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Un graphe atypique : le graphe biparti

Les graphes multiplexes

Analyse dynamique des réseaux

Analyse multi-niveaux



biparti

Adapter les mesures - G(Vi, Vo, E)
m densité et graphe complet
m centralités et normalisation
m pseudo-transitivité

m bicliques

Source : https ://toreopsahl.com/tnet/two-mode-networks/
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biparti
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Figure 5. Graphe bipartite auteurs-institutions synthétisant les parcours institutionnels suivis par
35 auteurs « DNA repair » entre 1960 et 1975

M. Maisonobe, 2014, Emergence d'une spécialité scientifique dans I'espace - La Réparation de I'ADN,
BMS, 1-19
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biparti

Graphe Etats - groupes régionaux : diamétre ? bicliques ?
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Réalisé avec le logiciel Netdraw.




Démarche fréquente : passer en unimodal valué, seuiller, analyser
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wj; : weight between node i and node j
p : nodes of the other kind that node / and node j are connected to

Np : number of authors on paper p

https ://toreopsahl.com/tnet/two-mode-networks/projection/, d'aprés Newman



biparti mult ynam m

Les plus courts chemins (PCC)
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1997 pondérée

https ://toreopsahl.com/tnet/two-mode-networks/shortest-paths/
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biparti mult

" @ ©
0 ‘ O / [A] [B] [C] [D] [E]l I[F]
O \ [A] NA 0.67 1.33 2.00 1.33 2.67
~ O [B] 0.67 NA 1.33 1.33 0.67 2.00
G/ [C] 1.33 1.33 NA 2.67 2.08 3.33
[D] 2.60 1.33 2.67 NA 2.08 3.33

1
2.0
[E] 1.33 0.67 2.00 2.00 NA 1.33
Network with two types of nodes [F] 2.67 2.00 3.33 3.33 1.33 NA

Graphe 2-mode PCC pondérés
The distance between B and E (0.67) is half of the distance from B to D (1.67). This is because they
have two common nodes instead of only one, and thus, have a stronger connection.
https ://toreopsahl.com/tnet/two-mode-networks/shortest-paths/
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multiplexe

Deux options

Graphe #1

Graphe #2

Multigraphe - approche inclusive
H

Multigraphe - approche exclusive




multiplexe

Le plus souvent, passage en graphe valué puis seuillage

Ce qui suit reste exploratoire, trois sources principales :

m F. Battiston et al. (2014). Structural measures for multiplex
networks. Physical Review E, 89(3), 032804.

m M. Kiveld et al. (2014). Multilayer networks. Journal of
complex networks, 2(3), 203-271. (review, plus de 400
références. . .)

m J. lacovacci & G. Bianconi (2016). Extracting information

from multiplex networks. Chaos : An Interdisciplinary Journal
of Nonlinear Science, 26(6), 065306.
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multiplexe

Une terminologie non unifiée

L. Beauguitte

Name Aligned Disj. Eq.Size Diag. Lcoup. Cat. |L| d Example refs.
Multilayer network v v v’ Any 1 [68]
Vi v Any 1 [67]
Multiplex network ' v v Any 1 [67,69]
v v v v v’ Any 1 [70-76]
v v v v v 2 1 [77-79]
v v v’ Any 1 [80]
v v v v Any 1 [81-83]
Multivariate network v v v v v Any 1 [31]
Multinetwork v v v v v Any 1 [84]
v v v v v’ Any 2 [85]
Multirelational network v v v v v’ Any 1 [2,50,86.87]
Multirelational data v v v v v’ Any 1 [88.,89]
Multilayered network v v v v v’ Any 1 [83,90-92]
Multidimensional network v v v v v’ Any 1 [93-99]
v v v v v Any 3 [100]
Multislice network Vi Vi v Any 1 [66,101-103]
Multiplex of interdependent ' ' v v v’ Any 1 [104]
networks
Hypernetwork v v v v v’ Any 1 [105,106]
Overlay network v v v v v 2 1 [107,108]
Composite network v v v v 2 1 [109]
Multilevel network** v Any 1 [110,111]
v v v’ Any 1 [80,112]
Multiweighted graph v v v v v’ Any 1 [113]
(continued)

Kiveld et al., p. 206
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multiplexe

