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Objectif

- Ici
- Etudier les voies les plus utilisées sur le

campus pour mettre des panneaux
d’information / développer la sécurité

(trottoirs,...)

- Projet
- Etudier les déplacements en bus
- Etudier les propriété d’'un réseau de neurone

- Etudier les stratégies d'un jeu de combat

Modélisation

Implémentation

Calibration

Validation




Modélisation

- Environnement:
- Ensemble de batiments

- Graphe de routes permettant d’aller d’'un
batiment a 'autre

- Agents étudiant passant d’'un batiment a

I'autre
- Modele de comportement

Heure de départ fixe:
Choisi une
destination aléatoire
parmi les batiments

Cible atteinte

Walking

Marche vers la cible par
le plus court chemin

Modélisation

Implémentation

Calibration

Validation



Implémentation

]
File Edit Search Project Experi Agents Views Help
A=l L )22 ccles clapsed

[ Gama Projects 2

ity disply £

[ Models library (4)
|-f Shared models (0}
15 User models (11
Fil bditest
fl CallingR
[ esviest
EQ graphtest
EQ landuse
@ poker
EQ shelling
i) ShellingTest
@ Stage
G test
o] testGis
= doc
(= images
= includes
E osm_line.dbf
osr_line.prj
osm_line.shp
osm_line.shx
E osm_point.dbf
osm_point,|
osm_point.shp
osm_point.shx
E osm_polygon.dbf
osm_polygon.prj
osm_polygon.shp
osm_polygon.shx
(== includes_large
1= models
J&| Madel 01.gaml
J&| Madel 02.gaml
=1 Model 03.aaml

-
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Classic Graph Layout

ﬂa Model 02.gaml

f Medel 02.gaml

ﬂa Medel 02.gaml

| Run: road_traffic ‘ Other.. -

bc:376 det 22
buildings :156@
bat_univ :52

| r

© Console &2 E— ) | P ~ O
add new -
p1:{29.1i 3492,1915. ,0.8} pint
add new

pl:{4.539999999979845,1978.8799999998382,8.8} pinto
add new Chemin De La Fontaine Saint-Mathieu

pb node {2761. 15,448, 1665,8.8}

pb node {2879.7 ,351. 7,0.8} ]
pb node {985. 7,188, 18999,8.0}

pb node {939.7 ,166. 94298,6.0}

pb node {1889.97 14,198. 11176,0.8}

pb node {1@25.4! 116,141, 605,0.0}

1212 create road from: shape file roads with: [type::string(read (
122 color<-#blue;

1238 if type=""

1245 {

125 write("kill "+self.name);

126 do die;

127

1282 if type="footway" {

129 color <- #green ;

130 1

131 }

132 write("roads :"+length(road));

133

134 the_graph <- as_edge_graph(road);

135 // bigcomponent <- connected_components_of (the_graph);

136

137 targetd-one offroad where (pach.name="Rue Nicnlas Annert™)):

Modélisation

Implémentation

Calibration

Validation




Etape 1. importation des données

geographiques
Premiere solution: utiliser une image Bitmap et utiliser les

couleurs
- voir modele Toy Models / Segregation / Segregation (Google Map)

* Simulation - Gama 16
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Deuxieme solution: OpenStreetMap

Etape 1. Exporter avec OSM2GIS

€& — C [3 www.openstreetmap.re/osm2gis/

oswzGis

TP A BT e S S RVINIETS T G
/ ! ¢ _,:‘,.‘ Bo:s-élomb:s\ j ‘Sacm.é\é;p >
ashiis  FeNremEaEn
S f yers .,.,' d > . )/ A ) } s ‘.

This webservice allows you to transform
OpenStreetMap data into GIS data (.shp, .tab, kml,
etc.).

| &

For performance reason, the area is limited to a given
extent. Just zoom in the map to select the area you
want to export until the button on the left is active
(green color). Then, to adjust the area, you can resize
the map container to the left or the bottom.

Creating the shapefile can take a long time. So we will Data GC-By-S - Cnatillon: 2 \C A 2
send you an email at the end of the process. We won't it i 5 R P L S Villejuif SN Y Alfortville'
store your address and we will not use it for anything

else.
+ Give me my data !




