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Abstract. The appearance of powerful tools for lightweight metadata creation,
such as collaborative tagging systems, is harnessing the power of online
communities, although such metadata are limited to human consumption only.
In this paper we first propose an abstract model for representing a generic
collaborative tagging system which uses RDF as the underlying technology to
store metadata created by different online communities. Then, we present a
scenario with the purpose of illustrating how a service able to retrieve tags from
different folksonomies can support users in the organization of their personal
information spaces within the context of a digital library.
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1 Introduction

Ontologies play a central role in the Semantic Web vision because they establish
common vocabularies and semantic interpretations of terms accessible by machines
[1]. While centralized controlled systems can significantly profit by expressivity of
ontology languages such as OWL, lightweight ontologies have spread over the
loosely controlled, distributed environment of the Web. This tendency towards
lightweight, easily accessible and extensible metadata is evidenced by the appearance
of RDF-based technologies such as RSS and FOAF, which currently represent the
majority of public available metadata on the World Wide Web [8].

Powerful tools for lightweight metadata creation, such as collaborative tagging
systems, harness the power of the community and have been shown effective in
creating large amounts of metadata quickly, albeit, so far, this metadata are limited to
human consumption only [5].

Collaborative tagging systems allow people to organize a set of resources,
annotating them with tags via a web-based interface. The activity of labeling is called
tagging, as it consists of attaching one or more tags to the resource. This activity is
accomplished individually, as each user of the system is free to choose the tags he
wishes, with no restrictions. However, while using the system every one can see who



else is participating to it by observing others’ tagging activities. This tight feedback
loop [12] brings that asynchronous and asymmetrical collaboration which makes
these systems socials. The result of such a social activity is a collection of
annotations, also called folksonomy.

Existing collaborative tagging systems can be discriminated according to the kind
of resources they allow to annotate. If the objects to annotate are bookmarks these
applications are also called social bookmarking systems (e.g. del.icio.us?). If tagging
systems are used to organize and share scientific publications they are also referred to
social reference management applications (e.g. CiteULike?). Tagging applications
which allow users to share media resources, such as photo, video or audio content are
instead generally named social media sharing systems (e.g. Flickr®, YouTube*,
LastFm®). Moreover, there are systems which allow to tag abstract things which do
not represent a resource on the web but they are anyhow univocally identifiable
through web-based mechanisms. These kinds of systems usually are just labeled as
social networking sites as they allow to link people sharing common interest (e.g. 43
Things®).

Another distinctive feature of collaborative tagging systems is the opportunity
for users to upload resources besides tagging them. Within such categorization there
are two kinds of tagging systems: those where users can annotate just references to
resources already available on the web and systems which allow their users to upload
new resources. In the latter case, the system has to manage the univocal identification
of the uploaded resource as well as the information about who created it. Making a
comparison with this categorization of tagging systems and the previous one,
typically social bookmarking and social reference management systems belong to the
former category, while other kind of systems allows users to upload new resources.

Finally, among systems where users are able to upload resources, another
classification can be made, distinguishing between narrow and broad folksonomies
[13]. In narrow folksonomies only owner of the resources can tag them, whereas in
broad folksonomies every user can tag any resource, regardless of its creator.

In this paper we formalize a generic model to represent any collaborative tagging
system, regardless of its distinguishing features. We propose RDF as the enabling
technology to store all the annotations performed by users in a collaborative tagging
system. Exposing tagging data in RDF could speed up the process of sharing metadata
across live communities, leading to both collective and individual benefits in the
information organization.

The remainder of the paper is organized as follows. Section 2 presents the model
and its implementation in RDF. Section 3 depicts an application scenario in the
context of a digital library. Finally in Section 4 we draw conclusions and identify
directions for further work.
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2 An abstract model of Collaborative Tagging Systems

Despite of the different kind of collaborative tagging systems available on the web, a
generic conceptual model can be conceived to formalize the tagging activity in all the
above presented systems. Some attempts of formally describing folksonomies have
already been proposed in literature [6, 9, 14]. All these works lay on the model
proposed by Mika [11] as an abstraction of the network of users, tags and resources
generated by a collaborative tagging system.

2.1 The conceptual model

According to the abstraction provided in [11], a collaborative tagging system can
be generally modeled as a tripartite 3-uniform hypergraph. Here, we first define a
folksonomy in terms of a hypergraph structure and then, we present how to obtain
from this model a personal folksonomy through a graph transformation process.

Definition 1. Given a collaborative tagging system or a folksonomy, where there are a
set of registered users denoted with U, a set of applied tags denoted with T and a set
of annotated resources denoted with R we can define F= (N,E) as the tripartite 3-
uniform hypergraph model representing the system. The set N= UUTUR represents
all the entities within the collaborative tagging system while E= {(u,t,r) | ueU, teT,
reR)} is the set representing all the annotations that compose the folksonomy.

