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• Principis del segle XX 

Física Estadística

Mecànica                                Termodinàmica

10^23 eqs diferencials 
del moviment

variables
macroscopiques
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Meitat Segle XX

• Aplicaciones a la materia: física i 
química 

• Transicions de fase: concepte 
d’universalitat
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Darrer quart del segle XX

• Aplicacions a la biologia 

• Sorgeix el concepte de 
complexitat 

• Com ho havien fet abans: caos, 
sinergia, …..
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Complexitat

• El tot no és la suma de les parts 

• Comportaments emergents a 
partir dels comportaments 
individuals de les unitats que el 
formen 

• Aplicacions a ciències socials
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Complexitat
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Interdisciplinarietat
• Física 

• Química 

• Geologia 

• Biologia 

• Matemàtiques 

• Computació 

• Ciències socials
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Principis del segle XXI

• Xarxes complexes 

• Com ens afecta tot el que hem dit 
abans?
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Xarxes complexes

• Mooooolts exemples
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Exemples
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Què tenen en comú?

• Nodes: entitats 

• Enllaços: connexions reals 
(físiques)
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Dades

• No sempre les dades estan 
estructurades en forma de xarxa 

• Creem estructures relacionals o 
funcionals 

• Estructura vs. funcionalidad
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Big Data: origen

• Ciències de la vida: -òmica 

• Ciències socials: 
• mobilitat 

• comunicació, amb les màquines i amb altres humans 

• transaccions économiques 

• Som els protagonistes de 
l’experiment. Intervenim en el 
propi resultat?
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Ordres de magnitud
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El cicle de les dades

• Recollida 

• Enmagatzament 

• Pre-processat 

• Analisi exploratori 

• De les dates als models
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Mètode científic

• hipotetitzar 

• recollir 

• mesurar 

• caracteritzar 

• modelitzar 

• predir
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Com aconseguim les dades

• Dades de les grans xarxes: 
• Facebook 

• Twitter 

• Google
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Enmagatzemar?

• Bases de dades 

• Relacions 

• Optimizar cerques i accessos 

• Problema computacional
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Preprocessament

• Dades són incompletes 

• Sorolloses 

• Inconsistents
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Que fer quan falten dades?

• Simplement les eliminem? 

• Recorrim a mètods estadístics 
d’inferència 

• “Maximum Likelihood Estimation” 

• Mostrejos incomplets
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En xarxes

• No sempre coneixem els enllaços 
reals 

• Pot haver-hi tant falsos negatius 
com falsos positius 

• Inferència
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Xarxes complexes

• No sempre els enllaços 
corresponen a connexions reals 

• Xarxes estructurals vs. funcionals 
• En el cervell
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Big Networks => Big Data

• Recollida dels grans proveïdors 
de serveis 

• Les grans xarxes



Proyecto Investigador: 

topología, dinámica y 

funcionalidad en redes 

complejas 

Jornada SCE Albert Díaz Guilera

Big Data => Big Networks

• Recollim dades i les convertim en 
xarxes, seguim el procés invers
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Xarxa transport  
vs.  

xarxa de mobilitat
• Dades estàtiques extretes dels 

mapes 

• Dades dinàmiques extretes de 
registres: 
• GPS 

• enquestes origen - destí 

• trucades telefòniques
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Xarxa de mobilitat

• Taula amb origens i destins? 

• Procurem anar més lluny?
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Importància de les xarxes

• Representació 

• Taula versus xarxa
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Xarxa ajuda a visualitzar
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També a caracteritzar

• Mesures de centralitat 
• local: amb qui col.labora cadscú 

• global: qui està més “aprop” de la resta?
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Rols dels diferents actors

• Individu per individu 

• Qui és qui a l’estructura i/o a la 
funcionalitat
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A nivell global

• Com caracteritzem una xarxa 

• Oblidem els rols individuals 

• Estadística
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Estadística

• Distribucions 

• Moments de les distribucions 
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Complexitat

• Estadístiques “normals” poques i 
no serien gaire interessants 

• Cues llargues: lleis potencials i tot 
el que això implica
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Escalas
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Totes les escales són 
importants 

(simultàniament)

• Local: microescala 

• Global: macroescala 

• Mitja: mesoescala
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Comunitats
• Grups que tenen més enllaços 

entre ells que amb la resta (en 
promig)
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Comunitats: FisEs

• Regularidades a todas las escalas
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Email network
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Detecció de comunitats

• Community detection: modularity 
optimization 

14

an edge. The definition of performance, for a partition
P, is

P (P) =
|{(i, j) ⇤ E,Ci = Cj | + |{(i, j) /⇤ E,Ci ⌅= Cj |

n(n� 1)/2
.

(11)
By definition, 0 ⇥ P (P) ⇥ 1. Another example is cover-
age, i.e. the ratio of the number of intra-community edges
by the total number of edges: by definition, an ideal clus-
ter structure, where the clusters are disconnected from
each other, yields a coverage of 1, as all edges of the
graph fall within clusters.

