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INTRODUCTION TO AGENT-BASED MODELING

Various Flavo rs of Agent- Based Models

il E g
L-’éi:lﬁ B : R HS ISR el rrr eyl
m il ====I= =I=II=I=I=IIIIIIIIII

u 3 3 |1 4

il

e _ HEE _ ot
i E =.= Prisonners Dilemima
Mare ]Il [ [ | Pla;.rer 2
sy I BER L R
;!:Eﬁ!!'ﬂ!!ﬁ!!ﬁ;!!ﬁ]i! ==
HE
Bl
HE
=R

i
¥,
- " -




INTRODUCTION TO AGENT-BASED MODELING

s an ?{ﬂem‘- Rased Model What You Need?

What Characteristics of the Behavior are Essential?
2 Perspective A: use Occam’s Razor - simplest model possible
2 Perspective 1: use Kitchen Sink - put in everything
2 Complex Systems Exhibit Opaque Attribute Contexts
Which Modelling Techniques(s) Can Capture Them
2 Differential Equation Model: dynamic behavior with equillibria
2 Statistical Model: predicting behavior through historical analysis
2 Analytical Models: equation based with closed form solutions
2 Real-World Experiments: scaled-down replica of actual system
2 Agent-Based Models: open-ended rule-based computer simulations
Who Will Use the Model and for What?
2 Personal Experimentation vs Student Pedagogy
2 Prediction, Exploration, Explanation, and/or Existence Proof
What are your Skill/Time Restrictions?



INTRODUCTION TO AGENT-BASED MODELING

s an ?{ﬂem‘- Rased Model What You Need?

Benefits
2 Implicit Nonlinear Dynamics (Feedback & Dynamic Interactions)
2 Spatially Explicit
2 Heterogeneous and Adaptable Agents
2 “Medium” Number of Agents
2 Adaptable/Evolvable System Characteristics
2 Exponential Increases in Computer Power
2 Plagiarism 1s Encouraged and Rewarded

2 Visualization Can Pump Intuitions and Impress Others

Limitations
2 Ditficult to Analyze Results and Causal Mechanisms
2 Social Stigma Against ABMs
2 Practical Limits of Computing Power
2 Requires some Computer Programming Ability



INTRODUCTION TO AGENT-BASED MODELING

Compronents of Agent- Based WModels

Agents
> Rule-Based Behavior (Possibly Learning & Adapting)

o Interact with the World and Each Other
2 Between Two and One Duotrigintillion Agents




INTRODUCTION TO AGENT-BASED MODELING

Compronents of Agent- Based WModels

World

> Pick Your Dimensions: zero through infinity
2 Bounded vs Wrapped (Rings and Toroids)

> Holds Values (

Cnvironment) which May Be Dynamic

2 Divided 1nto Discrete Space or Not
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INTRODUCTION TO AGENT-BASED MODELING

Compronents of Agent- Based WModels

Scheduler

Hxecution of Events

2 Determines Order of |

2 Discrete Time Steps vs Event-Driven Updates
2 Synchronous vs Sequential AKA Parallel vs Serial

> How Does the Model Know When It’s Done




INTRODUCTION TO AGENT-BASED MODELING

Compronents of Agent- Based WModels

Other Common Elements
» Resources, Obstacles, Landmarks as “Agents™

» GUI, Graphs, Reports, Documentation, ...
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INTRODUCTION TO AGENT-BASED MODELING

What are Agents Based Models Made of?

Space and Movement

> Space Measure (e.g. Distance) 1n 1D, 2D, or absent?

Complicated Agents

2 CAs and Pure Networks 1.1

2 Learning vs Adapting vs

» Exogenous vs Endogenous Movers (Preterences vs Wind)

_imit Agent Abilities

Evolving

» Agents using Al and internal models

Model Dynamics
> Agent Birth and Death

» Agents Exchanging Resourses and Information
» Agent-Environment Feedback



INTRODUCTION TO AGENT-BASED MODELING

What are Agents Based WModels Made of?

User-Defined
2 Set by users during setup or dynamically
> Initial Conditions or Boundaries
»'Takes a Range of Values (Sweepable)

2 Detine Range and Granularity
“Tweaked”

» Hidden Parameters (Hard-Coded)

> Set at Values that are Known to “Work™
Distribustions

2 Select Type ot Distribution (Normal, Exp,“. i
» Select Distribution Parameters |
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