Agent-Based

in Ne

Aaron L Bramson

If you haven'’t already, download and install Netlogo from
http://ccl.northwestern.edu/netlogo/download.shtm|

Then go to http://tinyurl.com/nkn4n4 to download the
SegregationEnhanced.nlogo file we’'ll be working with.
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Thomas C. Schelling

® Father of Agent-Based Modeling

e 2005 Nobel Prize Winner in Economics
for work in Game Theory

® Clearly explained and motivated bottoms-ups
approach in his 1978 book

“Micromotives and Macrobehavior”

B'li(tfl!:;};}ti?ﬁﬁ ® Famous Segregation (aka "Tipping”) model is

Macrobehavior the first modern agent-based model

I'homas C. Schelling
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Segregation Model

eThere are two types of agents and they have a percentage
of neighboring agents that they want to be of the same type.

*The neighbors are agents in any of the eight
surrounding spaces of the grid.

e Unhappy agents move around to empty
spaces until they are happy.

® Once all the agents are happy
the model stops running.
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Elements of the Interface
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Using the Model

® Click the SETUP button to set up the agents.
e There are equal numbers of red and green agents.
¢ Click GO to start the simulation.
e If agents don’t have enough same-color neighbors,
they jump to a nearby patch.
® The NUMBER slider controls the total number of agents.
e The %-SIMILAR-WANTED slider controls the percentage
of same-color agents that each agent wants
among its Moore neighbors.
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Everything Clear?

H
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Extensions of the Model

1) To change the model to Schelling’s "Surfers and Swimmers” model add another slider for %-similar-wanted.
Make one for red agents and the other for green agents so they can have different tolerance levels.

2) Add another type of agent and assign it a new color.
Change the setup procedure so that there are equal numbers of each type of agent.

3) Change the agents’ shape so that it's easier to see the distribution of agents.
Go to the tools menu and select the Shapes Editor and then choose the shape that makes sense to you.

4) Add sliders for the number of each type of agent so you can have an uneven distribution of agent types.
Run some experiments on different mixes and note any qualitative changes that result.

5) Add a mutation rate so that unhappy agents have a percentage of changing their type rather than moving.

Note that changing thier type may not make them happy depending on the percentage required.
Does this speed up or slow down the time to universal happiness?

6) Change the mutation rule into a learning rule so that agents copy the type of turtle that has the highest
percentage of happiness among its neighbors.
That is, find which type of agent among the neighboring agents has the highest percentage of happy agents
and copy that type.

/) Instead of just the Moore neighborhood, add a radius slider and have agents calculate happiness
based on all the agents within that radius.
Does this make it easier are harder to be happy?
What effects does this have on the distribution of agents?
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Extension 1: Surfers and Swimmers

Add another slider for %-similar-wanted.

Make one for red agents and the other for green agents
so they can have different tolerance levels.
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Extension 1: Surfers and Swimmers

® Add another slider for %-similar-wanted.

e Make one for red agents and the other for green agents
so they can have different tolerance levels.
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Extension 2: A New Agent in Town

® Add another type of agent and assign it a new color.

e Change the setup procedure so that there are equal numbers

of each type of agent.
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Extension 2: A New Agent in Town

® Add another type of agent and assign it a new color.

e Change the setup procedure so that there are equal numbers

of each type of agent.

Adjust “number” to
take values divisble by 3

Yellow gets its own
“Oo=similar-wanted” slider

# Green
GGG

# Red
(lata]

# welaw
Be6

Yellow behaves like
other colors do

Use monitors to
make sure your
proportions are equal
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Extension 2: A New Agent in Town

s turn a randowmly selected third of the turtles green.
azk n-of [(rmumber / 3] turtles
[ set color green ]

s: now there are 253 red and 153 green; to make ecqual mambers conwert only red agents
azk n-of [(mumber / 3] turtles with [color = red]
[ et color wellow ]

if color = green
[ et happy? similar-nearby >= [ (-zimilar-wanted-green ¥ total-nearby J 100 )]

if color = red
[ set happy? similar-nearby >= | %-zimilar-wanted-red ¥ total-nearby / 100 )]

if color = wellow
[ et happy? similar-nearby >= | %—similar—wanted—yellnd * total-nearby J 100 )]



Introduction to Agent-Based Modeling in Netlogo

Extension 3: This Agent is a Transformer

® Change the agents’ shape so that it's easier to see
the distribution of agents.

® Go to the tools menu and select the Shapes Editor
and then choose the shape that makes sense to you.
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Extension 3: This Agent is a Transformer

kicks: 31

Z)e

zet-default-shape turtles

shape
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Extension 4: Not Created Equal (in Number)

® Add sliders for the number of each type of agent

so you can have an uneven distribution of agent types.

