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Multi-agent Systems Over Unbalanced Directed Graphs
ZHU Ya-Nan"? CHEN Qi-Rui"? LI Tao"*?*

Abstract This paper investigates a class of distributed non-cooperative game problems with global coupling equal-
ity constraints and proposes a prescribed-time distributed seeking algorithm for second-order multi-agent systems.
The research objective is to ensure that all agents cooperatively converge to the generalized Nash equilibrium with-
in a prescribed-time under strongly connected directed graph topologies. To overcome system biases caused by
weight-unbalanced communication topologies, a two-stage convergence strategy is adopted: In the first stage, a con-
sistency mechanism is utilized to accurately estimate the left eigenvector of the Laplacian matrix for topology com-
pensation; In the second stage, a damping term is introduced to support the stability analysis of the second-order
integrator-type systems, combined with Lagrange multipliers to handle global constraints, while an estimator based
on the leader-follower consensus protocol is employed to reconstruct opponents’ decision information for distrib-
uted pseudo-gradient updates. Furthermore, a simplified implementation of the algorithm for the special case of
weight-balanced directed graphs is provided. Under the assumption of strong monotonicity of the game mapping, by
introducing a time transformation function and constructing a novel Lyapunov function, it is theoretically and rig-
orously proved that the system can converge to the generalized Nash equilibrium within the prescribed-time and
maintain sustained stability thereafter. Finally, numerical simulation experiments verify the effectiveness and con-
vergence accuracy of the algorithm under different topological structures.

Keywords second-order multi-agent systems; generalized Nash equilibrium; prescribed-time; unbalanced directed
graphs; consensus protocol
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