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ABSTRACT

The evolution of the Web and its applications has undergone in the last few years a mutation towards
technologies that include the social dimension as a first class entity in which the users, their interactions
and the emerging social networks are the center of this evolution. The web is growing and evolving the
intelligibility of its resources and data, the connectivity of its parts and its autonomy as a whole system. The
social dimension of the current and future web is being at the roots of its dynamics and evolution. It is thus,
fundamental to propose new underlying infrastructure to the web and applications on the web, to make
more explicit this social dimension and facilitate its exploitation. The work presented is this paper
contributes to this initiative by proposing a multi-agent modeling based on the system coupling to its
environment through its social dimension. Applied to a collaborative tagging system, the exploitation of the
social dimension of tagging allows an intelligent and better sharing of resources and enhancing social
learning between users.
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1. INTRODUCTION

Over the last ten years, we have witnessed a revolution in the content, usage and structure of the
web and its various applications. The web evolution is not controlled by any authority, and
despite the chaos generated by the intensive volume of content and usage, order has emerged and
the system is self-organi zed.

Previoudly, it was believed that the evolution of the web is solely controlled by the evolution of
the technology and its intelligent design. But the phenomenal progress of Web 2.0 contradicts this
belief because the users and their loca interactions are driving this evolution, and intelligent
design has become a secondary issue in thistrend.

The web is growing and evolving the intelligibility of its resources and data, the connectivity of
its parts and its autonomy as a whole system. The socia dimension of the current and future web
is being at the roots of its dynamics and evolution. It is thus, fundamental to propose new
underlying infrastructure to the web and applications on the web, to make more explicit this
social dimension and facilitate its exploitation. The work presented is this paper contributes to
thisinitiative. First, we propose a multi-agents modeling that is based on the system coupling to
its environment, through its socia dimension. We illustrate this modeling through an application
of a collaborative tagging system, that shows how considering and exploiting the socid
dimension of tagging, permits an intelligent and better sharing of resources, enhancing socia
learning between users. From a general perspective, the research presented in this paper addresses
the issue of developing computer systems able to evolve and adapt to their environment, while
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ensuring the emergence of new practices. This emergence is due to the usage that affects the
environment of the system, which in turn affects the usage. These systems are characterized by
the following characteristics:

- Complexity expressed by: 1) alarge volume of resources and data 2) a complex networking 3)
awide disgtribution with adecentralized control and 4) high dynamics.

- Openness. to a wide environment including physical and conceptual characteristics (physica
network, multiple users and usages, €tc.).

- Self-Organization: no overall control guiding their organization. They self-organize into new
emerging structures.

This problem lies within the field of situated multi-agent systems where the agents are real or
virtual entities, operating in an environment that they are able to perceive and act upon. In these
systems, the role of the environment is fundamental.

In our research, we try to integrate the social dimension within the complex systems of the web.
This can be achieved by using an organizational agent-based model for the development of
complex systems that are open to their dynamic environment. We use situated multi-agent
systems to build computer systems embedded in their environment. The design of the multi-agent
system must take into consideration the different couplings between the system and its
environment:

- Spatial coupling represented by the spatial organization of the multi-agent system.
- Socia coupling represented by the socia organization of the multi-agent system.
- The co-evolution of the two organizations through the multi-agent system dynamics.

The model takes into consideration the co-evolution of socia organization and spatial
organization of the multi-agent system and the retroactive effect of one organization on the other.
We applied thismodel to the design of a collaborative tagging system by applying the concepts of
social and spatial organizations. The spatial organization of resources will create clusters of
semantically similar resources that are very useful when searching for resources. This clustering
will result in the generation of groups of users who share similar interests. By analyzing the
similarities between the users in each group, the system recommends the most appropriate
resources according to personal interest of each user, which will in turn refine the clusters of
resources. And the cycle of co-evolution between the spatial organization (cluster of resources)
and social organization (groups of users) continues. The results showed that the proposed tagging
system based on this organization approach, offers new features that enhance the current
collaborative tagging systems, especially at the search level that becomes more personalized and
more efficient.