® Run some experiments on different mixes and
note any qualitative changes that result.
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Extension 4: Not Created Equal (in Number)

Use a separate slider
for each color

% areen

0,526 Change monitors to

show your proportions

% Red
0.237

%o wellon
0.237

Look, more green agents
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Extension 4: Not Created Equal (in Number)

et total-rmamber [(muamber-green + nuamber-red 4+ number-yellotr)

azk n-of mumber-red patches
[ sprout 1
[ et color red ] ]

;0 turn a randowly selected third of the turtles green.
azk n-of mumber-green patches
[ sprout 1
[ set color green
find-new-spot ]

;r onow there are 273 red and 153 green; to make equal mambers conwert only red agents
aszk n-of mumber-yellow patches
[ sprout 1
[ et color wvellow
et shape "aquare’”
find-new-zpot ]
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Extension 5: Beware of mutant agents

® Add a mutation rate so that unhappy agents have a
percentage of changing their type rather than moving.

® Note that changing thier type may not make
them happy depending on the percentage required.

® Does this speed up or slow down the time to universal happiness?
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Extension 5: Beware of mutant agents

Mutants are so messy

You'll want these values
to be smadll
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Extension 5: Beware of mutant agents

mutate-turtles

Lo mitate-turtles
ask n-of [(total-namber ¥ muitation-rate / 100) turtles [
let current-color color
if current-color red [ set color green ]
greenn [ set color wvellow ]

vellow [ 2et color red ]

if current-color

if current-color

erd
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Extension 6: Mutants can be students too

® Change the mutation rule into a learning rule so that
agents copy the type of turtle that has the highest
percentage of happiness among its neighbors.



Introduction to Agent-Based Modeling in Netlogo

Extension 6: Mutants can be students too

ﬁ‘} o licks: 12




Introduction to Agent-Based Modeling in Netlogo

Extension 6: Mutants can be students too

learn-from-neighbors

to learn-from-neighbors
aszk turtles [
let happy-red-% 0
if any? [(turtles-on neighbors) with [color = red]
[zet happvy-red-% count [(turtles-on neighbors) with [color = red and happy?] F count [(turtlez-on neighbors) with [color = red] ]
let happv-green-% 0
if any? [(turtles-on neighbors) with [color = dgreen]
[zet happy-green-% count [(turtles-on neighbors) with [color = green and happy?] / count [(turtlez-on neighbors) with [color = green] ]
let happv-vellow-% 0
if any? [(turtlez-on neighbors) with [color = vellow]
[zet happy-vyellow-% count [(turtlez-on neighbors) with [color = vellow and happvy?] / count [(turtles-on neighbors) with [color = yellow] ]
if happy-red-% > happv-green-% and happy-red-% > happy-vellow-%
[2et color red]
if happy-green-% > happy-red-% and happy-green-% > happy-vellow-%
[zet color green]
if happvy-vellow-% > happy-green-% and happy-vellow-% > happy-red-%
[zet color wellow]

erd
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Extension 7: Not (just) in my backyard!

® Instead of just the Moore neighborhood,
add a radius slider and have agents calculate happiness
based on all the agents within that radius.

® Does this make it easier are harder to be happy?

® What effects does this have on the distribution of agents?
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Extension 7: Not (just) in my backyard!

oo

if 1 [happv2] §k 3top 1, f
e The sWitch variable holds a true or false value
if learning? [learn-from-neighborszs]
move-unhappy-turtles
update-wvariables

do-plots

update-turtles
azk turtles [

Change “turtles-on neighbors” to this everywhere it occurs
(hint: don’t forget the learning method)

get similar-nearby count (turtles in-radius neighborhood-radius) with [color = [color] of myself]
get other-nearby count [(turtles in-radius neighborhood-radius) with [color !'= [color] of myself]
zet total-nearby similar-nearby + other-nearby

if color = ¢

[ zet happy? zimilar-nearby == | Z-simnilar-wanted-green ¥ total-nearby J 100 )]
if color = red

[ 2et happy? similar-nearby == [ %-similar-wanted-red ¥ total-nearby / 100 )]
if color = vyellow

[ 2et happy? zimilar-nearby == | %-similar-wanted-vyvellow ¥ total-nearby / 100 )]
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That’s just the beginning!

Visit ComplexityBlog.com for more resourses on agent-based
modeling including:
- Slides from my ICPSR ABM workshops
- Links to community sites and sources of help
- Blog posts on advanced techniques

- Coding Tips and Tricks to speed you along

And feel free to contact me for further advice, questions
modeling help, collaborations, or fashion advice:
- aaronbramson@ gmail.com

"ﬂ,\&bﬁ\k 79U My
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