
Paul Smaldino

Day 2

Spreading Infection

Computational Modeling of Social Behavior



Outline of the day

• Morning  
‣ Review modeling challenges 
‣ Infection Models 

• Afternoon
‣ Modeling infections with collisions



If you wish to make an apple pie from scratch, 
you must first invent the universe.



Writing, planning, outlining

Hofstadter’s Law: It always 
takes longer than you expect, 
even when you take into 
account Hofstadter's Law.



Separating Design and Implementation



The iterative process

Sometimes people ask: “How does your show get written?”  
Like this: performance, feedback, revision  

–Baba Brinkman, The Rap Guide to Evolution



Pseudocode

• A description of a computer programming 
algorithm that uses the structural conventions of 
programming languages, but omits detailed 
subroutines or language-specific syntax. 

• Valuable for stepwise refinement



• Initialize:
‣ ??? 

• At each tick:
‣ ???



Color Spreading

• Initialize:
‣ All patches are initially white 
‣ Set center patch to blue 

• At each tick:
‣ Each patch checks its neighbors to see if any of them 

are blue. If so, it turns blue.  
‣ Stop if no patches are white





Rainbow Spiral
• Initialize:

‣ All patches are initially white 
‣ Set center patch to random color 
‣ Place invisible agent on center patch, headed east. 
‣ stepLength = 1 
‣ twostep = 0 

• At each tick:
‣ For x from 1 to stepLength 

‣ Move forward 1 
‣ Set patch occupied by agent to random color 

‣ Turn left 90 degrees 
‣ Twostep++ 
‣ If Twostep = 2 

‣ Twostep = 0 
‣ StepLength++  

‣ Continue until no patches are white. 



Collisions
• Initialize:

‣ turtles are placed in random locations with random headings 

• At each tick:
‣ For each turtle: 

‣ If a step forward would place outside grid 
‣ turn to “bounce” off wall 

‣ If another turtle is within search-radius 
‣ set heading to random direction, and set other turtle’s 

heading to the opposite direction 
‣ move forward step-length









Contagion



Simple diffusion model

Susceptible Infected



N: population size 
I: # of infected 
τ: transmissibility 
c: contact rate

Probability a meeting leads to infection
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SIS Model

Susceptible Infected



N: population size 
I: # of infected 
τ: transmissibility 
c: contact rate 
γ: recovery rate

Equilibrium infection rate
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N: population size 
I: # of infected 
τ: transmissibility 
c: contact rate 
γ: recovery rateIt+1 = It + c⌧It

�
1� It

N

�
� �It

close to 1 when infection is new
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“basic reproduction number”

Will the infection spread?



N: population size 
I: # of infected 
τ: transmissibility 
c: contact rate 
γ: recovery rate

Vaccinate a proportion V of the population
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(1� V )R0 = r0
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threshold for herd immunity

Estimated R0: 
Measles ≈ 15 
Mumps ≈ 5 
Influenza ≈ 3

V* = 14/15 ≈ .93
V* = 4/5 = .80
V* = 2/3 ≈ .67



Do these models reflect reality?

Flu outbreak 
English boarding school 

1978



Why use ABMs?
• Nano-sheep 

problem 

• Allows for greater 
complexity 

• Builds intuition

Perez & Dragicevic (2009) Int J. Health Geo.Burke et al. (2006) Acad. Emer. Med..



Relevance to social science?



Models as scaffolds





Some questions for a simple model















Batch Runs

BehaviorSpace



Statistical tests for simulation data

• Statistical tests are important for comparing model 
results to empirical results. 

• However, statistical tests are rarely appropriate for 
identifying an effect within the model itself. 
‣ A statistical test creates a model of the data generation 

process 

‣ However, you already have such a model! The solution 
is to run enough simulations to obtain limiting 
distributions.



• Remainder of today:  
- Modeling Challenge #2 

• Tomorrow:  
- Modeling cooperation and social evolution


