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Executive Summary

Ontologies have seen quite an enormous development and application in many domains
within the last years, especially in the context of the next web generation, the Semantic
Web. Besides the work of countless researchers across the world, industry starts develop-
ing ontologies to support their daily operative business. Currently, most ontologies exist
in pure form without any additional information, e.g. missing domain specific or applica-
tion related information, such as provided by Dublin Core for text documents, denoting
the difficulty for academia and industry to identify, find and apply — basically meaning
to reuse — ontologies effectively and efficiently. Our contribution consists of a proposal
for a metadata standard, so called Ontology Metadata Vocabulary (OMV ) and two com-
plementary reference implementations which show the benefit of such a standard in de-
centralized and centralized scenarios, i.e. the Oyster P2P system and the up-and-running
metadata portal Onthology (“anthology of ontologies™), which implements the proposed
OMV to support users in accessing and reusing of ontologies. Both applications were
presented in the previous version of this deliverable (D1.2.10) and therefore we present
here some key results derived from their evaluation. The sustainability of this work is
driven by reusing and exploiting the resulting applications and ontologies in other EU
projects (e.g. NeOn Project!). Furthermore, we describe how knowledge is exchanged
between these two applications in order to provide a comprehensive infrastructure to sup-
port the sharing and reuse of ontologies. The flow of knowledge relies on the definition
of quality measures for ontologies introduced on this deliverable.

You can only control what you can measure. Measuring ontologies is necessary to
evaluate ontologies both during engineering and application. Metrics allow the fast and
simple assessment of an ontology and also to track their subsequent evolution. In the
last few years, a growing number of ontology metrics and measures have been suggested
and defined. But many of them suffer from a recurring set of problems, most importantly
they do not take the semantics of the ontology language properly into account. The work
presented here is an initial approach to facilitate the creation of ontology metrics with the
clear goal to go beyond structural metrics to proper semantic-aware ontology metrics. We
have developed guidelines and a set of methodological tools based on the notions of “nor-
malization” and “‘stable metrics” for creating ontology metrics. These guidelines allow
the metric author to decide which properties metrics need to fulfil and to appropriately
design the desired metric. A discussion of an exemplary metric (taken from the literature)

'http://www.neon-project.org/
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illustrates and motivates the issues and suggested solutions. The normalization has been
prototypically implemented as part of the KAON2 OWL Tools (source code is available
at OntoWare.org). Parts of this work have been already accepted for publication at the
European Semantic Web Conference (ESWC2007).

KWEB/2007/D1.2.10/v2.0 June 30, 2007 il
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Chapter 1

Introduction

Ontologies are commonly used for a shared means of communication between computers
and between humans and computers. To reach this aim, ontologies should be represented,
described, exchanged, shared and accessed based on open standards such as the W3C
standardized web ontology language OWL. However, most ontologies today exist in a
pure form without any additional information about authorship, domain of interest and
other meta data about ontologies. Therefore, searching and identifying existing ontologies
which are potentially reusable because they e.g. are applied in similar domains, used
within similar applications or who have similar properties is a rather hard and tedious
task.

We argue that metadata in the sense of machine processable information for the Web!
helps to improve accessibility and reuse ontologies. Further, it can provide other useful
resource information to support maintenance. Thus, we claim that metadata not only
helps when applied (or, attached) to documents, but also to ontologies themselves.

As a consequence, ontologies which are annotated by metadata require an appropriate
technology infrastructure as well. This includes tools and metadata repositories which
comply to the ontology metadata standard and which provide the required functionalities
to support reuse of ontologies. Such tools and repositories typically should support the
engineering process, maintenance and distribution of ontologies.

Furthermore, a critical aspect to take into account when reusing ontologies is the
quality of the ontology. In general, ontologies with a certain degree of quality become
well known and accepted in the community and are commonly reused. Therefore, it will
largely benefit the reuse of ontologies if we have a measure over the quality of the ontolo-
gies.

Did you ever dare to raise the issue of ontology quality assurance? How did you
control the process of improvement? As in many other related fields, you can only control
what you can measure [DeM82]. Measuring ontologies is necessary to evaluate ontologies

"http://www.w3.org/Metadata/



1. INTRODUCTION

both during engineering and application and is a necessary precondition to perform quality
assurance and control the process of improvement. Metrics allow the fast and simple
assessment of an ontology and also to track their subsequent evolution. In the last years,
many ontology metrics and measures have been suggested and some initial work has
been done to study the nature of metrics and measures for ontologies in general. We are
extending this work.

There is a recurring set of problems with existing ontology metrics and measures,
whereby we focus on the W3C standardized ontology language OWL [SWMO04]. We
argue that most metrics are based on structural notions without taking into account the
semantics which leads to incomparable measurement results. First, most ontology metrics
are defined over the RDF graph that represents an OWL DL ontology and thus are basi-
cally graph metrics which take only structural notions into account. Second, a very small
number of metrics take the semantics of OWL DL into account (subsumption etc.). Third,
few metrics take the open world assumption into account. We believe that foundational
work addressing these issues will substantially facilitate the definition of proper ontology
metrics in the future.

In this work we will describe these issues in more detail, and suggest methods to
avoid them. These issues are not always problematic: we will also explore under which
circumstances they are problematic, and when they can be considered irrelevant. We
will outline the foundations for a novel set of metrics and measures, and discuss the
advantages and problems of the given solutions. Our approach is based on two notions,
first “normalization” of an ontology, and second “stable metric”.

Normalization consists of the five steps (i) name anonymous classes, (i1) name anony-
mous individuals, (iii) materialize the subsumption hierarchy and unify names, (iv) prop-
agate instances to deepest possible class or property within the hierarchy, and (v) nor-
malize property instances. We argue that such a normalization is useful as a kind of
pre-processing in order to apply known structural metrics in a semantics-aware way. For
instance, a known structural metric is the depth of of the class-hierarchy. However, the
current measures of ontology depth depend on a number of structural parameters such as
whether subsumption reasoning has been performed and whether the results have been
materialized before measurement. Performing the normalization steps before measuring
ensures that the value for the maximum depth of an ontology is comparable to the maxi-
mum depth of another ontology. The normalization has been implemented as part of the
KAON2 OWL Tools?.

Stable metrics are metrics that take the open world assumption properly into account,
that means that they are stable with regards to possible additions of further axioms to the
ontology. Stable metrics allow us to make statements about the behaviour of an ontol-
ogy in the context of a dynamic and changing world wide web, where ontologies may
frequently be merged together in order to answer questions over integrated knowledge.
We give an exemplary extension of the depth metric towards a stable metric in order to

2Source Code is available at http: //owltools.ontoware.org/
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demonstrate how a classic metric can be turned into a stable one.

In this work we assume the term ontology to include both axioms and facts (as well as
annotations and ontology properties, although those are not taken into regard for normal-
ization), i.e. the TBox and the ABox. Here, ontology does not mean only the axioms (as
it is assumed in many other works), but also a knowledge base. The set of axioms or the
knowledge base could be empty. Thus we follow the definition of ontology in the OWL
standard [SWMO04].

