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Milgram's “small-world” experiment
● Stanley Milgram's 1967 experiment

– 296 people were asked to get a 
letter to a target person in Boston 
(196 from Nebraska and 100 from 
Boston)

– Letters could only be passed along 
a chain of first-name acquaintances

– 64 letters arrived (29%)
– They took an average of 6.2 steps to 

get there
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The small-world effect
● If each person knows 100 people then:

– Number of people 1 step away from you is 100
– People 2 steps away is 100 x 100 = 10,000
– People 3 steps away is 100 x 100 x 100 = 1,000,000
– People 4 steps away is 100,000,000
– People 5 steps away is 10,000,000,000

● But 10 billion is more than the total number of 
people in the world
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Degree distributions
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Epidemic modeling

● Population is divided into compartments
● Assuming random mixing we can write down 

equations that describe the changes in the number of 
people in each compartment
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Spread of a disease
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Bond percolation

Spread of a disease
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Transitivity

● If A knows B and B 
knows C, then A is 
likely also to know C

– “The friend of my 
friend is also my 
friend”



  

Transitivity

● We can make a model of a transitive network by 
adding triangles among the edges:



  

Newman, PRL 2009



  

Assortative mixing

Assortative Disassortative
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Coinfection

● Now suppose we have two diseases
● And suppose that one disease depends on the other:

– Infection with the first disease is necessary for 
infection with the second

– Or makes the second more likely
– Example: HIV's immunosuppressant effects 

increase the chances of getting certain types of 
infections
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Competing pathogens

● Alternatively, the two diseases can compete:
– One possibility is cross-immunity
– Example: Different strains of the same disease, like 

the flu
– Immunity to one strain gives you full or partial 

immunity to the other
– The second disease can only infect those who didn't 

already catch the first
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Simulated contact network
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  EpiSims (Eubank et al.)
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Effects of airline travel
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