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Executive summary

This deliverable presents research results and applications in the area of evaluating knowledge structures. It
introduces a number of novel approaches toward detecting and repairing problems in ontologies and ontology-
like structures. A number of evaluation criteria are identified based on a literature survey. These criteria are
consolidated and succinctly described. We describe the evaluation of the vocabulary aspect of web ontologies.
With this evaluation we evaluate ontologies on the so-called Web of Data and report on the results. We de-
scribe a number of evaluation approaches that are implemented within a content quality check framework for
Semantic MediaWiki. We allow these checks to be created and maintained by the users of the wiki themselves,
not requiring further programming knowledge. We show a set of tools and approaches towards enabling the
encoding and maintenance of consistency checks within the wiki itself.
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Chapter 1

Introduction

This deliverable presents research results and applications in the area of evaluating knowledge structures. It
introduces a number of novel approaches toward detecting and repairing problems in ontologies and ontology-
like structures. As discussed in Deliverable D1.1.1, even though other knowledge structures are important
in enterprise environments, we have shown that all enterprise knowledge structures can be represented by
ontologies. Therefore in this deliverable we will speak of ontology evaluation, but mean the evaluation of all
interesting enterprise knowledge structures.

A number of evaluation criteria are identified based on a literature survey in Chapter 2. These criteria are
consolidated and succinctly described. The resulting criteria are:

e Accuracy

e Adaptability

e Clarity

e Completeness

e Computational efficiency
e Conciseness

e Consistency

e Organizational fitness

Chapter 3 describes the evaluation of the vocabulary aspect of web ontologies. The vocabulary is the most
basic layer of ontologies. With this evaluation we can evaluate ontologies on the so-called Web of Data, in
order to see if reusing such ontologies makes sense — or not. Our results are reported in Chapter 3, showing
that the overall quality of ontologies on the Web of Data is indeed promising, and that we should reuse existing
ontologies if possible — not only for their vocabularies, as it is done in Deliverable D1.1.1, but also as a data
source and for connecting emerging data in the case studies with the Web of Data. In the first year of Active we
have focused on the vocabulary aspect, but expect to have a more comprehensive report in the following two
years.

In Chapter 4 we describe a number of evaluation approaches that are implemented within a content quality
check framework for Semantic MediaWiki. Normal wikis hardly allow for any automatic evaluation of their
content, but with Semantic MediaWiki a number of consistency checks can be introduced. It is important to
allow these checks to be created and maintained by the users of the wiki themselves, not requiring further pro-
gramming knowledge. We show a set of tools and approaches towards enabling the encoding and maintenance
of consistency checks within the wiki itself.

The deliverable ends with an outlook on the plans for Y2 and Y3.



Chapter 2

Criteria

Ontology evaluation can target a number of several different criteria. In this chapter we will list criteria from
literature, aggregate them to form a coherent and succinct set, and discuss their applicability and relevance
for web ontologies. The goal of an evaluation is not to perform equally well for all these criteria — some of
the criteria are even contradicting, like minimal ontological commitment and completeness. It is therefore the
first task of the evaluator to choose the criteria relevant for the given evaluation and then to choose the proper
evaluation methods to assess how well the ontology meets these criteria.

We selected five important papers from literature, where each defined their own set of ontology quality
criteria or principles for good ontologies [20, 23, 24, 19, 43]. These quality criteria need to be regarded as
desiderata, goals to guide the creation and evaluation of the ontology. None of them can be directly measured,
and most of them cannot be perfectly achieved.

Asuncién Gémez-Pérez lists the following criteria [20]:

Consistency: capturing both the logical consistency (i.e. no contradictions can be inferred) and the con-
sistency between the formal and the informal descriptions (i.e. the comments and the formal descriptions
match)

Completeness: All the knowledge that is expected to be in the ontology is either explicitly stated or can
be inferred from the ontology.

Conciseness: if the ontology is free of any unnecessary, useless, or redundant axioms.

Expandability: refers to the required effort to add new definitions without altering the already stated
semantics.

Sensitiveness: relates to how small changes in an axiom alter the semantics of the ontology.

Thomas Gruber defines the following criteria [23]:

Clarity: An ontology should effectively communicate the intended meaning of defined terms. Definitions
should be objective. When a definition can be stated in logical axioms, it should be. Where possible, a
definition is preferred over a description. All entities should be documented with natural language

Coherence: Inferred statements should be correct. At the least, the defining axioms should be logically
consistent. Also, the natural language documentation should be coherent with the formal statements.

Extendibility: An ontology should offer a conceptual foundation for a range of anticipated tasks, and the
representation should be crafted so that one can extend and specialize the ontology monotonically. New
terms can be introduced without the need to revise existing axioms.

Minimal encoding bias: An encoding bias results when a representation choices are made purely for the
convenience of notation or implementation. Encoding bias should be minimized, because knowledge-
sharing agents may be implemented with different libraries and representation styles.

Minimal ontological commitment: The ontology should specify the weakest theory (i.e. allowing the
most models) and defining only those terms that are essential to the communication of knowledge con-
sistent with that theory.
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Griininger and Fox define a single criteria, competency (or, in extension, completeness if all the required
competencies are fulfilled). In order to measure competency they introduce informal and formal competency
questions [24].

Obrst et al. name the following criteria [43]:

e coverage of a particular domain, and the richness, complexity, and granularity of that coverage
o intelligibility to human users and curators
e validity and soundness

e cvaluation against the specific use cases, scenarios, requirements, applications, and data sources the
ontology was developed to address

e consistency

e completeness

o the sort of inferences for which they can be used
o adaptability and reusability for wider purposes

e mappability to upper level or other ontologies
Gangemi et al. define the following criteria [19]:

e Cognitive ergonomics: this principle prospects an ontology that can be easily understood, manipulated,
and exploited.

e Transparency (explicitness of organizing principles): this principle prospects an ontology that can be
analyzed in detail, with a rich formalization of conceptual choices and motivations.

o Computational integrity and efficiency: this principle prospects an ontology that can be successful-
ly/easily processed by a reasoner (inference engine, classifier, etc.).

o Meta-level integrity: this principle prospects an ontology that respects certain ordering criteria that are
assumed as quality indicators.

o Flexibility (context-boundedness): this principle prospects an ontology that can be easily adapted to
multiple views.

e Compliance to expertise: this principle prospects an ontology that is compliant to one or more users.

e Compliance to procedures for extension, integration, adaptation, etc.: this principle prospects an
ontology that can be easily understood and manipulated for reuse and adaptation.

e Generic accessibility (computational as well as commercial): this principle prospects an ontology that
can be easily accessed for effective application.

e Organizational fitness: this principle prospects an ontology that can be easily deployed within an orga-
nization, and that has a good coverage for that context.

We have taken the freedom to summarize the mentioned criteria, and create a concise set. Eight criteria
result from this literature survey: accuracy, adaptability, clarity, completeness, computational efficiency,
conciseness, consistency, and organizational fitness. In the following, we define the criteria.

