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Complex Adaptive Systems (CAS)

North, MJ, NT Collier, J Ozik, E Tatara, M Altaweel, CM Macal, M Bragen, and P Sydelko, "Complex Adaptive Systems Modeling with Repast
Simphony", Complex Adaptive Systems Modeling, Springer, Heidelberg, FRG (2013). https://doi.org/10.1186/2194-3206-1-3.

§ CAS are composed by interacting, autonomous agents.

§ Agents have properties and behaviors.

§ Agents interacts with and influence each other.

§ Agents learn from their experiences.

§ Agents adapt their behaviors to they are better suited to their 
environment(s)

https://doi.org/10.1186/2194-3206-1-3
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Agent-based Modeling (ABM)

§ Agent-based modeling has been used successfully to model complex 
adaptive systems.

§ ABM is used in many disciplines
§ Biology, Supply chains, economics, military planning, consumer 

market analysis, etc..

§ ABM tools
§ StarLogo, NetLogo, Swarm, MASON, EcoLab, Ascape
§ Recursive Porous Agent Simulation Toolkit (REPAST)
§ Repast Simphony
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Repast Simphony - I

§ Free and open source toolkit to handle large-scale agent simulation 
application development.

§ Growing and large community.

§ Multiple users have applied Repast to a wide variety of applications.
§ Socials systems, evolutionary systems, market modeling, 

industrial analytics.

https://sourceforge.net/projects/repast/
https://repast.github.io/repast_simphony.html
https://repast.github.io/docs.html

North, MJ, NT Collier, J Ozik, E Tatara, M Altaweel, CM Macal, M Bragen, and P Sydelko, "Complex Adaptive Systems Modeling with Repast
Simphony", Complex Adaptive Systems Modeling, Springer, Heidelberg, FRG (2013). https://doi.org/10.1186/2194-3206-1-3.

https://sourceforge.net/projects/repast/
https://repast.github.io/repast_simphony.html
https://repast.github.io/docs.html
https://doi.org/10.1186/2194-3206-1-3
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Repast Simphony - II

• Repast Simphony uses Eclipse as its primary development environment.

§ Repast Simphony leverage Eclipse’s plug-in architecture to provide a set of 
development options.

§ Repast Simphony Eclipse plug-ins provide tools, views, and perspectives for 
creating a range of Repast-specific model components:
§ general Repast projects
§ ReLogo projects
§ Flowcharts, and
§ ReLogo agents

§ The plug-ins allow Repast models to be executed, debugged, and packaged
into self-contained installers for deployment.
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Repast Simphony Architecture

§ It uses a highly modular architecture.

§ Each module is an independent “plug-in” that can be connected or
disconnected with a few lines of XML.
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CAS Modeling Example

§ How to develop models of CAS with Repast Simphony.
§ Scenario:

§ Innovation Diffusion Environment.
1. Group of people randomly circulates.
2. People occasionally communicate ideas when they encounter 

one another.
3. When and idea is transferred, a new link is made between the 

transferring parties, and then any existing network lines are 
forgotten.

4. People occasionally develop new ideas.
5. When they do so, they forget all their old links.
6. The quality of ideas is rated and tracked over time.

What is the quality of ideas over time?
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When to use agent-based modeling

• Must have real individual behaviors;

• Adapt, change, learn;

• Form dynamically changing relationships;

• Form organizations;

• Have spatial interactions;

• Have arbitrarily large populations; or

• When structural change is an output, not an input.



October, 2 2019  ABMS 9

Essential agent-based model design questions

• What are the modeling question(s)?

• Who are the stakeholders?

• What output are needed?

• What input data are available?

• Who are the agents?

• What are the agent behaviors?

• What is the agent environment?
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Essential agent-based model design questions

• What are the modeling question(s)?

How does the quality of ideas change over time in the innovation 
network?
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Essential agent-based model design questions

• Who are the stakeholders?

The stakeholders in this demonstration case are simply the modelers 
themselves.
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Essential agent-based model design questions

• What Outputs Are Needed?

The output will be the history of the quality of innovation. This output 
will be displayed as a time series chart.
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Essential agent-based model design questions

• What Input Data Are Available?

For this model, the input will be the probability of developing a new 
innovation on a given time step.



October, 2 2019  ABMS 14

Essential agent-based model design questions

• Who are the agents?

The agents are individual people in the innovation network.
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Essential agent-based model design questions

• What are the Agent Behaviors?

1. The agents will randomly circulate on a continuous two-dimensional 
surface.

2. When an agent with an innovation comes close enough to another agent,
they will transfer their ideas.

3. When an idea is transferred, a new link is made between the transferring 
parties.

4. Any existing network links in the recipient will be deleted.
5. Agents develop at the rate given by the input innovation probability.
6. When they do so, they delete all their links.
7. Each idea is represented using a number.
8. The value of the number represents the relative quality of the idea.
9. The value also automatically maps into a display color for the agents and 

its links.
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Essential agent-based model design questions

• What is the Agent Environment?

The agent environment is a simple, continuous 2D surface with 
support for a network between agents.
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ReLogo Project Example

Model code

Set of optional icons that may be assigned to agents.

Automatically generated 
model components
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Basic User Controls

Controls that will appear in 
the model runtime window
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Observer

How to initialize the model and what 
happens at each simulation tick.

1. clear all the model of any existing turtles.
2. create a set of 20 turtles, set the shape of 

each turtle, set the initial color and move
the turtle agent one step forward.

3. retrieve the first turtle and set its innovation
parameter and color to yellow.
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Observer

How to initialize the model and what 
happens at each simulation tick.

1. ask each turtle agent to execute its “act” 
method once each time the simulation is 
stepped.
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Agent Behavior

It contains all the Turtle agent behaviors

1. Act moves the turtle forward by 1.1 units in a 
direction that is randomly determined.

2. spontaneous innovations are randomly 
created within the turtle by generating a 
random integer between zero and one and 
checking this value against the input 
threshold value (1.0 -innovationProbability).

3. If a new innovation is to be created, then the 
“ innovation” value is set based on the 
random value, the turtle’s icon color is set to 
the new innovation value, and the turtle’s 
existing links are destroyed.
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Agent Behavior

It contains all the Turtle agent behaviors

4. In the event that a new innovation is created, 
the turtle asks for other turtle
agents nearby (located in the same patch) to 
which the new innovation will be transferred.

5. The innovating turtle sets its neighboring
turtles’ “ innovation” and “ color” to
the new “ innovation” value, destroys the 
neighboring turtles’ existing links, and generates
a new link between the turtle and its neighbor. 
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Final Exam

§ Grading system:
§ 50% Oral exam
§ 50% Lab assignments

§ Implementation of distributed algorithms, to be completed during the 
course
§ Ideally, 3 assignments (Early November, early December, early 

January after the course)
§ Based on https://repast.github.io/ (Java, agent-based modeling)
§ Group-based (1-3 students)

https://bucchiarone.bitbucket.io/

https://bucchiarone.bitbucket.io/

