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Part 1: Fundamentals of Systems Theory

1.1 Introduction to Systems Thinking

● What is Systems Thinking?
● Key Concepts in Systems Thinking
● Holistic Approach for Problem Solving

1.2 Complexity and System Dynamics

● Definition of Complexity
● Non-linearity, Emergence and Self-Organization
● System Dynamics and Attractors

1.3 Control, Feedback and Networks

● Types of Feedback Loops
● Control Theory in Systems
● Network Theory and Connectivity

Part 2 : Complex Adaptive Systems (CAS) and 
Modeling

2.1 Characteristics and Behaviors of CAS

● Adaptive Agents and Interactions
● Emergent Behavior and Adaptation
● Resilience and Robustness in CAS

2.2 Agent-Based Modeling

● Agent Behavior and Rules
● Interaction Networks and Learning
● Co-evolution and Innovation Modeling

2.3 Mathematical Foundations for CAS Modeling

● Evolutionary and Genetic Algorithms
● Optimization and Edge of Chaos
● Phase Transition and Fitness Landscape

Part 3 : Applications

3.1 Biological and Ecological Applications
● Evolutionary Biology and CAS (Complex Adaptive 

Systems)
● Ecological Systems and Immune System Modeling
● Population Dynamics and Ecosystems

3.2 Socioeconomic Applications
● Economics and CAS
● Social Networks, Influence and Market Dynamics
● Fractal Geometry and Scaling

3.3 Engineering, Technology, and Emerging Systems
● Robotic Swarms and Self-Organized Networks
● Smart Grids, Energy Management and Modularity
● Synchronization, Self-Organization and 

Decentralization
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Part 6: Agent-Based Modeling

6.1 Agent-Based Modeling: Fundamentals

● Basics of Agent-Based Modeling
● Agents, Rules, and Interactions

6.2 Emergent Behavior and Self-Organization

● Emergence in Complex Systems
● Self-Organization and Swarm 

Intelligence

6.3 Cellular Automata

● Introduction to Cellular Automata
● Game of Life and Rule-Based Systems

6.4 Spatial Models and Pattern Formation

● Spatial Agent-Based Models
● Pattern Formation in Agent-Based 

Systems

6.5 Applications of Agent-Based Modeling

● Urban Simulation and Transportation 
Planning

● Epidemiological Modeling with Agents

6.6 Advanced Topics in Agent-Based 
Modeling

● Hybrid Models and Integration with 
Other Techniques

● Challenges and Ethical 
Considerations

Fais moi une structure de cours en 4 
parties (part 1, 2 ...4) chacune 
comportant 3 à 4 sous parties (1.1, 1.2, 
...), avec un point pour chaque 
sous-partie, sur la modélisation multi 
agent. Il faut que tu me fasse une 
structure qui soit en lien avec les systems 
complexe mais qui ne couvre pas les 
systèmes complexes qui seront dans une 
autres catégorie, un autre cours à part Le 
cours est en anglais

- Theory of Systems / Complex adaptive systems

OLD VERSION



Baptiste Mokas

KNOWLEDGE TREE

Baptiste Mokas- Theory of Systems / Complex adaptive systems

Chapter 1: Introduction to 
Adaptive Complex Systems

Definition of Adaptive Complex 
Systems
Historical Evolution
Importance in Contemporary 
Science
Real-world Examples
Basic Concepts and Terminologies
Fields of Application
Overview of Course Structure

Chapter 2: Fundamental 
Concepts
Agents and Multi-Agent Systems
Emergence
Feedback Loops
Non-linearity
Self-organization and Spontaneous 
Order
Adaptation and Evolution
Resilience and Robustness

Chapter 3: Modelling and 
Simulation
Agent-Based Modelling
System Dynamics Modelling
Cellular Automata
Network Models
Hybrid Models
Simulation Tools and Techniques
Validating and Verifying Models

Chapter 4: Networks and Connectivity
Graph Theory Fundamentals
Social Networks
Ecological Networks
Technological Networks
Network Dynamics
Network Resilience
Complex Network Analysis Tools

Chapter 5: Complex Adaptive Systems in Economics
Economic Agents and Markets
Game Theory
Evolutionary Economics
Market Dynamics and Instabilities
Financial Crises as Complex System Phenomena
Innovation Systems
Policy Implications and Interventions

Chapter 6: Social and Cultural Systems
Social Institutions as Complex Systems
Cultural Evolution
Crowd Dynamics
Opinion Dynamics and Social Influence
Social Movements and Revolutions
Online Social Networks
Social-ecological Systems

Chapter 7: Future Directions and 
Challenges
Grand Challenges in Understanding 
Complex Systems
Interdisciplinary Approaches
Big Data and Complex Systems
Ethical Implications of Complexity 
Science
Implications for Policy and 
Governance
Education and Public Awareness
Concluding Remarks
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Welcome to the enthralling journey of "Systems Theory and Complex Adaptive Systems." This 
course invites you to embark on a thought-provoking exploration of the principles and applications 
of systems theory, unraveling the intricacies of complex adaptive systems that permeate our world. 
Picture yourself immersing in a world where interconnectedness, emergence, and adaptation form 
the very essence of our existence, and where understanding these dynamics unlocks the door to 
innovative problem-solving and transformative technologies.

