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B Goals of this Lecture 2

During this lecture, | will present:
the principles of NetLogo.
the basics of the NetLogo development environment.
the programming concepts of NetLogo.

@ a tutorial for simulating termites.
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What is NetLogo?

Programming Concepts of NetLogo
Graphical Interface of NetLogo

Basics of the Model Design and Execution
Tutorial: termites

I[@ Conclusion
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Outline

What is NetLogo?
m Modeling Complex Systems
m Brief History
m Base Concepts of NetLogo
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What is NetLogo?
m Modeling Complex Systems
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NetLogo for Modeling Complex Systems 6

Programmable modeling environment for simulating natural and
social phenomena

m Well suited for modeling complex systems evolving over time.
m Hundreds or thousands of independent agents operating
concurrently.

m Exploring the connection between the micro-level behavior of
individuals and the macro-level patterns that emerge from the
interaction of many individuals.
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B NetLogo for Newbies

Easy-to-use application development environment )

Opening simulations and playing with them.

Creating custom models: quickly testing hypotheses about
self-organized systems.

m Models library: large collection of pre-written simulations in
natural and social sciences that can be used and modified

Simple scripting language.

User-friendly graphical interface
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What is NetLogo?

m Brief History
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LOGO [Papert, 1993]

m Theory of education based on Piaget’s constructionism
(“hands-on” creation and test of concepts).

!! F&%RON m Simple language derived from LISP.

m Turtle graphics and exploration of “microworlds” . )

StarLogo [Resnick, 1991], OpenStarLogo, MacStarLogo, StarLogoT, StarLogo TNG

m Agent-based simulation language.

m Exploring the behavior of decentralized systems through
concurrent programming of 100s of turtles

4

NetLogo [Wilensky, 2015, Tisue, 2004]
m Further extending StarLogo (continuous turtle
B coordinates, cross-platform, networking, etc.).
m Most popular today (growing cooperative library of
models).
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What is NetLogo?

m Base Concepts of NetLogo
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B Patches

Each patch is a part of the background or “landscape” J

- .
Belousov-Zhabotinsky Reaction Fur, or how the animal skin is
drawn
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B Turtle Agents

Turtles are entity that move around on top of the patches J
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Programming Concepts of NetLogo
m Agents
Variables

| |

m Procedures
m Asks

m Agent Sets
m Breeds

m Parallel Execution
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Programming Concepts of NetLogo
m Agents
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B Agent: a first definition

Agent [Wooldridge, 2001]

An agent is an entity with (at least) the following attributes /
characteristics:

m Autonomy

m Reactivity

m Pro-activity

m Social Skills - Sociability
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B Agent: second definition

Agent [Ferber, 1999]

An agent is a physical or virtual entity that:

is able to act inside an environment;
can directly interact with other agents;

is driven by a set of tandencies (individual goals, satisfaction
or living functions to optimize);

owns its own resources;

is able to perceive its environment with a limited extent;

[@ has a partial knowledge on the environment (possibly none);
owns skills and offers services;

B can reproduce itself; and

[l has a behavior aiming to satisfy the agent goals, by taking into
account its resources, skills, perception, and communications.

v

@
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Four

Turtles

m Move on top of the patches, not necessarily in their center.

m Have decimal coordinates (xcor, ycor) and orientation (heading).

Patches

m Don’t move, form a 2D wrap-around grid.

m Have integer coordinates (pxcor, pycor).

Links

| A,

m Edges (oriented or not) between two turtles.

m Not presented in this lecture.

| A\

Observer — The User

m Can create new turtles.

m Can have read/write access to all the agents and variables.
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Programming Concepts of NetLogo

m Variables
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Place to store values, such as numbers or text.

Types of Variables

Three types of variables:
Global variables

Agent variables

Local variables
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Global Variables

m A global variable can be accessed by all the agents.

m It must be declared before all the procedures.

Example
globals |

max_energy ;; maximum energy

speed ;; traversed cells per simulation step
]
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Global Variables 20
-

Definition

m A global variable can be accessed by all the agents.

m It must be declared before all the procedures.

