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Preface

ABSTRACT
From a historical viewpoint, the development of multi-agent systems demonstrates how computer science has become more social, and how the social sciences have become more computational. With this
development of cross-fertilization, our understanding of multi-agent systems may become partial if we
only focus on computer science or only focus on the social sciences. This book with its 17 chapters
intends to give a balanced sketch of the research frontiers of multi-agent systems. We trace the origins
of the idea, a biologically-inspired approach to multi-agent systems, to John von Neumann, and then
continue his legacy in this volume.

1. GENERAL BACKGROUND
Multi-agent system (MAS) is now an independent, but highly interdisciplinary, scientific subject. It
offers scientists a new research paradigm to study the existing complex natural systems, to understand
the underlying mechanisms by simulating them, and to gain the inspiration to design artificial systems
that can solve highly complex (difficult) problems or can create commercial value. From a historical
viewpoint, the development of multi-agent systems itself demonstrates how computer science has become more social, and, in the meantime, how the social sciences have become more computational.
With this development of cross-fertilization, our understanding of multi-agent systems may become
partial if we only focus on computer science or only focus on the social sciences. A balanced view is
therefore desirable and becomes the main pursuit of this editing volume. In this volume, we attempt to
give a balanced sketch of the research frontiers of multi-agent systems, ranging from computer science
to the social sciences.
While there are many intellectual origins of the MAS, the book “Theory of Self-Reproducing Automata” by von Neumann (1903-1957) certainly contributes to a significant part of the later development
of MAS (von Neumann, 1966). In particular, it contributes to a special class of MAS, called cellular
automata, which motivates a number of pioneering applications of MAS to the social sciences in the
early 1970s (Albin, 1975). In this book, von Neumann suggested that an appropriate principle for designing artificial automata can be productively inspired by the study of natural automata. Von Neumann
himself spent a great deal of time on the comparative study of the nervous systems or the brain (the
natural automata) and the digital computer (the artificial automata). In his book “The Computer and the
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Brain”, von Neumann demonstrates the effect of interaction between the study of natural automata and
the design of artificial automata.
This biologically-inspired principle has been further extended by Arthur Burks, John Holland and
many others. By following this legacy, this volume has this biologically-inspired approach to multi-agent
systems as its focus. The difference is that we are now richly endowed with more natural observations
for inspirations, from evolutionary biology, and neuroscience, to ethology and entomology. The main
purpose of this book is to ground the design of multi-agent systems in biologically-inspired tools, such
as evolutionary computation, artificial neural networks, reinforcement learning, swarm intelligence,
stigmergic optimization, ant colony optimization, and ant colony clustering.
Given the two well-articulated goals above, this volume covers six subjects, which of course are not
exhaustive but are sufficiently representative of the current important developments of MAS and, in
the meantime, point to the directions for the future. The six subjects are multi-agent financial decision
systems (Chapters 1-2), neuro-inspired agents (Chapters 3-4), bio-inspired agent-based financial markets
(Chapters 5-8), multi-agent robots (Chapters 9-10), multi-agent games and simulation (Chapters 11-12),
and multi-agent learning (Chapters 13-15). 15 contributions to this volume are grouped by these subjects
into six section of the volume. In addition to these six sections, a “miscellaneous” sectiont is added to
include two contributions, each of which addresses an important dimension of the development of MAS.
In the following, we would like to give a brief introduction to each of these six subjects.

2. MULTI-AGENT FINANCIAL SYSTEMS
We start with the multi-agent financial system. The idea of using multi-agent systems to process information has a long tradition in economics, even though in early days the term MAS did not even exist.
In this regard, Hayek (1945) is an influential work. Hayek considered the market and the associated
price mechanism as a way of pooling or aggregating the market participants’ limited knowledge of the
economy. While the information owned by each market participant is imperfect, the pool of them can
generate prices with any efficient allocation of resources. The assertion of this article was later on coined
as the Hayek Hypothesis by Vernon Smith (Smith 1982) in his double auction market experiments. The
intensive study of the Hayek hypothesis in experimental economics has further motivated or strengthened
the idea of prediction markets. A prediction market essentially generates an artificial market environment such that forecasts of crowds can be pooled so as to generate better forecasts. Predicting election
outcomes via what is known as political future markets becomes one of the most prominent applications.
On the other hand, econometricians tend to pool the forecasts made by different forecasting models
so as to improve their forecasting performance. In one literature, this is known as the combined forecasts
(Clement 1989). Like prediction markets, combined forecasts tend to enhance the forecast accuracy.
The difference between prediction markets and combined forecasts is that agents in the former case are
heterogeneous in both data (the information acquired) and models (the way to process information),
whereas agents in the latter case are heterogeneous in models only. Hybrid systems in machine learning
or artificial intelligence can be regarded as a further extension of the combined forecasts, for example,
Kooths, Mitze, and Ringhut (2004). Their difference lies in the way they integrate the intelligence of the
crowd. Integration in the case of a combined forecast is much simpler, most of the time, consisting of just
the weighted combination of forecasts made by different agents. This type of integration can function well
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because the market price under certain circumstances is just this simple linear combination of a pool of
forecasts. This latter property has been shown by the recent agent-based financial markets. Nevertheless,
the hybrid system is more sophisticated in terms of its integration. It is not just the horizontal combination of the pool, but also involves the vertical integration of it. In this way, heterogeneous agents do not
just behave independently, but work together as a team (Mumford and Jain, 2009).
Chapter 1 “A Multi-Agent System Forecast of the S&P/Case-Shiller LA Home Price Index” authored
by Mak Kaboudan provides an illustration of the hybrid systems. He provides an agent-based forecasting
system of real estate. The system is composed of three types of agents, namely, artificial neural networks, genetic programming and linear regression. The system “aggregates” the dispersed forecasts of
these agents through a competition-cooperation cyclic phase. In the competition phase, best individual
forecasting models are chosen from each type of agent. In the cooperation phase, hybrid systems (reconciliatory models) are constructed by combining artificial neural networks with genetic programming,
or by combining artificial neural networks with regression models, based on the solutions of the first
phase. Finally, there is a competition again for individual models and reconciliatory models.
Chapter 2 “An Agent-based Model for Portfolio Optimization Using Search Space Splitting” authored
by Yukiko Orito, Yasushi Kambayashi, Yasuhiro Tsujimura and Hisashi Yamamoto proposes a novel version of genetic algorithms to solve the portfolio optimization problem. Genetic algorithms are populationbased search algorithms; hence, they can naturally be considered to be an agent-based approach, if we
treat each individual in the population as an agent. In Orito et al.’s case, each agent is an investor with
a portfolio over a set of assets. However, the authors do not use the standard single-population genetic
algorithm to drive the evolutionary dynamics of the portfolios. Instead, the whole society is divided into
many sub-populations (clusters of investors), within each of which there is a leader. The interactions of
agents are determined by their associated behavioral characteristics, such as leaders, obedient followers
or disobedient followers. These clusters and behavioral characteristics can constantly change during
the evolution: new leaders with new clusters may emerge to replace the exiting ones. Like the previous
chapter, this chapter shows that the wisdom of crowds emerges from complex social dynamics rather
than just a static weighted combination.

