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KEY=SYSTEMS - CHRIS ALEX
AN INTRODUCTION TO MULTIAGENT SYSTEMS
John Wiley & Sons This book will introduce students to intelligent agents, explain
what these agents are, how they are constructed and how they can be made to cooperate eﬀectively with one another in large-scale systems.

MULTIAGENT SYSTEMS
MIT Press The new edition of an introduction to multiagent systems that captures the
state of the art in both theory and practice, suitable as textbook or reference.
Multiagent systems are made up of multiple interacting intelligent
agents—computational entities to some degree autonomous and able to cooperate,
compete, communicate, act ﬂexibly, and exercise control over their behavior within
the frame of their objectives. They are the enabling technology for a wide range of
advanced applications relying on distributed and parallel processing of data,
information, and knowledge relevant in domains ranging from industrial
manufacturing to e-commerce to health care. This book oﬀers a state-of-the-art
introduction to multiagent systems, covering the ﬁeld in both breadth and depth,
and treating both theory and practice. It is suitable for classroom use or independent
study. This second edition has been completely revised, capturing the tremendous
developments in multiagent systems since the ﬁrst edition appeared in 1999.
Sixteen of the book's seventeen chapters were written for this edition; all chapters
are by leaders in the ﬁeld, with each author contributing to the broad base of
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knowledge and experience on which the book rests. The book covers basic concepts
of computational agency from the perspective of both individual agents and agent
organizations; communication among agents; coordination among agents;
distributed cognition; development and engineering of multiagent systems; and
background knowledge in logics and game theory. Each chapter includes references,
many illustrations and examples, and exercises of varying degrees of diﬃculty. The
chapters and the overall book are designed to be self-contained and understandable
without additional material. Supplemental resources are available on the book's Web
site. Contributors Rafael Bordini, Felix Brandt, Amit Chopra, Vincent Conitzer, Virginia
Dignum, Jürgen Dix, Ed Durfee, Edith Elkind, Ulle Endriss, Alessandro Farinelli,
Shaheen Fatima, Michael Fisher, Nicholas R. Jennings, Kevin Leyton-Brown,
Evangelos Markakis, Lin Padgham, Julian Padget, Iyad Rahwan, Talal Rahwan, Alex
Rogers, Jordi Sabater-Mir, Yoav Shoham, Munindar P. Singh, Kagan Tumer, Karl Tuyls,
Wiebe van der Hoek, Laurent Vercouter, Meritxell Vinyals, Michael Winikoﬀ, Michael
Wooldridge, Shlomo Zilberstein

A CONCISE INTRODUCTION TO MULTIAGENT SYSTEMS AND
DISTRIBUTED ARTIFICIAL INTELLIGENCE
Morgan & Claypool Publishers Multiagent systems is an expanding ﬁeld that blends
classical ﬁelds like game theory and decentralized control with modern ﬁelds like
computer science and machine learning. This monograph provides a concise
introduction to the subject, covering the theoretical foundations as well as more
recent developments in a coherent and readable manner. The text is centered on the
concept of an agent as decision maker. Chapter 1 is a short introduction to the ﬁeld
of multiagent systems. Chapter 2 covers the basic theory of singleagent decision
making under uncertainty. Chapter 3 is a brief introduction to game theory,
explaining classical concepts like Nash equilibrium. Chapter 4 deals with the
fundamental problem of coordinating a team of collaborative agents. Chapter 5
studies the problem of multiagent reasoning and decision making under partial
observability. Chapter 6 focuses on the design of protocols that are stable against
manipulations by self-interested agents. Chapter 7 provides a short introduction to
the rapidly expanding ﬁeld of multiagent reinforcement learning. The material can
be used for teaching a half-semester course on multiagent systems covering,
roughly, one chapter per lecture.

MULTIAGENT SYSTEMS, SECOND EDITION
MIT Press The new edition of an introduction to multiagent systems that captures the
state of the art in both theory and practice, suitable as textbook or reference.
Multiagent systems are made up of multiple interacting intelligent
agents—computational entities to some degree autonomous and able to cooperate,
compete, communicate, act ﬂexibly, and exercise control over their behavior within
the frame of their objectives. They are the enabling technology for a wide range of
advanced applications relying on distributed and parallel processing of data,
information, and knowledge relevant in domains ranging from industrial
manufacturing to e-commerce to health care. This book oﬀers a state-of-the-art
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introduction to multiagent systems, covering the ﬁeld in both breadth and depth,
and treating both theory and practice. It is suitable for classroom use or independent
study. This second edition has been completely revised, capturing the tremendous
developments in multiagent systems since the ﬁrst edition appeared in 1999.
Sixteen of the book's seventeen chapters were written for this edition; all chapters
are by leaders in the ﬁeld, with each author contributing to the broad base of
knowledge and experience on which the book rests. The book covers basic concepts
of computational agency from the perspective of both individual agents and agent
organizations; communication among agents; coordination among agents;
distributed cognition; development and engineering of multiagent systems; and
background knowledge in logics and game theory. Each chapter includes references,
many illustrations and examples, and exercises of varying degrees of diﬃculty. The
chapters and the overall book are designed to be self-contained and understandable
without additional material. Supplemental resources are available on the book's Web
site. Contributors Rafael Bordini, Felix Brandt, Amit Chopra, Vincent Conitzer, Virginia
Dignum, Jürgen Dix, Ed Durfee, Edith Elkind, Ulle Endriss, Alessandro Farinelli,
Shaheen Fatima, Michael Fisher, Nicholas R. Jennings, Kevin Leyton-Brown,
Evangelos Markakis, Lin Padgham, Julian Padget, Iyad Rahwan, Talal Rahwan, Alex
Rogers, Jordi Sabater-Mir, Yoav Shoham, Munindar P. Singh, Kagan Tumer, Karl Tuyls,
Wiebe van der Hoek, Laurent Vercouter, Meritxell Vinyals, Michael Winikoﬀ, Michael
Wooldridge, Shlomo Zilberstein