The deliverable is structured as follows. Chapter 2 presents the results from the work
presented in the previous version of this deliverable (D1.2.10). In section 2.1 we dis-
cuss the sustainability of the ontology metadata vocabulary proposed as a standard model
for describing ontologies. In section 2.2 we propose a topic hierarchy based on DMOZ
for classifying the ontology domain. In section 2.3 we discuss how the knowledge is ex-
changed between the two applications presented in the previous version of this deliverable
(D1.2.10) (i.e. Oyster and Onthology) and we highlight the necessity in this process of
quality measures for ontologies (described later in this deliverable). Finally, in section 2.4
we present the evaluation results of Oyster in the form of usage statistics and a brief dis-
cussion about future plans. In Chapter 3 we introduce the content evaluation work. In
section 3.1 we will examine existing metrics and measures, and thus survey related work.
section 3.2 contrasts the underlying notions of semantic metrics with structural metrics,
and discusses which scenario will require what kind of metric. Section 3.3 introduces the
notion of “normalization” of an ontology which forms the heart of our approach. In sec-
tion 3.4 we illustrate the practical application of normalization on examples. Section 3.5
addresses the issue of stable metrics with regards to the open world assumption. We
conclude in Chapter 4, where we also discuss future work.

KWEB/2007/D1.2.10/v2.0 June 30, 2007 3



Chapter 2

Ontology repositories

2.1 Ontology Metadata Vocabulary

The ontology metadata vocabulary (OMV!) introduced in [HPP05] is the proposal for
standard intended to capture reuse-relevant information about ontologies (i.e. ontol-
ogy metadata) in a machine-understandable form (see complete description at http:
//omv.ontoware.org/)

The benefits of using OMYV for describing ontologies were illustrated by the two com-
plementary applications Oyster and ONTHOLOGY introduced in [HPPO5]. Both appli-
cations rely on OMYV to annotate ontologies in order to provide an efficient solution for
accessing and reusing ontologies in decentralized and centralized scenarios (for more in-
formation see deliverable [HPPO5]).

2.1.1 Sustainability of OMV

OMYV has not only been successfully implemented by semantic web applications within
the Knowledge Web project as it is described in [HPPOS], but additionally, OMV also
has been reused within the NeOn EU Project’ as the standard to model the metadata
for networked ontologies (see deliverable [HRWT06]) hence it has been implemented by
several NeOn applications (e.g. KaonWeb 3, KaonP2P *, Oyster2 °).

As a consequence, OMV had to face new challenges that led to the development of
a second version which includes a refinement of the core, the use of naming conventions

The ontology is available for download in several ontology formats at http://ontoware.org/
projects/omv/

’http://www.neon-project.org/

Shttp://ontoware.org/projects/kaonweb

“http://ontoware.org/projects/kaonp2p

Shttp://ontoware.org/projects/oyster?
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and the definition of several extensions (the complete technical report can be downloaded
from http://omv.ontoware.org). In a nutshell, the Conceptualisation class was
taken out of the core into the new Conceptualisation extension in order to simplify the
OMV core and to extend the information related to the conceptual model of the ontology,
while the Implementation class was renamed to Ontology. Additionally, the following
extensions were developed or are under development:

e Peer extension which provides the metadata required to describe peers including
descriptive information about the peers themselves, their relationship with other
peers, as well as information about the resources they provide.

e Mapping extension that captures the metadata about ontology mappings (e.g. the
mapping method, the mapping creator, the mapped ontologies, etc.).

e Multilinguality extension is under development and it will capture the necessary
information to describe ontologies with labels in more than one language.

2.2 Ontology Domain Classification

One of the goals of OMYV is to provide all the necessary applicability information about
ontologies, including the nature of the content of the ontology, the domain topic of the
ontology and the natural language of the content of the ontology, i.e. English, German,
etc. Thus, applicability information enables users to build complex semantic queries for
searching ontologies based on the domain, type or language. Moreover, applicability
information can be exploited by other interesting tasks. For instance, ontologies could
be physically stored based on the type of the ontology in order to have related ontologies
together. As an other example, in a distributed environment, the domain of the ontology
could be used to enable intelligent query routing, so as queries including the ontology
domain will be propagated only to nodes that have ontologies about that the domain (see
section 2.4). However in order to rely on the domain of the ontology, we need to use an
appropriate topic hierarchy to express the ontology domain. Typically, the domain can
be expressed as classification against established topic hierarchies such as the general
purpose topic hierarchy DMOZ® or the domain specific topic hierarchy ACM for the
computer science domain. The idea is to recommend one classification scheme, but allow
relating to others as well.

In the rest of this chapter we elaborate on the proposal of a recommended topic hi-
erarchy for ontology domain classification. This hierarchy is based on the DMOZ topic
hierarchy, but refined to model better the domain of ontologies.

®http://dmoz.org

KWEB/2007/D1.2.10/v2.0 June 30, 2007 5



2. ONTOLOGY REPOSITORIES

Figure 2.1: DMOZ topic hierarchy

2.2.1 DMOZ overview

ODP was founded as Gnuhoo by Rich Skrenta and Bob Truel in 1998 and the Gnuhoo
directory went live on June 5, 1998. In October of 1998, it was acquired by Netscape
Communications Corporation and became the Open Directory Project. Netscape released
the ODP data under the Open Directory License. The Open Direct Project is also known as
DMOZ, an acronym for Directory Mozilla. This is the name reflects its loose association
with Netscape’s Mozilla project, an open source browser initiative.

The Open Directory Project is the largest, most comprehensive human-edited direc-
tory of the Web. It is constructed and maintained by a vast, global community of volunteer
editors. The Open Directory was founded in the spirit of the open source, and is the only
major directory that is 100% free to anyone who agrees to comply with their free use
license. There is not, nor will there ever be, a cost to submit a site to the directory, and/or
to use the directory’s data.

The ODP is a Web directory, not a search engine. It helps the web searching en-
gine to get useful information for internet citizen around the net. The ODP is simply a
data provider and is developed and managed by a constantly growing community of net-
citizens who are experts in their areas of interest. Given this vast community of subject
expertise and the global nature of the directory, there is always someone working on the
directory: processing submissions, resolving dead links, culling out the bad and keeping
only quality information, and discovering new topics to add.

2.2.2 DMOZ classification

DMOZ uses a hierarchical ontology scheme for organizing site listings (see figure 2.1).
Listings on a similar topic are grouped into categories, which can then include smaller
categories. This category was base on the popular category list existent at the web on the
beginning of DMOZ and it the same used by other project directory on the Web.

As the DMOZ hierarchy is constructed and maintained by a community of volunteer
editors, the list of items is very helpful to organize information (e.g. web sites, web
information, etc.).

However, usually in order to find an appropriate category, users may have to navigate
deep into DMOZ hierarchy which is divided into 0-9 levels. Similarly, it may happen that
a category may exists in many different places on the hierarchy creating some confusion
to the users. Furthermore, one of the main problems of DMOZ is the reliability of the
categorization. As we pointed earlier, DMOZ structure is human-edited where most of

6 June 30, 2007 KWEB/2007/D1.2.10/v2.0
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Figure 2.2: Oyster search result

the editors are volunteers for each specific area but they might not have knowledge about
organization and/or classification. Hence, it may cause several structural problems of the
directory.

2.2.3 DMOZ classification refinement

The initiative to modify/update the DMOZ classification started as the result of trying to
classify ontologies domain using the DMOZ topic hierarchy.

