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Distributed Nash Equilibrium Seeking for Aggregative Games
KM FGFRE

R 2

Game theoretical models are widely used in the decision-making of various engineering
networks, including smart grids, intelligent transportation systems, cognitive radio systems and UAV
swarms. Aggregative game, firstly proposed by Nobel laureate Reinhard Selte,finds it role in the
coordination and control of large-scale networks with its specific structure. The key point in applying
aggregative game is to seek its Nash Equilibrium. Distributed decision- making methods that rely
only on the local data, local computation and local communication of agents have the advantages of
eliminating the need for massive data transmission, preventing single point of network failure,
protecting user privacy, and enhancing the systems autonomy, robustness and scalability, hence, are
also desirable for NE seeking. The talk will report the recent work on distributed Nash equilibrium
seeking for aggregative games, including the fast convergent algorithm with operator extrapolation,

distributed coordination for seeking an optimal Nash equilibrium, and multi-cluster aggregative

games.
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Asymptotic Network Independence in Distributed Stochastic Gradient Methods
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We provide a discussion of several recent results which, in certain scenarios, are able to
overcome a barrier in distributed stochastic optimization for machine learning (ML). Our focus is the
so-called asymptotic network independence property, which is achieved whenever a distributed
method executed over a network of n nodes asymptotically converges to the optimal solution at a
comparable rate to a centralized method with the same computational power as the entire network; it
is as if the network is not even there! We explain this property through an example involving the
training of ML models and present a short mathematical analysis for comparing the performance of
distributed stochastic gradient descent (DSGD) with centralized SGD. We also discuss the transient

times for distributed stochastic gradient methods to achieve network independent convergence rates.
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Distributed online convex optimization with long-term constraints
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In this talk, we consider distributed online convex optimization problems, where the
distributed system consists of various computing units connected through a time-varying
communication graph. In each time step, each computing unit selects a constrained vector,
experiences a loss equal to an arbitrary convex function evaluated at this vector, and may
communicate to its neighbors in the graph. The objective is to minimize the system-wide loss
accumulated over time. We propose a decentralized algorithm with sublinear regret and cumulative
constraint violation. These regret scalings match those obtained by state-of-the-art algorithms and
fundamental limits in the corresponding centralized online optimization problem (for both convex
and strongly convex loss functions). We numerically illustrate the performance of our algorithms for
the particular case of distributed online regularized linear regression problems on synthetic and real

data.
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Distributed Algorithm Design for Noncooperative Games of Second-Order Multi-Agent Systems
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With the fast development of cyber-physical systems, physical systems have been used to
perform distributed tasks (e.g., the search and rescue of multirobot, the attack-defense game of
UAVs). However, the dynamics of physical systems are not considered in most of existing game
problems, which results that physical systems cannot accomplish game tasks autonomously. In this
talk, we formulate unconstrained aggregative games for second-order nonlinear systems and
constrained noncooperative games for second-order linear systems, respectively, to investigate how
the second-order players accomplish game tasks autonomously. We design distributed algorithms for

the two kinds of players to seek the Nash equilibrium.
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Distributed discrete-time convex optimization with nonidentical local constraints over

time-varying unbalanced directed graphs
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In this paper, a class of optimization problems is investigated, where the objective function is
the sum of N convex functions viewed as local functions and the constraints are N nonidentical
closed convex sets. Additionally, it is aimed to solve the considered optimization problem in a
distributed manner and thus a sequence of time-varying unbalanced directed graphs is introduced first
to depict the information connection topologies. Then, the novel push-sum based constrained
optimization algorithm (PSCOA) is developed, where the new gradient descent-like method is
applied to settle the involved closed convex set constraints. Furthermore, the rigorous convergence
analysis is shown under some standard and common assumptions and it is proved that the developed
distributed discrete-time algorithm owns a convergence rate of O (In t /sqrt{t}) in general case.
Specially, the convergence rate of O(1/t) can be further obtained under the assumption that at least
one objective function is strongly convex. Finally, simulation results are given to demonstrate the

validity of the theoretical results.
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