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Complex Networks

Random Geometric Graph (RGG)
1 Scatter N points (with some

density ρ) at random on a
surface;

2 Select a node i and draw a
circle of radius R upon its
center;

3 Connect i with all the nodes j
whose centers are inside the
circle;

4 Repeat operations 1 and 2 for
all the nodes in the network.
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Introduction to Public Goods Game (PGG)

Synopsis

A GROUP of individuals have to contribute
to the public goods:

Cooperators (xi = 1) contribute with
an amount c (cost) into the public
goods;
Free Riders (xi = 0) do not contribute;
The total amount collected is amplified
by a factor r ≥ 1 and then equally
distributed among all the players.
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The payoff, of the player i , pi is equal to:

beni =

r
(∑

j∈Ni

xjc + xic
)

ki + 1
,

pi =

{
beni − c, if i is a cooperator,
beni , if i is a free rider.
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PGG on complex networks −→ FCI & FCP

A player (if cooperates)
contribute with the same
amount c in each game she is
involved with. Fixed cost per
interaction (FCI).

A player i , (if cooperates) has
a finite amount of resources c
and contribute with an amount
ci =

c
ki+1 in each game she is

involved with. Fixed cost per
player (FCP).
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PGG on complex networks −→ FCI & FCP

Normalized enhancement factor
Santos et al. have introduced a normalized enhancement factor η given by:

η =
r

〈k〉+ 1
−→ r

(ρπR2) + 1
;

Santos F. C., Santos M. D., Pacheco J. M. – Nature 454 (2008).
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Evolutionary rule

Players changes their strategies according to the Fermi rule given by:

Pi→j =
1

1 + e−β(pi−pj)
;
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Experimental setup

Game: Public goods game played under FCI or FCP approach;
Update Rule: Fermi rule;

Topology: RGG built with density ρ and radius R and periodic boundaries;

Other information:
Initial fraction of cooperators and defectors C(0) = D(0) = 0.5;
Normalized enhancement factor η ∈ [0.05,1.2 ] ;
Payoff does not accumulate through gaming and the update of the
strategies is synchronous.
Dynamic evolution of the system up to 50000 game rounds;
All simulations averaged over 50 different realizations for each set of
parameters;

A. Cardillo (Univ. of Zaragoza – BIFI) Net-Works 2011, 27/10/11 6 / 10



Results 1/3 – Static case
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Results 2/3 – Dynamic scenario: effect of density

ρ = 1.3 ρ = 1.6 ρ = 2.0
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Results 3/3 – Dynamic scenario: effect of the radius

R = 1.5 R = 1.75 R = 2.0
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Conclusions

Conclusions
The motion of agents sustain the cooperative behavior of the system if
the velocity is not too large;

Velocity helps a more rapid convergence towards the stable state;
Adopting FCI approach instead of FCP change the shape of the transition
to cooperation;
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Work in progress

Consider different update rule for the evolution of the system (i.e.
Replicator);

Adopt a co-evolutionary approach to provide a better description of the
systems;
Include some kind of adaptive mechanism in the motion of the agents to
correlate it with their strategy/payoff.
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