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Abstract: The design and development of an appropriate simulator for C2 complex systems is field of research.
Researchersin this field are trying to create simulation models to describe the behavior of C2 complex systems. Like any
other application softwares, the design and development of C2 complex systems simulator needs a methodology to make
analysis, design, and development more accurate and produce a high quality software simulation. C2 simulator software
usually models and simulates C2 complex systems using multi agent approach. However, the multi agent simulator is
basically different from the agent based business applications. Therefore for developing former one we need a special
methodology. In this paper, a methodol ogy based on Capra cognitive framework for modeling and simulating C2 complex
systems has been proposed. This methodology determines the main steps for the analysis, design, and development of C2
simulator. In addition, since the proposed methodology utilizes the basic concepts of complex systems, it may be used for
modeling the main concepts and components of other complex systems such as ant colony and stock market.

[Kamal Mirzaie and Mehdi N. Fesharaki. A M ethodology for Developing C2 Complex Systems Simulator. Life Sci J
2012;9(4):377-386] (ISSN:1097-8135). http://www.lifesciencesite.com. 58

Keywords:. Bio-cognitive, Capra Framework, Command and control (C2), Complex system, Methodology, Multi Agent
Systems (MAS), Living Systems.

1. Introduction and test their models and theories [10]. Multi agent

systems (MAS) are a suitable approach for complex
Today, the design and development of an appropriate  systems modeling [11-12]. Today, there are different
simulator for complex systems modeling is one of the methods, frameworks, architectures and methodologies
fields of research [1-5]. Researchersin this field are trying that use the concept of MAS. It should be noted that many
to extract the  appropriste  concepts,  providing of the methodologies proposed based on the concept of
frameworks and  computationa  methods  and multi agent systems are mainly for devel oping agent based
mechanisms in order to create simulation models to business applications. It means that the main motivation
describe the behavior of complex systems. A complex for these methodologies is to design and develop the
system is made of many components and as a result of the business application that is used in the real environment

interactions between them, the emergent behavior would and not for an artifact which can be a simulation software.
appear [6-8]. o _ On the other hand, few methodologies that are available
Living systems such as cells, organizations, society, for designing and developing complex systems simulation

and the earth in which there is the concept of life and are mainly based on ecology and biological viewpoints
evolution are all examples of complex systems. In and have not taken much advantage of engineering
modern biocognitive, the main feature of living systemsis principles. For example, Aumann has proposed a
life and life processis intertwined with cognition in such a methodology for developing simulation models of
way that they are inseparable and synonymous. In this  complex systems [13]. This methodology has three parts:
view, all actions and reactions of living systems with the The first part of this methodology places the modeling
environment are cognitive. The living systems can be process in the context of general research planning and
biological or social. In living systems, there are thus emphasizes the process of synthesis. This part

interactions between components for survival and combines the constituent pieces of knowledge into a
evolution. The living system is a complex system that unified description of the entities and processes comprising
adapts with its surrounding environment throughout its the system to be modeled. The second part involves
life for survival and evolution. Adaptation means how operationalizing this synthetic description into a
a system responds to the changing environment and composition of smaller models specified over three scalar
adapts with it [9]. hierarchical levels. The hierarchical structure of the

The modeling of complex systems usualy leads to a  decomposition also structures the explanations given about
simulation software, in which researchers can simulate
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system behaviors in that the “mechanism” for a behavior
arises at the lower levels while its “purpose” is found at
higher levels. The third part of the methodology involves
using model assessment to explicitly establish the veracity
of the links between the implemented model, the model
design specification, and the synthesis.

As the design and development of multi agent simulation
software is not completely the same as multi agent
business applications, in this paper, we propose a special-
purpose methodology for designing and developing C2
(Command and control) complex systems simulator. The
proposed methodology is based on Capra’s framework.
This methodology is used for simulator application
development to explore capabilities efficiently for
overcoming C2 complex systems. C2 is a concept for
military operations. Command refersto theintelligent and,
usually, human decision-making process. Control refers to
the process of actual execution of the decisions [14-16].
C2 complex systems have been analyzed and modeled
with variety of methods and approaches in various papers
and reports [17-20]. On the other hand, C2 components
cover the entire battlefield, so its modeling can help to
examine the behavior of forces and anayze the efficiency
of scenarios.

