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SHORT BIOGRAPHY

✓ Senior researcher in computer science at INRAE (MIAT unit - Toulouse) 

✓ Between 2011 and 2016: Lecturer in Geography at the University of Rouen (UMR IDEES) 

✓ Invited researcher at IRD in Vietnam for 4 years (2020-2024) 

✓ General research topic: computer simulation (agent-based simulation) 

✓ Fields of application: agriculture, risk management, epidemiology, transportation, 
environment…
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AGENT-BASED SIMULATION: AGENTS
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CLASSIC USE OF ABM



PARTICIPATORY SIMULATION
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With « Agent-based simulation » in the title

https://app.dimensions.ai/analytics

Netlogo Cormas
GAMA

AGENT-BASED SIMULATION PLATFORMS

https://app.dimensions.ai/analytics


GAMA WAS CREATED IN 2007 IN VIETNAM, IN A FRANCO-VIETNAMESE TEAM.  
IT HAS SINCE BEEN DEVELOPED BY TEN INSTITUTIONS AROUND THE WORLD

USA 
MIT Media Lab 
Cambridge, MA

Netherlands 
Delft University of Technology

France 
IRD (PI), CNRS, INRAE, University of Toulouse 1 Capitole, University of Paris Sud, University of Rouen

Vietnam 
Thuyloi University,  
Can Tho University

A. Grignard

A. Drogoul, B. Gaudou, P. Taillandier, N. Marilleau, K. Chapuis, P. Caillou, A. Brugière, 
Nguyen Huu Tri, Y. Sklab, JD Zucker

S. Bhamidipati

Huynh Quang Nghi,  
Nguyen Ngoc Doanh

http://gama-platform.org

Taillandier, P., Gaudou, B., Grignard, A., Huynh, Q. N., Marilleau, N., Caillou, P., ... & Drogoul, A. (2019). Building, composing and 
experimenting complex spatial models with the GAMA platform. GeoInformatica, 23, 299-322.



GAMA PROVIDES A COMPLETE INTEGRATED DEVELOPMENT ENVIRONMENT (IDE) TO BUILD 
MODELS
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1000 
trained 
researche
rs

14 
Master 
courses

GAMA IN A FEW STATISTICS…
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5000 
users 
(2020)

800 
Facebook 
users

600 
forum 
members

80 articles 
about 
GAMA

150 
articles 
using 
GAMA

700
+ articles 
citing 
GAMA

77 training 
sessions in  
17 country

~55  
PhD  

10 PhD 

on GAMA

150+ 
Master 
internship

700k 
lines  
of code

600 
models  in 
the library

45000 
downloads 
(since 2011)

15 
developpers  
(25 
contributors)

http://gama-platform.org



PRESENTATION OF MY WORKS

AGENT-BASED 
SIMULATION

2. Human Behavior  
Modeling

3. Participatory Simulation

1. Spatial 
Dimension



Spatial Dimension



ESCAPE, ASSESSING AND COMPARING STRATEGIES OF EVACUATION 

17 Co-funded by the 
Erasmus+ Programme 
of the European Union Flood caused by dam break on the Red River



Phuc xa, a neighborhood at risk of flooding

➡ Landlocked Hanoi district of approx. 1 km2 located in the 
“flood zone”. 

➡ Density of 17,000 inhabitants/km2, one of the highest in the 
capital - average around 9,300 inhabitants/km2. 

➡ The flow of the Red River is subject to significant seasonal 
fluctuations, reaching 30,000 m3/s during the monsoon 
season.  

➡ Since the 1970s, a number of dams have been built in China 
(Yunnan province) and Vietnam.  

➡ The Hoa Binh and Thac Ba dams pose major risks to Hanoi's 
riverside neighborhoods, particularly in the event of failure or 
sudden discharge. 



