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Galaxy: IBM Ontological Network Miner
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Abstract: Many applications of the semantic web and Web 2.0 aim to empower the
knowledge worker. These applications however, do not allow the user to combine all
of his/her social and semantic information into a single resource which allows data
to be processed, managed and enhanced automatically. In our demo we will present
a number of demo applications based on Galaxy, IBM’s ontological network miner,
which was designed to work with such resources to enhance the capabilities of a num-
ber of applications in social semantic computing. Galaxy is a highly efficient, scalable
system which can be easily built into an application and can be optimised to suit a
user’s preferences or to take into account the needs of a particular task or application.

1 Introduction

Currently the semantic web relies on semantic annotations which, for the most part, are
done manually by humans. Working in the EU 6" framework project Nepomuk [Nepo] we
in IBM Dublin have developed a tool which can be useful in the automation of metadata
creation. Our ontological network miner, Galaxy, is a generic tool which performs ele-
ments of soft clustering on semantic networks such as company organisation trees, social
networks and community diagrams or any other collection of data which can be repre-
sented by a graph network.

We perform automatic ontology-based conceptual tagging and find central concepts
of a text with respect to the given lexico-semantic resource (ontology). For ex-
ample, a text which mentions Mulhuddart, Lansdowne, Clontarf is probably about
Dublin/Ireland/Europe/Earth. This fact can be inferred (assuming some geographical in-
formation exists in our semantic resource) from geographical relations like Mulhuddart
is-part-of Dublin. Galaxy resolves any ambiguities on the fly based on the ontolog-
ical knowledge from the corresponding semantic resource and uses the results of disam-
biguation in determining the results.

This kind of processing can be leveraged for numerous tasks including metadata genera-
tion, related item recommendation, community detection, and expert location. We have
designed our application in such a way that it is highly configurable to make it adaptable
to numerous tasks in social semantic computing.

The remaining sections of this paper are structured as follows: Section |3| describes our
network mining algorithm and gives some performance statistics. Section [4| discusses
some of the many applications which our algorithm could be used for. Finally Section [3]
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outlines some future directions for our work.

2 Motivation

[Tof90] observes that knowledge workers in the age of knowledge economies and knowl-
edge societies need to have available to them a system which can be used to create, process,
enhance and manage their knowledge and information. Recent advances in social comput-
ing and social semantic desktop applications are making such a system possible. However,
many of the resources available for these tasks need significant manual intervention before
they are useful to the knowledge worker. We have created a highly scalable and efficient
ontology mining algorithm which can be used for a variety of tasks in social semantic
computing and which can be developed into an application which can suggest links be-
tween resources to remove the need for manual intervention and which can be adapted to
a user’s preferences or for individual tasks.

The Nepomuk project aims to empower knowledge workers to better exploit their per-
sonal information space and to maintain fruitful communication and exchange within so-
cial networks irrespective of organizational boundaries. In the context of Nepomuk we are
working with our partners to develop a comprehensive solution which extends the personal
desktop to create a collaboration environment which supports both personal information
creation, processing and management, and the sharing and exchange of information across
social and organizational relations. This solution is called the Social Semantic Desktop
(SSD).

The SSD is built upon the idea of a Personal Information Management Ontology (PIMO)
which is a unified model of social and semantic data. The PIMO is neither a fixed nor a
hierarchical entity, it grows and changes as the user creates new data, uses existing data
and changes his/her social interactions. Because of the organic and dynamic nature of
the PIMO an efficient, scalable method of mining information from the ontology and of
inferring new data based on the topology is required to exploit this data fully.

Much of the existing network mining technology is lacking in this regard, often they rely
on a rigid or hierarchical ontology structure or they suffer badly in terms of complexity
on large datasets. For example [AHSSO04]| presents an accurate scalable algorithm which
assigns a geographical focus to a texts based on mentions of places in the text. However
their method requires that the underlying datasource is structured hierarchically and it is
confined to just one domain of application. Galaxy is a significant improvement on these
type of miners, not only is it efficient and scalable but because it makes no assumption
about graph topology it can work on an ontology of any complexity.
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3 Description

Galaxy is based on the spread of activation technique used in semantic networks. It is
very flexible and customisable which allows it to be tailored for a range of applications.
The spread of activation is used to find a focal node, or nodes, in the network based on
the parameters and constraints given. Galaxy resolves any lexico-semantic ambiguities on
the fly based on the ontological knowledge from the corresponding resource and uses the
results of disambiguation in determining the focus.

Galaxy does not perform clustering in the traditional sense (“hard clustering”), where a
graph or network is partitioned according to various clustering measures. Instead Galaxy
performs a “fuzzy clustering” analysis, dealing with a (changing) sub-graph based around
a set of nodes within the graph provided to it, and finds a focus (or foci) relative to those
nodes and dependent upon the graph topology and the user’s constraints on how propaga-
tion around the graph can happen. The focus found by Galaxy is similar to finding a central
node or concept for the given sub-graph. However, dependent on the starting nodes, the
constraints of the specific application and graph topology, multiple foci or no focus may
be returned. In this way it does not return a central concept or focus unless one can be
found which is close to the starting nodes.

