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Abstract

This paper examines the data-driven verification of structural balance of multiplex networks by
utilizing the dataset generated by the bipartite consensus dynamics adopted by each node in the
network. To this end, some necessary and sufficient conditions for the structural balance of multiplex
signed networks from a graph-theoretic perspective has been provided. It is also shown that a
multiplex signed network is structurally balanced if and only if its related compressed network is
structurally balanced. Built on the proposed theoretical results and dynamic mode decomposition
technique, a distributed data-driven approach is proposed for verification of the structural balance
of large-scale multiplex signed networks without relying on the explicit knowledge on network
topology.
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Introduction

Consensus dynamics on complex networks plays an important role in disciplines such as opin-
ion dynamics, diffusion processes on networks, and distributed algorithms [12, 14, 11, 20]. The
functionality of networks such as consensus, relies on the interplay of component-wise dynamical
behaviors and the topology of inter-component interactions, where the latter is abstracted in terms
of a graph. The classical consensus theory mainly concentrates on networks where the interactions
between neighboring nodes are cooperative; however, in complex networks antagonistic interactions
can also exist. A graph admitting the coexistence of both positive and negative signs is referred to
as a signed graph or signed network [9]. Allowing signs on edges in a graph allows modeling rela-
tionships such as friend/foe, cooperation/competition, and attraction/repulsion, etc. For instance,
a repulsive force is necessary for scenarios such as collision avoidance and mitigation of undesirable
synchronization. Furthermore, a signed network can be an optimal solution to the fast consensus
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