The paper is organized as follow. First, multi-agent
systems, agent-oriented methodologies, frameworks and
tools are introduced. Then Capra’s framework and the
proposed methodology are explained. The main ideas of
this methodology have been derived from Capra’s
framework. It should be noted that the term framework in
multi agent frameworks and Capra cognitive framework
are referring to two different issues. In the former,
framework is a software with which multi agent systems
are designed and implemented. Multi agent frameworks
are special software for devel oping multi agent systems. In
the latter, framework is a kind of cognitive perspective for
understanding biological and socia phenomena. Having
explained the proposed methodology, we will use it to
describe modeling and simulation of C2 complex systems.

2. Multi agent Oriented

M ethodologies

Systems and Agent

The concept of agent is a powerful and convincing way to

describe a software entity that can act with a certain degree
of autonomy in performing its duties. Although the agent
concept is easily understandable, it has different
definitions and interpretations in the papers and books on
artificial intelligence. In some definitions, any object can
be an agent and some others have narrowed this definition.
Russell and Norvig, for example, define agent as an entity
that senses and percepts the environment using sensors and
based on this perception acts on the environment with
actuators[21].
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In general, the agent concept is a tool for understanding
complex concepts. The concept of multi agent systemsis
formed when a set of agents interact with each other for
problem solving. In other words, such systems solve a
problem with a data oriented approach. That is, this
approach is based on holistic thinking. However, top-down
approach or reductionism can be used to analyze, design
and develop multi agent applications [22]. There are
various definitions and interpretations for multi agent
systems. But, most authors and researchers assume multi
agent systems as a system that consists of several agents
interact with each other to achieve a certain goa [22-24].
Today, multi agent systems are used as an advanced
method for simulation of the real world. This type of
simulation provides the test bed for examining theories
raised in different areas such as psychology, sociology,
economics and military [10].

2.1 Agent-oriented M ethodologies

Taking advantage of software engineering principlesin the
design and development of multi agent systems is very
important. We need a methodology for analysis, design,
and development of multi agent systems. Using the
methodology, each of the main phases of software
engineering (analysis, design, development, and
maintenance) is divided into smaller steps. Nowadays,
different agent oriented methodologies have been
proposed for analysis, design and implementation of multi
agent systems. Some of these methodologies are as
follows: Gaia [25], MaSE [26], MESSAGE [27], AUML
[28] and Tropos[29].

Gaia is a general methodology that supports both the
micro-level (agent structure) and macro-level (agent
society and organization structure) of multi agent system
development. In the analysis phase, this methodology
finds roles and interactions between agents in two separate
steps. Roles consist of four attributes: responsihilities,
permissions, activities, and protocols. Design phase
consists of three steps: The first step is to map roles on to
agent types, and then to create the right number of agent
instances for each type. The second step is to determine
the service model needed to fulfill arole in one or more
agents. The final step is to create the acquaintance model
for the representation of communication between the
agents.

MaSE is similar to Gaia with respect to generality
and supporting the application domain. The MaSE
methodology is divided into seven phases in a logica
pipeline. The first phase, capturing goals, transforms the
initial system specification into a structured hierarchy of
system goals. The second phase creates use cases and
sequence diagrams based on the initial system
specification. Refining roles, the third phase, create roles
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that are responsible for the goals that are defined in first
phase. Generally speaking, each goal is represented by one
role, but a set of related goals may also map to one role.
The fourth phase, creating agent classes, maps roles to
agent classes in an agent class diagram. The fifth phase,
constructing conversations, defines a coordination protocol
in the form of state diagrams that define the conversation
state for interacting agents. In the sixth phase, or
assembling agent classes, the internal functionality of
agent classes which is based on the type of agent
architectures is created. System design, the final phase,
creates actual agent instances based on the agent classes.
Thefinal result is presented in a deployment diagram.
AUML methodology is based on UML that extends UML
for analysis and design of multi agent systems [30]. This
methodology has tools for the representation of the agent
class, describing the interaction protocol between agents,
the internal behavior of an agent, describing the role, and
has also a deployment diagram. As AUML methodol ogy
takes advantage of UML for modeling, it can be a
modeling language as well. In addition to AUML, there
are some other specia purpose languages based on UML
such as AML [31]. AML is used for specifications,
modeling, and documentation of multi agent systems.
Tropos is an agent-oriented software methodol ogy created
by a group of authors from different universitiesin Canada
and Italy. One of the noticeable differences between
Tropos and other methodologies is its strong focus on
requirements analysis. This methodology consists of five
phases including Early Requirements Analysis, Late
Requirements Analysis, Architectural Design, Detailed
Design and Implementation [29].