Testing Galaxy as a stand alone entity is somewhat difficult. Standard metrics like preci-
sion and recall are difficult to apply without a particular task in mind and a specific test set
and lexico-semantic resource for that task. Galaxy would also have to be incorporated into
a “driver application” which would perform the particular task. This means that as yet we
are unable to supply qualitative results on Galaxy’s performance.

We have performed scalability tests on Galaxy to test how well the algorithm copes with
different amounts of nodes activated in the initial query. The tests were carried out on a
network of over 170,000 nodes, up to 100 initial nodes were chosen at random to activate
and the time taken for each query length were averaged over 10 runs.

Galawy Perfornance

Tine {nilliseconds}
B
]
g

(] 18 20 30 48 50 68 70 88 98 168
Query length

Figure 1: Graph of time versus query length performance for Galaxy

159



The graph in Figure[T|shows that the time taken to execute a query increases as the number
of activated nodes in the query is increased. The overall trend in the time increase is
roughly linear. The time taken to execute individual queries is remarkably small for such
a large network, and even when the longest queries tested can execute in the region of 0.2
of a second.

4 Applications and the Demo

Galaxy can be used to add value to a range of different applications. We have developed a
prototype application “workbench” which allows us to demonstrate a number of tasks use-
ful for IBM’s new enterprise corporate social software solution Lotus Connections [LSS].
We will demonstrate ways in which Galaxy can tie together resources from social soft-
ware at IBM for a number of tasks including metadata generation, tag recommendation,
community detection and expertise location.

Our demo will feature live demonstrations of these tasks and more applications as we
discover them and refine our demonstration workbench. We will also demonstrate a com-
posite application built on Lotus Notes 8 called Smart Assistant, which uses text analytics
and Galaxy to organise incoming email and provide contextual information based on mail
content and real world knowledge in the form of a semantic ontology.

5 Future Directions

As yet Galaxy is in the early stages of being deployed into real world situations and ap-
plications. We are working closely with our partners in Nepomuk, Digital Enterprises
Research Institute Galway, and Trinity College Dublin to explore new areas of applica-
tion and to build solutions based on Galaxy. This is an ongoing challenge and many new
areas of research are open to us including using Galaxy as an application development
component instead of just a monolithic ontology mining algorithm.
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IMAGENOTION - Collaborative Semantic Annotation of
Images and Image Parts and Work Integrated Creation of
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Abstract:

In this paper, we present the ImageNotion tool that allows for the semantic anno-
tation of images and image parts together with the maturing of ontologies in a work
integrated environment. The tool uses our ImageNotion methodology for ontology
development.

Keywords Collaborative ontology engineering, image annotation, social software

1 Introduction

Currently, metadata about the content of images is largely based on the unstructured and
non semantic tagging paradigm. E.g., also Flickr [Fli07] and Riya [Riy07], two popu-
lar systems for collaborative annotation of images, use this paradigm. Our current work
aims to provide semantic search for image contents and also make easy navigation among
images by simply clicking on their parts possible. This requires using domain specific
ontologies for the annotation of images and image parts.

While tagging systems are user-friendly, ontology formalisms and development tools are
too complicated for most users [FLGP02]. This fact normally leads to a seperation of the
ontology engineering process from the usage of ontology for the semantic annotation of
resources. When the content of an image repository rapidly changes — and this is the
case for most image repositories that are created collaboratively — this separation usually
results in missing or obsolete concepts in the ontology. l.e., an adequate and user-friendly
annotation of images is not possible any more. Moreover, using separated ontology ed-
itors and image annotation tools raises the need for continuous ontology import/export
between them. This makes the whole process cumbersome, slow and expensive even for
experienced ontology engineers and domain experts.

We identified three challenges that must be solved to change this situation. First, the
ontology development process should be simple enough that even the average user with-
out much ontology experience can contribute to the creation of a meaningful ontology.

*This work was co-funded by the European Commission within the project IMAGINATION.
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Figure 2: Creation of new imagenotions

3.2 Social Ascpects of ImageNotion

The usual separation of ontology development and ontology usage leads to problems in
practice, such as having outdated elements in the ontology ([Hep07]). Ontology maturing,
i.e., the development of ontologies, is a social and collaborative process. This process
should be supported by a user-friendly methodology that allows the needed collaboration.

In ImageNotion, users can modify the underlying ontofogy a semantic application
themselves and at once when the need arises. They also see the changes that are made by
their fellow users. This approach, motivated by constructivist views on learning (see also
[AMRO6]), allows a community the creation of required ontologies that fit their needs as
well as possible.

