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Abstract

This paper presents a population-based solution for the distributed optimization problem where the overall objective
function is defined as an average of local cost functions corresponding to the nodes of a network. Populations are
introduced for the nodes to cooperatively find the global optimum of the overall objective function. The main challenge
is that each population cannot know the overall objective function and thus cannot directly evaluate the quality of
their individuals in each iteration. To overcome this difficulty, we introduce consensus methods to design a message-
passing protocol under which the local estimates can converge to the same value. We present a general framework
that consists of consensus search, consensus evaluation, population evolution and local stopping steps. Compared
with mathematical methods, this framework solves in-network distributed optimization problems without requiring
a convexity assumption on the objective functions. The standard PSO and one of its variants, called MCO, are
introduced for testing and comparison. Two simulated examples under different network topologies illustrate the
feasibility of our approach.
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1. Introduction

In this paper, we focus on the multi-agent optimization problem in an n-node network where each node associates
a scalar local cost function fi(x) with fi : RD → R that is known by this node only. The vector x ∈ RD represents
a global decision vector that the nodes are collectively trying to decide on. The whole network objective function
is defined as an average of all fi’s. The global variable x∗ can be obtained by solving the following problem in a
distributed fashion.

x∗ = arg min
x∈RD

1
n

n∑

i=1

fi(x). (1)

Here, the word ‘distributed’ means that each node utilizes the information from their local neighbors, and no node
can know the global information of the network, such as all fi’s. Problem (1) comes up in many applications, such
as parallel computing [47, 46], parameter estimation [41], distributed learning [1, 2], resource allocation [34, 61] and
data fusion in wireless sensor networks (WSNs) [38, 53, 31]. For practical use, there is a desire to develop distributed
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