A. DROGOUL, IRD, VIETNAM

alexis.drogoul@ird.fr

17 FEB 2021

t
2t
v 9
= £
o
< a
v a
Yo
<3
S >
t.e
5 0
s g
S L
w S
=



ESULFING FROM;
D THE ENVIROM
D MATERIAL |

-

. :
o -y » 2 .
W ‘ - N ’ - ’
” : - . . - e :o ' .
. - - - - \’\ ~
o . y ° & - ~ -t
b h ’ . .
- 'r\ / i g e - ‘ S e b - y
3 X - .
.- ’ " - m .

NATU

RAL CATASTROPHES (8 2 TMOSPHERIC Pl

Institut ¢c Recherche
pourle Développement




COURSE, TO BETTER UNDERSTAND THESE THREATS

THE SOCIAL AND POLITICAL DEMANDS ARE, OF
SO AS TO ANTICIPATE
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A MODEL IS A SIMPLIFIED AND ABSTRACT REPRESENTATION OF A REFERENCE
SYSTEM, WHICH HELPS TO ANSWER A QUESTION ABOUT THIS SYSTEM.
A COMPUTER MODEL USES A PROGRAM AS A REPRESENTATION
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THE EXECUTION OF A COMPUTER MODEL IS CALLED A SIMULATION

representation
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SIMULATIONS CAN SERVE MANY PURPOSES: VISUALIZATION, TRAINING,
CONTROL, FORECASTING, DECISION SUPPORT, EVALUATION...

representation interpretation
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IN A SCIENTIFIC APPROACH, SIMULATIONS ARE TO THE
MODEL WHAT EXPERIMENTATIONS WOULD BE TO THE SYSTEM

alternative approach when experimentation is not possible
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WHICH MODELING/SIMULATION METHODS ARE USED TO REPRESENT
AND EXPERIMENT WITH THE COMPLEXITY OF THE INITIAL EXAMPLES?

representation
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ONE IS AGENT-BASED MODELLING: BASED ON AN “INDIVIDUAL-CENTERED"
REPRESENTATION THAT ALLOWS TO RECONSTRUCT AND SIMULATE "VIRTUAL

WORLDS" ON A COMPUTER.

Real system actors

... represented by
called agents...

Decision ~ Agent ot

heading +
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... gathered together and run on a computer
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_\ ‘,;‘ AGENT-BASED SIMULATIONS ARE MINIATURE LABORATORIES THAT SUPPORT -©

& EXPERIMENTATION ON THESE "VIRTUAL WORLDS" AND TAKE ADVANTAGE OF
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ABM ARE VERY DETAILED MODELS, AND THEREFORE COMPLEX PIECES OF

SOFTWARE, WHICH USUALLY RELY ON COMPLEX DATASETS (GIS DATA, QUALITATIVE

AND QUANTITATIVE SURVEYS, DEMOGRAPHICAL AND STATISTICAL DATA...)

IT IS NECESSARY TO USE MODELLING PLATFORMS, SUCH AS THE
GAMA PLATFORM, TO WRITE THEM AND EXPERIMENT WITH THEM.

float size min:
int strength <- @ ;
float range min:
cells leader <- self ;
int heading <- rnd(359)
reflex move {

do move ;
}

Flex change_lea
0 m- *
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No simulation running

i L
©. Gama_Workspace11 - Model Exploration; _

el e

==l Models]

OE®E = 8 || Eventlayergaml |43 iment and si

2
ion.gaml 33 e

[ copeimentanssmsiongor a
v E Library models (7 projects)
» | Data (58 models)
» o GAML Syntax (35 models)
¥ o) Model Exploration (3 models)
» o | Batch Simulation (1 model)
¥ o | Experiment species (1 model)
P oG i and si ion.gaml (8

» o | Multi-simulation (1 model)
» o) Modeling (45 models)

>,/ Toy Models (80 models)

» 7 Tutorials (30 models)

v Visualization and User Interaction (27 models)

» o | GUIDesign (1 model)

v User Interaction (6 models)
> images
v models (6 models)

» _G EventLayer.gaml (1 experiment)
» oG Mouse Exit and Enter.gaml (1 experiment)
P 46 Moving Agents.gaml (1 experiment)

> .? Tools Panel.gaml (1 experiment)