- Etape 2: explorer les
données avec Qgis
- Ajouter les .shp dans

« Ajouter couche
vectorielle »

- Utiliser la couche point
pour centrer

- Explorer les propriétés
des polygones
(batiments) et routes
(line) avec les tables
d’attributs des couches

Q615 201-Dufour
Projet Editer Vue
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leisure lock motorcar name natural office
0 |NULL NULL NULL RER C Trongen ...  NULL NULL
1 |NULL NULL MNULL MNULL NULL Rue de Verdun NULL NULL
2 |NULL NULL MNULL MNULL NULL L'¥vette NULL NULL
3 |NULL NULL MNULL NULL NULL L'Orge NULL NULL
4 |NULL NULL NULL NULL MNULL TGV Atlantique ... | NULL NULL
5 |NULL NULL NuLL NULL NULL RER C Trongen ...  NULL NULL
6 |NULL NULL NULL NULL NULL Grande Ceinture | NULL NULL
7 |NULL NULL MNULL MNULL NULL Rue Noetzlin NULL NULL
8 |NULL NULL MNULL MNULL NULL Chemin du Peti... NULL NULL
9 |NULL NULL MNULL NULL NULL NULL NULL NULL
10 |NULL NULL NULL NULL MNULL Rue Louise Weiss | MULL NULL
11 |NULL NULL NULL NULL NULL Rue d'Arsonval | NULL NULL
12 |NULL NULL MNULL MNULL NULL Rue Louise Weiss | NULL NULL
13 |NULL NULL MNULL MNULL NULL Rue du Général ... | NULL NULL
14 |NULL NULL NULL NULL NULL Rue Noetzlin NULL NULL
15 |NULL NULL NULL NULL NULL NULL NULL NULL
16 |NULL NULL NULL NULL MNULL Rue Louis de Br.. |MULL NULL
17 |NULL NULL NULL NULL NULL Rue du Doyen ... |NULL NULL
18 |NULL NULL MNULL MNULL NULL Rue Noetzlin NULL NULL
19 |NULL NULL MNULL MNULL NULL Bus7: Orsay-Vi... NULL NULL
T R o o o o




- Etape 3: importer dans GAMA

file shape file buildings <- file("../includes/ocsm polygon.shp™);
file shape file roads «<- file("../includes/osm line.shp");

file shape file bounds <- file("../includes/osm point.shp"};
geometry shape <- envelope(shape_file bounds);

float step <- 18 #mn;

init {
create building from: shape_file buildings with: [type::string(read ("building”}), amenity::string(read ("amenity"))] {
if (type!="yes" and type!="station"} {

Iy write("kill "+self.name);

do die;

T

if name contains “Batiment”

{
color<-#blue;

b

if name!=""

{
color<-#blue;

b

¥
create road from: shape file roads with: [type::string(read {"highway"})] {
color<-#blue;

if type=""

[ .
write("kill "+self.name); @ Exe rCICe
do die;

¢ type=foctuay” { - Changer la couleur des voies plus importantes

color <- #green ;

' - (Highway=« secondary »)



Etape 2: créer les agents people

bat univ <- building where (each.color=#blue);

create people number: nb people {
location <- any location in (one of (bat univ));
¥

'species people {
rgb color <- #yellow ;

aspect base {
draw circle(18) color: color;
¥

¥



Etape 3: nettoyer le graphe et ajouter le

comportement des agents people
- Création du graphe...

the _graph <- as_edge graph(road);
target<-one_of(road where (each.name="Rue Nicoclas Appert”)});

do clean roads;

- Clean_roads pour nettoyer un peu les donnéees!



Le comportement de I'agent people

species people skills:[moving] comtrol:fsm{
rgh color <- #yellow ;
building gare place <- nil ;
building working place <- nil ;
int start_work ;
int end_work ;
point the_target <- mil ;
path currentpath;

aspect base {
draw circle(18)} color: color;
¥

state waiting initial:true{
transition to:moving when:(current_hour = start_work)
1
building bt<-one_of(bat_univ);
the_target <- any location_in(bt);
currentpath<-path_between(the graph,location,the target);
if (currentpath=nil)
1
write "no path to"+bt.name;
location<-the_target;

}

state moving {
do goto target: the_target on: the_graph ;

transition to:waiting when:the_target.location = location

1

the_target <- nmil ;

}



Etape 4: variables observées

tate waiting initial:true{
transition to:moving when:({current_hour = start_work)

{ »

building bt<-one_of(bat_univ); iplay| o

the_target <- any_location_in(bt}; 4 "|'_H
currentpath<-path_between(the graph,location,the_ target);
if (currentpath=nil)