Example i
The keyword for declarmg]
globals global variables.
max_energy ;; maximum energy
speed ;; traversed cells per simulation step
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Global Variables

m A global variable can be accessed by all the agents.

m It must be declared before all the procedures.

Example

The brackets are the
delimiter of the declaration
block.

traversed cells per simulation step

Introduction ~ Concepts  Graphical Interface  Basics of Design and Execution  Tutorial ~Conclusion "": utbm
Lﬁj




Global Variables

m A global variable can be accessed by all the agents.

m It must be declared before all the procedures.

Example

Name of the variable that
is declared at the global
scope.

globals
max_energy|;; maximum ene
speed ;; traversed cells per simulation step
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Global Variables

m A global variable can be accessed by all the agents.

m It must be declared before all the procedures.

A comment starts with the
Example ".;" characters; and ends
at the end of the line.

globals |
max_energy| ;5 maximum energy
speed ;; traversed cells per simulation step
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m Each turtle and patch has its own set of variables, named
agent variables.

m The value of an agent variable may differ from agent to agent.

Examples
turtles—own | patches—own |
life grass_quantity

] ]
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Local Variables

Definition

m A variable is defined and accessible only inside a procedure.

m Scope: the narrowest square brackets, or the procedure itself.

v

Example

to permuter [vall val2]
let tmp vall
set vall val2
set val2 tmp

end
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B Local Variables

m A variable is defined and accessible only inside a procedure.

m Scope: the narrowest square brackets, or the procedure itself.

v

Example
to permuter [vall val2] Declare the variable "tmp",
[let tmp vall and copy the value of the

set vall val2 . n "o . n n
set val? tmp variable "vall" inside "tmp".

end J
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B Local Variables

m A variable is defined and accessible only inside a procedure.

m Scope: the narrowest square brackets, or the procedure itself.

v

Example

to permuter [vall val2]
let tmp valil
set vall val2

Copy the value of the
variable "val2" inside "vall".

end
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B Predefined Agent Variables

For turtles For patches

m color m pcolor — color
m heading — orientation in degrees m pxcor — coordinate along x axis
m label — name m pycor — coordinate along y axis
m shape m plabel — label
m size
m xcor — coordinate along x axis
m ycor — coordinate along y axis
@ -
m who — identifier ) oY
l... axpiars

o @@
I... o
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Colors are defined by:

m a floating-point number in [0; 140]: ask patches [ set pcolor 55 |
m the RGB code: ask patches [ set pcolor [0 255 Q] ]
m a predefined name: ask patches [ set pcolor green ]

white = 9.9

gray=5 8 9 93

red = 15 13 199
orange = 25 H ® ns
brown = 35 M ¥’ 193
yeliow = 45 45 40 409
green = 55 58 50 509
lime = 65 7 68 699
turguaise = 75 ™ 78 Tes
cyan = 85 B4 8 899

sy = 95 W W s

blue = 105 A8 109 1099
violet = 115 § 18 119 1199
magents = 125 18 129 1299
pink = 135 138 139 1303
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Programming Concepts of NetLogo

m Procedures
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Commands

m Actions for the agents to carry out.

m The command does not reply a value ( “void” functions).
m Declaration:

to <command_name> [<parameterl> <parameter2> ...]

<commands>
end

m Call: <command_name> <argumentl> <argument2>

v
Example
to INITIALISE
clear —all ;; destroy all agents
create —turtles 100 ;; create 100 turtles
end
v
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m Set of procedures for computing a value.

m The reporter replies a value (a true functions).

m The value is reported with the report keyword (equivalent to “return” in other
languages).

m Declaration:

to —report <reporter_name> [<parameterl> <parameter2> ...]
<commands>
report <value>

end

m Call: <reporter_name> <argumentl> <argument2>

Example

to—report abs [nb] ;; Replies the absolute value of nb

ifelse nb >= 0
[ report nb |
[ report (—nb) ]
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Primitive Procedures

m Built-in commands or reporters (language keywords).

m Some have an abbreviated form:
create—turtles < crt
clear—all & ca
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Programming Concepts of NetLogo

m Asks
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Definition

Specify commands to be run by turtles or patches.