2. RESEARCH POSITIONING

Our research can be positioned in the context of three research areas. Web Science, Complex
Systems and Multi-Agent Systems (Figure 1). In previous work, we presented the Web from a
complex adaptive systems perspective [1], showing that the web exhibits the properties and
characteristics of these systems. Emergent properties in the evolution of the web and its self-
organizational nature are largely due to the usage, which in turn is largely affected by new
emergent technologies.

On the other hand, most organizational approaches for multi-agent systems concentrate on the
social organization and roles of agents, with less emphasis on the role of the environment in the
evolution of these systems. By developing systems that have the properties of complex adaptive
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systems, the behaviors of users and the structure of the web graph are strongly related. It is
important to consider the environment and its physical materialization by a spatial representation
at the multi-agent system level, correlated with the social representation of the agents evolving in
this environment. By adopting the multi-agent paradigm as a model of representation, the system
will evolve through the coupling of the social and spatial organizations of the agents.

Complex
Web Systems

Science Emergence and self-
organization

Adaptation
coevolution and
dynamics

Thewebasa
complex network:
topology of the web
graph

MAS scale free

) small world
Multi-agent Systems for the design and
lopment of web applications

Figure 1. Web Science - Complex Systems - MAS

The concept of “social machines of the future” introduced in Web Science [2] finds its
judtification in our approach that integrates explicit linkage between the social and spatid
organization in the evolution of complex systems. With the evolution of web 2.0 and the growing
popularity of collaborative tagging systems, we explored these techniques of coupling between
the social and spatial organizations in a system where the users’ actions leave persistent tracesin
the environment (the tags) that affect their future actions. With the integration of the socia
dimension in the system design, new features have emerged that have the potentia to improve
current collaborative tagging systems.

3. FOLKSONOMY AND COLLABORATIVE TAGGING SYSTEMS

A new generation of applications has emerged with the "web 2.0" such as wikis, blogs, podcasts
and systems of resource sharing among different users. This revolutionary form allows web users
to contribute extensively to the content of the web. We are interested in a particular system of
sharing resources and that is collaborative tagging systems and folksonomy. Users add a tag or
keyword to a resource on the Internet. The resource may be a web page, a blog, a photo or a
podcast. Users are free to choose their own words to describe their favorite web resources. The
result is an emerging social classification pattern created by the users themselves. This is
categoricaly different from the traditional hierarchica classification. The terms and keywords
exist in aflat space where the parent-child relationships no longer exist.

By studying and analyzing existing collaborative tagging systems, we noted the lack of
adaptability and customization in these systems. At first glance, these systems provide
information and tagged resources added by the users themselves. But by studying these systems
in greater depth, taking into account the power of the socia and the spatial aspect in these
systems, the knowledge that can be extracted is well beyond just alist of resources corresponding
to a particular tag. Current systems have many limitations at the search of information level and
the integration of the social dimension ensures their evolution as complex systems. In this work,
we took advantage of the co-evolution of the social and spatia organization in a complex system
to develop a collaborative tagging system alowing the emergence of new features. This new
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system is based on the retroactive effect of the social on the spatial and vice versa. The objective
of this research is to complement the existing tagging systems by adding new features that can
enhance these systems, taking into account the complex characteristics of these systems and the
strong links that exist between the spatial and socia organizations, which, to our knowledge has
not been well explored so far in the design of these systems. Sharing of resources and tags with
other users having the same interest offers two major advantages to users: the discovery of
knowledge and better ways for searching for information. Tagging systems are being more and
more used for users’ profiling and in recommender systems [3, 4] and for personalization [5].
With the absence of hierarchica classification in collaborative tagging systems, problems of
vocabulary and semantics become more persistent. There is no hierarchical structure, and the
classification of information in these systems suffers from an inconsistency in the use of a word
(what word or correct tag should be used to best describe a resource [6]. Users do not use tags
consistently; for example, they can use atag today for a particular resource and use a different tag
in the future for the same resource, as their vocabularies and semantics change and evolve over
time. When searching for resources by tags, the user must agree with the provider of the tag on
the semantics of the resource.

