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O que esses sistemas tem em comum?



Cérebro



Internet



Wikipedia



Sociedade



Mercado financeiro

Complexity:	a	guided	tour,	M.	Mitchell



Food webs



O que esses sistemas tem em comum?



Behind each system studied in complexity there 
is an intricate wiring diagram, or a network, 

that defines the interactions between the 
component.   

Complex Networks



Complex networks

Facebook Social contacts

Scientific Collaborations

Proteins

Internet

Airports web



Newman, Siam, 2003

Networks are heterogeneous



Redes complexas: Primeiras descobertas

World Wide Web (1999)

esperado

encontrado
P(k)~k-γ

Mais de 3 bilhões de páginas

Vértices: WWW documentos  
Links:   URL links

R. Albert, H. Jeong, A-L Barabasi, Nature, 401 130 (1999).http://www.visualcomplexity.com/vc/

http://www.visualcomplexity.com/vc/


Redes complexas: Primeiras descobertas
Internet (1999)

Vértices: computadore,roteadores, sistemas autônomos  
Links:   conexões físicas

M Faloutsos, P Faloutsos, C Faloutsos - Comput. Commun. Rev, 1999



Redes complexas: Primeiras descobertas

“Organisms from all three domains of life  
are scale-free networks!”

H. Jeong, B. Tombor, R. Albert, Z.N. Oltvai, and A.L. Barabasi, Nature, 407 651 (2000)

Redes metabólicas



Structure Dynamics Applications

Complex Networks



• Matriz de adjacências:  
aij = 1 se i está ligado com j e 0 caso contrário.

Representação



Distribuição do número de conexões

k

P(k)

1 2 3 4

0.1
0.2
0.3
0.4
0.5
0.6

P(k) : probabilidade de que um vértice escolhido tenha grau k



• Coeficiente de aglomeração



Pedro
Ana

Maria
João

Sociedade:  
Six degrees   
S. Milgram 1967 

WWW:  
19 degrees 
Albert et al. 1999

Distância = 3

Distância



Comunidades



• Medidas fractais, 

• Medidas espectrais, 

• Medidas de entropia, 

• Medidas de centralidade, 

• Medidas de subgrafos, 

• ...

Costa, Rodrigues, Travieso, Villas Boas. Advances in Physics 2007

Medidas



Structure Dynamics Applications

Complex Networks



• Falhas e ataques, 

• Propagação de epidemias, 

• Propagação de rumores, 

• Caminhadas aleatórias, 

• Sincronização,  

• Transporte, 

• Dinâmicas sociais, 

• Transmissão de sinais. 

....



• Information	cascades	
					social	and	economic	

systems	
					diffusion	of	innovations	
• Cascading	failures	
					infrastructural	networks	
					complex	organizations

Potentially	large	events	triggered	by	small	initial	shocks

Falhas em cascata



Cascades	depend	on	
• Structure	of		the	network		
• Properties	of	the	flow	
• Properties	of	the	net	elements	
• Breakdown	mechanism

Blackout

Flows	of	physical	quantities		
•congestions	
•instabilities	
•Overloads

Earthquake Avalanche

Falhas em cascata



1 - Cada vértice tem um carga inicial.
2 - Remova um vértice aleatoriamente ou de acordo com 
alguma propriedade particular.
3 - Calcule a nova carga.
4 - Remova os vértices que excedem a sua carga máxima.
5 - Repita a partir do passo 3 até que não haja mais 
vértices para serem removidos.

Falhas em cascata



Epidemic Spreading



430$B.C.$

!me$

Plague'of'Athens'
25%$popula*on$
'

1816+$
1923$

1918+$
1920$

Spanish'Flu'
20-100$million$died$

2003$ S.A.R.S.'
775$deaths$

2009$ H1N1'(Swine)'Flu'
18000'deaths''

1300+$
1700$

Plague'
~75-200$million$died$

'



Bubonic Plague



H1N1 



Spreading depends on the network structure!





Questions

• Will an infection spread in a network?

• How is the influence of the network on the 

spreading process?

• How does it evolve over time?

• Can we predict the impact of a disease on a 

network?

• How to control an outbreak?



Epidemic Spreading

• Mathematical modeling of infectious diseases is a tool 

to investigate the mechanisms for outbreak and 

spread of diseases and to predict the future course in 

order to control an epidemic.

