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Chapter 1

Introduction

The goal of this research is to explore the potential of combining the het-
erogeneous technologies of Semantic Web and Web2.0 in order to contribute
to an open and intelligent World Wide Web. This document is the second
year research report of this PhD study on integrating Web2.0 and the
Semantic Web.

World Wide Web has significantly contributed to the dissemination of in-
formation to the world and has changed the way people work, communicate
and spend their free time. Since it’s first rise in 1990, the WWW has criti-
cally evolved. The early practices were based on the publication of static web
pages composed in plain HTML, followed by the generation of dynamic web
pages populated at runtime and on request by databases according to the
user queries, specifications and needs. The content discovery has been sig-
nificantly based on powerful web search engines such as GOOGLE, YAHOO
and more.

As circumstances and requirements change, the need for intelligent ap-
plications that perform knowledge, rather than document, retrieval becomes
an important challenge. Until today the web content has not been exploited
into intelligent applications, partly because 1. the intelligent applications
were not mature enough and partly because 2. the content was not
described in a machine processable form. The evolution for both the
above issues has already begun. In particular, the large scale content an-
notation and metadata generation has became reality as the applications of
Web2.0 have gained momentum allowing users to annotate their content in a
personal choice. On the other hand the advances in the Semantic Web tech-
nologies are promising there is potential for intelligent applications capable



to integrate distributed content and knowledge from various heterogeneous
resources.

Although there is significant discussion on the combination of the two
trends([11, 26, 37, 28, 54, 46]), and there are real world applications combin-
ing Semantic Web and Web2.0 ([29]), the two “forms of the Web” have not
managed to converge, hampering their evolution towards an interpretable, in-
telligent Web. This work explores the potential of combining Semantic Web
and Web2.0 practices in order to achieve better information description
and facilitate intelligent applications.

Chapter 1 explains the background and the motivation for this work as
well as define the research problem and the partial research questions. Chap-
ter 2 presents the relevant work and the open issues in the area. In Chapter 3
we detail our approach and methods as a result of our work during the first
24 months.

In the following section we describe our research problem. As previously
mentioned there is a high interest over the combination of the Semantic Web
and Web2.0 aiming at the full potential of the web. In the following sections
we describe what is Web2.0 and Semantic Web and how our work on the
combination of the two is motivated.

1.1 Web2.0

Web2.0 is a term introduced by Tim O’Reilly [49] as an attempt to describe
new practices in comparison to the conventional web practices. Web2.0,
which is also mentioned as Social Web due to its plethora of social dimen-
sions, has become an issue of high interest among web experts and web users
and is considered to be the next generation of World Wide Web. The ba-
sic asset of Web2.0 is its strong focus on the user satisfaction. Web2.0 has
an intense social dimension which allows users to create networks of trusted
users within the same areas of interest. In addition to that, the Web2.0 ap-
plications are very usable and don’t require specific skills, motivating in that
way the users to upload their content and annotate it with absolutely freely
chosen labels (no controlled vocabulary, no guidelines, no restrictions).

The outcomes of this open and user-focused guideline are very useful.
Primarily, users frequently contribute with more content, enriching in this
way the already data-intensive web. The second, most important outcome
is the effortless user annotation of the content. The result, thus, is a data



intensive and annotated web. This, despite its preliminary and unstruc-
tured state, is already an advance compared to the conventional web, as the
current Web2.0 sites are annotated with a primitive ”semantic layer” even if
this is weak and uncontrollable.

1.1.1 Folksonomies

A typical and very popular example of Web2.0 systems is a folksonomy [59], a
system that allows users to upload content, annotate it with labels they have
selected themselves and share it with other folksonomy users and, in some
cases, the whole web users. Following we describe the basic characteristics
of a folksonomy:

e The content or resource depending on the folksonomy can be images
in Flickr [3] audio in Last.fm [4], video clips in YouTube [6], bookmarks
in del.icio.us [2] and more.

e The annotation is consisted of one or more tags, which are words freely
chosen by users to describe a resource.

e The user of a folksonomy can create resources and annotate them with
tags he thinks are appropriate, but depending on the folksonomy the
user may also tag content he did not upload or create.

e The basic activities carried out in a folksonomy is the tagging of con-
tent and the search for content. The users can do both activities, so
depending on the role we call them either taggers or searchers.