2.2 Agent based Frameworks

In order to implementing the theoretical concepts of multi
agent systems, it needs an intermediate layer. This layer
provides fundamental components to manage the resources
of agents. With this layer, developing an agent based
applications becomes much simpler, because it provides
facilities such as, agent identity, autonomy,
communication, mobility and life cycle management.
These fecilities are supported by the agent based
frameworks. Sometimes frameworks are called "platform"
[23]. Cougaar , JADE , JACK, and RESTINA are
examples of frameworks ([32- 34].

Cougaar is a Java-based architecture for the construction
of large-scale distributed agent-based applications. In other
words, the goal of Cougaar is to provide developers with a
framework to implement large-scale distributed multi
agent applications. For this goal, Cougaar supports key
functions such as Directory Services, Messaging, and
Conflict Management.
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JADE framework is a Java based agent platform used for
developing multi agent systems. Similar to Cougaar, this
framework has facilities such as Directory Services,
Messaging, and Mobility. JADE, in other words, is utilized
for developing multi agent distributed applications, and as
amiddleware, provides a set of services and Graphics User
Interface (GUI) for debugging and testing the programs. In
recent years, this framework has been extensively used in
academic and industrial organizations[35].

RETSINA is developed by the Robotics Institute of
Carnegie Méllon University. RETSINA is developed in
C++ but is platform independent. Agent systems can be
run on a number of different platforms and hosts
(including handheld systems) and can be implemented in a
number of languages. This framework has Directory
Services, Messaging, and Semantic Interoperability. In
Semantic I nteroperability, which is ashared dictionary, the
meaning of content is defined by KQML messages.

Agent based frameworks can be used for developing
business applications. Thus, if the purpose of designing
multi agent systems is developing business applications,
agent based frameworks are suitable. These frameworks
are mostly used in areal environment.

2.3 Multi agent Simulation Toolkits

Agent based frameworks such as JADE and Coagaar are
mostly knowledge based systems. Knowledge in these
frameworks is represented by one of the methods such as
logic, rule, or a method that is supported by a given
framework. However, some of the knowledge for
modeling and simulation of complex systemssuch asC2is
implicit and cannot be represented by explicit knowledge.
Multi agent frameworks, on the other hand, focus on
modeling individual agents rather than social agents. To
simulate complex systems with multi agent approach, each
agent is described with a set of important and influential
parameters. Therefore, simulation toolkits for agent-based
modeling and simulation of complex systems are
presented. These toolkits can model and simulate wide
range of subjects including such as medicine, geology,
sociology, and computer science. Examples of multi agent
simulation toolkits are SWARM [36], RePast [37], and
NetLogo [38].
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SWARM is one of the first general purpose multi agent
simulation toolkits that has been devel oped at the Santa Fe
Institute to study complex adaptive systems. This toolkit
has been designed and developed based on swarm
intelligence. The goal of SWARM project was making a
genera purpose simulator for the simulation of artificial
life. SWARM environment is made of many objects. An
object in Swarm has three main characteristics. Name,
Data, and Rules. An object's Name consists of a unique ID
tag that is used to send messages to the object. The Data
are whatever local data the user wants to have in the agent
(e.g. interna state variables). The Rules are a set of
functions that handle any messages that are sent to the
object, including the "step" message.

RePast is a free open source toolkit created at the
University of Chicago. This toolkit has a set of software
libraries for constructing, running, and visualization.
RePast borrows many concepts from SWARM agent-
based modeling toolkit so they are similar in many cases.
NetLogo was originally designed for simple educational
purposes but now many researchers use it as well. Many
colleges have used it as a tool for teaching agent-based
modeling. NetLogo environment enables exploration of
emergent phenomena. It comes with an extensive models
library including models in a variety of domains such as
economics, physics, biology, chemistry, psychology,
system dynamics, and many other natural and social
sciences. Furthermore, NetLogo enables the quick and
easy authoring of models. It is particularly well suited for
modeling complex systems over time. Modelers can give
instructions to hundreds or thousands of independent
"agents", all operating concurrently. This makesit possible
to explore the connection between the micro-level
behavior of individuals and the macro-level patterns that
emerges from the interaction among many individuals.