Possible evacuation points

Evacuation point

Distance to nearest 
evacuation point



TOWARDS MORE REALISTIC TRAFFIC SIMULATIONS 

Work on traffic simulation: 
➡ Allows you to manage traffic with different types of 

vehicles (cars, motorcycles, even pedestrians). 
➡ Acceleration model inspired by IDM 
➡ Lane changing using the MOBILE model 
➡ Simulates tens of thousands of agents

Traffic in HCM/Hanoi 
(2017 data):   
• 74% motorcycles  
• 19% bicycles  
• 6% pedestrians   
• 1% cars



TOWARDS MORE REALISTIC TRAFFIC SIMULATIONS - CALIBRATION/VALIDATION 

Calibration Validation

Saval, A., Minh, D. P., Chapuis, K., Tranouez, 
P., Caron, C., Daudé, É., & Taillandier, P. 
(2023). Dealing with mixed and non-normative 
traffic. An agent-based simulation with the 
GAMA platform. Plos one, 18(3), e0281658.



IMPACT OF TYPE OF TRANSPORT

➡ Everyone evacuates to the nearest exit 

➡ Everyone tries to evacuate at the same time 

➡ 25 repetitions 

➡ Exits: number of vehicles/people not yet evacuated



EVACUATION OPTIMIZATION

Evacuation point



ROAD NETWORK IMPROVEMENT

Chapuis, K., Minh-Duc, P., Brugière, A., Zucker, J. D., Drogoul, A., 
Tranouez, P., ... & Taillandier, P. (2022). Exploring multi-modal 
evacuation strategies for a landlocked population using large-scale 
agent-based simulations. International Journal of Geographical 
Information Science, 36(9), 1741-1783.



Modeling human behavior



A LOT OF WORK HAS BEEN DONE ON THE MODELING OF HUMAN BEHAVIOR
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INSPIRATIONS COMING FROM PSYCHOLOGY, PHILOSOPHY, SOCIOLOGY…. TO 
FORMALIZE DIFFERENT DIMENSIONS OF THE BEHAVIOR.
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Belief-Desire-Intention model 
Theory of planned behavior 
Theory of cognitive appraisal of emotions 
OCEAN 
…



EXAMPLE 1: STUDYING THE 
EVACUATION OF A BUILDING

PhD of Mathieu Bourgais - Towards cognitive, affective and social 
agents in simulation



▸       The Station Night club in the US 

▸ A fire occurred on the evening of February 20, 2003, killing 
100 people and injuring 230.

▸ Safety rules were not complied with (infrastructure, 
evacuation management, individual behavior). 

CONTEXT
29

How can we take better account of people's 
behavior to minimize deaths and injuries? 



STEP 1. ANALYSIS OF REPORTS  
30



STEP 2. DEVELOPMENT OF THE MODEL  
31

Cognition
Emotions

Social 
relations

Norms

Personality



STEP 2. DEVELOPMENT OF THE MODEL  
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Cognition
Emotions

Social 
relations

Norms

Personality

I believe 
there's a fire

I have the 
desire to flee 
the fire

I'll try to flee 
the fire through 
the door

BDI (Belief – Desire – 
Intention) model of human 
practical reasoning - Bratman 
(87) 



STEP 2. DEVELOPMENT OF THE MODEL  
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Cognition
Emotions

Social 
relations

Norms

Personality

I know there is a 
fire and I am afraid 
of fire, so I feel an 
emotion of fear.

OCC model of Emotions - 
Ortony, Clore et Collins (90) +
Emotional contagion - Bosse 
(09)

Because of this 
emotion, I want to 
rush to the nearest 
exit.

He runs and seems 
to be afraid, I start 
to be afraid too.



STEP 2. DEVELOPMENT OF THE MODEL  
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Cognition
Emotions

Social 
relations

Norms

Personality

Before I run away, I 
want to know 
where my friend is

Model of interpersonal 
relationship with 4 dimensions: 
appreciation, dominance, 
solidarity and familiarity - 
Svennevig (00) 



STEP 2. DEVELOPMENT OF THE MODEL  
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Cognition
Emotions

Social 
relations

Norms

Personality

I know that I must 
follow the safety 
rules and follow the 
exit signs.