We have ignored evaluation criteria that deal with the underlying language used for describing the ontology
instead of evaluating the ontology itself. Before OWL became widespread, a plethora of knowledge represen-
tation languages were actively used. For some ontologies, specific ontology languages were developed in order
to specify that one ontology. Today, OWL is used for the vast majority of ontologies. Therefore we disregard
criteria that are based on the ontology language, like expressivity, decidability, complexity, etc.

One example is the criteria expandability from [20]. It is defined as the required effort to add new definitions
without altering the already stated semantics. Since OWL is a non-monotonic languages it is not possible to
retract any inferences that have already been made. Thus the feature of non-monotonicity of OWL guarantees
a certain kind of expandability for all ontologies in OWL.

ACTIVE consortium 2008-2012 Page 10 of (32)
g
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2.1 Accuracy

Accuracy is a criteria that states if the axioms of the ontology comply to the expertise of the users. A higher
accuracy comes from correct definitions and descriptions of classes, properties, and individuals. Correctness in
this case means compliance to defined “gold standards™, be it other data sources, conceptualizations, or even
reality ([12] introduces an approach to use reality as a benchmark, i.e. if the terms of the ontology capture the
intended portions of reality). The axioms should constrain the possible interpretations of an ontology so that
the resulting models are compatible with the conceptualizations of the users.

For example, all inferences of an ontology should be true. When stating that the foaf : knows property is
a superproperty of a married property, then this axiom would only be accurate if indeed all married couples
know their respective spouses. If we find counterexamples (for example, arranged pre-natal marriages), then
the ontology is inaccurate.

2.2 Adaptability

Adaptability measures how far the ontology anticipates its uses. An ontology should offer the conceptual
foundation for a range of anticipated tasks (ideally, on the web, it should also offer the foundation for tasks not
anticipated before). It should be possible to extended and specialize the ontology monotonically, i.e. without
the need to remove axioms (note that in OWL, semantic monotonicity is given by syntactic monotonicity, i.e.
in order to retract inferences explicit stated axioms need to be retracted). An ontology should react predictably
and intuitively to small changes in the axioms. It should allow for methodologies for extension, integration,
and adaptation, i.e. include required meta-data. New tools and unexpected situations should be able to use the
ontology.

For example, many terms of the FOAF ontology [11] are often used to describe contact details of persons.
FOAF was originally designed to describe social networks, but its vocabulary also allows to formalize address
books of all kinds.

2.3 Clarity

Clarity measures how effectively the ontology communicates the intended meaning of the defined terms. Def-
initions should be objective and independent of the context. Names of elements should be understandable and
unambiguous. An ontology should use definitions instead of descriptions for classes. Entities should be docu-
mented sufficiently and be fully labeled in all necessary languages. Complex axioms should be documented.

For example, an ontology may choose to use URIs like ex:a734 or ex: 735 to identify their elements
(and may even omit the labels). In this case, users of the ontology needs to regard the whole context of the
elements in order to find a suitable mapping to their own conceptualizations. Instead, the URIs could already
include hints to what they mean, like in ex : Jaguar or Lion.

2.4 Completeness

Completeness measures if the domain of interest is appropriately covered. All questions the ontology should be
able to answer can be answered. We define a number of completeness measures that measure different aspects
of completeness: completeness with regards to the language (is everything stated that could be stated using the
given language?), completeness with regards to the domain (are all individuals present, are all relevant concepts
captured?), etc. Completeness also covers the granularity and richness of the ontology.

For example, an ontology to describe the nationalities of all members of the groups should provide the list

of all relevant countries. Especially such closed sets (like countries, states in countries, members of a group)
can often be provided as external resources to link to on the Semantic Web, and thus promise completeness.

Page 11 of (32) (©ACTIVE consortium 2008-2012
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2.5 Computational efficiency

Computational efficiency measures the ability of the used tools to work with the ontology, i.e. especially
the speed that reasoners need to fulfill the required tasks, be it query answering, classification, or consistency
checking. Some types of axioms may cause problems for certain reasoners. The size of the ontology also
affects the efficiency of the ontology.

For example, using certain types of axioms will increase the reasoning complexity. But more important
than theoretical complexity is the actual efficiency of the implementation used in a certain context. It is known
that number restriction may severely hamper the efficiency of the KAON2 reasoner [39], and should thus be
avoided when that system is used.

2.6 Conciseness

Conciseness is the criteria that states if the ontology includes irrelevant elements with regards to the domain
to be covered (i.e. a book ontology including axioms about African lions) or redundant representations of the
semantics. An ontology should impose a minimal ontological commitment, i.e. specify the weakest theory pos-
sible. Only essential terms should be defined. The ontology’s underlying assumptions about the wider domain
(especially about reality) should be as weak as possible, in order to allow the reuse within and communication
between stakeholders that commit to different theories.

For example, an ontology about human resource department organization may take a naive view on what a
human actually is. It is not required to state if a human has a soul or not, if humans are the result of evolution or
created directly by God, when human life starts or ends. The ontology would remain silent on all these issues,
and thus allows both creationists and evolutionists to use it in order to make statements about which department
has hired whom, and later exchange that data.

2.7 Consistency

Consistency describes that the ontology does not include or allow for any contradictions. Whereas accuracy
states the compliance of the ontology with an external source, consistency states that the ontology itself can
be interpreted at all. Logical consistency is just one part of it, but also the formal and informal descriptions in
the ontology should be consistent, i.e. the documentation and comments should be aligned with the axioms.
Representation choices should not be made for the convenience of the notation or implementation, i.e. the
encoding bias should be minimized. Further ordering principles can be defined that the ontology has to be
consistent with, like the OntoClean constraints on the taxonomy [26].

Note that within this deliverable we will deal with logical consistency and coherence only superficially.
There is an active research community in the area of ontology debugging, that covers discovering, explaining,
and repairing errors that lead to consistency and coherence, see for example [45, 36, 27].

An example for a non-logical inconsistency is the description of the element ex:Jaguar
being “The Jaguar is a feral cat living in the jungle”, but having a logical axiom
ClassAssertion (ex:0Operating_system ex:Jaguar). Such discrepancies are often the re-
sult of distributed ontology engineering or a badly implemented change management procedures in ontology
maintenance.

2.8 Organizational fitness

Organizational fitness aggregates several criteria that decide how easily an ontology can be deployed within
an organization. Tools, libraries, data sources, and other ontologies that are used constrain the ontology, and
the ontology should fulfill these constraints. Ontologies are often specified using am ontology engineering
methodology or by using specific data sets. The ontology metadata could describe the applied methodologies,
tools, and data sources, and the organization. Such metadata can be used by the organization to decide if an
ontology should be applied or not.

(©ACTIVE consortium 2008-2012 Page 12 of (32)
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For example, an organization may decide that all ontologies used have to align to the DOLCE upper level
ontology [18]. This will help the organization to align the ontologies and thus reduce costs when integrating
data from different sources.

Page 13 of (32) (©ACTIVE consortium 2008-2012



Chapter 3

Vocabulary

Evaluating the vocabulary aspect of an ontology means to evaluate the names used in the ontology. In this
chapter we discuss methods for evaluating the vocabulary of an ontology, and how they map to the criteria
given in Chapter 2.