‘<er Command.gaml (1 experiment)

A ls ﬂmr: MQOHMJI Architecture.gaml (1 experiment)

20 models)
. ., fge_heading when: eve?™™ =
width_and_heighelis as list) where (C !
it heading <- heading +
Ekills: [moving]
d type: float <- .
<- [10@ + rnd(155): width_and_heig..
~e min: 1 max: 10
N

QY » basic_exp_init_step » exp_with_init_reflex £ batch_4_simu
16 [Hekk "ﬂ’

* Name: Experiment species

2

3 * Author: Benoit Gaudou e
4 x Description: The model shows the different dyn

5 % P
6 * Tags: experiment, simulation, gui, batch w

T ekk/ §
8 et d b
9

// Create a model showing the different dynamics
10 // in regular and batch experiments & memorize ﬁl‘"“'
11 // (i.e. when are the behaviors of the experimen

12

13

14 model Experimentspecies -

15 el
16= global { gt '
17 int nb_people <~ 5;

18 o ._,,-,,,.,,.m p—]
19@ init {

20 write "====== Init of " + self;

21 write sample(seed) + " - of " + self.nam

22 create people number: nb_people;

23

24

250 reflex t {

26 write sample(cycle) + " - reflex t of "

27

28}

29

30 species people {}

31

32 // The basic GUI experiment behavior is:

33 // - create a single simulation (initialization
34 // - (at each step) call the behavior of the mod
35 experiment basic_exp type: gui { }

37 // The GUI experiment can be configured to add a
38 // Note that a simulation is always created by d
39= experiment exp_with_init_reflex type: gui {

“h < 0 ; » cells skills: [moving] {

40

41e init {

42 write "====== Init of " + self color: #g
43

44 // simulations field of experiment conta
45 // simulation filed contains the last cr
46 write "The experiment contains " + lengt
47 write "The last created simulation is:
48 }

49

509 reflex t {

51 write sample(cycle) + " - reflex t of "
52

i{;&
0
o

53 }

.onst speed type: float <~ speed_c
pTIN: TANGL b color < [100 + rnd(155),100 +
- self foat size min: 1 max: 10 <- 4; ~ Project
rnd(3! int strength <- @ ;

float range min: range_of_agents max
‘ cells leader <- self ;
int heading <- rnd(359) update: leade

// The init of the experiment is the place to cr
esource 56 // The experiment can control the way these simu
57 // - schedules: facet (list of simulation agents
58 // - parallel: facet (true/false): whether they
59 //

60 // The experiment can access to all the simulati
61 //

62 // Note: the experiment and all the simulations
63= experiment exp_4_simulations type: gui schedules

O
Q)
()

65 init {
reflex move { 66 write "====== Init of " + self color: #g
] do move ; gg write sample(seed) + of " + self.nam
69 create simulation with: [name::"Simu 1",n
-lecd‘r ' } 70 create simulation with: [name::"Simu 2":n
71 create simulation with: [name::"Simu 3",n
~leader { n

abt ranna nt \‘1.X CMW‘JM" mm: 0“’ 73 write "The experiment contains " + lengt
. 74 ite "The last at lat : |

f gm_leoder { _ write e last created simulation is

<et range of my 1~
—

Taillandier, P, Gaudou, B., Grignard, A., Huynh, Q. N., Marilleau, N.,
Caillou, P, ... & Drogoul, A. (2018). Building, composing and
experimenting complex spatial models with the GAMA platform.
Geolnformatica, 1-24.

00080060 N00 006 08 8 00000008
.

http://gama-platform.org
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GAMA: A FREE AND OPEN-SOURCE MODELLING AND SIMULATION PLATFORM
CREATED IN VIETNAM IN 2007, DEVELOPED BY AN INTERNATIONAL CONSORTIUM
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France Netherlands
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GAMA, IN A FEW FIGURES...

