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Abstract 

Agent based models (ABMs) are characterized by purposive intelligent agents which interact to 

yield complex emergent behaviors.  While each agent operates with an autonomous localized set 

of rules, these rules typically involve interactions among agents and with the agents’ 

environment, presenting challenges when attempting to simulate very large populations of 

agents.  At the same time, the scaling properties of complex adaptive systems are such that it is 

important to study the properties of an ABM over wide ranges of population size.  For example, 

mammalian basal metabolic rate scales sublinearly with animal mass, and incidence of crime in a 

city scales superlinearly with city population size.   

 

Current Status. This project, undertaken as part of the Santa Fe Institute (SFI) Complex 

Systems Summer School endeavors to create an efficient, scalable framework for spatial ABMs, 

enabling simulations to be executed on a distributed-memory (“Beowulf-class”) cluster of 

computers.   

 

Work is currently in progress.  Achievements to date include  

 

 identification of a suitable algorithm for spatial domain decomposition, inspired by 

adaptive mesh refinement (AMR) approaches used in particle physics simulations.  

Namely a dynamically rebalanced quad tree is used to decompose the spatial domain into 

equal-density subsections for load-balanced deployment to computational nodes. 

 

 development of a reference implementation of the quad tree algorithm for an ABM 

containing an arbitrary number of agents.  Currently this is a java-based application with 

an animated depiction of the decomposed subsections and the agents contained within the 

sections. 

 

 
Figure: Agents in a spatial ABM.  Each square subsection depicts a leaf node in the quad-tree 

decomposition of the model.  Subsections can be independently executed during a given time 

step of the simulation.  This decomposition in turn yields a scalable mechanism for deploying the 

model to a distributed memory computational cluster for very-large-scale simulations. 



Next Steps.  The current state of the project shows promise towards achieving the goal of 

scalability; demonstrating that a spatial domain can be decomposed into subsections for 

independent execution, and also demonstrating that those subsections can be dynamically 

reconfigured as agents move.  Ongoing work on this project includes the following: 

 

 Deployment of the reference to a computational cluster, via c++ and the Message Passing 

Interface (MPI 2.0). 

 

 Extension of the model to include domains orthogonal to the spatial domain (e.g. 

communications networks or social networks. 

 

 Finally, deployment of a more challenging ABM (such as Epstein’s Rebellion model) 

will be taken as the milestone at which publication in a suitable journal or presentation at 

a conference will be pursued. 

 

 

 