4 The ImageNotion Tool

We will now describe how the ImageNotion methodology is implemented in our tool. A
demo version of the tool is accessiblenatw.imagenotion.com/demo

Creating and Editing Imagenotions: Images with new ontology elements require the
creation of new imagenotions. In Fig. 2, a user has new images of “Joseph Joffre” (french
general in World War 1). Since the ontology contains so far no concept (or instance, re-
spectively) for Joffre, a new imagenation is required that allows for the annotation of this
new image. The user chooses one image in the archive showing Joffre and drags this image
to the area that allows the creation of new imagenotions (see Fig. 2). Now she can enter
a label in her preferred language and the new imagenotion is created. To add relations,
the tool first allows searching for existing imagenotions. Then, it is possible to add these
imagenotions as relations or to create a new imagenotion and relate it with the current one.
E.g., in the example of “Joffre”, relations to “France” or to “World War I” may be added
(see Fig. 3).

ladd new ontology elements or modify existing ones
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Figure 3: Adding relations between imagenotions

Annotation of Images and Image Parts: The annotation of images is possible with
every available imagenotion. The tool allows searching for imagenotions and bookmark-
ing the preferred ones as “my imagenotions”. With drag and drop, a user can annotate
images or image parts very easily. For image parts, the user can also specify the correct
position of the image annotation box (see Fig. 4).

HIMAGENOTION

Figure 4: Semantic annotation of image parts

5 Conclusion and Future Work

The ImageNotion tool allows for the creation and maturing of ontologies for the semantic
annotation of images and image parts. It is accessible via a standard web-browser and
allows collaborative work in a work integrated environment. Our next work steps include
implementing exporting possibilities for the the created ontologies, further elaborate on the
issue of relations among imagenotions, and evaluating the system with experienced users
in the area of image annotation within the EU project IMAGINATI®Nh this project,

we implement an expert-based version of the system, where only experts may annotate
the images. Our vision is, however, the creation of a Flickr-like collaborative environment
where imagenotions are used for the semantic search and annotation of image contents.

2http://lwww.imagination-project.org
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Abstract: Large amounts of information from various sources have often to be con-
sidered when collaboratively developing semantic structures. Examining all relevant
information can be very demanding and time consuming. Thus, methods and tools
are needed that assist in the integration of this heterogeneous and distributed informa-
tion. Based on an approach that uses Social Software and Semantic Web technology
in requirements engineering, this paper describes the general concept and architec-
ture of the Semantic Integrator, a tool that aims at visually support the integration of
distributed information into semantic structures.

1 Introduction

The comprehensive collection of requirements is essential to successful software develop-
ment. However, considering all sources of requirements and collect, analyze and merge
the gathered information is challenging, particularly if the user groups are very large and
spatially distributed. Semantic Web and Web 2.0 technologies open up new opportuni-
ties to better cope with these difficulties. Within the SoftWiki research project [Sof07], a
web based collaborative environment is developed that fosters stakeholder participation in
early requirements engineering. The SoftWiki philosophy follows the notion of the Social
Semantic Web: Participation should be as easy as possible and semantically structured at
the same time.

Though this "Wiki Way” [LCO1] of requirements elicitation lowers the participation bar-
rier and increases stakeholder involvement, large parts of stakeholders may still not have
the skills, time, or motivation to actively use the collaborative environment. Furthermore,
relevant information may already exist in some form or other but needs to be integrated.
Examples are end user statements made in e-mails or webforms, on blogs or discussion
boards, as well as existing documents and system descriptions. Thus, we search for ways
to enhance Social Semantic Web Environments' by integrating these distributed informa-
tion in an efficient way.

'By Social Semantic Web Environments we mean community platforms that combine Social Software and
Semantic Web technologies (e.g. Semantic Wikis).
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In the following we describe the general concept and architecture of the Semantic Inte-
grator, a tool we are currently developing within the SoftWiki project. It aims at visually
support the integration of information from diverse sources into an existing semantic struc-
ture (e.g. an ontology).

2 Semantic Integration

Three basic principles are at the heart of our approach: (1) The semantic integration should
follow a semi-automatic process — manual and automatic activities shall complement each
other. (2) The automatic integration should evolutionary improve by learning from the
manual integration. (3) The integration process must always remain in the control of the

user.
.X. adaptation

raw information structure manipulation validation
s I Tt
! raw information pre-integrated
| | Analysis of raw |+ meta data Automatic information A
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Figure 1: Raw information is analyzed and automatically pre-integrated in the existing structure. The
result is then visualized to the user, who interactively manipulates and validates the pre-integration
or adapts the underlying structure. Whenever information is manipulated or integrated this leads to
a learning step for the next automatic pre-integration.

Usually, two kinds of input sources are provided to the Semantic Integrator (cp. Figure 1):
an already existing semantic structure and one or more text documents containing the in-
formation that is intended to be integrated into the structure. We subsume the latter under
the term raw information — though this information may be delivered in a structured way,
it usually does not directly fit with the semantic scheme of the existing structure’. The
Semantic Integrator aims to be able to process various XML-based input formats: The
semantic structure may be provided in RDF or OWL, the raw information in XHTML or
OpenDocument format. As output, RDF is generated that contains the adapted structure
and the information integrated into it. With these standardized XML-based input and out-

2Furthermore, the Semantic Integrator may be used as a visual tool that assists in building an initial structure
out of the raw information in cases where a semantic structure does not already preexist.
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put interfaces, it will be possible to seamlessly plug the Semantic Integrator into Social
Semantic Web Environments. The semantic integration process consists of the following
components:

2.1 Analysis of Raw Information

Having selected the sources that should be considered for semantic integration, the in-
cluded raw information is first analyzed. For this purpose, we use several text mining
algorithms that work in conjunction with a large reference corpus [HQWO02] and that have
already been successfully applied in former research projects (see e.g. [ZJB05]).

