process. The
according test hypotheses can be phrased as follows:

H3 AlViz users perform better at comprehending the ontology structure to locate
and identify previously specified alignments, compared to those users without
AlViz.

H4 AlViz users perform better at distinguishing between different types of similar-
ity, compared to those users without AlViz.

H5 AlViz users perform better at exploring and analysing the structural neighbour-
hood of specific concepts, than those users without AlViz.

The test set up for H3 would imply the preparation of two ontologies and a list
of aligned entities that are correctly marked as equal in both instances. The user
is given the task of identifying the entities and describe their location in both on-
tologies. A successful completion of this task may indicate that the combination of
visualisation techniques support untrained users to comprehend the ontology struc-
ture and the representation of semantic equality between the ontology proves to be
self-explanatory

The participant is equipped with a list of alignment candidates and needs to express
the type of similarity of the given concepts. This constitutes the premise of H4. The
performance of the user inquiry indicates the ability of AlViz to render different
types of similarity explicit.
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In the configuration of H5 the adequacy of AlViz to reveal the structural neighbour-
hood of an examined node is tested. The user is supplied with a list of concepts and
has to give answer to questions about the neighbourhood of these classes. Such
questions include, e.g. the name of super class and all sub classes; the similarity
type of the super class of the aligned entity in the opposed ontology; whether the
sub classes of the aligned entity in the second ontology are completely aligned, and
if not, is there a missed alignment in the neighbourhood of the current entity that
resembles a similarity? A good performance in this task confirms the capabilities
of AlViz to efficiently visualise the neighbourhoods of aligned entities.

A satisfactory overall performance on these experiments indicates convincing de-
sign decisions in the development of AlViz to support the user with an adequate
usability.

4.3.3 Technical Performance

From the requirements of visual ontology alignment tools we are able to identify
two major technical performance indicators that need to be addressed in the de-
sign of AlViz. AlViz aims to provide support for the visualisation and alignment
of large real world ontologies. Thus, the visual scalability is a major concern. The
increase of information entropy arises from two facts: First, we are dealing with
two ontologies. Compared with general ontology visualisation techniques, we al-
ready doubled the information load by introducing a second ontology. Second, the
information about proposed alignments between these two ontologies needs to be
visualised explicitly. Moreover, with every additional node the data complexity
increases significantly, because the interrelations of the new nodes add vital infor-
mation about the introduced relations to the ontology structures.

We argue, that the graphical representation with the layout of a clustered small
world graph provides reasonable methods to allow an appropriate rendering of a
large number of nodes. The interactive fish-eye lens technique that allows clusters
to fold and unfold within the diameter of the focal tool, reveals only those char-
acteristics of the graph that are currently observed, leaving the remaining layout
untouched. We believe that this approach — in combination with the overall ad-
justable zoom level — avoids cluttered views.

However, this technical aspect of space constraints of visualisation patterns is pri-
marily related to the visual representation of a single ontology. The comparison of
ontology visualisation methods is not in the scope of this evaluation.

The evaluation of visual scalability of ontology alignment visualisation is yet an
unexplored research field. The interpretation of the suitability of a specific layout
representation is subject to the users observation and expectation in the interaction
with the user interface. We therefore recommend a qualitative analysis on this sub-
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ject in order to obtain a representative number of user statements to document their
experiences with the visualisation technique.

The second technical performance indicator has been identified to be run-time com-
plexity. The interactive approach requires intermediate response on arbitrary user
input. The implementation of the validation process in AlViz reveals structural
information in the interactive exploration process attended by the dynamic draw-
ing of graph visualisations. A static display of the visual representations does not
suffice to appropriately discern the ontology mapping information. It is therefore
inevitable to keep the algorithm complexity on a reasonable level. The graph visu-
alisation algorithm used in AlViz is based on the implementation by Ingram [2005],
which actively reduces the computational complexity by taking invisible nodes out
of the calculation. In a clustered rendering only O(log(N)) nodes are visible, thus
efficiently reducing the computational overhead.

Obviously, this performance gain has to be put into perspective by the simultane-
ous display of four distinct visual representations in the overall view of AlViz. Of
course, the two small world visualisations contribute significantly to a decrease in
performance, whereas the rendering work load of the two J-Trees may be neglected.