To link users' non linked tags, an approach was proposed to build a collaborative and semi-
automated semantic structuring of folksonomies by using a socio-technical system combining
automatic handlings of tags, where the system allows every user to maintain his own view and
benefits from others contributions[7].

3.1. Tagging systems as complex systems

Collaborative tagging systems can be represented by tripartite networks, where the users, the
resources and the tags form the nodes. These three items form a triplet caled a tag application,
which is the fundamental unit of information in these systems [8]. Tagging systems have the
characteristics of complex systems, such as a large number of users, lack of central coordination,
non linear dynamics, and feedback cycles. Several studies [9-11] show that these systems exhibit
the “small world” and “scale free” properties of self-organized complex networks. The clustering
coefficient for datasets extracted from Del.icio.us and Bibsonomy is extremely high, and the
relative path lengths are relatively low (3.6 in average). A high correlation between the outdegree
and indegree clustering coefficients is present. The node degree distribution in social tagging
systems follows the power-law distribution [9-11] p=k-A, where the exponent A= 1.418 (for a
dataset extracted from Dél.icio.us).

3.2. Tag Recommendation

For tag recommendation, the research main focus is on personalized tag recommendation, helping
the user to add a new resource by providing tags’ suggestions. This is mostly done by taking into
account similarities between users, resources, and tags (collaborative filtering). This similarity is
calculated based on the resources, tags, and users themselves using the folksonomy and
personomy definitions [12]. Association rules and probabilistic models were aso used to
recommend tags[ 13, 14].

For social search, and social recommendation of tags, a model was introduced to search by
relation where the user can choose to search either in his relations or in his “spiritual” relations,
looking for who are his similar users in [15]. Users don’t always search for the resources tagged
by their smilar users, as these ones might find their own resources; it is interesting sometimes to
view the resources of users who are partially similar to them [16].
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4. AN ORGANIZATIONAL MULTI-AGENT SYSTEM APPROACH FOR THE DESIGN
OF A TAGGING SYSTEM

Multi-agent systems (MAS) coordinated by self-organisation and emergence mechanisms have
been used for the development and design of complex systems, in which the role of the
environment has increasingly been taken into consideration as a first class entity in building
MAS. In order to engineer systems capable of “adequate” adaptation to their environment, we
propose a coupling between the system and its environment (Figure 2):

- A structural coupling represented by the spatia organization of the MAS.
- A behaviora coupling represented by the social organization of the MAS.
- The co-evolution of both organizations through the MAS dynamics.

Figure 2. Coupling between the system and its environment

This mode of representation allows us to develop systems for the web in which the coupling of
structure and usage evolution (co-evolution) is made explicit, allowing for the emergence of new
practices.

4.1. Social and spatial organizations of the agents

The social organization of the system is the socia structure in which agents can act and interact
with each other. Agents are organized in groups (organizationa units) and play different roles
(organizationa positions) in each group. Roles in the system define the behaviours that agents
exhibit as part of that role. The agents’ perceptions depend on the position of the agents in the
place, and the actions depend on the roles they can play. Agents’ indirect communication and
coordination are achieved through the use of the stigmergy mechanism and more particularly,
through the diffusion, propagation, and evaporation of a specific digital pheromone. This digital
pheromoneis viewed as a spatial structure for coding the control and meta-control information.
The physical environment is represented by a network or a graph. Agents are situated in the
different nodes of the graph called places. These places form the organizationa positions that
45
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agents can occupy at the physical level of the environment. The perceptions/actions of these
agents are situated in the physical environment. A set of places forms a region. Regions form the
organizational units of the spatial organization. As the network topology is highly dynamic, the
regions are also dynamic and keep changing over time.

4.2. Organizational approach of our system

In our tagging application, users are represented by human agents who are involved in the
accomplishment of a collective task. These agents are present in a physical environment, which is
materialized by a complex network of physical resources that represents by itself the tagging
system. These agents assume certain roles, they are able to perceive and influence their
environment, as they accomplish some tasks in the considered network of resources, which
consequently affects the system’s evolution. Such physica materidization alows the
implementation of the mechanism of stigmergy, leading to self-organization.