First, the text is segmented into its single sentences and words, the stop words are elim-
inated and an index is generated. Typical word usage is derived by comparison with the
reference corpus. Additionally, collocations are calculated and compared with the refer-
ence corpus. A collocation is the significant co-occurrence of two or more words within a
well-defined unit of information (cp. [MS99]). The significant key words that are extracted
out of the raw information in this process are then passed to the automatic pre-integration
component.

2.2 Automatic Pre-Integration

To reduce the effort to integrate the raw information in the given structure as well as to
extract or expand a structure out of the information, the system executes an automatic
pre-integration step. In this step, the extracted key words are classified as far as possible
according to the preexisting structure. For significant key words that cannot be assigned to
any of the existing classes of the structure, suggestions for new classes are provided that
might be valuable extensions to the structure.

To adequately integrate raw information in a certain structure we consider an automatic
integration possible only to a certain extent. Hence, both the automatic classification of
the key words as well as the extensions of the class structure are merely suggestions for
the integration of raw information and need to get confirmed, manipulated or rejected by
the user employing the Semantic Integrator GUI.

2.3 Visualization

The Semantic Integrator GUI is divided into three areas (cp. Figure 2): Firstly, a tree view,
providing a hierarchical visual presentation of the preexisting structure plus the automati-
cally derived suggestions for its extensions. Secondly, a similarity view, using a map-based
visualization to show how the raw information is pre-integrated into this structure. And
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Figure 2: The Semantic Integrator GUI is divided into three areas: a tree view, a similarity view and
a detail view.

thirdly, a detail view displaying details for a selected class from the tree view or a selected
document from the similarity view.

In order to produce the similarity view we use the Vector Space Model [SAB94]. Hence,
every distinct element of the raw information (i.e. every document), is represented by a
vector of key words in a vector space spanned by the classes of the preexisting structure
and the proposed extensions. The similarity of two documents can now be calculated by
taking a similarity measure of the corresponding document vectors using either the scalar
product, the cosine similarity measure or the Euclidean distance.

To provide a proper visualization of these similarities we use Self-Organizing Maps
(SOMs) [Koh00] to scale our high-dimensional vector space onto a two-dimensional grid.
This dimensionality reduction positions similar documents close to each other, which clus-
ters the most related documents and thereby preserves the topology of the input vector
space. Such a visualization of the pre-integrated raw information helps the user to identify
similarities between documents and to get an overview of related topics.

In addition to the optimal organization of similar documents onto a two-dimensional grid
using SOMs, the Semantic Integrator GUI provides color-coded information in accordance
to the classification of the key words in the documents. If the user selects a class in the
tree view, documents in the similarity view are color-coded depending on whether their
key words are assigned to this class or not. If assigned key words are shown in the detail
view, they get color-coded, too (cp. figure 2).
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2.4 Integration

Equipped with the visualization of the clustered and pre-integrated raw information, the
user can then either validate, reject or modify the given pre-integration. The same holds
for the automatically generated extension of the class structure. The user can again val-
idate, modify or reject the suggested new classes or build own extensions. We aim to
provide intuitive interaction support that enables the user to integrate the raw information
by selection, navigation, and drag&drop interaction.

2.5 Learning

The manual integration is then processed in a machine learning step to improve the pre-
integration for the next cycle. The objective is to learn classifiers from integration patterns
and enhance the quality of the pre-integration. This is implemented by Support Vector
Machines (SVM) [Joa98], a supervised learning method that uses an efficient learning al-
gorithm that can represent complex, nonlinear functions. The classification function for
every class is learned by training data, in this case the manually integrated raw informa-
tion. So every manual integration step, such as the handling of a pre-integration or an own
classification, serves as training data for the SVM. Based on this data, the SVM calculates
the optimal linear separator, a maximum-margin hyperplane, to classify unfamiliar infor-
mation. Thus, every manual integration evolutionary improves the quality of the automatic
pre-integration.

3 Conclusion and Future Work

The Semantic Integrator aims to serve as a semi-automatic tool for organizing, visualizing
and integrating distributed information and adapting the underlying structures. Social se-
mantic Web Environments benefit from this approach as information from diverse sources
can be considered in the collaborative process in an efficient way. With respect to our
requirements engineering approach, we will be able to consider information that is not
directly expressed by stakeholders in the collaborative environment.