It is difficult to design an evaluation experiment for this performance indicator. A
technical comparison proves to be infeasible as there are no comparative visual
ontology alignment tools. For the same reason, a qualitative study, is not likely to
produce significant results, because we are not comparing tool performance but user
experience of the interactive visualisation. We are therefore left with a qualitative
user study to derive conclusion.

The configuration of the qualitative study would imply an extended use case sce-
nario where the participants have to excessively use the available information visu-
alisation methods to conclude the prepared questionnaire. However, the users have
to be made aware that the start up time of the initial rendering of the visualisations
has to be evaluated separately. In the aftermath of the experiment the participants
need to be interviewed about their experience with the usability and responsiveness
of the tool.

We argue, that the results of these experiments will greatly enhance the understand-
ing of user interaction with AlViz and lead to appropriate development decisions to
further increase the user experience.

4.4 Future Development

We are fully aware that the current prototype version of AlViz is less than complete.
However, even in this early development stage the application proves to perform
better at validating ontology alignment results than comparative tools [Sampson,
2007]. This indicates that the conceptual design and implementation are suitable to
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exceed current approaches in ontology alignment by providing a visual representa-
tion of proposed alignments to enable understanding, agreement, and validation of
the mappings.

We will indicate methods and changes to AlViz that should be implemented in
future versions with an indented paragraph, marked with a vertical rule at the be-
ginning.

First of all, the work flow is not complete. Following the task description in Sec-
tion 3.1, the application has to be centred within the overall task. The tool needs
to be the central hub of all activities and provide a congruent user interface to all
sub tasks. In the current version the alignment results are assembled by an external
mapping tool and subsequently supplied to be analysed by AlViz. This step happens
before the application is initialised.

In future versions the mapping process is triggered from within the appli-
cation. The actual mapping results are still provided by external tools, but
the user is presented with a configuration window to specify the necessary
parameters. The initialisation and the workings of the mapping tool remain
hidden.

This specific enhancement has been discussed and implemented by Gradwohl
[2009].

The preparation of alignment results also happens only once at the beginning of
the work flow. For the remainder of the validation process the user is left with a
static view of aligned ontologies. This obstacle significantly reduces the interactive
possibilities and hinders re-evaluation of confirmed findings. The user should be
enabled to validate proposed alignments, confirm or reject appropriate mappings,
and re-initialise the automated mapping process to double check the validation.

In future versions of AlViz the user is able to initialise a re-calculation of
automated alignment results on demand.

The embedding of automated mapping algorithms and the user initiated re-
calculation of these mappings has been implemented by Gradwohl [2009].

In order to complete the validation process the user needs to explicate his/her find-
ings. Currently the user has to keep track of validation results by external means;
that is, manage the list of correctly aligned concepts separately and manually re-
integrate these corrections into the mapping result file. This parallel task tends to
be tedious and error prone, although it can easily be integrated to be supported by
an automated process.
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In future versions AlViz supports the process of tracking validation results
and re-integrates them into the automated alignment listing. The user either
confirms or rejects a proposed alignment. Additionally, an alternative simi-
larity relation can be assigned. AlViz manages the collection of confirmed,
rejected, or corrected alignments internally. The graph visualisations are
subsequently updated on the basis of the corrected listing to provide an up-
to-date representation of ontology alignment results.

After the development of these enhancements the work flow can be completed by
permanently storing the obtained alignment results. However, this particular mod-
ification needs some consideration. In order to retain independence of the appli-
cation framework (i.e. Protégé in the current version) the decision to maintain an
independent file to store the configuration of AlViz has been confirmed. At the
time, the discussion about the contents and format of the file storage is not con-
cluded yet. The debate at hand includes such topics as whether to keep one large
file or multiple independent files; whether to store the initial alignment data and
successively achieved results separately or to keep only the last accurate alignment
mapping; how to encode various properties of the selected layout; and how to repre-
sent necessary interrelations to the environment provided by Protégé. Nevertheless,
it is indisputable that the specification and release of an appropriate save file to store
the progress of the validation progress has to be implemented.

In future versions of AlViz the validation process is traced and permanently
stored within a separate project file – or a defined set of various project files.
The progress of a single validation session is preserved entirely to enable
the user to restore an unfinished process and to continue with the operation
at the point where s/he left.