Informally, a hypergraph is a generalization of a graph, in the sense that it extends
the notion of graphs allowing edges to connect any number of nodes. While graph
edges are pairs of nodes, hyperedges are arbitrary sets of nodes, therefore they contain
an arbitrary number of nodes.

The graph in definition 1 is tripartite as the set of nodes is partitioned in three
disjoint sets, namely U= {uy, ... ,ux}, T={ty, ... .t}, R={rs, ... ,rm}, representing the
set of users, tags, and resources, respectively. Further, it is a 3-uniform hypergraph as
each edge connects exactly 3 nodes, one from the each set U, T and R. Hence, each
edge represents an annotation in the system performed by a particular user with a
specific tag for a certain resource.

From the original hypergraph representing a folksonomy, we can obtain a bipartite
graph (with no hyperedges), which represents all the annotations performed by a
single user within the system. We can thus provide the following definition:;

Definition 2. Given the model of a collaborative tagging system, F= (N,E), as defined
in definition 1, a personal folksonomy is defined as the bipartite graph P = (N,,E,),
where N.=TUR c Nand E={(t,r) | 3u € U > (u,t,r) € E}. The set N, denotes all the
entities of the collaborative tagging system F related to the user u, whereas E, is the
set representing all the annotations of the user u within the system.

The expression “personal folksonomy” can appear as an oxymoron because it
combines the terms personal (i.e. individual, private) and folks (e.g. collective,



shared). Nevertheless, it is useful to express in a concise way the personal view of a
specific user on the collaborative tagging system. The personal folksonomy is thus a
projection of the initial tripartite graph in a two-dimension scale where the user entity
is fixed.

Furthermore, using a generic abstract model to represent any collaborative tagging
system, regardless their distinguishing features, leads to the following opposite
definition:

Definition 3. Given a generic collaborative tagging system as defined in definition 1,
a global folksonomy is defined as an indexed family of hypergraphs G'= (F)iel,
where | is the index set and V;el 3 Fi= (N;,E;). The set N;= U; U T; U R; represents the
entities of a collaborative tagging system modeled as F;, while the set E; depicts all the
annotation in F;.

2.2 The RDF implementation of the conceptual model

RDF metadata are encoded in statements defined as <subject,predicate,object> triples.
Given the definition of a folksonomy as a hypergraph, we propose to model such a
structure using the RDF. Any RDF graph can be mapped to a simple ordered 3-
uniform hypergraph, where every statement corresponds to a hypergraph edge, with
the nodes being the subject, predicate and object in this order [7]. The RDF abstract
model is thus well suited to represent a tagging system as defined in definition 1,
since an RDF triple can naturally represent an annotation corresponding to a 3-node
edge in the hypergraph. Furthermore, the order of nodes allows to distinguish the role
of each entity of the system within a single annotation.

For each edge e € E in F, representing an annotation within the folksonomy, we
can store an RDF statement <s,p,0>, where s € U, p € T, 0 € R. There are different
possible syntaxes to store RDF statements in XML. TriX” (Triples in XML) is a
serialization for named graphs with the purpose to provide a highly normalized,
consistent XML representation for RDF graphs, allowing the effective use of generic
XML tools [3]. Figure 1 shows a hypergraph representing a folksonomy, while the
following excerpt of an RDF file expressed in TriX syntax depicts how to map such a
graph in RDF.

<?xml-stylesheet type="text/xml"
href="http://www.w3.0rg/2004/03/trix/all.xsl"?>
<TriX xmlns="http://www.w3.0org/2004/03/trix/trixl/"
xmlns:u="http://example.com/userentity/"
xmlns:t="http://example.com/tagentity/"
xmlns:r="http://example.com/resourceentity/">
<graph>
<uris>http://example.org/folksonomy</uri>

<triple>

<gname>u:Ul</gname>

<gnames>t:T2</gname>

<gname>r:R3</gname>

7 http://www.w3.0rg/2004/03/trix/



</triple>
<triples>
<gname>u:U2</gname>
<gname>t :T3</gname>
<gname>r:R2</gname>
</triple>
<triples>
<gname>u:U3</gname>
<gname>t:Tl</gname>
<gname>r:Rl</gname>
</triple>
</graph>
</TriXs>

Q\¢

Figure 1. Hypergraph representing a folksonomy

When inserting and searching large amounts of data, proper tools to store the RDF
statements are needed because of the low performance. Sesame [2] is a framework for
storage and querying of RDF information which offers parsers and writers supporting
the TriX syntax. Sesame can be used on different platforms, as it is written in Java
and connects to common products like Tomcat and MySQL. Other projects have
already successfully used Sesame to support distributed Semantic Web applications
[10].

3 An illustrative scenario

As an illustrative context for our approach, we consider the digital library of the
Association for Computing Machinery (ACM). The interaction process of a user with
the digital library can be characterized as a three-step iteration [4].

1. Selection. It involves discovering and choosing a specific citation in the whole
repository. This step is already available in a common digital library.

2. Organization. It involves creating and structuring a personal information space
according to individual interests. This step goes beyond current opportunities
because it allows not only to store collections of citations of interest but also to
group them using the desired metadata and structure.

