Integrating Agent-Based Modelling and Machine Learning - Summary
1. Introduction

The integration of Agent-Based Modelling (ABM) and Machine Learning (ML) offers several
promising opportunities. ABM benefits from enhanced agent-awareness, learning capabilities,
and validation methods, while ML gains from incorporating domain and human intelligence, data
fusion, and adaptive learning.

2. Advantages of Integrating ABM and ML
ABM Perspective:
o Agent-Awareness: Observation of changes in environmental states.
o Agent-Learning: Enhanced learning capabilities for agents.
¢ Validation: Improved validation of ABM through ML techniques.
ML Perspective:
o Domain Intelligence: Incorporation of domain-specific knowledge.
o Data Fusion and Preparation: Enhanced data preparation techniques.
¢ Adaptive Learning: ML can adapt through learning from ABM-generated datasets.
3. Methods of Integration
Viewed from the ABM Perspective:
e Preprocessing:
o Motivation: Extraction of agents, variables, and behavior rules.
o Techniques: Clustering.
o Technical Difficulty: Low, as no integration is required.
¢ Motivation for Poor or Missing Data:
o Techniques: Prediction.
o Technical Difficulty: Low.
Combining ABM and ML:
¢ Preprocessing Steps:

o Extraction of agent types and attributes from conceptual models and historical
data.

o Attribute initialization methods like direct, look-up-based, and model-based
initialization.

4. Case Study: Cholera Model in Ghana

The document describes the implementation of ABM and ML integration in a cholera model for
Kumasi, Ghana. The model includes factors such as:



¢ Agent Decision-Making: Based on perception of environmental information.

e Visual Pollution Impact: Calculated using parameters like the number of dumpsites and
distance to water points.

¢ Behavioral Rule Generation: Using historical data to train ML models, which inform
agent programming.

5. Theoretical Framework: Protection Motivation Theory (PMT)
PMT is used to understand how agents make decisions under risk, with factors including:

e Risk Perception: Influenced by household illness, social interaction, media, spatial
environment, and memory.

e Coping Appraisal: Decisions agents make in response to perceived risks, such as using
bottled water or boiling river water.

6. Learning Architectures
The document outlines different architectures for integrating ML with ABM:
e Architecture A: Empirical data to train ML, results fed back to ABM.

e Architecture B: No empirical data, agents perform tasks leading to reinforcement
learning.

e Architecture C: Combination of Aand B.
o Architecture D: No data available at the start, generated through ABM simulation.
7. Optimization and Negotiation

¢ Optimization: Searching for the best action or decision based on criteria, often using
Genetic Algorithms (GA) and other methods.

¢ Negotiation: Reaching agreements through dialogue, implemented using GA, Bayesian
Networks (BN), and Q-Learning.

8. Prediction

Agents in simulation models attempt to forecast future outcomes using various learning
algorithms, with Neural Networks (NN) being the most commonly used. Applications include
financial market predictions and agent behavior predictions in diverse scenarios.

Conclusion

The integration of ABM and ML is a multifaceted approach that enhances the capabilities of both
methodologies. By leveraging historical data, adaptive learning, and domain-specific knowledge,
this integration fosters robust models capable of simulating complex systems and improving
decision-making processes.