1
write "nc path to"+bt.name;
location<-the_target;
¥
else
1
loop ro over:currentpath.edges
1
if (species(ro)=road)
1
(ro as road).nbpeople<-(ro as road).nbpeoplet+l;
¥
1
¥
¥
i [ }
CJ Console 53 G/} | \_? [

road nb: 2.511378377694235%

--- new total:5857

road Rue du Chiteau nb: 3.8568411311853934%

road Rue de la Guyonnerie nb: 3.61837452922681433%
road Rue du Chateau nb: 3.6187462922681433%

road nb: 3.2438294541891555%

road nb: 3.2438294841891555%

road nb: 3.2438294641891555%

road Chemin Rural de Petit Saclay & la Pacaterie nb
road nb: 2.578694857483500%

road Allée des Découvertes nb: 2.570694087483599% |

road nb: 2.511378377694235%
--- new total:5857




1

Busiest
=0
200
175
150
retlex updategraph 125
100
busyroads<-18 last (connected _roads sort_by each.nbpeople); 75
int total<-sum(connected roads collect each.nbpeople}+1; 50
if ((time mod 18)=8) -
{ 0
write(”--- new total:"+total); data0 datal dataZ data2 data4 dataS datad data? data® data®
loop ro over:busyroads By Category
1 © senice(0) @ terfiary(1) © path(2) ® unclassified(3) @ steps(4) © residential(5)
write("road "+ro.mamet” nb: "+{ro.nbpeople*lée/total)+"%"); ® cycleway(6) © secondany(7) © footway(S) @ track(s) © trunk(l 0)
]- TGy = —
Sumnbe-[ Fesanian=z7 0 ),
loop ty over:names [eyctewayis)= & @ %
{ residential(d) = 200 (4 %)
list<road> ro<-(connected roads where (each.type contains ty));
if {]_E“gth{r‘uj =|a":| unclassified(3) = 2 063 (39 %)|
{ path(2) = 1509 (28 %)
add @ to:sumnb;
1
else
output {
add sum(ro collect each.nbpeople) to:s display city_display type:opengl {
species building aspect: base ;
1 species road aspect: base ;
1 species people aspect: base
1

display chart_display refresh_every: 18 {

chart "Busiest”

type: histogram size: {1, 8.5} position: {@, 8} {

datalist value: (busyroads collect each.nbpeople) style:bar;

}

chart "By Category”

type: pie size: {1, 8.5} position: {&, ©.5} {

datalist legend: names walue: sumnbj

i



Calibration

- 4 jeux de données OpenStreetMap:
- Normal (université)
- Medium (ajout de Polytechnique)
- Large
- Very Large
- + 1 configuration de validation

Modélisation

Implémentation

- Calibration des parametres des agents-
étudiants
- Par l'expert...

- Pas de calibration automatique nécessaire par
optimisation

Calibration

Validation




Etape 5: Validation interne

- Veérification de cohérence sur le trajet AdaLovelace-
CESFO

state waiting initial:true{
transition to:moving when:(current_hour = start_work)

{

Modélisation

building bt<-one_of(bat_univ where (each.name contains "CESFO"));
the_target <- any_location_in(bt};

location<-the_target;
building bt<-one_of(bat_univ where (each.name contains "Ada Lovelace"));
the_target <- any_location_in(bt);
currentpath<-path_between{the_graph,location,the_target);
if (currentpath=nil}

{

Implémentation

write "no path tec"+bt.name;
location<-the_target;

1

Calibration

Validation

X}




Validation externe

- Données observées empirique: Modélisation

- Je vais a l'angle de deux rues et je compte les
passant a une heure de changement de cours.
Je calcule le ratio et je vérifie que c’est le méme

) ) Implémentation
dans la simulation.

- Expert: les routes sont-elles cohérentes?

'y = :’.’_
L7 Console &2 ol | 4 f ‘g‘;lﬁ-ﬁﬁﬂll BT

= n RSN
road nb: 2.511370377694285% [ ﬂﬂ@l [ons :
--- new total:5857 ; L | 0.
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road Rue de la Guyonnerie nb: 3.61837452922681433%
T __ [ s
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Calibration

road Rue du Chateau nb: 3.6187462922681433%

road nb: 3.2438294541891555%

road nb: 3.2438294841891555%

road nb: 3.2438294641891555%

road Chemin Rural de Petit Saclay & la Pacaterie nb
road nb: 2.578694837483599%

road Allée des Découvertes nb: 2.570694087483599% |
road nb: 2.511378377694285%

--- new total:5@57
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Etape 6: Analyse

- Analyse de stabilité: suppression aleatoire Modélisation
de 50% des batiments

’ . |é [
- Effet d’'une suppression de route? ARSI

- Effet de I'ajout d’'un batiment avec une
forte probabilité de présence (gare)

- Trajet vers une gare?

