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INntroduction to the
of the Gama Platform



It is now time to run GAMA !

» First GAMA asks you to choose a
workspace.

» A workspace is a folder that will
contain all your own projects and
models.

» You are free to choose the folder you
want!

| _NON GAMA Models Workspace

Choose a Workspace to store your models, settings, etc.

Your workspace is where settings and files of your Gama models will be stored.

GAMA Models Workspace ‘[Userslbgaudou/Dev/wsGAMA_V‘l 7RC1 | Remember workspace Browse...

Clone existing workspace Cancel




GAMA model files are stored in projects

» Each project may contain several
models, as well as additional
resources (GIS data, pictures,...).

» Projects can be organised in any way,
although a default layout is
proposed:

- includes : for all the ressource files

- models : contains all the model files

Description ~ Project

» @ Errors (15 items) gaml>

b % Warnings {74 items)
» @ Information (1374 items)
P (0 Tasks (1 item)

® ® . wsGama1.8RC2JavaPhilippines - EscapeTraining/models/EscapeTraining_1.gaml - Gama
No simulation running Q
[ ] Modelsl MEM®Z = B ||e! EscapeTraining_1.gaml I3 ] -8
= . - —
Q » my_experiment . Add experiment Q e
H . 1 /!*!0
» Lib dels (4 t
.@ ibrary models (4 projects) 2 * Name: EscapeTrainingBasic
> m Plugin models (9 projects) 3 * Author: kevinchapuis
> mTest models (17 projects, not yet run) 4 * Description:
H X S * Tags: Tagl, Tag2, TagN
v.g User models (3 projects) 6 *exy
v EscapeTraining (9 models) 7
BT | o FecorerimingRestc
9
» 5 building_environment.shp (218 abjects | Unknown CRS | 10= global {
building_grid.shp (1600 objects | Unknown CRS | 995m || _ 11 =
. 0912 float step <- 10#sec;
| DessinLouve.png (640x480 | PNG) 13 =
| DessinLouve2.png (640x480 | PNG) 014 geometry shape <- square(S500#m);
P 5 evac_points.shp (4 objects | Unknown CRS | 825m x 75¢ iz initg
b5 evacuation_environment.shp (4 objects | Unknown CRS 17 create hazard;
> ground_environment.shp (1 object | Unknown CRS | 500 ig 3 ¥
> road_environment.shp (456 objects | Unknown CRS | 50 20
> road_grid.shp (3120 objects | Unknown CRS | 1000m x 21~ species hazard {
. . 22
> o 1 object | Unknown CRS | 500m x
S sea_environment.shp (1 objec nknaown | m X 23 float speed < 10#m/#mn;
v models (2 models) 24
> result 25 init {
26 shape <- circle(208#m);
> snapshots 7 1
b oG EscapeTraining_1.gaml (1 experiment) 28
- , . 29 reflex expand {
> K 1 exp e
oG EscapeTraining_2.gaml (1 experiment) 30 shape <- shape buffer (speed * step);
b oG EscapeTraining_3.gaml (1 experiment) 31 }
b oG EscapeTraining_d.gaml (1 experiment) 32
. L 7 33 aspect default {
P G EscapeTraining_5.gaml (1 experiment) 34 draw shape color:#red;
P G EscapeTraining_6.gaml (2 experiments) 35 }
b oG EscapeTrainingBasic.gaml (1 experiment) ;? }
b oG EscapeTrainingEnvironment.gaml (1 experiment) 38
b oG EscapeTrainingOrigin.gaml (1 experiment) 39¢ experiment my_experiment {
49 output {
README.md 41 display my_display type:opengl {
» o) HoanKiemaAir (12 models) 42 species hazard transparency:0.7;
» 57 Test (1 model) b . !
©- Vvalidation 23 ] = % = B || interactive consale Z = 0
15 errors, 74 warnings, 1 375 others [VZ] L’;W (= (A) 1 :; \’

1 item selected

-2)7M of a7em [




GAMA model files are stored in projects

® ® = wsGama1.8RC2JavaPhilippines - EscapeTraining/models/EscapeTraining_1.gaml - Gama

No simulation running

MOQE SO A J

&= includes Q

> Library models (4 projects - .
0@ ! 4 (4 proj ) * Name: EscapeTrainingBasic

» Each project may contain several  Euan o e i

» MTest models (17 projects, not yet run)

L4 [
* Tags: Tagl, Tag2, TagN
B - e Editor view
v

EscapeTraining (9 models)

models, as well as additional L s |

» 5 building_environment.shp (218 abjects | Unknown CRS | global {

yor L

P s building_grid.shp (1600 objects | Unknown CRS | 995m

resources (GIS data, pictures,...). oot 2020 o st

| DessinLouve2.png (640x480 | PNG) geometry shape <- square(S500#m);
P s evac_points.shp (4 objects | Unknown CRS | 825m x 75( init{
b5 evacuation_environment.shp (4 objects | Unknown CRS create hazard;

b s ground_environment.shp (1 object | Unknown CRS | 500) ¥

}

| Unknown CRS | 50
P 4 E l own CRS | 1000m x species hazard {
rOJ ect X p O re r known CRS | 500m x 23 float speed <- 10#m/#mn;

result : init {

shape <- circle(208#m);
snapshots T
oG EscapeTraining_1.gaml (1 experiment)
reflex expand {

ini K (1 experime!
oG EscapeTraining_2.gaml (1 experiment) shape <- shape buffer (speed * step);

» Projects can be organised in any way,
although a default layout is

EscapeTraining_3.gaml (1 experiment) 2 }
EscapeTraining_d.gaml (1 experiment)
aspect default {

G
G

oG EscapeTraining_5.gaml (1 experiment) draw shape color:#red;
G

G

VvV vy vV vV vV Yy VYyYVYYVYY
L)

EscapeTraining_6.gaml (2 experiments) }
oG EscapeTrainingBasic.gaml (1 experiment) }
. oG EscapeTrainingEnviranment.gaml (1 experiment)
p rO p O S< ! . oG EscapeTrainingOrigin.gaml (1 experiment) - experiment TY-CXPCNMM {
output
README.md display my_display type:opengl {
» o) HoanKiemaAir (12 models) 4 species hazard transparency:0.7;

> Test (1 model)

- includes : for all the ressource files — —
e @@

Description ~ Project

- models : contains all the model files |

» @ Information (1374 items)
P (0 Tasks (1 item)

Problems view

1 item selected

Interactive
console




Take a look at “Game of life” model in library

> Open the model Life.gaml
Models library \ Toy models \ Life \ Life.gaml

[ NON ) Modeling - Toy Models/Lif
[ ] Models‘
The model can be 5 Liegem e
L]
» - X
experimented v &3 Library models (230) =
P o Features (116 models) 3 * Author:
¥ o | Syntax (5 models) 4 * Description: A model using a cellular automata
» 4] Syntax madels (5 models) 5 * exam.p.le of cellular automa.ta. Each cell will
6 " condition to emerge or to live.
¥ ,_ Toy Models (79 models) 7 ™ Tags: grid
P o | Ants (Foraging and Sorting) (6 models) g
> Articles (12 model 9 model life
| rticles (12 models) 10 I
> o | Boids (4 models) 11 //Declare the world as a torus or not torus envirg
» 1 Bubble Sort (1 model) 12 globall torus: tor:‘us_env*tr‘onment {
) 13 {/Size of the environment
> o | Circle (1 model) 14 int environment_width <- 200 min
» L1 Clock (1 model) 15 int environment_height <- 200 mi

The mOdel has ulation running
erro rS [ | Models} oG Life.gaml &3 I
&+ ©

Modeling fiToy Models/Life;

v RS Library models (230) 18
) ) .
2 ™ Name: Life
P o Features (116 models) -+ * Author:
¥ o Syntax (5 models) 4 * Description: A model using d&ellular automata t¢
» 1 Syntax madels (5 models) = exam.p.le of cellular auto .ta. Each cell will s
- condition to emerge or t@live.
¥ o Toy Models (79 models) * Tags: grid
» ] Ants (Foraging and Sorting) (6 I
. 9 model life
P o | Articles (12 models) Ql
> . Boids (4 models) /{Declare the world as a torus|lir not torus environi
» |, -] Bubble Sort (1 model) = global.tor'us: tor‘us_en ranment {
- {/Size of the environmen
> . Circle (1 model) - STV S = “wtuth <- 200 min:
» ] Clock (1 model) 15 int environment_height <- 200 min:
16 bool parallel <- true;
Pk | Comodels (20 models)

" - 1IAanlare ac $Arite AFr NnAad



Launch experiment Game of life

» An experiment is a way to “run” a model.