Future Work includes further development of the Semantic integrator and its incorporation
in OntoWiki [ADRO6], a tool for collaborative development of ontologies that is used in
SoftWiki to gather requirements. Communication between the tools will be realized via
REST and SPARQL. This incorporation will enable us to evaluate the achieved semantic
integration within a use case in the context of the Social Semantic Web.
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Abstract: Enhancing Wikipedia by means of semantic representations seems to be
a promising issue. From a formal or technical point of view there are no major
obstacles in the way. Nevertheless, a close look at Wikipedia, its structure and
contents reveals that some questions have to be answered in advance. This paper
will deal with these questions and present some first results based on empirical
findings.

1 Introduction

Up to now Wikipedia has accumulated an enormous wealth of information by the effort
of an open community of volunteers. This information however is semi-structured at best
and therefore imposes restrictions on automatic processing. Automatic processing of
Wikipedia contents is desirable for a couple of reasons. Enhanced information services
can improve the utility of Wikipedia itself. Implicit knowledge scattered over separated
parts of the corpus can be brought together and made explicit. Consistency of the corpus
can be enforced by autonomous agents operating on semantic representations.
Information extracted from Wikipedia can be used in other contexts.

There are several approaches to this task, but two very general types may be
distinguished. The first approach employs information extraction from Wikipedia based
on the interpretation of existing explicitly defined structures [AL07]. The main sources
of information are templates embedded within Wikipedia’s articles. The resulting
knowledge is represented in terms of a formal language and may be subject to viewing
and querying via the OntoWiki software [ADRO06]. The second approach requires a
modification of the markup language in order to allow for link typing and attribute
assignment [V606]. A process of information extraction and representation will again
lead to formal representations that may be employed by inference processes. A necessary
prerequisite of this approach is an extension to the MediaWiki software that is the
technical core of Wikipedia [KVV06].
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According to [V506] the following key elements are necessary to achieve the intended
semantic annotation of Wikipedia’s articles: categories classify articles according to
their content, #ypes express the meaning of links connecting Wikipedia’s articles and
attributes capture atomic properties related to the contents of an article. Categories are
the only of these devices being already in use and ready for evaluation. Thus the notion
of categorizing Wikipedia’s articles will play a crucial role within the theoretical and
practical considerations of this paper.

2 The Premises

Introducing at least one of the approaches mentioned above will be of major
consequence to the users of Wikipedia. New information services will be available on
the one hand and the authoring process will be more demanding on the other hand. The
success of this project is bound to some central premises that should be made explicit
and checked before the effort of large scale implementation is to be taken.

PI Technical feasibility: Prototypes for both of the approaches have been implemented.

P2 Formal soundness: The proposed semantic representations are based on rigidly
defined structures. However, there is some lack of clarity about the further use of
typed links. As far as no terminological reasoning is intended, no problems should
arise.

P3 Reliability of results: Recent studies have attested Wikipedia’s convenient average
quality [Ha07a, Ha07b, Wi07]. However, Wikipedia articles of abysmal quality can
be found easily. The user of Wikipedia needs the competence to distinguish reliable
from erroneous information. Semantic operations on Wikipedia should not
accumulate errors and must not blur the user’s view by hiding the sources of errors. It
is not quite clear, whether this criterion is met by the proposed approaches.

P4 Reliability of the authoring process: The first approach does not impose additional
tasks on the author. No new problems should arise here. The second approach relies
heavily on the proper assignment of link types and categories by the user. The author
can decide which and how many link types or categories to use. He can select from
predefined denominators or enter new link types and categories at his will.
Obviously, problems can arise out of the inconsistent and ambiguous use of type and
category identifiers. [V606, section 4.1] infer from the seemingly unproblematic use
of the category system that a consistent use of a link type system is to be expected
too. This conclusion is problematic simply, because there is no empirical evidence of
a proper use of the category system at all. It is the major objective of this paper to
present some observations which are relevant to this issue.

PS5 Multi-lingual system: Approaches to realizing a Semantic Wikipedia should consider
that Wikipedia is a multi-lingual information base. At least an interlingual mapping
mechanism for link types and attributes corresponding to interlingual category
mapping should be developed.
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P7 Usability: All efforts in enhancing Wikipedia by innovative information services will
be futile unless they are integrated within an environment devoted to strict usability
criteria. This applies for the authors and information seekers as well.

The list introduced above may not be complete. But the relevance of the mentioned
premises does not seem to be questionable. P4 occupies a key position since a
fundamental question is involved here. Usable interfaces may be revamped, formal
systems can be redesigned, but the competence of a large user community can be
adjusted only in the long run. Thus P4 may be the decisive criterion in the choice
between more or less demanding approaches to a Semantic Wikipedia.