MULTIAGENT SYSTEMS
ALGORITHMIC, GAME-THEORETIC, AND LOGICAL FOUNDATIONS
Cambridge University Press Multiagent systems combine multiple autonomous
entities, each having diverging interests or diﬀerent information. This overview of
the ﬁeld oﬀers a computer science perspective, but also draws on ideas from game
theory, economics, operations research, logic, philosophy and linguistics. It will serve
as a reference for researchers in each of these ﬁelds, and be used as a text for
advanced undergraduate or graduate courses. The authors emphasize foundations
to create a broad and rigorous treatment of their subject, with thorough
presentations of distributed problem solving, game theory, multiagent
communication and learning, social choice, mechanism design, auctions, cooperative
game theory, and modal logics of knowledge and belief. For each topic, basic
concepts are introduced, examples are given, proofs of key results are oﬀered, and
algorithmic considerations are examined. An appendix covers background material
in probability theory, classical logic, Markov decision processes and mathematical
programming.

MULTIAGENT SYSTEMS
INTRODUCTION AND COORDINATION CONTROL
CRC Press Multiagent systems (MAS) are one of the most exciting and the fastest
growing domains in the intelligent resource management and agent-oriented
technology, which deals with modeling of autonomous decisions making entities.
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Recent developments have produced very encouraging results in the novel approach
of handling multiplayer interactive systems. In particular, the multiagent system
approach is adapted to model, control, manage or test the operations and
management of several system applications including multi-vehicles, microgrids,
multi-robots, where agents represent individual entities in the network. Each
participant is modeled as an autonomous participant with independent strategies
and responses to outcomes. They are able to operate autonomously and interact
pro-actively with their environment. In recent works, the problem of information
consensus is addressed, where a team of vehicles communicate with each other to
agree on key pieces of information that enable them to work together in a
coordinated fashion. The problem is challenging because communication channels
have limited range and there are possibilities of fading and dropout. The book
comprises chapters on synchronization and consensus in multiagent systems. It
shows that the joint presentation of synchronization and consensus enables readers
to learn about similarities and diﬀerences of both concepts. It reviews the
cooperative control of multi-agent dynamical systems interconnected by a
communication network topology. Using the terminology of cooperative control, each
system is endowed with its own state variable and dynamics. A fundamental problem
in multi-agent dynamical systems on networks is the design of distributed protocols
that guarantee consensus or synchronization in the sense that the states of all the
systems reach the same value. It is evident from the results that research in
multiagent systems oﬀer opportunities for further developments in theoretical,
simulation and implementations. This book attempts to ﬁll this gap and aims at
presenting a comprehensive volume that documents theoretical aspects and
practical applications.

PROGRAMMING MULTI-AGENT SYSTEMS IN AGENTSPEAK USING
JASON
John Wiley & Sons Jason is an Open Source interpreter for an extended version of
AgentSpeak – a logic-based agent-oriented programming language – written in
JavaTM. It enables users to build complex multi-agent systems that are capable of
operating in environments previously considered too unpredictable for computers to
handle. Jason is easily customisable and is suitable for the implementation of
reactive planning systems according to the Belief-Desire-Intention (BDI) architecture.
Programming Multi-Agent Systems in AgentSpeak using Jason provides a brief
introduction to multi-agent systems and the BDI agent architecture on which
AgentSpeak is based. The authors explain Jason’s AgentSpeak variant and provide a
comprehensive, practical guide to using Jason to program multi-agent systems.
Some of the examples include diagrams generated using an agent-oriented software
engineering methodology particularly suited for implementation using BDI-based
programming languages. The authors also give guidance on good programming style
with AgentSpeak. Programming Multi-Agent Systems in AgentSpeak using Jason
Describes and explains in detail the AgentSpeak extension interpreted by Jason and
shows how to create multi-agent systems using the Jason platform. Reinforces
learning with examples, problems, and illustrations. Includes two case studies which
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demonstrate the use of Jason in practice. Features an accompanying website that
provides further learning resources including sample code, exercises, and slides This
essential guide to AgentSpeak and Jason will be invaluable to senior undergraduate
and postgraduate students studying multi-agent systems. The book will also be of
interest to software engineers, designers, developers, and programmers interested
in multi-agent systems.

MULTI-AGENT SYSTEMS
AN INTRODUCTION TO DISTRIBUTED ARTIFICIAL INTELLIGENCE
Addison-Wesley Professional What are multi-agent systems? How do they work?
What do they do? If you are looking for the answers to these questions, read on; for
Jacques Ferber's authoritative book is the ﬁrst to provide a single, coherent overview
of multi-agent systems. Introduces and deﬁnes key concepts throughout the text;
provides numerous examples to illustrate core principles; draws on contributions
from diﬀerent disciplines to present a holistic, comprehensive picture of state-of-the
art agent technology; and describes all the latest developments in the ﬁeld and
encourages the reader to reﬂect on possibilities for the future.

