An Introduction to Agent Based Modeling: ANTS!
Quick Overview: 

Agent-Based Modeling is built out of the interactions of hundreds or even thousands of separate actors, called agents, who each follow simple rules. When done correctly, this leads to high-level group behaviors, called emergence. This model was a famous early model by Uri Wilensky, the creator of NetLogo, that demonstrated that ants in search of food might not be communicating with each other at all! Instead, each ant follows a simple rule to drop chemical when it finds food and heads home. When another ant finds the chemical trail, it wanders around that area – it doesn’t even know which way the food might be. Taken together, the simplest of rules – take food home if you find it, drop chemical on the way, and look around if you find chemical from other ants – was enough to demonstrate the emergent behavior of an ant swarm. 

Ants
While Ants (and Bees) have a ‘Queen’, that reproduces the entire hive, scientists have believed for some time that this queen does absolutely zero amount of ‘directing’ the hive. Then for awhile we believed that ants were social, like humans, ‘talking’ to one another with their antenna. This model finally helped to demonstrate what kind of simple, self-organizing mechanism the entire colony could be using to coordinate actions. 

Lesson Overview
Students engage in a guided tour of Netlogo, using the Ants! model as a starting point. Initial investigations include ‘setup’, ‘go’, and modifying sliders. Students answer questions about the emergent behavior of the ants, then engage in a basic investigation of the code. The purpose is to learn the basics of Netlogo itself, as well as to provoke discussion of emergence and self-organization. 
How the Model Works

The ants leave their home base (in the center) and wander randomly. If they find food, they head straight back to home base – they always know where home is. As they transport food, they drop chemical. If an ant finds chemical, it wanders around, perhaps finding the food. If enough ants find the food, they may drop enough chemical to attract and keep the attention of other ants, creating the swarm. 

Population – controls how many ants are in the system.
Diffusion Rate – this controls how much the chemical spreads out as it is dropped.

Evaporation Rate – This controls how fast the chemical disappears.

 Plot – turns on a graph of how much food is in each pile.
Exercises
1) Open up the model and press ‘Setup’. Now press ‘Go’. Describe what appears to be happening: 

2) Now adjust the population sliders – without changing the others, what is the minimum population needed to achieve a swarm? 

3) Adjust the Diffusion Rate to 0 – what happens now? Do you still get a swarm? Why or why not? 

4) What happens when the Diffusion rate is 100? Could it (conceivably) be higher? What would that look like? 

5) Increase the evaporation-rate – now what is happening? Is there a minimum? 

6) Work with another to find five different configurations of evaporation and diffusion which still produce a swarm. 

	Configuration
	Diffusion-rate
	Evaporation-rate

	1
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	3
	
	

	4
	
	

	5
	
	


7) From what you have learned from the model, why don’t ants need to communicate with each other to coordinate food searching?

8) Describe the conditions under which the behavior stopped happening. Why didn’t it work?

9) Scientists are fascinated by the idea of ‘emergence’ – large scale behavior that occurs as a result of many small decisions. Describe the behavior of the ants in terms of ‘emergence’.

10) Adv: What part of the code shows the ants dropping chemical? What part shows them how to get home?

11) Adv: In your school, what kinds of behaviors among students can be thought of as ‘emergent’ behaviors, ie: no one planned them, built out of each person doing their own thing?
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