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SOCIETY

Keith Shepherd's "Sunday Best”. http.//baseballart.com/2010/07/shades-of-greatness-a-story-that-needed-to-be-told/ Southampton, Network Science: Introduction Juy 15, 2011




HIGH SCHOOL ROMANTIC NETWORKS

The Structure of Romantic and Sexual Relations at "JefTerson High School”
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RANDOM NETWORK MODEL

Pal Erdos
(1913-1996)

Erdos-Rényi model (1960)

Connect with probability p

p=1/6 N=10
(k) ~1.5






RANDOM NETWORK MODEL

Pal Erdos
(1913-1996)

Erdos-Rényi model (1960)

Degree distribution

Connect with probability p

p=1/6 N=10
(k) ~1.5 - -
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Southampton, Network Science: Introduction Juy 15, 2011




WORLD WIDE WEB
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R. Albert, H. Jeong, A-L Barabasi, Nature, 401 130 (1999).
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ACTOR NETWORK

Austin Powers: Let’'s make
The spy who it legal
shagged me

Robert Wagner

Wild Things ‘

Barry Norton

Monsieur
Verdoux

A Few
Good Men




ACTOR NETWORK

Nodes: actors

Links: cast jointly

Days of Thunder (1990)
Far and Away (1992)
Eyes Wide Shut (1999)

N =212,250 actors (k) =28.78 P(k) ~k¥

v=2.3
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METABOLIC NETWORK PROTEIN INTERACTIONS
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small worlds
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Frigyes Karinthy (1887-1938)

1929, Karinthy Frigyes

“Tessék egy akarmilyen
maghatarozhato egyént kijelolni a Fold
masfél milliard lakéja kozil, barmelyik
pontjan a Foldnek— & fogadast ajanl,
hogy legfoljebb 6t, mas egyénen
keresztul, kik kozul az egyik neki
személyes ismerQOse, kapcsolatot tud
|étesiteni az illetBvel, csupa kdzvetlen
ismeretség alapon”



MANY REAL WORLD NETWORKS HAVE A SIMILAR ARCHITECTURE:

WWW:, Internet (routers and domains), electronic circuits, computer software,
movie actors, coauthorship networks, sexual web, instant messaging, email
web, citations, phone calls, metabolic, protein interaction, protein domains,
brain function web, linguistic networks, comic book characters, international
trade, bank system, encryption trust net, energy landscapes, earthquakes,
astrophysical network...



ORIGIN OF SF NETWORKS: Growth and preferential attachment

(1) Networks continuously expand by the

addition of new nodes
WWW : addition of new documents

(2) New nodes prefer to link to highly

connected nodes.
WWW : linking to well known sites

Barabasi & Albert, Science 286, 509 (1999)

GROWTH:
add a new node with m links

PREFERENTIAL ATTACHMENT:
the probability that a node connects to a
node with k links is proportional to k.

k
IT(k)=—"—
(K Y k.
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ROBUSTNESS OF SCALE-FREE NETWORKS

Failures Attacks
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Albert, Jeong, Barabasi, Nature 406 378 (2000) Southampton, NetworkScience: Introduction uy 15, 2011




The X’s Law Nodes form communities
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The X’s Law Nodes in the same module have similar dynamics

Busy@Midnight

Sleep@Noon
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The power of maps

The sixth Law
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Barabasi Lab

g§§n avenv?
connecting knowledae
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Barabasi Lab

ggn avenv?
connecting knowledge



Directors/CEO i

Top Managers “T

e

Group Leaders Iil Ii"i' I'il
Associates 'i. * ’k .i i'

HIERARCHY

283 svens

Managers

Barabasi Lab
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The seventh Law | Cntrollability







_(
a»

\ .A‘.\/ J P
RN AlS
| ,..,.wmew,..;__&\i\m | ,«\ﬁ

TN AL S
~ SN »-Jw \»4J..' ¢/ _,/««.' ~
SO < o

|/
g/l SRl

A4t

ggn avenv?
connecting knowledge



o, o
o

N
mlb

5

N

1y
)

R o L
PSS
X 4 ORI F

o
%
|

N

/\

@ =i

«_

',

I

=




‘I

(-
N _.»,/. \
, . .2

e -




WHAT IS “NETWORK SCIENCE™?