ONTOLOGY-BASED MULTI-AGENT SYSTEMS
Springer During the last two decades, the idea of Semantic Web has received a great
deal of attention. An extensive body of knowledge has emerged to describe
technologies that seek to help us create and use aspects of the Semantic Web.
Ontology and agent-based technologies are understood to be the two important
technologies here. A large number of articles and a number of books exist to
describe the use individually of the two technologies and the design of systems that
use each of these technologies individually, but little focus has been given on how
one can - sign systems that carryout integrated use of the two diﬀerent
technologies. In this book we describe ontology and agent-based systems
individually, and highlight advantages of integration of the two diﬀerent and
complementary te- nologies. We also present a methodology that will guide us in the
design of the - tegrated ontology-based multi-agent systems and illustrate this
methodology on two use cases from the health and software engineering domain.
This book is organized as follows: • Chapter I, Current issues and the need for
ontologies and agents, describes existing problems associated with uncontrollable
information overload and explains how ontologies and agent-based systems can help
address these - sues. • Chapter II, Introduction to multi-agent systems, deﬁnes
agents and their main characteristics and features including mobility,
communications and collaboration between diﬀerent agents. It also presents
diﬀerent types of agents on the basis of classiﬁcations done by diﬀerent authors.

DEVELOPING MULTI-AGENT SYSTEMS WITH JADE
John Wiley & Sons Learn how to employ JADE to build multi-agent systems! JADE
(Java Agent DEvelopment framework) is a middleware for the development of
applications, both in the mobile and ﬁxed environment, based on the Peer-to-Peer
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intelligent autonomous agent approach. JADE enables developers to implement and
deploy multi-agent systems, including agents running on wireless networks and
limited-resource devices. Developing Multi-Agent Systems with JADE is a practical
guide to using JADE. The text will give an introduction to agent technologies and the
JADE Platform, before proceeding to give a comprehensive guide to programming
with JADE. Basic features such as creating agents, agent tasks, agent
communication, agent discovery and GUIs are covered, as well as more advanced
features including ontologies and content languages, complex behaviours,
interaction protocols, agent mobility, and the in-process interface. Issues such as
JADE internals, running JADE agents on mobile devices, deploying a fault tolerant
JADE platform, and main add-ons are also covered in depth. Developing Multi-Agent
Systems with JADE: Comprehensive guide to using JADE to build multi-agent systems
and agent orientated programming. Describes and explains ontologies and content
language, interaction protocols and complex behaviour. Includes material on
persistence, security and a semantics framework. Contains numerous examples,
problems, and illustrations to enhance learning. Presents a case study demonstrating
the use of JADE in practice. Oﬀers an accompanying website with additional learning
resources such as sample code, exercises and PPT-slides. This invaluable resource
will provide multi-agent systems practitioners, programmers working in the software
industry with an interest on multi-agent systems as well as ﬁnal year undergraduate
and postgraduate students in CS and advanced networking and telecoms courses
with a comprehensive guide to using JADE to employ multi agent systems. With
contributions from experts in JADE and multi agent technology.

ARTIFICIAL INTELLIGENCE
Cambridge University Press Artiﬁcial Intelligence presents a practical guide to AI,
including agents, machine learning and problem-solving simple and complex
domains.

DISTRIBUTED COOPERATIVE CONTROL OF MULTI-AGENT SYSTEMS
John Wiley & Sons A detailed and systematic introduction to the distributed
cooperative control of multi-agent systems from a theoretical, network perspective
Features detailed analysis and discussions on the distributed cooperative control and
dynamics of multi-agent systems Covers comprehensively ﬁrst order, second order
and higher order systems, swarming and ﬂocking behaviors Provides a broad
theoretical framework for understanding the fundamentals of distributed cooperative
control

GRAPH THEORETIC METHODS IN MULTIAGENT NETWORKS
Princeton University Press This accessible book provides an introduction to the
analysis and design of dynamic multiagent networks. Such networks are of great
interest in a wide range of areas in science and engineering, including: mobile sensor
networks, distributed robotics such as formation ﬂying and swarming, quantum
networks, networked economics, biological synchronization, and social networks.
Focusing on graph theoretic methods for the analysis and synthesis of dynamic
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multiagent networks, the book presents a powerful new formalism and set of tools
for networked systems. The book's three sections look at foundations, multiagent
networks, and networks as systems. The authors give an overview of important ideas
from graph theory, followed by a detailed account of the agreement protocol and its
various extensions, including the behavior of the protocol over undirected, directed,
switching, and random networks. They cover topics such as formation control,
coverage, distributed estimation, social networks, and games over networks. And
they explore intriguing aspects of viewing networks as systems, by making these
networks amenable to control-theoretic analysis and automatic synthesis, by
monitoring their dynamic evolution, and by examining higher-order interaction
models in terms of simplicial complexes and their applications. The book will interest
graduate students working in systems and control, as well as in computer science
and robotics. It will be a standard reference for researchers seeking a self-contained
account of system-theoretic aspects of multiagent networks and their wide-ranging
applications. This book has been adopted as a textbook at the following universities:
? University of Stuttgart, Germany Royal Institute of Technology, Sweden Johannes
Kepler University, Austria Georgia Tech, USA University of Washington, USA Ohio
University, USA

UNDERSTANDING AGENT SYSTEMS
Springer Mark d'Inverno and Michael Luck present a formal approach to dealing with
agents and agent systems in this second edition of Understanding Agent Systems.
The Z speciﬁcation language is used to establish an accessible and uniﬁed formal
account of agent systems and inter-agent relationships. In particular, the framework
provides precise and unambiguous meanings for common concepts and terms for
agent systems, allows for the description of alternative agent models and
architectures, and serves as a foundation for subsequent development of
increasingly reﬁned agent concepts. The practicability of this approach is veriﬁed by
applying the formal framework to three detailed case studies. The book will appeal
equally to researchers, students, and professionals in industry.