Folksonomies have been rapidly adopted because they don’t expect users
neither to have prior knowledge or specific skills to use the system nor need
to rely on a priori agreed structure or shared vocabulary, thus not imposing
any constraint to the users regarding the tagging process. While this
is the main advantage of folksonomies it also introduces some issues that limit
the full potential of folksonomies.

For example, a zoologist can tag a photograph of a lion with {felidae,
pantherinae, mammal}, while a non-expert in zoology can use {lion, king,
animal, jungle} for the same purpose. Unfortunately, the simplistic tag-
based search used by folksonomies is agnostic to the way tags relate to each
other although they annotate the same or similar resources. For example, a
search for {mammal} ignores all resources that have not been tagged with this



specific word, even if they are tagged with related concepts such as {lion,
cow, cat}. As a result, content retrieval activities such as searching, sub-
scription and exploration are limited , they provide low-recall and hardly lend
themselves to query-refinement. Therefore, to obtain satisfactory results, a
searcher needs to build multiple complex queries to cover all the possible tags
that could have been used by taggers. As searchers rely on their own view
about what inter-related tags best describe the resource they are looking for,
it follows that content retrieval could be enhanced if folksonomies were aware
of the relations between their tags.

As the user tagging reflect their different perceptions of the world, this
leads to phenomena such as annotating the same resource with completely
different annotations. While this contributes to the richness, globality and
completeness of views about the world in the system, it hampers the content
retrieval mechanisms. For example consider a user who annotates the web
page of a budget airline with the tags budget airlines. Another user who
looks for cheap flights will not encounter this web page although it is
exactly what he is looking for; this is caused because there is no semantic
association between the tags of these resources.

But the problems of content retrieval in folksonomies is not limited to
the above example. Consider a Flickr user who knows what he is looking
for but doesn’t know how to express it. For example, wishes to search for
pictures of animals that live in the water. The majority of results from search
of water animals in Flickr are images of animals (including dogs, cows and
tigers) close to water (irrelevant results), rather than aquatic animals such
as dolphins, seals and so on (missed results). The system is not able to
provide the user with some kind of recommendation such as ”marine animals”
or "aquatic animals” because the notions of “lives in”, “water” and “animal”
are not associated in any manner. Finally in the case where a user wants to
browse through the content of folksonomies because he doesn’t know what
he is looking for, the topic based browsing is not available in folksonomies.

Our belief is that restricting the user and posing any kind of tagging rules
would dramatically decrease the popularity of folksonomies. Our intuition is
that the effort needs to be focused on studying and exploiting the implicit,
emergent semantics generated by the user contribution and add a semantic
layer on top of the tags rather than controlling their generation process.



1.2 Semantic Web

The vision of the Semantic web was introduced almost seven years ago by
Berners Lee, Lassila and Hendler in [12] as a web of data. The vision for
the Semantic Web is a universally understood and processable description
for the web resources allowing in that way their exploitation in intelligent
applications able to do reasoning, its usability across domains, and so on.

The Semantic Web realisation, in contrast to Web2.0, strongly depends
on knowledge representation experts, domain experts and the collaboration
among them. This is because in order to have the web content formally
annotated there is a need for formal conceptual models. These conceptual
models that describe the objects of a domain and their relations, are called
ontologies and due to their importance in the overall application of the models
they need to be created through the collaboration of a group of domain
experts and knowledge representation experts.

Ontologiesare the backbone of the Semantic Web. They are conceptual
structures formally specifying objects, their "behaviours” and their relations.
The vision of Semantic Web is to describe the web resources with formally
derived metadata from these ontologies making the resource metadata ma-
chine processable, widely available and allowing the resources to participate
in intelligent cross domain applications.