Asking all turtles

m Syntax: ask turtles [ <commands> ]

m Example: Asking all turtles to move 50 units forward.
ask turtles [ fd 50 ]

Asking all patches

m Syntax: ask patches [ <commands> |

Asking one turtle

m Syntax: ask turtle <id> [ <commands> ]

Asking one patch

m Syntax: ask patch <x> <y> [ <commands> ]
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Constraints on Asks

Constraint 1

Cannot be factored out in button specs.
Example: _ @ o Button e
o
to go | ;‘;:;a:’:uﬂubsﬂm
[ -
]
Display name

Constraint 2

| \

Observer code cannot be inside any ask block.

Example: creating 100 turtles.
crt 100
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Programming Concepts of NetLogo

m Agent Sets
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B Agent Sets

Definition
Definition of a subset of agents.

Grouping with a condition

m Create the subset with agents that are validating a given
condition.

m Syntax: <agentset> with [ <condition> |

m Examples: All red turtles.
turtles with [ color = red |
All red turtles on the patch of the current caller (turtle or
patch).

turtles—here with [ color = red |
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B Agent Sets (cont.)

Grouping according to distance

m Create the subset with agents that are at a distance lower than or
equal to a given one.

m Syntax: <agentset> in—radius<distance>

m Examples: All turtles less than 3 patches away from caller (turtle or
patch).
turtles in—radius 3

4

Grouping with a relative position

m Create the subset with agents that are located at the given
positions, relatively to the caller.

m Syntax: <agentset> at—points| [x1 y1] [x2 y2] ... ]

m Examples: The four patches that arethe neighbors of the caller.
patches at—points[ [1 0] [0 1] [-10] [0 —1] ]
The previous code has a shorthand: neighbors4

y

Introduction  Concepts  Graphical Interface  Basics of Design and Execution  Tutorial ~Conclusion !"': utbm



Op ons o ent Sets 35

m Ask such agents to execute a command.

m Syntax: ask <agentset> [ ... ]

m Examples: All red turtles should go foward of 1 cell.
ask turtles with [ color = red] [ fd 1 ]

W

Is the set empty?

m Check if there are agents in the set.

m Syntax: any? <agentset>

m Examples: Show if there is any red turtle?
show any? turtles [ color = red ]

v
Size of the set

m Count the agents inside a set.

m Syntax: count <agentset>

m Examples: Show the number of red turtles.
show count turtles [ color = red |
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Programming Concepts of NetLogo

m Breeds
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Definition

A “natural” kind of agent set (other species than turtles).

Declaration of breeds

m For declaring new breeds, you should use the “breed”
keyword.
m Syntax: breed [ <breeds> <breed> |
m First value is the plurial for the breed.
m Second value is the singular for the breed.
m Example: Declaring breed for mice.
breed [ mice mouse |
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B Automatic Primitives for Breeds

When a new breed is defined, derived primitives are automatically created:

m create—<breeds> <number>
Create the given number of agents of the breed.

m create—<breeds> <number> [ <commands> |
Create the given number of agents of the breed, and run immediately the
given commands.

m <breed>—own
Declare variables for all the members of the given breed.

m <breed>—here
An agentset containing all the turtles of the given breed on the caller's
patch.

B <breed>-—at <dx> <dy>
An agentset containing all the turtles of the given breed on patch (dx,
dy) from the caller.

m etc. (See NetLogo documentation,
http://ccl.northwestern.edu/netlogo/docs).
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B Breed of a Specific Turtle

The breed is a variable of the turtle. J

Examples
m Ask turtle no. 5 to do something if it is a sheep.

ask turtle 5 [ if breed = sheep ... |
m Ask turtle no. 5 to change its breed to “wolf.”

ask turtle 5 [ set breed = wolf |
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Programming Concepts of NetLogo

m Parallel Execution
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n of the Agents