15 developers

(25 contributors) 550
800 mailing-list

Facebook members

followers

700k
lines "IJEH"‘DM"

of code

60 papers

on GAMA

downloads
(since 2011)

560

models in the
library

500+

150 Papers papers citing
using GAMA GAMA

73 training

sSessions

In 1/ countries

~99

1000

researchers
trained

14

Master
courses

PhD Theses

Master
Internships

35 riD

(outside IRD)
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GAMA IS OPEN-SOURCED SINCE 2008

» Well-known advantages of open-source
(robustness, maintenance, evolution...)
in software development

> Possibility for an institute like IRD, present
in 37 countries, to support distributed
cooperative work

~ Allows researchers to open the "black box
of simulations: random number
generators, scheduling algorithms,
primitives, etc. => which can have a
strong influence on the outcomes of
simulations

n

° Institut de Recherche
pour le Développement
FRANCE

French National Research Institute for Sustainable Development

H gama-platform / gama

<> Code (1) Issues 96

¥ master ~

¥ 7 branches © 8tags Go to file

i1 Pull requests ()) Discussions

(>) Actions

Add file ~

[ Wiki

Code ~

‘ ptaillandier add the possibility to import OSMre... ' al8f49f 7 daysago (Y 11,107 commits

.github
gama.target.platform
irit.gaml.extensions.dat...
msi.gama.application
msi.gama.core
msi.gama.documentation
msi.gama.ext
msi.gama.headless
msi.gama.lang.gaml
msi.gama.models

msi.gama.p2updatesite

[GHA] Use Orga secrets var

fix maven artifacts version

fix maven artifacts version

[ImgBot] Optimize images

add the possibility to import OSM relations
new toc.xml for GAMA 1.8.1

update snapshot version to 1.8.1

git pushMerge branch 'master' of github.com:ga...

Fixes #3003. Avoids empty error messages.

fix maven artifacts version

update mvn snapshot version to 1.8.1

last month
8 months ago
8 months ago
8 months ago

7 days ago
6 months ago
7 months ago
3 months ago
8 months ago
8 months ago

6 months ago

() Security

|~ Insights {63 Settil

About 3

Core plug-in projects of the
GAMA platform

#simulation #modeling #models
#simulation-environment #gis
#simulation-framework
#agent-based-modeling
#modeling-language
#complex-systems
#simulation-toolkit
#mathematical-modelling
#gama-platform #gama
#hybrid-modeling #spatial-models
#modeling-agents

#integrated-modeling

0 Readme

58 GPL-3.0 License
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BUT OPEN-SOURCING SIMULATION PLATFORMS IS NOT ENOUGH:
MODELS NEED TO BE OPEN AS WELL

> As their influence on policy-making becomes widespread,
the design of very detailed and realistic models like
agent-based models raises different challenges, among
which :

> the necessity to be as transparent and manipulable as
possible in order to support multidisciplinary contributions;

> the necessity to remain understandable by stakeholders
invited to participate in the design and assessment of
strategies and policies;

> the HECESSitY to be trustable by users: let people understand il . ; e o s vf.p-w—.-f D

that there is no magic behind a model, and be able to unveil
untold hypotheses

o Institut de Recherche
pour le Développement
FRANCE

French National Research Institute for Sustainable Development



SINCE THE BEGINNING, AUTHORS OF MODELS IN GAMA ARE
STRONGLY ENCOURAGED TO MAKE THEIR MODELS OPEN-

SOURCE

> Also to rely on open data and publish the
outcomes of experiments as open data
cf. the initiative to open a Dataverse
repository/warehouse at IRD

> A radical (and discussed) choice in GAMA

is to always let the source code available

for viewing and editing by "users”, even in

"demo” mode.

° Institut de Recherche
pour le Développement
FRANCE

French National Research Institute for Sustainable Development

A ZGIS | spatial-simulation

& CityScope /| CS_Simulation_GAMA

About

Agent Based Simulation
platform for CityScope

#mit #gama-platform
#agent-based-simulation

#cityscope

0 Readme

&3 GPL-3.0 License

Releases 2

© Version that run...