1.3 Motivation and Research Problem

Despite the progress noted in the area of the Semantic Web and the Web2.0
some of the problems of the web still remain. Brachman in [13] notes that
one of the main problems of the web is the poor retrieval of search engines
and the lack of semantics behind the queries. According to Brachman search
engines do search but the users are not always interested in getting results
of documents, they are interested in finding information and knowledge. He
claims that this can be achieved by applying semantics in the content retrieval
process. By doing so, the discovery of the “appropriate” content from various,
heterogeneous and distributed resources, the context definition, the reasoning
over it, the integration of the content to an understandable processable way,
the recommendation proposal to the users and many more would be feasible.

[47] claim that the new semantic web applications are geared to exploit the
vast amount of data available on the web without creating their own and, in



addition, they have to cope with the heterogeneity of web resources and adopt
Web2.0 practices. [26] and [37] suggest that the Semantic Web technical
capabilities can fulfill the Semantic requirements of Web 2.0 applications,
compliment the Web2.0 business models and enhance the Web2.0 ecosystems.

[26] also claims that “the basic subsumption reasoning of the Semantic
Web is able to extend, enrich and structure the flat tag systems, allow sugges-
tions and increase the precision and recall of the current tag systems in a way
that non-experts can create and maintain adequate mapping functions between
large amounts of constantly changing ontology and instance information or to
manage their periodic versioning and maintenance ... The ability to support
sophisticated long-tail queries over the dynamic, user-contributed content of
Web 2.0 applications is one such capability (of the Semantic Web)”.
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Figure 1.1: Komodo Dragon in the Semantic Web

The focal point of this work is to investigate how can the Seman-
tic Web contribute towards the semantic enrichment of folkson-
omy content and how can it support sophisticated queries over the
enriched folksonomies. On the other hand to explore how this can
support the Semantic Web evolution according to the actual needs
of the web users. The short experiment described next implied that Se-
mantic Web can actually be a very strong basis for explicitly stating the
implicit semantics that already lie within folksonomies. We searched for
the tags from the tagset {lizard, reptile, monitor, komodo, dragon,
dangerous, carnivore}, describing a Flickr photo of a komodo dragon,



within ontologies and the results are presented in Fig. 1.1. From the state-
ments found in ontologies, freely available on the web, we can explicitly
deduce that lizard is an animal and the photograph depicts an animal, despite
the fact that this word is not contained in its describing tagset.

Hypothesis 1: The problem of irrelevant results and exclusion of re-
sults while searching in folksonomies is caused because the tags are treated
as raw text, ignoring completely their meaning and their context. Our hy-
pothesis is that enriching folksonomies, with explicit semantics will
enhance their content retrieval mechanisms. With the help of this we
can formulate the following specific research questions:

¢ RQ1: How can folksonomies’ tagspaces be semantically en-
riched automatically? This research question can be further anal-
ysed into the following questions. How to discover automatically the
meaning of tags based on their context? How can the Semantic Web
be exploited for the semantic enrichment of the tags and what other
resources are required in case the Semantic Web falls short of that task?

¢ RQ2: How can the enriched tagspaces be evaluated in terms
of content retrieval against the non enriched tagspaces? What per-
formance measures should be established to measure content retrieval
in folksonomies before and after the semantic enrichment?



Chapter 2

State of the Art

In this section we present the related work conducted in the areas we base
our research. In the literature there are various approaches aiming to tackle
the problems of folksonomies and to combine the Semantic Web and Web2.0
technologies. There is a variety of works spanning from generic, motivational
works to more specific task based research on Combining Semantic and
Web2.0. These are presented in Section 2.1.

Next, in Section 2.2 we present more specific works focused on folk-
sonomy understanding and enhancement. There are works studying
folksonomies in a macroscopic but also microscopic level, aiming to under-
stand the user behaviour and their usage patterns. Further there is research
done aiming to enhance the functionalities of folksonomies with regards to
content retrieval, annotation and organisation of resources. In the same line
we present the works that try to leverage folksonomies to ontologies.