Prediction, understanding, control: 
Mathematical Modeling



Epidemic Spreading

Keeling and Rohani, Modeling Infectious Diseases in humans and animals, Princeton Un. Press 



Susceptible  
(healthy) 

Infected  
(sick) 

Removed 
(immune / dead) 

S I R 
Infection 

Recovery 

Recovery 

Removal 

Deterministic compartmental models



Deterministic compartmental models

Pastor-Satorras et al. Reviews of Modern Physics 2014



Deterministic compartmental models: SIR



Deterministic compartmental models: SIR



Deterministic compartmental models: SIS



Deterministic compartmental models: SIRS



Epidemic Spreading

SIR



Epidemic Spreading



Information Spreading

Challenges: 
Spreading models + Networks + 
heteregenous propagation + time 
delay + stochastic fluctuations + 

multilayers + …

Now:
Spreading models + Networks



Homogeneous networks

Fully connected graph
Each vertex with 

k neighbors



Epidemic Spreading in homogeneous networks

SIS model

Basic reproductive number 

A. L. Barabási, Network Science, Cambridge, 2015.



SIS X SIR

Pastor-Satorras et al. Reviews of Modern Physics 2015



Epidemic Spreading in homogeneous networks

The SIS model in homogeneous uncorrelated networks at a 
mean-field level is described by the following rate equation 

λc =⟨k⟩−1 

it can be proved the existence of an epidemic threshold 



Epidemic Spreading in heterogeneous networks

A. L. Barabási, Network Science, Cambridge, 2015.

0~



Networks

Homogeneous 
network

Heterogeneous 
network

A. L. Barabási, Network Science, Cambridge, 2015.



CHICAGO O'HARE INTERNATIONAL AIRPORT
Heterogeneous networks



Heterogeneous networks

Twitter

Facebook

Internet



Deterministic compartmental models

SIR

Maki-Thompson

Daley-Kendal

S: Spreader
I: Ignorant
R: Stifler



Rumor spreading in networks

Moreno et al. PRE, 2004



Rumor spreading in networks

Moreno et al. PRE, 2004

S: Spreader

I: Ignorant

R: Stifler



Social Networks

Twitter

E-mail



Social Networks

Twitter: rumor



Centrality X Epidemic Spreading
Japan England

US
Germany

Arruda et al., PRE, 2014



Multilayer networks



Structure Dynamics Applications

Complex Networks



The diagnosis of mental disorders

Data Mining

YES NO



Child-onset schizophrenia  
(or pediatric schizophrenia) is a type of mental 

disorder characterized by degeneration of thinking, 
motor, and emotional processes in children and 

adolescents under the age of 18. 

Child-onset schizophrenia

Challenge: Early diagnosis.



Child-onset schizophrenia

Data:  Healthy subjects (n = 20, mean age 19.7 years; 11 male)
adolescent participants with childhood-onset schizophrenia  

(n = 19, mean age 18.7 years; 9 male). 
The subjects were scanned using a General Electric Signa MRI scanner 

operating at 1.5 Tesla.
Only the right hemisphere (140 regions).

Vértes et al. PNAS, 2011

fMRI



Child-onset schizophrenia

Vi = [M1, M2, M3, …, M54]

54 measures calculated for each node.



Child-onset schizophrenia



Arruda et al. Clinical Neurophysiology, 2013



Crime Prediction

Random forest

Alves, Ribeiro and Rodrigues,  https://arxiv.org/abs/1712.03834



Crime Prediction

Alves, Ribeiro and Rodrigues,  https://arxiv.org/abs/1712.03834



Traffic forecasting model
Position of the cameras City map (Network)

+

Number of cars



Image segmentation

Linhares et al., IET Image Processing, Volume 11, Issue 12 (2017).



Image segmentation

Linhares et al., IET Image Processing, Volume 11, Issue 12 (2017).



Image segmentation



Other works

• Epidemic spreading with awareness

• Synchronization of moving agents

• Climate Networks

• World Trade Networks

• Diagnosis of mental disorders (autism,bipolar 

disorder)

• Ecological networks

• …



Quer saber mais?

• SME 130 Redes Complexas



Thank you!

http://www.icmc.usp.br/~francisco 

francisco@icmc.usp.br