on 20 Oct 2017

+ 1release

Packages

<> Code © lssues 1% Pull requests ® Actions 07 wiki © security [~ Insights <> Code () Issues 4 1 Pull requests (») Actions [T Projects [ wiki () Security |~ Insights
¥ master ~ # 4 branches © 0 tags Go tn fila AdA fila ~ Cade ~ About 00 m Lol N Ao Go to file Add file - Code ~
H COMOKIT / COMOKIT-Model
@ nordie69 Substituted whitespaces with underscores a. 99d9871 on 22 Dec 2020 YO 632 commits
<> Code () Issues 16 1 Pull requests [ Wiki @ Security |~ Insights 51 Settings
DemoModels Rename boids_flocking.c ml \MA rix to run its init earlier if n... 2 months ago
[ PublishedModels Substituted whitespaces sith 16C but the grid is not aligned) 3 months ago
¥ master ~ ¥ 3branches © 3tags Go to file Add file = Code ~ About b
[ LICENSE Initial commit 3 years ago
A GAMA (http://gama-
[ README.md Update README.md € chapuisk [Agenda] turns COMOKIT pre-defined ..+ 2b424db 26 days ago  £D 522 commits platform.org) model on the nd 3 months ago
assessment and
B0 .github/ISSUE_TEMPLATE Update issue templates 9 months ago comparisons of intervention
README.md feies againet th CoVid19
olicies against the CoVi
I8 COMOKIT Template Pro... clean up pop file reading and move population rec... 9 months ago P demi 9
pandemics
. o . . 3cie ice group using Gama Platform and
. [ COMOKIT [Agenda] turns COMOKIT pre-defined study, wor... 26 days ago >
Spatial Simulation resear :f P
[ .gitignore [Calibration] add utility to calibrate beta paramete... 6 months ago
#simulation #modeling #covid-19
(] travis.yml [TRAVIS] Fix unparsed YAML last month #covid19 #comokit
Spatial Simulation research group at Z_GIS. Thisi ou [ LICENSE Create LICENSE 10 months ago
well as models published by members of our grot . 00 Readme
[ README.md [README] Add more badges 10 months ago
&8 GPL-3.0 License
README.md 7

Releases 3

© COMOKIT v1.0.1

on 23 Jun 2020

Cama_Workspacs 11 - Modkl ExglorationyExpsnment specks/Experiment and sivulationgami - Gama (rustene)

O SRR Py rring

[ oE@~ D Tvern Layer gar| o Egperiment and smdeton gevd 51

memw Q2
v IS Library medets (7 projects)
> c

o Data (68 madeis)

> o OAML Symtax (35

¥ o Madel Fxplorstion (3 madeis)
¥ o Beeh Serudstion
¥ o Bspeesece species

P wred L]
» o Muralsanion
> o7 Medeling (45 modes)
b o Toy Modeis (RO medei)
» o7 Tunerlals (30 models)
v VisuntTabon and Usar intarnctian (27 modeis)

> o GUI Dwaegn 11 e

v Ligar roncaction
> s
v narwe -
* G tvwrk Lpwegenl |1 g e

b5 Moes Fuk and Eateegaml || sapacmace

* oC Mawrng Agents gend |1 e

0 Tonis Panel pwnd | senarimany

o5 Uner Commend gl

b o llesr Davernl Archncnss gaml || sanaceacs

» o Vassbislion (20U nwiets

» mrl N mosels (B progects)

e -

2 proj

» BL..- modaix (2 progw

O werers G wmevge, 1 300 sthaee ®0 /=

Deecriction ~ Projees
» ® Warnings 0 teeva|

» O islemtion 11217 Reve)

» O Taake |1 Baer))

« Mame: Deperiment species
« Author: Denoit Gewdou
« Description: The mogel shows the differest dysanics of the eaperisent sod 1t sisplationls
.
B« Tags: experiment, sisulstion, gul, Botch
-/
"
- reate n sodel showing the differsst dysamics of the ssperiment sed 1%s simelationls
» in regular » tatch sxperisent b memorize
n e, when are the betaviors of the sxperisest executed, how does 1t sccess 1ts simslstions, et
sotel Experimentspec ey
s glote! {
3 int nh pecple <= %;
"
o mt {
» write . wmlfy
write seeplelssnd) « + el f nmem;
create people nusber: nb pecple;
}
retlox t {
L weite smsplelcycin) + + anlfonnm.
}
")
I speries people (3
"
13 e b e G waperiment hehasior i
1 - rroate n single somslation (L " ration o 18 e |
18 7 = (at such step) rall the Setwvior o e enewl (e b rol locws a0 the glotwl),
15 wsperiment Seser wap type: gus { )
"
174 # UL wopwr imeent com b conf iguesd 1o wekd « behevior at the nitielizntins of the swperisent wd befars saeh sin
I /7 Nate that o simulntiom in alueys comatod by wfaull, and the sewest ion of the simulet lon (s senmged by (1x o bebavio
190 wepr tmwent exp with imet rof lox type: gui {
1w
1 mt {
| write * welf oler: #green;
. 9
\ simalatione finld of wxgerisent contain all the sisulat ioss
b stmulation Filed contains the les roning sinuint ton,
[ write . + length{sisulations) + colar: Sgrewmns;
] write + siswlation coler: #green;
T }
T
" eoflee t |
1 weite smmplelcycie) + + il coler: #red;
2»“0 )