2.1 Semantic Web 2.0

The majority of works referenced in Section 1.3 as well as the works described
here are the evangelists of Semantic Web 2.0 or Semantic Social Web
or Web3.0. They support the argument, which also formulates the hypoth-
esis of this work, that the convergence of Semantic technologies and
Web2.0 technologies and content are going to lead the Web to its
full potential.

With the exception of Clay Shirky ([55]), who supports social software
and is opposed to the use of traditional organisation schemes for content
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organisation, the following works support the above argument. The combi-
nation of the Semantic Web and the Web2.0 technologies to reach the web’s
full potential is vision of many web experts ([11, 26, 37, 28, 54, 46]). They
claim that the Semantic Web standards have matured to support open data
and a new view for information processing that emphasises to information
rather than processing, creating a new way to content interoperability. The
same time the Web2.0 provide ways to more democratic, personalised and
complete web. However, the intelligent applications “mashing-up” socially
generated Web2.0 content require a shared meaning in order to connect, in-
tegrate and organise the various components and data sources. This is where
the Semantic Web technologies can contribute to increase precision and recall
in social network search especially by providing powerful query and reasoning
capabilities.

Further to the above, there are examples of works utilising the Semantic
and Social aspects of the web in order to benefit either. An early approach on
the exploitation of social network generated semantics towards the creation
of ontologies and the further utilisation of these ontologies to enhance the
functionalities of the social networks is given by [45], where the author claims
that the social web and the Semantic Web do co-exist already and can benefit
from each-other. He introduces an interesting approach of extending the
bipartite ontology model of concepts and instances to a tripartite with three
different classes of nodes actors, concepts, instances. He induces ontologies
applying techniques on network analysis based on the co-occurrence of tags
and actors and the co-occurrence of tags and resources.

Later works such as, [15, 38] demonstrate how how the Semantic Web
can represent the community networks, and facilitate the data and knowledge
sharing. Also [24, 56, 16] present the idea of using the online communities and
social tagging concept to advance the Semantic Web and describe a frame-
work for collaborative ontology evolution in order to tackle the problems of
ontology development and ontology population.

2.2 Folksonomy Studies

Since the term folksonomy was coined, research has focused on comprehend-
ing the inherent characteristics of folksonomies and investigating their emer-
gent semantics. The primer works explore and analyse the structure, types
of tags and user incentives in tagging using various methods.
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[25] analyze the structure of collaborative tagging systems and their dy-
namics and prove that tagging activity follows a stable pattern after a specific
amount of time. They also identify the semantic and cognitive aspects of clas-
sification which are polysemy, synonymy and basic level variation problem,
issues which appear also in folksonomies. Another important contribution of
the study is the identification of distinct types of tags according to the users
intention on future reuse. They prove their hypothesis by conducting a case
study on Del.icio.us and show how tags and resources tend to stabilize their
relations after some time utilising also use Cloudalicio.us ([51]) to prove their
argument.

Along the same line with [25], [43] present an analytical model of the
collaborative tagging systems, as well as a comprehensive analysis of the of
the tagging systems to date, based on system design and user incentives.
Their aim is to provide the framework for further research on folksonomies
by defining a conceptual model for social tagging systems comprised by users,
resources and tags. They also identify two main groups of parameters that
play an important role to the tagging process, the system design and user
incentives which affect the overall evolution and dynamics of folksonomies.

Another work studying the emergent semantics from folksonomies and
more specifically the association and differences of peer to peer systems with
collaborative tagging systems is presented in [44]. The author identifies the
importance of interest based locality in folksonomies and performs a case
study on Del.icio.us in order to compare the metadata provided by Del.icio.us
and the metadata provided by the Open Directory Project.

In [19] the authors study the problem of visualisation of the tag evolution
which also implies the evolution of the community focus. They present a
system which is applicable to a wide type of timescales (daily, weekly, and so
on). They present their infrastructure and five algorithms to deal with the
partial tasks of their system. Applying their methods on a dataset from Flickr
they provide their results including the identification of different categories
of interesting tags.

