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Systems Science

To Provide a Systematic (Unified,
Universal) View for Varies Complex
Systems by a Systematic Approach.




Complex System

A complex system composed of many
Interactive agents, can have qualities not
directly traceable to the system's components,
but rather to how those components interact.
These new qualities are irreducible to the
system's constituent parts . The whole Is greater

than the sum of its parts.



http://en.wikipedia.org/wiki/Irreducible_%28philosophy%29
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Reductionism and complexity
Connection topology

Internet

Crystal Lattices  All-to-all interactions




complex networks are the
backbone of complex systems

every complex system is a network of
Interaction among numerous smaller
elements

understanding a complex system = break
down into parts + reassemble

B network anatomy is important to characterize
because structure affects function (and vice-versa)

B eXx: structure of social networks
[l prevent spread of diseases

[l control spread of information (marketing, fads,
rumors, etc.)

B ex: structure of power grid / Internet

[l understand robustness and stability of power /
I O




Spatial Properties of Complex
Networks




Distance Is Not Dead.:

Social Interaction and Geographical Distance in the
Internet era

The Distribution of Physical Distances of Facebook Contacts

A

density, fir)

OO0
1
o.oa
0.Me
o4 c

0012 best power-law fit: f(rj=0.29 7%

0010 1000 -

00U

100 =

r(n) {miles)

0006

0 004

0a02

0000

104 200 00 400

1 I T I T T T T T T |
0D 20 300 <400 500 B0 OO &DD 20D 100D

r (miles)

rank, n



Distance Is Not Dead.:

Social Interaction and Geographical Distance in the
Internet era

The Distribution of Email Distances

A‘ 0.30 c

R=-0.989

0.2%

0.20

N\

rn) (miles)

firi=725r1"

100
015

density, f{r)

0.10

T T T T T T
1500 2000 2500 3000

rank, n

jo0
0.05

0.00
0 1000 2000 3000 4000 5000 6000 TOOD &000 9000 10000

r imiles)




Discovering the Spatial Structures
Of Networks

Social Networks

Milgram: Six degrees of separation.
B)

Travers, J. and Milgram, S., 2 2 f; 2
Sociometry. 32, 425-443 S %
(1969). o
o)
)
Kleinberg:

Kleinberg, J. M. Navigation
In a small world. Nature.
406, 845 (2000)
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Empirical Results
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D.Liben-Nowell, J. Novak, R. Kumar, P. Raghavan, and A.
Tomkins. PNAS 102, 11623-11628, (2005).




Empirical results

R. Lambiotte and his
cooperators: 2.5 million
mobile phone customers

Physica A. 387(2008)

The distribution
of geographic
distance between
friends Is

P(d)~ d"-1

1/d




Transportation Networks

Y. Hayashi, A review of Recent Studies of Geographical Scale-Free
Networks, IPSJ Digital Courier, Vol.2, 155-164 (2006).

Japan: An airline with international line shows power law distance
distribution

Zengwang Xu, Robert Harriss, Exploring the structure of the U.S.
Intercity passenger air transportation network: a weighted complex
network approach, GeoJournal 73:87102,(2008).

U.S.: Domestic airline has fat tail with -2.2




Transportation Networks

The Express Transport N_etwork
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[0 The accumulative distribution of distance in the
ETN A (—-1.87).




Understanding Why Do the Networks
Possess Spatial Scaling Properties

Getting

information
through social
network
8-
2
Mazr e = — E s In Ji FIG. 1: The friends of node 1. Node 2, 3 and 4 are the friends
- of node 1 which Eq. (2) yvields that d(1,2) +di1,3)+d(1,4) =
=1 w. The size of the network is n = 12 and the information
sequence is {2,3,4,5,6,7,7,8,0,0,10} and the frequencies of
all nodes are g2 = g3 = qu = g5 = g8 = gz = g0 = 11_1

g7 =Go = 5.1 = 11 = Giz = 0.




Understanding Why Do the Networks
Possess Spatial Scaling Properties
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