The vocabulary of an ontology is the set of all names used in it. Names can be either URISs or literals. The
set of all URIs of an ontology is called the signature of the ontology (and is thus the subset of the vocabulary
without the literals). URIs are discussed in Section 3.1. Literals are names that are mapped to a concrete data
value, i.e. instead of using a URI to identify an external entity, literals can be directly interpreted. Literals are
presented in Section 3.2. Finally, we will also discussed blank nodes, i.e. unnamed entities within ontologies
(Section 3.3).

3.1 URI references

Most names in ontologies are URI references (Uniform Resource Identifier, [7]). URIs are more generic forms
of URLs (Uniform Resource Locator, [8]). Unlike URLs, URI references are not limited to identifying entities
that have network locations, or use other access mechanisms available to the computer. They can be used to
identify anything, from a person over an abstract idea to a simple information resource on the web [34].

An URI reference should identify one specific resource, i.e. the same URI reference should not be used to
identify several distinct resources. A URI reference may be used to identify a collection of resources, and this
is not a contradiction to the previous sentence: in this case the identified resource is the collection of resources,
and thus a resource of its own. Classes and properties in OWL ontologies are also resources, and thus are
identified by a URI reference.

A particular type of resources are information resources. Information resources are resources that consist
of information, i.e. the digital representation of the resource captures the resource completely. This means
that an information resource can be copied without loss, and it can be downloaded via the Internet. Therefore
information resources can be located and retrieved with the use of a URL. An example of an information
resource is the text of Shakespeare’s “Romeo & Juliet” (from which this chapter’s introductory quote is taken)
which may be referenced, resolved, and downloaded via its URL http://www.gutenberg.org/dirs/
etext97/1wsl610.txt

Non-information resources can not be downloaded via the Internet. There may be metadata about non-
information resources available, describing the resource. An example is the book “Romeo & Juliet”: the book
itself can not be downloaded via the Internet (in contrast to its content). There may be metadata stating e.g.
the weight or the prize of the book. In order to state such metadata we need to be able to identify the book,
e.g. using its ISBN number [30]. In this case we can not use an URL: since the resource is not an information
resource, it can not be located on the web, and thus can not be accessed with an URL. Nevertheless it may (and
should) have an URI in order to identify the resource.

Non-information resources and information resources are disjoint classes (i.e. no information resource
can at the same time be a non-information resource and vice versa). A further formalization of information
resources can be found e.g. in the “Functional Requirements for Bibliographic Records” ontology (FRBR
[49], widely used in the bibliographic domain) or in the DOLCE-based “Ontology of Information Objects”
[25].

14
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Table 3.1: An overview of what different response codes imply for the resolved HTTP URI reference U. I is
the information resource that is returned, if any. L is the URI given in the location field of the response. The
table covers the most important responses only, the others do not imply any further facts.

Response code | U has a fragment identifier | U has no fragment identifier

200 OK I should describe U U is the name of /.

I is an information resource.
301 Moved L should describe U L and U are names of I.
Permanently [ is an information resource.
303 See Other | L should describe U L should describe U
Any other Nothing implied for / Nothing implied for /

Linked data

URI references are strings that start with a protocol. If the protocol is known and implemented by the ontology
based application, then the application may resolve the URI, i.e. use the URI according to the protocol in order
to find more information about the identified resource. In case the URI is an URL, the identified information
resource can be accessed and downloaded by using the protocol.

URI references consist of an URI with an optional fragment identifier. Most URI references in web ontolo-
gies are indeed using a protocol that can be resolved by the machine in order to fetch further information about
the given URI reference. Most commonly this is achieved by using the HyperText Transport Protocol (HTTP,
[17]). We have examined the Watson corpus (see Section 3.4) to figure out the usage of protocols on the Web.
The Watson corpus contains 108,085,656 URIs. Only 491,710 (0.45%) of them are URIs not using the HTTP
protocol.

Other prominent protocols besides HTTP are file (37,023 times; for local files), mailto (22,971 times; for
email adresses), mid (13,448 time; for emails), irc (3,260 times; for internet relay chat channels and user ids),
Jftp (1,716 times, for the file transfer protocol), tel (703 times, for telephone numbers), or https (186 times; for
secure HTTP connections). Sometimes these protocols are just mistyped (like hhpt).

Sometimes, QNames (qualified names, as used in XML, e.g. foaf : knows) can mistakenly be interpreted
as an URI (especially in XML serialization, see [34]), and the namespace prefix will then be interpreted as the
protocol scheme. We discovered that this makes up a good deal of the Non-HTTP protocols: the two most
prominent non-HTTP schemes were UnitOfAssessment (46,691 times, or 0.043%) and Institute (42,331 times,
or 0.039%). Both of them are meant to represent namespace prefixes in their ontologies, not URI schemes.
These are errors in the ontology that can be easily discovered using the described method. Further examples
for mis-interpreted namespace prefixes include xs (19,927 times; used for XML schema datatypes), rdf (272
times), rdfs (7 times), and owl (84 times).

Check used protocols

All URIs in the ontology are checked to be well-formed URIs. The evaluator has to choose a set of allowed
protocols for the evaluation task. The usage of any protocol other than HTTP should be explained. All URIs in
the ontologies have to use one of the allowed protocols.

Resolving an HTTP URI reference will return an HTTP response code and usually some content related to
the URI reference. Certain HTTP responses imply facts about the used URI reference. These facts are given in
Table 3.1, e.g. a 303 response on an URI without a fragment identifier implies the equality of the requested URI
and the URI returned in the location field of the response. If the response code is a 200, it has even stronger
implications: then the URI is actually the name of the served resource, i.e. the URI is a information resource
that can (and is) accessible over the web [48]. Section 3.1 gives more details on fragment identifiers and how
they can be used for evaluation.

Both OWL classes and OWL properties are not information resources. With Table 3.1 this allows us to
infer that in OWL DL both class and property names (without fragment identifiers) should not return a 200 or
a 301 when resolved via the HTTP protocol. In OWL 2 this is not true anymore, since punning allows URIs to
be individuals, properties, and classes at the same time [40]. But as we will discuss later, punning should be
avoided (see Section 3.1).

The table also lists the cases when the served resource should describe the name. We can easily check if
this is the case, if the description is sufficiently useful, and if it is consistent with the knowledge we already

Page 15 of (32) (©ACTIVE consortium 2008-2012
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Figure 3.1: Distribution of the HTTP response codes on the HTTP URIs from the Watson EA corpus. The left
hand side shows the slash URIs, the right hand side hash URIs.

have about the resource.

We have tested all HTTP URIs from the Watson EA corpus (see Section 3.4). For the slash namespaces
URIs, we got 14,856 responses. Figure 3.1 shows the distribution of the response codes. It can be easily seen
that for the vast majority (about 75%) of URIs we get 200 OK, which means that the current Semantic Web
is indeed a web of metadata describing the connections between resources on the Web. 85% of the tested
URISs return a 200 or 3XX response. We got 509 responses on the URIs with hash namespaces, of which
significantly more (about 85%) responded with a 200 OK. This shows that in general hash URIs are better
suited for terminological entities, and there should be good reasons for using a slash namespace.

