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I. Introduction

Ã Multi-Agent Simulations



Ã StartingPoint



I. Introduction
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ÃòThere are two approaches to the study of social 

behaviour: Collect, observational, survey or other 

forms of data and analyze them, possibly by 

estimating a model; or begin from a theoretical 

understanding of  certain social behavior, build a 

model of  it, and then simulate its dynamics to gain a 

better understanding of  the complexity of  a seemingly 

simple social system.ó (Liao 2008: IX in Gilbert 

2008)



I. Introduction

Ã The idea of using computer-based modelling in the 
social sciences dates back to the 1960s

Ã Widespread use since the 1990s ðrelated to 
complexity theory

Ã Considered a valuable tool for the social sciences 
by some

Ã In the natural sciences simulations = basic 
methodological tool

Ã Regional preferences: Great-Britain, Northwest 
Amercia



II. General Remarks

Ã Model

ÄòA model is a simplification ðsmaller, less detailed, less 

complex, or all of these together ðof some other 

structure or system.ó (Gilbert / Troitzsch2009: 2)



II. General Remarks

Ã Modelling

ÄòOne creates some kind of simplified representation of 

òsocial realityó that serves to express as clearly as 

possible the way in which one believes that reality 

operates.ó (Nigel Gilbert 2008: 2)



II. General Remarks

Ã Modeling



II. General Remarks

Ã Modelling

ÄMathematical and computer modelling require precision

ÂEvery aspect of the model needs to be laid out precisely

ÂModel buidlinghighlights logical gaps and data gaps in the 

verbal model

ÂRelationships between system parts need to be identified 

and described in detail 



II. General Remarks

Ã Simulation

ÄHere: simulations = computer based simulations

ÄA particular type of modelling

ÄModels that are expressed as computer programs



II. General Remarks

Ã Formalization: computational model building as a 

method of theory development

Ã Understanding

ÄExploration: explore our own assumptions systematically

ÄExperimentation: what-if-scenarios

Ã Experimentation          Simulation!



III. Agent-basedModelling (ABM)

Ã What isAgent-basedModelling?

Äòcomputational method that enables a researcher to 

create, analyze and experiment with models composed of 

agents that interact within an environment.ó (Gilbert 

2008: 2).



III. Agent-basedModelling (ABM)

Ã Usedin naturaland socialsciences

Ã ArtificialSocieties

Ã Development of ABM techniquesiscloselyrelated

to:

ÄResearch on complex, non-linear systems

ÄArtificial Intelligence



III. Agent-basedModelling

Ã Complex Systems

ÄSystems that are composed of many different parts 

ÄSystem behaviour cannot be explained by reduction to 

its component parts.

Ä Interaction of the system parts leads to new and 

unpredictable behaviour on system level -> emergence

ÄSystem behaviour cannot be explained through simple 

cause and effect relations -> non-linear



III. Agent-basedModelling

Ã Complexity Theory        Systems Theory!

ÄBoth theories deal with systems.

ÄBut Systems Theory describes system behaviour by 

breaking the system down to subsystemsand 

modelling those.

ÄSystems Theory assumes that the relationship of 

system partsis known and understood.

ÄComplexity Theory assumes that relationships between 

systems parts are not well known, that they are 

unstable and non-linear and thus unpredictable.



III. Agent-basedModelling (ABM)

Ã Agents

ÄòAgents are either separate computer programs or, more 

commonly, distinct parts of a program that are used to 

represent social actors ðindividual people, organizations 

such as firms, or bodies such as nation nation-states.ó 

(Gilbert 2008: 5)

ÄAgents can interact intelligently with their environment, 

be it social or other.



III. Agent-basedModelling (ABM)

Ã Environment

ÄVirtual world in which agents interact

ÄMost commonly a geographic space with features such 

as houses, different soil typesé

ÂSpatially specific

ÂIn general not comparable to GIS-environments! 

ÄBut other spaces can be designed: knowledge space, 

symbol space, networks.



III. Agent-basedModelling (ABM)

Ã Abilities of Agents

ÄPerception

ÄPerformance

ÂMotion

ÂCommunication

ÂAction

ÄMemory

ÄPolicy



III. Agent-basedModelling (ABM)

Ã What can we do with Agents?

ÄAgents can be given simple behavioural rules. 

ÄThese rules can be chosen to guide interaction of the 

agents with each other or of agents with the 

environment or both. 

ÄThey can be given knowledge and they are able to 

learn. 

ÄOn this basis they will be able to make ăindependentò 

decisions.



III. Agent-basedModelling (ABM)

Ãóéagents can be distinguished from other entities 

that can express behaviorby the fact that agents 

have some cognitive decision-making abilitiesó
(Altaweel 2006: 30)



III. Agent-basedModelling (ABM)

Ã What can we do with Agents?

ÄDefine a different set of rules for any single agent

ÄIndividuals, groups, institutions,é

ÄDifferent agent types can be put in one model

ÂIndividuals, households, tribes

ÄTwo model types

ÂOne agent interacting with its environment.

ÂGroups of agent



III. Agent-basedModelling (ABM)

Epstein / Axtell 1996

Ã ArtificalSocieties: Sugarscape



III. Agent-basedModelling (ABM)

modelling from a special perspective



III. Agent-basedModelling (ABM)

Ã Bottom Up 



IV. ABM in Archaeology

Ã Applications

ÄSocio-ecologicaldynamics

ÄSpatialprocesses

ÄAdaptation

ÄCulture Change (long-time-perspective)

ÄSocial interaction

Âemergence of social complexity

Âevolution of sociality

Âdecision making



IV. ABM in Archaeology

Ã SpecificResearch Questions

Ä Identifying drivers of historical change

ÄPopulation aggregation and abandonment

ÄCivilization collapse

ÄResponse to changing environmental and social conditions

Ä Impact of ecologicalstress

Ä Impact of population aggregation 

ÄSystem resilience

ÄMechanisms of adaptation

ÄEmergence of territories

ÄSettlement dynamics

ÄSite selection



IV. ABM in Archaeology

Ã Specific Research Questions

ÄResource management

Ä Land use

ÄSelfishness vsaltruism

Ä Food sharing 

ÄAlarm calls/protecting others

ÄSocial stratification

ÄEmergence of centralized decision making

ÄEmergence of specialization

ÄCulture contact

ÄMaintenance of ethnic boundaries

Ä Formation of political entities



IV. ABM in Archaeology

Dean et al. 1999; Janssen2009

Ã Artificial Anasazi