1ois 1he place 1t wate the sdditionsl simuletions to rum.

e

| — L are execuled
o o fien Wb ite ard 1 W prder
“ are sxwcuted paralle
o waperiment can access to all the sisulations
) Note: the experiseat and all the sisulations have the sase send by Sefaull. To avold that, the seed should be set 4t haed.
S50 mxpet lomnt exp 4 slsulations type: gui schedelus: shefflelsisulations) parallel: trwe
65 anat €
ab write o snlf coler: #green;
wiite semplelsend] « ¢ self.neme color: Sgrens;
sk
sy create sisulation with: [mame:: Job pecple:rnd| 18], seed:trad(i 2));
'8 create sisulation with: [mame:: b pecp rod| 0], seed: irad(i 2] );
croate sisulation with: [meme:: b pecpleizrnd|10) seed: irad(1.01]);
write + Lengthisimulations) » tolor: Wgrews;
wilte ¢ sisulation coler: Sgrewn;
Wetatie Insert

B smvotann
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> Initial goal: support Vietnamese authorities (esp. the Rapid Response Team of
the National Steering Committee) in their fight against COVID-19

» A generic model to assess and compare mitigation policies and interventions at
the level targeted by these authorities (i.e. commune, ~10.000 inhabitants)

> Developed since March 2020 by IRD, Thuyloi University, Can Tho University, NIHE
(Pasteur Institute), Hong Kong University, Oxford University (OUCRU), Toulouse 1
University, INRAE

> Quickly open-sourced to allow people to (1) apply it to other case studies; (2)

EXAMPLE OF THE COMOKIT MODEL

extend it

Institut de Recherche

FFFFFF

| HUYEN DONG VAN
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HYPOTHESES BEHIND COMOKIT

» (lassical models lack the level of individual detail needed for applications to small populations. At the commune scale, spatial aspects and individual
and social heterogeneities are key factors to take into account.

> These individual properties can be represented by agent-based models where people and households are explicitly represented and serve as a basis
for describing the dynamics of the epidemic.

> Hourly time scale - No transmission/infection during transportation

® 2 WECOVID - Gama rurnimel

B naochaty U= %5 “ || |Seoshien Acturyg Indnidun Pelisygam s Coamrun Uew Pause Ko Coninn &h

No containment policy

. Santealy Anelgate C, w .Acdup«lnmt > Day 69 | Cases 01

s X CiwLn, _RE R CUN TNY Teae

. - .
S aiayton 20 modz) & Relase 1.9, Hay 2020, Sec hitpr//cimblit. oy Tor support and vpdates
> models (8 projects| 4 ¥ Author: Alexis Dropo.l
e 19 e . * Tags A9, epldeniology
tis |8 prejects, net yet nan) 6  tbobbatbncds st bbbt stnanitn Sobbbatbrstintbbbbnibnsnd sbbbbbbosbonts,

i (3 projectal ’

