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1. INTRODUCTION:
=EX SYSTEMS AND COMLEX NETOWRKS



9/11 terrorist network

S everywhere

9/11: the attack which
changed the world,
carried out by a well
organized network of
terrorists
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60%

ks everywhere Epidemics

Ebola is a deadly virus that has killed
thousands of individuals in West Africa so
far in 2014. This is the worst recorded
outbreak of the virus. The fatality rate of
Ebola can be as high as 90%. No vaccine
is available, nor is there any specific
treatment. Originating in Guinea,
Sierra Leone and Liberia,
cases have now been
confirmed in Nigeria,
Senegal, the US and Mali.

HOW DOES EBOLA SPREAD?

Bats may be the
natural host for
ebola viruses,

by direct contact with
body fluids of infected
individuals



Epidemics

Vetworks everywhere

* disease origin

currently affected country

@ previously affected country
-~ - flight connection

RELATIVE RISK OF CASE IMPORTATION
|
lowest ——— highest
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aphy of Facebook friendships

density + IT development

http:/ /www.facebook.com/notes/facebook-engineering/visualizing-friendships/469716398919












Global shipping network

\ etworks everywhere

...............................

90% of the

world's trade

IS moved

. around the

< planet by
. sea.

http://www.technologyreview.com/view/417128/



Food webs

Networks everywhere

primary predators

Intermediate species

plants and detritus

Model of the food web in Little Rock Lake, Wisconsin www.foodwebs.org



Networks everywhere
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Political networks

US Senate votes 2007. Network drawn using similarity measure
for votes. Note the importance of visualization (independent

legislates). B. Shneiderman, SCIENCE VOL 319 7 MARCH 2008



Brain network

where

Diffusion MRI map of 258 nodes in the cortex and subcortex
regions of the brain. Links represent thresholded densities.

http://connectomeviewer.org/viewer



mplexity

Ing (and possibly predicting)



Complexity

IS a highly structured system, which shows

lons (N. Goldenfeld and Kadanoff)

plex syste ne whose evolution is very sensitive to

onditions or to small perturbations, one in which the

of Independent interacting components is large, or one

there are multiple pathways by which the system can

(Whitesides and Ismagilov)

- A complex system is one in which there are multiple
Interactions between many different components (D. Rind)

- Complex systems are systems in process that constantly
evolve and unfold over time (W. Brian Arthur).

From Wikipedia



complex

near chain of logic cells= ... thoughts
| emotions






- Many interacting co




omplexity
Many interacting

Region of Interest) -10%(cells)

‘ciety: 10-102 social relations (traditional methods)
10°-... societal scale (comp. soc. sci.)
Interaction: human



Complexity

- Diversity

enomena



omplexity
Diversity, heterc

pes of neurons according to
ation transfer, they can have
ensions, in addition there
BiC. etc.

S of glia
Blodiversity
Jy: Internet: individual, router,
ous system — hubs

clety: Gaussian distribution in phenotypical
properties (height).
Broad distribution in socially relevant properties:
culture, intellectual capacity, wealth etc.




Complexity

enomena



omplexity
Feedback ‘

ation results from a balance

S — rabbitSyl otka-Volterra
- Route choice depends on traffic
lal interaction Is permanent mutual




Complexity

- Nonlinearl

enomena



Complexity

(Cinerarity: small stimulus — small (proportional) effect)

BBiology: ,All'ornone principle” in neural dynamics

Rabbits

=Ecology: LV coupling Th A g :

- Technology: Congestion
- Soclety: Elections



Complexity

- Cooperativi
enomena



Complexity
Cooperativity -
. collective behavior)

alanches

lovements, turmolls, revolutions



- Emergent pn




Complexity
Emergent phenome

emotions

pitats, new co-existence

" Blackout

W forms of social life, organizations,
ance

(1972, P.W. Anderson, Nobel laureate in physics)



Complexity

Ific theory which asserts that some
al phenomena that are

ely inexplicable b conventional analysis of the

constituent parts. These phenomena, commonly
to as emergent behaviour, seem to occur in many
stems involving living organisms, such as a

'tock market or the human brain.