COOPERATIVE CONTROL OF MULTI-AGENT SYSTEMS
AN OPTIMAL AND ROBUST PERSPECTIVE
Academic Press Cooperative Control of Multi-Agent Systems: An Optimal and Robust
Perspective reports and encourages technology transfer in the ﬁeld of cooperative
control of multi-agent systems. The book deals with UGVs, UAVs, UUVs and
spacecraft, and more. It presents an extended exposition of the authors’ recent work
on all aspects of multi-agent technology. Modelling and cooperative control of multiagent systems are topics of great interest, across both academia (research and
education) and industry (for real applications and end-users). Graduate students and
researchers from a wide spectrum of specialties in electrical, mechanical or
aerospace engineering ﬁelds will use this book as a key resource. Helps shape the
reader's understanding of optimal and robust cooperative control design techniques
for multi-agent systems Presents new theoretical control challenges and investigates
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unresolved/open problems Explores future research trends in multi-agent systems
Oﬀers a certain amount of analytical mathematics, practical numerical procedures,
and actual implementations of some proposed approaches

INDUSTRIAL AGENTS
EMERGING APPLICATIONS OF SOFTWARE AGENTS IN INDUSTRY
Morgan Kaufmann Industrial Agents explains how multi-agent systems improve
collaborative networks to oﬀer dynamic service changes, customization, improved
quality and reliability, and ﬂexible infrastructure. Learn how these platforms can
oﬀer distributed intelligent management and control functions with communication,
cooperation and synchronization capabilities, and also provide for the behavior
speciﬁcations of the smart components of the system. The book oﬀers not only an
introduction to industrial agents, but also clariﬁes and positions the vision, on-going
eﬀorts, example applications, assessment and roadmap applicable to multiple
industries. This edited work is guided and co-authored by leaders of the IEEE
Technical Committee on Industrial Agents who represent both academic and industry
perspectives and share the latest research along with their hands-on experiences
prototyping and deploying industrial agents in industrial scenarios. Learn how new
scientiﬁc approaches and technologies aggregate resources such next generation
intelligent systems, manual workplaces and information and material ﬂow system
Gain insight from experts presenting the latest academic and industry research on
multi-agent systems Explore multiple case studies and example applications showing
industrial agents in a variety of scenarios Understand implementations across the
enterprise, from low-level control systems to autonomous and collaborative
management units

INTERACTIONS IN MULTIAGENT SYSTEMS: FAIRNESS, SOCIAL
OPTIMALITY AND INDIVIDUAL RATIONALITY
Springer This book mainly aims at solving the problems in both cooperative and
competitive multi-agent systems (MASs), exploring aspects such as how agents can
eﬀectively learn to achieve the shared optimal solution based on their local
information and how they can learn to increase their individual utility by exploiting
the weakness of their opponents. The book describes fundamental and advanced
techniques of how multi-agent systems can be engineered towards the goal of
ensuring fairness, social optimality, and individual rationality; a wide range of further
relevant topics are also covered both theoretically and experimentally. The book will
be beneﬁcial to researchers in the ﬁelds of multi-agent systems, game theory and
artiﬁcial intelligence in general, as well as practitioners developing practical multiagent systems.

MULTI-AGENT SYSTEMS FOR EDUCATION AND INTERACTIVE
ENTERTAINMENT: DESIGN, USE AND EXPERIENCE
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DESIGN, USE AND EXPERIENCE
IGI Global "This book presents readers with a rich collection of ideas from
researchers who are exploring the complex tradeoﬀs that must be made in designing
agent systems for education and interactive entertainment"--Provided by publisher.

COOPERATIVE CONTROL OF MULTI-AGENT SYSTEMS
A CONSENSUS REGION APPROACH
CRC Press Distributed controller design is generally a challenging task, especially for
multi-agent systems with complex dynamics, due to the interconnected eﬀect of the
agent dynamics, the interaction graph among agents, and the cooperative control
laws. Cooperative Control of Multi-Agent Systems: A Consensus Region Approach
oﬀers a systematic framework for designing distributed controllers for multi-agent
systems with general linear agent dynamics, linear agent dynamics with
uncertainties, and Lipschitz nonlinear agent dynamics. Beginning with an
introduction to cooperative control and graph theory, this monograph: Explores the
consensus control problem for continuous-time and discrete-time linear multi-agent
systems Studies the H∞ and H2 consensus problems for linear multi-agent systems
subject to external disturbances Designs distributed adaptive consensus protocols
for continuous-time linear multi-agent systems Considers the distributed tracking
control problem for linear multi-agent systems with a leader of nonzero control input
Examines the distributed containment control problem for the case with multiple
leaders Covers the robust cooperative control problem for multi-agent systems with
linear nominal agent dynamics subject to heterogeneous matching uncertainties
Discusses the global consensus problem for Lipschitz nonlinear multi-agent systems
Cooperative Control of Multi-Agent Systems: A Consensus Region Approach provides
a novel approach to designing distributed cooperative protocols for multi-agent
systems with complex dynamics. The proposed consensus region decouples the
design of the feedback gain matrices of the cooperative protocols from the
communication graph and serves as a measure for the robustness of the protocols to
variations of the communication graph. By exploiting the decoupling feature,
adaptive cooperative protocols are presented that can be designed and
implemented in a fully distributed fashion.