Significance of the difference between hash and slash URIs

For significance testing we apply the two-proportion z-test. Let the null hypothesis be Ps = P, i.e. the
probability for a slash URI to return a 200 OK being the same as the probability for a hash URI. According
to our tests on the Watson EA corpus, we set ps = ns/ts ~ 0.7513 and p;, = ny/t, ~ 0.8585 (with sample
sizes ng = 14,856 resp. np = 509 and ¢t = 11, 161 resp. t;, = 437 positive samples, i.e. URIs returning 200

OK codes). We calculate the pooled sample proportion p = %7%:”1 ~ (.7548. The standard error results

ine = /p(1—p)(1/ns + 1/ny) = 0.0194. The test statistic is a z-score defined as z = 2=P: ~ —5.5316.
From that it follows that the probability that the null hypothesis is true is p < 0.0001, which means the result
is statistically highly significant.

Names from the same slash namespace should always return the same response code. Differing response
codes indicate some problems with the used terms. For example, the social website LiveJournal' exports
FOAF profiles about their members, including their social contacts, interests, etc. Some of the terms return a
303 See Other (e.g. foaf:nick, foaf:knows, foaf:Person), whereas others return a 404 Not
Found (e.g. foaf:tagLine, foaf:member_name, foaf:image). Investigating this difference uncov-
ers that the first set are all terms that are indeed defined in the FOAF ontology, whereas the second set of terms
does not belong to the FOAF ontology.

Check response codes

For all HTTP URIs, make a HEAD call (or GET call) on them. The response code should be 200 OK or
303 See Other. Names with the same slash namespace should return the same response codes, otherwise
this indicates an error.

Note that this method can only be applied after the ontology has been published and is thus available on the
Web.

In summary, the usage of resolvable URI references allows us to use the Web to look up more information on
a given URI reference. This can help us to discover available mappings, or to explore and add new information
to a knowledge based system. This is the major advantage of using the Semantic Web instead of simply an
ontology based application.

"http://www.livejournal.com
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Table 3.2: The five hash and slash namespaces with the biggest number of names.

Hash namespace # names
http://purl.org/obo/owl/FMA# 75,140
http://www.loa-cnr.it/ontologies/OWN/OWN.owl# 65,975
http://www.hero.ac.uk/rae/# 64,799
http://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl# 58,077
http://www.geneontology.org/owl/# 29,370
Slash namespace # names
http://www.livejournal.com/ 454,376
http://www.ecademy.com/ 104,987
http://www.deadjournal.com/ 79,093
http://www.aktors.org/scripts/ 41,312
http://www.hi5.com/profile/ 32,652
Hash vs slash

There was a long running debate in the Semantic Web community on the usage of fragment identifiers in URI
references. The basic question is on the difference between using http://example.org/ontology#
joe and http://example.org/ontology/ joe in order to refer to a non-information resource. The
former type of URI is called a hash URI (since the local part is separated by the hash character # from the
namespace), the latter type a slash URI (since the local part is separated by the slash character / from the
namespace). The discussion was resolved by the W3C Technical Advisory Group [37, 34, 10].

When resolving a hash URI, only the namespace is resolved. All hash URIs with the same namespace
thus resolve to the same resource. This has the advantage that the ontology can be downloaded in one pass,
but it also has the disadvantage that the file can become very big. Therefore, terminological ontologies and
ontologies with a closed, rarely changing, and rather small set of individuals (like a list of all countries) would
use hash URIs, whereas open domains with often changing individuals often use slash URIs (see for example
in Semantic MediaWiki).

We analyzed the Watson corpus to see if there is a prevalence towards one or the other on the Web. We found
107,533,230 HTTP URIs that parse. 50,366,325 were hash URIs, 57,166,905 were slash URIs. Discounting
repetitions, there were 5,815,504 different URIs in all, 2,247,706 of them hash URIs, 3,567,789 slash URIs.

Regarding their distribution over namespaces, there are much bigger differences: we find that there are
only 46,304 hash namespaces compared to 2,320,855 slash namespaces. The hash namespaces are, in average,
much bigger than the slash namespaces. 2,197,267 slash namespaces (94.67%) contain only a single name,
whereas only 16,990 hash namespaces (36.69%) contain only one name. On the other extreme, only 253 slash
namespaces (0.01%) contain more than a 100 names, in contrast to 2,361 hash namespaces (5.10%) that have
more than 100 names. Still, as we can see in Table 3.2, the namespaces with the biggest names are slash
namespaces, being several times as big as the biggest hash namespace. What does that mean?

Slash namespaces are used in two very different ways in ontologies. First, they are used to identify resources
on the web and to provide metadata about them. This explains the huge number of slash namespaces with
only a few names: only 3,142 slash namespaces (0.14%) have more than 10 names (compared to 4,575 hash
namespaces, or 9.88%). In this case, when providing metadata, the names or often distributed all over the
web, and thus introduce many different namespaces. The other usage of slash namespaces is for collectively
built ontologies: since hash namespaces reside in one single file, they can not deal well with very dynamic
vocabularies, that add and remove names all the time and change their definitions. Looking at the five biggest
slash namespaces in Table 3.2, we see that four of five namespaces belong to social networks (aktors.org is
the Website of a UK-based Semantic Web research project). Looking at the hash namespaces, we also see
huge ontologies, but they represent much more stable domains, providing vocabularies for the life sciences
(FMA, Gene ontology, NCI thesaurus), a vocabulary for education assessment (RAE), and an OWL translation
of WordNet (OWN). None of them are interactively built on the Web by an open community, but rather curated
centrally by editors.

Look up names For every name that has a hash namespace make a GET call against the namespace. For
every name that has a slash namespace make a GET call against the name. The content type should be set
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correctly. Resolve redirects, if any. If the returned resource is an ontology, check if the ontology describes the
name. If so, N is a linked data conformant name. If not, the name may be wrong.

Opaqueness of URIs

URIs should be named in an intuitive way. Even though the URI standard [7] states that URIs should be
treated opaque and no formal meaning should be interpreted into them besides their usage with their appropriate
protocols, it is obvious that a URI like http://aifb.de/person/Rudi\_Studer will invoke a certain
denotation in the human reader: the user will assume that this is the URI for the person Rudi Studer working at
the AIFB, and it would be quite surprising if it were the URI for the movie Casablanca.

On the other hand, an URI like http://aifb.de/uri/p67 does not have an intuitive denotation, and
so they become hard to debug, write manually, and remember. Their advantage is that they are not dependent
on a specific natural language. An unfortunate number of tools still displays the URI when providing a user
interface to the ontology. Therefore intuitive URISs, that actually identify the entities to which their names allude
to (for the human reader) and that have readable URISs, should be strongly preferred. Also, since URIs unlike
labels should not change often [48], it is important to catch typos when writing URIs.