John L. Casti, Encyclopdia Britannica
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Interactions

Parasitism

g o "
[
T ' ( b
) ;r' = ‘
“ :G» P> (i e
N N ~ TN -
- \\ n

— o " 28 “:.
w T -(.\5‘. ompetition 2
>’ A

| :
vy | | /f\' :

Commensalism /B

p}wgrglationship

http://kariecology.blogspot.hu/2011/02/biological-interactions.html




Interactions

SS known
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There is much to be learned
about Interactions at the
microscopic, molecular level
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Interactions

Soclal Interactions: animals

Flocking flight of 10
pigeons

Permanently
changing hierarchy

How do they know?!

M. Nagy et al. Nature 464, 890-893 (8 April 2010)






Networks

Genetic regulation

Homo
Sapiens

Drosophila

The points represent the elements of each
organism’s genetic network, and the dotted lines
show the interactions between them.

HS: ~30,000 genes, DM: ~15,000 genes

Complexity does not come merely from the
number of interacting units!



Networks

Genetic regulation

Homo Drosophila S K-
Sapiens

‘ ,&, Complexity comes from the diversity of
pe X@‘E interactions AND THE WAY UNITS ARE LINKED

TO EACH OTHER

NETWORK



etworks

a skeleton: The underlying
this network we cannot
e complex system.



Networks

Network Scie

)oKINg at systems as a whole is needed for
S understanding

tionism: The precise understanding of the fine
Il finally lead to the complete picture

ew centuries, the Cartesian project in science has been to break matter

er smaller bits, in the pursuit of understanding. And this works, to some
extent. We understand matter by breaking it down to atoms, then protons and
electrons and neutrons, then quarks, then gluons, and so on. We can understand
organisms by breaking them down into organs, then tissues, then cells, then organelles,
then proteins, then DNA, and so on.

But putting things back together in order to understand them is harder, and typically
comes later in the development of a scientist or in the development of science. Think of
the difficulties in understanding how all the cells in our bodies work together, as
compared with the study of the cells themselves. Whole new fields of neuroscience and
systems biology and network science are arising to accomplish just this.

N. Christakis, http://www.edge.org/q2011/q11_6.html



Networks

. Holistic approach

he nature of interactions.
plicable to any complex

Reduc-
‘ tionism

Complex
system



etworks

e:. Science of the 215t century

twork Resear
1960s

| Networks: May, 1979.

1, CERN, Barners-Lee

working services: 1995- (Facebook 2004, M.

30s, Moreno




hy now?

2nan
' In a global
1cial crises

Great



Why now?
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Why now?

e gquantity of information in the world is
ding n timate, mankind created 150

(billion gigabytes) of data in 2005. This year (2010), it

1,200 exabytes. Merely keeping up with this flood,

the bits that might be useful, is difficult enough.

It, to spot patterns and extract useful information, is

The Economist, Feb 2010

Great opportunity due to



Why now?

ents in different scientific
operative phenomena; biology:
prOJect computer science: data mining;
lence: quantitative methods, etc.)

me time scientists of different disciplines
e necessity of building on each others

realiz ' idi
- results: Inter- and multi-disciplinarity

Great
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Why now?

Barabasi 1999
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- 0of Network Science

endeavor:



act of Network Science

e there Is a short transition time from basic
lons

giants (Google, Cisco, Facebook etc. ) use massively
of network theory, have their own research

ents. Many small consulting firms using network
resutls, prosper.

miology: We are at the advent of a new era, where
epl Ics can be fought with much higher efficiency due to
network science

- Drug design benefits from network science in several ways
from mapping out unknown relationships between diseases
to revealing networks of molecular mechanisms

- Military and intelligence use network approach
successfully in the fight against terrorism and in “cyber war”.



e

nodes (vertices) =gl

to construct networks?

