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Socio-technical systems

social technological

complexity
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Complex systems
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Complex systems

information

robustness
emergence

networks

randomness

evolution

order
self-similarity

path-dependency

instability

observer-dependency

diversity
adaptiveness

chaos

non-linearity
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Social science research questions

• Why is this happening?
• How does it affect these stakeholders?
• What are the values behind these actors’ 

interactions?
• What are the links between these 

factors?
• What policy should the government take?
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Hopkins and King (2010)

“Computer scientists may be 
interested in finding the needle in 

the haystack – but social scientists 
are more commonly interested in 

characterizing the haystack.”
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Schools of agent thinking

• Artificial Intelligence
● Agents as autonomous identities solving problems

• Multi-Agent Systems
● Distributed control of systems

• Agent-Based Modelling (and Simulation)
● Simulating (real world) phenomena
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Agent-Based Modelling and Sim.

• Bottom-up perspective
• Model social reality with agents and their 

interactions
• Key: How could the decentralised local 

interactions of heterogeneous 
autonomous agents generate
the observed regularity?
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ABSS applications

• Energy market deregulation (Macal & 
North 2005)

• Epidemic spread (Zhang et al 2016)
• National-scale employment (Axtell 2016)
• University admissions (Reardon et al 

2016)
• Eurovision Song Contest collusion 

(Gatherer 2006)
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Case study: 
Deflzijl industrial network
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Summary

• Research questions in social science 
concern causality and explanation

• Agent-based modelling: bottom-up 
perspective

• Used in anthropology, business, ecology, 
economics, political science, sociology
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Models simplify reality

• Every model is a simplification of reality…
• ...is it a useful one?

All models are wrong,
some are useful!

Model a problem, not a system!
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Models simplify reality

• Usefulness of a model is measured by 
the speed it is replaced

All models are wrong,
some are useful!

Insight is the goal, not numbers!
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Top-down modelling



37© 2018

Limitations of top-down modelling

• Understand system in entirety
• Understand exactly how components 

interact with each other
• Good for complicated systems, e.g. cars

• Fails for complex systems
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Generative principle

• Build understanding from the bottom up
● “If you did not grow it, you did not explain it!” 

(Epstein 1999)

• Principle: phenomena can be described
in terms of interconnected networks of 
(relatively) simple units
● Deterministic, finite rules and parameters of 

natural phenomena interact with each other to 
generate complex behaviour
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Key question for generative
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Generative approach
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ABM entities

• Agent = thing that does things to other things
• Agent state and behaviour, model state and 

behaviour
• Rules = agents’ internal models
• Behaviour = set of observable actions
• Environment = everything relevant that’s not 

an agent
• Discrete time
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Types of rules

• Decision and transformation rules: 
inputs, states → action, behaviour

• Can be static or dynamic
• Rules, MCDM, inference engines, ML, GA
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Limitations of bottom-up 
modelling
• Data requirements (of individuals)
• Implementation not straightforward
• Different from equation-based models

• Excessive for simple and complicated 
systems
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Case study: 
Epidemic
modelling
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Summary

• Generative models are wrong, 
but can be very useful

• Agents – states – rules – actions 
(behaviours) – environment – time
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Four types of ABSS tools

• General agent platform
• Dedicated ABM platform
• Dedicated ABM library
• General programming language
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NetLogo hands-on

• Today we’ll try modelling with NetLogo
• https://ccl.northwestern.edu/netlogo/
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“Low threshold, no ceiling”

• Commonly-used ABSS platform
• Scripting language + UI
• Logo + Lisp → StarLogo → NetLogo
• Open source Scala/Java
• NetLogo Web

Wilensky (1999)
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NetLogo is not perfect

• Some language limitations
• Not object orientated
• Scaling
• Not Python

(but PyNetLogo)
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NetLogo UI has 3 tabs
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NetLogo UI has 3 tabs
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Let’s try model Ants

• File → Models Library → Biology → Ants 
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Interface ↔ Code
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Agents, environment, observer

• Turtle = agents
• Patches = locations (grid cells)
• Observer = control agent

; Set the colour of the houses surrounding person fred:
ask person fred [  
   ask neighbors4 with [ptype = "house"] [set pcolor blue]
]
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Let’s try model Rebellion

• File → Models Library → Social Science 
→ Rebellion

Epstein (2002)
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Things to try

• Parameters
• Watch one agent
• 2D/3D visualization

• Write a reporter procedure that reports 
true when there is a rebellion, false 
during quiescent periods
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More NetLogo