The analysis of DMOZ and the ontology domain showed many ambiguities when
assigning a topic. Moreover, some of the ontology domains didn’t match appropriately
with any item in the hierarchy.

So, our proposed refinement includes changes at the top level (i.e. add and rename
some categories at the top level) and also to relocate some subcategories currently under
the second, third, forth or fifth level into an upper level to help users to find faster and
efficiently an appropriate category for the ontology domain avoiding them to go deep
down into the hierarchy browsing the different levels and subcategories.

Analysis process

For the evaluation of the DMOZ topic hierarchy to classify ontologies domain we used
the Oyster P2P system (see section2.4). In the following we present the steps followed:

1. Start Oyster in local peer.

2. Search the available peers in the oyster network and retrieve all the available on-
tologies metadata provided by all of them. In particular, we analyze the ontology
metadata available at the well known provider UPM-Main peer (see figure 2.2).

3. Select one ontology metadata from the result list.

4. The ontology metadata is identified and then the ontology itself is retrieved using
the location URL.

5. Read and analyze information about the ontology and access (if available) the avail-
able web link of the ontology documentation to understand the content (see figure

2.3).

KWEB/2007/D1.2.10/v2.0 June 30, 2007 7



2. ONTOLOGY REPOSITORIES

10.

Figure 2.3: Ontology documentation sample

Figure 2.4: Proposed Top Level

Select the appropriate category on the list and drag it into the appropriate row at the
result list.

Save the ontology metadata on the Oyster local peer.
Repeat steps (2-6) for the rest of the ontology metadata available.

Export file from local peer with the ontology metadata classified in order to use the
information at the UPM-Main Peer.

If we do not find a reliable category for the ontology metadata we can not classify
it.

Proposed Hierarchy

Figure (2.4) shows the new appearance of the DMOZ front page after implementing the
suggested changes. For the proposed hierarchy we only focus on the first two levels in
order to allow a quick search of the target topic. Besides, in our experimental scenario,
Oyster only shows the first two levels of the category list.

In the following we present the description of the individual proposed changes to the
hierarchy including for each of them the current DMOZ location of the topic, the possible
subcategories, the justification of the change and additional references.

Biographic & Memories

e DMOZ location: This category is already on DMOZ. They are mentioned separately

as part of other items

e Possible Subcategories:

— Artists
— Educators

— Philosophers

June 30, 2007 KWEB/2007/D1.2.10/v2.0
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— Writers

e Justification: Under this category we can classify all domains related to Writers
and Literature. The analysis of the sample set of ontologies showed an important
percentage of ontologies referring to these domains.

e Reference:

— http://www.amazon.com/
— http://www.burkinaphonebook.com/en/

— http://www.burkinaphonebook.com/en/classification/

Business & Investing

e DMOZ location: The business category is already on DMOZ but the world category
is a subcategory of business.

e Possible Subcategories:

All Investing items

Management

Tax Planning

Personal Investment

e Justification: Generally, when thinking about business people think of investing.
Many of the ontologies analyzed included terms related to business and investing,
therefore these ontologies would be better classified under this category.

e Reference:

— http://www.dmoz.com/

- http://www.dmoz.com/Business/Investing/

Community

e DMOZ location: 1t is already at the fourth category of Society and is part of Reli-
gion and spiritually and is inside of Sport and Health category.

e Possible Subcategories:
— All community items

— Places of Worship

KWEB/2007/D1.2.10/v2.0 June 30, 2007 9



2. ONTOLOGY REPOSITORIES

— Libraries
— City Government

— Autonomous Community
e Justification: We suggest to move to the second level of Society.
® Reference:

— http://www.burkinaphonebook.com/en/

— http://www.burkinaphonebook.com/en/classification/

Health, Mind & Body

e DMOZ location: Currently the Health category already exists, the classification
mind and body are not present inside of this category but other possible subcate-
gories.

e Possible Subcategories:

Mental treatment

Medical Center

Hospital
Body Health

Body treatment

e Justification: All items related to health should be grouped together to help users in
the classification of ontologies related to this topic.

e Reference:

- http://dir.yahoo.com/Health/
- http://www.dmoz.com/Health/

Money & Finance

e DMOZ location: 1s part of third and fourth level of Regional and second level in
Business and Society.

e Possible Subcategories:
— Banks

— Accountants
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— Insurance
— Credits
— Taxes
— Debits
e Justification: This topic helps users to classify ontologies about finance and money

operations domain. We found many ontologies including terms about money and
finance.

e Reference:

— http://www.dmoz.com/

- http://www.amazondirectory.net/

Professional & Technical

e DMOZ location: This category is not present in DMOZ. It is only mentioned on
Shopping as fourth level and does not has any subcategory associated.

e Possible Subcategories:

— Acupuncture
— Architecture
— Computer Technician
— Dentistry

— Designer

— Electricity

— Engineering
— Finance

- Law

— Medicine

— Pharmacy

— Police Officer
— Modelling

— Mechanics

— Nurse

e Justification: We found many ontologies describing job occupations, so it was eas-
ier when classifying those ontologies if the occupations where all grouped together.

KWEB/2007/D1.2.10/v2.0 June 30, 2007 11
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e Reference:

— http://www.op.nysed.gov/proflist.htm
— http://www.dmoz.com/

Religion & Spirituality

e DMOZ location: This category is already on the second level of Society and the
third level of Science but could be at the first level due to its relevance, so we only
move it up.

e Possible Subcategories:

— Christianity
— Judaism

— New Age

— Pagan

Taoism

Islam

Confucianism

e Justification: Moving up this category in the hierarchy will help users classifying
ontologies about different beliefs.

e Reference:

— http://www.dmoz.com/

— http://dir.yahoo.com/Society_and_Culture/Religion_and.
Spirituality/Faiths_and Practices/

Travel & Transportation

e DMOZ location: This category is already at the second level of Recreation; Trans-
portation is on the third level. For travel activity you need a mean of transportation
we suggest to modify Travel by Travel & Transportation.

e Possible Subcategories:

— Travel Agents
— Taxis

— Hotels
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Resort

Tourism

Buses

Airport

Sea port

— All categories already in travel.

e Justification: Travel is present in many different places of the hierarchy, so the idea
is to group all the different subcategories in only one place to avoid confusion. Be-
sides we included transportation topic in this category because when you travel you
need a mean of transportation (which is also usually modelled in the ontologies).

e Reference:

— http://www.dmoz.com/Recreation/Travel/Transportation/
— http://www.dmoz.com/Recreation/Travel/

— http://www.burkinaphonebook.com/en/Travel—-and-Tourism/

2.3 Integration and Knowledge exchange between Oys-
ter and ONTHOLOGY

In [HPPOS5], we introduced the two complementary applications Oyster and ONTHOL-
OGY which implements the proposed OMYV in order to support users in accessing and
reusing ontologies in decentralized and centralized scenarios. The Oyster P2P system for
sharing ontology metadata in an early stage of ontology engineering. Well-accepted or
recommended ontologies within Oyster are shipped to the up-and-running metadata por-
tal ONTHOLOGY (anthology of ontologies). We argue that both applications are cover-
ing a variety of different tasks. For users who want to store metadata individually similar
to managing his personal favorite song list, a repository is required to which a user has
full access and can perform any operation (e.g. create, edit or delete metadata) without
any consequences to other users. For example, users from academia or industry might
use a personal repository for a task dependant investigation or ontology engineers, might
use it during their ontology development process to capture information about different
ontology versions. We argue that a decentralised system is the technique of choice, since
it allows the maximum of individuality while it still ensures exchange with other users.
Centralised systems allow reflecting long-term community processes in which some on-
tologies become well accepted for a domain or community and others become less im-
portant. Such well accepted ontologies and in particular their metadata need to be stored
in a central metadata portal which can be accessed easily by a large number of users.
The benefit of connecting both systems lies mainly in the simple use of existing ontology