In addition to these toolkits, some other simulation tools
have been introduced [39].

2.4 Agent Based Distillations

Agent based distillations (ABDs) represent an emerging
technology within the field of combat simulation.
Generdlly, distillations can be defined as a simulator
attempting to model warfare scenarios by implementing a
small set of rules that allow agents to adapt within each
scenario [40-41]. Distillations are far less detailed than
traditional simulations and rely on sensible global behavior
to emerge naturaly, while traditional models require
explicitly this behavior to be programmed. This simplicity
gives didtillations the characteristics of speed,
transparency, ease of configuration, and the ability to use
the systems with minimal training. Today, there are a
number of ABD systems such as ISSAC [42], EINSTein
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[43], MANA [44], CROCADILE [40] WISDOM-I,
WISDOM-I1 [45] and ACOMSIM [46].

3. Capra Cognitive Framework

The living systems that can be biological or socia are
assumed by many researchers as complex systems [47].
Hence, theories and frameworks for living systems can be
utilized for understanding and modeling complex systems.
In a living system, there are interactions among
components for survival and evolution. Likewise, a
complex system has many components and interaction
between them forms an emergency complex behavior. In
the study of living systems, we can use Capra cognitive
framework. Capra has presented a unique framework for
understanding the biological and social phenomenain four
perspectives. Three out of four perspectives is about life
and the fourth one is meaning. The first perspective is
pattern that includes various relations among system
components. The organization pattern of a living system
defines the relation types among the system components
which determines the basic features of the system.
Structure, the second perspective, is defined as the
material embodiment of system pattern. The Structure of a
living organism evolves in interaction with its
environment. The third perspective is the life process
integrating the pattern and the structure perspectives[9].
When we try to extend new understanding of cognition to
the social life, weimmediately encounter many misleading
phenomena - rules of behavior, values, goals, strategies,
intentions, designs and power relations - that often do not
have arole in non-human world, but they are essential for
human social life. For expanding life to the social domain,
meaning perspective is added to three other ones. Thus, we
can understand social phenomena from four perspectives:
pattern, structure, process, and meaning. Culture, for
instance, has created and preserved a network (pattern) of
communication (process) with embedded meaning.
Material embodiment of culture includes art and literary
masterpieces (structure) that transfer meaning from one
generation to another.

According to Capra cognitive framework, any complex
phenomena can be discussed and studied in four
perspectives. In order to close these four perspectives to
the terminology of complex systems modeling, we replace
"pattern” with "network" and "structure” with "agent”.
Pattern  perspective is the relationship between
components, thus network is a good terminology.
Structure is a set of features that evolves during life. These
features together will make the agent concept. Therefore,
Capra cognitive framework is redefined in four
perspectives. network, agent, process, and meaning (Fig.
1).
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Process

Network Agent

Fig. 1. Redefinition of Capra's Conceptual Framework
for Complex System Modeling

4. The Proposed M ethodology

Generally, methodol ogies such as Gaia, MaSE, and Tropos
are suitable for developing agent based business
applications in order to produce high quality software.
These applications provide services for users in a real
environment.

For designing and devel oping complex systems simulator,
we need a more specific and appropriate methodol ogy
because the main purpose of simulator software is
complex systems modeling. With this software, the
behavior of complex systems is investigated under
different conditions or capabilities. So, simulation
software (exploratory application) is different from
business applications.

One common approach for C2 complex systems modeling
is multi agent approach. In this approach, main
components of a C2 complex system are mapped to
agents. Multi agent systems model and sometimes predict
the behavior of C2 complex systems.

In redefinition of Capra cognitive framework (Fig. 1),
agent, network, and process were determined as man
perspectives for understanding and modeling complex
systems. Mapping the meaning on to these three
perspectives gives us the main capabilities of C2 complex
system.

Our methodology focuses on exploratory application
software in C2 complex systems. The proposed
methodology has three main phases including analysis,
design, and development (Fig. 2). If necessary, these three
phases can be repeated many times spiraly and the
modeling and simulating will improve in each iteration.
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Analysis H Design

Fig. 2. Three main phases of proposed methodology
(Spiral)

Validation Verification

In the analysis phase of the proposed methodology, C2
complex system is defined and investigated from different
aspects. It is usualy necessary to acquire speciaized
knowledge from experts in that field. For this purpose, we
can use questionnaires, interviews, or special tables. In
defining a problem, three main questions must be
answered:

1- What are the main components of a C2 complex
system? Main components are autonomous and have the
ability to affect and be affected. For example, in the
complex system modeling of ant colony, ants are the main
components.

