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OUR GOALS

Growth of an asymptotically scale-free network including
metrics.

Growth of a geographically localized network (around its
baricenter).

To exhibit effects of competition between metrical
neighborhood, connectivity and fithess.

To analyze the influences of considering a fithess power-
law distributed.

Last but not least, to exhibit the connection between
scale-free networks and nonextensive statistics.
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Scale free Network

P(k) = k™

Random Network

Sites have in average the
same conectivity.

Bell Curve Distribution of Node Linkages

- |gypioal noda

Mumber of Nodes

Wumber of Links

Power Law Distribution of Node Linkages

Number of Nodes
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Apollonian Network

PHYSICAL REVIEW LETTERS week ending

PRL 94, 018702 (2005) 14 JANUARY 2005

Apollonian Networks: Simultaneously Scale-Free, Small World, Euclidean, Space Filling,
and with Matching Graphs

José S. Andrade. Jr.." Hans J. Herrmann."* Roberto E. S. Am:lrm:l:nz and Luciano R. da Silva®
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Apollonian Network

ad £

J MY

Apollonius of Perga
lived from about 262 BC to about 190 BC
Apollonius was known as 'The Great Geometer'.
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Apollonian Network: Connectivity Distribution
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Scale-free Networks [ gy 0 k7
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Fitness Model
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Geographic Model
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Barabasi-Albert Model with Euclidean Distance

Power-law Distributed
Network Construction:

Time=0 1% Time=1 %
site 2
site 1 \site 1 Baricenter
U. > 5 -
[ r.9a
MN(k) = N!(' !
D kI
=1
- 3+a, — —(2+a
P(r) O r7e o=oo  r=(1-&)
where G

Ve >1 ag =0 G=21¢"
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Examples
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N = 250 nodes (a) (ag, a,) = (1, 0) and (b) (ag, a,) = (1, 4).
The starting site is at (X, Y ) = (0, 0). Notice the spontaneous emergence of hubs.
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Barabasi-Albert Model with Euclidean Distance
Power-law Distributed
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Soares, Tsallis, Mariz and da Silva, Europhys. Lett. 70, 70 (2005) 16
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Fitness Model with Euclidean Distance Power-law Distributed

Inspired in the works of

Soares, Tsallis, Mariz and da ”

Silvas,

and Bianconi and Barabasi“. L1
0,01

1E-3
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Meneses, Cunha, Soares, and da Silva,
Progress of Theoretical Physics Supplement 162, 131 (2006) .
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Network Construction

Time=0 1% Time=1 %
site 2 n,
ite 1 site 1
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3+a
g 4c Ve = G
P(r) ar where G 2+, r :(1_5) (2+ag)
Ve >1 ag =0
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Tsallis Nonextensive Statistical Mechanics

1- [ P(K)]

P
Zp. =1 and Z “U.
2Rt

P(k) = P(Dk e ‘<'< ik

) =[1+(1-g)g"
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Connectivity distribution P(k) for typical values a, for n#1 and n=1 models. The
symbols are numerical results and continuous lines are the best fits according to P(k).
20
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a,-dependence of q for both n#1 and n=1 models. In this graph we observe some
kinds of changements of regimes at a, = 2 (which coincides with the space
dimensionality). 21
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a,-dependence of A for both n#1 and n=1 models. In this graph we observe some
kinds of changements of regimes at a, = 2 (which coincides with the space
dimensionality). 22
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a,-dependence of g for both n#1 and n=1 models. In this graph we observe some
kinds of changements of regimes at a, = 2 (which coincides with the space
dimensionality). 23
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Temporal dependence of the average connectivity for n#1, in 2000 samples.
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Average connectivity exponent for a, values relative to measures on node i = 50.
25
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Generalized Model: Fitness and Euclidean
Distance Power-law Distributed

Inspired in the works of 1

Meneses et al; '
0.1 ' * Meneses et al. (5=0)
Mendes et al; ', e Mendes et al. (8=1.5)
0.01 'y . e Soares et al.
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1 ' P(k) — P(:Dk—A e(;(k—l)//(

P(k)

o

Meneses et al (5=0)
Mendes et al (6=1.5)
Soares et al

o O

Conectivity distribution P(k) for a,=2 for Meneses et al, Mendes et al and Soares et al
models. The symbols are numerical results and continuous lines are the best fits in
according to P(k).
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= The generalized model contains the five previous models:

Model

CONECTIVITY

FITNESS

METRIC

Barabasi-Albert

YES

NO

NO

Bianconi et al

YES

UNIFORM

NO

Soares et al

YES

NO

POWER-LAW

Meneses et al

YES

UNIFORM

POWER-LAW

Mendes et al

YES

POWER-LAW

NO

Generalized

YES

POWER-LAW

POWER-LAW
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Affinity Model

Inspired In the works of Bianconi and
Barabasi; G.A. Mendes and L.R. da Silva.