URIs should follow a naming convention. When using natural language based names, the local name
of classes may use plural (Cities) or singular forms (City), the local name of properties may use
verbs (marries), verbal phrases (married_to), nouns (spouse), or nominal phrases (spouse_of or
has_spouse). All of these naming conventions have certain advantages and disadvantages: phrases make the
direction of the property explicit and thus reduce possible sources of confusion (given the triple Aristotle
Teacher Plato, is it immediately clear who the teacher is, and who the student?). But using simple nouns
can help with form based interfaces like Tabulator [6], a Semantic Web browser. Tabulator also constructs a
name for the inverse property by appending ““ of” to the word, e.g. the inverse of Teacher would be Teacher of.

Capitalization and the writing of multi-word names should also be consistent. The ontology authors should
decide which names to capitalize (often, classes and individuals are capitalized, whereas properties are not).
Multi-word names (i.e. names that consist of several words, like Wide square) need to escape the whitespace
between the words (since whitespaces are not allowed in URIs). Often this is done by camel casing (i.e. the
space is removed and every word after a removed space starts with a capital letter, like WideSquare), by
replacing the space with a special character (often an underscore like in Wide_square, but also dashes or
fullstops), or by simple concatenation (Widesquare).

Many of these choices are just conventions. The used naming conventions should be noted down explicitly.
Metadata about the ontology should state the naming convention for a given vocabulary. Many of the above
conventions can then be tested automatically. It is more important to consistently apply the chosen convention
than to choose the best convention (especially, since the latter is often unclear).

In general, URIs on the Semantic Web should follow also the same rules that URIs on the hypertext Web
should follow. These are [5]:

e don’t change (i.e. don’t change what the resource refers to, nor change the URI of a resource without
redirecting the old URI)

e be human guessable (i.e. prefer http://example.org/movie/The\_Matrix over http://
example.org/movie/tt0133093)

e be reasonably short (which also means not to use deep hierarchical nesting, but a rather flat structure)

e don’t show query parameters (i.e. don’tuse URIs like http://example.org/interest?gq=Pop+
Music,use http://example.org/interest/pop\_music instead)

e don’t expose technology (e.g. don’t use file extensions like http://example.org/foaf.rdf, use
http://example.org/foaf instead)

e don’t include metadata (e.g. don’t add the author or access restrictions into the URI, like in http://
example.org/style/timbl/private/uri,justuse http://example.org/style/uri.
Authorship and access level may change)
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Check naming conventions A proper naming can be checked by comparing the local part of the URI with
the label given to the entity or by using lexical resources like Wordnet [16]. Formalize naming conventions (like
multi-word names and capitalization) and test if the convention is applied throughout all names of a namespace.
Check if the URI fulfills the general guidelines for good URIs, i.e. check length, inclusion of query parameters,
file extensions, depth of directory hierarchy, etc.)

Note that only local names from the same namespace, not all local names in the ontology, need to consis-
tently use the same naming convention.

URI reuse

In order to enable easier sharing, exchange, and aggregation of information on the Semantic Web, the reuse of
commonly used URIs proves to be helpful (instead of introducing new names). At the time of writing most do-
mains do not provide an exhaustive lexicon of URISs yet, but it is expected that projects like Freebase?, Swoogle
[14], Sindice [44], or Semantic Wikipedia [35] will change that soon. Some domains, like life sciences, mu-
sic, computer science literature, or geography already have very exhaustive knowledge bases of their domains.
These knowledge bases can easily be reused.

Analyzing the Watson EA corpus, we find that 75% of the ontologies use 10 or more namespaces, in
95.2% of the ontologies the average number of names per namespaces is lower than 10, in 76.5% it is lower
than 3, in 46.4% lower than 2. This means that most ontologies use many namespaces, but only few names
from each namespace. Considering knowledge bases, this makes perfect sense: in their FOAF files persons
may add information about their location by referencing the Geonames ontology, and about their favourite
musician referencing the MusicBrainz ontology. Terminological ontologies often reference the parts of external
ontologies relevant to them in order to align and map to their names.

Metrics of ontology reuse

We define the following measures and metrics:

e Number of namespaces used in the ontology Nyg
e Number of unique URIs used in the ontology Nyy
e Number of URI name references used in the ontology Ny (i.e. every mention of a URI counts)

e Ratio of name references to unique names Ryy = ]X}x\’

e Ratio of unique URIs to namespaces Ryys = %%’;

Check the following constraints. The percentages show the proportion of ontologies that fulfill this constraint
within the Watson EA corpus, thus showing the probability that ontologies not fulfilling the constraint are
outliers.

e Ryy < 0.5(79.6%)
° }%UNS < 5(90;{%)

e Nyg > 10 (75.0%)

URI declarations and punning

Web ontologies do not require names to be declared. This leads to the problem that it is impossible for a reasoner
to discernif e.g. ex: Adress is a new entity or merely a typo of ex : Address. This can be circumvented by
requiring to declare names, so that tools can check if all used names are properly declared. This further brings
the additional benefit of a more efficient parsing of ontologies [41].

The declarations are axioms, stating not only that a name exists but also its type, i.e. if it is declared as a
class, an individual, a datatype, object or annotation property. This feature was introduced in OWL 2, and thus
does not yet appear in ontologies outside of test cases.

Check name declarations

http://www.freebase.com
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Check for every URI if there exists a declaration of the URL. If so, check if the declared type is consistent
with the usage. This way it is possible to detect erroneously introduced punning.

In OWL 1 DL the set of class names, individual names, and property names were disjoint. This restriction
was removed in OWL 2, and not it allows to use the names for either the individual, the property or the class.
Based on the position in the axiom it is always clear which type of entity the name refers to. There are good
reasons to allow punning: for example, the entity lion, depending on the context, may represent the individual
lion that is of the type species, or it may be the type of the lion Simba [9]. There is no necessity to introduce
different names for the two, or to render the merger of two ontologies inconsistent where lion is used as a class
in the one ontology, and as an individual in the other. Nevertheless, punning may cause confusion with the user,
especially since most tools are not yet well equipped to deal with punning. Punning should only be carefully
applied.

3.2 Literals

Ontologies often contain literals that represent data values. These data values can be very varied, e.g. numbers
(like 4.75), points in time (like 2:14 pm CEST on 6th March 2009), or strings (e.g. Jaguar). The importance of
literals on the Semantic Web can be shown by their sheer number of occurrences: the Watson corpus consists
of 59,749,786 triples, and 26,750,027 of them (42.8%) include a literal.

Anything that can be represented by a literal could also be represented by an URI. For example, we could
introduce the URI ex:Number4dot75 to be the URI to represent the number 4.75. Using OWL Full, we could
state that the literal and the URI are the same individual. Often it is more convenient to use a literal instead of
a URI, especially since their meaning is already agreed on. Literals have the disadvantage that in triples they
are only allowed to be objects. This means that we cannot make statements about literals directly, e.g. say that
4 is an instance of the class ex: EvenNumber. This can be circumvented by using URIs as proxies for data
values. It is currently discussed to drop this limitation and to allow literals to also be subjects in triples.