The most popular quality function is the modularity
of Newman and Girvan (Newman and Girvan, 2004). It
is based on the idea that a random graph is not expected
to have a cluster structure, so the possible existence of
clusters is revealed by the comparison between the ac-
tual density of edges in a subgraph and the density one
would expect to have in the subgraph if the vertices of
the graph were attached regardless of community struc-
ture. This expected edge density depends on the chosen
null model, i.e. a copy of the original graph keeping some
of its structural properties but without community struc-
ture. Modularity can then be written as follows

Q =
1

2m

⇧

ij

(Aij � Pij) �(Ci, Cj), (12)

where the sum runs over all pairs of vertices, A is the
adjacency matrix, m the total number of edges of the
graph, and Pij represents the expected number of edges
between vertices i and j in the null model. The �-function
yields one if vertices i and j are in the same community
(Ci = Cj), zero otherwise. The choice of the null model
graph is in principle arbitrary, and several possibilities
exist. For instance, one could simply demand that the
graph keeps the same number of edges as the original
graph, and that edges are placed with the same proba-
bility between any pair of vertices. In this case (Bernoulli
random graph), the null model term in Eq. 12 would be
a constant (i.e. Pij = p = 2m/[n(n� 1)], ⇧i, j). However
this null model is not a good descriptor of real networks,
as it has a Poissonian degree distribution which is very
di�erent from the skewed distributions found in real net-
works. Due to the important implications that broad de-
gree distributions have for the structure and function of
real networks (Albert and Barabási, 2002; Barrat et al.,
2008; Boccaletti et al., 2006; Dorogovtsev and Mendes,
2002; Newman, 2003; Pastor-Satorras and Vespignani,
2004), it is preferable to go for a null model with the
same degree distribution of the original graph. The stan-
dard null model of modularity imposes that the expected
degree sequence (after averaging over all possible configu-
rations of the model) matches the actual degree sequence
of the graph. This is a stricter constraint than merely
requiring the match of the degree distributions, and is

essentially equivalent 3 to the configuration model, which
has been subject of intense investigations in the recent
literature on networks (⌅Luczak, 1992; Molloy and Reed,
1995). In this null model, a vertex could be attached to
any other vertex of the graph and the probability that
vertices i and j, with degrees ki and kj , are connected,
can be calculated without problems. In fact, in order to
form an edge between i and j one needs to join two stubs
(i.e. half-edges), incident with i and j. The probability
pi to pick at random a stub incident with i is ki/2m, as
there are ki stubs incident with i out of a total of 2m.
The probability of a connection between i and j is then
given by the product pipj , since edges are placed inde-
pendently of each other. The result is kikj/4m2, which
yields an expected number Pij = 2mpipj = kikj/2m of
edges between i and j. So, the final expression of modu-
larity reads

Q =
1

2m

⇧

ij

�
Aij �

kikj

2m

⇥
�(Ci, Cj). (13)

Since the only contributions to the sum come from vertex
pairs belonging to the same cluster, we can group these
contributions together and rewrite the sum over the ver-
tex pairs as a sum over the clusters

Q =
nc⇧

c=1

⌃ lc
m
�

�
dc

2m

⇥2 ⌥
. (14)

Here, nc is the number of clusters, lc the total number of
edges joining vertices of module c and dc the sum of the
degrees of the vertices of c. In Eq. 14, the first term of
each summand is the fraction of edges of the graph inside
the module, whereas the second term represents the ex-
pected fraction of edges that would be there if the graph
were a random graph with the same expected degree for
each vertex.

A nice feature of modularity is that it can be equiva-
lently expressed both in terms of the intra-cluster edges,
as in Eq. 14, and in terms of the inter-cluster edges (Djid-
jev, 2006). In fact, the maximum of modularity can be
expressed as

Qmax = maxP

⇤
nc⇧

c=1

⌃ lc
m
�

�
dc

2m

⇥2 ⌥⌅

=
1
m

maxP

⇤
nc⇧

c=1

⌃
lc � Ex(lc)

⌥⌅

= � 1
m

minP

⇤
�

nc⇧

c=1

⌃
lc � Ex(lc)

⌥⌅
, (15)

3 The di�erence is that the configuration model maintains the
same degree sequence of the original graph for each realization,
whereas in the null model of modularity the degree sequence of a
realization is in general di�erent, and only the average/expected
degree sequence coincides with that of the graph at hand. The
two models are equivalent in the limit of infinite graph size.
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From data to models

• Models estadístics 

• Models físics
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Models de xarxes

• Erdös-Reny: Random graphs 

• Watts-Strogatz: small worlds 

• Barabasi-Albert: scale free 
networks
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Universalitat

• Què tenen en comú xarxes en 
“mons” tant diferents 

• Minimitzar les variables rellevants 

• Proposem mecanismes 

• No importen casos particulars
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Big data => more complex 
networks

• Nous paradigmes: 
• xarxes de xarxes 

• xarxes que depenen del temps 

• xarxes interconnectades 

• xarxes en múltiples capes (multiplex)
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Multiplex
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Big networks
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“Take home message”

• Big Data <=> Big Networks 

• Diferents passes en el procés de 
les dades 

• Importància de l’Estadística
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complexitat.CAT