2. What kinds of relationships are there between the main
components? In other words, how the autonomous
components use sensors and actuators to form
relationships? Determining the relationships and network
types is very important in C2 complex systems since it
|eads to information sharing and situation awareness. In an
ant colony, for instance, communications and rel ati onships
are formed by estigmergy and pheromone.

3. What process is going to the run in a C2 complex
system that uses main components and their relationships
for evolution? The most important part of this process is
decision making for survival. For example, in ant colony
system, ants are more likely to choose the path with more
pheromones. This type of decision making leads to
relatively optimal decisions.

In the design phase, the concepts defined in the analysis
phase are modeled and designed based on three
perspectives including agent, network, and process. But
the main question is which perspective is better to start?
Regarding that the process perspective combines and
intertwines network and agent perspectives to create
meaning, therefore it is suggested that the first step in this
phase be "process' design and modeling. It should be
noted that the main cycle of simulator is based on process.
This cycle determines main stages of simulation.

After designing the process, agent is modeled by main
properties. In order to have modeling and simulation closer
to reality, main properties of agent should be used for
modeling. For example, in ant colony simulation, main
properties for ant agent can be pheromone production,
pheromone detection, and mobility.
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What makes agent powerful in multi agent systems is the
relation between agents. It means that agents have relation
and communication with each other for achieving a given
goa. Relationships and interactions between agents
depend on the type of agent. In simple reactive agents such
as ants, communication is achieved by stigmergy and for
cognitive agents such as human by conversation. These
relations form networks of agents. So, the third step of
design phase is modeling the relation among agents. These
relations can be a set of constraints such as hierarchy in
organizations, or a set of rules. For example, if agent A is
within the vision range of agent B, then agent B sees agent
A. Thisvision relation isalink from agent B to agent A.
Three steps of design phase in our proposed methodol ogy
are summarized as follow (Fig. 3):

First step: process design and modeling

Second step: agent design using main properties

Third step: determining and modeling necessary

networks for describing the relation and

communication between agents.
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Analysis Phase
Determining main components,
relationships, and process

Design Phase

First step:
.| process modeling

v
Second step:

agent design using
main properties

A 4

v
Third step:
modeling
necessary
networks

A 4

Development phase

Selecting multi agent toolkits or
programming languages and
developing

Fig. 3: Main phases of the proposed methodology with
three steps of design phase

Of course, after performing these three main steps for the
first timein the design phase respectively, each step can go
back to one or two steps before for revision. For example,
when certain networks are determined, some properties of
agents might be added, revised, or redefined. In the end, a
model is designed based on agent, network, and process
perspectives.

After the design phase was repeated enough, development
phase begins. In the development phase, we decide
whether the existing multi agent toolkits, such as SWARM
and NetLogo, are suitable for developing. If not, what
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programming languages such as Java, C, Matlab are
appropriate for devel oping simulator?

Since the proposed methodology emphasizes the main
concepts and components and rel ationships between them,
it is based on ontology. It means that this methodol ogy
determines what concepts, and components should be used
for C2 complex systems modeling. In other words, this
methodol ogy expresses the meaning perspective (the forth
perspective in Fig. 1) as ontology in agent, network, and
process perspectives. This ontology determines genera
principles for simulator architecture. It aso offers
guidelines for the design and implementation of actual
systems. For example, what principles and structures
should be used for network design? What features are
more important for agent design? What kinds of processes
are suitable for modeling a given complex system? In
brief, this methodology expl ores the capabilities. With this
explanation, the proposed methodology emphasizes
accuracy.