, consisting of

ted

netabolism

Molecules

Chem. reactions

ollaboration | Scientists Joint papers
| , Pages URL links
Alr traffic Airports | Airline connections
Economy Firms Trading
Language Words Joint appearance




Heinz Georg Schaster (Eds)

Handbook of
Graphs and Networks

of Graphs and

Evolution of Networks

F. Mendes, Evolution of
etworks: From Biological
Nets to the Internet and
(Oxford University
ess, 2003).

S.N. Dorogovtsev | J.F.F. Mendes

- S\ P.Csermely, Weak Links:
" The Universal Key to the

Stability of Networks and

Complex Systems (The

Frontiers Collection)

= (Springer, 2006)

WEAK LINKS

Books

The Structure and Dynamics of
NETWORKS

|||||||||||

. S. N. Dorogovtsev and J. F.

NETWORKS

CROWDS

avo MARKETS

M. Newman, A.-L. Barabasi, D.
J. Watts, The Structure and
Dynamics of Networks:
(Princeton Studies in
Complexity) (Princeton
University Press, 2006)

L. L. F. Chung, Complex
Graphs and Networks (CBMS
Regional Conference Series in
Mathematics) (American
Mathematical Society, 2006).

David Easley, Jon Kleinberg
Networks, Crowds, and
Markets: Reasoning about a
Highly Connected World
(Cambridge UP, 2010)



== Evolution
= and Structure
of the Internet

Satorras, A.

opos, Biological
works (Complex

isciplinary Science)
rld Scientic Publishing
\pany, 2007), rst edn.

- B. H. Junker, F. Schreiber,
| Analysis of Biological
j Networks (Wiley Series in

weam Bioinformatics) (Wiley-
BIOLOGICAL NETWORKS o
Interscience, 2008).

Books

NETWORK
SCIENCE

Theory and Applications

T. G. Lewis, Network Science:
Theory and Applications
(Wiley, 2009).

Complex Networks

SOCIAL AND
ECONOMIC
NETWORKS

Matthew O® Jacksdn

E. Ben Naim, H. Frauenfelder,
Z.Toroczkai, Complex
Networks (Lecture Notes in

- Physics) (Springer, 2010), rst
edn.

M. O. Jackson, Social and
Economic Networks (Princeton
University Press, 2010).



Networks

An Introduction
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riginal papers

IS the most cited Nature publication from 1998;
n most cited papers in physics in the decade

| and Albert paper is the cited Science paper in
by ISI as one of the ten most cited papers in physics in the
ublication.

torras and Vespignani is one of the two most cited papers
ong the papers published in 2001 by Physical Review Letters.

«2002: Girvan-Newman is the most cited paper in 2002 Proceedings of the
National Academy of Sciences.
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Reviews

twork science by Albert and
cond most cited paper

dern Physics, the
journal, published since
eklar's 1944 review
passed by the

rocesses, but it will be
by Albert et al.

view of Newman on network science is
‘paper of any SIAM journal.

nature

REVI EWS

th

k *BIOLOGY: “Network Biology”, by Barabasi and
- Oltvai (2004) , is the second most cited paper in the
history of Nature Reviews Genetics, the top review
journal in genetics.



This course

Ing to learn about basic concepts and notions of
, as well as about some applications:

Introduction: Complex systems and complex networks
Percolation model and scale invariance

Basic notions for network characterization
Erd&s-Rényi model and Watts-Strogatz model
Configuration model

Network growth models

Weighted and signed networks

Motifs and modules

Error tolerance and vulnerability

Spreading on networks




Slides of the lectures will be made available on the web:

For grade the students have to solve the home work problems
and prepare a network analysis on data collected (or
downloaded) by themselves. Send solutions within 7 days

lLCIM RIS I (=R(e] janos.kertesz@gmail.com

Consultation upon agreement, contact the email above.

Choose a complex system and identify units,
Interactions, diversity, feedback, nonlinearity, co-operativity
and emergent phenomena. Try to imagine the related NW.


http://didawiki.cli.di.unipi.it/doku.php/wma/janoskertesz2017
mailto:janos.kertesz@gmail.com

