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What is an Agent?

Historically related to the Von Neumann machine, as
later improved by Stanislaw Ulam into the first agent-
based device - the cellular automata

Agents have:
Activity
Autonomy

Heterogeneity
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Agent Activity

Goal-direction

Reactivity/Perceptivity to its surroundings (model)
Mobility: Able to roam the model space independantly
Bounded Rationality (imperfect information)

Interacts/exchanges information with other agents,
which may in turn cause:

Adaptation: Change in behavior based on interactions
with the model or other agents



What is a Model?

import breve

class myControl( breve.Control ):
def __init__(self):
breve.Control.__init__( self)
self.walkerShape = None
myControl.init( self )

def getWalkerShape( self):
return self.walkerShape

def init( self ):
print "'Setting up the simulation.”
self.pointCamera( breve.vector( o, o, 0 ), breve.vector( o, 60,0 ) )
self.walkerShape = breve.createlnstances( breve.Sphere, 1 ).initWith(1)
breve.createlnstances( breve.RandomWalker, 200 )

breve.myControl = myControl
class RandomWalker( breve.Mobile ):
def __init__(self):
breve.Mobile.__init__( self)
RandomWalker.init( self )

definit( self ):
self.setShape( self.controller.getWalkerShape() )
self.setColor( breve.randomExpression( breve.vector( 1.000000, 1.000000, 1.000000 ) ) )
self.move( breve.randomExpression( breve.vector( 0.100000, 0.100000, 0.100000) ) )
defiterate( self ):
self.setVelocity( ( breve.randomExpression( breve.vector( 60, 60, 60 ) ) - breve.vector( 30, 30,30) ) )

breve.RandomWalker = RandomWalker

# Create an instance of our controller object to initialize the simulation

myControl()



Tools and Languages in 2008

Program Language(s) Description




RepastPy -- Mode|

* Simple GUI which generates Java classes

| | Tutorial 3 [CA\Projects\Repast\tutorial3.sbp] - Repast Py E=EGE 5

Eile Model Help

DaEb D60 edwmss
w Property Valus

E}d'. Tutorial 3 Class Path

b TutarialThreelgent

J | Description

Metwark: Display
[Errars To Consale true
Output To Console true
Compiled Package Mame default_package
Compiled Model Qutput i, .. C:\Program Files'Repast 3" Repast Py" output

Properties | *ML




RepastPy — Agent

Simple Python scripting for behaviors

[£| Actions Editor

E’j H x -step v- Return Type: MNone

~Variables Java Imports

self.model
self,wealth

rSource

if (self.getlumiutEdges()):
otherAgent = (TutorialThreedgent)self. getPandonllodeluti)
otherWealth = otherAgent.getWealthi)
if (otherlWealth > self.wealth and otherllealth > 2):
self.wealth = self.wealth + =2

otherdgent. setlifealth(otherWealth - 2)
elae:

gelf.removeEdgesTo |otherdgent)
otherAgent. removeEdgesFromiself)

gelf.makeRandontutEdge (self.model. gethgentlistc(), DefaultDrawableEdge (), false)

else:

self.makePandomfutEdge (self.model.getAgentlist(), DefaultDrawvableEdge (), false)

zelf.zetNodelabel (String.valuelfiself.wealth))

’ OK ]’ Cancel




Repast Simphony

* Uses Java + Groovy to compile an application

[ S
=

Edit Source MNavigate Search Praject Run Window Help
H-HE -0~ Qr  BHEEG A e 5 @ Repast [§0ava
£ Package Explor 0% T3 Hierarchy| = O ||l BoidsAgent.agent u =0
[eR= | \ & 7 import repast.simphony.ui.probe.* -
5 Boids import simphony.util.messages.*
IBS[C import static java.lang.Math.*
E boids import static repast.simphony.essentials.RepastEssentials.*
[i BoidsAgent.agent .
€] BoidsAgent.groovy .
1 Modellnitializer.agent . This 12 an agent.
[€] Modellnitializer.groovy .
=, JRE System Library [eclipse] w
=\ Referenced Libraries public class BoidaAgent {
(= batch
i & boids.rs g
(= docs N
(2 freezedried_data * This is an agent property.
= icons * @field xyAngle
= installer "
(&= integration =/
= Iaunchers @Parameter (displayName = "XY Angle", usageName = "xyAngle")
b public double getXyAngle() {
& misc return this.xyAngle
(= repast-licenses P .
p o public void setXyAngle (double finalValue) {
"‘::d":'dsaimmm this.xyAngle = finalValue
_desc : s
Repast.settings public double xyRngle = O
velocitylog
(21 Infrastructure_Demo g
-
* This is an agent property.
* @field xzAngle
-
*f
@Parameter (displayName = "XZ Zngle", usageName = "xzingle™)
public double getXzAngle() {
return this.xzAngle
< mn 3
Problems | @ Javado [& Declaration | = Properties 52 i
Property Value -
Info H
I derived false
editable true
last modified June 3, 2008 5:06:25 AM i
1 S— [ — 3
e Writable Smart Insert
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Boids