Agents communicate indirectly with each other and leave their traces on the environment in the
form of tags. These tags could be considered as a pheromone, which alows self-structuring of the
system through the users’ actions on the environment. This emphasizes the influence exerted by
the persistent effects in the environment of past behaviors of agents on their future behaviours.
These effects were grouped into three categories:

- aqualitative effect: this represents the influence on the choice of the action to be taken by an
agent ;

- a quantitative effect: this represents the influence on the parameters (such as the position, the
strength, the frequency, the latency, the duration, etc.) of the action, while the nature of the action
remains unchangeable;

- aqualitative and/or quantitative indirect effect: this represents the influence on the action result.
This influence indirectly affects the way the action will be taken and its result, are a consegquence
of the changes made to its environment.

Let us consider the case of adding a resource to a personal library, where an agent could choose a
tag from his/her own vocabulary list. If this resource doesn’t exist in the system, the personal tag
will be added to the resource. But if the resource does exist in the system, with multiple dominant
tags, the user will probably choose one of these tags. The actions that have aready been taken by
previous users will be affected by the result of the current agent’s action. The resource will be
reinforced by the dominant tag, which will affect the actions of future agents. This is a case of
passive stigmergy. The mechanism of stigmergy alows the environment to structure itself
through activities that agents take in the environment.

The spatia organization in form of sub-communities of resources is affected by this change,
leading to a restructuring of the environment. This restructuring will have an effect on the spatial
position of the agent in the physical environment that is materialized by the network of resources.
This position influences the choice of the action to be taken by the agent. Consequently, the agent
could choose to play the role of Resource Tagger, Resource Searcher or Knowledge Expert. He
could also choose to be, for instance, the creator of anew community of users, etc.

An agent’s behaviour and the role it will play are greatly affected by its position in the spatial
organization. Its position is aso affected by its actions and the roles it plays in the socid
organization and by the different activities in the environment (pheromone presence, etc.). The
coupling between the social organization and the spatial organization is retroactive and is
expressed in the graph topology. Figure 3 shows a cycle of evolution between the social and
gpatial organizations.
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Figure 3. Evolution cycle
4.3. Functionalities of the collabor ative tagging system

The purpose of our research is to complement existing tagging systems with new features that
enhance the tagging experience while taking into consideration the complex characteristics of
these systems. The co-evolution of the spatial and socia organizations of agents paved the way
for the emergence of new properties. Users or agents leave their traces on the physical
environment (tags and reinforcement of tags). As a result of this tagging behavior, sub-
communities of resources eventually emerge. Thisis viewed as the stigmergy mechanism, where
the influence of persisting effectsin the environment of past behaviours affects future behaviours.

Our collaborative system was created based on the organizational multi-agent system model. The
main functionalities of our tagging system that enhance the users’ experience are listed below:

- Enhancing the search by tag by having a kind of hierarchical classification from the formation
of sub-communities of resources. Searching a tag like ‘design’ with the option to cluster the
results will return in our system sub-communities such as ‘web design”, “home design” etc.. The
advantage of belonging implicitly to a virtual group will alow each member of the group to
access and view more quickly any new resource tagged within the group. The member will also
have a chance to interact with other users who share his same interest. Most users in current
tagging systems do not explicitly form or join socia groups.
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- A member may decide to become a group leader and create a physica group and send
invitations to members of the virtua group to join the new group. (building communities and
forming socia relationships becomes easier as the group leader is aware of al the potentia
members)

- Integrating the personomy in the application as atool for calculating the similarity rate between
two users of the same group. Users can compare themselves to other users and find those who
share more interests with them.

- This similarity is used to build user profiles that support the integration of web page
recommendation systems, as these systems will have a better understanding of the interests of the
users and be able to recommend more specific bookmarks to users.

- The system-tags generated by the system improve the tag vocabulary of users in terms of
consistency.