Automated mapping algorithms usually work with thresholds to decide whether an
examined pair of nodes are considered to be similar or not. These thresholds are
defined either by the developers of the tool or can be adjusted by a parameter spec-
ified by the end user. In both cases they are globally defined and bear a significant
chance to miss some vital similarities. For that matter, FOAM implemented an ad-
ditional threshold to indicate results that indicate questionable alignments. That is,
if the mapping algorithm computes a similarity value that lies between these two
thresholds (i.e. below the first but above the second) these nodes are added to the
collection of questionable alignments. In a nutshell: The algorithm is unable to
autonomously decide whether the compared nodes are similar or not, and asks the
user for confirmation. The FOAM algorithm stores these alignments in a separate
file, which is ignored in the current version of AlViz.
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In future versions the user is provided with questionable alignment proposed
by the automated mapping algorithm. The mappings are explicitly visu-
alised and need to be confirmed or rejected by the user.

At the highest zoom level of the small world graph the node decomposition is not
complete, still showing composed clusters. We believe that the transition of gran-
ularity level should be adjusted to reveal every single concept node at the highest
zoom level. This shortcoming omits the display of a detailed view, which is neces-
sary to explore the neighbourhood of an examined class.

In future versions of AlViz the small world graph shows the complete de-
composition of ontology structure. When pulling the zoom level slider to
the lowest position (i.e. displaying the highest amplification) the cluster
visualisation decomposes all merged nodes to reveal disjunct concepts.

The complete decomposition of the ontology nodes has been implemented by Huber
[2009].

In the current stage of development AlViz proves to be useful for identifying and
validating ontology alignment results. However, to provide a tool to actively support
the task of visual ontology alignment some vital features and performance issues
have to be addressed. The collection of enhancements and future improvements
listed in this section are a first step in the completion of this task. Huber [2009]
conducts a user evaluation where parts of the enlisted enhancements have already
been implemented. AlViz is still a work in progress but the user response seems
promising. The evaluation also reveals new insights about usability and possible
improvements, which will be considered in future versions. We are confident to
develop a soon to be released version that incorporates the proposed additions and
deliver an application to fulfil the user’s expectations.

4.5 Summary

In this chapter we presented a work flow scenario for visual ontology alignment
conducted with our tool AlViz. It has been shown that the validation of ontology
alignment proposals can be confirmed with the use of the current prototype version.
However, to incorporate the task of visual ontology alignment — whereof validation
of alignment results is a substantial subtask — further development is necessary.

We outlined a detailed evaluation strategy in order to evaluate the usefulness of
AlViz according three major task requirements: Validation of alignment proposals,
usability, and technical performance. The evaluation of the first requirement has
already been analysed in a survey conducted by Sampson [2007]. The remaining
two requirements are still open for evaluation.
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Finally, we outlined the ongoing development process and identified crucial im-
provements to provide the user with a full fledged application to support visual
ontology alignment.



C 5

Conclusion

This thesis has been compiled to discuss the novel approach of ontology alignment
visualisation. In this final chapter we will summarise our implementation of a visual
ontology alignment validation and give an outlook of future plans, to develop a
visual ontology alignment methodology.

5.1 Summary

The problem of ontology alignment is omnipresent in the current state of Seman-
tic Web research. Many applications, automated agents, and human end users rely
on the mapping of different ontologies to enable interoperability and knowledge
exchange. Whereas automated alignment algorithms have been developed to pro-
vide promising results, a human ontology user will always be needed to bridge the
semantic gap; that is, supervise the process and correct the proposed results.

Our contribution to alleviate the validation of ontology alignment results is the spec-
ification of a uniform ontology alignment format, to enable interoperability between
ontology mapping algorithms and validation tools. We believe, that the use of a
well-formed XML format to annotate mapping results will provide the Semantic
Web community with appropriate means for archiving, distribution, comparison,
and modularisation of ontology alignments. The current de facto standard of align-
ment result format has been provided by [Euzenat, 2004]. We argue, that our pro-
posal exceeds the capabilities of the alignment API and facilitates a more granulated
specification of alignment results. We aim to incorporate our extensions in the stan-
dard alignment format and propagate its usage to promote a common specification
for ontology alignment results.

We use information visualisation techniques for the task of ontology alignment to
present a novel approach of visual ontology alignment. The basic idea is founded
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on the human visual capabilities to discern patterns in graphical representations that
act as an external artefact to promote cognitive processing tasks. Under this premise
we introduce a task description and outline requirements for visual ontology align-
ment. We argue that a uniform application framework is required to be the centre
of the visual ontology alignment process. The application needs to be tailored as
the central hub for all subsequent alignment steps, including the retrieval of prelimi-
nary mapping results, the visualisation of the compared ontologies, the presentation
of candidate mappings, the validation and correction of proposed alignments, and
the initialisation and integration of re-calculated mapping results. To complete the
work flow the application has to facilitate the permanent storage and distribution of
the final alignment process.