> It can be reached either by:

- Clicking on an Experiment button

- in the Project Explorer, under the name of the model
e Modeling - Toy Models/Life/Life.gaml - Gama

ki GO =/

[ | Modelsl =z = 0
B Life.gaml F M ©
V.@ Library models (230)
P o_ Features (116 models) 5 = Author:
¥ o/ Syntax (5 models) 4~ Description: A model using a cellular automata to represent the Game of Life, the most famous
» 1 Syntax madels (5 models) 5 * exam.p.le of cellular automa.ta. Each cell will see if the number of living neighbours meets the
6 " condition to emerge or to live.
¥ o/ Toy Models (79 models) 7 ™ Tags: grid
P o_| Ants (Foraging and Sorting) (6 models) g 7
. 9 model life
P o | Articles (12 models) 10
P o | Boids (4 models) 11 //Declare the world as a torus or not torus environment
» | Bubble Sort (1 model) 12 global' torus: torus_envu‘onment {
) 13 {/Size of the envirenment
> o | Circle (1 model) 14 int environment_width <- 200 min: 10 max: 1000;
» || Clock (1 madel) 15 int environment_height <- 200 min: 10 max: 1000;
> d del 16 bool parallel <- true;
e-1 Comodels (20 models) 17 //Declare as tarus or not
P | Epidemiology (6 models) 18 bool torus_environment <- true;
i 19 {/Density
»> Evacuation (3 models
. ( ) 20 int density <- 25 min: 1 max: 99;
P & | Flood Simulation (1 model) 71 //Canditions to live
> o 22 list<int> living_conditions <- [2, 3];
v it 23 {/Conditions to birth
Life (1 modei) 24 list<int> birth_conditions <- [3];
¥ oG Life.gaml (1 experiment) 25 {/Calor for living cells
> &) Modellife 26 rgb 11v1ngFolor <- °‘white;
27 {/Color for dying cells
> P Experiment Game of Life 28 rgb dyingcolor <- °red;
Multi-level data analysis (4 29 //Calor for emerging cells
30 rgb emergingcolor <- °orange;
. 31 {/Calor for dead cells 7
> | Segregation (Schelling) (5 models) 32 rgb deadcolor <- °“black;
» [ Soccer (5 models) 33 /Shapeof theenvionment




Launching an experiment will switch from Modelling to Simulation Perspective

® Modeling - Toy Models/Life/Life.gaml - Gal

N 1 simulation running

= = 0O |6 Life.gaml 22

V@ Library models (230) 12 [**
* Name: Life
* Author:

» Change the perspective =

» o_ Features (116 mod

Modelling perspective Simulation perspective

. ) 2 2 Game of Life - jApplicatior tents/Echipse s/Toy Models/Life/Li‘e.garm
[ ] @® Modeling - Toy Models/Life/Life.gaml - Gama ¢
~ o _ a DIC)
No simulation running AA a
== = 5 Model e | Experiment Geme of . I3 Il Mocels < O o L -]
B8 Models 2 = 0 |5 Life.gaml % a8 Wjue 2
-
a @ @@ DICICEHCHC
[ Life.ga CNEES - =y =
Library models (230) 18 .
* Name: Life Z
Features (116 models) « uthor: Board
¥ | Syntax (5 models) * Description: A model using a cellular automata to represent the Game of Life, the most famous
o1 Syntax models (5 models) *  example of cellular automata. Each cell will see if the number of living neighbours mests the Run in pacaliel
= condition to emerge or to live.
¥ |7 ToyModels (79 models) 7 = Tags: grid wath: g
» -] Ants (Foraging and Sorting) (6 models) “
o model life
> 7] Articles (12 models) " Height: —g
> 1 Boids (4 models) 11 //Declare the world as a torus or not torus environment
» -] Bubble Sort (1 madel) 126 global torus: torus_environment { Yorus: X
1 /ISize of the environment
» 71 Circle (1 model) 1 int environment width <- 200 min: 10 max
» 1 Clock (1 model) 15 int environment_height <- 200 min: 10 ma o Cems
- 1 bool parallel <- true;
s Comadels (20 madels) 1 J/Declare as torus or not Initial density of live colle: -
» 7] Epidemiology (6 models) 1 bool torus_environment <- true;
. o 1 J/Density
» Evacuation (3 models] [l Do i alive:
. ! 20 int density <- 25 min: 1 max: 99; Numbers of fve nelghbours required to stey
¥ ] Flood Simulation (1 model) 21 JIConditions o live ot ve neta red 1o be. )
» ] Learning (1 model) list<int> living_conditions <- [2, 31; Numbars Salphbhoars requiiedte hocoms dllve:
v [ Life (1 mod //Conditions to birth
o] Life (1 model) list<int> birth_conditions <- [3]; Colers
¥ oG Life.gaml (1 experiment) 2 I[Calor for living cells
rgb livingcalor <- ‘white; - .
» &) Model life o 5, 266, 255
& I/Color for dying cells Color of live calls: 255, 255, 255
» P Experiment Game of Life rgb dyingcolor < °red;
; " . v
> Multi-level data analysis (4 models) 29 IIColor for emerging cells = Color of dying celis: L
o ) rgb emergingcolor <- °orange;
¥ {1 Predsator Prey (2 models) J/Color for dead cells Color of emerging colts: 258, 165,0
> L 5 models) rgb deadcolor <- "black; .
, 1/Shape of the environment Color of daod call
. [i] geometry shape <- rectangle(environment_width, environment_height);
>, ape (1 madel)
» ] Traffic (2 models) I/Initialization of the model by writing the description of the model in the console Random mumbor genorstivn
o I3 Urban Growth (1 init {
'+ Urban Growth (1 model) do description; -
» ] Voronoi (1 model) ) 1 @ Corsole M Imeractive consoe & @epn

&= Validation 2 ==q IIAsk at each life_cell to evolve and update (a Game of Lie0) RENTE) W

= reflex generation {
e 1/ The computation is made in parallel
EED [Z] @ B2l ask life_cell parallel: parallel {
do evolve;
Description ~ Pr 3
» @ Information (130 items)

JIWrite the description of the model in the console

W interactive consale = (=]

Writable Insert 10:1 8oMof39aM [

11eMotacomn [




Exploring the Simulation perspective

Game of Life - /Applications/Gama.app/Contents/Eclipse/plugins/msi.gama.models_1.7.0.201

Start/pause simulation (it will o0 NGO

run until pause is clicked again)

Step the simulation (it will run one
cycle of the simulation)

> Adjust the speed of the simulation

or of live cells: 255, 255, 25

Color of dying cells: [ UNY

Color of emerging cells: | 25, 165, 0

Relaunch the simulation
(necessary after having changed e
the parameter values) @ consy/A scimemon 7] B D

(' D, Listening agent: Game of Life(0) A .. “hx

gaml>

Interrupt the simulation



Explore the simulation with parameters modified from
Parameters view S S———

==
[ @ Experiment: 15 cycles elapsed
—

K.0.201703010605/models/Toy Models/|

;ﬁ Model life / Experiment Game of ... 53 | [l Medels = O .J Life 52
==

» The modifications made to the O® | =

Board

Run in parallel m

parameters are either:

- Used for the current simulation when it

Cells

makes sense (for instance, if the

Numbers of live neighbours required to stay alive:

user changes a color)

Colors

's required to b alive:

Color of live cells: 255, 265, 255

- Used when the user reloads the R —

Color of emerging cells: | 255, 165, 0

experiment otherwise (for instance, e CETE—
if the user changes the size of the R .
g rid) [ Listening agent: Game of Life(0) REVRE@)

gaml>

Random number generation

ra —
® Game of Life - fApplicationsjGama.app/Contents/Eclipse/plugins/msi.gama.models_1.7.0.201607111339/models/Toy Models/Life/Life.gam|

0 e (> () ———— %)
© )

5= Model life | Experiment... 52 |l Models| = O (@] ure 52
=1L

» Launching experiment again (from o S 58 CEEEEL

the model editor) will erase the — Z ———T

RO Tie | ]

modifications.

Initial density of live ¢

of live neighbours required to stay &

Numbers of live neighbours required to become &
Colors

Color of live cells; 255, 266, 266

Color of emerging cells: 255, 165, 0
Color of dead cells: _
Random number generation
Random number ganerator ‘mersenna
Default random seed

10

@ conzoic | @ interactive consele 2| F T 0

[__ Listening ag...e of Lire(0) [V



GAMA offers 2 views that display information about one or

several agents

@ Inspect_ [people1036] 2R =z = O

™ N\
'\J_'J" [\.‘_‘?/‘ '

Agent: people1036
location X 12.1205336 Yy 11.22677517 z 0.0
name people1036
shape {12.120533675454382,11.22677512635425,0.0} a

host Schelling3_model(0)

ishappy [ 5D

neighbours []

@ Browse(0): population of SimpleAgent &3

Attributes

E. agents
':] color
E. host
.:] location
E. members
':] name
] opinion
E. peers
B shape

ONO A WN= O 3

color

rab (103.57. 13...
rab (254. 120. 1...
rab (143.215. 1...
rab (42, 202, 10...
rab (226. 120. 2...
rab (182.7.218...
rab (25.117.11...
rab (46. 79. 75....
rab (44.98. 229...
rab (167.78. 18...
rab (191. 76. 40...
rab (66. 193. 18...
rab (58. 76. 107...
rab (138. 98. 31...
rab (99. 81. 145...
rab (96. 171.67...
rab (180. 87. 70...
rab (54. 45. 76....
rab (67. 223. 55...
rab (189. 93. 24...