Literals can be typed (see Section 3.2) or plain. A plain literal may be tagged with a language tag (Sec-
tion 3.2). The standard does not allow literals to be both typed and language tagged. Language tagged literal
would often make little sense: the integer 4 is the same number regardless of the language. Since it makes
sense for text, a specification for the new data type rdf : text is currently being created in order to allow for
language tagged typed text literals [3].

The RDF standard states that plain literals denote themselves [28], i.e. the plain literal Jaguar denotes the
ordered list of characters Jaguar. Most of the literals on the Web are plain literals — only 1,123,704 (4.2%) of
them are typed.

Typed literals and datatypes

A typed literal is a pair of a lexical representation and a data type. The data type is given by an URI that defines
the interpretation of the lexical representation. Most ontologies use data types defined by the XML Schema
Definition [15]. The OWL standard requires all tools to support xsd:string and xsd:integer [4] and
names 33 further data types that should be implemented. OWL 2 extends the number of required data types
considerably, providing nineteen data types for numbers, eight data types for text, one for boolean values, two
for binary data, one for URIs, one for time instants, and one for XML literals [42] (note that even though this
also are 33 data types, they are not the same as the one OWL 1 recommends). Some of the data types are noted
as features that may be removed from the final specification of OWL 2.

Figure 3.2 shows the most often used data types. The most often used data types all belong to the set of
recommended data types by the specification. The only two non-recommended data types that are used more
often than a hundred times are from a deprecated XML schema version® and from the W3C’s calendar working
group.*

A fairly common error in data types is to use a namespace prefix (xs:string appears 19,927 times,
xsd:string 518 times). Other common errors include misspelling of the data type URIs (e.g. forgetting the
hash, or miscapitalizing the local name) or using deprecated versions of the XML schema.

*http://www.w3.0rg/2000/10/XMLSchema\ #nonNegativeInteger, used 157 times
‘http://www.w3.0rg/2002/12/cal/icaltzd\#dateTime, used 128 times
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Figure 3.2: The fifteen most often used data types in the Watson corpus. Note the logarithmic scale.

The Semantic Web standards allow to define new custom data types, but this option is very rarely used. It
makes it nevertheless hard to automatically discover if a data type URI is just an unknown data type, or if it
is indeed a typo. Data type URIs should be resolvable just as all other URIs and thus allow a tool to make an
automatic check. When evaluating ontologies, the evaluator should decide on a set of allowed data types. This
set depends on the use case and the tools being used. All tools should be able to deal with the data types in
this set. This closed set will help to discover syntactic errors in the data type declarations of the literals in the
ontology.

An ontology should be checked if all used data types in the ontology are understood by the tools dealing
with these data types. That does not mean that all tools need to understand all the used data types. A tool may
be perfectly capable of dealing with an unknown data type as far as the task of the tool itself is concerned.
For example, a tool used for converting RDF/XML-serialization into OWL Abstract Syntax does not need to
understand the data types. A reasoner who needs to check equality of different values on the other hand needs
to understand the used data types.

The second check that is relevant for typed literals is to check if the literals are syntactically correct for
the given data type. A typed literal of the form "Four" and data type http://www.w3.0rg/2001/
XMLSchema\#integer is an error and needs to be corrected. For this it is important for the evaluation tool
to be able to check the syntactic correctness of all used data types. This should be considered when choosing
the set of allowed data types. Otherwise it will be hard to discover simple syntactic errors within literals.

Check literals and data types

A set of allowed data types should be created. All data types beyond besides those recommended by
the OWL specifications should be avoided. Creating a custom data type should have a very strong reason.
xsd:integer and xsd: string should be the preferred data types (since they have to be implemented by
all OWL conformant tools).

Check if the ontology uses only data types from the set of allowed data types. All typed literals must be
syntactically valid with regards to their data type. The evaluation tool needs to be able to check the syntactical
correctness of all allowed data types.
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Language tags

Language tags can be used on plain literals to state the natural language used by the literal. This enables tools
to choose to display the most appropriate literals based on their user’s language preferences. An example for
a literal with a language tag is "university"@en or "Universit&dt"@de. Language tags look rather
simple, but are based on a surprisingly large set of specifications and standards.

Language tags are specified in the IETF RFC 4646 [47]. IETF RFC 4647 in turn specifies the matching of
language tags [46]. Language tags are based on the ISO codes for languages, if possible taking the Alpha-2 code
(i.e. two ASCII letters representing a language) as defined by [32], otherwise the Alpha-3 code (three ASCII
letters representing a language), defined by [33]. Not all languages have an Alpha-2 code. The specification
allows to use Alpha-3 codes only if they do not have an Alpha-2 code. For example, to state that the literal Gift
is indeed the English word, we would tag it with en, the Alpha-2 code for the English language. If we wanted
to state that it is a German word, we would have tagged it with de, the Alpha-2 code for German. If it were the
Middle English word, it would have to be tagged with enm (since no two letter code exists).

The language tags can be further refined by a script, regional differences, and variants. All these refinements
are optional. The script is specified using ISO codes for scripts [29]. To state that we use Russian with a latin
script would be ru—-1latn. Every language has a default script, that should not be specified when used, e.g. en
always assumes to be en-1atn, i.e. English is by default written in latin script. The IANA registry maintains a
complete list of all applicable refinement subtags, and also specifies the default scripts for the used languages.’
Following the optional script parameter, the language can be specified to accommodate regional differences.
The codes for the regions are based on either the countries and regions ISO codes [31] or, alternatively, on the
UN M.49 numeric three-digits codes [50]. English as spoken in Hong Kong would either be defined as en-hk
or en—-344. The regional modifiers should only be used when needed, and preferably omitted. For example,
instead of using ja—Jp for Japanese as spoken in Japan the tag ja would be preferred. Finally, a relatively
small number of further variants can be specified defined for special cases like historic language deviations,
sign languages, and similar.

It is also possible to define private language tags or tag refiners, denoted by an x. So one could use
en—-x-semweb as the language tag for the kind of English that is spoken by the Semantic Web research com-
munity, where certain terms have meanings deviating from standard English. Private tags should be avoided,
and indeed, our analysis of the Watson corpus shows that none are used.

Language tags are case insensitive. So it does not matter if one uses en-us, EN-US, en-US, En-us, or
any other combination of upper and lower case characters. On the Semantic Web it seems to be usual to use
lower case characters only, with less than 200 occurrences of upper case codes.

We examined the usage of language tags on the Semantic Web to find if the standards are applied correctly.
For such a complex mesh of standards we found surprisingly few errors. All in all, 17,313,981 literals have a
language tag (67.6% of all plain literals). English (en) was by far the most often used tag, applied 16,767,502
times (96.8%), followed by Japanese (ja) with 519,191 tags (3.0%). The other languages are less widely used
by far, Suomi (£1) is used 9,759 times, German (de) 4,893 times, French (fr) 1,810 times, and Spanish (es)
866 times.

The most often applied refined tags are en—us with 2,284 tags, en—gb 1,767 times, and fr—fr 288 times.
The latter could be regarded as redundant, since £r would be sufficient. Further inappropriate usages or errors
that can be found in the language tags are en—uk (it should be en—gb, used 90 times), frp (undefined tag,
used 30 times), and jp (should be ja). In summary, with respect to the complexity of the used standards, the
number of errors regarding language tags is extremely low. This probably stems from the fact that most of the
advanced features are never used: no single tag specifies a script (besides one example literal) or a variant, and
only a handful of tags specify a region, never using the UN M-49 standard (besides one example literal)® but
always ISO 3166 codes.