Agents run in parallel (each agent is an independent thread). J

Example
Execute commands in parallel by all the turtles.

ask turtles [ turle ] IV
fd random 10

do-calculation turtie 2 I

e s I

time
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Agent threads wait and join at the end of an execution block. J

Example

All turtles wait for the first commands to be run by all of them
before running the second commands.

turtie 1 [N —

ask turtles [ fdrandom 10 ]

ask turtles [ do-calculation ] turtle 2 [ ]
o turtie 3 [N N —
time
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Graphical Interface of NetLogo
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B Graphical Interface of NetLogo

. Wettago
Pl Eck Tocls Znom Taos Hep

itartaga | e [ ceta |

] wiaw upciatar

o n
normal spead comruns g || L2

PN
Edt Delete 2dd —————

Three tabs:
m Interface: viewer and Ul
tools for the simulation.
m Info: Text information on
the simulated model.

m Code: NetlLogo source code
of the simulated model.

Graphical Interface

S



Interface Tab

. Diffusion Graphics - Netiege
fhe Edt Tcas Zoon T Help

o ] code |
r 8 +; ) ) awpites
o Oniets g om0 =} | {onvas ) | L2 |

Command Center @ ), et
E
hsermnn Ji=
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Interface Tab

. Diffusion Graphics - Netiege
fhe Edt Tcas Zoon T Help

) wawptates.
[T | | Lz, |

A component that displays
the patches.

hsermon L.
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Interface Tab

F . DIffusion Graphics - Netlege
n $ho Ed¢ Tcos 2oom Ta0s Help.

Y cods]
r 8+ iy ——¢ ) awpites
o Omete ]Mll {onvas ) | L2 |

Button for creating Ul
components

Command Center R
K
sermnn T~
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Interface Tab

. Diffusion Graphics - Netiege
fhe Edt Tcas Zoon T Help

) wawptates.
[T | | Lz, |

Ul components that allow
the user to change
variables' values.

Command Center

hsermon
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Interface Tab

. Diffusion Graphics - Netiege
fhe Edt Tcas Zoon T Help

) wawptates.
[T | | Lz, |

A button for launching T
a command. ;

Command Center R

hsermon L.
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Interface Tab

How to edit the butto
settings

")

Select the runner of
the command: observer,
turtles, patches, links.

Graphics - Netlege
n 1205 Help

. i vawpdates
{snoas w1 Lowtren-. |

Cl tarwer
L) Dhsatibe untd ticks stant
cannws
whe [
O ey e -
Commang Center el
Anon by t.
o] | creel -
Osermrs -
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Interface Tab

How to edit the butto
settings

")

Type the command(s)
to run when the button
is clicked.

. DIffusion Graphics - Netlege
Fho Ede Tcas 200m T3 Help.

(e o | cods |

I e pates
{snoas w1 Lowtren-. |

Cl tarwer
Dipley naerm setup B . -
Commang Center el
Anon by [.
o] | creel -
osermos .
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Interface Tab

. DIffusion Graphics - Netlege
Fho Ede Tcas 200m T3 Help.

How to edit the button
settings

Change the name of the
button.

I e pates
{snoas w1 Lowtren-. |

bsermon’
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Interface Tab

. Diffusion Graphics - Netiege
fhe Edt Tcas Zoon T Help

Aresrtace ] 1r¢o | code |

T ey pmm—
o Oniets g om0 =} |

) wawptates.
|envas ) | Lz, |

Command Center

hsermon
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Interface Tab

No symbol at the bottom
right corner of the button.

The commands are run
once at each click.

. Diffusion Graphics - Netiege
Fhe Edt Tcos 20om T8 Help

Betton

.
e 8

L Disabk et ek stat
Commangs.

e

setu

I e pates
{snoas w1 Lowtren-. |

Command Center

sermos T
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Interface Tab

Loop symbol at the bottom
right corner of the button.

The commands are run
in an loop until the button
is pressed again.

® o esteon

R

L Dissbhe umd ek stat
Carmance

‘ setup |

b

. DIffusion Graphics - Netlege
Fho Ede Tcas 200m T3 Help.