Unified and formal representation 
of a normative system - Lopez y 
Lopez (06)



STEP 2. DEVELOPMENT OF THE MODEL  
36

Cognition
Emotions

Social 
relations

Norms

Personality

The way I react is 
linked to my 
personality

OCEAN model based on 5 
numerical factors to 
categorize someone's 
personality - McCrae (92)



STEP 3. SIMULATION

Bourgais, M., Taillandier, P., & Vercouter, L. (2020). BEN: An architecture for the behavior of social agents. Journal of Artificial Societies and Social Simulation, 23(4).



EXAMPLE 2: STUDYING THE 
ADOPTION OF NEW 

TECHNOLOGIES

PhD of Loïc Sadou - Using agent-based simulation and argumentation 
theory to better understand the diffusion and appropriation of digital 
tools in agriculture



▸       Area: the region of Le Louts (south of France)

▸ Issue related to Water management (availability of water)

▸ Local  water institution proposes new communicating 
water meters – allows to reduce the water consumption

▸ Bad global opinion from farmers

CONTEXT
39

How this global opinion is going to evolve? 
How to promote this new technology?



Is that really 
useful?

I have just bought a 
humidity sensor

Yes, it has allowed me 
to reduce my water 

consumption

I thought it was 
unreliable

This has made a lot of 
progress in recent years

1 2 3

4 5

CONTEXT: SOCIAL INTERACTIONS
40

Use of a model to explicitly represent the 
exchange of arguments between actors 

and the adoption process



1

4 5

STEP 1 : ANALYSIS OF THE ARGUMENTS USED BY PEOPLE
41



Intention

Attitude Subjective 
social norm

Perceived 
Behavioural 

Control

Arguments Agents interactions

Ajzen (1991) The Theory of Planned Behavior

PROPOSED MODEL: THEORY OF PLANNED BEHAVIOR
42



A

Argument

A B

Attack

A B

C

D

Prefered Extension

A B

Defense

C

E

PROPOSED MODEL: DUNG’S ARGUMENTATION FRAMEWORK
43



‣ I : 1

‣ T : +

‣ S : New meters are more accurate

‣ J : The ultrasound technology allows 
accurate mesures

‣ C : Performance

‣ Ts : Seller

Performance 0.52
Ecology 0.78

Economic 0.82
Social 0.40
Website 0.40

Science paper 0.95
Seller 0.15

Other farmer 0.75

PROPOSED MODEL: ATTITUDE FROM ARGUMENTS
44

A B
C

D

E



Gabbriellini & Torrini (2013) MS Dialogues: Persuading and getting persuaded 

▸ An agent can communicate with a relative

▸ Update subjective social norm

▸ Bilateral trade of arguments

PROPOSED MODEL: DIALOGUE BETWEEN AGENTS
45

Hi!

Ah, so 
people think 

that

New meters 
make it easier to 

detect water 
leaks



S

C A B B A B

A

C

OK
R

PROPOSED MODEL: EXAMPLE OF DIALOGUE
46

C A B



STEP 3. DATA COLLECTION & ARGUMENT LIST CONSOLIDATION
47

Interview with stakeholders to 
consolidate the list of 
arguments and to evaluate 
the values for their 
psychological profile (through 
role-playing game) and 
preferences 
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STEP 4. SIMULATION
➢Tendency towards a greater 

acceptance of communicating water 
meters  - similar phenomena were 
observed when mechanical water 
meters were introduced. 

➢The introduction of a new argument 
can have a strong impact on the 
adoption rate (here an example of a 
new argument against smart water 
meters concerning their reliability).

L Sadou, S Couture, R Thomopoulos, P Taillandier. Better representing the diffusion of innovation through the theory of planned behavior and formal argumentation, Social 
Simulation Conference, 2021.