STRATEGIC NEGOTIATION IN MULTIAGENT ENVIRONMENTS
MIT Press A model for strategic negotiation for intelligent agents. As computers
advance from isolated workstations to linked elements in complex communities of
systems and people, cooperation and coordination via intelligent agents become
increasingly important. Examples of such communities include the Internet,
electronic commerce, health institutions, electricity networks, and digital libraries.
Sarit Kraus is concerned here with the cooperation and coordination of intelligent
agents that are self-interested and usually owned by diﬀerent individuals or
organizations. Conﬂicts frequently arise, and negotiation is one of the main
mechanisms for reaching agreement. Kraus presents a strategic-negotiation model
that enables autonomous agents to reach mutually beneﬁcial agreements eﬃciently
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in complex environments. The model, which integrates game theory, economic
techniques, and heuristic methods of artiﬁcial intelligence, can be automated in
computer systems or applied to human situations. The book provides both
theoretical and experimental results.

MULTIAGENT SYSTEMS FOR MANUFACTURING CONTROL
A DESIGN METHODOLOGY
Springer Science & Business Media Presents a methodology developed by
DaimlerChrysler. Illustrates the methodology through detailed case studies.

MULTIAGENT SYSTEMS
A MODERN APPROACH TO DISTRIBUTED ARTIFICIAL INTELLIGENCE
MIT Press An introduction to multiagent systems and contemporary distributed
artiﬁcial intelligence, this text provides coverage of basic topics as well as closelyrelated ones. It emphasizes aspects of both theory and application and includes
exercises of varying degrees of diﬃculty.

ROBUST COOPERATIVE CONTROL OF MULTI-AGENT SYSTEMS
A PREDICTION AND OBSERVATION PROSPECTIVE
CRC Press This book presents a concise introduction to the latest advances in robust
cooperative control design for multi-agent systems with input delay and external
disturbances, especially from a prediction and observation perspective. The volume
covers a wide range of applications, such as the trajectory tracking of quadrotors,
formation ﬂying of multiple unmanned aerial vehicles (UAVs) and ﬁxed-time
formation of ground vehicles. Robust cooperative control means that multi-agent
systems are able to achieve speciﬁed control tasks while remaining robust in the
face of both parametric and nonparametric model uncertainties. In addition, the
authors cover a wide range of key issues in cooperative control, such as
communication and input delays, parametric model uncertainties and external
disturbances. Moving beyond the scope of existing works, a systematic prediction
and observation approach to designing robust cooperative control laws is presented.
About the Authors Chunyan Wang is an Associate Professor in the School of
Aerospace Engineering at Beijing Institute of Technology, China. Zongyu Zuo is a full
Professor with the School of Automation Science and Electrical Engineering, Beihang
University, China. Jianan Wang is an Associate Professor in the School of Aerospace
Engineering at Beijing Institute of Technology, China. Zhengtao Ding is a Professor in
the Department of Electrical and Electronic Engineering at University of Manchester,
U.K.

INTERACTING MULTIAGENT SYSTEMS
KINETIC EQUATIONS AND MONTE CARLO METHODS
Oxford University Press Mathematical modelling of systems constituted by many
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agents using kinetic theory is a new tool that has proved eﬀective in predicting the
emergence of collective behaviours and self-organization. Among other possible
approaches, this book provides a step-by-step introduction to the mathematical
modelling based on a mesoscopic description and the construction of eﬃcient
simulation algorithms by Monte Carlo methods.This idea has beenapplied to various
problems from the analysis of wealth distributions, the formation of opinions and
choices, the price dynamics in a ﬁnancial market, to the description of cell mutations
and the swarmingof birds and ﬁshes. It is a useful reference text for applied
mathematicians, physicists, biologists and economists who want to learn about
modelling and approximation of such challenging phenomena.

COMPUTATIONAL INTELLIGENCE
AN INTRODUCTION
John Wiley & Sons Computational Intelligence: An Introduction, Second Edition oﬀers
an in-depth exploration into the adaptive mechanisms that enable intelligent
behaviour in complex and changing environments. The main focus of this text is
centred on the computational modelling of biological and natural intelligent systems,
encompassing swarm intelligence, fuzzy systems, artiﬁcial neutral networks, artiﬁcial
immune systems and evolutionary computation. Engelbrecht provides readers with a
wide knowledge of Computational Intelligence (CI) paradigms and algorithms;
inviting readers to implement and problem solve real-world, complex problems
within the CI development framework. This implementation framework will enable
readers to tackle new problems without any diﬃculty through a single Java class as
part of the CI library. Key features of this second edition include: A tutorial, hands-on
based presentation of the material. State-of-the-art coverage of the most recent
developments in computational intelligence with more elaborate discussions on
intelligence and artiﬁcial intelligence (AI). New discussion of Darwinian evolution
versus Lamarckian evolution, also including swarm robotics, hybrid systems and
artiﬁcial immune systems. A section on how to perform empirical studies; topics
including statistical analysis of stochastic algorithms, and an open source library of
CI algorithms. Tables, illustrations, graphs, examples, assignments, Java code
implementing the algorithms, and a complete CI implementation and experimental
framework. Computational Intelligence: An Introduction, Second Edition is essential
reading for third and fourth year undergraduate and postgraduate students studying
CI. The ﬁrst edition has been prescribed by a number of overseas universities and is
thus a valuable teaching tool. In addition, it will also be a useful resource for
researchers in Computational Intelligence and Artiﬁcial Intelligence, as well as
engineers, statisticians, operational researchers, and bioinformaticians with an
interest in applying AI or CI to solve problems in their domains. Check out
http://www.ci.cs.up.ac.za for examples, assignments and Java code implementing
the algorithms.

