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Abstract—Social media systems are becoming more and more
popular nowadays. In order to face the overload in the amount of
users and content available in these systems, social recommender
systems have been developed and are largely studied in the
literature. A form of social media, known as social bookmarking
system, allows to share bookmarks in a social network. A user
adds as a friend or follows another user and receives updates
on the bookmarks added by that user. However, no approach in
the literature proposes friend recommender systems in the social
bookmarking domain. In this paper, we present an analysis of the
state-of-the-art on user recommendation in social environments
and of the structure of a social bookmarking system, in order
to derive a design and an architecture of a friend recommender
system in the social bookmarking domain. This study can be
useful for any future research in this area, by highlighting the
aspects that characterize this domain and the features that this
type of recommender system has to offer.
Keywords—Social Bookmarking; Friend Recommendation;
Tagging System.

I.

I NTRODUCTION

Thanks to the affirmation of social media systems, recent
research on recommender system has been focused in this
area, by developing a new class of systems known as social
recommender systems [1], [2]. The information overload, a
problem faced by classic recommender systems, in this domain
is related to the amount of users and items with whom each
user can come across in her/his experience in a social media
system. This problem is known as “social interaction overload” [3], [4] and is related to the excessive amount of users
and items that each user can interact with. Its consequence
is the scarcity of attention, which does not allow to focus on
users or items that might be interesting for a user.
So, the role of a social recommender system is to suggest
users or items that a user might be interested in. In particular,
user recommendation in a social domain aims at suggesting
friends (i.e., recommendations are built for pairs of users that
are likely to be interested in each other’s content) or people to
follow (i.e., recommendations are built for a user, in order to
suggest users that might be interesting for her/him) [3].
User recommender systems that operate in the social media
domain can be classified into three categories, based on the
source of data used to build the recommendations:
1) Systems based on the analysis of social graphs, which explore the set of people connected to the target user in order
to produce recommendations. These systems recommend

either the closest users in the graph, like friends of friends
and followees of followees (the “People you may know”
feature offered by Facebook [5] is the most widely known
example of this approach), or recommend the users that
have the highest probability to be crossed in a random
walk of the social graph (the main reference for this type
of systems is the “Who to follow” recommendation in
Twitter [6]).
2) Systems that analyze the interactions of the users with the
content of the system (tags, likes, shares, posts, etc.). In
order to exploit the user interests, these systems usually
build a user profile by giving a structured form to content,
thanks to the use of metrics like TF-IDF (Term Frequency
- Inverse Document Frequency). Recommendations are
produced by identifying users with similar profiles. An
example of this class of systems is presented in [7].
3) Hybrid systems, that consider both the social graph and
the interactions of the users with the content (an example
is represented by [8]).
An area to which social recommendation can be applied
is social bookmarking systems. A social bookmarking system
allows users to use keywords (tags) to describe resources that
are of interest for them, helping to organize and share these
resources with other users in the social network [9]. The most
widely-known examples of social bookmarking systems are
Delicious1 , where the bookmarked resources are web pages,
and CiteULike2 , where users bookmark academic papers.
To the best of the authors’ knowledge, no approach in the
literature is able to recommend friends in a social bookmarking
system.
In this paper we present a study that proposes the design
and the definition of an architecture of a friend recommender
system in a social bookmarking system. By analyzing the stateof-the-art on user recommendation in the social domain and
how social bookmarking systems work, we design a friend
recommender system that operates in this context and present
its architecture. Since no other approach in the literature
recommends friends in this domain, this study can serve as
a reference for any researcher who wants to develop a system
in this area.
The scientific contributions coming from this paper are
summarized as follows:
1 http://www.delicious.com
2 http://www.citeulike.org/

www.conference.thesai.org

838 | P a g e

Science and Information Conference 2014
August 27-29, 2014 | London, UK
•

we analyze the state-of-the-art on user recommendation in social bookmarking systems, in order to
highlight the weaknesses of the existing systems and
derive the characteristics and features that a friend
recommender system that operates in this domain has
to offer;

•

given the structure of a social bookmarking system
and the analysis of the state-of-the-art, we present a
design of a friend recommender system;

•

we propose a novel architecture of a system to build
friend recommendations in a social bookmarking system.