5. Developing a C2 Simulator Using the Proposed
M ethodology

The emergence of NCW theory is due to the Information
era. NCW or Network Centric Warfare refers to the
organization of services and how to fight in the
information age [48]. NCW has made structura and
process changes in C2, in away that C2 is a decentralized
and distributed system of command agents. C2 is a key
concept in military environments and many researchers
assume it as a complex system. C2 complex system has
been model ed with different methods [18, 20, and 49].
Some researchers have paid attention to general aspects of
C2 and some other to its specific ones. For example, Mofat
and Lauren have assumed C2 as fractal process. Thus, al
processes of C2 at different levels of command and control
have the same and recursive structure [19, 50]. On the
other hand, since C2 is a universal concept and covers the
entire battlefield, most battlefield modelings are about C2
complex system. Today, many researchers use Complex
Adaptive Systems theories (CAS) for modeling the
battlefield or C2 complex system. In this approach,
battlefield is a CAS that adapts and self-organizes with its
environment. ISSAC [42], EINSTein [43], MANA [44],
WISDOM-I, WISDOM-II [45] and ACOMSIM [46] are
ABDs that have been designed and developed based on
this approach. In most of these simulation environments,
there has been some attention to agent, network, and
process perspectives for modeling either implicitly or
explicitly. WISDOM-II is an explicit example. However,
for designing and developing these simulators, a special-
purpose methodology has not been used.

We have used our proposed methodology for designing
and developing the C2 complex system simulator. In the
analysis phase, available ABDs were analyzed. Also,
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specialists in the related field were consulted for better
understanding of the subject. In this phase, combatant
(people) was detected as the main component of the
battlefield. Communications and interactions among
combatants are formed by vision, communication, and
hierarchical networks. Also, friendship and enmity among
people are considered as a relation. Another relationship
between people in the battlefield is engagement. In tactic
level, OODA is agenera process for decision making. In
OODA process, each combatant observes the environment
(Observe) and from the observation knowledge is made
(Orient). The decision is made based on knowledge
(Decide), and finally this decision is executed (Act). It is
noticeable that OODA is one of the common processes for
C2 specification.

In the design phase, the defined concepts are modeled
based on agent, network and process perspectives. As a
process perspective in redefined Capra cognitive
framework (Fig. 1), MOODA [51] was used for
developing C2 simulator. MOODA is the extended OODA
and models decision making in this simulator. Observe,
orientation, decision, and action are four main stages of
MOODA process that are included in four modules. These
modules make simulator engine. MOODA process has
strengthened the learning concept with internal and
external feedback loops (Fig. 4).
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Fig. 4: The MOODA loop

Agents that model combatants in battlefield simulation can
be represented by vectors of properties. These vectors
include personalities and characteristics properties (Fig. 5).
Tendency to friends and attacking the enemies are
examples of agents persondity properties. The
characteristics properties can be radius of vision, firing
range, communication range, and rank of agents.
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| Personalities properties | Characteristics Properties |
Fig. 5. Personalities and characteristics properties of
Agents

Agents interact with each other in a battlefield simulator
and graph can be suitable to model these interactions.
Since in the analysis phase, vision, communication,
hierarchy, friendship, enmity, and engagement have been
determined as main relations between agents, therefore six
graphs model them in the design phase (Fig. 6).

Hierarchy
Graph

—

Vision Communication Graph
Graph >
Friendship Enmity
> Graph Graph <
Engagement
Graph

Fig. 6: Six graphs for modeling necessary networks

After designing and modeling battlefield in agent,
network, and process perspectives, simulator devel opment
phase begins. In this phase, MATLAB programming was
found suitable, because the relations between agents have
been modeled with graphs and graphs in turn can be
represented by adjacent matrixes and agents by vectors. It
should be noted that the main data structure in MATLAB
programming is Matrix.

6. Conclusion

Today, complex systems modeling and simulation such as
C2 is one of the challenges for researchers in different
fields. This modeling often leads to simulator software.
Like any other software, C2 simulator developing needs a
methodology. As software simulators are different from
business applications, we need a specia methodology for
their design and development. In this paper, a
methodology was proposed based on Capra cognitive
framework for C2 complex systems modeling and
simulation. This methodology suggests what concepts, and
components should be used for C2 modeling and what
kind of relationship is there between them. That is, the
proposed methodol ogy is based on ontol ogy.

The main emphasis of this methodology is on design phase
that models C2 complex systems based on agent, network,
and process perspectives. It results in an appropriate
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architectural design for C2 simulator and therefore high
quality simulator software would be made. Using the
proposed methodology, we have designed and developed
C2 complex system simulator and explored agents
decision making for engagement. In addition, this
methodology can be used for determining the main
concepts and components of modeling other complex
systems such as ant colony and stock market.
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