Participative simulation



RAC: A SERIOUS GAME TO PROMOTE COOPERATIVE SOLID WASTE MANAGEMENT



RAC IS SITUATED IN A FICTIONAL ENVIRONMENT

‣ 4 villages sharing the same 
irrigation system: farmers produce 
rice, inhabitants produce pollution, 
which is diffused along the canals, 
collected by the collectors, 
accumulated in soils…   

‣ Players play the role of managers in 
each village and are asked to 
discuss and undertake some 
action(s) to collectively keep an 
EcoLabel 

‣ They deliver the chosen actions in a 
virtual environment and observe 
their results during the next update 
of the environment.



Innovating in the education to 
sustainable development



WHAT DOES THE KNOWLEDGE ON SUSTAINABLE DEVELOPMENT, MOSTLY 
DERIVED FROM SCIENTIFIC MODELS, BECOME ? WHO HAS ACCESS TO IT ?

?=
>100K / YEAR OF ARTICLES PUBLISHED ON THESE SUBJECTS !



  PROPOSES TO DESIGN VIRTUAL REALITY UNIVERSES TO GIVE EVERY CHILD ACCESS TO 
EVIDENCE-BASED KNOWLEDGE AND EXPERIENTIAL LEARNING ABOUT ENVIRONMENTAL ISSUES IN THE CLASSROOM



PROTOTYPE #1: , A SERIOUS GAME ON WASTE MANAGEMENT
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‣ A fictional environment sporting 4 
villages sharing an irrigation system: 
farmers produce rice, inhabitants 
produce pollution, diffused along the 
canals, collected by collectors, 
accumulated in soils…  


‣ Players play the role of managers, 
discuss and undertake action(s) to 
collectively keep an EcoLabel, using 
cards and VR interactions



PROTOTYPE #2: HOAN KIEM AIR, MIXING PHYSICAL AND VIRTUAL INTERACTIONS

‣ An integrated model in GAMA 
and a mediation platform that 
can be used both to support 
policymakers' decisions and to 
raise awareness on the impact of 
creating pedestrian zones on 
traffic displacement and air 
pollution.



THE COUPLED SIMULATIONS AND VR UNIVERSES ARE ALREADY BEING TESTED IN 
CLASSROOMS IN VIETNAM AND THAILAND

‣ Robustness of the software framework is crucial for 
handling the VR universes to professors and making sure 
students can benefit from them.


‣ 6 more VR universes will be built using this framework and 
delivered in the next 3 years in Vietnam, Thailand, Laos and 
Cambodia



Active development of the two first virtual universes

Did you know that the Mekong delta, a significant resource of 
freshwater, is actually drowning ?

Freshwater is essential to life, and the Mekong Delta is no exception. This vast river delta in 
Southeast Asia is home to over 20 million people, and the complex life cycle of its freshwater 
resources helps maintain its unique ecosystem. Subsidence, or land sinking, poses a serious threat 
to these resources. It is caused by several factors, including excessive extraction of groundwater. 
Subsidence makes the Mekong Delta more vulnerable to sea-level rise, flooding, and saltwater 
intrusions, threatening the availability of freshwater in the future. If left unchecked, subsidence 
will have devastating consequences for the region’s economy, environment, and people. 

The SIMPLE project gives children the chance to explore subsidence scenarios in a virtual 
world designed by CTU and IRD scientists, from their classrooms, enabling them to experiment, 
understand and compare the preventive and corrective actions needed to build a more resilient 
and sustainable delta ecosystem.

By playing with scales of time and space, virtual reality enables students to observe these 
phenomena as a drop in the river, an insect in a field or a cloud in the sky - but also to act and 
understand, through experience, the impact of their actions on the future of the water cycle in 
the delta !

Did you know that the forest ecosystems, home to some of the richest 
biodiversity in the world, cannot totally restore themselves after a 
wildfire ?