KWEB/2007/D1.2.10/v2.0 June 30, 2007 13



2. ONTOLOGY REPOSITORIES

metadata information within Oyster. So, while users are applying or even developing their
own ontologies they can manage their own metadata along with other existing metadata
in one application (in Oyster). If some metadata entries from Oyster have reached a cer-
tain confidence, an import into ONTHOLOGY can be performed easily. In combination,
both systems ensure efficient and effective ontology metadata management for various use
cases. The ontologies that will be imported from Oyster to ONTHOLOGY are selected
based on recommendations and quality evaluation mechanisms (defined in chapter 3 of
this deliverable). As exchange mechanism we rely on the Open Archive initiative” which
has been successfully applied for a large number of digital libraries among the world. The
developed OMYV is used as exchange language.

In the next section we present the evaluation results and future plans of Oyster P2P
system. According to our information, there are currently no plans to extend ONTHOL-
OGY, which is why our evaluation focuses on Oyster.

2.4 Oyster

As it was presented in the previous version of this deliverable, Oyster is a java-based
Peer-to-Peer application that exploits semantic web techniques in order to provide an
innovative and useful solution for exchanging and reusing ontologies. In order to achieve
this purpose, Oyster provides facilities for managing, searching and sharing ontology
metadata in a P2P network, thereby implementing the OMV proposal for the standard set
of ontology metadata (for further information we refer the reader to http://oyster.
ontoware.org/)

2.4.1 Evaluation
Beta evaluation

Initially, Oyster system was tested by UPM with the collaboration of UKarl (approx 10
peers). As a result, we received the following feedback:

e Include the namespace of the ontology as a possible criteria for searching ontolo-
gies,

e Include a short usage guide of how to use templates.
e Use user friendly names in the user interface for the property names of the metadata,

e Include hints for the meaning of each property in the user interface,

Thttp://www.openarchives.org/
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e Include a link to a more detailed description of the meaning of the properties (e.g.
OMV properties) in the help menu,

e Minor fixes in the interface,

e Include a Macintosh version of Oyster (on progress)

Production evaluation

The previous comments were addressed and a new version of Oyster was released and
evaluated. In the rest of this section we present the process of evaluation for Oyster
system regarding usage statistics.

In order to compile usage information, Oyster requests the user permission when it is
installed for sending usage statistics (i.e. logs) to a central server. This information was
collected during a period time of 6 months, in randomly chosen days of the months. We
logged user behavior and actions in a time window of 15 minutes. During this time period
the peers issued 333 queries overall and received 29076 distinct results in terms of RDF
statements, which corresponds to about 3000 ontology metadata entries.

A total of 250 ontology metadata entries were shared, among 42 peers, with an average
of 6 ontologies per peer. However, the distribution had a high variance: While only three
peers shared 85% of the total content, a lot of peers provided only one or two entries or
were free-riding:

The analysis of the type of query the users sent revealed that around 50% of the queries
were using at least one of the two ontologies used in Oyster (i.e. OMYV and the topic
hierarchy). OMV properties (e.g. name, type) were used in more that the 27% of the
queries and in over 23% of the queries the users asked for topics of the DMOZ topic
hierarchy. Based on that analysis we could determine that the preferred properties for
searching ontologies by the users are the domain, the name and the ontology language.
The other 50% of the queries were general searches (i.e. get all the available ontologies).

Due to the limited size of the network and the lack of domain information on most of
the ontology metadata entries, the evaluation of the expertise based peer selection couldn’t
be shown. However, in simulation experiments with larger peer networks with thousands
of peers, it has been shown improvements in order of one magnitude in terms of recall
of resources and relevant peers[HSvHO04]. For evaluation of other Swapster based system
we refer the reader to [HBET04].

The latest release of Oyster has been downloaded 184 times (140 windows + 44
linux) from ontology engineering platform OntoWare®. It is in the list of top downloaded
projects of Ontoware (824 downloads, including all versions and releases).

8http://ontoware.org/
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Sustainability of Oyster

Oyster has been successfully accepted and used within the semantic web community.
It has been demonstrated by the number of downloads and feedback received that users
consider Oyster an interesting semantic web application. Additionally, Oyster was elected
one of the five best semantic web applications in the Semantic Web Challenge 2005 orga-
nized in conjunction with the forth International Semantic Web Conference.

As part of the sustainability plans for Oyster, it is being reused within the NeOn EU
Project’ as one of the components of the NeOn basic infrastructure. Consequently, Oyster
had to face many new challenges which led to the development of Oyster2!°. The new
version of Oyster includes several changes in the architecture (e.g. it uses an OWL in-
frastructure instead of RDF infrastructure). In addition of having a GUI to interact with
Oyster, Oyster2 includes a well defined API that makes it easy to integrate it and use it
within other applications. Currently we are working on the definition of a Web Service to
allow an easy loosely coupled integration of Oyster2 with other applications.

We expect to have a large dissemination of Oyster(2) as it will be delivered as one of
the components of the NeOn toolkit. Finally our future plans include providing support
for additional functionalities/tasks (e.g. support for change propagation between ontolo-
gies and related metadata, support of networked ontologies, support of trust information,
etc.)

http://www.neon-project.org/
Ohttp://ontoware.org/projects/oyster2/
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Chapter 3

Ontology evaluation

3.1 Current metrics and measures

In this deliverable we will concentrate on some foundational aspects that form the base
for automatically acquirable measures. Therefore we will not define a number of metrics
and measures, but rather take a step back and discuss conditions that measures have to
adhere to in order to be regarded as semantically aware ontology metrics. This also helps
to understand clearly what it means for a metric to remain on a a structural level.

Thus the scope of this work compares best to other metric frameworks, like the QOOD
(quality oriented ontology description) framework [GCCLO6b] and the O? and oQual
models [GCCLO06a]. The authors created semiotic models for ontology evaluation and
validation, and thus describe how measures should be built in order to actually assess
quality. They also describe the relation between the ontology description, the ontology
graph, and the conceptualization that is expressed within the graph, and they define mea-
sures for the structural, functional, and usability dimension. In [GCCLO5] they introduce
further measures that can be applied within that framework. We will take one of the
measures introduced in [GCCLO05] as an example in Chapter 3.4, and show some short-
comings of the actual descriptions of such a measure (not of the framework as a whole!).
We think that the work described here fits well into the QOOD framework by making the
assumptions underlying such measures explicit.

