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The random network model



RANDOM NETWORK MODEL

Alfréd Rényi
(1921-1970)

Pal Erdos
(1913-1996)

Erdos-Rényi model (1960)

Connect with probability p

p=1/6 N=10
<k>~1.5



RANDOM NETWORK MODEL

G(N, L) Model

N labeled nodes are connect-
Definition: ed with L randomly placed

links. Erdés and Rényi used

A random graph is a graph of N nodes where each pair this definition in their string

of nodes is connected by probability p. of papers on random net-
works [2-9].

G(N, p) Model

Each pair of N labeled nodes
is connected with probability
p, a model introduced by Gil-
bert [10].



RANDOM NETWORK MODEL
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Network Science: Random Networks



RANDOM NETWORK MODEL
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The number of links is variable



RANDOM NETWORK MODEL
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The number of links is variable
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Number of links in a random network

P(L): the probability to have exactly L links in a network of N nodes and probability p:

The maximum number of links
in a network of N nodes.

N ] N(N—l)

L . . . . .
PL)=\2/1p"( Binomial distribution...
L
Number of dlfferent ways we can choose

L links among all potential links.



MATH TUTORIAL | Binomial Distribution: The bottom line

N x N—x
P(x) = <P (1-p)
<x>=Np
<x%>= p —p)N+pZN2

0, =(<k*>-<k>)" =[p(1- pN]”

http://keral2008.blogspot.com/2008/10/derivation-of-mean-and-variance-of.html



RANDOM NETWORK MODEL

P(L): the probability to have a network of exactly L links

P(L) = {@Jp a-p 2 "

L

*The average number of links <L> in a random graph

N(N-1)

<L>= 22: LP(L)=0p

=0

NN -1) <k>=2L/N = p(N 1)
2

*The standard deviation

N(N-1)
2

o’ =p(-p)



Degree distribution



DEGREE DISTRIBUTION OF A RANDOM GRAPH

P(k) =[ L lpra—p

— N

P(k)

Select k prpbgbility of
<k> nodes from N-1 orobability of ;ndlzsélgg N-1-k
" having k edges
<k>=p(N-1) o, = p(1-p)(N -1)

1/2
o, {1 —p 1 } 1
<k> | p (N-D (N -1)"?
As the network size increases, the distribution becomes increasingly narrow—we are
increasingly confident that the degree of a node is in the vicinity of <k>.



DEGREE DISTRIBUTION OF A RANDOM GRAPH

N-1 k N-1)—k
P(k)=( L JP A-p)™ <k>=p(N-1) pz(;k_j)

For large N and small k, we can use the following approximations:

(N—l}_ N-1D!  (N-DWN-1-DN-1-2).(N—-1—k+1)N—-1—k) (N-D*

k ) BWN-1-k) K(N —1-k)! 7
ln[(l—p)(N_D_"]:(N—l—k)]n(l—<k>) (N-1- k)—:—<k>(l—%)z—<k>
A-p) P =e* In(1+x) = z( I)Mx :x—x—2+x—3—... for ‘x|£1

2 3

N-1 _w-p* D, . _ (- D (<k>) . e <k




POISSON DEGREE DISTRIBUTION

N -1 k N-1)—k
P(k)=( L JP aA-p™ <k>=p(N-1) pz(;k_j)

For large N and small k, we arrive at the Poisson distribution:

k
s <k >

Py =e ™=




DEGREE DISTRIBUTION OF A RANDOM GRAPH

k
= <k>
<k>=50 P(k) =&
0.1 T T | I 1 k!
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