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ABSTRACT

We explore emergent behavior in an agent-based model of a complex system. The particular complex system we
consider is a battlefield simulation. These agents are modeled in the RePast agent-based modeling environment. We will
explore how agents of various capabilities and differing task sets affect the outcome of a battle. The capabilities of these
agents include, but are not limited to, the ability to maneuver on the battlefield, receive and understand messages,
formulate and send messages and attack enemy agents.
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1. INTRODUCTION

The aim of our project is to design an agent-based model to study emergent behavior in a complex system. In this case
the system will be a battlefield simulation with virtual military units. This will fit into a defense software system that
explores the use of complex adaptive systems (CAS) in evolving military structures to adapt to new and existing threats.
Our system provides better artificial intelligence to military simulation systems currently in use.

2. BACKGROUND AND SIGNIFICANCE

2.1 Adaptive agents

We have developed an agent-based model using adaptive agents. These agents are the active elements in the system.
The advantages in using an agent-based system over an optimised model are that the agent-based system will more
accurately model how an individual unit will interact with other agents and its environment. Also, as the majority of an
agent’s interactions will be with other agents, it is impossible to predict all the potential situations and problems an
agent may encounter. This also leads to it being impossible to optimally specify an agent’s behavior in advance.

The agents are capable of evolving a suite of capabilities, within their environment, by adapting their decision-making
logic based upon experience from previous decisions made.

2.2 Complex adaptive systems

It is the interaction between large numbers of these adaptive agents that creates our complex adaptive system (CAS).
We view CAS as systems composed of many agents described in terms of rules, interacting in different ways.
According to John Holland [1], all CAS consist of what he calls the seven basics. These basics are made up of four
properties and three mechanisms. The four properties of CAS are aggregation, non-linearity, flows and diversity. The
three mechanisms are tagging, internal models and building blocks [1].

Send correspondence to Derek Abbott
Email: dabbott@eleceng.adelaide.edu.au. Telephone: +61 8 8303 5748.

574 Smart Structures, Devices, and Systems I, edited by Said F. Al-Sarawi,
Proceedings of SPIE Vol. 5649 (SPIE, Bellingham, WA, 2005)
0277-786X/05/$15 - doi: 10.1117/12.582225



2.3 Emergence

A CAS shows emergent behavior, defined as the behavior of a system that cannot be applied to its individual agents.
Examples of this include (i) particles in a molecule that do not exhibit behaviors of individual elements, and (ii)
economies that can be described as being in recession, but individuals cannot [2].

2.4 Genetic algorithms

Not only will the individual agents be required to adapt, but the armies made up of these agents will also evolve through
the use of genetic algorithms (GAs). Through the use of GAs we are able to efficiently provide search coverage of the
entire parameter space without requiring the computational effort of an exhaustive search. GAs also avoid the danger
that an optimum solution may be lost within the step size, when performing an exhaustive search [3].

Attribute Quantity

Communication | Affects the range that an agent can successfully
communicate with an ally over.

Detection Determines the agent’s maximum range of visibility as
well as the chances of overlooking a unit and also
being able to identify an agents’ attributes.

Lethality Represents an agent’s attacking and defensive
capability.
Mobility As RePast is a turn-based system, this decides how

many moves agents get per turn.

Processing This is the agents’ intelligence and affects the agents’
ability to form plans and process information passed to
it via communication.

Table 1. Agent attributes.

2.5 Applications

The ABM we have developed will be used as part of a larger defense software system. This system is capable of having
various types of models inserted into it in a modular fashion. Our ABM enables these other models to behave
realistically in a battlefield situation, individually making decisions based on their immediate environment, experience
and standing orders from superiors. Our model is thus a much more whole, realistic, and integrated software module
compared to existing systems [4-6].

3. SOFTWARE SYSTEM DESIGN

The system starts with two teams of agents, one blue and one red. The chromosomes of our genetic algorithms are
generated from these two teams. These chromosomes represent armies selected from the two teams. These armies
consist of either random or defined agents. The armies are randomly paired off and go into battle together. After the
battle is completed the armies of each team evolve through crossover and mutation depending on the parameters of the
system, to evolve the next generation of armies. This new generation of armies is then fed back into the system, and the
process repeats. Fig. 1 shows a block diagram of the system.

A prototype version of the software was developed in the NetLogo language [7] and the full version was developed
using the RePast platform for Java [8]. RePast is a system for building ABMs that has a lot of built in support for GAs,
recording simulation data, and provides a solid foundation for implementing all of the features described herein.

3.1 Agent design

There is a set of 5 attributes that represents the capabilities each agent possesses. Points are allocated to these attributes
from a limited pool of fifteen points. This limit was placed on the agents to ensure that all agents possessed the same
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