To put the methodology on trial we present our tool, AlViz, which has been de-
veloped with the aim to facilitate the task of ontology alignment by providing a
framework for visualisation and verification of ontology alignment results. AlViz
is designed as multi-view plug-in for Protégé using J-Trees and small world graphs.
A total number of four visualisations are provided to allow the user to freely ex-
plore the ontologies in detail. Much effort has been taken to incorporate a cluster
visualisation of the ontology hierarchy and annotate the graph with alignment re-
sults. Based on the similarity relation of compared nodes, the appropriate cluster
nodes are colourised. One of the main features of the visualisation proves to be the
linking and brushing technique. Selected nodes reveal their similarity relation by
highlighting the appropriate nodes in all four ontology representations.

The ultimate goal is to develop a tool to facilitate visual ontology alignment. In
the current version the work flow has not been completed yet. However, impor-
tant parts of the task requirements are implemented such that an important subtask
can be performed: the validation of ontology alignment results. We obtained en-
couraging results with this early prototype and continue to implement the outlined
development strategy.

We discuss a formal evaluation of the capabilities and the usability of AlViz. In con-
ducting the outlined experiment strategies we will be able to verify the implemented
methodology. Finally, we identify the shortcomings of the current prototype version
and discuss future improvements. Obviously, an important milestone is the work
flow extension to incorporate the task of visual ontology alignment. The detailed
enhancements include the initialisation of external mapping algorithms, interactive
correction of proposed alignments, and the storage of final alignment results. The
development progress is accompanied by continuous evaluation and user studies
[Huber, 2009; Gradwohl, 2009].

We are confident to provide a comprehensive framework for visualisation and ver-
ification of ontology alignment results that can reasonably be extended into a full
fledged visual ontology alignment framework.
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5.2 Closure

The need for a visual ontology alignment tool has been driven by the lack of human
readable and interpretable ontology mapping results. Whereby significant progress
has been made in the development of automated mapping algorithms, the interpre-
tation of the mapping results remain difficult to read for a human.

The decision to visualise the ontologies and overlay the mapping results in an ap-
pealing and informative way comes naturally. Unfortunately, this specific scenario
has not been approached and discussed yet in ontology literature. Accordingly, no
surveys about appropriate visualisation methodologies for the specific task of on-
tology alignment visualisation could have been consulted. Therefore the question
whether a specific visualisation method is suitable to capture and present the en-
coded information about relations between two ontologies had to be investigated
before we could commence the development of a visualisation tool.

The use of a clustering algorithm seemed feasible for a hierarchical data structure.
However, during this discussion it became obvious, that ontologies embody more
than the taxonomic is-a relation. Moreover, ontologies tend to have a large number
of relations that bear important semantic information about the domain of interest.
From a graph theoretic point of view, this property suddenly introduces a vast num-
ber of edges between a series of nodes, causing a significant decrease of the average
path length of the graph. This characteristics led us to focus on small world graphs.
Even though we decided to restrict the visualisation to capture only the inheritance
relation in a first prototype version, the chosen graph layout is powerful enough to
adapt to a large number of relations. In future versions of AlViz we will be able to
exploit the small world graph visualisation to render multiple relations.

To speed up the development process we decided to exploit and extend existing so-
lutions. The use of Protégé as a platform has been triggered by its unique status
among the Semantic Web and knowledge engineering communities. The open de-
sign and mature code base offered a perfect framework for the rapid development
of a prototype. Nevertheless, the combination of automated mapping algorithms
and visualisation methods introduced unforeseen problems during the integration
process. The unstructured representation of mapping results forced us to develop
a structured and well-defined specification. This decision proved to be essential in
the subsequent development process. The XML based format allowed us to quickly
locate and identify specific nodes and relations in the mapping file. In this way
we were able to verify the correct rendering of the visualisation and pinpoint bugs
efficiently.