I e pates
{snoas w1 Lowtren-. |

Command Center

sermos T

Introduction  Concepts  Graphical Interface

Basics of Design and Execution

Tutorial  Conclusion




Interface Tab

. Diffusion Graphics - Netiege
Fhe Edt Tcos 20om T8 Help

Ul component for typing
commands.

Type a command here is
equivalent to ask to an
agent to run the command.

I e pates
{snoas w1 Lowtren-. |

Command Center rFaE=s|

hsermnn Ji=:
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Interface Tab

The commands below are
equivalent:

- first, ask the observer.

- second, ask turtles.
(click on the label for
changing the caller)

I e pates
{snoas w1 Lowtren-. |

Command Center

observers| zsk turtles | fd 1]

Command Center

Command Center ) e |

turtles>| fd 1

sermes .
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B Information Tab

@ - o Diffusion Graphics - NetLoge
File Edt Toals Zaom Tabs Help

[ nterace [ nia ] code |

e

Find... Edit

Diffusion Graphics is unlkee most other MetLogn madels, inthat it reely dossn't
‘model” argthing. It slrmply sxplores the power behind an interacting pabch primithe:
“diffuse’.

IE's naot intended to closel model real heat, just & number thet beheves something
like heat - that slowhy spreade tasf sverly scrocs 3 plane.

Inthis medel, the turtles are “hot spots® - they set a certain value (a patch variable
called "heat’) to the maximum level euery ime step, Each patch {trough the “difuse”
primitve) then shares iks value of “heat” with fts surrounding patches,

Hara you can wakch what happens as hot-spots interact with each ather, as thay
maove around, as thelrvaluss become negative, or as the “heat’ slowly decays down to
nothing. The whole paint of the project is bo give yod an idea how patches nteract wa
the 'diffuse’ primitive. [Or maybe just to give wou something nice bo stare atif you're
bared.)

Two buttors. SETUP and GO, control execution of the medel. As in most Netlogo
madels, the SETUP button wil initalize the "hot-spets” and other varlables, preparing
the madel to be run. The GO button, a forever buttan, will then run the madel,

Four sliders and two switches determine the various propartiae of the modal, Each of
them can be sat prior to iNkalizadon: most can be used midrun to affect what wil
heppen.

MUM-TURTLES determines how many turtles there are. TURTLE-SPEED determines
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. Oiffuslon Graphcs - Netkoga
Fi0 Edt Tools Zeanr Tabs solp

[ mtuce | véo [case
Rz, (ﬁ{a | Frecstirsac] | e mecnwiaty

Batites-om | beat | T

1.shige Tirtles “aan
Artles rom-tartl

s [ et heat turtleheat |
1f wander? | ark turtles | wander | |
didfuse bumt daffuaien: rate
racelor-pitchas

by MUER? vt

| oo

|
To wirder - Turtle pracedurs

Tt ek 5 - raedn )
9 turtle-spasd

o

o recolar- putdhes - puicnes accerding 1o
patihes [ set prelor haat |

SIYrIg 106 Lk Waleny
fa b for Ll copr

W10 Uceee,

—
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Area where the NetLogo
code is displayed, and can
be edited.

: DMffusion Graphics - NetLogo
Edt Tadls Zean Tabs Help

| mietce | reo [cooe )
PV 1 s | 4 et secricaty

esoon | heat |

Ir®

1o antip
elur.all
S1-GTaNTT9hape Tr1les “carele
create-turtles rom-tartles
ety randos acor randas-yrar
dae't

1
ash wrtles [ et heat turtleheat |
1f vander? | ark turtles | wander
didfuse bumt daffuaien: rate
racelor-pitchas

i

9 turtle-spasd
o

laf-patdies i Color puicns accerding To
Voo [ set peelor hest |
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Code Tab

- DWTuslon Graphics - NetLogo
Fio Edt Tads Zeaw Tabs Help

[ matace | vio [case.

T i [

[

Theat |

Drop-down list that contains )/
all the defined commands.