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

NRC Panel on “Network Science”

What is new here?

Despite the apparent differences, many
networks emerge and evolve driven by a
fundamental set of laws and mechanism.

NETWORK
SCIENCE

s B T el

5

e

STRATHGY wn wARREY L EHTIR =

An attempt to
understand networks
emerging in nature,

technology and

society using a
unified set of tools

and principles.



BONUS: WHY KEVIN BACON?

Measure the average distance between Kevin Bacon and all other actors.

Kevin Bacon

No. of movies : 46
No. of actors : 1811
Average separation: 2.79

Is Kevin Bacon the
most connected

actor?

Rank

O 00 1 N Dt & W N =

p—
— O

12

876

Name

Rod Steiger
Donald Pleasence
Martin Sheen
Christopher Lee
Robert Mitchum
Charlton Heston
Eddie Albert
Robert Vaughn
Donald Sutherland
John Gielgud
Anthony Quinn
James Earl Jones

Kevin Bacon

Average
distance
2.537527

2.542376
2.551210
2.552497
2.557181
2.566284
2.567036
2.570193
2.577880
2.578980
2.579750
2.584440

2.786981

#of #of
movies links
112 2562
180 2874
136 3501
201 2993
136 2905
104 2552
112 3333
126 2761
107 2865
122 2942
146 2978
112 3787
46 1811



KEVIN BACON MAP

§ 1
| Rod Steiger
<
- 876
Kevin Bacon
2
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Martin Sheen




FuturlCT.hu: Tarsadalmi Megujulas Operativ Program szakember utanpoétlas
biztositasara

Osztoéndij gyakorld pedagdgusok szdmdara 2013-
14 idOszakra:

Halozatok gyerek-szemmel témaban:
* feléves szakkori tanmenet

e fakultacios ora-terv

e csoportos foglalkozasok

* problémamegolddé versenyek




Network Science

an interactive textbook

barabasilab.com/NetworkScienceBook/

facebook.com/NetworkScienceBook

ﬂ  Download PDF

L
. Download SLIDES




i " ; . anZ ether zallulin czmpsneals i eazh
{111'5!\.'1%—!-2, “{l}lﬁﬁ [ R e U HR Tl Sl e
S - EEITEITECNLN S T 2 2nvILon Besy . celv on

GENETICS ALNETICS _ . !
i . : P anittes The brzalduenn ol Jese oo ks B

taat aies tzundecizand
A zavallel mavarran:

TR ICTA, T
anss LIMTER 1 25,01 HEban s 3 narilsry et

ant CACICPITETT. The Ll Al of mETork
[EXERITTER S Cnd E T O DTS B
withor s de cilests. Tais gaal 35 2crsued at

lions =l écl

AT TS EAKS 9 220028 27 Pass APt
MG DA LT TE a1 AU Maps cioel
ilic libia. s o Soeeenti

LT L Al L
Fale I e s wrretues b wgy 1]

crau s neeimne | L

o7

nuomy

2eis i1 bactzzia and
racewtizal campanizs L

_ S
Bty

GUTSISE BUSTORT _
eEs -

RTET XU

ai

i fazman HUPMEIK TS NITWCORE
THEORY

o F AS
T3 TS TR AT
R CONDITIONS
£ EELIEFS
KeTwomis a7 THE HEARS oF S047 26 MEATy

seTiML

Tz Jilks HE IR TR ERLE LY.,

Le1ImT

AUMMATY

v e e,

Brzuos ranuy

)
5
g
E
B
4
£
Q

barabasilab.com/NetworkScienceBook/ facebook.com/NetworkScienceBook
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