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h i g h l i g h t s

• A social network-based query personalization algorithm is presented.
• The algorithm considers influencers from the user’s social network.
• Both the user’s and the influencers’ preferences are used for personalizing queries.
• The algorithm is evaluated both performance- and quality-wise.
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a b s t r a c t

Query personalization has emerged as a means to handle the issue of information volume growth, aiming
to tailor query answer results to match the goals and interests of each user. Query personalization
dynamically enhances queries, based on information regarding user preferences or other contextual
information; typically enhancements relate to incorporation of conditions that filter out results that are
deemed of low value to the user and/or ordering results so that data of high value are presented first. In the
domain of personalization, social network information can prove valuable; users’ social networks profiles,
including their interests, influence from social friends, etc. can be exploited to personalize queries. In this
paper, we present a query personalization algorithm, which employs collaborative filtering techniques
and takes into account influence factors between social network users, leading to personalized results
that are better-targeted to the user.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The enormous growth of available content in current applica-
tions, and web applications in particular, has created information
overload for the application users, necessitating the use of person-
alization techniques to alleviate this problem [1], by prioritizing or
limiting information presented to the users according to its per-
ceived value for them. With the advent of social networks, such
as Facebook [2] and Twitter [3], used by millions of people ev-
ery day, large volumes of data generated by these networks are
widely available, and researchers seek methods to exploit these
data for personalization purposes [4–8]; these data are deemed of
high value in the context of personalization, because of the impor-
tance and the intrinsic relationship with people’s everyday lives.

∗ Corresponding author.
E-mail address: costas@uop.gr (C. Vassilakis).

However, due to thehigh volumeof social network-generateddata,
identifying the data relevant to each individual user that are highly
useful to support personalized queries, still remains a challenge.

A widely-used approach for making recommendations, stem-
ming from user behavior and actions is collaborative filtering. Col-
laborative filtering (CF) synthesizes the informed opinions of hu-
mans (notably these opinions in many cases encompass the as-
pect of satisfaction), tomakepersonalized and accurate predictions
and recommendations. The biggest advantage of collaborative fil-
tering is that explicit content description is not required (as in
content-based systems): instead, traditional collaborative filtering
relies only on opinions expressed by users on items either explic-
itly (e.g. a user enters a rating for the item) or implicitly (e.g. a user
purchases an item, or clicks an advertisement banner, which indi-
cates a positive assessment). In the context of collaborating filter-
ing, personalization is achieved by considering ratings of ‘‘similar
users’’, under the collaborative filtering’s fundamental assumption
that if users X and Y have similar behaviors (e.g., buying, watching,
listening, rating assignment) on some items, they will act similarly
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on other items [9]. Traditional recommender systems though, as-
sume that users are independent and ignore the social interactions
among them, hence they fail to incorporate important aspects that
denote interaction, tie strength and influence among users, which
can substantially enhance recommendation quality [10,7]. Social
networkdata-based recommender systems take into account static
data from the user profile, such as location, age or gender, comple-
mented with dynamic aspects stemming from the user behavior
and/or social network state such as user preferences, item’s gen-
eral acceptance, and influence from social friends [10,7]. Towards
this direction, themetric of tie strength between users of social net-
works has been modeled, quantifying the projected influence of
one user to another. This metric can be exploited to further en-
hance the choice of recommenders, so as to consider the opinions
and choices of users that have a high influence on the user for
which the recommendation is generated [4,11,12].

Query personalization is an important area in personalization,
in which queries are dynamically enhanced with related prefer-
ences stored in a user profile with the purpose of providing more
focused answers [13]. Query personalization systems may be used
either by end-users who directly pose the queries that are sub-
sequently personalized, or as an underlying infrastructure in any
database-supported application, in order to tailor the results re-
turned by queries to the application user’s profile. To this end,
query personalization systems have been studied in a number of
works [13–17]. These works consider user personal and/or collab-
orative preferences that are stored in a preference repository, they
do exploit however opportunities offered by social media data to
enhance query adaptation quality.

