Formulating and validating agent-based
models: two sides of the same coin
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Formulation

* Analytically formulated models:
based on the language of 7
mathematics

* Agent-based models: formulation v
based on — what?

(7=
®* Programming languages (Java, D 5
C++, Delphi, etc.) are are not (s (S B,
suitable for formulation and )\ ") SN
communication RO\

* \We need written formulations ! =

* State-of-the-art: @ weLmnoLrz
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Design

* How do we design ABMs?

* For software, ,design pattern®
exist

* For ABMs, important design
patterns and criteria certainly
exist, too, but where?

* \WWe need a list of clearly
defined design concepts for
formulating ABMs

¢ State-of-the-art:
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Validation

®* Terminological morass (verification, validation,
corroboration, confidence, ...)

Rykiel (1996): We need to check

* “if the model is acceptable for its intended use, I.e.,
whether the model mimics the real world well
enough for its stated purpose ”

* "how much confidence to place in inferences about
the real system that are based on model results".

¢ State-of-the-art: no ,culture” of validation  exists
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State-of-the-art

Formulation, design, and validation are usually
* Ad hoc

* Poorly motivated

* |[ncomplete

* |nefficient (re-inventions over and over again)

®* Not coherent
®* Short: A mess!

What can we do?
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Standards

Purpose of standards:
® |ncrease efficiency and coherence

® Do things in a more systematic
way

Scientific articles

®* Provide check lists
¢ Facilitate communication

* Facilitate design

Abstract
Introduction

Req \aterials & Methods
| Dis¢ Results

Con Discussion
Conclusions

Standards must not:
®* Impose designs
® Limit creativity
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Make ABMs more “efficient and coherent”

® Chapter on formulating ABMs

® Chapter on communicating
ABMSs (-> ODD protocol)

® Chapters on validation (pattern-
oriented modelling)
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Workshop in Bergen, Norway, 2004
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The ODD protocol

QOverview

Purpose

Entities, state
variables and
scales

Process overview
and scheduling

Design
concepts

Design concepts

Details

Initialization

External input

Submodels




Gusset et al. 2009






Design concepts

Emergence
What emerges from the model (rather than being imposed)?
Adaptation
How do the agents adapt to improve their fitness? (Directly and indirectly)
Fitness
What are the goals of the agents? What determines their survival?
Prediction
How do agents predict the consequences of their decisions?
Use of learning, memory, environmental cues, embedded assumptions
Sensing
What are agents assumed to know or perceive when making decisions?
Is the sensing process itself explicitly modelled?
Interaction
What forms of interaction among agents are there?
Stochasticity
Justification for any stochasticity in the model
Collectives
Grouping of individuals
Observation
How are data collected from the model for analysis?



A short “history” of ODD

®* ODD needs to be used, tested, and improved
® Tested for three social simulation models:

* Adopted by Open ABM consortium (openabm.org)
* By now cited about 120 times, used about 70 times



Review of ODD uses (54 publications)



Review of ODD uses (54 publications)



Conclusions from review

* ODD works, but is not perfect

* No major update needed of ODD itself, but its
description and explanation

* Updated ODD and description exists
(openabm.org)

®* Review and update to be submitted (Grimm, Berger, DeAngelis,
Polhill, Giske, Railsback)



See also: http://www.railsback-grimm-abm-book.com/




Big surprise with ODD

® Originally designed merely for communication (in
publications)

® Turned out to change your way of formulating
ABMs in the first place!!

® You start thinking and speaking - ODD

* \We believe that ODD can be the basis
for a standard language for formulating
(and designing) ABMs

* ODD could be augmented by a more formal language
(NetLogo is currently most useful for this)



Validation

To improve structural realism of ABMs and
optimize their design and complexity, ,pattern-
oriented modelling“ has been proposed:




Pattern-oriented Modelling (POM)

Use multiple patterns observed in real systems.
Use these patterns as multiple criteria for testing.

® Provide state variables so that patterns observed
In reality in principle also can emerge in the model

® Contrast alternative theories (=models) of certain
adaptive behaviours

® Use multiple patterns to determine entire sets of
unknown parameters (,inverse modelling)



ODD and POM and Validation

« ODD helps organizing an ABM so that it can
easier be tested systematically

e Scheduling, Emergence, Observation

e Turn processes on and off, test alternative
formulations of submodels!

* Observe model output at different hierarchical
levels and scales!

 ODD provides a framework for systematic
testing and validation of agent-based models



Summary

 State-of-the-art regarding formulation, design, and
validation of ABMs: a mess!

» Agent-based modelling has matured enough to try
and establish standards

* ODD was designed for communication

* ODD could be the basis for a standard language
for formulating and designing ABMs

* ODD also facilitates validation and pattern-oriented
modelling



ODD is good for you!