 Biodiversity, defined by the different living species present in a specific environment and the 
interdependencies between them, is a complex concept to grasp. It is, however, the key to the 
balance and survival of ecosystems such as Thailand’s forests, which today provide a source 
of income for millions of people, but which face numerous threats: wildfires, overexploitation 
of biological resources, expansion of urbanised areas, etc. The preservation of biodiversity in 
these forests is therefore of the utmost importance, as they are the green lungs of our planet and 
contribute to human well-being. 

The SIMPLE project gives children the chance to explore scenarios of biodiversity loss in a virtual 
world designed by NSTDA and IRD scientists, from their classrooms, enabling them to experiment, 
understand and compare preservation and restoration actions needed to build more resilient 
and sustainable forests. 

By playing with scales of time and space, virtual reality enables children to observe phenomena  as 
an insect on a leaf, a monkey on a branch or an eagle in the sky – but also to act and understand, 
through experience, the impact of their actions on the future of biodiversity in forests !

Did you know that the Mekong delta, a significant resource of 
freshwater, is actually drowning ?

Freshwater is essential to life, and the Mekong Delta is no exception. This vast river delta in 
Southeast Asia is home to over 20 million people, and the complex life cycle of its freshwater 
resources helps maintain its unique ecosystem. Subsidence, or land sinking, poses a serious threat 
to these resources. It is caused by several factors, including excessive extraction of groundwater. 
Subsidence makes the Mekong Delta more vulnerable to sea-level rise, flooding, and saltwater 
intrusions, threatening the availability of freshwater in the future. If left unchecked, subsidence 
will have devastating consequences for the region’s economy, environment, and people. 

The SIMPLE project gives children the chance to explore subsidence scenarios in a virtual 
world designed by CTU and IRD scientists, from their classrooms, enabling them to experiment, 
understand and compare the preventive and corrective actions needed to build a more resilient 
and sustainable delta ecosystem.

By playing with scales of time and space, virtual reality enables students to observe these 
phenomena as a drop in the river, an insect in a field or a cloud in the sky - but also to act and 
understand, through experience, the impact of their actions on the future of the water cycle in 
the delta !

Did you know that the forest ecosystems, home to some of the richest 
biodiversity in the world, cannot totally restore themselves after a 
wildfire ?

 Biodiversity, defined by the different living species present in a specific environment and the 
interdependencies between them, is a complex concept to grasp. It is, however, the key to the 
balance and survival of ecosystems such as Thailand’s forests, which today provide a source 
of income for millions of people, but which face numerous threats: wildfires, overexploitation 
of biological resources, expansion of urbanised areas, etc. The preservation of biodiversity in 
these forests is therefore of the utmost importance, as they are the green lungs of our planet and 
contribute to human well-being. 

The SIMPLE project gives children the chance to explore scenarios of biodiversity loss in a virtual 
world designed by NSTDA and IRD scientists, from their classrooms, enabling them to experiment, 
understand and compare preservation and restoration actions needed to build more resilient 
and sustainable forests. 

By playing with scales of time and space, virtual reality enables children to observe phenomena  as 
an insect on a leaf, a monkey on a branch or an eagle in the sky – but also to act and understand, 
through experience, the impact of their actions on the future of biodiversity in forests !

Virtual activities (e.g. positioning dikes and pumps) to help children 
understand how to adapt and remediate to subsidence and climate change in 
the Vietnamese Mekong Delta

Virtual activities (e.g. collecting seeds) to help children understand how 
to protect and restore biodiversity and the balance of species in forests in 
Thailand. 

Drogoul, A., Taillandier, P., Brugière, A., Martinez, L., Sillano, L., Lesquoy, B., & Nghi, H. Q (2024). Coupling Agent-Based 
Simulations and VR Universes: the Case of GAMA and Unity.



THANKS FOR YOUR ATTENTION!

Patrick TAILLANDIER 
UR MIAT - INRAE


