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9/11 terrorist network

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

I Flight AA #11 - Crashed into WTC North
B Flight AA #77 - Crashed into Pentagon

B Flight UA #33 - Crashed in Pennsylvania
B Flight UA #175 - Crashed into WTC South
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Capturing Saddam with network theory

False!




Capturing Saddam with network theory

Networks everywhere

n setting forth a story about the apparatus and

lami’s security services before he was overthrown from
ey descrzbed his network of 25 bodyguards and another group
‘The 40, the members of which were very close to Saddam
ly and many of whom were related by blood or very old family
e 40 also served as bodyguards and provided personal services —
lver, and so forth. Beyond these inner circles, the brothers
omething called “route clearers.” These consisted of several
groups with 800 people each. Saddam, when traveling, would go on any
number of routes, choosing which one to travel on a whim. The “route
clearers”™ would proceed ahead on all of the routes he might choose. They
weren't openly armed, but would cover all the chokepoints of all the
roads he might choose to take.”

From Lt. Col. Steve Russell’s report



Capturing Saddam with network theory
Networks everywhnere
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Geography of Facebook friendships

Popoulation density + IT development

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









Global shipping network
etworks everywhnere

& 90% of the
~ world's trade

IS moved

around the

- planet by

. sea.

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



Food webs
Networks everywhnere

— i a1y predators

Intermediate species

plants and detritus

Maodel of the food web in Little Rock Lake, Wisconsin



Political networks
Networks everywhere
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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

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

http://connectomeviewer.org/viewer
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IS a highly structured system, which shows
ture with variations (N. Goldenfeld and Kadanoff)

mplex system Is one whose evolution is very sensitive to
onditions or to small perturbations, one in which the

of independent interacting components is large, or one in
there are multiple pathways by which the system can

ex system is one that by design or function or both is
difficult to understand and verify (Weng, Bhalla and lyengar)

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
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Complexity

Many interacti

)< (Region of Interest) -10"(cells)
, nemical

v: 10-10%4-10 acies)

1. predator-prey, environmental

)gy: Internet: 10° (need to change IP4 to I1P6)

nteraction: physical (function) + human, financial
~ (growth)

- Society: 10-107 social relations
10%-10° societal scale
Interaction: human
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Diversity

pes of neurons according to
ation transfer, they can have
‘numbe ensions, in addition there
types of glial cells; etc. etc.
 Biodiversity |
gy: Internet: individual, router,
| _ ous system — hubs

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







Feedback

v: Route choice depends on traffic

)cial interaction is permanent mutual



bhenomena



- Technology: Congestion
- Society: Elections






Movements, turmolls, revolutions






Emergent phe

emotions

abitats, new co-existence
Jy: Blackout

ew forms of social life, organizations,
/ernance

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



behavioral phenomena that are
by any conventional analysis of
systems’ constitu arts. These phenomena,
monly referred to as emergent behaviour, seem to
r in many complex systems involving living

IsSms, such as a stock market or the human brain.

John L. Casti, Encyclopaedia Britannica



(Stephen Hawking
2000)




dnderstand the interactions

iggs boson!)



'-féﬁbytr;_elationship

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




Garm ":'J'”'sir:jPH-Eq :': m.i'?ﬂ._ﬁﬂﬂmil:ﬁ

Pl n= k] =]
- 3 =

There is much to be learned
about interactions at the
microscopic, molecular level

© QIAGEN 2003 - 2012



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 Drosophila SeP X2
" O
. s Q4 O
Ssplens  Melanogaster X4 e 7
B aa o e Al e RAAFRRTRG Qo ‘3’000
O"I- OO O
g O b
8
o "

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!



Genetic regulation

Drosophila

| Complexity comes from the diversity of
W fﬁﬁ}@‘% interactions AND THE WAY UNITS ARE LINKED

TO EACH OTHER

NETWORK



ithout apprehending this network we cannot
the complex system.



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

t few centuries, the Cartesian project in science has been to break matter
down 2ver smaller bits, in the pursuit of understanding. And this works, to some
extent. an 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
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system




Network Research: 1930s, Moreno

[: 1960s

al Networks: May, 1979.

1991, CERN, Barners-Lee

tworking services: 1995- (Facebook 2004, M.

Zuckerberg)
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Why now:

Revolution in the information communication
technology

Moore's law: exponential growth

Micreprocessor Transistor Counts 1971-2011 & Moore's Law

2,600,000,000-
1,000,000,000]

100,000,000

10,000,000+

Capacity (GB}

1,000,000

Translstor count

100,000+

10,000

2,30D-

Wikipedia



Why now:

_ K, the quantity of information in the world is
. According to one estimate, mankind created 150
(billion gigabytes) of data in 2005. This year (2010), it
1,200 exabytes. Merely keeping up with this flood,

g the bits that might be useful, is difficult enough.

It, to spot patterns and extract useful information, is

7
The Economist, Feb 2010

Great opportunity due to



Why now:

ac ents in different scientific
(physics: cooperative phenomena; biology:

e project; computer science: data mining;

lence: quantitative methods, etc.)

me time scientists of different disciplines
realized the necessity of building on each others
results: Inter- and multi-disciplinarity

r

Great
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Impact of Network Science

In hetwork science there is a short transition time from basic
research to applications

= |CT giants (Google, Cisco, Facebook etc. ) use massively
results of network theory, have their own research
departments. Many small consulting firms using network

science resutls, prosper.
- Epidemiology: We are at the advent of a new era, where

epidemics 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”.
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Iginal papers

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

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

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.



twork science by Albert and
cond most cited paper

dern Physics, the
journal, published since
5t cited is _ eklar's 1944 review
rocesses, but it will be surpassed by the

by Albert et al.

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

th

; twork Biology”, by Barabasi and
- Oltvai (2004) is the second most cited paper in the
hlstory of Nature Reviews Genetics, the top review
journal in genetics.
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~ This course

n about basic concepts and notions of
Interested in questions like:

o diseases spread and how to fight them?
learn about the structure of the society from
nication data”?

bust are complex networks?

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