COOPERATIVE CONTROL OF MULTI-AGENT SYSTEMS
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OPTIMAL AND ADAPTIVE DESIGN APPROACHES
Springer Science & Business Media Cooperative Control of Multi-Agent Systems
extends optimal control and adaptive control design methods to multi-agent systems
on communication graphs. It develops Riccati design techniques for general linear
dynamics for cooperative state feedback design, cooperative observer design, and
cooperative dynamic output feedback design. Both continuous-time and discretetime dynamical multi-agent systems are treated. Optimal cooperative control is
introduced and neural adaptive design techniques for multi-agent nonlinear systems
with unknown dynamics, which are rarely treated in literature are developed. Results
spanning systems with ﬁrst-, second- and on up to general high-order nonlinear
dynamics are presented. Each control methodology proposed is developed by
rigorous proofs. All algorithms are justiﬁed by simulation examples. The text is selfcontained and will serve as an excellent comprehensive source of information for
researchers and graduate students working with multi-agent systems.

MULTIAGENT ROBOTIC SYSTEMS
CRC Press Providing a guided tour of the pioneering work and major technical issues,
Multiagent Robotic Systems addresses learning and adaptation in decentralized
autonomous robots. Its systematic examination demonstrates the interrelationships
between the autonomy of individual robots and the emerged global behavior
properties of a group performing a cooperative task. The author also includes
descriptions of the essential building blocks of the architecture of autonomous
mobile robots with respect to their requirement on local behavioral conditioning and
group behavioral evolution. After reading this book you will be able to fully
appreciate the strengths and usefulness of various approaches in the development
and application of multiagent robotic systems. It covers: Why and how to develop
and experimentally test the computational mechanisms for learning and evolving
sensory-motor control behaviors in autonomous robots How to design and develop
evolutionary algorithm-based group behavioral learning mechanisms for the optimal
emergence of group behaviors How to enable group robots to converge to a ﬁnite
number of desirable task states through group learning What are the eﬀects of the
local learning mechanisms on the emergent global behaviors How to use
decentralized, self-organizing autonomous robots to perform cooperative tasks in an
unknown environment Earlier works have focused primarily on how to navigate in a
spatially unknown environment, given certain predeﬁned motion behaviors. What is
missing, however, is an in-depth look at the important issues on how to eﬀectively
obtain such behaviors in group robots and how to enable behavioral learning and
adaptation at the group level. Multiagent Robotic Systems examines the key
methodological issues and gives you an understanding of the underlying
computational models and techniques for multiagent systems.

CONSENSUS TRACKING OF MULTI-AGENT SYSTEMS WITH SWITCHING
TOPOLOGIES
Academic Press Consensus Tracking of Multi-agent Systems with Switching
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Topologies takes an advanced look at the development of multi-agent systems with
continuously switching topologies and relay tracking systems with switching of
agents. Research problems addressed are well deﬁned and numerical examples and
simulation results are given to demonstrate the engineering potential. The book is
aimed at advanced graduate students in control engineering, signal processing,
nonlinear systems, switched systems and applied mathematics. It will also be a core
reference for control engineers working on nonlinear control and switched control, as
well as mathematicians and biomedical engineering researchers working on complex
systems. Discusses key applications and the latest advances in distributed
consensus tracking methods Oﬀers a clear and comprehensive overview on the
recent development of multi-agent systems with switching topologies Oﬀers
graduate students and beginning engineers a core reference on complex systems
analysis and cooperative control

ANEMONA
A MULTI-AGENT METHODOLOGY FOR HOLONIC MANUFACTURING
SYSTEMS
Springer Science & Business Media ANEMONA is a multi-agent system (MAS)
methodology for holonic manufacturing system (HMS) analysis and design.
ANEMONA deﬁnes a mixed top-down and bottom-up development process, and
provides HMS-speciﬁc guidelines to help designers identify and implement holons.
The analysis phase is deﬁned in two stages: System Requirements Analysis, and
Holon Identiﬁcation and Speciﬁcation. This analysis provides high-level HMS
speciﬁcations, adopting a top-down recursive approach which provides a set of
elementary elements and assembling rules. The next stage is Holon Design, a
bottom-up process to produce the system architecture from the analysis models. The
Holons Implementation stage produces an Executable Code for the SetUp and
Conﬁguration stage. Finally, maintenances functions are executed in the Operation
and Maintenance stage. The book will be of interest to researchers and students
involved in artiﬁcial intelligence and software engineering, and manufacturing
engineers in industry and academia.