3. NEURO-INSPIRED AGENTS
Our brain itself is a multi-agent system; therefore, it is natural to study the brain as a multi-agent system
(de Garis 2008). In this direction, MAS is applied to neuroscience. However, the other direction also
exists. One recent development in multi-agent systems is to make software agents more human like.
Various human factors, such as cognitive capacity, intelligence, personality attributes, emotion, and
cultural differences, have become new working dimensions for software agents. Since these human
factors have now been intensively studied in neuroscience with regard to their neural correlates, it is not
surprising to see that the design of autonomous agents, under this influence, will be grounded deeper
into neuroscience. Hence, the progress of neuroscience can impact the design of autonomous agents in
MAS. The next two chapters are written to feature this future.
Chapter 3 “Neuroeconomics: A Viewpoint from Agent-Based Computational Economics” by ShuHeng Chen and Shu G. Wang gives a review of how the recent progress in neuroeconomics may shed
light on different components of autonomous agents, including their preference formation, alternatives
valuation, choice making, risk perception, risk preferences, choice making under risk, and learning. The
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last part of their review covers the well-known dual system conjecture, which is now the centerpiece
of neuroeconomic theory.
Chapter 4 “Agents in Quantum and Neural Uncertainty” authored by Germano Resconi and Boris
Kovalerchuk raises a very fundamental issue: does our brain fuzzify the received signals, even when
they are presented in a crispy way? They then further inquire into the nature of uncertainty and propose
a notion of uncertainty which is neural theoretic. A two-layered neural network is proposed to be able
to transform crisp signals into multi-valued outputs (fuzzy outputs). In this way, the source of fuzziness
comes from the conflicting evaluations of the same inputs made by different neurons, to some extent,
like Minsky’s society of minds (Minsky, 1998). Using various brain image technologies, the current
study of neuroscience has already explored various neural correlates when subjects are presented with
vague, incomplete and inconsistent information. This mounting evidence may put the modal logic under
a close examination and motivate us to think about some alternatives, like dynamic logic.

4 BIO-INSPIRED AGENT-BASED ARTIFICIAL MARKETS
The third subject of this volume is bio-inspired agent-based artificial markets. Market is another natural
demonstration of multi-agent systems. In fact, over the last decade, the market mechanism has inspired
the design of MAS, known as the market-based algorithm. To some extent, it has also revolutionized the
research paradigm of artificial intelligence by motivating the distributed AI. However, in a reverse direction, MAS also provides economists with a powerful tool to explore and to test the market mechanism.
This research helps them to learn when markets may fail and hence learn how to do market designs.
Nevertheless, the function of markets is not just about the institutional design (the so-called structuralism); a significant number of studies of artificial markets have found that institutional design is not
behavior-free or culture-free. This behavioral awareness and cultural awareness has now also become a
research direction in experimental economics and agent-based computational economics.
The four chapters contributing to this section all adopt a behavioral approach to the study of artificial
markets. Chapter 5 “Bounded Rationality and Market Micro-Behaviors: Case Studies Based on AgentBased Double Auction Markets” authored by Shu-Heng Chen, Ren-Jie Zeng, Tina Yu and Shu G Wang
can be read as an example of the recent attempt to model agents with different cognitive capacities or
intelligence. It is clear that human agents are heterogeneous in their cognitive capacity (intelligence),
and the effect of this heterogeneity on their economic and social status has been found in many recent
studies ranging from psychology and sociology to economics; nevertheless, conventional agent-based
models paid little attention to this development, and in most cases agents were explicitly or implicitly
assumed to be equally smart. By using genetic programming parameterized with different population
sizes, this chapter provides a pioneering study to examine the effect of cognitive capacity on the discovery of trading strategies. It is found that larger cognitive capacity can contribute to the discovery
of more complex but more profitable strategies. It is also found that different cognitive capacity may
coordinate different matches of strategies of players in a co-evolutionary fashion, while they are not
necessarily the Nash equilibria.
Chapter 6 “Social Simulation with both Human Agents and Software Agents: An Investigation into
the Impact of Cognitive Capacity on Their Learning Behavior” authored by Shu-Heng Chen, ChungChing Tai, Tzai-Der Wang and Shu G Wang. This chapter can be considered to be a continuation of the
cognitive agent-based models. What differs from the previous one is that this chapter considers not only