It enables you to go to
the selected command in

the code area.

g utbm

Tutorial  Conclusion
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B Code Tab

® - 0 DWfusion Graphics - NetLoge
Fio Edt Tads Zeaw Tabs Help

[ mortane | vio [casy

Button for starting the

process of verification of
the NetLogo syntax in the
code area.

s i color puians
o [ set peelor hest |
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NetLogo provides plenty of
ready-to-use models in its model
library

m Select the menu item:
> File > Models Library

m Double click on the
predefined model to load.
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Basics of the Model Design and Execution
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B Basics of the Model Design

Definition of:
m the different breeds of turtles.
m the global variables.
m the agent variables.

Definition of the init procedure:
m The command is usually named “setup”.
m The command is usually invoked by the “setup” button.
m The command generates the agents, and initializes the
variables.

Definition of the dynamics of the system:
m The command is usually named “go”.
m The command is usually invoked by the “go” button.
m The sub-procedures are called into the go command.
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sics of the Model Exec (#1)

Initialization
t=0

to setup
clear —all

reset —ticks
end

Compute the
new state

y

m Initialize the simulation.

m clear—all
Call the clearing functions:
clear-globals, clear-ticks,
clear-turtles, clear-patches,
clear-drawing, clear-all-plots,
and clear-output.

m reset—ticks
Set the current time t to zero.
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Basics of the Model Execution (#2)

Inltlatl|=zgtlon to go

display
tick

Compute the

pewjstate m Run one step of the simulation

(eventually in a loop).

m display
Update the display of the
NetLogo interface.

m tick
Increment the current time t
by one.
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The time t is an information internally declared by NetLogo. The model is in charge
of making the time evolving.

Getting the time t

ticks

Advance the time

m tick
Advance by one the time t.
= tick—advance<dt>
Advance by <dt> the time t.
v

Reset the time

m clear—ticks
Unset the time t (not equal to zero).

m reset—ticks
Set the time t to zero. y
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Tutorial: termites
m Step 1: Build the Interface
m Step 2: Setup
m Step 3: Go
m Step 4. Adding outputs
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Tutorial: termites
m Step 1: Build the Interface
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ild the Interface

Build the interface by creating:

two buttons:

]
number - ne

|n : 0% m setup
sap | T ogo o observer, once.
= go

turtles, forever.

two sliders:

® number

1 — 300(1)
m density

0 — 100%(1)
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Tutorial: termites

m Step 2: Setup
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B Setup the Chips

m Randomly strew yellow wood chips with a given density.

m The chips are patches.

m density is the variable that is automatically created from the
slider.

to setup—chips
ask patches |
if random—float 100 < density

[ set pcolor yellow ]

end
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Setup the Termites

m Randomly position a given number of white termites.

m The termites are turtles.

m number is the variable that is automatically created from the
slider.

to setup—termites
set —default —shape turtles "bug”
create —turtles number
ask turtles |
set color white
setxy random—float screen—size—x
random —float screen—size—y
vy Or
7, setxy random—xcor random—ycor

]

end
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Setup all

m Call the setup commands for setting the system up.

to setup
clear —all
setup—chips . Create the environment
setup—termites ;; Create the population
reset —ticks

end

Introduction  Concepts ~ Graphical Interface  Basics of Design and Execution  Tutorial ~Conclusion "—’: utbm
(':



Tutorial: termites

m Step 3: Go
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BGO

Termites follow 3 rules:
Look around for a wood chip and pick it up.
Look around for a pile of wood chips.