AGENT TECHNOLOGY
FOUNDATIONS, APPLICATIONS, AND MARKETS
Springer Science & Business Media The ﬁrst book to provide an integrative
presentation of the issues, challenges and success of designing, building and using
agent applications. The chapters presented are written by internationally leading
authorities in the ﬁeld, with a general audience in mind. The result is a unique
overview of agent technology applications, ranging from an introduction to the
technical foundations to reports on dealing with speciﬁc agent systems in practice.

MULTI AGENT SYSTEMS
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STRATEGIES AND APPLICATIONS
BoD – Books on Demand Research on multi-agent systems is enlarging our future
technical capabilities as humans and as an intelligent society. During recent years
many eﬀective applications have been implemented and are part of our daily life.
These applications have agent-based models and methods as an important
ingredient. Markets, ﬁnance world, robotics, medical technology, social negotiation,
video games, big-data science, etc. are some of the branches where the knowledge
gained through multi-agent simulations is necessary and where new software
engineering tools are continuously created and tested in order to reach an eﬀective
technology transfer to impact our lives. This book brings together researchers
working in several ﬁelds that cover the techniques, the challenges and the
applications of multi-agent systems in a wide variety of aspects related to learning
algorithms for diﬀerent devices such as vehicles, robots and drones, computational
optimization to reach a more eﬃcient energy distribution in power grids and the use
of social networks and decision strategies applied to the smart learning and
education environments in emergent countries. We hope that this book can be useful
and become a guide or reference to an audience interested in the developments and
applications of multi-agent systems.

MULTI-AGENT ORIENTED PROGRAMMING
PROGRAMMING MULTI-AGENT SYSTEMS USING JACAMO
MIT Press The main concepts and techniques of multi-agent oriented programming,
which supports the multi-agent systems paradigm at the programming level. A multiagent system is an organized ensemble of autonomous, intelligent, goal-oriented
entities called agents, communicating with each other and interacting within an
environment. This book introduces the main concepts and techniques of multi-agent
oriented programming, (MAOP) which supports the multi-agent systems paradigm at
the programming level. MAOP provides a structured approach based on three
integrated dimensions, which the book examines in detail: the agent dimension,
used to design the individual (interacting) entities; the environment dimension,
which allows the development of shared resources and connections to the real world;
and the organization dimension, which structures the interactions among the
autonomous agents and the shared environment.

FIELD-BASED COORDINATION FOR PERVASIVE MULTIAGENT SYSTEMS
Springer Science & Business Media More and more, software systems involve
autonomous and distributed software components that have to execute and interact
in open and dynamic environments, such as in pervasive, autonomous, and mobile
applications. The requirements with respect to dynamics, openness, scalability, and
decentralization call for new approaches to software design and development,
capable of supporting spontaneous conﬁguration, tolerating partial failures, or
arranging adaptive reorganization of the whole system. Inspired by the behaviour of
complex natural systems, scientists and engineers have started to adjust their
mechanisms and techniques for self-organization and adaption to changing
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environments. In line with these considerations, Mamei and Zambonelli propose an
interaction model inspired by the way masses and particles in our universe move
and self-organize according to contextual information represented by gravitational
and electromagnetic ﬁelds. The key idea is to have the components’ actions driven
by computational force ﬁelds, generated by the components themselves or by some
infrastructures, and propagated across the environment. Together with its
supporting middleware infrastructure – available with additional information under
http://www.agentgroup.unimore.it – this model can serve as the basis for a general
purpose and widely applicable approach for the design and development of adaptive
distributed applications.

REINFORCEMENT LEARNING, SECOND EDITION
AN INTRODUCTION
MIT Press The signiﬁcantly expanded and updated new edition of a widely used text
on reinforcement learning, one of the most active research areas in artiﬁcial
intelligence. Reinforcement learning, one of the most active research areas in
artiﬁcial intelligence, is a computational approach to learning whereby an agent tries
to maximize the total amount of reward it receives while interacting with a complex,
uncertain environment. In Reinforcement Learning, Richard Sutton and Andrew Barto
provide a clear and simple account of the ﬁeld's key ideas and algorithms. This
second edition has been signiﬁcantly expanded and updated, presenting new topics
and updating coverage of other topics. Like the ﬁrst edition, this second edition
focuses on core online learning algorithms, with the more mathematical material set
oﬀ in shaded boxes. Part I covers as much of reinforcement learning as possible
without going beyond the tabular case for which exact solutions can be found. Many
algorithms presented in this part are new to the second edition, including UCB,
Expected Sarsa, and Double Learning. Part II extends these ideas to function
approximation, with new sections on such topics as artiﬁcial neural networks and the
Fourier basis, and oﬀers expanded treatment of oﬀ-policy learning and policygradient methods. Part III has new chapters on reinforcement learning's relationships
to psychology and neuroscience, as well as an updated case-studies chapter
including AlphaGo and AlphaGo Zero, Atari game playing, and IBM Watson's
wagering strategy. The ﬁnal chapter discusses the future societal impacts of
reinforcement learning.

