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Abstract—Modeling is one of the major research areas in social
network analysis whose goal is to study networks structure and
its evolution. Motivated by the intuition that members in social
networks behave selfishly, network creation games have been
introduced for modeling social networks. In this paper, our aim
is to measure how much the output graphs of a given network
creation game are compatible with a social network. We first
show that the precise measurement is not possible in polynomial
time. Then we propose a method for its approximation; finally,
we show the usability of our method by conducting experiments
on real network data.

1. INTRODUCTION

Modeling social networks is an important research direction
in the study of social networks. Its main goal is to study
the structure of networks and their evolution in an attempt
to generate graphs with similar structural properties to real
networks. [1]

Network Creation Games presented up to now, fail to satisfy
real networks’ properties desirably. For the games defined in
[2], [3] and [4] it is proved that they have diameters far from
logarithmic diameter for their equilibria. In addition, most of
network formation games yield only symmetric equilibrium
networks [5]. In reality, however, asymmetry is noticed in
social networks. The game-theoretic models to date have been
primarily technological, rather than sociological [5]. On the
other hand, Nash equilibria in most network creation games,
are literally unrealistic.

The main idea of this paper is to introduce a general
framework for measuring the naturality of network creation
games, i.e., how much their output graphs match structurally
to real social networks. Such measurements might be used for
comparing two network creation models.

II. NCG DECIDABILITY

Before proposing a framework for comparing the compat-
ibility of network creation games with a given network N,
we first study two fundamental relevant problems regarding
the complexity of such models. We only focus on our fixed
configuration (sequential dynamic + Nash equilibria).

Definition 1. /n NCG compatibility problem (NCG-
Compat), a network creation game, G, and two networks, Ny
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and Ny, are given. Game G is started from Ny. Is there any
sequential dynamic of the game which converges to N;?

The main result of this section is theorem 2 which shows
that NCG-Compat problem can not be decided in polynomial
time. Before declaration of our main result, we present a
theorem about hardness of finding a Nash-equilibrium of a
network creation..

Theorem 1. Finding a Nash-equilibrium of a network cre-
ation game, even if computing players’ best response can be
accomplished in polynomial-time, is NP-Hard.

Theorem 2. NCG-Compat problem is NP-Complete.

III. FRAMEWORK

Assume that G is a network creation game and A is a
network with n nodes. We use notation comp(G,N) for
showing the amount of compatibility and we define it as
follows:

current_utility(v;)
best_utility(v;)

current_utility(v;) is the utility of v; in N and
best_utility(v;) is the maximum utility that v; can achieve
assuming other players have their current strategies. Compat-
ibility factor is a general form of smartness factor, which is
introduced in an earlier work by the authors [6].

1 n
comp(G,N) = 3"
=1

IV. EXPERIMENTAL RESULTS
A. Case Studies

In this section, we use our framework to illustrate the
compatibility of games with networks.

We consider Watts-Strogatz random graph [7] and Fabrikant
et al’s game [2]. For a = 1, the current action of nodes
is far from their best response. Increasing alpha brings the
best response closer to the current action. As « rises even
more, we will again get far from our current graph. Average
compatibility factor vs « is illustrated in Figure 1. Observed
results confirm our expectations discussed above.

In this case the undirected Epinion network [8] with two
different games are considered. In the first game, the utility
function is an exponential function and in the second one, it is
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Fig. 1. Compatibility factor of Watts-Strogatz graphs [7] with Fabrikant et
al.’s game [2] with different values of a.

a Gaussian function. The exponential utility function acts more
like a power law. So, the first game seems more natural than
the second one. Experimental results, as depicted in Figure 2,
show that our intuition is true.
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Fig. 2. Comparison between compatibility factor of two NCGs defined by
exponential and Gaussian utility functions with Epinion network.

B. Natural Data'

In this section we measure the compatibility factor for
real social networks. Signed network formation game is
used for this purpose [6]. We consider three on-line social
networks used by Leskovec [8], the trust network of the
Epinions, the social network of the blog Slashdot, and the
voting network of Wikipedia. For each node v;, we calculate
current_utility(v;) and best_utility(v;). Our results show
that the former has a wide variety in its value, but the latter
has almost a constant value. As shown in Figure 3, there is a
big difference between these two values and thus the naturality
of this game is very low.

IThe detailed content of this subsection is also presented in a paper at
SNA-KDD 2011.
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Fig. 3. Nodes’ utility, below lines show current utility and above lines show
best-response utility [6]

V. CONCLUDING REMARKS

Network creation games, in spite of their effort to represent
a natural model for social networks, commonly result in mod-
els which significantly differ from real networks. There are
also no accurate and practical measures for the compatibility
of network creation games with a given social network.

Hence, it would be beneficial to have a suitable and
applicable framework to reliably estimate and compare the
naturality of network creation games. This paper attempts to
introduce one such framework. We have tested the proposed
method to measure the compatibility of a network creation
game previously introduced in the literature, and have also
applied the framework as a comparison measure between
several games.
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