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Modern systems are complex and the level of complexity in

emerging systems seems to continually increase. Humans

involved in such systems add to the system’s complex

behaviour. The human is an autonomous entity functioning

within and influencing the behaviour of the system; these

functions and behaviours can sometimes produce unex-

pected system-level behaviours. This interaction between

and among systems and humans truly creates systems-of-

systems. Understanding these complex system-of-systems

is the modern analytical challenge. The general term applied

to this autonomous entity role is agent. Naturally, within

any system-of-systems, there are agents that are not necess-

arily human agents such as systems or environmental

components.

Agent-based modelling is a relatively new paradigm in

which a system’s agents are explicitly modelled. The agent-

based model contains representations of the system, the

environment within which it exists, the entities within the

system and environment, to include those entities deemed

agents, and the various interactions that occur that

collectively define the system behaviour. The agent-based

modelling approach defines the system, environment and

agents at the lowest level possible and builds the model as

the collective of these components, an approach referred to

as ‘bottom-up modelling’.

The popularity of the agent-based modelling paradigm

continues to grow. Heath et al (2009) provide data related

to this growth based on quite a comprehensive survey of the

literature. This growth they discuss applies to the breadth of

applications, the increasing number of publications and

conferences featuring agent-based modelling, and the level of

model sophistication.

To better understand the appeal of agent-based modelling

it helps to paraphrase some key insights from the text by

North and Macal (2007), reviewed for this special issue.

Data consists of collected representations of facts or what

are believed to be facts. Information is data that can be used

for decision-making. Knowledge is information that has

higher-level meaning to a decision-maker. Wisdom in a given

area is an understanding of what causes similarities and

differences in outcomes in the area. [M]odels can help

decision-makers develop wisdom in particular areas by

efficiently providing a range of diverse experiences. Agent-

based models can be especially useful in this regard since

their bottom-up behavioural construction can allow a vast

range of interactions to be simulated and can provide

realistic feedback to the decision-makers (North and Macal

2007, pp 235–237). It is precisely this bottom-up behavioural

focus that Bonabeau (2002) attributes as a key aspect of

agent-based models allowing agent-based modellers to gain

insight into complex systems, the very types of systems that

currently dominate our interests and will likely continue to

dominate our thinking for the immediate future.

It is thus with great pride and satisfaction that I introduce

this special issue of the Journal of Simulation focused on

agent-based modelling. The special issue contains five papers

that collectively serve as an example of the breadth of

interests that is agent-based modelling.

Charles Macal andMichael North are quite well known in

the agent-based modelling realm due to their numerous

tutorial presentations in a variety of venues, their various

publications and their text, ‘Managing Business Complexity:

Discovering Strategic Solutions with Agent-Based Modeling

and Simulation’ (see review in this issue). Their lead article

provides a tutorial on agent-based modelling. This tutorial

provides a nice introduction to the agents and agent-based

modelling as well as an appreciation of the breadth of

application areas using the agent-based modelling paradigm.

Although most agent-based modelling texts, and quite

likely a majority of published papers, provide some back-

ground or history of agent-based modelling, few, if any,

really take a broad look at the range of influences that have

yielded the current agent-based modelling paradigm. The

second article in this issue, by Heath and Hill, discusses

themes from cellular automata, complexity, chaos, cyber-

netics and complex adaptive systems as they relate

historically to the rise of agent-based modelling. Their

discussion emphasizes how the role of agent-based modelling

is focused on helping understand systems too complex to

understand using traditional analytical methods.

An arguably fundamental characteristic of an agent-based

model is emergent, or unexpected, behaviours. Bonabeau

(2002) discusses the prevalence of emergent behaviour in the

real world indicating ‘that the only way to analyze and even

begin to predict them is to model them from the bottom up’.

This bottom-up modelling approach is the agent-based

modelling approach.

Gore and Reynolds’ paper address the challenge of

separating a model’s unexpected behaviours from errors in
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model construction. They describe a semi-automatic method

for testing behaviours and more importantly tracking back

the cause of the behaviour within the model architecture.

An agent modeller enjoys uncovering emergent behaviour

in their model; an agent-modelling analyst wants to attri-

bute causation to that emergent behaviour. The Gore and

Reynolds paper contributes to this area.

Agent-based modelling applications can be found in

a broad range of areas. This breadth of application is testi-

mony to the capabilities inherent in the agent-based modell-

ing paradigm and in particular the analytical capabilities

associated with using agent-based models to analyse com-

plex systems. This issue adds two new application areas to

the agent-based modelling realm.

Qu, Zhu, Fu and Lu provide ‘Virtual EP: A Simulator

of Multi-Agents-Based Virtual Plant Growth in Response to

Environmental Heterogeneity’. They employ agent-based

modelling to simulate the growth and development of egg-

plant. The problem in plant modelling is how to accommo-

date the complexity of the biological system particularly with

respect to its interactions with various environmental

components and do so in an analytically tractable manner.

The authors demonstrate how the bottom-up development

approach in agent-based modelling provides a working

environment for investigating plant growth; their bottom-up

modelling approach can capture the very complexities that

stymie other analytical methods.

The final paper in this issue is ‘Learning from Multi-Level

Behaviors in Agent-Based Simulations: A System Biology

Application’ by Chen and Hardoon. This paper actually

spans application and theory. Their application is the use of

the agent-based model to understand a biological process;

tumorigenesis in the colonic crypt. Their theory contribution

is to employ partial least squares as a meta-modelling

approach to predict the biological system global behaviour

based on the agent-based modelling results. Such meta-

modelling of a simulation model is not new in the traditional

modelling and simulation area; it is nice to see these

approaches now being applied to the agent-based modelling

area as well.

The special issue closes with a paper summarizing the UK

Operational Research Society’s Simulation Workshop 2010

plenary panel discussion on agent-based modelling. The four

distinguished panel members were each given a discussion

question to frame their prepared remarks followed by fellow

panel member and audience discussion. The paper in this

issue captures the participant commentary along with

subsequent discussions on the extremely relevant topic of

discrete-event versus agent-based modelling and simulation.

This special issue’s central theme is agent-based modelling.

This issue reflects the breadth of what agent-based modelling

encompasses as we’ve managed to include works ranging

from computer science and operational research to scientific

inquires in areas such as plant growth and biology.

The works provide opinion, theory and application. We

are pleased with the resulting special issue and sincerely hope

you, the readers share our opinions.

RR Hill

Air Force Institute of Technology, USA
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