MULTI-AGENT SYSTEMS
BoD – Books on Demand Multi-agent system (MAS) is an expanding ﬁeld in science
and engineering. It merges classical ﬁelds like game theory with modern ones like
machine learning and computer science. This book provides a succinct introduction
to the subject, covering the theoretical fundamentals as well as the latter
developments in a coherent and clear manner. The book is centred on practical
applications rather than introductory topics. Although it occasionally makes
reference to the concepts involved, it will do so primarily to clarify real-world
applications. The inner chapters cover a wide spectrum of issues related to MAS
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uses, which include collision avoidance, automotive applications, evacuation
simulation, emergence analyses, cooperative control, context awareness, data
(image) mining, resilience enhancement and the management of a single-user multirobot.

AGENTS AND MULTI-AGENT SYSTEMS IN CONSTRUCTION
McGraw Hill Professional This book describes current advances and future directions
in the theory and application of intelligent agents and multi-agent systems in the
Architecture, Engineering and Construction (AEC) sector. It is the product of an
international eﬀort involving a network of construction IT and computing
researchers, investigating diﬀerent aspects of agent theory and applications. The
contributed chapters cover diﬀerent perspectives and application areas, and
represent signiﬁcant eﬀorts to harness emerging technologies such as intelligent
agents and multi-agent systems for improved business processes in the AEC sector.
The ﬁrst four chapters cover the theoretical foundations of agent technology whilst
the remaining chapters deal with the application of agent-based systems in solving
problems in the construction domain.

AUTONOMOUS AGENTS AND MULTI-AGENT SYSTEMS
EXPLORATIONS IN LEARNING, SELF-ORGANIZATION, AND ADAPTIVE
COMPUTATION
World Scientiﬁc An autonomous agent is a computational system that acquires
sensory data from its environment and decides by itself how to relate the external
stimulus to its behaviors in order to attain certain goals. Responding to diﬀerent
stimuli received from its task environment, the agent may select and exhibit
diﬀerent behavioral patterns. The behavioral patterns may be carefully predeﬁned or
dynamically acquired by the agent based on some learning and adaptation
mechanism(s). In order to achieve structural ﬂexibility, reliability through
redundancy, adaptability, and reconﬁgurability in real-world tasks, some researchers
have started to address the issue of multiagent cooperation. Broadly speaking, the
power of autonomous agents lies in their ability to deal with unpredictable,
dynamically changing environments. Agent-based systems are becoming one of the
most important computer technologies, holding out many promises for solving realworld problems. The aims of this book are to provide a guided tour to the pioneering
work and the major technical issues in agent research, and to give an in-depth
discussion on the computational mechanisms for behavioral engineering in
autonomous agents. Through a systematic examination, the book attempts to
provide the general design principles for building autonomous agents and the
analytical tools for modeling the emerged behavioral properties of a multiagent
system. Contents: Behavioral Modeling, Planning, and Learning; Synthetic Autonomy;
Dynamics of Distributed Computation; Self-Organized Autonomy in Multi-Agent
Systems; Autonomy-Oriented Computation; Dynamics and Complexity of AutonomyOriented Computation. Readership: Undergraduate and graduate students in
computer science and most engineering disciplines, as well as computer scientists,
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engineers, researchers and practitioners in the ﬁeld of machine intelligence.

ADAPTIVE AGENTS AND MULTI-AGENT SYSTEMS
ADAPTATION AND MULTI-AGENT LEARNING
Springer Science & Business Media Adaptive Agents and Multi-Agent Systems is an
emerging and exciting interdisciplinary area of research and development involving
artiﬁcial intelligence, computer science, software engineering, and developmental
biology, as well as cognitive and social science. This book surveys the state of the art
in this emerging ﬁeld by drawing together thoroughly selected reviewed papers from
two related workshops; as well as papers by leading researchers speciﬁcally solicited
for this book. The articles are organized into topical sections on - learning,
cooperation, and communication - emergence and evolution in multi-agent systems theoretical foundations of adaptive agents

MULTI-AGENT SYSTEMS FOR CONCURRENT INTELLIGENT DESIGN AND
MANUFACTURING
CRC Press Agent Technology, or Agent-Based Approaches, is a new paradigm for
developing software applications. It has been hailed as 'the next signiﬁcant
breakthrough in software development', and 'the new revolution in software' after
object technology or object-oriented programming. In this context, an agent is a
computer system which is capable of act

ARCHITECTURE-BASED DESIGN OF MULTI-AGENT SYSTEMS
Springer Multi-agent systems are claimed to be especially suited to the development
of software systems that are decentralized, can deal ﬂexibly with dynamic
conditions, and are open to system components that come and go. This is why they
are used in domains such as manufacturing control, automated vehicles, and ecommerce markets. Danny Weyns' book is organized according to the postulate that
"developing multi-agent systems is 95% software engineering and 5% multi-agent
systems theory." He presents a software engineering approach for multi-agent
systems that is heavily based on software architecture - with, for example, tailored
patterns such as "situated agent", "virtual environment", and "selective perception" and on middleware for distributed coordination – with programming abstractions
such as "views" and "roles." Next he shows the feasibility and applicability of this
approach with the development of an automated transportation system consisting of
a number of automatic guided vehicles transporting loads in an industrial setting.
Weyns puts the development of multi-agent systems into a larger perspective with
traditional software engineering approaches. With this, he opens up opportunities to
exploit the body of knowledge developed in the multi-agent systems community to
tackle some of the diﬃcult challenges of modern-day software systems, such as
decentralized control, location-awareness, self-adaption, and large-scale. Thus his
book is of interest for both researchers and industrial software engineers who
develop applications in areas such as distributed control systems and mobile
applications where such requirements are of crucial importance.
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