Cloudalicio.us, mentioned previously, providing a visualisation of how
folksonomy tag clouds evolve over time is presented in [51]. Their system
generates a graph depicting the tag usage for a specific URL (this work is
focused on the Del.icio.us folksonomy) identifying patterns of stabilisation
over time.

The authors of [8] attempt to respond to further questions such as:
“Where do folksonomies fit in the spectrum from professionally manually
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assigned keywords to machine context based keyword extraction?”. The ex-
periment with a set of bookmarks extracted from delicious and they perform
term extraction on their textual content. This set of terms constitutes the
first set (A) of terms for the respective resource. The second set (B) is the
respective tags of each resource and the third (C) is composed by a human
evaluator. When the latter is then asked to compare the sets of keywords
A and B as to which is more descriptive of the resource, the evaluator is
closer to set B rather than A. This translates to folksonomy tags carry more
semantics (or have higher semantic value) than the automatically extracted
keywords from the text of the resource. This is justified by the fact that
keyword sets B and C are closer than C and A. Finally the authors claim
that folksonomies have added contextual dimensions as the tags come from
different agents, thus there is more variety. Finally they give some insights
on the expertise of delicious users and the variable background of them.

[41] analyse statistical properties of broad folksonomies aiming to identify
laws and characteristics underlying properties for folksonomy based retrieval.
This work deduces that the tag based search on folksonomies as opposed to
full text search, including other lexical values such as title, description, notes
and so on, performs better on recall and precision.

In the following we describe and categorise the works according to their
primary goal, i.e. the problem they aim to solve. The three main problems we
identified, the literature is trying to solve are folksonomy organisation, folk-
sonomy search and navigation and folksonomy ontological modeling. How-
ever, there is a fair amount of overlap within these categories as many works
attempt to perform first organisation or ontological modeling of folksonomies
and then provide search and browsing mechanisms.

2.2.1 Folksonomy Organisation

The works that present research on folksonomy organisation include organi-
sation of resources into a structure (a posteriori, utilising the existing status
of folksonomies), proposition of schemas for enriched annotation (a priori,
proposing a novel “semantified” way to tag and annotate), and ways to
“publish” folksonomy data in a semantic way according to the Linked Data
principles [5].

One of the works that aims at providing a semantic infrastructure for folk-
sonomy organisation and description according to the Linked Data principles
is described in [50]. The authors propose a modular architecture system that
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allows the users to assign explicit meaning for their tags during the tag-
ging. They present their architecture and propose an ontology modeling the
tagging process as well as the linking between the tags and their meanings.
Finally they analytically explain all tasks and functions involved in the mean-
ing assignment process during the tagging and the publication of Semantic
Data on the web.

Using a different method [42] focuses on the semantic definition of tags,
primarily by using WordNet. For example they try to identify the mean-
ing of tags in order to enrich the relevant resources with RDF descriptions.
The authors distinguish six conceptual categories of tags in Flickr. Using
WordNet and other knowledge resources for these conceptual categories they
organise the tags accordingly. Then they enrich the Flickr photos with RDF
triples created for each of the tag categories. These triples are generated
either by predefined predicates or from WordNet signatures depending on
the categories they belong to.

T-ORG ([7]) performs ontology based organisation of Flickr photos into
a set of predefined categories according to the tags describing them. At
first the user selects an ontology of interest. Then, the system extracts the
concepts and tries to identify semantic relatedness between these concepts
and the tags by querying the web with various linguistic patterns between
them. Then each tag is categorised under a superclass of the concept to
which was more related by the web search.

[30] aim at organising the resources of folksonomies in a hierarchical tax-
onomy by automatically building a hierarchy of tags from the data in a tag-
ging system. Their algorithm leverages notions of similarity and generality
that are implicitly present in the data generated by users as they annotate
objects.

2.2.2 Folksonomy Search and Navigation

In this section we describe the works that aim to enhance the folksonomy
search and navigation capabilities. [62] aim to statistically infer a global se-
mantic model to enhance the annotation and search in folksonomies. They
discover semantically connected resources within the scope of a folksonomy
using graph theory. They represent the users, resources and tags as multidi-
mensional vectors and place them in a multidimensional space of domains.
They create links between domains and items according to the relations
of tags, users and resources to these domains. The domains are identified
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through tag clustering which, along with the positioning of items within the
domain space, is carried out dynamically.

