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Teaching Plan

Content
1 Graphs and Graph Theory
2 Centrality Measures
3 Random Graphs
4 Small-World Networks
5 Generalised Random Graphs
6 Models of Growing Graphs
7 Advanced topics

Prof. Erivelton (UFSJ) Complex Networks March 13, 2019 2 / 20



Reference
V. Latora, V. Nicosia, and G. Russo, Complex Networks:
Principles, Methods and Applications. Cambridge University
Press, 2017.
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Assessment

N1 = 80 points : Conference paper.
N2 = 20 points : Activities
N = N1 + N2 points
If N ≥ 60 then Succeed.
If N < 60 then Failed.
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Introduction

A social system is a typical example of what is known today as a
complex system.

Figure 1: A social system. Source: https://corefinder.dk/the-social-system/
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The study of complex systems is a new science, and so a
commonly accepted formal definition of a complex system is still
missing.
A complex system is a system made by a large number of single
units (individuals, components or agents) interacting in such a way
that the behaviour of the system is not a simple combination of the
behaviours of the single units.
Some collective behaviours emerge without the need for any
central control.
Over the years, the main focus of scientific research has been on
the characteristics of the individual components of a complex
system and to understand the details of their interactions.
Less explored: structure of the interactions among the units of a
complex system: which unit is connected to which others.
The most representative and beautiful complex system: the
human brain.
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Figure 2: Brain network. Source: Dr. Petra Vertes (University of Cambridge).

100 billion neurons.
Each connected by synapses to several thousand other neurons.
Each node of the network represents a different brain region and
is colour-coded according to the larger area is located in. Pairs of
nodes are linked if the activity of the two regions is found to
synchronize a lot of the time during an fMRI brain scan.
[Video-01].
Social network [Video-02].
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https://youtu.be/f3P15X_62xQ
https://youtu.be/4fHufyIWmX0


Some sub-structures of a network propagate information faster
than others.
What also matters in a complex system is the architecture of the
network of interactions. It is precisely on these complex networks.
Complex networks are all around us.

1 Think in a typical day of any person.
2 Wake-up: Power grid.
3 Family: Social network.
4 Take a shower: Water distribution network.
5 Go to work: street network
6 Take the underground: transportation network.
7 Use your laptop: network of logic gates.
8 Check your emails: email communication network.
9 Meet a colleague: collaboration network.

10 Paper cited: citation network.
11 Lunch time - news on the web: World Wide Web.
12 Facebook: online social network.
13 Receive a phone call: phone call network.
14 Invitation to go to a lake: food web network.
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15 Thoughts on lake: network of words association.
16 Book a flight to Prague for a conference: air transportation system
17 Drive back home - tired: network of blood vessels, metabolic

networks...
18 Dinner - news about economics: commercial relationship.
19 Relaxing time - moview : actor collaboration network.
20 Going to bed - think about the day using your brain network.

Why Study Complex Networks?
I In the following slides a couples of papers are going to testify the

importance of the Network Science.
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Figure 3: D. J. Watts and S. H. Strogatz, “Collective dynamics of ‘small-world’
networks,” Nature, vol. 393, no. 6684, pp. 440–442, Jun. 1998. GS: 38306.
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Figure 4: A. Barabási and R. Albert, “Emergence of Scaling in Random
Networks,” Science, vol. 286, no. 5439, pp. 509–512, Oct. 1999. GS: 33041.
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Figure 5: M. E. J. Newman, “The structure and function of complex networks,”
Society for Industrial and Applied Mathematics, vol. 45, no. 2, pp. 167–256,
2003. GS: 18289.
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Figure 6: S. Boccaletti, V. Latora, Y. Moreno, M. Chavez, and D. Hwang,
“Complex networks: Structure and dynamics,” Physics Reports, vol. 424, no.
4–5, pp. 175–308, Feb. 2006. GS: 8842.
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Figure 7: B. Schäfer, D. Witthaut, M. Timme, and V. Latora, “Dynamically
induced cascading failures in power grids,” Nature Communications, vol. 9,
no. 1, p. 1975, Dec. 2018. GS: 9.
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Importance of topology

WS1998 and BA999 provided clear indications, from different
angles, that:

I the networks of real-world complex systems have non-trivial
structures and are very different from lattices or random graphs,
which were instead the standard networks commonly used in all the
current models of a complex system.

I some structural properties are universal, i.e. are common to
networks as diverse as those of biological, social and man-made
systems.

I the structure of the network plays a major role in the dynamicsof a
complex system and characterises both the emergence and the
properties of its collective behaviours.
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Datasets

Figure 8: If there is no other mention, table and figures in these slides come
from the adopted textbook.
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Appendix

Contains a detailed description of all the main graph algorithms
discussed in the various chapters of the book, from those to find
shortest paths, components or community structures in a graph, to
those to generate random graphs or scale-free networks.
All the algorithms are presented in a C-like pseudocode format.
Access to both the most famous data sets of real-world networks
and to the numerical algorithms to compute network properties
and to construct networks.
Accompanying website of the textbook:
www.complex-networks.net.
Data Sets: (html).
Book’s Programs (NetBunch) in C Language: (html).
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http://www.complex-networks.net/
http://www.complex-networks.net/datasets.html
http://www.complex-networks.net/programs.html


Use of C code

Figure 9: Source: (Web textbook)

Prof. Erivelton (UFSJ) Complex Networks March 13, 2019 18 / 20

http://www.complex-networks.net/docs/er_A.1.html


Use of C code

Figure 10: Source: (Web textbook)
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Code in Matlab

Executable function in C: er_A.exe
Matlab call: system('er_A.exe 10 5');

Result:

>> system(’er_A.exe 10 5’);
8 3
8 4
9 0
9 6
9 8

system('er_A.exe 10 5 > er_A_10_5.net');

A=load('er_A_10_5.net');
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