These functionalities have emerged as a result of the coupling of the socia organization and
spatial organization. This self-organizational aspect at the spatial and socia levels, as well as the
mutual retroactive effect, could be expressed in our application as follows:

The evolution of the spatial organization (sub-communities of resources) has a direct effect on the
evolution of socia organization (formation of our virtual groups). The reinforcement of the
resources by the users has a direct effect on spatial organization. The more users leave their
traces, the more traces will be reinforced by other users. This is a kind of pheromone that is
deposited in the environment.

The socia presence of individuas affects their behavior in their socia networks. Users will
therefore increase their annotations and contributions. This is the direct effect of socia
organization.

5. CLUSTERING RESOURCESAND EXTRACTING USERS’ PROFILES

5.1. Clustering resour ces

We used the spectral clustering for grouping sub-communities of resources that share similar
content. We adopted the agorithm used in [16] for the emergence of sub-communities of
resources by calculating the weight between two resources R1 and R2, asfollows:
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The numerator is the sum of the minima of normalized frequencies for the tags used in both
resources (intersection of sets T1 and T2).

T1 (respectively T2) is the set of tags associated with R1 (respectively R2), (respectively ) isthe
frequency of occurrence of tagtin T1 (respectively T2) and isthe global frequency of tag t or the
total number of timesthat tag t was used in all the resources.

The formed similarity matrix W could be considered as the adjacency matrix of a complex
weighted network in which it is possible to assign to the arcs of the graph a weight that is
proportional to the intensity of the connections between the network elements.
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In order to visuaize the different sub-communities of resources that emerge from the set of all
resources related to a particular topic, some necessary transformations of the rows and columns of
this matrix were needed. Consequently, the matrix was transformed into a matrix Q asfollows:

Q= S— W where Wij = (1-3ij) () and

Sisadiagona matrix in which every element equals the sum of the corresponding elements of
the row of W.

We study the spectral properties of matrix Q, and determine the number of emergent semantically
digtinct sub-communities of resources from the number of smalest distinct non-trivia
eigenvalues. Figure 4 shows the sorted eigenvalues of the matrix Q. The presence of the first 4
non-zero well separated eigenvalues indicates the existence of at least 4 well defined sub-
communities of resources.

The Laplacian matrix L of the graph G (also caled the Kirchhoff matrix) is defined as being the
difference between the degree matrix D and the adjacency matrix W. L =D - W

Let us consider the first smallest eigenvalues of the Laplacian matrix L. The number of these well
separated eigenvalues can indicate the number of possible emerging communities. A study of the
first eigenvectorsthat correspond to these eigenval ues reveal s the structure of these communities.

'''''

i
'
o

Figure 4. Sorted eigenvalues of Matrix Q. The presence of at lease 4 well separated non zero eigenvalues
shows the presence of at least 4 different clusters

To partition the graph by the eigenvectors of matrix Q, the number of clusters from the
eigenvectors of Laplacian matrix were detected by studying the correlation between two nodes, as
both resources that belong to the same community will be strongly correlated [18]. We cal culated
the correlation matrix Cij between two nodesi and j based on the following formula:

¢ = <x‘xl>-<x‘><XJ>
” NG Gy (et )Gy
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in which xi and xj are the components of the first few nontrivial eigenvectors, the notation
represents the average of these components. The correlation coefficient cij measures the
proximity between two nodes i and j. Based on the anaysis of this matrix, clusters of resources
were retrieved.

When searching for resources that are assigned a specific tag, our system clusters these resources
into sub-communities. For example, if the user searches for resources tagged with
‘programming’, the system will arrange the resources into sub-communities as follows: ‘web
programming’, ‘java programming’, ‘ajax programming’, etc., while the existing systems display
resources that are associated with the tag *programming’. Our system significantly improves the
results of a search by tagged resources.

Once the system applies the clustering algorithm described above to a particular set of resources,
these resources will be assigned system tags composed of the combination of the topic-subtopic
(i.e. “‘web’ and ‘programming’, or ‘java’ and ‘programming’).

The system tags are auto-suggested to new users who are about to tag a resource that is aready
assigned system tags. This application of a suggested tag is viewed as a pheromone used to
reinforce traces left by the agents when coming across a particular resource.