3 Is Wikipedia’s category system a sound thesaurus?

The category system of Wikipedia is intended to provide an additional navigation
structure on the set of articles [Wi07a]. It is not used as a device of query support
primarily. The proper assignment of categories is defined by a set of rules of thumb
[Wi07a]. The question, whether this category system is a thesaurus, was firstly brought
up by [Vo06]. In his comprehensive overview on the category system of Wikipedia Voss
examines the statistical distribution of category features and compares this category
system to other means of knowledge organization - thesauri (MeSH: Medical Subject
Headings), hierarchical classifications (Dewey Decimal Classification) and folksonomies
(del.icio.us). This comparison is of major importance to Semantic Wikipedia, because
formal properties of the category system may be inferred from the result. Voss arrives at
the conclusion, that Wikipedia’s category system is a thesaurus, since the requirements
of ISO 2788 [ISO86] are met. The equivalence relation connecting synonymous terms
may be represented using redirects. The hierarchical relation between broader and
narrower terms is expressed by the category = subcategory relation. Associations
between related terms are represented by hyperlinks. Obviously the mark-up language of
Wikipedia is capable of expressing thesaurus structures. The question, however, is,
whether the existing category systems are thesauri. [Vo06] further elaborates his
conclusions by comparing excerpts from the MeSH thesaurus and from the English
Wikipedia. The presented structures are reasonably similar. But counter examples may
be found easily at least within the English Wikipedia (as observed at. 0.6.07.2007):

categories = fundamental = thought = knowledge = academia = academic
institutions = school counseling = personal development = personal finance =
microeconomics = information, knowledge and uncertainty = information =
knowledge = nature = life = death = extinction = fossils = dinosaurs

This illustrative example demonstrates the existence of cycles (knowledge) within the
category = subcategory relation. Cyclic structures conform to Wikipedia’s rule set
[Wi07a], but not to ISO 2788 since the resulting structure is no hierarchy. The category
= subcategory relation does not lead generally from broader to narrower terms, but in
many cases to related terms. Thus, the category = subcategory relation may not be
considered as a transitive relation representing terminological subordination.
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As a consequence there is no support of terminological reasoning by the English
category system. Even retrieval support, e.g. by spreading activation, may lead to
unwanted results, if the terminology is as weakly structured as the example suggests.
The same criticism is valid for the French Wikipedia as well. The category systems of
the Italian and German Wikipedia are quite different in structure. They contain a few
cycles only, their hierarchy has a considerably lower depth (s. table 1). This applies to
the maximal descriptor level (first value) and the longest observed path within the
hierarchy (value in brackets) as well. A substantial difference between both of the depth
values indicates a lack of balance within the category system.

articles | basic categories | all max superord. per | cycles
categories | depth cat. (median)
de (en) |152 366 1740 10(15) |2 4
de (fr,it) | 169 394 1816 10(15) |2 4
en 152 581 6274 14 (156) |2 493
it 167 321 1091 12(15) |2 7
fr 134 360 3116 14 (83) |2 424

Table 1: Basic features of category systems

The data presented above are derived from the following samples: two bilingual samples
of de-en (size 152) and de-it (size 169) were chosen at random using interlingua links. A
sample of 134 French articles was added to the latter one, once more using interlingua
links. The basic categories describing these articles were sampled as well as all of their
superordinate categories. The example suggests, that sample size has some influence on
the number of basic categories, less influence on the total number of categories and no
impact on the depth of hierarchy and number of cycles. It can be assumed, that deep
category systems are error prone. Authors will have difficulties to get an overview on the
overall structure since the number of paths to the top category shows exponential
growths behaviour. An additional example will illustrate the pitfalls of big category
hierarchies in Wikipedia. It shows the first 99 categories of the longest path within the
category = subcategory multi-hierarchy as found in the sample of the English Wikipedia:

digital revolution = cryptography = application of cryptography = authentication
methods = personal identification = biometrics = physical anthropology = human
evolution = evolutionary psychology = memetics — anticipatory thinking = strategic
management => product management => product development = design = built
environment = architecture = architecture and engineering occupations = building
engineering = building materials = metals = alloys = copper alloys = bronze =
bronze age = ancient near east — ancient near eastern religions — ancient semitic
religions = Abrahamic religions = Judaism — messianism = Jesus = doctrines and
teachings of Jesus — nonviolence — peace = peace churches = anabaptism = amish =
simple living = environmentalism = environmental ethics = extinction = extinct species
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= extinct animals = prehistoric animals = mesozoic animals = cynodonts =
mammals=> primates = apes = humans = anthropology = prehistory = archaeology
= periods and stages in archaeology = ancient history = ancient mysteries = astrology
— astrologiealfaetors — classical elements — earth= earth sciences = environmental
science = environment = urban studies and planning = transportation = travel =
tourism = cultural heritage = cultural history = cultural movements = art genres =
graphic design = printing = books — fiction = fictional = fictional abilities =
superhuman powers = psychic powers — prediction = futurology = population =
demography = ethnicity = ethnicity in politics = anti-national sentiment = prejudices
= bias = appearance = aesthetics = arts = visual arts — communication design =
mass media = media by format = digital media = software = software engineering =

This example was extracted from the English Wikipedia at 15" of June and verified at
the 7™ of August 2007. In the meantime one category and 10 category = subcategory
links have been deleted (—), a super-category has been added to digital revolution again.
Some of these deletions lead to a simplification of the overall structure; some others
were caused by the insertion of additional hierarchy levels. It is an open question, which
effects will result from the volatility of the category system as observed in this example.
These findings, however, have to be confirmed using bigger samples or the complete
data set. It would be desirable to develop diagnostic tools which could identify
problematic category inclusions. One promising approach is the comparison of category
systems from various Wikipedias. If a category = subcategory inclusion is present in
more than one Wikipedia, it is likely to be valid. If it occurs in one Wikipedia only, it
can be invalid or culture specific as well.