Une terminologie non unifiée - suite et fin

Name Aligned Disj. Eq. Size Diag. Lcoup. Cat. |[L| d Example refs.
Heterogeneous network v 2 1 [49.50]
Multitype network v Any 1 [65,114,115]
Interconnected networks v v 2 1 [Lll6,117]
v 2 1 [118,119]
Interdependent networks* v v 2 1 [57]
* v 2 1 [120]
v 2 1 [121]
v 2 1 [122,123]
v v v v’ Any 1 [124]
Partially interdependent v 2 1 [125]
networks*
Network of networks* v Any 1 [126]
Coupled networks v v Any 1 [127]
Interconnecting networks v v 2 1 [128]
Interacting networks v Any 1 [56,129]
v 2 1 [122]
Heterogenous information Any 2 [51,130-132]
network**
v Any 1 [133]
Meta-matrix, meta-network Any 2 [34,134,135]

Kiveld et al., p. 207
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multiplexe

Mesures proposées dans Battiston et al., 2014

degree distributions
edge overlap

node clustering
spectral centrality

configuration of shortest paths

betweenness

All the proposed measures are tested and validated on a genuinely
multiplex real-world data set, the Top Noordin Terrorist Network
(78 terroristes indonésiens).
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multiplexe

Battiston et al. : construction 2 matrices overlap et aggregate.

H BB OO m
O OsT C  C+T GC+OC+0+T

FIG. 1. (color online) A flattened representation of the three-
layer multiplex obtained by considering only trust (T), com-
munication (C) and operations ties (O). For each node i we
indicate with a color-code the layers in which i is actively in-
volved (i.e., the layers a for which k°! > 0). The size of a
node is proportional to its overlapping degree 0;: node 57 is
the node with the largest overlapping degree.
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multiplexe
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FIG. 2. (color online) (a) The top row of the panel shows with a color-code the degree k; of each node, from the largest
(darkest, leftmost) to the smallest (brightest, rightmost). Keeping fixed the ranking induced by k;, in the other three rows we
report respectively the degree in the trust layer k[T], operational layer k,[ol and communication layer klc]. (b) Same as panel
(a) but in the first row nodes are ranked according to their overlapping degree o;. (c¢) The heat map represents the Kendall 7
correlation coefficient between k;, o;, klm, kl[o] and lcEC]. Notice that the degree of a node in the operational layer O is poorly
correlated with its degree in the communication and trust layers (bright yellow regions in the heat map).
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multiplexe

Autres propositions

L. Beauguitte
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transitivité : We define a 2-triangle a triangle which is formed
by an edge belonging to one layer and two edges belonging to
a second layer. Similarly, we call a 3-triangle a triangle which is
composed by three edges all lying in different layers.

idem pour connectivité & plus courts chemins



multiplexe

Autre exemple : CS-Aarhus Collaboration Network
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a) Leisure Work Coauthors Lunch Facebook b) Facebook S

FIG. 5. Panel (a): The dissimilarity matrix of elements d, is shown for the Aarhus Multiplex Social Network where the 5 layers describe different types of
interactions between the employees of a Computer Science department. Pairs of layers for which the value of d, g is smaller present a similar mesoscopic struc-
ture. The dendrogram between the layers extracted from the matrix d, s, shown on top, reveals a hierarchical structure between the different types of social
interactions (layers). Panel (b): The network between the layers is shown. Here, the nodes correspond to the layers of the multiplex, and the weighted links cor-
respond to the values d,. of dissimilarity. Only links with dissimilarity d,s below a threshold are shown. This threshold is the minimum dissimilarity value
for which the graph is all connected.

lacovacci & Bianconi, 2016
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dynamique

Plusieurs options possibles
m évolution des relations dans un réseau complet (Sampson)
m évolution d’un réseau dont la taille varie
m description et/ou explication
m focalisation sur création, maintien et/ou disparition des liens

N’est pas une innovation des complex network studies
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dynamique

SIENA : Simulation Investigation for Empirical Network Analysis

Modele statistique dynamique de réseaux personnels complets
développé par Tom Snijders

Nombre de sommets supposé stable, seul nombre de liens varie

Variable d expliquer : changement de relations & au moins 2
moments (maintien, création, disparition de liens)
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dynamique

Utilisation chaines de Markov

Postulats (liés & des contraintes techniques et non a des régles
sociologiques. . .)
m acteurs agissent sans coordination

m acteurs ont une connaissance totale des agencements des liens
dans le réseau

m chaque acteur choisit ses relations

m changements ont lieu un aprés I'autre et que tous les acteurs
ont la mé&me probabilité de réaliser un changement

m pas de stratégie a long terme. Seul |'état présent t du réseau
détermine les changements a ¢ + 1
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Croissance & attachement préférentiel (Matthew effect, Yule
process, the rich get richer. ..)

Citations scientifiques
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Eig. l_. Number of papers with (a) exactly and (b) at least n cita-
tions in %, 1, and 5-year indexes.