Look around for an empty spot in the pile and drop off the
chip.

to go 77 turtle code
search—for—chip
find-new—pile
drop—off—chip
tick

end
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Go - Explore

Termites explore the environment through random walk:

to explore
fd 1
;; Compute an angle between —50 and 50
let angle random—float 50
— random —float 50
rt angle
end
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rch and Pick up a Chip

Find a wood chip, pick it up and turn orange:

;7 Recursive version
to search—for—chip
ifelse pcolor = yellow
[ set pcolor black
set color orange

:: lterative version
to search—for—chip
while [ pcolor !=
yellow |
[ explore ]

fd 20 | set pcolor black
[ explore set color orange
search—for—chip | fd 20
end end
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Go - Find new pile

Find a new pile of chips:

;7 Recursive version ;; lterative version
to find-—new—pile to find-new—pile
if pcolor !'= yellow while [ pcolor !=
[ explore yellow |
find—new—pile | [ explore |
end end
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Go - Drop off chip

Find an empty spot, drop off chip and get away:

;7 Recursive version ;; lterative version
to drop—off—chip to drop—off—chip
ifelse pcolor = black while [ pcolor !=
[ set pcolor yellow black |
set color white [ explore ]
fd 20 | set pcolor yellow
[ explore set color white
drop—off—chip ] fd 20
end end
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Tutorial: termites

m Step 4. Adding outputs
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B Adding a plot

Update the interface with a “plot” with the name “chip
clustering”:

number 400

[ —
density 20 %

chip clustering
65150
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For updating the plot, you must define the commands to execute
for computing the new values to display.

to draw—plot
set —current —plot "chip clustering”
plot count patches with
[ count neighbors4 with
[ pcolor = yellow ]
=4 ]

end
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Refreshing the plot

m The plot drawing command must be call by the observer
agent.

m The caller of the “go” command must be change from
“turtles” to “observer.”

m The code og the “go” command must be updated to:

to go
ask turtles [
search—for—chip
find—new—pile
drop—off—chip |
tick
draw—plot
end
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I[@ Conclusion
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go to Other Frameworks

Beginnersd
GAMA Spatial v GAML, *R[¥] v
simulations Java
Jade General v v Java * v
Jason General v v Agent- * v
Speaks
Madkit General v Java *F v
Repast Social/ v Java, *k
natural Python,
sciences Net
SARL General 4 v v SARL, **[¥] v
Java,
Xtend,
Python

a  Native support of hierarchies of agents.

b Could be used for agent-based simulation.

c  Could be used for cyber-physical systems, or ambient systems.

d *: experienced developers; **: for Computer Science Students; ***: for others beginners.

This table was done according to experiments with my students.
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Introduction to Agent-Based Modeling:
Modeling Natural, Social and
Engineered Complex Systems with
NetLogo

Uri WILENSKY and Bill RAND

URT WILENSKY &qp WILLIAM RAND

The MIT Press, 2015
ISBN 978-0262731898

S. Galland
Lecture 2016 — UTBM




Books

m Multiagent Systems

S. Galland
Lecture 2016 — UTBM




B Multiagent Systems

MICHAEL WODLORIDEE

An Introduction to Multiagent Systems
2nd edition

Michael WOOLDRIDGE

Wiley, 2009
ISBN 0-47-0519460
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B Multiagent Systems

Multiagent Systems: algorithmic,
game-theoretic, and logical foundations

Yoav SHOHAM and
Kevin LEYTON-BROWN

Cambridge University Press, 2008
ISBN 0-52-1899435
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B Multiagent Systems

Multi-Agent Multi-Agent Systems: An Introduction
ems to Distributed Artificial Intelligence

An Introduction to Distributed
Artificial Intefligence

Jacques FERBER

Addison Wesley, 1999
ISBN 0-20-1360489
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B Multiagent Systems

Multiagent Systems: a modern
approach to distributed Artificial
Intelligence

Gerhard WEISS

MIT Press, 2000
ISBN 0-26-2731312
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B Simulation Theory

Theory of Modeling and Simulation
2nd edition

Bernard ZEIGLER, Herbert Praehofer, and
Tag Gon Kim

Academic Press, 2000
ISBN 0-12-7784551

S. Galland
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B Simulation Theory

LR Simulation for the Social Scientist

Simulation 2nd edition
for the
Social

Scientist Nigel GILBERT and Klaus TROITZSCH

Open University Press, 2005
ISBN 0-33-5216005

Nigel Gilbert
Kiaus 6. Troitzsch
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