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ABSTRACT

Social networks are increasingly becoming an outlet that is more and more powerful in spreading
news and influence individuals. Compared with other traditional media outlets such as newspaper,
radio, and television, social networks empower users to spread their ideological message and/or to
deliver target advertising very efficiently in terms of both cost and time. In this article, the authors
focus on efficiently finding dominating sets in social networks for the classical dominating set problem
as well as for two related problems: partial dominating sets and d-hop dominating sets. They will
present algorithms for determining efficiently a good approximation for the social network minimum
dominating sets for each of the three variants. The authors ran an extensive suite of experiments to
test the presented algorithms on several datasets that include real networks made available by the
Stanford Network Analysis Project and synthetic networks that follow the power-law and random
models that they generated for this work. The performed experiments show that the selection of the
algorithm that performs best to determine efficiently the dominating set is dependent of network
characteristics and the order of importance between the size of the dominating set and the time
required to determine such a set.
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1. INTRODUCTION

Do you know an adult that never used an online social network? While some may have old relatives
that may not have used such networks, this is becoming increasingly rare. It is not a surprise that their
influence competes with well-established media outlets such as newspapers, television, and radio. For
instance, social networks were used extensively for political campaigns such as 2016 United States
presidential elections (Pew Research Center, 2016) and 2016 republican and democratic primaries
(Whitten, 2015). As early as 2008, the United States presidential elections were shaped by the intensive
use of social networks (Dutta & Fraser, 2008). Even in non-democratic regimes, social networks are
used to increase the political awareness of users in such countries (Reuter & Szakonyi, 2013).
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Social networks are nowadays a hot research topic in computer science community due to the
large-scale usage of online social networks. According to the Statistic Portal (Statista Facebook,
2016), Facebook had 1.79 billion active users in the third quarter of 2016 out of which 1.57 billion
accessed their Facebook account on a mobile device. Facebook had surpassed the 1 billion mark
in the third quarter of 2012, and as recent as 2008, this social network had only 100 million users.
Other social networks are increasingly popular. For instance, LinkedIn has 467 million members as
of September 2016 after passing the 100 million mark in early 2011 (Statista LinkedIn, 2016) and
Twitter has 317 million members in the third quarter of 2016 after having 100 million users in the
Summer of 2011 (Statista Twitter, 2016). Considering this usage trend, many academics from a wide
array of areas such as sociology, mathematics, physics, communications, and computer science work
on different problems that are related to social networks. This research flurry does not come without
a strong base; a lot of research has been done already for general graphs and networks and these
results are in many cases applicable to social networks (Babers & Hassanien, 2017; Cardoso et al.,
2013; Chowdhuri et al., 2014a; Chowdhuri et al., 2014b; Gupta et al., 2016; Wahi et al., 2014). That
being said, today there is an increase attention given to the social aspects of the networks as well to
the increase size of such networks.

Social networks always existed in the human history, to survive and then to better their life,
people always relied on the friends/relative network around them. However, documenting such small
social networks was not done on a regular basis thought history. Still, the evolution of social networks
from 1200 AD - 1450 AD from pre-Hispanic Southwest in the current United States is reflected
in thousands of ceramic and obsidian artifacts (Mills, et al., 2013). From an academic perspective,
social networks research started in the first half of 20" century in the sociology community and it
was expanded to other areas such as computer science and physics in the 1990s (Freeman, 2011).
Once online social networks became a reality with MySpace and Friendster and more recently with
Facebook, LinkedIn, Twitter and many others, social networks have grown tremendously in size
and a new path of research that focus on developing fast and accurate solutions for very large social
networks has increased in importance.

Communicating quickly in a social network is important in emergencies. For instance, to reach all
network participants when only a small number of individuals in the network can be contacted directly
is an important problem. The emergency message can be quickly sent to all network participants
if all individuals from the social network are connected to at least one such individual who can be
contacted directly (or is one of those individuals). This scenario can be modeled by what is known as
the dominating set problem (Berge, 1962). When the delivery of the message is not as time critical
and we can assume that a message can be resend by several people then the scenario is modelled by
the d-hop dominating set problem (Amis et al., 2000). In this scenario, every individual must be at a
distance at most d from an individual that can be contacted directly. In many marketing campaigns that
can span from promoting a product to the presidential elections, reaching a given percentage people
through the network with limited resources in very important. Such campaigns usually do not aim
for 100% reach and in this case, the problem that best models this scenario is partial dominating set
problem (Berge, 1962). Similar scenarios can be envisioned for other types of dominating set problems
such as total dominating set (Cockayne, at al., 1980), independent dominating sets (Cockayne, at al.,
1980), connected dominating sets (Wu & Li, 1999), positive influence dominating set (Wang et al.,
2009), and k-tuple dominating set (Klasing & Laforest, 2004).

In this journal article we bring together the algorithms and experimental results from three
previous works (Campan et al., 2015a; Campan et al., 2015b; Campan et al., 2016) that focus on
finding efficient approximation algorithms for original dominating set, partial dominating set, and
d-hop dominating set problems. The research contributions can be summarized as follows:

e We introduced two algorithms to efficiently determine an approximation to the minimum
dominating set (Campan et al., 2015a).
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