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L interactions are regulated by the cost/benefit ratio?
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Agents have strategies:
(e.g. cooperation and defection).

Agents play in a pairwise manner,
and accumulate a payoff p
according to the payoff matrix of
the game.

e Roca, C. P, «a. (2009). Phys. of Life Rev., 6, 208.
e Szabd, G., & Fath, G. (2007). Evolutionary games on graphs. Phys. Rep., 446, 97-216.
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Prisoner’s Dilemma-like game

benefit: b > 0; cost: ¢ > 0 (b<2c¢)
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e Roca, C. P, eta. (2009). Phys. of Life Rev., 6, 208.
A cﬁ;ﬂ&%% & Fath, G. (2007). Evolutionary games on graphs. Phys. Rep., 446, 97-216. 3/8J
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Agents update their strategies
according to some rule.

Plom = 1 + e Bem—p)

e Roca, C. P, «a. (2009). Phys. of Life Rev., 6, 208.
e Szabd, G., & Fath, G. (2007). Evolutionary games on graphs. Phys. Rep., 446, 97-216.
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Repeat until stationary state J

e Roca, C. P, «a. (2009). Phys. of Life Rev., 6, 208.
e Szabd, G., & Fath, G. (2007). Evolutionary games on graphs. Phys. Rep., 446, 97-216.
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@ cooperator
@ defector

o _ 1 if /is cooperator
"7 Yo if/is defector

0, € [0, 27r]
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interaction N
° L]
0)=w + S\ E ajj sm(@, — (9j) .
j=1

e Kuramoto, Y. (1984). Progress of Theoretical Physics Supplement, 79, 223-240.
e Arenas, A. et al. (2008). Physics Reports, 469, 93—153.
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Payoff

C
pr= r, —&2—
= 5N
benefit oSt

a €]0,00[.
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The model

1 N

rL, Eza
Jj=1
r. € [0,1],

2

C = Aé/ = é/(t) = é/(t = 1)
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accumulation of payoff

¥

A

update of strategy
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How the underlying topology of the interactions
affects the emergence of
cooperation/synchronization?

v

We consider three different topologies:

ER = Erd6s-Rényi random graphs
RGG = Random Geometric Graph
BA = Barabasi-Albert scale-free
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Macroscopic rehavior
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Coevolutionary model
(Evolutionary Kuramoto’s Dilemma) combining
synchronization & evolutionary game theory.

v N Fyere e

4 August 1972, Volume 177, Number 4047 SCIENCE

accumulation of payoff

A I

update of strategy

More Is Different

Broken symmetry and the nature of
the hierarchical structure of science.

VT s Y e Nt

P. W. Anderson

5«

B e

e Anderson, P. W. (1972). More Is Different. Science, 177, 393—-396. J
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Role of the underlying topology in the emergence of
cooperation/synchronization.
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e Gomez-Garderies, J., et al. (2007). Physical Review Letters, 98, 34101.

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

e Arenas, A., et al. (2008). Physics Reports, 469, 93—153.
e Ohtsuki, H. et al. (2006). Nature, 441, 502-505.
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average pairwise order parameter
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P ; d R B ; d =

23 Mpe, U

3
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t =0 t = 200 t = 2000 t = 5000
re = 0.033 re = 0.048 re = 0.053 re = 0.042
ro = 0.631 re = 0.738 ro = 0.647 ro = 0.635
coop = 0.500 coop = 0.322 coop = 0.017 coop = 0.008
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Synchronous Imitation of the best
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