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This course is designed to bridge foundational theories and advanced methodologies within the field of Multi-Agent
Systems (MAS), with a strong emphasis on their intersection with Artificial Intelligence (Al). It aims to provide a
comprehensive understanding that encompasses both the traditional elements of MAS and the innovative Al practices
shaping the future of this dynamic field. The objectives are fourfold:

® Comprehensive Understanding of MAS and Al Integration: Students will gain an in-depth knowledge of MAS,
covering its core principles, architectures, and interaction models, while integrating Al concepts such as machine
learning, reasoning, and intelligent behavior. The course will delve into how Al enriches MAS, focusing on agent
communication, coordination, cooperation, and the intelligent architectures that underpin agent-based systems.

® Competition/Cooperative Behaviors in Intelligent Agents: The course will explore the dynamics of competitive
and cooperative behaviors among intelligent agents within MAS. It will examine how Al-driven agents can
effectively negotiate, collaborate, and compete to achieve individual and collective goals. The curriculum will
include studies on game theory, social choice theory, and Al mechanisms that drive successful agent interactions
and conflict resolutions in competitive and cooperative settings.

® MAS for Intelligent Optimization: The course will provide practical experience in applying Al-enhanced MAS to
complex problem-solving scenarios, particularly in the realm of intelligent optimization. Students will learn to
implement and utilize optimization algorithms such as Particle Swarm Optimization (PSO) and Ant Colony
Optimization (ACO) within a multi-agent framework, demonstrating how Al principles can be used to optimize these
processes.

® MAS for Intelligent Decision-making: A significant focus will be placed on exploring and mastering advanced Al
strategies for optimization and control within MAS. This includes deep dives into neuroevolutionary algorithms like
NeuroEvolution of Augmenting Topologies (NEAT) and Genetic Programming (GP), understanding how these Al-
driven methods can be used to evolve agent behaviors in complex environments. Students will investigate how
these advanced Al methodologies can be seamlessly integrated into MAS to enhance performance, adaptability,
and efficiency in various tasks.
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Mastery of MAS and Al Integration: Students will have a comprehensive understanding of the integration
between Multi-Agent Systems (MAS) and Artificial Intelligence (Al), encompassing core principles, architectures,
and interaction models of MAS, along with machine learning, reasoning, and intelligent behavior in Al. They will be
able to identify and analyze how these two fields complement each other to advance the development of intelligent
systems.

Analysis and Application of Competitive/Cooperative Behaviors: Students will be able to analyze and apply
competitive and cooperative behaviors of intelligent agents, understanding how to achieve effective agent
negotiation, collaboration, and competition through Al mechanisms. They will learn to use game theory and social
choice theory to design and optimize agent interactions and conflict resolution strategies within MAS.

Design and Implementation of Intelligent Optimization Algorithms: Students will gain practical skills in
implementing and utilizing intelligent optimization algorithms, such as Particle Swarm Optimization (PSO) and Ant
Colony Optimization (ACO), within a MAS framework to solve complex optimization problems. They will master
how to integrate Al principles with MAS techniques to enhance the efficiency and effectiveness of the problem-
solving process.

Design and Implementation of Intelligent Decision-making Systems: Students will be capable of designing
and evaluating MAS decision-making systems that incorporate advanced Al strategies, such as NeuroEvolution of
Augmenting Topologies (NEAT) and Genetic Programming (GP). They will understand how these algorithms
facilitate the evolution of agent behavior in complex environments and will be able to integrate these methods to
improve the performance, adaptability, and efficiency of MAS.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)
Week 1-2: Foundations of Multi-Agent Systems
®  Overview of MAS: Definitions, architectures, types of agents
®  Basic principles of agent communication, coordination, and cooperation
® Lab: Setting up MAS environments and initial simulations, Design and simulation of basic agent architectures
Week 3-6: Swarm Intelligence in MAS
® Introduction to swarm intelligence: PSO and ACO
®  Application of swarm intelligence for numerical optimization
® Lab: Implementing PSO and ACO for optimization tasks
Week 7-10: Neuroevolution in MAS
® Introduction to neuroevolution and its role in enhancing agent intelligence and adaptability.
®  Exploring the integration of neuroevolutionary algorithms like NEAT for dynamic decision-making and problem-
solving.
® Lab: Implementing neuroevolutionary algorithms in MAS to evolve agent behaviors and strategies for complex
tasks.
Week 10-14: MAS for Decision-making
®  Basics of decision-making in MAS
® Introduction to neuroevolution (NEAT) and genetic programming (GP) for control tasks
® Lab: Implementing basic control tasks using MAS and neuroevolution
Week 15-16: Project Development and Presentation
®  Students develop their own MAS project integrating numerical optimization and decision-making
®  Final presentations and course wrap-up
® Lab: Course project
Fit REESEEE Textbook and Supplementary Readings
Textbook: An Introduction to MultiAgent Systems - Second Edition. Michael Wooldridge (Wiley, 2009)
Supplementary Readings:
Kacprzyk, Janusz, and Witold Pedrycz, eds. Springer handbook of computational intelligence. Springer, 2015.
Stanley, Kenneth O., et al. "Designing neural networks through neuroevolution." Nature Machine Intelligence 1.1
(2019): 24-35.
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