A framework for metrics in the wider area of ontology engineering is provided by
OntoMetric [LTGP04]. The authors name and sort a long list of metrics into several
different areas, like tools, languages, methodologies, costs, and content. They define
the relations between the different metrics, their attributes, and the quality attributes they
capture. Within the OntoMetric framework, the work presented in this deliverable is based
solely in the area of content metrics. It extends the discussions around content metrics,
and elaborates properties of such metrics in more detail. Whereas OntoMetric regards
all kind of metrics, we gear the results described here towards automatically measurable
metrics.
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OntoQA is a tool that implements a number of metrics [TAM™05], and thus it allows
for the automatic measurement of ontologies. They define metrics like richness, popu-
lation, or cohesion. Whereas all these metrics are interesting, they fail to define if they
are structurally or semantically defined — which is a common lapse. Most of the metrics
in OntoQA actually can be applied both before and after normalization (as described in
the following chapter). We suppose that comparing these two measures will yield further
interesting results.

Often metrics are defined solely using structure. An example is given by [AB06],
where the authors describe metrics for ranking ontologies, like the class match or the
density measure. Interestingly even the so called semantic similarity measure is not a
semantic measure in the sense described here, since they apply all these measures on the
graph that describes the ontology, not on the ontological model.

OntoClean [GWO02], currently the most well-known ontology evaluation approach, is
a philosophically inspired approach for the evaluation of formal properties of a taxon-
omy. Some tools offer support for the manual tagging with OntoClean properties (On-
toEdit [SAS03] and WebODE [ACFLGPO1]), a recent work deals with the automation
of OntoClean [VVSO05]. From a practical perspective OntoClean provides means to de-
rive measurable mismatches of a taxonomy with respect to an ideal structure which takes
into account the semantics of the “is-a” relationship. Such mismatches have a structural
nature, e.g. one is able to derive that a certain concept should not be the subconcept of
another concept. OntoClean provides an explanation of why mismatches occur which
subsequently might help to improve the taxonomical structure. For many people the
philosophical notions of OntoClean are the subject of long discussions, however, strictly
speaking, this is not part of the evaluation but of the ontology engineering because decid-
ing the proper nature of a class forces the ontology to commit itself to a more specified
meaning, which in turn allows for a more objective evaluation technique.

Measures applied to ontologies from the Semantic Web are usually still in a very sim-
ple state [Wan06] (unsurprising due to the overall bad quality of ontologies in the wild,
and the high costs on resources for providing reasoning on a big number of ontologies).
We think that the most prevalent hurdle towards applying more semantic measures on
ontologies on the web is an actual lack of some foundational work towards defining such
measures, and a subsequent lack of implementation. The work presented here is a step
towards such an implementation, that will allow to measure the web in several new di-
mensions.

3.2 Ontological metrics

As shown in the previous chapter, current metrics often measure structural properties of
the ontology. In the case of OWL DL, this often means that they measure the structure
of the RDF graph that describes the ontology with well-known graph measures. Another
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approach is to measure the explicitly stated facts and axioms. Within this deliverable, we
regard both approaches as structural. Structural metrics are often useful, and this work
does not suggest to replace them. It rather offers a way to extend the possibilities available
to the ontology engineer with truly ontological metrics.

We define ontological, or semantic, metrics to be those which do not measure the
structure of the ontology, but rather the models that are described by that structure. In a
naive way, we could state that we base our metrics not on the explicit statements, but on
every statement that is entailed by the ontology.

But measuring the entailments is much harder than measuring the structure, and we
definitively need a reasoner to do that. We also need to make a difference between a
statement X that is entailed by an ontology O to be true (O |= X), a statement that is
not entailed by an ontology (O K~ X), and a statement that is entailed not to be true
(O | —=X). To properly regard this difference leads us to so called stable metrics that can
deal with the open world assumption of OWL DL. We will return to them in Chapter 3.5.

Note that measuring the entailments is more an intuitive description of how to describe
ontological metrics than the actual approach. In many cases — for example for a measure
that simply counts the number of statements in an ontology — measuring all entailed state-
ments instead of measuring all explicit statements often leads to an infinite number of
statements. Just to give one example, the ontology 3R. T C (' also entails the statements
JRAR. T CE C,dR.3JR.4R.T C C, and so on, an endless chain of existentials. But only
terminating measures are of practical interest, and thus we need approaches that allow us
to capture ontological metrics in a terminating way.

In order to gain the advantage of the simple and cheap measurement of structural
features, we can transform the structure of the ontology. These transformation need to
preserve the semantics of the ontology, that is, they need to describe the same models. But
they also need to make certain semantic features of the ontology explicit in their structure
— thus we can take structural measures of the transformed ontology and interpret them
as ontological measures of the original ontology. We call this kind of transformations
normalization. The following chapter describes five steps of normalization.

We assume that these tools will help with the definition of ontological metrics, since
they will help a metric designer in being explicitly aware in her choices when creating
the metric. Furthermore they offer the ontology designer ready to use methods to easier
capture what she means to express with the designed metric. We will show this on an
exemplary metric in Chapter 3.4.

3.3 Normalization of an ontology

This Chapter describes several steps of normalization. Their goal is to explicate some
features of the semantics of an ontology within its structure, so that the structural metrics
actually capture the semantics they are supposed to capture.
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The following normalization steps are defined here:

1. name all relevant classes, so no anonymous complex class descriptions are left
2. name anonymous individuals

3. materialize the subsumption hierarchy and normalize names

4. instantiate the deepest possible class or property

5. normalize property instances

Notice that if we speak of names, we mean, in the context of OWL DL, the URI of
the class, property, or individual, not the human readable label.

3.3.1 First normalization

In the first normalization our aim is to get rid of anonymous complex class descriptions.
After the first normalization, the TBox will contain two kind of axioms: class definitions
of the form A = C, where A is a class name and C' a class description (or class name),
and subsumption axioms of the form A = B, where both A and B are class names. The
ABox will consist of property instantiations of the form R(, j), and of facts of the form
A(17), with A being a class name.

The first normalization can be done as follows:

1. in all axioms of the form C' C D where C (or D) is a complex class description,
add a new axiom A = C' (B = D) with A (B) being a new class name. Replace the
axiomC T Dwith AC D (CC B,oreven AC B)

2. in all axioms of the form C' = D where both C' and D are complex class descrip-
tions, replace that axiom with the two axioms A = C'and A = D, with A being a
new class name

3. in all axioms of the form C' = A where C'is a complex class descriptions and A an
atomic class name, replace that axiom with A = C'

4. in all axioms of the form C'(i) where C'is a complex class description, replace that
axiom with the axioms A(i) and A = C with A being a new class name

None of these structural changes change the possible models, that means, that they
are semantically equivalent. They do introduce new class names to the ontology, which
may not be desirable in all cases (for example for presentation purposes, for counting the
classes, and so on).
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Note that it is possible to introduce named classes that are unsatisfiable. This does not
mean that the ontology becomes unsatisfiable, but solely these newly introduced classes.
Instead of introducing new names for unsatisfiable classes though, we could simply use
the name 1.

An example of a simple ontology (with just a single axiom stating that the classes
Woman and Man are disjoint):

Woman M Man T L.

When normalized, we introduce a new class A to express the complex class descrip-
tion Woman M Man and replace this in the existing axiom, thus yielding the following
normalized ontology:

ALC 1.
A = Woman 1 Man.