Check language tags

Check that all language tags are valid with regards to their specification. Check if the shortest possible
language tag is used (i.e. remove redundant information like restating default scripts or default regions). Check
if the stated language and script is actually the one used in the literal.

Shttp://www.iana.org/assignments/language-subtag-registry
Both cited example literals are based on the W3C’s write up on its internationalization effort, highlighting the possibilities of
languages tags. See here: http://www.w3.0org/International/articles/language-tags/Overview.en.php
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Check if the literals are tagged consistently within the ontology. This can be checked by counting every
occurrence n; of each language tag [ that occurs at all in the ontology. All n; should be roughly the same.
Outliers should be inspected.

Labels and comments

Labels are used in order to provide a human readable name for an ontological entity. Every ontological entity
should have labels in all relevant languages. Almost none of the ontologies in the Watson corpus have a full
set of labels in more than one language, i.e. most ontologies are not multi-lingual. Thus they miss a potential
benefit of the Semantic Web, i.e. the language independence of ontologies. Comments add further human-
readable explanations to a specific entity, and should also be language tagged.

Labels and comments should follow a style guide and be used consistently. A style guide should define
if classes are labeled with plural or singular noun, if properties are labeled with nouns or verbs, and under
what circumstances comments should be used. Labels and comments should never use camel case or similar
escape mechanisms for multi word terms, but instead simple use space characters (or whatever is most suitable
for the given language). l.e. an URI http://example.org/LargeCity should have a label "large
city"@en. External dictionaries like WordNet [16] can be used to check consistency with regards to a style
guide.

In an environment where ontologies are assembled on the fly from smaller ontologies [1], the assembled
parts may follow different style guides. The assembled ontology will then not adhere to a single style guide
and thus offer an inconsistent user interface. It is not expected that a single style guide will become ubiquitous
on the whole web. Instead, an ontology may specify explicitly what style guide it follows, and even provide
labels following different style guides. For example, the SKOS ontology [38] offers more specific subproperties
for labels like skos:preflLabel. This would allow to introduce a subproperty of label that is style guide
specific, which would in returnallow for the consistent display of assembled ontologies.

Even when subproperties of rdfs:label are defined, there should always be one label (per supported
language) given explicitly by using rdfs: label itself. Even though this is semantically redundant, many
tools (especially visualization tools) do not apply reasoning for fetching the labels of an entity but simply look
for the explicit triple stating the entity’s label.

Check labels and comments

Define the set of relevant languages for an ontology. Check if all label and comment literals are language
tagged. Check if all entities have a label in all languages defined as being relevant. Check if all entities that
need a comment have one in all relevant languages. Check if the labels and comments follow the style guide
defined for the ontology.

3.3 Blank nodes

Blank nodes are an RDF feature that allows to use a node in the RDF graph without giving it a URI. This way
the node can only be indirectly referenced (if at all), for example by using an inverse functional property. Blank
nodes relieve the author of an RDF graph to come up with good URIs for every node, which would impose
additional costs on creating the graph.

There are two different scenarios for using blank nodes. First, blank nodes are used in the structural repre-
sentation of certain OWL axioms within RDF graphs. Second, blank nodes are used for anonymous ontology
entities. An example for the first scenario is the representation of a disjoint union axiom in RDF. The axiom
DisjointUnion (C D E) will be represented by the following RDF triples:

C owl:disjointUnionOf _:x
:x rdf:first D
x rdf:rest _:y

_:y rdf:first E
y rdf:rest rdf:nil

Blank nodes in RDF are represented by using the namespace prefix _ (underscore). In the given example,
there are two blank nodes, _: x and _: y. They do not represent any entities in the domain, but are introduced
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only out of structural necessity since we cannot state the relationship between three entities (C, D, and E) from
the original axiom directly with triples. We defined these kind of blank nodes to be structural blank nodes.
Even though they could be given URIs, these URIs would not represent any concept in our conceptualization
and thus should be avoided.

The second scenario uses blank nodes to represent anonymous ontology entities. For example, in the first
view years it was regarded as good practice not to define a URI for persons in FOAF documents but to use blank
nodes instead. The argument in favor of using blank nodes for persons was that it was regarded inappropriate to
name people via URIs. This echoes the sentiment of ”I am not a number”, or rather, ”I am not a URI”. FOAF
preferred to identify persons by using inverse functional properties like eMail-adresses or their hash sums.

Web architecture later suggested that all entities of interest should have a URI [34]. The FOAF project also
deprecated the use of blank nodes for persons (since they are definitively entities of interest). Using a URI for
an entity allows for all the advantages described earlier about linked data (see Section 3.1), most importantly
the possibility to look up further data about the given entity by resolving the URIL.

In summary, blank nodes should be avoided unless structurally necessary.

Check for superfluous blank nodes

The RDF syntax serialization of OWL2 [21] lists all cases of structurally necessary blank nodes in RDF
graphs. Check for every blank node if it belongs to one of these cases. Besides those, no further blank nodes
should appear in the RDF graph. All blank nodes not being structurally necessary should be listed as potential
eITors.

3.4 Selection of the corpus

In order to test our approach on a realistic corpus of web ontologies we have created and made available a
corpus of ontologies based on the Watson collection. Watson is a search engine developed by the Knowledge
Media Institute [13]. We took the copy of the Watson corpus that came as part of the Billion Triple Challenge.’
Parts of the experiments were done by selecting a random sample of ontologies from the corpus. The EA corpus
is the corpus whose ontology name’s hash values start with EA. This corpus contains 515 ontologies.

7http ://challenge.semanticweb.org
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Chapter 4

Content Evaluation in Semantic MediaWiki

Wikis have proved to be systems that enable communities to collaboratively create knowledge. Wikipedia, the
best known wiki, has shown that wikis can grow to a truly global scale. Wikipedia does not work solely because
of its underlying software MediaWiki, but it is a rather complex socio-technical entity that works due to often
implicit community processes and rules [2].

Semantic wikis have shown to be feasible systems to enable communities to collaboratively create se-
mantically rich content. Additionally to classic wikis they also allow the community to add more structured
information to the textual and multimedia content. Such structured content is successfully used in order to
reduce redundancy and thus increase consistency within the wiki. In this chapter we discuss how the structured
data can additionally be used in order to further ensure the quality of the wiki content. Whereas the formal
basis of these content checks is well understood, it is unclear how the social processes will play out.

In this chapter we present a number of means to cope with possible problems when using SMW introduced
due to the heterogeneity of its users. These means aim at keeping the knowledge base consistent and compact
by giving feedback to the user regarding e.g. redundancies.

Note that in this Chapter, we use the terms category and class interchangeable, since categories in SMW
represent class in OWL DL.

