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Structure of an organization
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Business ties in US biotech-industry

mtnchmlngg.r

4 t\* "" ﬁ, ermorial Sioar
_ can BAGRY A-GEIGY

'1 -_ ; hairnnr
._1. b nson & John

: B 0 b e '.- '.;. -.1,!'.“.. = %h I.-ll-lﬂI

c*GEMSET %md M&Bm',i ’.?&ﬁ: l"::; " Dphale Therap
.dew:le FG‘?“‘"“" Gpmmq’%)""
S sprout e & soquod ficome

I‘*ln-::].lrtn Pharma %nm

Nodes: companies

investment

Links: collaborations
research labs financial
public R&D

nology http://ecclectic.ss.uci.edu/~drwhite/Movie



Trade Imbalance Network
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World trade imbalance web for 2000. Directed network of merchandise trade
Imbalances between world countries. Each country appears as a node and the
direction of the arrow follows that of the net flow of money. (Serrano et al 2007).



Japanese Credit Network Between Banks

An Analysis of the Japanese Credit Network
G. De Masi, Y. Fujiwara, M. Gallegati, B. Greenwald, J. E. Stiglitz (16 Jan 2009)






Exponential Network

Scale-free Network
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INTERNET BACKBONE

Nodes: computers, routers
Links: physical lines
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(Faloutsos, Faloutsos and Faloutsos, 1999)






Origin of SF networks: Growth and preferential attachment

(1) Networks continuously expand ~ GROWTH:
by the addition of new nodes add a new node with m links

WWW : addition of new documents

(2) New nodes prefer to link to PREFERENTIAL ATTACHMENT: the

highly connected nodes. probability that a node connects to a
WWW : linking to well known sites node with klinks is proportional to 4.
k.
(k) =——
2.k,

Barabasi & Albert, Science 286, 509 (1999) k



Fithess Model: Can Latecomers Make It?

SF model: k(t)~t 2 (first mover advantage)

k.

Fitness model:  fitness (77)

H(K)—Z "k

Bianconi & Barabasi, Physical Review Letters 2001; Europhys. Lett. 2001.

K(77.)~tA

P(n)=n/C
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Operating Systems Percentage

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
06 06 06 06 OF 06 O6 O7 O7 OF 07 07 07 o7 o7 o7 o7



Robustness

Complex systems maintain their basic functions even under errors and failures
(cell - mutations; Internet — router breakdowns)
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Robustness of scale-free networks

Attacks

Failures

y<3:f=1
(R. Cohen et al PRL, 2000)

1
Albert, Jeonq, Barabasi, Nature 406 378 (2000)







B. Balassa, The Review of Economics and Statistics 68, 315 (1986). I
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http://www.nd.edu/~networks/productspace/index.htm



Iterated Diffusion (¢=0.55)
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THE NATIONAL ACADEMIES

Advisers fo the Nation on Science, Engineering, and Medicine
NRC Panel on “Network Science”

SETWORK
L_.'-ill.ﬁ.[li’_"i'[lll Seveect e Amdt CoA~
g
e What iIs “network science”? n
AR

An attempt to understand networks emerging in nature, technology and society
using a unified set of tools and principles.

What Is new here?

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