4 What does this mean to Semantic Wikipedia

This small study, based more on illustrative examples than on statistical evidence,
suggests that Wikipedia’s category system is not obviously a sound base for the
development of a more demanding semantic system. The proliferation of the category
system indicates what may happen to a link type system that may freely be extended by
the user. This aspect is of crucial importance since evaluation of link typing had
controversial results even in more controlled settings [Ma91]. As a consequence more
empirical studies on category assignment are needed in order to understand the unfolding
of the rather different category systems within the German and Italian Wikipedia on one
side and the French and English Wikipedia on the other. Various settings — for instance
with open and closed link type systems — should be considered before modifications at
the existing encyclopaedia are brought into effect. Nevertheless, the introduction of more
semantic features into Wikipedia has lots of promising aspects, too. The category system
can be relieved from alien tasks like fact representation. The problem of redundant
assignment of categories and subcategories [Wi07b] to Wikipedia articles can be solved
by simple inference processes in combination with appropriate presentation tools. These
are just examples of the positive effects that can be achieved by Web 2.0 techniques.
Furthermore, the technical soundness and good performance of the existing prototypes
promises that experiments may be carried out with reasonable effort.
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Exploring the Netherlands on a “Semantic Path”
Michael Martin
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04009 Leipzig

Abstract: This poster gives an overview about the web application
“vakantieland.nl”, a Dutch Internet portal in the tourism domain. The core
functionality is to provide information about holiday destinations,
accommodation and other tourism related points-of-interest as well as a
corresponding visualization with a mapping service. Because of the
underlying semantic data structures and alternatively generated RFD
output, vakantieland.nl can be considered to be a Semantic Web
application. Its realization and functionalities, social aspects and
furthermore an outlook about future development work constitute the main
part of the poster.

1 Introduction

Semantic Web [BHLO1] and Web 2.0 [Or05] are two concepts that expanded and
redefined the possibilities of the Internet. The Semantic Web expands the World Wide
Web with ability to represent information in a machine readable way by formally
defining the Semantics of the content. Web applications that use such technologies are
called Semantic Web applications. To further integrate the user into the web
application's processes, an extension of functionalities, which come from the ideas of
Web 2.0, is necessary. These Web 2.0 functionalities serve to expand and improve the
existing knowledge base and allows many different views on a resource.

Many web applications that were created in an evolutionary process can not be adapted
with little effort to new techniques, technologies and use cases. The only way in most
cases to guarantee an up-to-date appearance is to completely redesign the application.
Vakantieland.nl was one of those cases. The amount of added data that needed to be dis-
played and the huge collection of functionalities that had to be developed, formed the
decision to completely redesign the application. While in the second section the original
design of the application is presented, section three then describes the new version and
the changes made. In section four we describe the included social aspects based on Web
2.0 and finally the fifth section gives an outlook about functionalities that still need to be
developed.
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2. The original application

The previous version of vakantieland.nl displayed tourism destinations (e.g. destinations
and information points in cities), which are called “Point of Interest” (“POI”). Every POI
was associated with at least one category and could be viewed either by selection of the
category or through other relations, it had, to other POIs. The output of POIs were in the
form of lists and points on maps. The maps, where those points were displayed upon,
were saved as images in different zoom steps. Then the tourism destinations where
positioned on the maps with the help of their coordinates. For every POI information like
name, contact addresses, opening hours and pictures was provided and could be viewed
in detail next to the map as can be seen in Figure 1. Additionally a map of the area
showed a list of close-by POIs. These associations served as a further mean of
navigation between POls.

. Dagie uit | Ovemachten [ Anders | Provincie | Meer... |

vakanﬁeland@

Rijemuzsum van Oudhedan

ml M Rijksmuseum Amsterdam

V7K DT Maps

Adres 2

Facilteiten » Stachouderskade 42
Foldar ¥ 1071 7D Amsterdam
T

Foto's Ri

Omgeving » Postbus 74588
1070 DN_Amsterdam

Internet @+
www tjksmuseum.nlas pfframnl
E-mall
info@rijksmus eum.nl
Telefoon
(020) 673 21 21

ax
(020)679 81 46

RPHOHDAYSO e

danisune naan van...

door_vakantieland.nl 7

Figure 1: GUI of the previous version of the vakantiland.nl portal

Laatst

The data of this application was kept in a relational data base and were retrieved with
ASP' to display them. Furthermore filtered information was extracted with VisualBasic
and saved in XML?. This extracted data was used in external pages.