The authors of [36] describe a method that expands the related tags clus-
ters of Del.icio.us with more related tags based on co-occurrence. The ex-
panded clusters are presented as navigable hierarchical structures or semantic
trees. These semantic trees are derived from WordNet. Using a combination
of WordNet based metrics they identify the possible WordNet sense for each
tag. Then they extract the path of this tag from the WordNet hierarchy and
they integrate it into the semantic tree of the tag’s cluster.

The TagPlus system described in [39] uses WordNet to disambiguate the
senses of Flickr tags by performing a two step query. First a user queries for
a tag, then the system returns all the possible WordNet senses that define
the tag and the user selects (disambiguates) which sense he initially meant.
Finally their system looks for all the Flickr photos tagged with this tag and
its synonyms. The authors also describe a similar system in [40] where they
present the SynTag “sense interface” (generated by WordNet) where the user
selects the intended sense for his tag while tagging and while querying. They
store this link in their local server and perform the mapping of tags-senses
and photos through this intermediate resource.

2.2.3 Folksonomy Ontological Modeling

As the value of user power became apparent through folksonomies, many
researchers try to exploit it for the benefit of the Semantic Web, whose main
problem is the high cost and effort for ontology creation and metadata gen-
eration. The majority of studies try to export ontologies from folksonomies
but recently there has been quite a few works following the path of Tom
Gruber [27].

He proposes the TagOntology, a common ontology formalizing the tagging
activity in folksonomies. He proposes the expression ”tagging (object, tag,
tagger, source, +/-)” as a formal representation of the tagging activity. The
meaning of the above is that, the tagger tags the object with the tag in the
context of the source system, further empowering (4) or weakening (-) the
latter association with his tagging activity. With this model Gruber is trying
to provide an formalization of the tagging activity in order to exploit the data
created in the scope of folksonomies.

Apart from the tagging ontologies there has been some early works on
bottom-up ontology creation. One representative example of this effort is
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given by[53]who provides a subsumption based model on the Flickr tag set
for ontology generation. In this work the generated model is more a tax-
onomy of related tags rather than an ontology from the formal Semantic
Web perspective. [61] identify some key parameters in folksonomies explo-
ration which are the identification of field leaders and local communities of
interest. They also address the issue of ontology generation by approaching
it as a hierarchical clustering problem. [60] tries to export categories from
folksonomic data in order to create formal ontologies. He is paying special
attention to the linguistic attributes of the tags as a means to identify the
users perception.

In [32] and [31] the authors propose a folksonomy contextualization method
based on Formal Concept Analysis aiming to provide shared meaning for the
tags and create concept hierarchies from tags of blogosphere. They are based
on the assumption that if a blog has relationships with others, they would
use the similar set of tags. They deduce that contextualised folksonomies are
able to provide context-centric and shared collections of tags to semantically-
interlinked online communities.

Finally in [34] and [33] the authors present a review and alignment re-
spectively of the most popular tag ontologies two of which a have already
mentioned previously [50, 27]. Additionally they discuss the tag ontologies
presented in [35, 48, 23] and conclude that tags, resources and taggers are
the elementary entities described in all the ontologies. Another conclusion
were that despite the similar goals of all the tagging ontologies the results
were very variable. The final conclusion of the comparison and alignment
was that the combination of MOAT [50] and SCOT [35] is capable to sup-
port folksonomy modeling, as well as data reuse across different domains and
applications.

2.3 Defining the Gap

Despite the significant amount of research carried out in different aspects
of this area there are some still open issues. Referring to Section 1.3, the
goal of this work is to enrich folksonomies in order to enable the efficient
information retrieval. Further more a side effect of the semantic enrichment
of folksonomies would be the publication and the availability of this seman-
tically content to the web according to the Linked Data principles.

