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preferential attachment

— generative models reason about network evolution
— cumulative advantage process of Price model [Pri76]
— preferential attachment of Barabdsi-Albert model [BA99]

Pdlya process  Yule process  Zipf's law  Matthew effect
rich-get-richer  proportional growth  cumulative advantage

see preferential attachment model NetLogo demo
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https://ccl.northwestern.edu/netlogo/

preferential G(n, ¢, a) model

— G(n, c.,a) cumulative advantage model [Pri76]
— each new node / forms k7" — ¢ - 0 directed links
— node j receives link with probability ~ kf” +a=q;+a>0

n,c,a given py unknown

input parameters n, c, a
output directed graph G

1: G <« > c isolated nodes
while not G has n nodes do

add node i to G

for ¢ times do

add link (i, j) with ~ q; + a

return G

S ahwn
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preferential G(n, ¢, a) equation

— master equation for in-degree distribution py(n)

— pq(n) is in-degree distribution p, at time n
g+a_ _ c(gta)

Z‘Zi:’ia - n?l::ri) cnpq(n) n(c+a) — c+a pfi(n)
1+ +
(n+1)pg(n+1) = npg(n) + L=t p. 1 (n) — Latadp ()

(n+1)po(n+1) = npo(n) + 1 — & pp(n)

— power-law in-degree distribution pg ~ q~7 with v > 2

— p, is in-degree distribution in limit n — oo

M(x) = [ e tdt B(x,y) = [ ~ 5T (y)
_ _gta-1 _ B(g+a2+a/c)  q—2—a/c
Pq = q+a+l+a/cpq 1= ~  B(a,1+a/c) q
I1+a/c

Po = atl+a/c
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preferential G(n, c) model

— G(n, c) preferential attachment model [BA99]
— each new node / forms ¢ > 0 undirected links
— node j receives links with probability ~ k;

n, c given pr unknown

input parameters n, ¢
output undirected graph G

1: G « c connected nodes
2: while not G has n nodes do

3 add node i to G >4
4: for ¢ times do

5: add link {/,j} with ~ k;

6: return G
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preferential G(n, ¢) equation

— undirected G(n,c) is directed G(n,c,c) for ki = q; + ¢
— same master equation for in-degree distribution p,

— pg is in-degree distribution in limit n — oo

B(gq+c,2+c/c) _ B(g+c,3 _
Pq = (Bq(c,l—i—c/c/)) o :(Bq(c,2)) ~4q J

— power-law degree distribution p; ~ k™3

— pr is degree distribution in limit n — oo

B(k,3) o 2c(c+1 _
Pk = BEC.2§ S k(k+(1)(kl2) ~ k3
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preferential =small-world

— random graphs are “small-world” as (d) ~

— random graphs are not small-world as <C> = <k>

— scale-free networks -y = 3 are “small-world” as (d) ~ |n|';n"n

(In n)?

— G(n, c) scale-free model is not small-world as (C) ~

T o ww

o - N w

6/9 @ Lovro Subelj



preferential models

NEW NODE @ New NoDE

EXISTING
NETWORK

X
s -Ah

CHOOSE TARGET CHOOSE ONE OF THE
OUTGOING LINKS OF TARGET

N

N~

link selection [DMO02] random /link copying model [KKR+99]
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preferential optimization
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preferential history

preferental attachment has emerged independently in many disciplines, helping explain

1999 200
2000

Preferential attachment made its

Hungarian mathematician Gybrgy
Péia 2 Hence, n mathematics
preferential attachment i often

called 3 Pélya process.

proposed that the size and the
growth rate of a firm are indepen-
dent. Hence, larger firms grow
faster [4]. Called

used preferential attachment to
explain the fat-tailed nature of the
distributions describing city sizes,

is a form of preferential
attachment,

papers published by scientists (6]

In sociology preferential attachment
s often called the Matthew effect,
named by Merton [8] after a passage
in the Gospel of Matthes

statistc profrental atachment s
often called 2 Yule procs

George U ) ) ) Mt toal
aea prelerenta at used preferential attachmentt used preferential attachment to introduce the term preferent
xtan thepower-law ditbutionof explain the fat statistcs of e arginol
the number of species per genus of wealth i the sacety 5] scientific publications, calling it scale-free networks 1],
flowering plants [3]. Hence, in cumulative advantage 7]

pref-
erential attachrment was ntroduced in 199 to explain the scalefroe property.
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