3. The new version of the vakantieland.nl portal

The company of the portal required the usage of forward-looking technologies to provide
a better overview, improved usability and more diverse information on the one hand and
to allow the employees an easier handling and maintenance of the site on the other hand.
The user also was supposed to be integrated and should have the ability to interactively

'ASP : Active Server Pages, http:/asp.net/
ZXML: eXtensible Markup Language
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create and expand the knowledge base. All data should be made shareable in a machine-
readable way, so it could be processed by other applications and sites. To fullfill all the
above mentioned requirements the use of Semantic Web technologies with exchangeable
data formats and standardized namespaces and APIs, which allow the processing thereof,
was necessary.

The scheme and the data of the model of vakantieland.nl was created and is kept in RDF
[Be04]. RDFS? or OWL* enables us to define every conceptual part of the data model
(like classes and properties) and the related instances as resources with the
corresponding Resource Identifier (URI). Displayed categories are modelled in a class
tree. This serves to allow sub classification of categories. For example the category
Hotel contains the subcategories ApartmentHotel, EconomyHotel, CastleHotel, etc. In
the model, these subcategories are subclasses of the class Hotel, as can be seen in
Figure 2.
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Figure 2: Excerpt of the model

@Pr{wince

To assign POIs to different categories polymorphism is necessary using this way of
modelling. To give an example, there could be a special hotel which also has an public
restaurant, which belongs to another category. To make the model accessible by the the
application, it was saved in a database-backed TripletStore [MDOO]. For this the Powl-

’RDFS : http://www.w3.org/RDF/
‘OWL : http://www.w3.0rg/2004/OWL/
181



APT’ [Au05] was used, which also handled the necessary transformation. To verify if the
resulting model and the used SPARQLS-queries [Be06] were reusable, we tested it with
Ontowiki [ADRO6].

The structure of the application, which is implemented in the script language PHP’
follows a well known architectural pattern called MVC® [Bu98]. The model component
abstracts the accesses by the controller on the Powl-API, which in this case also manages
the extraction of data from the TripletStore to make the data suitable for the
requirements. The RAP°-API [OB04] which is used by the Powl-Api allows to query the
model with SPARQL [Be06]. SPARQL was used to identify and find resources with
specified characteristics in an efficient manner. After the identification of the resource
URI, an object with all the existing information is created with the Powl-API. Such
generated objects will be requested by the appropriate controller and assigned to the
view component. The view component produce the output with the help of templates.

v | o

0703881673

Figure 3: GUI of the new vakantieland.nl portal

The design of the templates was chosen to appear similar to the previous version, but the
information and the namespaces are anchored in the HTML'’-code to make it machine-
readable and allow processing by other applications. Thus, the title and the description of
a POI for example are marked Dublin Core!' properties. The POIs are positioned and

SPowl-API: http://powl.sourceforge.net/

*SPARQL: recursive Acronym for ,,SPARQL Protocol and RDF Query Language*
"PHP : recursive backronym for ,,PHP: Hypertext Preprocessor http://www.php.net
¥MVC: Model View Control

°RAP: RDF API for PHP

"HTML: Hyper Text Markup Language

""Dublin Core : http://dublincore.org/
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displayed on the map by using the GoogleMaps-API"? as you can see in Figure 3. The
API is used to retrieve the coordinates of the POIs and also to display the map material
in conjunction with the related map-markers.

4. Social Semantic Web in vakantieland.nl

Another requirement for the new version vakantieland.nl is to achieve a higher degree of
user interactivity. In the previous version of vakanticland.nl users only had the
possibility to get informations about POIs. One way to improve the user interactivity is
the addition of more functionalities to collect user generated contents. Thus users get the
possibilities to share there experiences now.

Therefore new functions were added like the evaluation of POIs and feedback abilities to
grade the up-to-dateness of the data and the user now has the possibility to write textual
comments like in a guest book. Through this, other interested users now have the
advantage to profit from those shared experiences and personal opinions. Furthermore
users can now make statements about the actuality and validity of data, which supports
the administrators of the application and minimizes the effort to keep the data up-to-date.
A well defined, closed user group (registered users with the role 'author') now has the
ability to change data like the description of a POI or the opening hours directly.

In this manner interested people that want to explore the netherlands can do it now on an
easy semantic path.

5. Outlook

Finally, we give a short description about planned, but not yet implemented
functionalities to further improve the diversity of available information and the ability to
interact with the application. Users might wish more information than is provided by the
knowledge base of the vakantieland.nl project. It is possible, that they, e.g. in search of a
museum in Amsterdam, might not be only interested in opening hours, but also want to
know more about the history of the museum or even the history of the city, the museum
is situated in. To provide for this demand queries are send to a SPARQL-Endpoint of the
DBpedia"® portal to get more background information about the city, the POI itself or
other relevant issues. The results can be integrated in already displayed information.
Finally, web services are planned, which supply data in different formats like JSON'
and RDF to requesting clients.

2GoogleMaps-API: http://www.google.com/apis/maps/
“Dbpedia : http://dbpedia.org
JSON: JavaScript Object Notation
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