Since A is obviously an unsatisfiable class, we can also replace it with | instead of
introducing the new name A. In this case, the axiom can be removed (as it would turn to
1 C 1, which is quite obviously redundant - syntactically, it will be removed in the third
normalization anyway), and instead we yield the following ontology:

1 = Woman M Man.

3.3.2 Second normalization

The second normalization gets rid of anonymous individuals. This means that every
blank node that is of the (asserted or inferred) type individual needs to be replaced with
an URI reference. Especially in FOAF [BMOS5] files this occurs regularly since, for some
time, it was regarded as good practice not to define URIs for persons. Integration of data
was not done via the URI, but with inverse functional properties. This practice is prob-
lematic, since the semantics of blank nodes in RDF are rather often not fully understood,
and should thus be avoided. The second normalization as defined here captures the se-
mantics most users seem to want to express anyway, as exemplified by the discussions
around FOAF on their mailing list.

It is possible that these newly introduced individual names give a further name to
already existing (or other newly introduced) individuals. But since OWL DL does not
adhere to a unique name assumptions, this is no problem. Furthermore, the next step of
normalization will take care to resolve such synonyms.

3.3.3 Third normalization

The third normalization will materialize the subsumption hierarchy and normalize the
names. The first step requires a reasoner.
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1. for all pairs of simple class names (A, B) in the ontology, add the axiom A C B
if the ontology entails that axiom (that is, materialize all subsumptions between
simple named classes).

2. detect all cycles in the subsumption structure. For each set of classes M; = {A; ... A, }
that participate in a cycle, remove all subsumption axioms from the ontology where
both classes are members of this set. For each such set M; introduce a new class
name B;. In subsumption axioms where only one class is a member of this set,
replace the class with B; in the axioms. Add the axioms B; = A;...B; = A, to
the ontology. If B; is unsatisfiable, take L instead of B;. If B; is equal to T, take
T.

3. regarding solely the subontology H3 that consists of all subsumption axioms of an
ontology O, remove all redundant ones (that is, remove all subsumption axioms that
are redundant due to the transitivity of the subsumption relation alone).

The subsumption structure now forms a directed acyclic graph that represents the
complete subsumption hierarchy of the original ontology. We define a set of normal
classes of an ontology as follows: every class that participates in an subsumption axiom
after the third normalization of an ontology is a normal class of that ontology.

Since we got rid of facts with complex class descriptions in the first normalization, we
do not need a reasoner in order to take care of fact normalization. We still have to replace
every class name that is not normal with its normal equivalent within the facts.

Note that instead of creating a new class name for each detected cycle, often it will
make more sense to choose a name from the set of classes involved in that cycle, based
on some criteria (like the class name belonging to a certain namespace, the popularity
of the class name on the web, etc.). For many ontology metrics, this does not make any
difference, so we disregard it for now, but we expect the normalizations to have beneficial
effects in other scenarios as well, in which case some steps of the normalization need to
be revisited in more detail. We will further discuss this in Chapter 4.

Since in OWL DL it is not possible to make complex property descriptions besides
inverse properties, property subsumption, and transitivity, (extensions towards enabling
more complex property descriptions are suggested in the OWL 1.1 proposal [Gra06]) no
heavy reasoning is involved for property normalization in most cases. In case a property
has more than one name, we choose one (or introduce a new name and state the equality).
All normal property names have to be stated explicitly to be equivalent to all other prop-
erty names they are equal to (that is, we materialize the equality relations between the
normal property names and the non-normal ones). All occurrences of non-normal prop-
erty names (besides within the axiom stating equality with the normal property name,
and besides within annotation property instances) are replaced with the normal property
name.

The same holds true for individuals. In case an individual has more than one name,
we decide on or introduce a normal one and state explicitly equality to the normal name,

22 June 30, 2007 KWEB/2007/D1.2.10/v2.0



D1.2.10v2 Ontology Repositories and Content Evaluation IST Project IST-2004-507482

and then replace all occurrences of the non-normal individual names with the normal one
(besides within the axiom stating equality with the normal individual name, and besides
within annotation property instances).

We disregard annotation property instances since they may be used to state annota-
tions about the URI, and not about the actual concept, property, or individual. There
could be annotations that describe when a certain URI was introduced, who created it,
its deprecation state, or that point to a discussion related to the introduction of the URIL.
Some annotations on the other hand may be useful for the normal name as well — espe-
cially labels, or sometimes comments. Since annotations do not have impact on the DL
semantics of the ontology anyway, they may be dropped for the purpose of measuring
semantic metrics. Nevertheless, if the normalization is done for some other purpose, and
it is planned to further use the normalized version of the ontology in some scenario, than
the possible replacement of names within annotation property instances depends both on
the scenario and the instantiated annotation property (for example, it may be useful to
normalize the label when the ontology will be displayed on the user interface, but it may
be bad to normalize versioning information that is captured within annotations).

3.3.4 Fourth normalization

The fourth normalization aims towards moving the instantiations to the deepest possible
level, as this conveys the most information explicitly (and deriving instantiations of higher
levels is very cheap because of the asserted explicitness of the hierarchy due to third
normalization). This does not mean that every instance will belong to only one class,
multiple instantiations will still be necessary in general.

Here is a possible (though not efficient) algorithm to perform the fourth normalization
of an ontology O.

1. for each normal class C' and each normal individual ¢ in O, add C'(i) to O if it is
entailed by the ontology.

2. for each normal object property instance R(i,j) and each object property S so that
S C Ris an explicit axiom in O, add S(3, 7) if it is entailed by the ontology. Check
this also for the property instances added this way (this step will terminate since the
subsumption hierarchy is finite).

3. for each normal data property instance 7'(i, d) and each data property U, proceed
as in the previous step.

4. create a subontology H, out of O including only the facts (that is, the ABox), and
the explicitly stated subsumption hierarchy of the classes and properties (after third
normalization)

5. remove all facts from O that are redundant in H,
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We do not want to remove all redundant facts from the ontology at this step, since
there may be some facts that are redundant due to an interplay of different other axioms
in the TBox. For example, in the following ontology:

Person(Adam).
likes(Adam, Eve).
Jlikes. T T Person

the first statement is actually redundant, but would not be removed by the above al-
gorithm (the third statement states that the domain of likes is Person). This is because
we only remove axioms that are redundant within the subontology /4, and the axiom
stating the domain of Person would not be part of it. This is due to the fact that after first
normalization, the ontology would look like this:

Person(Adam).
likes(Adam, Eve).
A C Person

A = Jlikes. T

So H, would not include the last axiom, and thus the first axiom would not be redun-
dant within Hy,.

3.3.5 Fifth normalization

The fifth normalization finally normalizes the properties: we materialize property in-
stances of symmetric and inverse properties, and we clean the transitivity relationship.
This can be done similar to the creation of the subsumption hierarchy in the third normal-
ization: after materializing all property instances, we remove all that are redundant in the
subontology Hs, which contains only the property instances of all transitive properties,
and the axioms stating the transitivity of these properties.

It is important to mention that normalization does not lead to a canonic normalized
version. This means that there may be many different ontologies that result from the
normalization of an ontology. This is mostly due to naming issues: in several places,
names are introduced or chosen arbitrarily. Also the number of added classes can be
different due to the given choices (e.g. did we choose an existing class name to be the
normal class name or did we introduce new ones?). Besides these naming issues, and
especially with regards to structure and semantics, the resulting ontologies are equivalent,
and thus the results of the applied metrics will be consistent.