This study can be useful for any future research in this area,
by presenting design guidelines and a novel architecture, which
can be exploited by any researcher who wants to develop a
friend recommender system in the social bookmarking domain.
The rest of the paper is structured as follows: Section II
presents the state-of-the-art on user recommendation in social
environments; Section III illustrates how a social bookmarking
system is structured and how it works; Section IV presents the
aspects related to the design of a friend recommender system
in a social bookmarking system and presents guidelines,
useful in the development of a system; Section V proposes an
architecture of the system; Section VI presents conclusions
and future work.
II.

R ELATED WORK

In the last years, social bookmarking systems have been
studied from different points of view. This section presents related work on user recommendation in this research area. This
study of the state-of-the-art will be deepened in Section IV, in
order to analyze the aspects that characterize a recommender
system that operates in this domain and the weaknesses of the
existing approaches.
In [6], Gupta et al. present Twitter’s user recommendation service, which is based on shared interests, common
connections, and other related factors. The proposed system
builds a graph, in which the vertices represent users and the
directed edges represent the “follow” relationship; this graph
is processed with an open source in-memory graph processing
engine called Cassovary. Finally, recommendations are built by
means of a user recommendation algorithm for directed graphs,
based on SALSA (Stochastic Approach for Link-Structure
Analysis). In the next section, we are going to analyze this
system, in order to design our proposal.
In [7], Chen et al. describe a people recommender system
in an enterprise social network domain. They compare four
algorithms, two based on social relationship information and
two based on content similarity, and demonstrate that the
algorithms that use social information are more capable to find
known contacts, while algorithms based on content similarities
are better to discover new friends. This approach produces
the recommendations by analyzing both the interaction with
the content and the interaction with the other users and this
characteristic will be analyzed while designing our system.
Guy et al. [10] describe a people recommender system for
the IBM Fringe social network. The system uses enterprise

information, like org chart relationships, paper and patent coauthorship and project co-membership, which are specific of
this social network, so it is hard to take into account this
approach when designing our system.
Hannon et al. [8] describe a followee recommender system
for Twitter, based on tweets and relationships of their Twitter
social graphs. By using this information, they build user profiles and demonstrate how these profiles can be used to produce
recommendations. In our proposal, we aim at recommending
friendship relationships and not users to follow.
In [11], a recommender system based on collocation (i.e.,
the position of the user) is presented. It uses short-range
technologies of mobile phones, in order to infer the collocation
and other correlated information that are the base for the
recommendations. In our domain we do not have such a type
of information, so we cannot compare with this algorithm.
Zhou et al. [12] propose a framework for users’ interest
modeling and interest-based user recommendation (it suggests
people to follow and not friends), which was tested on the
Yahoo! Delicious dataset. Recommendations are produced by
analyzing the network and fans properties. Differently from
this framework, our proposal aims at producing friend recommendations.
In [13], a study about what cues in a user’s profile, behavior, and network might be most effective in recommending
people, is presented. So, this approach analyzes both the
interaction with the content and the interaction with the other
users and this characteristic will be analyzed while designing
our system.
Liben-Nowell and Kleinberg [14] studied the user recommendation problem as a link prediction problem. They
develop several approaches, based on metrics that analyze the
proximity of nodes in a social network, to infer the probability
of new connections among users. Experiments show that the
network topology is a good tool to predict future interactions.
In [15], Arru et al. propose a user recommender system for
Twitter, based on signal processing techniques. The considered
approach defines a pattern-based similarity function among
users and makes use of a time dimension in the representation
of the users profile. Our system is different, because we aim
at suggesting friends while on Twitter there is no notion of
“friend” but it works with “people to follow”.
III.

