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Networks competing between them

Javier M. Buldú1,2,3, Jaime Iranzo4, and Jacobo Aguirre3,5
1Laboratory of Biological Networks, Center for Biomedical Technology, UPM, 28223 Pozuelo de Alarcón, Madrid, Spain

2Complex Systems Group, Universidad Rey Juan Carlos, 28933 Móstoles, Madrid, Spain
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Social, biological, physical and technological systems are
composed of a diversity of interacting agents, leading net-
work science, a statistical physics understanding of graph
theory, to be a genuine tool for investigating their struc-
ture and dynamics [1]. Within the framework of social net-
works, the topology of the interactions between individuals
has been demonstrated to be crucial in, for example, the van-
ishing of the critical threshold in epidemics [2] or the effi-
cient and fast propagation of innovation [3]. In a similar
fashion, the topology of a network itself can be influenced
by the dynamical processes occurring in it, giving rise to
adaptive mechanisms that rule the evolution of the structure
of social networks [4].

The emergence of cooperation, defection or altruism can
be investigated by linking game theory to network science.
In this way, the intrinsic heterogeneity of social networks,
the majority of them showing power-law distributions in the
number of connections, has been related in many cases to
the emergence of cooperation, contrary to what is observed
in homogeneous populations [5]. Furthermore, highly con-
nected individuals have also been shown to be more prone to
collaborate than scarcely connected ones [6]. While atten-
tion was initially focused on the interplay between nodes’
strategies and the structure of the underlying (single) net-
work, more recently, coevolutionary rules have also been re-
lated to the emergence of interdependency [7] and multilayer
structures [8]. But, what if we are concerned about the in-
terests of a network as a whole instead of its nodes? Does
it make sense to consider networks competing or collaborat-
ing with other networks? The fruitful recent literature about
networks-of-networks, or in a more general context about
multilayer networks, makes these two questions timely and
extremely relevant [9]. A diversity of dynamical processes
such as percolation [10], diffusion [11] or synchronization
[12] have been recently reinterpreted by assuming that real
networks unavoidably interact with other networks, a con-
tact that may be beneficial or detrimental to each of the net-
works belonging to the ensemble.

Here we investigate how m > 2 networks compete or
cooperate to achieve a relative increase of importance mea-
sured as eigenvector centrality, which maximizes their out-
come in a variety of dynamical processes [14]. In our com-
petition, networks can vary the way they interact with other
networks, evolving in time until they reach a stable situa-
tion where all networks refuse to modify their strategy be-
cause any change would lead to a worse result. Importantly,
an a priori optimal connection strategy for a given network
may not be reachable due to the actions of the competi-
tor networks, which turns the analysis of the final outcome
of the networks into a study of Nash equilibria [13] in a
network-of-networks. With this objective in mind, we de-
fine a methodology to analyse the competition among net-
works of any size or topology, demonstrating that several
Nash equilibria can coexist, with some of them benefit-
ing the strongest networks and others benefiting the weaker

ones. Particularly, we report the existence of a wide regime
of the system parameters in which every weak network can
induce the rest to cooperate in order to escape from a detri-
mental Nash equilibrium, taking over the final situation of
the whole network-of-networks. Paradoxically, the strong
network cannot reverse this phenomenon. This counter-
intuitive asymmetry that promotes the cooperation among
weak networks is independent of the network structure or
the competition rules, and it could be applicable to an exten-
sive number of real systems [15].
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