D. de Solla PRice, 1976, A general theory of Bibliometric and Other Cumulative Advantage Processes,
Journal of the American Society for Information Science, p. 304



Redécouvert en 1999 (Albert & Barabasi)

Scale-Free Model
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Extrait de la thése de J. Dutozia, 2013, p. 29 - d’aprés Barabasi
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multiplexe dynamique multi-niveau

Multi-niveaux : un point d un niveau donné est un graphe a un
niveau autre

Eléments issus de :

m L. Chapelon (1996). Modélisation multi-échelles des réseaux de
transport : vers une plus grande précision de I'accessibilité.
Mappemonde, 3(96), 28-36. (en ligne)

m M. Amiel et al. (2005). Réseaux multi-niveaux : |'exemple des
échanges aériens mondiaux de passagers. Mappemonde, 79(3).
(en ligne)

m C. Rozenblat et G. Mélangon (2012), Methods for Multilevel
Analysis and Visualisation of Geographical Networks, Springer.

m E. Lazega et T. Snijders (2016). Multilevel Network Analysis
for the Social Sciences : Theory, Methods and Applications,
New York, Springer.

L. Beauguitte

Enjeux



Chapelon : faire des mesures plus précises, prendre en compte la
multimodalité - “zooms nodaux”

Reims
Roven

Sommet de niveau n

Arc de niveau n
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Sommet de niveau n zoomé
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1. Zooms nodaux de niveaun - 1
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2. Représentation quasi-fractale — Extension du zoom au niveau
n -2 (gare Montparnasse)




multi-niveau

Jusqu’on aller?

QuaiM 12

Esplanade

Quais
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. Sommet de niveau n -2 @ Sommet de niveau n-3
O Sommet n -2 de référence Sommet n -3 de référence
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Esplanade  Sommet de niveau n -2 Quai M4 Sommet de niveau n -3

3. Représentation quasi-fractale - Extension du zoom au niveau n -3
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multi-niveau

Amiel, Rozenblat, Mélangon : flux aériens valués (non planaire) -
échelle mondiale

Nombre de passagers en 2000

1a. Principales liaisons aériennes mondiales (plus de 2 millions 1b. Principales liaisons aériennes mondiales (plus de 1
de passagers) de passagers)

o F

L. Beauguitte CNRS
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multi-niveau

Niveau 2 Sous-réseau de Hong Kong

Niveau 3

Kuala Lumpur

Shanghai

Osaka
Manille Pusan

Sous-réseau de Tokyo

6. Réseau asiatique (niveau 2) 7. Sous réseau de Tokyo (niveau 3)

Amiel et al., 2005. Application d’un algorithme détectant sous-graphes connexes ayant une forte densité
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multi-niveau

Rozenblat et G. Mélancon (eds) - clustering de graphes - repérer les sous-graphes connexes et
visualisation
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5.94 Clustering of Worldwide air traffic using the Weighted Quality Measure 0 Clustering of worldwide air traffic using betweenness centrality
robustesse des mesures (provenances multiples), implémentation logicielle (Tulip) et
visualisation

Enjeux :
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multi-niveau

Lazega et Snijders : approche SNA, statistique du multi-niveaux

m first method consists of identifying levels of influence on
behavior and identifying in sophisticated ways different
aggregations of actors and behaviors as well as complex
interactions between levels and therefore between context and
behavior.

m identifying different systems of collective agency as distinct
levels of analysis, differentiating for example among levels of
collective action with different goals; specific resource

L. Beauguitte
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multiplexe dynamique multi-niveau

Types de modéles proposés (pour information. . .)

m Multilevel Social Influence (MSI) model. Explains individual
differences in behavior and attitudes by considering the
(individual level) network position, while simultaneously
looking at the influence of the (group level) network structure

m multilevel network dependencies : Multiple Membership
Multiple Classification (MMMC) model

m Multilevel Network Analysis using ERGMs (Exponential
Random Graph Models*)

m correspondence analysis of multilevel networks.

m blockmodeling

L. Beauguitte
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multi-niveau

—+o ¢ o ¢ ..—‘

Contractual Multiplex Multilevel Context Multilevel Network
Hypothesis Hypothesis Hypothesis Hypothesis
——— : Social exchange . : Individual
: Economic exchange
....... . Affiliation : Organization

Fig. 10.1 Increasing complexity of the reframed embeddedness hypothesis

Hypothesis 1 Network morphologies are different at each level (Structural Morphology).
Hypothesis 2 The structures of different levels influence each other (Multilevel Embeddedness)-
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