S OCIAL B OOKMARKING S YSTEMS

This section presents how a social bookmarking system is
structured and how it works. This definition is based on the
ones previously given in the literature (in particular we refer
to [9], [16], [17]).
A social bookmarking system is composed by:
•

a set of users;

•

a set of resources. These resources characterize the
type of social bookmarking system and, as mentioned
in the introduction, they might be of different types
(e.g., web pages);

•

a set of tags, which are the keywords used to describe
the resources;
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•

a set of bookmarks, which are represented as triplets
(user, resource, tag); these triplets are known either
as tag assignments, or as tag applications;

•

a set of connections among users, which are represented as couples (user, user). Depending on the type
of connection among two users, a couple might be
ordered (i.e., users are connected by a follow relation),
or not (i.e., users are friends and mutually follow each
other). These connections form a graph, known either
as social graph or interest graph.

Once a user decides to bookmark a resource by adding tags
to it, these bookmarks are shown to the users who are friends
with or follow this user.
Social bookmarking systems also offer privacy options,
which allow to keep a bookmark private, or to share it only
with a limited amount of users.
Features that allow to explore the tags and to facilitate
the management of the bookmarks, like their export from
browsers [18] and the possibility to add a bookmark to the
profile by email, are often offered.
IV.

D ESIGNING A F RIEND R ECOMMENDER S YSTEM

The first objective of our proposal is to design a friend
recommender system in a social bookmarking system. This
section presents an analysis of the aspects that characterize
both the state-of-the-art and social bookmarking systems,
according to what was presented in the previous sections.

Taking into account all these aspects, we drew the following conclusions.
Regarding point (a), in order to avoid the limitations related
to the graph analysis in this domain, we aim at designing a
system that only analyzes the content of the users (i.e., the
tagged resources). So, we are going to design a system that
belongs to the second class presented in the Introduction, i.e.,
the one that analyzes the interactions of the users with the
content of the system.
Regarding points (b) and (c), in order to efficiently and
quickly update user profiles, we decided to exploit the set of
resources used by each user and the tags used to classify those
resources, without using a Content Analyzer component, but
analyzing only the behavior of the users on the system.
Regarding point (d), since the system we are designing
deals with friend recommendations and we do not consider
the interest graph, the feedback of a user has no impact in
her/his profile. On the contrary, when items are recommended
in a content-based system, the feedbacks contains information
about the preferences of the users, which help updating the
user profiles.
Regarding point (e), we embraced the theory that user
interests are reflected by the tagging activity and extended it,
by following the intuition that users with similar interests use
similar tags and the same resources.
B. Design guidelines
Starting from the previous analysis, here we recap what we
believe are the features that a friend recommender system in
the social bookmarking domain has to offer:

A. Analysis
In our analysis, we considered the following aspects:
(a) In [6], authors highlight that Twitter is an “interest graph”,
rather than a “social graph”. A problem highlighted by the
authors is that the analysis of such a graph suffers from
scalability issues and, in order to contain the complexity of
the recommender system, no user profile information could
be used to produce the recommendations. The definition of
interest graph can also be extended to social bookmarking
systems, since a user can add as a friend or follow another
user, in order to receive her/his newly added bookmarks.
(b) Social media systems grow rapidly. This means that both
the amount of content added to a social media system and
the user population increase at a fast rate. A recommender
system that operates in this context needs to build accurate
user profiles, which are up-to-date with the constantly
evolving preferences of the users.
(c) Resources usually have an unstructured form so, when
building a content-based recommender systems, they are
given a structured form, by introducing a Content Analyzer
in the system [19].
(d) In the architecture of a content-based system, a Feedback
component, which allows to update the user profile according to the recommended items that the user liked or
did not like, is usually present [19].
(e) As [12] highlights, the tagging activity of the users reflects
their interests. Therefore, the tags used by a user can be
considered as an important source of information to exploit
her/his interests.