In this paper, we propose a novel algorithm for query per-
sonalization, based on social network information. The algorithm
exploits both the users’ choices of items (browsing and rating)
and the influence information from social networks to suitably
adapt queries for each user. Query adaptation is performed via
(re)writing the query sorting specification to order the qualifying
data according to their projected interest for the user. The pro-
posed algorithm is evaluated both in terms of personalization ac-
curacy and execution performance.

The proposed algorithm extends the state of the art query
personalization algorithms by (a) exploiting social graphs for
improving personalization quality and (b) arranging for mapping
the outcome of the personalization procedure proposing an
efficient query rewriting technique.

The rest of the paper is structured as follows: Section 2 presents
the proposed algorithm. An evaluation of the algorithm, both
in terms of personalization quality and performance is given in
Section 3. Section 4 overviews relatedwork,while finally, Section 5
concludes the paper and outlines future work.

2. The query personalization algorithm

In this section, we first describe the concept of influence in so-
cial networks, which is central to the proposed algorithm. Sub-
sequently we elaborate on the representation of the information
model used by the algorithm: this model includes user prefer-
ences, the influence information from social networks and a sam-
ple database schema for exemplifying the functionality of the per-
sonalization. Finally, we detail the operation of the algorithm and
its phases.

2.1. Influence in social networks

Within a social network, ‘‘social friends’’ greatly vary regarding
the nature of the relationship holding among them: they may be
friends or strangers, with little or nothing in between [18]. Users
have friends they consider very close, and know each other in real

life, acquaintances they rarely meet or communicate in real life,
and persons they have never actually met with, such as singers,
actors and athletes. According to Anagnostopoulos et al. [19],
three main causes of correlation in social networks exist: influence
(also known as induction), where the action of a user is triggered
by one of her friend’s recent actions (e.g. when a user buys a
product because one of her friends has recently bought the same
product); homophily, which means that individuals often establish
‘‘social friendship’’ with others who are similar to them, and hence
perform similar actions (e.g. sharing a common interest, such as
mountaineering); and environment (also referenced as external
influence), where external factors are correlated both with the
event that two individuals become friends and also with their
actions (e.g. two inhabitants of the same city posting pictures of
the same landmarks in an online photo sharing system can become
‘‘social friends’’).

Bakshy et al. [5] suggest that a social network user responds
significantly better to recommendations that originate from
friends of the social network towhich the user has high tie strength;
the strength of the directed tie between users i and j is computed
as:

Wi,j =
Ci,j

Ci

where Ci is the total number of communications posted in a certain
time period in the social network by user i, whereas Ci,j is the total
number of communications posted by user i on the social network
during the same period and are directed at user j or on posts by
user j. In [5], a period of 90 days is considered for computing the tie
strength. Note that a post may be directed towards multiple users
(individually specified recipients or all members of a group, such
as ‘‘close friends’’), in which case it contributes to the tie strength
of all its recipients. Because of this fact, it holds that

j

Wi,j ≥ 1.

2.2. The information repository

In order to be able to personalize a user’s queries, the
information repository must include (a) data concerning the items
that users want to retrieve through their queries (b) data regarding
the influencers for the particular user, which are computed from
the social network graph and (c) the preferences on items for both
the user and her influencers. Regarding the items that users want
to retrieve through their queries, in this workwe consider a typical
database schema used in query personalization research (e.g. [14,
16]), representing movies, actors and directors. With respect to
the users’ preferences on items, we consider a simple model
representing preference of users towards movies. This kind of
information can be extracted from social networks [20–22] or from
specialized site databases (e.g. IMDB [23]) provided that linkage
between the social network profiles and specialized site accounts
are established by the users. Finally, regarding the influencer
information, we consider periodic snapshots computed from
the social network graph. The complete information repository
schema is illustrated in Fig. 1. The left side of this figure depicts the
schema extension used in our work to support the personalization
process, which includes the following information:

• Users: users are extracted from the social network API or from
dataset files (e.g. the MovieLens dataset [24] or the Amazon
datasets [25,26]). Since our personalization scheme does not
include demographic or other user-profile based information,
only the user id is retained in the database.
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