A kind of 3D Life simulation producing chaotic
behavior. The rules are:
1. Boids try to fly towards the center of mass of

neighboring boids (usually, the perceived CoM with
respect to that particular boid)

>. Boids try to keep a small distance away from other
objects (including other boids)

3. Boids try to match velocity with near boids (perceived
velocity of neighbors)



A Simphony of Boids

& Boids - Repast Simphony =HiC

File Run Tools View MWindow

3 = PhBa O\ LTQUVARANEOE Tick Count: 144.0
| Scenario Tree
{Z= Boids Model
=B Boids
e Charts
=)= Data Loaders
® Score Context Builder
'._: Data Sets
B Displays
® Boids Display
® Miscellaneous Actions
(== Model Initialization
® Schedule Initialization
® Watcher Initialization
=) Outputters
® Random Streams
User Specified Actions

Scenario Tree | Run Options l Parameters

Running

=




_ breve — basic Controller/Agent
structure (Python)

import breve

class HelloWorld( breve.Control ):
def init (self):
breve.Control.__init_ ( self)

def iterate( self ):

print "'Hello, world!"
breve.Control.iterate( self )

breve.HelloWorld = HelloWorld

# Create an instance of our controller object to initialize the simulation

HelloWorld()



~ breve — basic Controller/Agent

structure (steve)

@include "Control.tz"
Controller HelloWorld.

Control : HelloWorld {
+ to iterate:
print "Hello, world!".
super iterate.

J
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File Window Demos Speed Help Simulation

Rotate Zoom | Move | Select ll > IEravityI:C:\brevelDE_2.?.Nmos\ﬁdﬁng-&aned\ﬁravity.tz]




“breve — Gray Scott model of
reaction diffusion

Equations:

du

ot
du
ot

raViu — uv? + f(1 - )

ro Vv + uv? — (f+ kv

Chemical Reaction:

U+2V
IIJ-

— 3V
— P
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e
# ° breve

Rotate Zoom| Move| Select ‘ ll »

Eile Window Demos Speed Help Simulation

lGrayScott (C:\brevelDE_2.7.2\demos\Chemistry\GrayScott tz)




lToumamert (C:\brevelDE_2.7.2\demos"Capture TheFlag\Toumament tz) ;]
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Evolving swarms

In addition to the behaviors of boids, swarm agents:
Seek out food, which randomly teleports around
Feed their friends with excess food
Reproduce when energy (food) hits certain threshold
Die when they run out of energy, or reach maximum
age
Land on the ground, rest, fly around again

Mutate in such a way as to improve/reduce
reproduction

So how to you mutate code that must be pre-defined?
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Push

Genetic programming - random crossover and mutation
of computer programs

Doesn't work for most computer languages, since they
typically have rigid syntax:

This makes sense:

L. = [math.exp(val) for val in eigenvalues]
This does not:

eigenvalues | in math.exp(val) = L | for
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Push

Programs made up of: instructions, literals, and
sublists

Push program is an expression, entirely placed on the
stack and evaluated recursively according to these
rules:

1. If Pisan instruction then execute it
>. Else if P is a literal then push it on to the stack

3. Else (P must be a list) sequentially execute each of the
Push programs in P



“Sample Push program and
execution

(23 INTEGER. * 4.1 5.2 FLOAT.+ TRUE FALSE BOOLEAN.OR )

Pushing onto the stack from left to right, we then pop the stack right to left

First run is: BOOLEAN.OR FALSE TRUE = (TRUE) (BOOLEAN stack)
Next we have: FLOAT.+ 5.2 4.1 = (9.3) (FLOAT stack)
Finally we have INTEGER.* 2 3 = (6) (INTEGER stack)

Note that each stack has its own type, the stack-based typing system puts
each instruction on its own type of stack, so that any combination remains
semantically valid. We could re-order all of these stacks without issue.

The main trick is to devise programs that actually produce changeable
behaviors in the agents, so they can be selected for or against
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