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Stability of Nonlinear Monotone Systems with Applications
to Multi-Agent Networks and Recurrent Neural Networks
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Abstract:

In this talk we discuss the case of a network of agents modeled by nonlinear discrete-time dynamical
systems, whose asymptotic behavior is fully described by a map assumed to be (type-K) monotone and plus-
homogeneous, which are the nonlinear counterpart of nonnegativity (with positive diagonal) and row-
stochasticity, respectively. The key findings are as follows: 1.We prove that nonlinear discrete-time
dynamical system whose map is type-K monotone and plus-homogeneous asymptotically converges to a
fixed point of the map, or equivalently, to an equilibrium point of the system, if any exists; 2.We derive
necessary and sufficient conditions on the local agents’ dynamics and their reciprocal interaction in order to
guarantee that the interconnected system falls into the above-mentioned class; 3.We provide the link between
the above result and graph theory by proving that the existence of a globally reachable node in the
communication network is sufficient to restrict the set of equilibrium points to those of consensus; The
literature of nonlinear MASs mostly consists of ad-hoc solutions based on Lyapunov theory. In contrast, the
innovative aspect of our approach is that it provides stability results and convergence to consensus as a
special case without the need of exploiting Lyapunov theory.
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