‘/ N\ (’ N ’/"‘\ .
(A) (2a) () .\Q/,w SimpleAgent

location

{51.454867658...
{37.713065300...
{37.508191731...
{92.256108104...
{97.290306920...
{51.469727905...
{25.560744310...
{75.709297793...
{33.386883396...
{68.936932627...
{7.0288356905...
{49.410029641...
{10.728018127...
{15.423154176...
{20.736089647...
{88.825467574...
{34.349819171...
{39.225633940...
{16.062299931...
{40.014702015...

name

'SimpleAaent0’
'SimpleAaent1’
‘'SimpleAaent2’
'SimpleAaent3'
'SimpleAaent4’
'SimpleAaent5’
'SimpleAaent6'
'SimpleAaent7'
'SimpleAaent8'
'SimpleAaent9’
'SimpleAaent10'
'SimpleAaent11'
'SimpleAaent12'
'SimpleAaent13'
'SimoleAaent14'
'SimoleAaent15'
'SimpleAaent18'
'SimpleAaent17
'SimpleAgent18'
'SimpleAaent 19’

opinion

0.44251€4033...
0.56872€8742...
0.6235161370...
0.56663720528...
0.6658831244...
0.6311607664...
0.7791995483...
0.5687268742...
0.2130192266...
0.5029072021...
0.58320985480...
0.6682848563...
0.4935022410...
0.6093212645...
0.6311607664...
0.4816172838...
0.4935022410...
0.5932985490...
0.5964384083...
0.6602867719...

- @

agent inspector

agent browser

11



Inspect by right clicking on a agent in a display

» Provides information about one specific agent.

> It also allows to change the values of its variables

during the simulation.

> It is possible to «highlight» the selected agent.

Actions
‘ @ Browse agents...

Agents
9 people231

@ people393

> Actions
>
‘ @ people1662 »
>
>

@ Focus on all displays
@ Focus on this display

(=) Highlight

&) kil

@ people1815
(%) people1991

\/

B[

@ Inspect_ [people1036] &3

|

) (S
&

U
Agent: people1036
location X 12.1205336 Yy 11.2267751 z 0.0
name people1036

shape {12.120533675454382,11.22677512635425,0.0} a

> host Schelling3_model(0)

ishappy [ D

neighbours []

12



Inspect informations by agent browser

» The species browser provides informations about all or a

selection of agents of a species.

» The agent browser is available through the Agents menu

or by right clicking on a by right_clicking on a display

=0

{11.0.59.0.0.01
{a7 0390001
{37.0.9.0.0.00

{21.0.61.0.0.0
{41.0.53.0.0.01
{35.0.97.0.0.01
aso091000
{33.0.75.0.0.0
{33.0.31.0.0.0
{29.0.75.0.0.01

a atfo e d ed pe e Age e elp
® e . prey_predator - /Applications/Gam Eclipse/configuration/org.eclipse.osgif16/0/.cp/models/Tutorials/Predator Prey/models/Model 09.g:
R oot eac © nspect experime O ® 3
-
=M @ main_display $3 @ info_display| M) ation O Actio
5 i WO @
4| Population of pre g8 O
Prey -
gﬁ oro e pre PDOP d O
4| Population ot predato
Initial number of preys
a5 Population o pgetatio S Age
HH Browz2(0): popu aticn of prey 52 ]
Prey max energy 4| O to 49
Prey max transfert ah 010 99 Attributes #  color ane energy~ enerjy it location
. 0 *ble 00005 05
Prey energy consumption g3/ 10010 149 — 1 e 00005 05
» = 0 ae 2 °be D0 005 05
Prey probability repraduce - Q color 3 oble 0.0 C.05 06
anerey 4  “ble 00005 05
Prey nb max offsprings - 5 “bue 00005 05
snercy_consum 3] “hhe D0 ON5 05
Prey energy reproduce anergy.faprodiice 57; :::: gvg 323: g::
nost 9 “ble 00005 05
Risdaio ceation .08 08

-
=

°ble 00 0.05 05
Tax_energy 12 °ble 0.0 0.05 05

13 °ble D0 0.05 06
°ble 0.0 0.05 05
Tembers 15 bl 00 C.O5 05

16 °ble 00005 05
wyCell 17 °bue D0 005 05
Ty.icon 18 °ble D0 0.05 06

10 °bhe 00 0.05 05
name 20 “bhe 0.0 005 05
nb.maccfeprngs 21 °De 00 G.05 05

22 °ble 00 CL> 05
owers 23 °ble 00 C.D5 05
proba_rapmcksce 24 °bue D0 C.05 05

25 °ble 00005 05
shape 26 °bue 00005 05
77 “bue 00 (L.0> 05
28 °ble 00 C.05 05
20 °ble 00 0.05 05
30 °bhe 00005 05
31 °bue 00005 05
37 “bue 00 (.05 05
ble 00 C.O5 05
ble 0.0 0.05 05
"ble 0.0 0.05 05
°ble 20 0.05 05
“blue 0.0 (.05 05
°ble 00 C.O5 05
ble 0.0 0.05 05
"ble 00 0.05 05
*ble 0.0 0.05 05
“bue 0.0 (.05 05
°ble 00 C.O5 05
°ble 00 0.05 05
"ble 0.0 0.05 05
*ble 20 0.05 05

rax_transfert

™ o™ o = ™ | | | |

sice

SHEROR2BBBLRBEN

{33.0.61.0.0.01
{37.0.77.0.0.01
{35.0.15.0.0.0
{91.0.6.0.0.0

{30.0.43.0.0.01
{13.0.27.0.0.01
{73.0.23.0.0.01
{33.0.41.0.0.01
{47.0.37.0.0.01
{51.0.95.0.0.01
{41.0.29.0.0.01
{5.0.23.0.0.01

181.0.85.0.0.0}
{51.0.73.0.0.01
(5.0.49.0.0.01

{45.0.87.0.0.01
{23.0.27.0.0.01
70230001
{59.0.16.0.0.0
92.0.13.0.0.01
{35.0.45.0.0.0
{45.0.59.0.0.01
{97.019.0.0.01
{31.0.73.0.0.0!
(23.0.89.0.0.01
{77.0.17.0.0.01
{13.0.47.0.0.01
770790000
{75.0.97.0.0.01
(7.0.45.0.0.01

{5.0.73.0.0.0

{35.0.23.0.0.01
{3.0.53.00.01

{55.0.83.0.0.01
{15.0.55.0.0.01
{51.0.85.0.0.0}
{41.0.91.0.0.0}

@

. N
©
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prey
my_icon name

vewetaiion celll.. filel/Aoolication... 'vrav0’
veaetation celll . filat/Annlication. . ‘orav]’
ion calll-. filel 'orav2'
celll.. filel 'orav3'
celll.. filel/Aoclication... 'oravd’
tion celll-. filel"/Avdlication... 'vrav3'
veaetation celll . filarJAnnlicarion . 'nrave’
ion calll—. filel i 'orav?'
celll.. filel 'orav3'
tion cell(.. filel ‘oravd’
veuelaiion celll.. filel/Avulication... 'vrev10’
1l celi(.. filer ‘oravil’
tion celll—. filel 'orav12'
ion celll-. filel 'orav13'
tion celll.. filel 'orev1 g
ion cell(.. filel’ ‘wrav13
vegetation cell(.. filer/Apolication... 'oravis’
tion celll—. filel icati 'orev1 7'
celll.. 'orav13'
celll.. I 'orev19'
veaetaiion celll.. filel/Avdlication... 'vrev20’
veaetation cell(.. filei/Apolication.. ‘orav21’
tion cell(—. filel ‘orev2?
celll.. filel 'orav23'
celll.. filel ‘orev24!
veaelalion celll..  filel/Aulicali ‘wrev23
veaetation cell(.. filei/Apolication.. 'orav2s’
veaetation celll_. filal"/Annlication... 'orav? /'
celll.. filel i 'orav23'
celll.. filel 'orev29d'
vewelalion celll.. filelAvdlicalion... ‘vrev30’
2 cell(... filel /Al ... 'orev3dl’
veaetation celll_. filal"/Annlication... 'oraviy’
ion celll.. filel icati 'orav33'
Vi tion celll.. filel ‘'orev34
cell(.. filel 'orev3s
veaetatlon cellf.. filei/Apolication.. 'orav3s’
tion celll_. filel .. 'Oraviz
ion celll.. filel icati 'orav33’
tation celll... filel ‘orev3d'
tation celll.. filel ‘orevad'
tlon cellf... fllet ‘oreval’
tion celll—. filel" /At - 'orava?2’
tation celll.. filel 'orava3'
tation celll... filel ‘'orovad
ion cellf... filel ‘orevas'
tlon cell(.. filel /A .. 'Orevas’

- @

nh_may_|

DA N T AN NTAONANTANNANTANNANTANNNNAANANNAOONNAGO OO N A
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Take 5-10 minutes to explore some of the models of the
Models Library.