The links between similar sites are favored.

i—>]

I1 .~kj(1—

n-11,))

M.L. Aimeida, G.A. Mendes, G.M. Viswanathan A.M. Ma riz and L.R. da Silva (Preprint)
29
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blue: big affinity; black: medium affinity; red: sm all affinity

ni - nj D M.L. Almeida, G.A. Mendes, G.M. Viswanathan A.M. Ma riz and L.R. da Silva (Preprint)
30
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Affinity Model I, ~k,(1-
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Affinity Model: Connectivity Time Evolution
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Affinity Model
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Affinity Model

0.6 T 1 T T T T T T

@ Periodic boundary condition
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Affinity Model
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Affinity Model: Tsallis Statistics

10 ¢ T T T
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We study the effect of competltlon between the relevant
varrables connectlvrty k t' tness n. and metrrcs r.

The frtness may gl\]e ttje, fJOSSlthlty o’ the younger
{ "ﬂ'tfthe old,ertones vvhen the

By |ncludrng metrréa . hnklng between first
nelghbors T e B MR Sy '

The average cannectrwty <k> rs apprecrably mfluenced
by metrics and by fltness whrle the average path length
<|> keeps approxrmatlvely the same
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The degree dlstnbutlon P(k) of the present generalized
model appears to be: the qexponentlal function that
emerges. naturally Wlthln Tsallls nonextenswe statistics.

We modlfy the rule of .'Fhe preferentlal attachment of the
Bianconi- BarabaSI fa_ctor which

represents S|mlla:nty =;~v ) _
_;'_ S hl: :.. B Gt Lt 2
The term- that_ _,e 5|m|la:nty is called the

afflnlty and |s' obtalne‘éf b"y'the” mcdutus ef the difference
betweeh the fltness (or quallty) ef the SItes )

This vanatlon |n the preferenttal attaChment generate very
unusual and |nterest1ng results '
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“Fwo Micron All Sky Survey (2MASS),

ge created by Dr. Thomas Jarrett (IPAC:
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Apollonius of Perga
lived from about 262 BC to about 190 BC
Apollonius was known as 'The Great Geometer'.
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Danyel J. B. Soares, J. S. Andrade Jr, Hans J. Herrmann, L. R. da Silva ’
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Movie Star
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Spread Factor (f=n./k)
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GAS-LIKE (NODE COLLAPSING) NETWORK:
S. Thurner and C. T., Europhys Lett 72, 197 (2005)
Number N of nodes fixed (cliemostat); i=1, 2, ..., N
Merging probability p, Dd—a @@= 0)
J

d; = shortest path (chemical distance) connecting nodes i and j on the network

a=0and a — o recover the random and the neighbor schemes respectively
(Kim, Trusina, Minnhagen and Sneppé&nr Phys J B . 43%369)
(N=2"; a:7%); r=2)

80
70} @ - 50l (b)

60+ 8 50l h
50r
.40} h |

40t : =

Kmax(®)

. 30r : |
%‘ | 1wMMHM1m A

0 5000 _ 10000 15000 0 5000 _ 10000 15000
time time

Degree of the most connected node Degree of a randomly chosen node
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S. Thurner and C. T., Europhys Lett 72, 197 (2005
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. o=0 (N =22 r= 2)
10° =1
A =2
\\ o=3
G
~
N
0-10_1.'
10'2 — 1
10° 10"
Kk
Pk =g, k=2 3 4.

linear correlation1[0.999901, 0.99997¢
S. Thurner and C. T., Europhys Lett 72, 197 (20055)6
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(r=2)

3 3.2 :
* N=2°
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S. Thurner and C. T., Europhys Lett 72, 197 (2005)
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