1) a friend recommender system in a social bookmarking
system has to consider the tagged resources bookmarked
by the users. Using only graph analysis to build the
recommendations presents limitations, and the production
of recommendations by analyzing both the content the
users interacts with and the interest graph would increase
the complexity of the system (this might lead to the
learning of user profiles that are not up-to-date with the
current interests of the users);
2) the algorithms and metrics used by a system should be
quickly computed, in order to keep the user profiles upto-date. Therefore, we believe that a friend recommender
system should mine user behavior (i.e., the interaction
of the users with the content), more than the content
itself. In fact, the introduction of a Content Analyzer, in
order to give a structured form to the resources, would
significantly increase the complexity of the system. In
other words, it is harder to make an analysis of the
content of each resource tagged by a user, instead of
considering only the fact that a user is interested in that
resource. Since social bookmarking systems grow at a
fast rate, content analysis would lead to have outdated
profiles and this component is discarded by our design
and architecture;
3) in order to reduce the complexity of the system, and
given the type of recommendations produced, the typical
Feedback component of a Content-Based recommender
system is removed when designing such a type of system.
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Fig. 1: Architecture of the friend recommender system

This choice was made since the accepted or rejected
friends do not update the user profiles, which are built
considering the tag assignments of the users;
4) in order to capture the interaction of the users on multiple
levels and improve the capability to accurately recommend friends, a system has be able to exploit all the
sources of information coming from the tag assignments.
Therefore, a friend recommender system has to analyze
both the tags used by a user and the resources she/he
bookmarked.
V.

A RCHITECTURE

The objective of this section is to present a novel architecture for friend recommendation in a social bookmarking
system, by considering the design guidelines presented in the
previous section. Figure 1 illustrates the architecture.
While designing the system, in the first point of the
guidelines we highlighted that we would only analyze the
content of the system (i.e., the tag assignments). Therefore,
the architecture does not have components that analyze the
interest graph, which contains the connections among users.
As the figure shows, our architecture presents two profile
learners (i.e., the Tag-based profile learner and the Resourcebased profile learner), following the considerations done on
the fourth point of the design guidelines, which suggested
to consider both the tags and the resources available in the
bookmarks.
The components that form the proposed architecture are
now described in detail.

•

Tag-based profile learner. Taken as input the Tag
assignments available for each user, this component
builds a user profile, by considering the tags used by
a user. Since in the design guidelines we highlighted
the need to build profiles quickly, in order for them
to be updated, this component might build profiles as
binary vectors of the tags considered by users, or by
considering the frequencies of each tag used by a user.
The output produced by this component is a Tag-based
user profile.

•

Resource-based profile learner. Given the Tag assignments available for each user, this component
builds a second user profile, by analyzing the resources
bookmarked by a user. Also this profile might be built
as a vector, similarly to the possible implementations
of the tag-based component. The output produced by
this component is a Resource-based user profile.

•

Tag-based profile association computation. Given
the Tag-based user profiles previously computed, this
step estimates the association among each couple of
tag-based user profiles, in order to derive how similar
two users are. The output produced by this component
is a Tag-based profile association, i.e., a number that
quantifies this similarity among each couple of users.

•

Resource-based profile association computation.
Given the Resource-based user profiles previously
computed, this step estimates the association among
each couple of resource-based user profiles, in order to
derive how similar two users are. The output produced
by this component is a Resource-based profile association, i.e., a number that quantifies this similarity
among each couple of users.

•

Filtering component. Given the Tag-based profile
associations and Resource-based profile associations
previously built, this component filters the similarities,
in order to select the most similar users to recommend
to the target user. This component ranks the associations and filters them. For example, a threshold value
might be used, in order to select only the users with
high associations with the target user. The output of
this component is a ranked List of recommendations,
which contains the users to recommend to the target
user.
VI.

C ONCLUSIONS AND F UTURE W ORK

This paper illustrated a study related to the design and
the architecture of a friend recommender system in the social
bookmarking domain. Since no other approach in the literature
recommends friends in this area, we analyzed the existing
state-of-the-art works that recommend users in social domain
and illustrated the structure of a social bookmarking system.
This led to the design of a system that recommends friends in
this context. After giving the design guidelines, the architecture
of the system was presented.
We are currently implementing a friend recommender system that is based on the design and the architecture presented
in this paper.
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As a future work we will test the system’s capability to
accurately and efficiently recommend friends.
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