Toy Models\ Ants (Foraging and Sorintg) \ Ant Toy Models \ Boids \ Boids 3D Motion.gaml
Foraging.gaml Experiment 3D

Experiment Classic

Toy Models\ Life \ Life.gaml Toy Models\ Segregation (Schelling) \ Segregation
Experiment Game of Life (GIS).gaml
Experiment schelling 14



Write a modael: the
Schelling’s segregation
modael



Urban Segregation Model proposed by Schelling

2 In 1969, Schelling introduced a model of {, (‘
segregation in which individuals of two different oe522¢
colours, positioned on a grid abstract 0 f (; 0 o
representation of a district), choose where to e
ive based on a preferred percentage of R o i i
neighbours of the same colour. '»Httj Yot ; x“

Thero axe 00 coing on the "

CaU ’ \\.' ¢ - :
seThove 20 usige

Vs 3
-

3 o
M..\{‘ ot 1xm om J; ils; ne I
randiam al l . Sda
Id réplace 4 d.v:..x'

l' 2 ’Rn‘gt Squas

. . {Tie rovas + ;‘ ) s Ur a per nny with & =0 ’~,\.
» Using coins on a board, he showed that a small i 1 + board with 64 cll, 45 opeppien - ,:"~“-
_.( g 1o and : o re the Mere .c ofe we lr _____ :l
preference for one's neighbours to be of the r ke .J.‘ ““ " ol Th \
same colour could lead to total segregation. Pk o _ ativel, the g
\ s a5 bUck and
: L¥ ove wirls g

2 It is a good example of a generative model,
where the emergence of a phenomenon here,
segregation) is not directly predictable from the

knowledge of individual .



Proposed implementation of the Model

» People agents of 2 different colors
(red and yellow) live in a continuous
environment

> At each simulation step, each
people agent:

»computes if it is happy: it is
happy it the rate of people
agents at a distance
neighbours_distance of the same
color is higher or equals to the
threshold similar_rate_wanted

zit it is not happy, it moves to a
random location

S

Similar_rate = 1/3 = 0.333
happy if similar_rate >= similar_rate_wanted




Step 1: definition and display of the people species

» Objectives:

= Definition of the people species

= Creation of 2000 people agents
randomly located in the
environment

= Display of the agents




Import existing projects into the

workspace

» .@ Library models (4 projects)
> E Plugin models (9 projects)
> m Test models (17 projects, not yet run)

I+ . . T
v }
$ Qo > Moawapoect.

¢ ‘ @ | (@‘ External files from disk...

E External files from archive...

@® @ wsGama1.8RC2JavaPhilippines - Gama
| 3
-Models} MNE®EZE= 8

; User-defined models Q

»
. @ 47 other...
[@ Refresh F5
©- Validation 3% l Z = = 8 ||% search X ] 9 ¢ 8% =RESy w4 ¥v= 08
'heading' - 194 matches in workspace
15 errors, 74 war...ngs, 1 442 othe @ v ¥ o= Moving3L.gami (2 matches)
Description A Projec > 87: draw line([{location.x,location.y,location.z},{location.x+directionSize*cos(pitch)*cas (heading),location.y+directionSize*cos(p|
) Action expose does not exist in userAgent Hoant|| ¥ (= Agent Perception
A ——— e e A A e S S L e e [ pp——") W= NMantiniinne Cinld Af \Vician ~aml 1D mmatshacs)

F
IE 1 item selected

Q-M of 1633M |Wf (3]

Select a directory or an archive to search for existing GAMA projects.

oseIEC1

Select archive file: v

Projects:

Select All
Deselect All

Refresh

| Search for nested projects

| Hide projects that already exist in the workspace

@ Cancel

19



Creation of a new project

s)
)
notyet run)

els)
Is)

& Gama Platform ['File

8 New
w4 Open File...

Close
Close All

n Save
n Save As...
n Save All

Edit Search Views Help

XEN »

No simulation runr

; User-defined models

> .@ Library models (4 4
> m Plugin models (9 p
> m Test models (17 pr

2 User models (3 pro,

EscapeTraining (|

> includes = Move...
> models (9 mode
n Rename...
README.md

» | HoanKiemaAir (1
P o Test (1 model)

@ Refresh
. Print...

'3 Switch warkspace...
":, Restart GAMA

©- validation &3

15 errors, 74 war...ngs, 144

n Properties
Description

) Action expose does not exist in userAgent

T I A e

ﬁ Gama Project...

W Model file...

‘ Experiment file...

W Test experiment file...

i Other...

#BN

IB 1 item selected

® o
New GAMA Project
Create a new GAMA Project.

Project rame:

Configure as a test proje

Craate anew model file

© concel (T

b
o
0
o

=

@

> E Library models (4 projects)
> &] Plugin models (9 projects)
> m Test models (17 projects, not yet run)

Ivﬂ [i] New...

@ Refresh

L NON | wsGama1.8RC2Ja
B8 Models | TEEERE
: User-defined models Q

M GaMA Project...

@: External files from disk...

E External files from archive...

@ Other...

@~ Validation &3 ]

= Zp T 0O || 4 search 23]

(15 errs, 7 war-nge 1 coz oo A CY

'heading' - 194 matches in workspace
¥ 4= Moving3L.gami (2 matches)

Description ~ Projet > 87: draw line([{location.x,location.y,
) Action expose does not exist in userAgent Hoant|| ¥ [Zyégent Perception
M At e et R W 2 Nantinunie Cinld Af Vicinn ~aml (9 cnabebo
l 1 item selected

® o
Model file

Container:

Choose a template:

File name:

Author:

Model name:

Create 2 documentation template ?

Model description:

/TrainingSession/models Browse...
empty o skeleton test
Schelling1.gaml I
ben
Schelling1
 Yes ° No
Cancel

I. Models

it Models shipped with GAMA

Q

i Library models (4 projects)
> m Plugin models (9 projects)
B m Test models (17 projects, not yet run)
YE User models (2 projects)

> 1 EscapeTraining (9 models)

| a ¥ | TrainingSession (1 madel)

includes

¥ o models (1 model)

P oG Schelling1.gaml (1 experiment)
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Creation of a new model file

r. wsGama1.8RC2JavaPhilippines - TrainingSession/models/

No simulation running

- Mode,s] FE@E= = 0 |[« schellingt.gaml §3 |

I TrainingSession Q

> E Library models (4 projects)
» m Plugin models (9 projects)
> Test models (17 projects, not yet run)
v % User models (2 projects)
> EscapeTraining (29 models)

» Schelling1 & Add experiment

1= /***
2 * Nome: Schellingl
3 * Author: ben

4 * Description:

5 * Tags: Tagl, Tag2, TagN
6

r

R

ok /

v mode @ Import...

[IJ Export...

@ Reveal in OS

Rename...
Copy
@ Delete

O validation 32 E Close Project
S retesn

Description
» % Warnings 2/ ({3j]| Local history...
» @ Information (1___—

L Tacke (L item)

Generate Markdown Documentation

mndal Srhalldnal

W Model file...
> D Experiment file... var
L}j Test experiment file...
| ne
> [i] Other... %N

F2

#EC

FS

[ JON )
Model file

Container: /TrainingSession/models Browse...

Chaoose a template: ) empty o skeleton test
File name: | Schelling1.gaml|
Author: ben
Model name: Schelling
Create a documentation template ? Yes o No

Model description:

Cancel

1 mymodel

obal {

}

output {
}

experiment mymodel type: gui {
/*¥* Insert here the definition of the input and output of the model */

/** Insert the global definitions, variables and actions here */
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Introduction to the main concepts of the
GAMA Modelling Language - GAML

> The role of GAML is to support modellers in writing
models, which are specifications of simulations that
can be executed and controlled during experiments,
themselves specified by experiment plans.

» Agents in GAML are specitfied by their species, which
provide them with a set of attributes (what they are,
know...), actions (what they can do), behaviours
(what they actually do) and also specifies properties
of their population, for instance its topology

» Everything is an agent in GAML: the model itself
(called the world), the agents defined in it, the
experiments...

22



Therefore, the structure of a model in GAML is simply a set of
species declaration statements

General Structure of a model

> 3 types of block declaration
(equivalent to species statements)

model my_model

ted: global {
are supportea. /** Insert the global definitions,
-Global (unique): global attributes, * variables and actions here

*/

actions, dynamics and initialisation. !

- Species and Grid: agent species.
Several i tatement nb species my_speciesq{
everal species statements ca < /** Insert here the definition of the

defined in the same model. * species of agents

- Experiment : simulation execution Y
context, in particular inputs and
outputs. Several experiment experiment my_model type: guil {

/*¥* Insert here the definition of the

* 1input and output of the model
*/

¥

2 ways to write commentaries (texts that are not just
part of the model but here for information purpose):
« //... :forone line. Example : //this is a
commentary

« /* ... 7"/ :can be used for several lines. Example : /*
this is as well a commentary */




Segregation model 1: People Species

» To do: We want to create and
display 2000 people agents.

