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Collaborative tagging systems have been quickly
gaining ground on the World Wide Web. In web-based

applications like del.icio.us, Flickr, CiteULike, BibSonomy
users enrich diverse resources, ranging from
photographs to scientific references and web pages,
with semantically meaningful information in the form
of text labels, or "tags". Tags are freely chosen and
users associate tags with resources in a totally
uncoordinated fashion, for their own use.The tagging
activity of each user is globally visible to the user
community and the tagging process develops genuine
social aspects and complex interactions. Despite the
selfish nature of users' behavior, tagging systems
exhibit cooperative dynamics leading to a bottom-up
categorization (“folksonomy") of resources, shared

throughout the user community [1,2].
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Our analysis focuses on del.icio.us (http://del.icio.us/) for several reasons:

® it was the first system to deploy the ideas of collaborative tagging and it has acquired a
paradigmatic character, making it a natural starting point for quantitative studies.

® it has been enjoying a large popularity, it has a large community of active users and it
comprises a precious body of raw data on the static and dynamical properties of a

folksonomy.

e it is a "broad folksonomy", i.e. single tagging events (posts) retain their identity and can

be individually retrieved.

Experimental Data

We consider a set of resources and check whether the uncoordinated tagging activity of
users is able to structure such a resource space in a semantically meaningful way, and
whether such structures are accessible by using unsupervised methods. In order to
perform this experiment we build a set of resources by merging two sets of 200
resources each: the first set contains resources tagged with "design" while the second set
contains resources tagged with "politics”. In this way we construct a dataset with at least

two well-defined semantic regions.

For each resource in the dataset, we retrieve the entire sequence of user annotations
(posts), i.e. the tags associated by each user with the resource.The tag vocabulary for the
chosen set of 400 resources is shown below by means of a representation knows as "tag
cloud": the size of each tag is proportional to the logarithm of the frequency of

occurrence of that tag in the dataset.
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Users associate tags with resources. For every resource in the dataset, we
retrieve all tags and measure their frequencies in the context of a resource.
The tagclouds computed for a pair of sample resources is shown above.
The size of a tag is proportional to the logarithm of its frequency. Red tags

are shared by the two resources.

We introduce a weighted network of resources, and define the weight of
an edge linking two resources R, and R, as:
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f 1 frequency of tag t in the context of resource R;,

f 2 frequency of tag t in the context of resource R,

ft global frequency of tag t , for all resources in the dataset
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The figure above shows the strength distribution of resource pairs for three
different sets of resources: the set of resources tagged with "design", the set
of resources tagged with "politics" and their union. Because of the high
dynamic range in link strengths, we enhance the contrast of our weight
metric by raising it to small power. This is qualitatively equivalent to taking
the logarithm of the weight, but is well-behaved in the vicinity of zero.
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Spectral Analysis
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Weighted adjacenty matrix w' for the full set of 400 resources.
Each entry in the matrix corresponds to the strength w' of the
link between two resources. The resources are randomly
ordered and no structures are visible in this representation.

Detecting communities is equivalent to finding a permutation of the rows and
columns of the weighted adjacency matrix w' that results in a clearly visible
block structure along the main diagonal. We construct an auxiliary matrix Q and
use information from its spectral properties to rearrange row and columns of
the original matrix [3,4]. The matrix Q is non-negative and resembles the
Laplacian matrix of graph theory.
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We consider the three lowest non-trivial eigenvalues of the
matrix Q and their associated eigenvectors (inset, above).
On plotting the eigenvectors' components against each
other in a three-dimensional space, resource communities
emerge as well defined clusters of points (below).
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Once we have identified the communities, we permute the
indexes of the original matrix w' so that the components of the
same community are contiguous. The reordered matrix displays
blocks along the diagonal, corresponding to resource communities.

Are communities we have found through the diagonalization of the matrix Q
representing semantically separated areas in the space of resources? In order to
check this we compute the distribution of tags over the resources belonging to
each cluster, and below we show the corresponding tagclouds, in decreasing

order of cluster size.
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Conclusions

We analyzed the structure of the semantic space defined by a given subset of
resources associated to two semantically different tags. We defined a suitable
measure of similarity between resources, and used it to unravel the community
structure of this semantic space. The two main resource communities, known in
advance, were recovered entirely, together with non-trivial communities of smaller
size. The presence of clearly detectable communities points in the direction of an
effective cooperation among the users to efficiently map the semantic space with

meaningul set of tags.
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