5.2 Virtual groups of users

A virtual group is a set of users sharing the same interest in a particular topic. Users are grouped
into virtual groups based on their tagging history. Newly added resources are categorized into
virtual groups based on users’ early tagging behaviour. This provides an advantage to users as
they become aware of the social network earlier, and they can choose to interact with the network
and add more tags and resources to share within the virtua groups. For each sub-community of
resources, corresponding users who have already tagged these resources will be grouped into
‘virtual groups’ based on the topic of the sub-community resources. For example: al users
interested in resources related to “Web Design’ belong to the same virtual group ‘Web Design’.
Figure 5 shows an example of a user who belongs to 2 groups “Web Design” and “Home Design”

Wy Groups: Users | Resources
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Figure 5. 2 groups “Web Design” and “Home Design”
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5.3. Analysis of the similarity degree between 2 users and building users’ profiles

The purpose of this analysis is to determine whether two specific users are strongly or dightly
similar.

Definition: Two users are defined as strongly similar if they tag many resources that are
semanticaly non-similar. For example: if two users tag in the same way (use similar tags)
resources that are related to programming, it will be interesting to analyze how these users have
tagged resources related to cooking or the Vancouver Olympic games for instance.

If the two users who belong to the same virtual group are strongly similar, the resources added by
one of them will be suggested to the other user and vice versa. In this case, the results of the
search by tag will be customized based on the interests of each user.

In each virtual group of users, we will cluster users with high similarity degree, whereas other
users in the same group will have dlight similarity degree. This creates severa clusters in the
same group. It is important that every user become aware of other strongly similar users, and
consequently will have direct access to the resources added by these users to their libraries. In the
sub-communities of resources this situation is reflected in the information that will be displayed
to the user. The sub-communities of resources will in turn be customized and refined according to
the user’s interests. Given this direct and rapid access to those resources that have been tagged by
users with a high degree of similarity to a particular user, the particular user will have the
tendency to tag the same resources. This will create a building of such resources in the
community quite similar to the pheromones.

For example, suppose we have 2 users, namely Userl and User 2 both interested in “web design”,
therefore tagging the same resources with the “web design” tag. Suppose they are aso both
interested by the resources related to the same city “Vancouver”. In our system, Userl and User2
will be highly similar.

The customized recommendation for Userl will display the resources tagged by highly similar
users (User2 in this case). When User2 tagged a new resource which is a “web design” company
in “Vancouver”, this resource was recommended only to Userl based on the high similarity score
between these 2 users. These resources are of specia significance to Userl because they come
from auser who shares the same interests.

It isvery probable that Userl considers tagging the resources that the system recommends to him.
Therefore theses tags and resources will be reinforced in the system.

6. CONCLUSION

In this paper, we propose to introduce more sociability in collective tagging systems. Our work is
aimed to contribute to the effort of the emerging web science, where one objective is to propose
new principles and underlying architectures of future socia machines over the socia web. We
made explicit the linkage between social activity of tagging and its effect on emerging clusters of
resources and virtual groups of users. This was modeled by a multi-agent systems with a socia
organization (practices and activities) and a spatial organization (effects on resources), coupled in
a retro-active way. This coupling alows the co-evolution of clusters of resources (tagged with
similar tags) and virtual groups of similar users. The emergence of clusters of resources is
obtained by the adaptation of a spectra clustering algorithm. This clustering allows the definition
of ahierarchical organization of tags, using system tags suggested after the emergence of a cluster
of resources and an associated virtual group of users (taggers). Finally, these virtua groups of
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users and their associated clusters of tagged resources were used to propose resources
recommender system, based on the cross-fertilization of the tagging activity of the members of
the virtual groups that emerged from the tagging activity. In future work, we intend to consider
the effect of considering social networks properties and their effects in the context of
collective/social tagging systems.

REFERENCES

[1] M. Rupert, A. Rattrout, and S. Hassas, "The web from a Complex Adaptive Systems Perspective,”
Journal of Computer and Systems Sciences - Elsevier, vol. 74, pp. 133-145, 2008.