> Steps to follow:
- Definition of the people species

- Creation of 2000 people agents
randomly located in the
environment

- Display of the agents

0as . X Y &
6 Pt O ¥ o
v o0 e Or A~
—~4 @ & -




Segregation model 1:
Step 1. People Species definition

» To do: define the species people:

» Solution:

People species definition

model my_model

global { }

species peopleq

h

experiment my_model type: gui { }

25



Segregation model 1:
Step 2. Creation of 2000 people agents

» To do: create 2000 people agents

» Hint: this done at the initialization of the simulation, so in the init

block of the global

» Solution:

Creation of 2000 people agents

model my_model
global {
init {
create people number:

¥
¥

species people{ }

experiment my_model type: gui { }

26



The GAML corner:

THE first cause of error in writing models is at the end of the line!

» The rule:

- Aline (i.e. a statement) always ends with either « ; » or a block of statements

- A block of statements is marked out by « { ... } ».

- A block allows to execute a set of instructions in the context of another statement (create
agents during the initialization).

Creation of 2000 people agents

model my_model

global {
init {
create people number: 2000;

h

species people{ }

experiment my_model type: gui { }

27



Segregation model 1:
Step 3. Display of the people agents

» To do: display the 2000 people agents

> Hint: the definition of the displays is made in an experiment

Display the people agents

model my_model
> Solution:

global {
init {
create people number: 2000;
hy
hy

species people{ }

experiment Schellingl type: gui {
output {
display people_display {
species people;
ks
ks
hy

28



The GAML corner: experiment block: output definition

> The output block has to be defined in an experiment
block

> It allows to define displays:

Each display can contain different displays: Ia{:;grz
- Agent species (all the agents of the species) : layer |

species my_species aspect: my_aspect

- list of agents :
agents layer_name value: agents aspect: my_aspect;

- Grids: optimised display of grids:
grid grid_name lines: my_color;

- Images:
image layer_name file: image_file;

- Charts: see later

A refreshing rate can be defined: facet refresh: nb (int)

29



Segregation model 1:

Step 3. Display of the people agents

» To do: display the 2000 people agents

» Result: people are only displayed as points, with the same color for

all the agents.

Default random seed

M interactive console [Q Console &3 | z =

N\ ‘/ N\ TN e / ™\
W WO ™

u

® @ = Schelling1 - {Users/ben/DevfwsGama1.8RC2JavaPhilippines/TrainingSession/models/Schelling1.gaml

ey N N

1% ®e) —e O Q

:T,—: Model Schelling1 / Experim... £3 l- Models| = 8 i people_display 5% ZZMH = 8
| —]
& e &0\ N A /;\ RN /T‘

N W B @ &)
Random number generation
Random number generator Mersenne

‘of1637M :
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Segregation model 1:
Step 4. Define the way agents are displayed through an aspect

» To do: define an aspect for the people agents

» Solution: define an aspect in the people species and use it in the

display.

Define an aspect for people agents

species people {
aspect asp_circle {
draw circle(1.0) color: #red border: #black;

}

Display the people agents

experiment Schellingl type: gui {
output {
display people_display {
species people aspect: asp_circle;

¥




Segregation model 1:
Step 4. Define the way agents are displayed through an aspect

» To do: define an aspect for the people agents

» Results:

@ @ & Schelling1 - /Users/ben/Dev/wsGama1.8RC2JavaPhilippines/TrainingSession/models/Schelling1.gaml
[/7‘ Experiment ready ::’: ( _’:'). —( :::5\: (g/\l a
‘_T,—: Model Schelling1 / Experim... &3 ]- Modelsl = B8 ‘i people_display 53 FZZ M= B8
= /?|
@ L o
& @®
Random number generation
Random number generatar mersenne

Default random seed

W Interactive console {. Console 23 == 0

YOR ) (B N
W W ™

' of 1636M |




The GAML corner: A statement represents either an
imperative command or a declaration

> Each line in a GAML model is a statement.

\ 4

> It consists in a keyword, followed by a list of facets (some of them

", n

mandatory), ended by “;” or a block of statements.

L\\\" 4

> A facet is a keyword, followed by “:”, and an expression.

L\\\" 4

- Note that the keyword of the first facet can usually be omitted.

- If the statement is a declaration, the first facet contains an identifier.

\ 4

> A block is a set of statements enclosed into curly brackets (“{" and “}" )

Example of statements

global {
init {
create people number: ;

¥
¥

species people{ }
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The GAML corner: A statement represents either an
imperative command or a declaration

» Each line in a GAML model is a statement.

> It consists in a keyword, followed by a list of facets (some of them

", n

mandatory), ended by “;” or a block of statements.

", n

> A facet is a keyword, followed by “:", and an expression.
- Note that the keyword of the first facet can usually be omitted.

- If the statement is a declaration, the first facet contains an identifier.

> A block is a set of statements enclosed into curly brackets (“{” and “}" )

Example of statements

global {
init {
createllpeople|lnumber: ;

¥
¥

species people{ }
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The GAML corner: A statement represents either an
imperative command or a declaration

> Each line in a GAML model is a statement.

\ 4

> It consists in a keyword, followed by a list of facets (some of them

", n

mandatory), ended by “;” or a block of statements.

L\\\" 4

> A facet is a keyword, followed by “:”, and an expression.

L\\\" 4

- Note that the keyword of the first facet can usually be omitted.

- If the statement is a declaration, the first facet contains an identifier.

\ 4

> A block is a set of statements enclosed into curly brackets (“{" and “}" )

Example of statements

global |{
init 1
create|people number: 5

¥
¥

species people{ }
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The GAML Corner: example of statements

# GamaPlatform File Edit Search Views [Model| Help
®ec e

» The GAML language e

[ vodeis|
v [B Fold code sections

L]
_t » B Library models (4 projects) v B8 Mark occurences of symbols -
COI I a I I IS I I I a I ly Pmr’lugln models (9 projects) bn

Colorize code sections

a1 8RC2.JavaPhilippines - TrainingSession/models/Scheling1 gaml - Gama

5% |- Scheling0.gaml | o) Schelling1.gam| [o-) schelling_etapet.gaml | ,-) Scheling3.gaml |4 Est

I Acd experiment

pn X

Status

> Test models (17 projects, not yet run)
vg User models (6 projects) v BR show markers overview i, TagZ, Tagh
t t m t L > EscapeTraining (9 models)
S a e e n S . v OpinionDynamic (1 model) koach ingl
-
> o | models (1 model) Templates Glcball >
¥ o Schelling (4 models) Species % Release
d v 1 models (4 models) [@ Buitt-in structures Experiment > e
- ra W ¥ oG Schellingd.gam’ (1 exoeriment| . Operators gteaf::::z:t : Pui.
> © Cortents Examples > Statement > o]
> b Experiment exp D Colors Custors - T ~ FEAattch
_ C re a te ¥ o9 Schellingt.gam (1 exoeriment| odal Behavior > “2::
P oG Schelling2.gam’ (1 exoeriment) ' Layer > :
P oG S-chelli'\aloam (1 exoeriment ﬁ imported in... :;;{g&:z)) *i o Species » Using
v o schelling_simple 8 A rerts st B Batch > Exit
I includes neis color <- #yellow; Parameter > R
- O O p v models (3 madels) Operator | 2

Valicate

> o6 schelling_etepet.gaml (1 expeiment) Add new termlate here... User_command
> 4G schelling_etzpe2.gaml (1 expeiment) 'a Validate all asp_circle { Diffuse
|_F | b .6 schelling_etspe3.gaml (1 experiment) 30 ; circle(1.9) color: cclo~ border: #black; Save
= e S e ¥ o TrainingSession (1 model) 31} Assert
includes 32 Arg
330 expariment Schellingl type: gui { Draw
. v 1 models (1 madel) 34e output { Transition
declaration v s i e
» © Cortents ;g N species people uspect: asp_circle; e
» P Experiment Schelling1 38 } Focus_cn
393 User_input
loop times: an_int_expression { > Loop
e o o loop while: a_bool_expression { » Create
loop a_temp_var over: a_collection_expression { > Add
loop a_temp_var from: int_expression_1 to: int_expression_2 { > Capture
o= validation 22 l loop a_temp_var from: int_expression_1 to: int_expression_2 step: int_expression3 { > Warn
- inta<-Q; > Solve
list the_list <-list (species_of (self)); > Ty
Description ~ Project Perceive
» % Warnings (2 items) Add new template here... Migrate
» @ Infermation (1348 items) Error

» 0 Tasks |1 item)

Remove
Switch

Highlight

» Example of the if - else: =

Add new template here...