One of the most interesting and partialy overlapping works to ours is

16



described in [33] as the alignment of the two tagging ontologies MOAT and
SCOT. Although they define and demonstrate a case of online presence and
interaction their main drawback is that they expect the users to explicitly
define the meaning of their tag based on a selection of senses from DBpe-
dia [1]. As they also claim, this project is not about automatically defining
the meaning of tags as they are based on the collaborative meaning definition,
but can support a method that does.

Furthermore, other works that explicitly define the meaning of tags using
other resources such as WordNet still require human intervention. Other
works require some initialising from the user’s side (e.g., a priori selecting
ontology or knowledge resources for the relevant categories of tags) and utilise
a single knowledge resource to define the meaning of their tags. Finally
many of the works propose frameworks and solutions that would require
folksonomies to be rebuilt on their principles and thus don’t experiment and
evaluate their solutions in the real world scenario.

Our work aims at providing a solution that A) automatically defines the
tags that already exist in folksonomies, thus B) be independently plugged
and perform on existing systems. Also we aim to C) utilise more than one
knowledge source (i.e., all the online available ontologies, WordNet, DBpedia,
e.t.c) in order to achieve higher coverage of enrichment from and finally our
goal is to D) evaluate this enrichment in terms of real tagging data extracted
from folksonomies.
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Chapter 3

Folksonomy Enrichment

The main objective and the expected contribution of our work is to auto-
matically enrich folksonomies tagspaces with a semantic layer and
then utilise this semantic layer to query the tagspaces. Our secondary
goal is to identify measures, for the evaluation of content retrieval in
folksonomies before and after the semantic enrichment in a way that
we can decide the contribution of the enrichment to the folksonomy itself on
a content retrieval basis. Additionally we aim to generate semantic data in
a manner and form that is in line with the Linked Data principles [5].

This chapter presents our work in a chronological manner as well as a
short description of our future work. Our preliminary experiments with Folk-
sonomies and our first results, that served as a feasibility study of our research
and contributed to the formulation of our methodology, are presented in Sec-
tion 3.1 and were published in [10]. In Section 3.2 we discuss our generic
approach and overall methodology on folksonomy enrichment and evaluation
of the enriched folksonomy content and, finally, in Section 3.3 we present our
work on folksonomy enrichment, published in [9].

3.1 Preliminary Experiments

We focus our experiments on the tags of the resources rather than other
lexical attributes such as title, description and notes. This is because tags
offer higher precision and recall to the query in comparison to the all the
lexical information of the resource [41]. Our method is based on [57], which
describes a hybrid approach that combines harvesting the Semantic Web with
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using other Web resources such as Wikipedia and Google. As the goal of our
work is to understand the potential and limitations of the Semantic Web when
used to semantically enrich folksonomies, we have modified their algorithm
so that it only relies on online ontologies. Our algorithm, presented next,
takes as input a cluster of implicitly related tags and returns 1) a knowledge
structure obtained by making explicit the semantic relations among them
and 2) a set of tags which could not be semantically related to any other tag
in their cluster or were not covered by the Semantic Web.

The goal of our experiments is twofold. On the one hand, we wish to
reveal how much of the semantic enrichment of folksonomy tags can already
be automated by using the software developed in [52] which partially imple-
ments the current version of our envisioned algorithm (the part described in
Section 3.1.2). On the other hand, we wish to understand any problematic
issues so that they can be addressed in the design of the final, complete algo-
rithm. At a higher level, these issues give an insight in how folksonomies and
the Semantic Web relate. In a first experiment (Section 3.1.3) we applied the
software developed in [52] to Flickr and Del.icio.us clusters generated by [57].
This experiment lead to valuable insights into issues that hamper the enrich-
ment and prompted us to repeat the experiments with another set of clusters
selected directly from Flickr. We discuss the second set of experiments in
Section 3.1.4 and our preliminary conclusions in Section 3.1.5.