The incorporation of the small world visualisation algorithm has to been seen as the
major asset of AlViz. I would like to thank Stephen Ingram for his excellent work
in the implementation of the algorithm, and for letting us use his code base. The
integration of the graph algorithm proved to be the easiest part of the visualisation
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development. As so often, the tricky parts are not immediately evident in the end
result but lay hidden in the background mechanism. The specification of a suitable
data structure, the colourisation of individual nodes and clusters, the decomposition
of the mapping results — just to name a few stumbling blocks that delayed the
development.

Albeit the obstacles we compiled a first prototype of AlViz that marks an essential
milestone for future development. The basic structure has been defined and imple-
mented to facilitate future enhancements to focus on specific topics. Modifications
of the underlying framework should not be necessary.

5.3 Future Work

The main concern of future development is, of course, the implementation of the
full work flow environment. Our goal is to broaden the capabilities of AlViz from a
validation tool for proposed mapping results to a full fledged visual ontology align-
ment tool. Thus, it is important to provide the user with an unified user interface
to embed all necessary subtasks. We outlined the according development issues in
Section 4.4.

After this crucial transformation step, many extensions are possible. For example,
the integration of different mapping tools. The user is provided with a selection
menu to choose a desired mapping algorithm. This may promote the alignment
quality by convenient adjustment of algorithm parameters and promote comparison
of competitive mapping results.

For the representation of ontology alignment results we developed a comprehensive
XML specification to facilitate interoperability between ontology mapping and on-
tology authoring tools. In our research we identified a conceptual similar proposal
for the layout of a alignment results format. However, the specification of Euzenat
[2004] did not meet the necessary requirements for the integration into AlViz. In
a consolidation process Gradwohl [2009] extends the format design of Euzenat to
appropriately reflect the degree of detail to express all alignment features contem-
plated by AlViz. We hope to contribute to a wider acceptance of the alignment
format to promote compatibility and interaction between ontology authoring tools.
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Listing A-1: AlViz XSD
<xsd : schema xmlns : xsd =" h t t p : / / www. w3 . org / 2 0 0 1 / XMLSchema">

<xsd : e l e m e n t name=" AlViz ">

<xsd : complexType mixed =" f a l s e ">

<xsd : a l l >

<xsd : e l e m e n t name=" Nodes " t y p e =" NodesType " minOccurs ="1" maxOccurs ="1" / >

</ xsd : a l l >

</ xsd : complexType >

</ xsd : e lement >

<xsd : complexType name=" NodesType">

<xsd : c h o i c e minOccurs ="1" maxOccurs =" unbounded ">

<xsd : e l e m e n t name="Node " t y p e ="NodeType " / >

</ xsd : cho i ce >

</ xsd : complexType >

<xsd : complexType name="NodeType">

<xsd : cho i ce >

<xsd : e l e m e n t name=" E n t i t y " t y p e =" E n t i t y T y p e " minOccurs ="1" maxOccurs ="1" / >

<xsd : e l e m e n t name="CNode" t y p e ="CNodeType " minOccurs ="0" maxOccurs =" unbounded " / >

</ xsd : cho i ce >

<xsd : a t t r i b u t e name=" u r i " t y p e =" xsd : anyURI " / >

</ xsd : complexType >

<xsd : complexType name="CNodeType">

<xsd : cho i ce >

<xsd : e l e m e n t name=" E n t i t y " t y p e =" E n t i t y T y p e " minOccurs ="1" maxOccurs ="1" / >

<xsd : e l e m e n t name=" S i m i l a r i t y " t y p e =" S i m i l a r i t y T y p e " minOccurs ="0" maxOccurs ="
unbounded " / >

<xsd : e l e m e n t name=" S i m i l a r i t y I n f o " t y p e =" S i m i l a r i t y I n f o T y p e " minOccurs ="1"
maxOccurs ="1" / >

</ xsd : cho i ce >

</ xsd : complexType >

<xsd : complexType name=" E n t i t y T y p e ">

<xsd : a t t r i b u t e name=" l a b e l " t y p e =" xsd : s t r i n g " / >

<!−− t y p e i s one o f
C c o n c e p t
P p r o p e r t y
I i n s t a n c e
D d a t a p r o p e r t y
O o b j e c t p r o p e r t y
−−>

<xsd : a t t r i b u t e name=" t y p e " t y p e =" xsd : s t r i n g " / >

</ xsd : complexType >

<xsd : complexType name=" S i m i l a r i t y I n f o T y p e ">

<xsd : a l l >

<xsd : e l e m e n t name=" C o n f i d e n c e ">

<xsd : a t t r i b u t e name=" v a l u e " t y p e =" f l o a t " / >

</ xsd : e lement >

<xsd : e l e m e n t name=" C o r r e c t ">
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<!−− t r u e / f a l s e o r 1 /0 −−>