Calibration

Validation




Analyse normative

- Quel emplacement choisir comme gare? Modélisation

]
experiment Optimization type: batch repeat: 1 keep_seed: true wuntil: ( time > 288 )
1
parameter "GareX:" var: garex min: @ max: G208 step: 188;
parameter "GareY:" wvar: garey min: @ max: G288 step: 188;
method tabu minimize: totalnb iter max: 38 tabu list size: 3; z .
permanent { Implémentation
display Batchgraph background: rgb{ 'white'} refresh_every: 1 {
chart "batchpos" type: scatter {
data "posgare” walue: {garex,garey};

¥
31- lay batchval back nd b "wh ) refresh 1
isplay batchwval background: rgb{ white') refresh_every: 1 3 3
chart "batchval” type: series { Calibration
data "posgare” walue: totalnb;
¥
¥
¥
¥ o
Validation
state waiting initial: true

{

transition to: moving when: (current_hour = start work)
1
building bt <- one_of(bat_univ);
the_target <- any_location_in(bt);
location <- the target;
the target<{-{garex,garey,2};
currentpath <- path_between(the graph, location, the target);




%) Batchgraph 3

ma Projects =8 = B || @ Erors Ir@ Parameters &3 & — 0O
—— G- IRCBCHONE RN ni Il @@l &L 2| f ~| L ||z Modelsaclay_model Parameters for experiment “Optimization
hatchval hatchpos Random number generator among [cellular, xor, java, mersenne]
Default random seed [ | Not defined  0.211345298100153 = <

» 000

. 2 250 8 Exploration method

. Stop condition time > 200
2000 Best fitness 1250.0 with {garey=2247.48365, g

| 700

a0 Last fitness 1188.0 with {garey=2347.48365, g
1750 Parameter space garex (51) *...[61) = 3721

500 Exploration method Method tabu | fitness = ...lations for each solution |
1500

L 400 Tabu list size 3 |

L 300 - Maximum number of iterations 30.0 |

L 200 = Parameters to explore

L 100 1000 GareX: 204748365 between 0 and 6000 every 100

L 000 GareY: 734748365 between 0 and 6000 every 100

200 750
200
&3

y_maodel Parameters for experiment "Optimization_hc

ver generator among [cellular, xor, java, mersenne]

random seed | | Mot defined 0.803559101801504 = =k
method

Stop condition time = 200
Best fitness 12410
Last fitness 1491.0

| with {garey=600.0 garex=1800.
| with {garey=400.0 garex=1800.

V4

Parameter space garex (31) * garey (31) = 961 |
ploration method Method hill_climbing | fitness = mini...age of 1 simulations for each sol
nber of iterations 50

to explore

P between 0 and 6000 every 200
between 0 and 6000 every 200

Shapefile for the buildings: [ C\deviGAMAWPSIE1\WPBte:

Shapefile for the roads: [ Chde\GAMAWPs1614\WPSY

Shapefile for the bounds: | Cde\GAMAWPS161\WPS\t
2 People

Number of people agents 100

& Model saclay_model Parameters for experiment ‘saclay

s

Default random seed [ | Not defined  0.660472665618968 =

number

& Agent Maison de 'Tngénieur

name | [Maison de 'Ing\u00E9nieur'
host saclay_modell

shape polygon ([{1655.8 268,678.4 36508,0.0),{165¢
location x 1714.8600000000151 y 684.015000001993
type 'yes'




<+ Le choix de la méthode d'exploration se fait a travers l'instruction method

<+ Par défaut, si aucune instruction method n'est définie, la méthode utilisée est une exploration
exhaustive (test de toutes les combinaisons de valeurs de parametres possibles)

< Utlisation de l'instruction method : method nom_methode +

*  maximize - oplionnelle, expression a maximiser (fitness) , ,

- L Lun ou l'autre

=  minimize - optionnelle, expression a mmimiser (fiiness)

= aggregation : optionnelle, fagon dans sont agrégées les resultats de plusieurs simulations pour le calcul de la
fitness globale d'un jeu de paramétres (min ou max). Si cette facette n'est pas déefinie, utilisation de la moyenne.

*  Paramétres de la méthode d'exploration (dépend du type de méthode)

&

< Meéthodes d'exploration existantes (pour plus de détails sur ces méthodes et leurs paramétres,
voir : http://code.google.com/p/gama-platform/wiki/ GAMA?tm=6)

=  exhaustive : exploration exhaustive de I'espace

= hill_climbing : recherche locale gloutonne

« annealing : recuit simulé

+  tabu : Recherche locale taboue

=  reactive tabu : Recherche locale reactive

=  genetic : Algorthme génétique

experiment mor_sxperimentotion type: botch {
parometer "Woaleur de ma_varicblel' wvar: ma_variaoblel min: 18 mox: 38 step: 1;
porometer *VWoleur de mo_vorioble2' vor: mo_voriableZ omong: [1, 5, 14];
method tabu minimize: ma_fitress i1ter_max: 18 tabu_list_size: 31



Exporter les résultats

- reflex write_results {
- save [time,nbpeopletot, garex,garey] type: "csv" to: "result.csv";

)

Des valeurs peuvent étre exportées en CSV

'exportation est surtout utile a la fin d’un plan d’experience