3. Sharing. It involves making public some selected collections and corresponding
metadata in order to support a community knowledge evolution.



In the following, we focus on the second step, depicting a simple scenario that
shows how the experience of a single user can reflect on the previously proposed
abstract model.

Alice is an ACM member with a web account on the online portal of the library.
She has just performed a query on the web portal using as keywords the sentence
collaborative tagging and then, she has selected a citation of interest from the list of
results, e.g. the article “Usage patterns of collaborative tagging systems” referred in
this paper as [5]. Alice now has the opportunity to save the selected citation into her
own personal information space using the “Save this Article to a Binder” feature
provided by the ACM.

Saving an article into a virtual personal space is a sign of a real interest for the
citation, hence we can assume that Alice is wishful to provide the metadata she
considers most appropriate for annotating the selected citation. However, to avoid
burdening Alice’s experience, authoring metadata has to remain as simple as in
existing collaborative tagging systems. The task assigned to Alice is just to browse a
space of suggested metadata, pointing out the most favorites and eventually proposing
new ones. Through the DOI assigned to every citation, the system is able to
univocally identify the selected citation, and a large set of metadata related to that
publication can be retrieved from different systems freely available on the web. For
example for the citation selected by Alice the system could retrieve tags from services
like CiteULike, Bibsonomy® and Connotea®. In terms of the model presented,
assuming that res is the identifier for the citation selected by Alice, we can consider
all the tags associated to res, Ty, retrieved from a finite set of collaborative tagging
systems, where:

Tees={teTi| (utres) € E}, V Fi= (N;E) € G

In order to create such a space of metadata, a web service is needed to retrieve this
kind of information from different operational systems. This web service can use the
model presented in section 2 to uniformly represent in RDF the metadata collected
around the Web. Given in input the identifier of a specific resource (e.g. a DOI for a
paper) the web service will return as output a subset of T, Whether available, the
web service will invoke the APIs that some systems already offer. Conversely, for
systems that do not make their tags available via APIs, our web service will invoke
screenscrapers to extract relevant information from web pages and restructure it into
RDF. The scraping strategy together with the use of RDF promotes the sharing across
a wide variety of tagging sources, regardless of the APIs they provide, and, at the
same time, supports users in their personal organizational activity.

This space of metadata can be then normalized, using a filtering process to discard
useless tags (like those occurring isolated) and to group those very similar to each
other (e.g. singular and plural). As a result, Alice is presented a space of metadata
similar to the one depicted in Figure 2. She, then, selects the term classification to
annotate the previously selected citation. Using a lexical resource, such as Wordnet*°,
a search for possible multiple senses associated to the selected term can be performed.
Four senses are retrieved from Wordnet for the noun classification and Alice

8 http://www.bibsonomy.org
% http://www.connotea.org
10 http://wordnet.princeton.edu



disambiguates them selecting the sense one (Figure 3). Furthermore, Wordnet can
provide synonyms, hypernyms and hyponyms related to the selected sense. The
system can thus map the term chosen by Alice to a corresponding concept including
relationships with other related concepts.

emergenl metndatn delicions akysis web20

Figure 2. An example of the space of metadata
T

File History Options  Help

Seatch Word: [classiiation Rlsdisplay Dverview |
Searches for classfication:  Noun Senses

4 senses of classification =
Sense 1

categorization, categorisation, classification, comparty lization, compartmentalisation, assortment --

(the act of distnbuting things mto classes or categonies of the same type)
=> grouping -- (the activity of putting things together in groups)

Sense 2
classification, categorization, categonsation -- (a group of people or things arranged by class or category)
=> arrangement -- (an orderly grouping (of things or persons) considered as a umt; the result of
arrangmg; "a flower arrangement”)

Sense 3
classification, categorization, categonsation, sorting -- (the basic cogmtive process of arranging mto classes
or categories)

=> basic cogmtive process -- (cognitive processes mvolved m obtamimg and stormg lnowledge)

Sense 4
classification -- (restriction imposed by the government on documents or weapons that are available only —
to certain authorized people)

=> restiiction -- (the act of keepmg somethmg wathun specified bounds (by force if necessary)) -

Figure 3. Senses for the term classification

4 Conclusion and future work

We have presented an abstract model for representing a generic collaborative tagging
system. Using the RDF as the underlying technology to store the metadata created by
different online communities, we depicted a scenario in the domain of a scientific
digital library.

We are developing a tool to support the user interaction process, from the selection
of information to the sharing of their personal knowledge. We intend to develop a
software agent which is able to monitor users’ interactions with the system and learn
about users’ interests. The agent will gain access to metadata in users’ personal
information spaces to discover topics of interest. The agent will benefit from



processing metadata expressed as RDF statements, rather than simple keywords
expressed in natural language.

Although we have depicted a scenario for a research community, our approach

applies to online communities in general. We are currently involved in a project
aiming to build a user community around a large archive of ancient and contemporary
literature, owned by a national book publisher.
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