3.1.1 Semantic Enrichment Method

The semantic enrichment of each cluster is depicted in Fig. 3.1 and consists
of two phases: Phase 1, concept definition for each tag (i.e., linking tags to
ontology concepts) and Phase 2, relation discovery between all the possible
pairs of tags.

ta ! Phase1:
92 Concept
""" Identification

Figure 3.1: Semantic Enrichment Method
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Phase 1. Concept Identification: The first step explicitly defines the
meaning of each tag by extracting all Semantic Web Terms (SWT) whose
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label or localname match with the tag. The matching between the tag and
the SWT can be achieved using anchoring techniques ranging from strict to
flexible string matching as described in [52].

Using the Semantic Web for extracting concepts is proposed in the work
of [20] as a first step to query disambiguation. The authors search for can-
didate senses in online ontologies and then perform disambiguation based
on the semantic similarity of the retrieved senses (e.g., bass can either refer
to a fish or to musical notes depending on the context in which it is used).
While we use the same technique for SWT identification we do not explicitly
disambiguate between them. In our case, disambiguation is a side effect of
relation discovery (Phase 2).

The disambiguation of the tag sense (i.e., finding the right concept for a
tag given its context) is approached differently in [57]. The authors rely on
the heuristic that if pairs of tags from a cluster appear in the same ontol-
ogy then this leads to an implicit disambiguation (i.e., searching for apple
and fruit leads to ontologies about fruits, while when searching for apple
and computer they identify ontologies about computers). While this intu-
ition holds in the case of domain-specific ontologies, it is problematic when
the tags appear in broad, cross-domain ontologies such as WordNet [22] or
TAP!. Also, by considering only ontologies that contain both tags, this ap-
proach potentially misses important information that might be declared in
ontologies defining only one of the tags. This information can prove to be
useful when combined with information from other ontologies. For example,
an ontology containing Apple and Mac, can be combined with information
from another ontology containing information about Mac and Computer. For
these reasons, we retrieve all the potential SWTs for each tag and discover
relations between them in Phase 2.

Phase 2. Relation Discovery: This step identifies explicit semantic
relations among all the pairs of SWTs (T1 and T2) discovered in the previous
phase:

e Subsumption Relations: when one of the two SWTs is a subclass
of the other, T1 subClass0f T2. This relation can be either declared
in an ontology or derived by different levels of inference (no inference,
basic transitivity, Description Logics reasoning). An example of in-
ferred relation is: if T1 subClass0f T2 and T2 subClass0f T3 then
T1 subClass0f T3.

'http://tap.stanford.edu/data/
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¢ Disjointness Relations: when T1 and T2 are disjoint, T1 disjointWith
T2. Again this relation can be declared or inferred. We use the algo-
rithm described in Section 3.1.2 to discover disjointness and subsump-
tion relations.

e Generic Relations: when a generic relation holds between the two
SWTs, e.g., Propertyl hasDomain T1 and Propertyl hasRange T2
or inversely.

e Sibling Relations: when the two SWTs share a common ancestor,
which can be either a direct or an indirect parent. Note that our
definition covers the three sibling definitions described in [57].

e Instance Of Relations: such as T1 instance0f T2 or inversely. Un-
like the previous relations, this relation is not considered by [57].

The identification of these relations can be made in two ways. First,
a relation between SW'T’s might be declared within a single ontology.
Second, if no single ontology mentions both SW'T’s, then a cross-ontology
relation discovery can be performed by combining knowledge from several
ontologies.

Cross-ontology relation discovery has been successfully implemented in
the case of ontology matching [52]. An important issue to be considered is
how to deal with potential contradictory relations, e.g., T1 subClassOf T2
and T1 disjointWith T2. This remains a future work topic.

The semantically connected tags form the knowledge structures men-
tioned in the beginning of Phasel and the tags not linked to SWTs or not
related to other tags compose the set of uncovered tags. The study of the
latter is expected to provide hints about how to evolve the Semantic Web,
as described in Sections 3.1.3 and 3.1.4. Next we describe the current imple-
mentation of our approach which identifies only subsumption and disjointness
relations found in single ontologies.

3.1.2 Subsumption/Disjointness Discovery Based on One
Ontology

The discovery of subsumption and disjointness relations between two terms
within one ontology has been described and implemented on Swoogle’05 ([18])
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