<xsd : a t t r i b u t e name=" v a l u e " t y p e =" b o o l e a n " / >

</ xsd : e lement >

</ xsd : a l l >

</ xsd : complexType >

<xsd : complexType name=" S i m i l a r i t y T y p e ">

<!−− r u l e i s one o f
−1 n o t s i m i l a r

0 S y n t a c t i c s i m i l a r i t y
1 Equal URI
2 S i m i l a r S u p e r c l a s s
3 S i m i l a r S u b c l a s s
4 S i m i l a r C l a s s Data P r o p e r t i e s
5 S i m i l a r C l a s s O b j e c t P r o p e r t i e s From
6 S i m i l a r C l a s s O b j e c t P r o p e r t i e s To
7 Equal C l a s s Member I n d i v i d u a l s
8 Narrower Than
9 Broade r Than

10 S i m i l a r Data P r o p e r t y Domain
11 S i m i l a r Super Data P r o p e r t i e s
12 S i m i l a r Sub Data P r o p e r t i e s
13 S i m i l a r Data P r o p e r t y Members
14 S i m i l a r O b j e c t P r o p e r t y Domain
15 S i m i l a r O b j e c t P r o p e r t y Range
16 S i m i l a r O b j e c t P r o p e r t y Super
17 S i m i l a r O b j e c t P r o p e r t y Sub
18 S i m i l a r O b j e c t P r o p e r t y Members
19 S i m i l a r I n d i v i d u a l Member o f C l a s s
20 S i m i l a r I n d i v i d u a l Data P r o p e r t i e s
21 S i m i l a r I n d i v i d u a l O b j e c t P r o p e r t y Members From
22 S i m i l a r I n d i v i d u a l O b j e c t P r o p e r t y Members To
−−>

<xsd : a t t r i b u t e name=" r u l e " t y p e =" i n t e g e r " / >

<xsd : a t t r i b u t e name=" v a l u e " t y p e =" f l o a t " / >

</ xsd : complexType >

</ xsd : schema >
�
Listing A-2: AlViz DTD

<!DOCTYPE AlViz [
<!ELEMENT AlViz ( Nodes )>

<!ELEMENT Nodes ( Node+)>
<!ELEMENT Node ( E n t i t y , CNode+)>
<!ATTLIST Node u r i CDATA>

<!ATTLIST E n t i t y l a b e l CDATA>

<!ATTLIST CNode u r i CDATA>

<!ELEMENT CNode ( E n t i t y , S i m i l a r i t y ∗ )>

<!ATTLIST S i m i l a r i t y
r u l e ( − 1 | 0 | 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 1 0 | 1 1 | 1 2 | 1 3 | 1 4 | 1 5 | 1 6 | 1 7 | 1 8 | 1 9 | 2 0 | 2 1 | 2 2 )
v a l u e CDATA>

<!ELEMENT S i m i l a r i t y ( c o n f i d e n c e ? , c o r r e c t ? )>

<!ATTLIST c o n f i d e n c e v a l u e CDATA>

<!ATTLIST c o r r e c t v a l u e CDATA>

]>
�
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Table A-1: List of semantic relations

Category Colour Description

Equal red
Equal URI
Equal Class Member Individuals

Syntactically Equal Entities orange Syntactic similarity

Similar green

Similar Superclasses
Similar Subclasses
Similar Class Data Properties
Similar Class Object Properties From
Similar Class Object Properties To
Similar Data Property Domain
Similar Super Data Properties
Similar Sub Data Properties
Similar Data Property Members
Similar Object Property Domain
Similar Object Property Range
Similar Object Property Super
Similar Object Property Sub
Similar Object Property Members
Similar Individual Member of Class
Similar Individual Data Properties
Similar Individual Object Property Members From
Similar Individual Object Property Members To

Narrower than magenta Narrower Than
Broader than blue Broader Than
Not Found yellow Different
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Measuring the semantic web. In: AIS SIGSEMIS Bulletin 1 (2004), p. 6–10. –
URL http://rhizomik.net/~roberto/papers/rgrgmtsr2005.pdf

[Gonçalves et al. 2009] Ģ, Bernardo ; Z, Veruska ;
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