Accepted Manuscript

Non-centralized Control for Flow-based Distribution Networks: A
Game-theoretical Insight

Julian Barreiro-Gomez, Carlos Ocampo-Martinez, Nicanor Quijano,
Jose M. Maestre

Pl S0016-0032(17)30314-9

DOI: 10.1016/j.jfranklin.2017.06.021
Reference: Fl 3039

To appear in: Journal of the Franklin Institute
Received date: 29 July 2016

Revised date: 6 May 2017

Accepted date: 28 June 2017

Journal
of The Franklin Institute

ENGINEERING AND APPLIED MATHEMATICS

2014 2026 Awards Specal oo
e by: Jumes Lam

Please cite this article as: Julian Barreiro-Gomez, Carlos Ocampo-Martinez, Nicanor Quijano,
Jose M. Maestre, Non-centralized Control for Flow-based Distribution Networks: A Game-theoretical
Insight, Journal of the Franklin Institute (2017), doi: 10.1016/j.jfranklin.2017.06.021

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and

all legal disclaimers that apply to the journal pertain.



http://dx.doi.org/10.1016/j.jfranklin.2017.06.021
http://dx.doi.org/10.1016/j.jfranklin.2017.06.021

Non-centralized Control for Flow-based Distribution
Networks: A Game-theoretical Insight

b

Julian Barreiro-Gomez ", Carlos Ocampo-Martinez ?, Nicanor Quijano ", and

Jose M. Maestre ©

& Automatic Control Department, Universitat Politécnica de Catalunya, Institut de Robotica i Informatica, Industrial
(CSIC-UPC), Llorens i Artigas, 4-6, 08028 Barcelona, Spain

> Departamento de Ingenieria Eléctrica y Electrénica, Universidad de los Andes, Carrera 1 NoA8A-10pBogotd, Colombia

¢ Departamento de Ingenieria de Sistemas y Automdtica, Universidad de Sevilla,/41092 Sevilla, Spain

Abstract

This paper solves a data-driven control problem for a flow-based distribution netweork with two objectives: a resource allocation
and a fair distribution of costs. These objectives represent both cooperation and, competition directions. It is proposed a
solution that combines either a centralized or distributed cooperative game approach using the Shapley value to determine
a proper partitioning of the system and a fair communication cost distribution. On the other hand, a decentralized non-
cooperative game approach computing the Nash equilibrium is used to.achieve.the control objective of the resource allocation
under a non-complete information topology. Furthermore, an invariant-set property is presented and the closed-loop system
stability is analyzed for the non-cooperative game approach. Another contribution regarding the cooperative game approach
is an alternative way to compute the Shapley value for the propesed specific characteristic function. Unlike the classical
cooperative-games approach, which has a limited application due to'the combinatorial explosion issues, the alternative method
allows calculating the Shapley value in polynomial time and henge can be applied to large-scale problems.

Key words: Flow-based distribution networks, population games, Nash equilibrium, cooperative games, Shapley value,
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1 Introduction

The ideal centralized contrel schéme in which a single entity governs a system using full information, disposing of
enough time to gather all4he measurements, and to compute and transmit all the control inputs, may not be realistic
for certain systems. Real large-scale control problems usually present issues that limit the application of centralized
control strategies, e.g., fast dymamics with demanding response times, unavailability of full information, intractability
of the problem due 'to its sheer size, among others. These issues are of special interest in the control field and a
great effort has/been plaeed into the development of non-centralized control techniques in order to mitigate them.
In addition, significant technological changes have occurred during the last decades that have modified the way
these problems are.addressed. This is particularly visible if the methods used some decades ago [34] are compared
with those useditoday [17]. Nowadays, computing and networking elements are pervasive and state-of-the-art control
techniques are more and more sophisticated to take advantage of the new possibilities that technology offers.

This paper focuses on one of the recent trends in the development of non-centralized control techniques. In particular,
during the last years different control strategies, which are able to adapt dynamically to the evolution of the system
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