• GIS data
• System dynamics
• Distributed models
• Batch experiments
• Python, R interfaces
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Summary

• Dedicated ABM vs. Java/Python library
• NetLogo: turtles, patches, observer
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Suggested methodology

1.Purpose of simulation

2.Entities / actors

3.Data

4.High-level design

5.Detailed design

6. Implementation & calibration

7.Verification & validation
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Purposes of simulation

• Understand
• Explore
• Predict
• Control
• Design
• Validate
• Perspective
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Levels of abstraction

Teran (2004)
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Modelling standards

• ODD (Overview, Design concepts, and 
Design details)

• AGENT UML
• openabm.org
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KISS vs KIDS

• Simple: abstract as 
much as possible, 
only expand the 
model when this is 
needed to explain 
and understand the 
phenomenon of 
interest

• Descriptive: start 
with a (complex) 
descriptive 
model, only 
simplify when this 
turns out to be 
justified
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KISS vs KIDS

Edmonds and Moss (2004)
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Verification & validation

• Verification = implementation correctly 
matches conceptual model

• Validation = conceptual model adequately 
matches reality

• How would you ensure these properties?
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Verification

• Expert checks model, output
• Component verification
• Formal model checking
• Reasonableness under a variety of input 

parameter settings 
• Interactive tracing
• Multiple implementations
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“Model adequately matches reality”

• Replicative validity
• Predictive validity
• Structural validity
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Validation

• Build a model that has high face validity
• Validate model assumptions
• Compare the model input-output 

transformations to corresponding input-
output transformations for the real system
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Sensitivity analysis

• Which input parameters most affect 
observed outputs/behaviours?

• How much do outputs depend on precise 
values of input parameters?
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Output of sensitivity analysis
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Sensitivity analysis in practice
problem = {

  'num_vars': 6,

  'names': ['random-seed', 'grass-regrowth-time', 'sheep-gain-from-food',

            'wolf-gain-from-food', 'sheep-reproduce', 'wolf-reproduce'],

  'bounds': [[1, 100000], [20., 40.], [2., 8.],

             [16., 32.], [2., 8.], [2., 8.]]

}

n = 1000
param_values = saltelli.sample(problem, n, calc_second_order=True)

# Setup, run, analyze
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Rebellion, revisited

• File → Models Library → Social Science 
→ Rebellion

Epstein (2002)
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Things to try now

• How sensitive is the model to parameter 
GOVERNMENT-LEGITIMACY?

• How would you validate this model?
• How would you build a KIDS version?

• Change the model s.t. each agent's 
grievance is influenced by the value of 
other nearby agents
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Summary

• Garbage in, garbage out?
• Methodology is important
• Verification and validation – or 

stakeholders reject ABM
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ABM platforms

• AnyLogic: www.anylogic.com 
• GAMA: www.gama-platform.org 
• MASON: cs.gmu.edu/~eclab/projects/mason/ 
• Mesa: www.github.com/projectmesa/mesa 
• NetLogo: ccl.northwestern.edu/netlogo/ 
• Repast: repast.github.io/index.html 
• SOIL: www.github.com/gsi-upm/soil
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Recommended reading
• van Dam et al (eds), Agent-Based Modelling of STS, Springer, 

2013

• Edmonds & Meyer, Simulating Social Complexity, Springer, 2013

• Edmonds & Moss, From KISS to KIDS, MABS, Springer, 2004

• Epstein, Agent-based Computational Models and Generative 
Social Science, Complexity, 1999

• Lee et al, Complexities of Agent-Based Modeling Output 
Analysis, JASSS, 2015

• Macal, Everything You Need to Know about ABMS, J. Simulation, 
2016

• Teran, Understanding MABS and Social Sim., JASSS, 2004

• Wallach, Computational Social Science, CACM, 2018

• Wilensky & Rand, Intro to ABM, MIT Press, 2015

• JASSS journal: http://jasss.soc.surrey.ac.uk/JASSS.html
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EASSS’15 tutorials

• Multiagent Simulation of Complex Systems
• MAS Prototyping Tool: First Steps with Netlogo
• Agents in Complex Networks
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TU Delft OpenCourseWare
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Colophon

• Contact: n.yorke-smith@tudelft.nl

• Thanks to: A. Evans, I. Nikolic, 
A. Sharpanskykh, G. Wurzer; U. Wilensky 
and the NetLogo team
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