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Motivation



A world of synchronization. ..
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Foreword

= Whot hoppehs to the synchronization when the
E |nteroct|ons are reguloted by the cost/benefit ratio?




Foreword

W we do observeonlg fireflies

Ghat flash in synchrony?
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& evolutionary game theory



Kuramoto model on networks
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Kuramoto model on networks
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Kuramoto model on networks

Global order parameter
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Kuramoto model on networks
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Evolutionary game theory on networks

Agents’ states correspond to their
strategies: cooperation and defection.
Agents interact in a pairwise manner,
and accumulate a payoff p according

to the payoff matrix of the game.

e Roca, C. P., et al. (2009). Phys. of Life Rev., 6, 208. J
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S’
Eitro~




Evolutionary game theory on networks

Prisoner’s Dilemma game
g

benefit: b > 0; cost: ¢ >0 (b > ¢)
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Evolutionary game theory on networks

Agents update their strategies
according to some rule.
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Evolutionary game theory on networks

. . o\
Repeat until stationary state | o ®

e Roca, C. P., et al. (2009). Phys. of Life Rev., 6, 208.
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The Evolutionary
Kuramoto’s Dilemma




The Evolutionary Kuramoto's Dilemma
@ cooperator
@ defector |

0, [0,27T] J

Strategy

1 if / is cooperator

0 if / is defector
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The Evolutionary Kuramoto's Dilemma

Kuramoto
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The Evolutionary Kuramoto's Dilemma
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The Evolutionary Kuramoto's Dilemma

accumulation of payoff
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update of strategy



The Evolutionary Kuramoto's Dilemma

Erdds Scale
Rényf Free

e Santos, F., et al. (2006). Proceedings of the National Academy of Sciences, 103, 3490-3494.

S?
o Gomez-Gardefies, J., et al. (2007). Physical Review Letters, 98, 34101. f:l' ogia




The Evolutionary Kuramoto's Dilemma

Question:
How the underlying topology of the interactions

affects the emergence of
cooperation /synchronization?
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The Evolutionary Kuramoto's Dilemma

Question:
How the underlying topology of the interactions
affects the emergence of
cooperation /synchronization?

We consider three different topologies:
ER Erd6s-Rényi random graphs

RGG Random Geometric Graph
BA Barabasi-Albert scale-free




Results




Macroscopic behaviour




Macroscopic behaviour
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Macroscopic behaviour




Microscopic behaviour
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Microscopic behaviour
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Microscopic behaviour

average pairwise order parameter
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Microscopic behaviour
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Conclusions




Take home messages

Coevolutionary model (Evolutionary Kuramoto's
Dilemma) based on synchronization
and evolutionary game theory.
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less relevance they seem to have to the

very real problems of the rest of sci-
ence, much less to those of society.
‘The constructionist hypothesis breaks

o down when confronted with the twin
More Is Different diffculties of scale and complexity. The
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Take home messages

Role of the in the emergence of
cooperation /synchronization.
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Take home messages

‘ The synchronization of fireflies can be
interpreted as the result of Darwinian selection

A

e Sumpter, D. J. T. (2006). The principles of collective animal behaviour. Phil. Trans. Roy. Soc. B:

Biological Sciences, 361, 5—22.
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Microscopic behaviour in RGG
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Other update rules

Asynchronous Fermi

ER
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Other update rules

Synchronous Imitation of the best

RGG




Fermi's Rule
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