Y Y YV Y YV YV Y Y Y Y Y Y Y Y Y Y Y YYVYVYYYVYVYVYYYVYYYYVYVYYVYYYY

1f( condition ) {

set of statements to perform if the condition 1is true
} else {

set of statements to perform otherwise



Segregation model 1:

Step 5. Define the color of each agent

» To do: each agent is displayed with a color (red or yellow) that

characterize it

» Hints: each people agent will be characterized by a color value, which
is initialized to a random color (among red and yellow).

» Solution:

- Add a color attribute
to the people species

- Initialize it to a random
color value among
red and yellow.

- Use the color in the display

Add the color attribute and initialize it

species people {
rgb color;

init {
1fC flip(2.5) ) {

color <- #red;
} else {
color <- #yellow;

¥
¥

aspect asp_circle {
draw circle(1.0) color: color border: #black;

h
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Segregation model 1:
5. Define the color of each agent

\ 4

TN\ 4

TN\ 4

> To do: each agent is displayed with a color (red or yellow) that

characterize it

> Hints: each people agent will be characterized by a color value, which

is initialized to a random color (among red and yellow).

> Solution:

- Add a color attribute
to the people species

- Initialize it to a random
color value among
red and yellow.

- Use the color in the display

Add the color attribute and initialize it

species people {
rgb color;

init {
1fC flip(2.5) ) {

color <- #red;
} else {
color <- #yellow;

¥
¥

aspect asp_circle {
draw circle(1.0) color: color border: #black;

h
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Segregation model 1:
5. Define the color of each agent

\ 4

L\\\" 4

L\\\" 4

> To do: each agent is displayed with a color (red or yellow) that

characterize it

> Hints: each people agent will be characterized by a color value, which

is initialized to a random color (among red and yellow).

> Solution:

- Add a color attribute
to the people species

- Initialize it to a random
color value among
red and yellow.

- Use the color in the display

Add the color attribute and initialize it

species people {
rgb color;

init {
1fC flip(0.5) ) A

color <- #red;
} else {
color <- #yellow;

¥
¥

aspect asp_circle {
draw circle(1.0) color: color border: #black;

h
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Segregation model 1:
5. Define the color of each agent

\ 4

TN\ 4

TN\ 4

> To do: each agent is displayed with a color (red or yellow) that

characterize it

> Hints: each people agent will be characterized by a color value, which

is initialized to a random color (among red and yellow).

> Solution:

- Add a color attribute
to the people species

- Initialize it to a random
color value among
red and yellow.

- Use the color in the display

Add the color attribute and initialize it

species people {
rgb color;

init {
1fC flip(2.5) ) {

color <- #red;
} else {
color <- #yellow;

¥
¥

aspect asp_circle {
draw circle(1.0) color: color(border: #black;

h
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The GAML Corner: definition of a species

» 4 kinds of elements can be defined
In a species:

- The internal state of the agents of this
species (attributes).

- Their capabilities (action): blocks that
will be executed only when called.

- Their behavior (reflex): blocks that will
be executed at each step.

- Their way of being displayed (aspect).
» In addition, an unique init block can

be used to initialized agents at
their creation.

> Note: global, grid, experiment are
kinds of species and have the
same structure.

RO
o’

General structure of a species

species my_species {
string a_variable;

init { }

action my_action { }
reflex my_behavior { }
aspect my_aspect { }

All GAMA agents are provided with some
built-in attributes :

* name (string)

- shape (geometry) X — \

* location (point) : centroid of its shape

41




The GAML corner: Init block

> For each species, an init block can

be defined

> It allows to execute a sequence of
statements at the creation of the
agents

> Activated only once when the agent

is created, after the initialisation of
its variables, and before it executes
any reflex

L\\\ "]

> Only one instance of init per species

//0nly executed when world agent 1is
created
init {
write

}
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GAML: declaration of an attribute

» GQeneral declaration of a variable: data_type a_variable;

» The data_type describes the kind of data stored in the variable. It can be:

int (integer), float, string, bool (boolean value, i.e. that can be only true or false),
point, list, pair, map, file, matrix, species name, rgb (for the colors), graph,
path...

» Additional facets:
<- : (initial value),
update: (value computed at each simulation step),
->: (value computed each time it is called),

min: (minimum value, if the value should become lower than the min, it is set to
the min value).

MmaxX

species people {
rgb color <- #red;
int age <-1 min:1 max: 120 update: age + 1;



The GAML corner: built-in constants

» GAML provides a set of built-in
constants, starting with #
- colors: #red, #yellow, #darkgrey...
- units: #s, #h, #mn, # day, #m, #km...
- mathematical: #pi, #e, #infinity...

- Graphical units: #zoom,
#camera_location

® Gama Platform File

(]
L

No simulation running

Edit Search

. Models ]

a Schelling1.gaml

> .@ Library models (4 projects)
» m Plugin models (9 projects)
»> m Test models (17 projects, not yet run)
v User models (5 projects)

» ] EscapeTraining (9 models)

¥ o) OpinionDynamic (1 model)
’ L ]
v ! Schelling (4 models)

v ,_| models (4 models)

| models (1 model)

¥ oG Schelling0.gaml (1 experiment)
» &) Contents
» P Experiment exp
P oG Schelling1.gaml (1 experiment)
P oG Schelling2.gaml (1 experiment)
> ] Schelling3.gaml (1 experiment)
¥ 71 schelling_simple
| includes
V¥ o | models (3 models)
b oG schelling_etapel.gaml (1 experiment)
P oG schelling_etape2.gaml (1 experiment)
> .G' schelling_etape3.gaml (1 experiment)
¥ | TrainingSession (1 model)

| includes

Maodel Help

v g Display line number

v E Fold code sections

v g Mark occurences of symbols

Colorize code sections

v g Show markers overview
Insert
Templates
@ Built-In structures

u Operataors

0 Colors

Model
f:_, Imported in...
B Other experiments...

Validate
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The GAML corner: operators

» Whereas statements are commands or
declaration, operators are functions
that compute a value on one or

several operands.

» Unary operators are written:
- operator(operand1)
» Binary operators are written:
- Op1 operator Op2
- operator(Op1, Op2)
» When there are more
than 2 operands:
- Op1 operator(Op2, ...)
- operator(Op1, Op2, ...)

Add the color attribute and initialize it

species people {

rgb color;
init {
1f(C|fLlip(0.5) () {
color <- #red;
} else {

color <- #yellow;

¥
¥

aspect asp_circle {
draw |circle(1.0)(color: color border: #black;

}
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Back to the model

> Notes:
the three following ways
of initializing color are
equivalent in this case.

Add the color attribute and initialize it

species people {
rgb color;

init {
1fC flip(2.5) ) {

color <- #red;
} else {
color <- #yellow;

h

Add the color attribute and initialize it

species people {
rgb color;

init {

color <- (flip(0.5) ? #red : #yellow);

}

Add the color attribute and Initialize it

species people {

rgb color <- (flip(0.5) ? #red : #yellow);

h
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Summary of the model 1

Summary of model 1

model Schellingl e e s s o
32 Uedu Seraing | Eopermart Schalirg! 51| B weeds | ""+ :\_ilr s sbaler u] S —
Random nanbe gantratin r.-“ O q O 9 9 (\é . : G - Vai
lobal rient— I o Y R TR
g a 3¢ N O Gl C
o 2s¥° b @%@ Wl Feo S
i R AL LT
1nit { f,:fazx ofg;gg-g@é%g ‘
0 a8 0 e P R ot &
create people number: 2000; 2. SUSENR LS o
@ . S ¢ &4 ’ y

species people { T 6 w6 6

rgb color <- (flip(0.5) ? #red : #yellow);

aspect asp_circle {
draw circle(1.0) color: color border: #black;

}

experiment Schellingl type: gui {
output {
display people_display {
species people aspect: asp_circle;

}




Step 1.5 (dummy model): introduce agent move

» Objectives:

= Definition a random move of

people agents at each simulation
step




Segregation model 1.5: move
Step 1. Define a random move for agents

» To do: define a random move behavior for the people agents

» Hints: for an agent to move is simply to change its location.

» Solution:

Define a move behavior

species people {
rgb color <- (flip(0.5) ? #red : #yellow);

reflex move {
location <- any_location_in(world.shape);

}
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Segregation model 1.5: move
Step 1. Define a random move for agents

» To do: define a random move behavior for the people agents

» Hints: for an agent to move is simply to change its location.

» Solution:

Define a move behavior

species people {
rgb color <- (flip(0.5) ? #red : #yellow);

reflex move [
location <-/any_location_in{jworld.shapel};

}
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Segregation model 1.5: move
Step 1. Define a random move for agents

» To do: define a random move behavior for the people agents

» Hints: for an agent to move is simply to change its location.

» Solution:

Define a move behavior

species people {

reflex move [

}

rgb color <- (flip(0.5) ? #red

: #yellow);

location <-/any_location_in{jworld.shapel};

Note 1: all GAMA agents are provided with a location attribute that
defined the coordinate of the centroid of its shape. When the location
is modified, the shape of the agent is translated to the new location
and when the shape is modified, the location is re-computed.
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The GAML Corner:

Species are provided with a simple behavioural structure, based on
reflexes (what they actually do)

> A reflex is a sequence of statements that can be executed, at each time
step, by the agent.

reflex name when: condition{
[ statements]

> If no facet when are defined, it will be executed every time step.