Often normalizations do not result in canonical, unique results (think about conjunc-
tive normal forms). The normalization as described here can be extended in order to result
in canonic normalized forms, but the benefit of such an extension is not clear. Consid-
ering that common serializations, like the RDF/XML serialization of OWL ontologies
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[SWMO04], lack a canonic translation anyway, and thus ontologies cannot be compared on
a character by character base, for example as some version control systems like CVS or
SVN would require.

Also, normalization is not an applicable solution for every metric. For example, if we
want to know the number of atomic classes in an ontology, first normalizing it and then
calculating the number actually will return the wrong result in the general case. The goal
of normalization is to actually provide the metric designer some tools in order to simplify
the description of his metric. In the following chapter we describe an example of how to
apply the normalization for the description of a metric.

3.4 Examples of normalization

The metric we will regard in this example is the depth of the ontology. What we want
to measure is intuitively described as the length of the subsumption hierarchy, or else the
number of levels the class hierarchy has. In [GCCLO0S5], this is the measure (M3), called
Maximal depth, and the definition is given as follows:

m = Njcp
Vidj(Njep > Nicp)
where Ncp is the set of all nodes in the path 5 from the set of all paths through the

digraph ¢ that represents the ontology, that is, the definition is the length of the longest
succession of explicitly stated subsumption relations.

Let us regard the following ontology:

C=>1R.T
D=>2R.T
E=>3R.T

By the definition of (M3), the depth of the ontology is 1 (since there are no explic-
itly stated subsumption axioms, every path has one node). But after normalization the
ontology gets transformed to this:

C=>1R.T
D=>2R.T
E=>3R.T
DCC
ECD

Now the very same metric, applied to the normalized ontology, actually captures the
intuition of the depth of the ontology and returns 3.
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As discussed earlier, this example also shows us that some metrics will not work with
normalization. In [GCCLOS5], metric (M30) is the axiom/class ratio. On the original
ontology it is 1, but raises to 5/3 in the normalized version. In case the original ontology
is being distributed and shared, (M30) — if stated as metadata of the ontology, for example
in some kind of ontology repository [HSH05] — should be 1, and not calculated on the
normalized version.

Let us regard another example. In the following ontology

DCC
ECD
DCFE
FCFE

(M3) will be oo due to the subsumption cycle between D and £'. The cycle can be resolved
by rewriting the axioms in the following way:

DC(C
D=F
FCFE

But due to the definition, (M3) would yield 2 here — there are two explicit subsump-
tion paths, C, D and F, F', both having two nodes, and thus the longest path is 2. The
structural measure again does not bring the expected result. After normalization, though,
the ontology will look like this:

ACC
A=D
A=F
FCA

We have introduced a new class name A that replaces the members of the cycle, D, .
Now the depth of the ontology is 3, as we would have expected from the start, since the
cycle is treated appropriately.

Existing structural metrics, as discussed in Chapter 3.1, often fail to capture what they
are meant for. Normalization is a tool that is easy to apply and that can easily repair a
number of such metrics. Even seemingly simple metrics, as demonstrated here with the
ontology depth, are defined in a way that makes too many assumption with regards to the
structure of the measured ontologies.

As we can see in this chapter, simple structural measures on the ontology do yield
values, and often these values may be highly interesting. If we know that (M3) resolves
to oo, then this tells us that we have a cycle in the subsumption hierarchy. Also a high
number of classes and complex axioms, but a low (M3) may indicate an expensive to
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reason about ontology, since the major part of the taxonomy seems to be implicitly stated
(but such claims need to be evaluated appropriately). But both results do not capture what
the measure was meant to express, that is, the depth of the class hierarchy.

But this leads us to the possibility of creating measures by combining structural met-
rics on the original ontology and on its normalized version, for example to calculate ratios
like M3(O)/M3(N(O)) (with M3(O) returning measure (M3) as described above, and
N (O) being a function that returns the normalized version of the ontology O). This could
describe the explicitness of the subsumption hierarchy. Further work needs to investigate
and evaluate such measures, and to assess their usefulness for evaluating ontologies.

3.5 Stability of metrics

Often metrics intend to capture features of the ontology that are independent of the actual
representation of the ontology. But as we have seen, structural transformations of the
ontology description often lead to differences in the metrics even though the semantics
remained untouched. Normalization offers a way to overcome these problems in many
cases.

One aspect of metrics, that are not touched upon by normalization, is the issue of how
stable the metrics are with regards to the open world assumption of OWL DL ontologies.
In order to illustrate this issue let’s take a look at a simple example. Imagine an ontology
with the following three facts:

author(paper, York).
author(paper, Denny).
author(paper, Zdenko).

Now let us ask the simple question: how many authors does the paper have? It seems
that the answer should be 3. But now, if you knew that Zdenko is just another name for
Denny, and thus state Zdenko ~ Denny, then you suddenly would change your answer
to 2, or even, becoming more careful, giving an answer like “I am not sure, it is either 1
or 2”. So finally we can state that York % Denny and thus arrive at the answer that the
paper indeed has 2 authors (and even that is possibly wrong if we consider that we could
add statements any time in an open world that add further authors to the paper — all we
know as of now is that the paper has at least two authors).

When creating a metric, we have to ask ourselves the following, similar question:
how does the metric behave when additions to the ontology happen? Since ontologies
are meant to be smushed and integrated constantly and dynamically, can we predict how
certain properties of the ontology will behave, that is, if M (O;) and M (O;) for a metric
M and two ontologies O; and O, are known, what can we state about M (O; U O3)? Or
even, can we give a function fy; so that fi,(M(O;), M(Os)) = M(O; U O,) without
having to calculate M (O; U Oy) (which may be much more expensive)?
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In the previous chapter we have discussed the simple example of ontology depth. Let
us return to this example again. We define the function M3(O) that returns the measure
(M3) as described in [GCCLO0S5], and already described above. If we have an ontology
01:

DCC
ECD

And a second ontology Os:

cCCD
ECD

In this case, M3(0;) = 3, M3(O2) = 2. We would expect M3(O; U O) to be 3, since
M(3) is defined as the maximal depth, but since the union of both ontologies actually
creates a cycle in the subsumption hierarchy, (M3) is oo — or, after normalization, just 2,
and thus even smaller than the maximal depth before the union.

We can avoid such behaviour of the metrics by carefully taking the open world as-
sumption into account when defining the metric. But this leads us to three possibilities
for defining metrics,

1. to base the value on the ontology as it is,
2. to measure an upper bound, or

3. to measure a lower bound.

We need a more complicated example to fully demonstrate these metrics:

C=DUE
DNEC L
FCFE
G=-C
HCC

This ontology says that D and E form a complete partition of C' (the first two axioms),
that F' has the subclass F, that the complement of C' is not empty (since % is in G which
is the complement of ('), and it states the existence of three individuals, ¢, 7 and &, and
the classes they belong to.

The normalized version of this ontology looks like this (shortened slightly for read-
ability):
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C=DUE
1l=DnNEFE
DCC
ECC
FCFE
G=-C
HEC
F(i).