As you step into this course, you'll dive headfirst into the realm of systems thinking, a holistic 
approach to problem-solving that transcends reductionism. You'll uncover the nature of complexity 
within systems, exploring concepts of emergence, self-organization, and the intriguing phenomena 
of nonlinearity and chaos. The course takes you through the fundamentals of feedback and control, 
illuminating how systems maintain equilibrium and adapt to changes, drawing inspiration from the 
field of cybernetics.

But it doesn't stop at theory alone. This course equips you with the skills to navigate complex 
adaptive systems, as you delve into agent-based modeling, where adaptive agents interact within 
intricate networks, leading to emergent behavior. Evolutionary dynamics will become second 
nature, as you explore evolutionary algorithms, genetic algorithms, and the dynamics of 
co-evolution.

With a solid mathematical foundation, you'll analyze systems using dynamical systems theory, 
navigate network complexities with graph theory, and decode information flow through information 
theory. The applications are boundless, spanning biological systems, where you'll delve into 
evolutionary biology and ecological modeling, to socioeconomic systems, unraveling the intricacies 
of economics, social networks, and market dynamics. Engineering and technology applications 
abound, from robotic swarms to self-organizing networks and the management of smart grids.

This course is your gateway to understanding and harnessing the power of complex adaptive 
systems, whether you're a scientist, a researcher, an engineer, or simply someone captivated by 
the intricacies of our dynamic world.

- Theory of Systems / Complex adaptive systems
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Use Case: Modeling Robotic Swarms with Complex Adaptive Systems

In the context of the course on Systems Theory and Complex Adaptive Systems, let's explore a use case involving the 
modeling of robotic swarms. This use case will incorporate concepts from Complex Adaptive Systems (CAS), 
mathematical foundations for systems theory, and applications in engineering and technology.

Description:

Robotic swarms consist of a group of autonomous robots that interact with each other and their environment to achieve 
collective tasks. Modeling and controlling such swarms often require understanding the principles of complex adaptive 
systems, as the robots adapt their behaviors based on the environment and interactions with other robots.

Key Components:

Complex Adaptive Systems (CAS): Robotic swarms are considered complex adaptive systems due to their adaptive 
agents (robots) that interact with each other and adapt their behaviors based on local information and interactions.

Agent-Based Modeling: Each robot in the swarm is represented as an agent with its own behavior and rules. The agents 
interact with each other and adapt their actions in response to the environment and other agents.

Evolutionary Dynamics: Evolutionary algorithms, such as genetic algorithms, can be used to evolve the behaviors and 
strategies of individual robots or to optimize the overall performance of the swarm.

Network Theory: Network theory can be applied to model the connectivity and communication patterns among robots 
within the swarm, which is crucial for coordination and information exchange.

Mathematical Foundations: Differential equations may be used to model the dynamics of individual robots or to describe 
emergent behaviors in the swarm. Network theory can also be employed to analyze the topology of the swarm's 
communication network.

Applications: Robotic swarms have numerous applications in areas like search and rescue, environmental monitoring, 
and industrial automation. Understanding and modeling their behaviors are essential for designing efficient and robust 
swarm systems.

Here's a simplified example of Python code to model a 
robotic swarm using agent-based modeling:

- Theory of Systems / Complex adaptive systems

This use case demonstrates how Systems Theory, 
Complex Adaptive Systems, and Agent-Based Modeling 
can be applied to simulate and analyze the behavior of 
robotic swarms, helping engineers and researchers 
design and optimize swarm-based systems for various 
applications.
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AdaptatifFonction affine Système complexeThéorème de Perron-Frobenius Systèmes Adaptatifs Complexes Émergence Adaptation

Boucles de RétroactionNon-linéaritéRobustesse Co-évolutionModélisation Basée sur les Agents

Théorie des Réseaux

Résilience

Dynamique des Systèmes Innovation Interconnexion Géométrie Fractale

Auto-OrganisationDiversitéHiérarchies DécentralisationMise à l'Échelle

Paysage de Fitness

Apprentissage

Transition de PhaseBord du Chaos Complexité Traitement de l'InformationRedondance

Modularité

Optimisation

Synchronisation Attracteurs
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