> If there is one, it is executed only if the boolean expression evaluates to
true.

» Several retlex blocks can be detined in each species. Each will be
executed at each simulation step.

Note: The init block is a specific
reflex that is activated only once at
the creation of the agent
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Segregation model 1.5: move
Step 1. Define a random move for agents

» To do: define a random move behavior for the people agents

» Hints: for an agent to move is simply to change its location.

» Solution:

Define a move behavior
Reflex /s used

to define a behavior species people {
rgb color <- (flip(0.5) ? #red : #yellow);

T

reflex move k
location <- any_location_in]world.shape%&\

¥
¥
Compute a random world is the global agent.
location in a geometry Its shape is the spatial

environment in which
agents are located.
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Step 2: definition of the people agent dynamics

» Objectives:

. : K T < D)
= Definition of global variables (nb_people, ‘ ‘ A{i‘."%"\".
similarity_rate, neighbour_distance...) " ' LY

= Definition of the neighbours attribute for the
people agents

= Definition of a computing neighbours
similarity behaviour for the people agents

= Definition of a moving behaviour for the
people agents




Segregation model 2:
Step 1. Global attribute definitions

> In the following we need to compute:

- the neighbourhood of each people agents, that is the agents at a given
distance

- The satisfaction in its neighborhood: that is the rate of agents of a different color
compared to a rate of similarity wanted.

» These 2 values (neighbours_distance and rate_similarity_wanted) will
have the same value for all the agents, we define thus them as global
attributes.

Define global attributes

global {
float rate_similar_wanted <- ;
float neighbours_distance <- ;

init {
create people number: ;

}




Segregation model 2:
Step 2. Neighbours definition for people species

» To do: define an attribute for the people
species called neighbours (containing the ‘
agents in the neighborhood) and compute ‘
its value.

neighbours\ distance

- Type: list of people agents;
- Value: update at each simulation step with the

people agents that are at a distance lower or
equal to neighbours_distance

» Solution: o
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Segregation model 2:
Step 2. Neighbours definition for people species

» To do: define an attribute for the people
species called neighbours (containing the ‘
agents in the neighborhood) and compute ‘
its value.

neighbours\ distance

- Type: list of people agents;
- Value: update at each simulation step with the

people agents that are at a distance lower or
equal to neighbours_distance

» Solution: -

Define and compute neighborhood

species people {

rgb color;

list<people> neighbours update: people at_distance neighbours_distance;
// Behavior and aspects

}
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Segregation model 2:
Step 2. Neighbours definition for people species

» To do: define an attribute for the people
species called neighbours (containing the ‘
agents in the neighborhood) and compute ‘
its value.

neighbours\ distance

- Type: list of people agents;
- Value: update at each simulation step with the

people agents that are at a distance lower or
equal to neighbours_distance

» Solution: -

Define and compute neighborhood

species people {

rgb color <- (flip(0.5) ? #red : #yellow);

list<people> neighbours update:| people at_distance neighbours_distance;
// Behavior and aspects

}
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The GAML corner: The scheduler of GAMA

» The basic scheduler of GAMA works as
follows:

=  GAMA activates the world agent (global)
then all the other agents according to
their order of creation

=  When an agent is executed, first its update
its attributes (facet update of the
attributes), then it activates its reflexes
in their definition order

» Of course the Scheduler can be easily
tuned through the GAML language:

= modification of the order of activation of the
agents (than can be dynamic)

=  Fine activation of the agents using actions
(e.g.: agent1 executes a first action,
then agent2 executes an action, then
agentl executes again another
action....)

World

2) If | have reflexes, | activate them
_in their definition order

their definition order

Note: GAMA offers some specific
control architectures (finite state
machine, tack-oriented
architectures...) that can be added to
species
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Segregation model 2:
Step 3. Compute similarity rate and happiness level for the
people species

» To do: define a reflex called computing_similarity for the people species:
- if the neighbours is empty, set the rate_similar to 1.0

- Otherwise, compute the number of neighbours, then the number of neighbours
with the same colour as the agent, then set the rate_similar to the number of
similar neighbours divided by the number of neighbours

- Compute the happiness state of the agent (and store it in an attribute)

Similar_rate = 1/3 = 0.333
happy if similar_rate >= similar_rate_wanted

neighbours distance
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Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people
species

» To do:

define a reflex called computing_similarity for the people:

if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as the agent,
then set the rate_similar to the number of similar neighbours divided by the number of neighbours

Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes
list<people> neighbours update: people at_distance neighbours_distance;
bool 1is_happy <- false;

reflex computing_similarity {

float rate_similar <- 0.0;

1f (empty(neighbours)) {
rate_similar <- 1.0;

} else {
int nb_neighbours <- length(neighbours);
int nb_neighbours_sim <- neighbours count (each.color = color);
rate_similar <- nb_neighbours_sim /nb_neighbours ;

}

1s_happy <- rate_similar >= rate_similar_wanted;

}

//other reflex and aspect definition




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people
species

» To do:

define a reflex called computing_similarity for the people:

if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as the
agent, then set the rate_similar to the number of similar neighbours divided by the number of
neighbours

Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes

list<people> neighbours update: people at_distance neighbours_distance;
bool 1s_happy <- false;

reflex computing_similarity {

float rate_similar <- 0.0;

1f (empty(neighbours)) {
rate_similar <- 1.0;

} else {
int nb_neighbours <- length(neighbours);
int nb_neighbours_sim <- neighbours count (each.color = color);
rate_similar <- nb_neighbours_sim /nb_neighbours ;

}

1s_happy <- rate_similar >= rate_similar_wanted;

}

//o0ther reflex and aspect definition




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people

species
» To do:

- define a reflex called computing_similarity for the people:

- if the neighbours is empty, set the rate_similar to 1.0

- Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as the
agent, then set the rate_similar to the number of similar neighbours divided by the number of

neighbours

Com

pute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes

bool 1is_happy <- false;

reflex computing_similarity {
float rate_similar <- 0.0;
1T (empty(neighbours)) 1
rate_similar <- 1.0;
} else {
int nb_neighbours <- length(neighbours);

list<people> neighbours update: people at_distance neighbours_distance;

int nb_neighbours_sim <- neighbours count (each.color

color);

rate_similar <- nb_neighbours_sim /nb_neighb

}

1s_happy <- rate_similar >= rate_similar_wanted;

}

//other reflex and aspect definition

Note: local variables are variables that exist
only inside a block. These variables are
delete from the computer memory at the end
of the block

type my_local_variable <- init_value;




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people
species

» To do:

define a reflex called computing_similarity for the people:

if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as the
agent, then set the rate_similar to the number of similar neighbours divided by the number of
neighbours

- Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes
list<people> neighbours update: people at_distance neighbours_distance;
bool 1is_happy <- false;

reflex computing_similarity {

float_rate similar <- 0 O

1f |(empty(neighbours)) {
rate_similar <- 1.0;

} else {
int nb_neighbours <- length(neighbours);
int nb_neighbours_sim <- neighbours count (each.color = color);
rate_similar <- nb_neighbours_sim /nb_neighbours ;

}

1s_happy <- rate_similar >= rate_similar_wanted;

}

//other reflex and aspect definition




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people
species

» To do:

define a reflex called computing_similarity for the people:

if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as
the agent, then set the rate_similar to the number of similar neighbours divided by the number of
neighbours

Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes
list<people> neighbours update: people at_distance neighbours_distance;
bool 1is_happy <- false;

reflex computing_similarity {

float rate_similar <- 0.0;

1f (empty(neighbours)) {
rate_similar <- 1.0;

} else i
int nb_neighbours <- length(neighbours);
1nt nb_neighbours_sim <- neighbours count (each.color = color);
rate_similar <- nb_neighbours_sim /nb_neighbours ;

}

1s_happy <- rate_similar >= rate_similar_wanted;

}

//other reflex and aspect definition




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people
species

» To do:

define a reflex called computing_similarity for the people:

if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as
the agent, then set the rate_similar to the number of similar neighbours divided by the number of
neighbours

Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {
// other attributes
list<people> neighbours update: people at_distance neighbours_distance;
bool 1is_happy <- false;

reflex computing_similarity {
float rate_similar <- 0.0;
1f (empty(neighbours)) {
rate_similar <- 1.0;
} else {
int nb_neighbours <- length(neighbours):
int nb_neighbours_sim <- neighbours count (each.color = color);
FOCEe_SLIMLLAr <- ND_NeLgnbours_sim /ND_NeLgnpours ;
} Note: for list operators,

1s_happy <- rate_similar >= rate_similar_wanted; the keyword each
ks

//other reflex and aspect definition represents eaCh
1 element of the list




Segregation model 2:

Step 3. Compute similarity rate and happiness level for the people

species
» To do:

define a reflex called computing_similarity for the people:
if the neighbours is empty, set the rate_similar to 1.0