().
G(k).

(M3) of this ontology is 3 (C, E, I'). But besides the actual depth, we can also calcu-
late the minimal depth of this ontology, that is, no matter what axioms are added, what is
the smallest number of levels the ontology will have (under the condition that the ontology
remains satisfiable)?

In the given example, if we add the axiom F' = F/, (M3) will decrease to 2. But on the
other hand, no matter what axiom we further add, there is no way to let C collapse with
D and E, therefore C' is a proper superset of both (that is, it contains more individuals
than D or FE alone). And because C' cannot become T (due to k being outside of C'), the
minimum depth of the ontology is 2.

The maximum depth of an ontology is usually oo (since we can always add axioms
about an arbitrarily long class hierarchy). Only in the case of an ontology with a closed
domain, that is, if we have an axiom like T = {a, b, ¢}, then the maximum depth is set
(to | T| — 1, since there may be a class C' with one element, a class D with two elements
that subsumes C', and then T with three elements, but since T is not counted, the longest
path would be (C, D), and every further class in this path would become equivalent to an
already existing class or be empty). But we expect such axioms to usually appear only in
theoretical musings and hardly be of any practical relevance.

Therefore we need to define a maximum depth in a slightly different way in order to
be of practical value. In the following, we will discuss two possible definitions.

Instead of allowing for arbitrary axioms that may be added, we only allow to add
axioms of the form A = B with A and B being normal class names of the normalized
ontology. In the above example, we may add the axiom H C F to the ontology in order
to increase (M3) from 3 to 4. No longer subsumption path is possible, since all the other
named classes would become unsatisfiable when added to an existing path. So this metric
will provide with a maximum depth of the ontology, assuming no new class names are
added.

Another possibility to constrain the axioms to be added, is to allow only for axioms
that do not relate to the existing ontology, that is, the intersection of the signatures of the
two ontologies is empty. The signature of an ontology is the set of all names used in the
ontology (besides the names from the OWL, RDF, RDFS, and XSD namespaces). In this
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case, (M3) of the merged ontology is the maximal (M3) of the single ontologies, since
no interaction between the axioms happen that may increase or reduce (M3). We can
thus define fy, (M3(01), M35(03)) = max(M3(Oy), M3(O2)), which is much cheaper to
calculate than M3(O; U Oy).

Stable metrics are metrics that take the open world assumption into account. Stable
metrics will help us to evaluate ontologies for the wide wild web. Since we expect on-
tologies to be merged on the web dynamically, stable metrics allow us to state conditions
that the ontology will fulfil in any situation. The depth of an ontology may be a too
simple example to demonstrate the advantages of stable metrics, but imagine a dynamic,
ontology-based graphical user interface. Having certain guarantees with regards to the
future development of the properties of the ontology may help the designer of the user
interface tremendously, even if it is such a seemingly trivial statement like “the depth of
the ontology is never less than 3”.

There is no simple recipe to follow in order to turn a metric into a stable metric, but
the question outlined at the beginning of this chapter, and then discussed throughout the
rest — how does the ontology behave when axioms are added? — can be used as a guideline
in achieving a stable metric.

We expect that the ready availability of metrics that take the open world assumption
into account will lead to more robust ontologies. Since ontology engineers will have
these numbers available at engineering and maintenance time, they will learn easier how
to achieve their actual goals. For example, ontology engineers that want to create a class
hierarchy that will not collapse to less levels can always check if the minimum depth as
described above corresponds to the asserted depth. This would be useful when regarding
a class hierarchy with a certain number of levels, which are known not to collapse (e.g. a
biological taxonomy). The ontology engineer now could check if the well known number
of levels indeed corresponds to the calculated minimum depth. Tools could guide the
ontology engineer towards achieving such goals. Ontology engineers get more aware of
such problems, and at the same time get tools to measure, and thus potentially control
them.
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Chapter 4

Conclusion and Future Work

Reusing existing ontologies is a key issue for sharing knowledge on the Semantic Web.
Our contribution aims at facilitating reuse of ontologies which are previously unknown
for ontology developers by providing an Ontology Metadata Vocabulary (OMV ) and two
prototypical applications for decentralized (Oyster) and centralized (Onthology) sharing
of ontology metadata based on OMV .

Important aspects like quality measures which are applied to identify good ontologies
are of great importance for an efficient integration and usage of Oyster and Onthology.

We proposed a hiearchy for the classification of ontology domains that was the result
of the analysis performed on experiments for classifying ontologies using Oyster P2P
system. Also, we included usage statistics of Oyster to show the usability of the system
as well as the benefits of using OMYV for searching ontologies. Furthermore, we discussed
the sustainability of our work as the result of reusing OMV and the applications proposed
(e.g. oyster) in the context of other EU projects (e.g. NeOn).

We have discussed the properties of ontology metrics. Sometimes simple structural
metrics are sufficient for the task at hand, and many structural metrics exist today. Our
goal in this work was to raise the awareness for the difference between structural and
ontological metrics, and to provide principle means for the simple definition of metrics
that take the semantics of the ontology appropriately into account.

Ontology normalization was introduced as a preprocessing step in order to align struc-
tural measures with intended semantic measures. Further properties, like the stability
of a metric towards ontology extension and merges, and the non-dichotomous nature of
ontologies were discussed, and an approach towards encapsulating these problems was
suggested by introducing stable metrics.

In addition to offering the theoretical tool of normalization, we have implemented it
prototypically as an extension to the KAON2 OWL Tools!. The implementation allows
to access both from the command line as well as from a Java API.

'Source Code is available at http: //owltools.ontoware.org/
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Next steps include the standardization of OMV on a wider scope, followed by a close
cooperation with tool providers for ontology engineering environments and applications
providers for e.g. OMV support in the envisioned NeOn toolkit platform for networked
ontology engineering lyfecycle. The agreement and application of a standard on a global
level will greatly facilitate the reuse of ontologies for all participating parties.

Regarding the content evaluation, the work presented here opens the path to future
extensions which go well beyond the duration and borders of the project Knowledge Web.
We plan to continue our research in many directions.

First, we plan to carry out experiments with real-life ontologies to show the usefulness
of normalisation and stable metrics.

Making normalization available to further tools and metric suites will allow us to
evaluate if there are further benefits to normalized ontologies. We assume such benefits
with regards to query answering performance, usability, and ontology maintenance. Some
properties of normalization suggest advantages in these and other areas, but we expect
some parts of the normalization process to be adapted based on differing requirements by
these other use cases.

Based on the foundational work provided in this deliverable, we plan to adapt, extend,
and implement several metrics already known in literature. We hope that a thorough
evaluation of these metrics will allow to correlate quality attributes to these metrics, and
thus to finally lead to viable sets of metrics and measures for the whole ontology life cycle.
We don’t think that there is one single such set, but the ideas presented here make several
design decision when creating metrics more explicit and point to common problems and
pitfalls when creating metrics and measures in this field. This will help in deciding which
metrics to choose for a given scenario.

We expect that future work will continue on this basis in order to create a bigger tool
set for everybody dealing with ontologies to allow them to evaluate ontologies during ev-
ery step of the ontology life cycle. This will lead to an overall higher quality of ontologies,
and thus to a stronger foundation on which the Semantic Web is being built.
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