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Network

Reference

WWW. site level. undir.

Adamic 1999

Internet, domain level

Yook et al. 2001a,
Pastor-Satorras et al. 2001

NMovie actors

Watts, Strogatz 1998

LANL coauthorship

Newman 2001a.b

MEDLINE coauthorship

Newman 2001a.b

SPIRES coauthorship

Newman 2001a.b.c

NCSTRL coauthorship

Newman 2001a.b

Math coauthorship Barabasi et al. 2001
Neurosci. coauthorship Barabasi et al. 2001

E.

coli, substrate graph

Wagner, Fell 2000

E.

coli, reaction graph

Wagner, Fell 2000

Ythan estuary food web

Montoyva, Solé 2000

Silwood park food web

Montoyva, Solé 2000

Words, cooccurence

Cancho., Solé 2001

Words., synonyms

Yook et al. 2001

Power grid

Watts, Strogatz 1998

C. FElegans|

Watts, Strogatz 1998
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Watts-Strogatz model

I NATURE|VOL 393(4 JUNE 18
Collective dynamics of
‘small-world’ networks

Duncan J. Watts* & Steven H. Strogatz

Department of Theoretical and Applied Mechanics, Kimball Hall,
Cornell University, Ithaca, New York 14853, USA

Networks of coupled dynamical systems have been used to m
biological oscillators' ™, Josephson junction arrays™, exci
media’, neural networks®'’, spatial games', genetic co:
networks'’ and many other self-organizing systems. Ordin:
the connection topology is assumed to be either compl
regular or completely random. But many biological, technolo
and social networks lie somewhere between these two extre
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Start with a circle network with N nodes, each with 2m neighbors. A WS network is
constructed by considering each of the links of the circle network and independently
rewiring each of them with probability p(0 <p <1) as follows:

1. Visit each node along the ring one after the other, clockwise.

2. Let 1 be the current node. Each edge connecting node i to one of its m neighbors
clockwise, 1s considered and rewired with a probability p, or left in place with a
probability (1 — p).

3. Rewiring means shifting the end of the edge, other than that in node 1, to a new

vertex chosen uniformly at random from the whole lattice, with the constraint than no
two vertices can have more than one edge running between them, and no vertices can
be connected by an edge to itself.
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Network Size (k) £ B G i
WWW, site level, undir. 153127 35.21 31 3.35 0.1078  0.00023
Internet, domain level 3015-6209 3.52-4.11 3.7-3.76 6.36-6.18 0.18-0.3  0.001

Movie actors 225226 61 3.65 299 0.79 0.00027
LANL co-authorship 52909 9.7 59 479 043 1.8x107*
MEDLINE co-authorship 1520251 18.1 4.6 491 0.066 1.1x10°°
SPIRES co-authorship 56 627 173 4.0 2.12 0.726 0.003
NCSTRL co-authorship 11994 3.59 9.7 7.34 049 3x107*
Math. co-authorship 70975 3.9 9.5 8.2 059 54x10°°
Neurosci. co-authorship 209293 11.5 6 5.01 076 5.5%x10°°
E. coli, substrate graph 282 7.35 29 3.04 0.32 0.026
E. coli, reaction graph 315 283 2.62 1.98 0.59 0.09
Ythan estuary food web 134 8.7 243 2.26 0.22 0.06
Silwood Park food web 154 4.75 3.40 323 0.15 0.03
Words, co-occurrence 460.902 70.13 2.67 3.03 0.437 0.0001
Words, synonyms 22311 13.48 45 3.84 0.7 0.0006
Power grid 4941 2.67 18.7 124 0.08 0.005
C. Elegans 282 14 2.65 2.25 0.28 0.05
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Barabasi & Albert, Science 286, 509 (1999)
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Barabasi & Albert, Science 286, 509 (1999)



Scale-free model eseo
(1) GROWTH °oe
At every timestep we add a new node with m edges °
(connected to the nodes already present in the system).
(2) PREFERENTIAL ATTACHMENT I
The probability IT that a new node will be connected to  [](%,) = ‘
node / depends on the connectivity k; of that node ’ > k.
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t /3 1 o0
ki(t) =m(t—l) =5

®
A node i can come with equal probability any time between t=m, and t, hence:

P(t) = P(t, <T) = dt, =
m, +t (f; <7 m0+tf m, +t
m'"Pt m'"Pt
P(k)=P|t. < =]1-
& ( k" ) kPt +m,)
oP(k.(t) <k 2m’t 1
- P(k) = (ki(1) <k) _ 2m kT v =

ok m o+t k’

A.-L.Barabasi, R. Albert and H. Jeong, Physica A 272, 173 (1999)
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Model A
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Model B
M preferential attachment
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L.+D)=T . @O+l w (t+1)=f(T .(t+1))