Otherwise, compute the number of neighbours, then the number of neighbours with the same colour as the

agent, then set the rate_similar to the number of similar neighbours divided by the number of neighbours

Compute the happiness state of the agent (and store it in an attribute)

Compute of similarity

species people {

// other attributes
list<people> neighbours update: people at_distance neighbours_distance;
bool 1is_happy <- false;

reflex computing_similarity {

float rate_similar <- 0.0;

1f (empty(neighbours)) {
rate_similar <- 1.0;

} else {
int nb_neighbours <- length(neighbours);
int nb_neighbours_sim <- neighbours count (each.color = color);
rate_similar <- nb_neighbours_sim /nb_neighbours ;

1

1s_happy <- rate_similar >= rate_similar_wanted;

}

//other reflex and aspect definition
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Segregation model 2:
Step 4. People moves when they are not happy

» To do:
- activate the move reflex only if the agent is not happy (not is_happy)

» Solution:

Modity the move behavior

species people {

reflex move|when: not is_happy H
location <- any_location_in(world.shape);

}




End of step 2




Step 3: definition of new parameters and outputs

» Objectives:
= Compute the total number of happy people and store it in a global variable
= Definition of an ending condition (when all people are happy)
= Definition of parameters
= Definition of a new monitor to follow the number of happy people

= Definition of a chart to follow the evolution of the number of happy people
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Segregation model 3:
Step 1. Computation of the number of happy people

» To do:

- detfine a global attribute called nb_happy_people:

- Type: int;

- Value: updated at each simulation step with the number of people agents that are

happy

» Solution :

Compute the number of happy people Global
global {

// other attributes
int nb_happy_people <- 0 update: people count each.is_happy ;
/...
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Segregation model 3:
Step 2. Stop the simulation

» To do:

- define a global reflex called end_simulation:

It is activated only when everybody is happy (i.e. the number of happy

people is equal to the number of people)

- call the « pause » action of the world agents that pauses the simulation

» Solution:

Stop the simulation when everybody is happy

global {
//attributes and 1init

reflex end_simulation when: nb_happy_people =
do pause;

¥

length(people) {
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The GAML corner: an action in GAML is a capability available
to the agents of a species (what they can do)

> Itis a block of statements that can be used
and reused whenever needed. An action

can accept arguments. action simple_action {
write "simple action”|

hy
» An action can return a result (statement
return).
return_type action_name (var_type arg_name,...)
{ Action that returns a value
[statements]
[return value;]

}

» Some actions are directly available (built-in
action, i.e. primitive) for all agents (e.g.
die action) or to specific agents (pause
action of the world agents) ¥

int  sum (int a <- 100, int b) {
return a + b;
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The GAML corner: an action in GAML is a capability available
to the agents of a species (what they can do)

> Itis a block of statements that can be used
and reused whenever needed. An action

can accept arguments. action simple_action {
write "simple action”|

hy
» An action can return a result (statement
return).
return_type action_name (var_type arg_name,...)
{ Action that returns a value
[statements]
[return value;]

}

» Some actions are directly available (built-in
action, i.e. primitive) for all agents (e.g.
die action) or to specific agents (pause
action of the world agents) ¥

int | sum (int a <- 100, int b) {
return a + b,
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The GAML Corner: Different ways to call an action in GAML

» (Call a action that does not return any value:
do action_name(vl,v2);
» Call an action that returns a value:

my_var <- self action_name(argl:vl, arg2:v2);

» Examples:

do action_simple;
int d <- self add(10,100);

int d <- self add(b:100);
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Segregation model 3:
Step 3. Parameter definition

> To do: define 3 parameters:

- attri
- attri
- attri

pute: nb_people, legend: « nb of people »

pute: rate_similar_wanted, legend: « rate similar wanted », min: 0.0, max: 1.0

oute: neighbours_distance, legend: « neighbours distance », step: 1.0
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The GAML corner: parameter definition

» Parameter (defined in the experiment block):
parameter legend var: var_name category: my_cat;

- Allow to give the user the possibility to define the value of a global attribute
- legend: string to display
- var_name: reference to a global attribute

- category: string (use to better organise the parameters) - optional

O ® . Schelling1 - /Users/ben/Dev/wsGama1.8F
(e TN TN = N
: Experiment ready ) ) ® f:‘)/ (xX)
| 5= Model Schelling1 / Experiment Schelling? 2 | Il Models = = O ’il people_display 53
Example:
P Q@
General \S&)

nb of people 2000

rate similar wanted _. é O

neighbours distance 5.0

Random number generation %

Random number generator mersenne

N 4

Default random seed %
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Segregation model 3:
Step 3. Parameter definition

> To do: define 3 parameters:
- attribute: nb_people, legend: « nb of people »

- attribute: rate_similar_wanted, legend: « rate similar wanted », min: 0.0, max: 1.0

- attribute: neighbours_distance, legend: « neighbours distance », step: 1.0

» Hints: nb_people has first to be defined first as a global variable,
before becoming a parameter.

Define a global variable for the number of people

global {
int nb_people <- ;
fLoat rate_simiLar_wanted <- ;
float neighbours_distance <- ;

int nb_happy_people <- update: people count each.is_happy ;

init {
create peoplelnumber: nb_people;

}

reflex end_simulation when: nb_happy_people = nb_people|{
do pause;

}




Segregation model 3:
Step 3. Parameter definition

» To do: define 3 parameters:

attribute: nb_people, legend: « nb of people »

attribute: rate_similar_wanted, legend: « rate similar wanted », min: 0.0, max: 1.0

attribute: neighbours_distance, legend: « neighbours distance », step: 1.0

» Hints: nb_people has first to be defined first as a global variable, before

becoming a parameter.

Define parameters

experiment Schellingl type: gui {

parameter var: nb_people;

parameter var: rate_similar_wanted min: 0.0 max: 1.0;
parameter var: neighbours_distance step: 1.0;

output {

display people_display {
species people aspect: asp_circle;

h
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Segregation model 3:
Step 3. Parameter definition

» To do: define 3 parameters:
- attribute: nb_people, legend: « nb of people »
- attribute: rate_similar_wanted, legend: « rate similar wanted », min: 0.0, max: 1.0

- attribute: neighbours_distance, legend: « neighbours distance », step: 1.0

» Hints: nb_people has first to be defined first as a global variable, before
becoming a parameter.

Define parameters Global

experiment Schellingl type: gui {
parameter var: nb_people;
parameter .
parameter '

- 1.0;

output {
display
spec
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Segregation model 3:
Step 4. Monitor the number of happy people

» To do: define a monitor to follow the evolution of the number of

happy people
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The GAML corner: monitor definition

» A monitor is an output allowing to display the current value of
an expression

» The data to display have to be defined inside the output block:
monitor legend value: value

Example

experiment main_experiment type:gui{
//...parameters
output {
monitor "Infected people rate" value: infected_rate;

//...display
}
}
&l Monitors &3 00 _©‘E$=E
| @ Infected people rate 0.486 il & |
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Segregation model 3:
Step 4. Monitor the number of happy people

» To do: define a monitor to follow the evolution of the number of

happy people

» Answer:

Define a monitor

experiment Schellingl type: gui {

parameter var: nb_people;

parameter var: rate_similar_wanted min: 0.0 max: 1.0;
parameter var: neighbours_distance step: 1.0;

output {

display people_display {
species people aspect: asp_circle;

}

monitor "nb of happy people" value: nb_happy_people;
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Segregation model 3:
Step 5. Plotting the number of happy people

» To do: define a chart in a new display called display_chart to follow
the evolution of the number of happy people.
- chart name: « evolution of the number of happy people », type: series

- data: "nb of happy people", value: nb_happy_people, color: green
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The GAML Corner: chart definition (in experiment block)

» GAMA allows to display several type of charts :

’

- Pie

- Series

- Histogram
- XY chart

» A chartis a layer in a display:
chart legend type: chart_type

» The data to display have to be defined inside the chart
block:

data legend value: value color: colour
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Segregation model 3:
Step 5. Plotting the number of happy people

» To do: define a chart in a new display called display_chart to follow
the evolution of the number of happy people.

- chart name: « evolution of the number of happy people », type: series

- data: "nb of happy people", value: nb_happy_people, color: green
» Answer:

Define a chart

experiment main_xp type: gui {
// parameter definition

output {
// display monitor
// map display definition
display chart {
chart type: series{
data value: nb_happy_people color: #green;

¥




End of step 3

| EON ) «. Schelling1 - /Users/ben/Dev/wsGama1.8RC2JavaPhilippines/TrainingSession/models/Schelling3.gaml|

@ (:) Experiment: 19 cycles elapsed ® @ @ ® o

5= Model Schelling1 / Experiment Schelling1 3 I. Modelsl Zz = 8 @ people_display 5% I T2 W = 8 ([ Monitors &R l Z =
> @ ®O 00 & WO G
-

General

nb of people 2000

rate similar wanted B ——

neighbours distance 5.0
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Other implementations of the model are possible!
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