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Introduc(on 

•  Percola(on 
– Physics: slow flow of fluids through a porous 
media,  

– Math: connec(vity among random systems that 
can be layered over a spa(al laTce. 

•  Deals with the thresholds on parameters that 
set condi(ons on the spa,al connec,vity and 
may allow or hinder complete connec(vity 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Introduc(on 

•  Swarm Intelligence has been applied to solve 
combinatorial problems, i.e. Graph coloring 
– Individuals (boids) move on an space 
– Global spa(al configura(ons are mapped into problem 
solu(ons 

•  Convergence may be related to percola(on 
condi(ons rela(ng 
– World size 
– Boid’s radius of vision 
– Popula(on size 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Some ideas about percola(on 

•   Bond Percola(on :  
– given a square laTce  
– A link connec(ng a posi(on (x, y) to an adjacent one 
(x’ , y’)  
•  Pruned with probability 1 − p,  
• Maintained  with probability p,   

•  Percola(on threshold:  
– The the cri(cal value pc that ensures the connec(vity 
from one side of the laTce to the other for p ≥ pc 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Some ideas about percola(on 

•  Site  Percola(on 
– Imagine an electrical poten(al from one side to 
the opposite side of the grid.  

– We start to remove the network nodes thereby 
preven(ng electrical current flow.  

– What percentage of nodes should be maintained 
for the current to con(nue flowing?. 

–  The Percola(on threshold pc is the mean of that 
measure over all the possible grids. 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Some ideas about percola(on 

•  At the Percola(on threshold, the structure 
changes from a collec(on of many 
disconnected parts to a large aggregate 
(infinite cluster). 

•  At the same (me, the average size of clusters 
of finite size that are disconnected to the main 
cluster, decreases. 

IEA‐AEI 2010, Cordoba, Junio 2010  7 



Some ideas about percola(on 

•  The probability of a site or link belonging to 
the infinite cluster is: 

•  In a graph genera(on process where p is the 
probability of an edge between two nodes on 
a given n‐dimensional laTce. 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Boids SI parameters 

•  Each boid is characterized by 
– Posi(on pi and velocity vi 
– Sensorial input: informa(on about boids in an 
spa(al neighborhood of radius R 

– Composi(on of the boid’s velocity: 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Boids SI parameters 

•  Separa(on: steer to avoid crowding local flock‐mates inside a 
private zone of radius z. 

•  Cohesion: steer to move toward the average posi(on of local 
flock‐mates  

•  Alignment: steer in the direc(on of the average heading of 
local flock‐mates. 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Percola(on in Boids SI 

•  Assump(on: Convergence of the Boid SI to 
some stable needs that all the boids are 
connected through their sensory input. 

•  Percola(on condi(ons relate 
– The size of the world (square torus) S 
– The radius and area of vision 
– The popula(on of boids 

IEA‐AEI 2010, Cordoba, Junio 2010  11 



Percola(on in Boids SI 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•  Numerical simula(on: 
– Generate random posi(ons of the popula(on boid 
and study the % of connected area 

– Under the assump(on of a Poisson distribu(on of 
the number of boids per unitary patch 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• Where the following normaliza(on is used 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•  Probability of an infinite component at the 
origin 

•  0‐1 law of Kolmogorov: there is a cri(cal area  

IEA‐AEI 2010, Cordoba, Junio 2010  17 



•  For an hexagonal laTce we find: 

• Which can be mapped into radius bounds 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Conclusions 

•  Percola(on can be applied to the study of the 
convergence of Boids Swarm systems 
– Connec(vity of the en(re swarm is a precondi(on 
for convergence 

– We have derived bounds on the radius for specific 
cases. 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