4.1 Cardinality checks

Concept cardinality checks, i.e. explicit statements on how many results shall a query within the wiki have.
Besides exact numbers also minimal and maximal cardinalities are allowed. Note that this allows to state
disjointness (by stating that the intersection has a cardinality of 0).

It has to be noted that the above checks do not follow the usual OWL semantics. Concept cardinality in
SMW does not relate to nominals and OWL property cardinalities, but follow rather the semantics of autoepis-
temic operators [22]. Within the wiki, we assume a closed world and unique names if not otherwise stated.

The deviation from OWL semantics has to be carefully considered when exporting data from the wiki. It is
obvious that domain and range statements in the wiki should not be exported as OWL domain constructs, since
that would lead to different semantics of the export and within the system.

An interesting sidenote is that the implementation of cardinality checks can be done completely without
adding any proprietary code to the wiki but with merely using what is already available by using templates and
count queries (for a description of both features, refer to Deliverable D1.3.1).

Using these, we can simply instantiate an appropriate template on the concept page like this:

{{Concept cardinality|20}}

which could display a big warning box whenever the result of a count query against itself (i.e. the concept
of the page) is different from the provided value (e.g. 20 in the given example).

4.2 Discovering redundancies

One issue we want to deal with are similarities with names. Since there are different terms referring to the same
entity different users might introduce the same entity but give different names to that entity. So here the point
is to give the user a hint to resolve such an issue like we have it in the following example: one user might call
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a vehicle with four wheels and an engine auto, another might call it automobile. Here the system will compare
the names of two concepts by checking whether one name is part of the other. The user then has to decide
whether there is really one concept denoted by different terms and therefore resolve that issue or whether the
two terms denote different concepts.

Another way to introduce redundancies is by having too many subsumption relations. Imagine a user
introducing the categories dog, pet and animal, with dog being a subcategory of pet, dog a subcategory of
animal, and pet a subcategory of animal. The system could now discover that the explicit subcategorization of
dog by animal is redundant. The system points this out to the user who then has to decide which relation is
redundant or even wrong.

For the just mentioned functionality it is necessary to check whether there are cycles (regarding the sub-
sumption) in the knowledge base. For the redundant relations issue this check is performed for a specific class
and its related classes. However there is also the possibility to give an overview of all the classes which are part
of cycles.

Regarding classes, individuals and properties there has been implemented another functionality which com-
pares the propertysets (that is the set of properties of all individuals of a class) of classes, which have the same
superclass. The idea there is that if a class has a similar propertyset (with a certain percentage e.g. 50%) as a
sibling class then there might be the need for integrating the two classes among each other. Let us assume we
have two classes airliner and jet. They both have the same superclass aircraft. Regardless which individuals
belong to the two classes we assume that the propertysets of both classes contain the properties speed and alti-
tude. This information would then be delivered to the user who then has to decide whether the classes refer to
the same concept.

Like the function of displaying all the classes which have no superclass, which is already implemented in
SMW, we have adapted the system in a way that all classes which have no subclass will be displayed to the
user. There might be classes which need to be subclassed further since their granularity is not fine enough. The
user can add additional subclasses by having a compact overview of all the leaves in the knowledge base.

4.3 Statistical approaches

Beside the now mentioned, rather specific functionalities there are also means for getting general information
about the knowledge base. There we have the possibility to display histograms relating the names of classes in
the knowledge base to the letters of the alphabet. If the distribution does not follow the natural distribution of
words starting with a specific letter then this is a hint that there might be something wrong. This of course is
also applicable with properties and individuals. There is several more information that can be displayed to the
user like the number of subclasses, the number of superclasses, the number of individuals, the steps needed to
reach the top class or the leave class and others.

In SMW the functionalities are used differently. On the one hand the system gives feedback to the user
during the creation process. Whenever a user creates a new class for example the system will invoke some
functionalities and provide feedback. This feedback can be structured by adding different levels of importance
which means that there are issues which have to be resolved as well as issues that merely should be resolved.

On the other hand we use special pages which can be accessed by the regular user as well, however, there
the focus is to provide knowledge experts with a comprehensive view on certain issues (other than the regular
user who is interested in a small amount of classes the knowledge expert seeks to resolve issues regardless any
preferences).

4.4 Social and usability aspects

Adding constraints in the wiki must be simple enough to allow contributors to actually apply these features. The
given selection is based on the fact that they can be represented within the wiki simply and unambiguously, i.e.
contributors will always know where to look for a specific piece of information. This is a necessary requirement
in order to keep a wiki maintainable.

A major decision to make is whether to allow contributors to introduce inconsistencies or not. When a page
is modified, the wiki could check if that edit would turn it inconsistent and then cancel the edit. Disregarding
if a real time check would be computationally feasible, it seems to conflict with the wiki paradigm. Instead of
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prohibiting edits that lead to inconsistencies we plan to introduce special pages that report discovered problems
and allow to repair them efficiently.
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Chapter 5

Conclusions and outlook

We have collected a succinct set of quality criteria for ontologies, that will guide the evaluation of ontologies
within the project. We have provided a comprehensive study of the quality of the vocabulary aspect of ontolo-
gies on the Web, and have shown that reusing terms from Web ontologies is feasible. During the second year,
all ontologies chosen by the case studies or chosen by the technical partners (e.g. in Deliverable 1.1.1) will be
evaluated with the approaches developed by this Work package, like those presented in Chapter 3.

We presented approaches towards enabling user communities to automatically detect quality problems
within the content of their semantic wikis. This enables computers and humans to collaborate in novel ways
in order to achieve high quality content in wikis more efficiently. We have argued that it is feasible to enable
end users to define and manage such quality checks themselves. Our next step is to gather feedback from the
community, use the the suggested approach, and to evaluate them in order to discover their effects on content
quality and especially community development.

We expect that these features will free up valuable time and effort of contributors who hitherto had to check
such information manually, who in turn could engage in other projects towards improving their wiki. This is
especially true for enterprise wikis, since unlike open community wikis like Wikipedia they often have a very
different work structure.

In the second year, we plan to gain experience and introduce further content checking mechanisms to the
wiki. One further feature that we expect is to add more powerful consistency checks. We need to find a way to
easily express such powerful checks and to evaluate if they get accepted. We expect that in all case studies that
use Semantic MediaWiki they will be uses for the consistency checking features. Here we list a few examples:

e When using SMW for managing content snippets for answering a request for a bid, the wiki could check
for snippets that are older than a specified time range, or that have no editor associated with them

e When using SMW for creating a complex bid, complex dependencies in the text — like "if a bid is
valued for more than 5 Million Euro, the bid manager should be at least a level 3 accountant” — can be
formulated and automatically checked

o the representation of knowledge structures within the company — e.g. the social graph — can be auto-
matically checked for consistency, i.e. each person should only have one direct supervisor, each person
should have at least one person to report to, etc.

What we also will aim at in the second year (what has been omitted during the first year) was the leverage
of weaker knowledge structures. This especially involves approaches for conceptual tagging, i.e. lifting simple
keyword taggings to become taggings pointing to a well defined concept, e.g. defined in a wiki or vocabularies
from external knowledge sources (as those evaluated in Chapter 3).
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