MOT (38 modiels! mdel Covicld

Lol outas! 5 tepn-r

n 10°C
> Davriingc 3% rpo
v Depermams 11 o == expesinear "Natasets” garent: autarun: tree <
>
. - 13
r L SN RSN T 008 12 ' 15 arrian et {
v Pacolrm |3 =k 16 Listsstrings dirs <« gather_dataset_pawes!) « EXCLUDED_CASE_STUDY_FJLDERS
N Dby M Catasets "IN} N 17 Float stanlntice_seed o= rod (C2RN.H)D;
w o Uenhiye Catisctigan e kil &= oo 5 aver: dirs {
» Jo [Fectimnn teirmaeegard || sopensart 105 create sisulation with: [dataset_path::baild_dataset_pathl_case_study_toldo)
w» ANER <= N}
b o8 NoOmia 1= ask Authority <
RN Lockdime ie policy <~ creste_no_containasent_policyll;
» 3 !
sl lnenennl b 3
-
. 0 Felicy Camganionn L rocan - 1
v Sem Rty Arales s modds) i ’ 2 ‘ «
* A time
> Campadion Wh and Wi Binnaunal Tansnksing # outpat | No containment policy  Realistic lockdown with 10% of essential workers and 300 daily tests
3 YRR W 2 EEe 3 | WOUT Foplid conseles: "oliz editors: Talse navigater: fase tray! ‘olse 2
B0 TSNy Analitkgem Fe : v onse ) ¥ Cumulative incidence
» MhsvactAzech Bap et et el [ cw i . - Realistic lockdown with 10% of essential workers and J00 daily tests
o 9 3
* o9 Abvrart Bxcecimant mikh Peramete s gemll || voccardire- 3= dizplay nave syechronized: r:lse type: opeegl backgroud: aplack drav_eav! : Day 68 | Cases 448
¥ o fheactBepediment gyl O ceporirent 0= qraphics $
- / dras world.nare fost: defsult at: (¢, world.stepe. height/Z - Jdépy
v
LN FLE gqraphics {
> Eovane g L tewa | + dint({currmnt_date - xturting dete| / tap)) -
> DS e e J
L J 4
COMOKIT Templet reodd | 3
Nicolas |2 models) i~ }
©- Valdstion 35 =0 A i §
= ' o . imzracthve console Goorch 1
DT, S werrings, 1855 il (= e [(v= L : : -
sxlicn ~ Finpud fron Mo sverd reals sy v, Sel woawurdd e Uwe popl gl . o

time
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COMOKIT 1.0 IS AVAILABLE AT HTTP://COMOKIT.ORG.

> Already applied to different case studies, among which:
» Refugees camps in Turkey

.@.. Co MOKIT Home  About Model Examples Team ( Documentation )

> Nice city center

» Netherlands COMOKIT (CoVid19
Modeling Kit)

a modeling kit written in GAMA for analyzing
and comparing interventions against the

> Open to contributions and extensions, among which: COVID-19 epidemic at the scale of a city
» Upscaling (population size, case study extent, ...)

> Addition of realistic urban fluxes (transportation, ...)

Read the position paper
Drogoul, A, Taillandier, P., Gaudou, B., Choisy, M., Chapuis, K., Huynh, N. Q., Nguyen, N. D., Philippon, D., Brugiére, A., and Larmande, P. (2020) Designing social simulation to (seriously)
> Ad d 't' n f m r d t M I d t. .t. support decision-making: COMOKIT, an agent-based modelling toolkit to analyze and compare the impacts of public health interventions against COVID-19. Review of Artificial Societies and
I Io 0 0 e e a I e a c IVI Ies Social Simulation, 27th April 2020.

» Extension to other infectious diseases
» Coupling with existing models (urban planning, ...)
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http://comokit.org

THE EFFORT OF OPEN SOURCING SUCH MODELS IS HOWEVER VERY
IMPORTANT, REQUIRES LOTS OF RESOURCES, AND GOES BEYOND "SIMPLY"
OPENING THE CODE

> To be able to effectively open and share the S5 COMSES o 5 55 S e
model, we also had to

Computational Model Library

» Make several deposits at https:// e sttt o 10
www.comses.net/ for keeping trace/history s
of the running versions e st e

In the face of the COVID-19 pandel

> Write and maintain an ODD documentation oo mevarirsng  O-D:D- description of the COMOKIT
(http://jasss.soc.surrey.ac.uk/23/2/7.html) to
— Ghoiogs (oompommararssso,  Alons - roouul (ws0oononsseten, Dol Gudon

provide a readable description of the logic of e T 2 T S e
the model and the questions it answers 0 COMOKT Documentatior

Parameterizing simulations

A GAMA model on the assessment and comparisons of intervention
Headless execution policies against the CoVid19 pandemics

> Build and maintain a dedicated website for e
documenting how to extend it

D.D. protocol’ in its


https://www.comses.net/
https://www.comses.net/

AIR POLLUTION™F  FUTURE PANDEMLCS

L . »
’

; .4 Given the growing importance of models in the
' public debates, a public initiative would be welcome

g to - support reseM"opening" and

"sharing” them to deciders and the general public
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