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The Prisoner’s Dilemma Game
• T>1, 0<S<1: cooperation riskful and 

defection temptating;
• Nash equilibrium: (D,D) for two players, xc=0 

in well-mixed populations;
• But global cooperation would be more 

convenient!
• For the previous reason, PDG is maybe the 

most useful model in order to investigate the 
emergence of cooperation in a population.



Numerical simulations: update rules

• Replicator dynamics (REP): choose a neighbour 
at random, and adopt its strategy (if larger than 
yours) with probability proportional to the 
difference between the payoffs;

• Unconditional imitation (UI): choose the strategy of 
the neighbour with the largest payoff (if larger than 
yours);

• Moran’s rule (MOR):





Random Topologies





• In fact, the effect of spacial structure on cooperation is more complex: 
no universality;

• From Roca-Cuesta-Sánchez, Phys. of Life Rev. 6, 208-249 (2009):





Mixing update rules
• What happens if in a population there are 

individuals with different update rules?
• When is the cooperation enhanced in this 

case?
• And what happens if also the update rules 

can evolve (i.e., if an agent imitates a 
neighbour’s strategy, it copies its update 
rule, too)?

• In the last case, which is the favoured 
update rule?



Fixed and evolving update rules
Cardillo, Gómez-Gardeñes, Vilone, Sánchez, NJP, 103034 (2010)







Small-world topology (not WS)

Unconditional imitation, link-adding model
[Vilone, Sánchez, Gómez-Gardeñes, arXiv: 1010.3547, submitted to JSTAT]



Conclusion and perspectives
• Topology has a great influence in the evolution of 

cooperation; 
• But its role is more complex than expected initially;
• There are other factors influencing the dynamics of the 

cooperation, as for example the update rule;
• In general, UI and REP seems to be the update rule 

which most enhance the cooperation;
• SW (with added links) shows a not trivial and very 

interesting effect (enhancing cooperation with no 
clustering).

THE END
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