[2] J Hendler, N. Shadbolt, W. Halla, T. Berners-Lee, and D. Weitzner, "Web science: an
interdisciplinary approach to understanding the web," Communications of the ACM, vol. 51, pp. 60-
69, 2008.

[8] C. Yeung, M. Noall, N. Gibbins, C. Meinel, and N. Shadbolt, "On Measuring Expertise in
Collaborative Tagging Systems," Proceedings of the WebSci'09: Society On-Line, Athens, Greece,
2009.

[4] A.K. Milicevic, A. Nanopoulos, and M. lvanovic, "Socia tagging in recommender systems. a survey
of the state-of-the-art and possible extensions," Artif. Intell. Rev., vol. 33, pp. 187-209, 2010.

[5] J. Wang, M. Clements, J. Yang, A. P. d. Vries, and M. J. T. Reinders, "Personalization of tagging
systems," Inf. Process. Manage., vol. 46, pp. 58-70, 2010.

[6] S. Choy and A. Lui, "Web Information Retrieval in Collaborative Tagging Systems," Proceedings of
the IEEE/WIC/ACM International Conference on Web Intelligence, 2006.

[71 F Limpens, F. Gandon, and M. Buffa, "Helping online communities to semantically enrich
Folksonomies," Proceedings of the The Web Science Conference, 2010.

[8 U. Faroog, T. G. Kannampallil, Y. Song, C. H. Ganoe, J. M. Carroll, and L. Giles, "Evaluating
tagging behavior in social bookmarking systems: metrics and design heuristics,” Proceedings of the
the international ACM conference on Supporting Group Work, 2007.

[99 V. Robu, H. Halpin, and H. Shepherd, "Emergence of consensus and shared vocabularies in
collaborative tagging systems," ACM Transactions on the Web (TWEB), vol. 3, 2009.

[10] A. Midove, M. Marcon, K. P. Gummadi, P. Druschel, and B. Bhattacharjee, "Measurement and
Analysis of Online Social Networks," Proceedings of the 7th ACM SIGOMM Internet Measurement
Conference (IMC), San Diego, California, USA, 2007.

[11] C. Cattuto, C. Schmitz, A. Baldassarri, V. D. P. Servedio, V. Loreto, A. Hotho, M. Grahl, and G.
Stumme, "Network properties of folksonomies,” Al Communications:Network Analysis in Natural
Sciences and Engineering, vol. 20, pp. 245-262, 2007.

[12] J. Gemmell, T. Schimoler, M. Ramezani, and B. Mobasher, "Adapting k-nearest neighbor for tag
recommendation in folksonomies," Proceedings of the 7th Workshop on Intelligent Techniques for
Web Personalization and Recommender Systems, 2009.

[13] P. Heymann, D. Ramage, and H. Garcia-Molina, "Socia tag prediction,” Proceedings of the 31st
annual international ACM SIGIR conference on Research and development in information retrieval,
2008.

[14] M. Lipczak, "Tag recommendation for folksonomies oriented towards individual users," Proceedings
of the European Conference on Machine Learning and Principles and Practice of Knowledge
Discovery in Databases, 2008.

[15] R. Schenkel, T. Crecelius, M. Kacimi, T. Neumann, J. Parreira, M. Spaniol, G. Weikum, and G.
Saarbruecken, "Social wisdom for search and recommendation,” IEEE Data Engineering Bulletin,
vol. 31, 2008.

[16] E. Chi, P. Pirdlli, and S. Lam, "Aspects of augmented social cognition: Social information foraging
and social search," Proceedings of the Online Communities and Social Computing, 2007.

[17] A. B. Ciro Cattuto, Vito Servedio, Vittorio Loreto, "Emergent Community Structure in Socid
Tagging Systems," Proceedings of the European Conference on Complex Systems, Dresden, 2007.

[18] A. Capocci, V. D. P. Servedio, G. Cadarelli, and F. Colaiori, "Detecting communities in large
networks," Ed., 2004.

52



