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Network and Graph
 In mathematics,  a network is a special graph which is a 

representation of a set of objects where some pairs of 
objects are connected by links.
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(2) Adjacency Matrix

0 1 0 1
1 0 1 1
0 1 0 1
1 1 1 0

0 1 1 1 1 1 0

1 0 1 1 1 1 0

1 1 0 1 1 0 1

1 1 1 0 1 0 1

1 1 1 1 0 1 1

1 1 0 0 1 0 1

0 0 1 1 1 1 0
Vertexes

Edges



Network
 In the computer world, networked computing devices 

pass data to each other along data connections. Data is 
transferred in the form of packets…



Network
 In physics,  a network is a model.
computer networks
biological networks
social networks
… 
Erdős–Rényi (ER) model 
Barabási–Albert model
Watts–Strogatz (WS) model



Network

P Erdos, A Rényi, Bull. Inst. Internat. Statist 38 (4), 343-347
D Watts, S Strogatz, Nature 393, 440-442
AL Barabási, R Albert, Science 286 (5439), 509-512



Network Topology Structure



Network Structure
 Degree correlations(Assortativity or Disassortativity)

Newman, Mark EJ. "Assortative mixing in networks." Physical review letters89.20 (2002): 
208701. 
Newman, Mark EJ. "Mixing patterns in networks." Physical Review E 67.2 (2003): 026126.



Network Structure
 Homogeneity (Heterogenous)

Albert, Réka, and Albert-László Barabási. "Statistical mechanics of complex networks."  
Reviews of modern physics  74. 1 (2002): 47.



Network Structure
 k-shell decomposition method (k-core)

Kitsak Maksim, Gallos  Lazaros K.,  Havlin Shlomo,  Liljeros  Fredrik,  Muchnik Lev, 
Stanley H. Eugene , Makse Hernan A. “Identification of influential spreaders in 
complex networks”. Nat Phys.   2010,6(11)



Economic Network

Milo, Ron, et al. "Network motifs: simple building blocks of complex networks.“  Science 298. 
5594 (2002): 824-827.

 Z-score(network motif)
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Economic Network

The economy, as 
any other complex 
system, reflects a 
dynamic 
interaction of a 
large number of 
different agents, 
not just a few key 
players.

 F. Schweitzer, G. Fagiolo, D. Sornette, F. Vega-Redondo, A. Vespignani, and D. R. White, 
Science 325, 422 (2009).



Economic Network

Research examining economic networks has been studied 
from two perspectives：

(⑴)comes from economics and sociology
(⑵)originated in research on complex systems in physics 

and computer science

 macro and micro?



 L. M. A. Bettencourt, J. Lobo, D. Helbing, C. Kühnert, G.  B. West, Proc. Natl. Acad. Sci. U.S.A. 
104, 7301 (2007). 



M.  Batty, Science, A theory of city size, 340, 1418 (2013).



L. M. A. Bettencourt, Science, The Origins of Scaling in Cities, 340, 1438 (2013).



L. M. A. Bettencourt, Science, The Origins of Scaling in Cities (SI), 340, 1438 (2013).



Micro Economic Network

Previous work on the micro perspective was strongly 
rooted in oversimplifying assumptions on both the 
structure of the network and on agents’ behaviors.

In recent micro approaches, economic networks were 
often viewed as the result of a network formation game 
among competing and cooperating agents.

As the number of nodes and possible links scales up, 
however, such problems become very difficult to solve, and 
classical approaches are unsatisfactory.



Economic Network

New Challenges

1. Massive data analysis
2. Time and space
3. Structure identification
4. Beyond simplicity
5. Systemic feedbacks

 F. Schweitzer, G. Fagiolo, D. Sornette, F. Vega-Redondo, A. Vespignani, and D. R. White, 
Science 325, 422 (2009).
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Social Network

A social network is a social structure made up of a set 
of social actors (such as individuals or organizations) and a 
set of the dyadic ties between these actors. A social 
structure is determined by such interactions.
Social networks are self-organizing, emergent and complex.



Social Network

 Milgram Experiment (about 6)

 Six Degrees of Kevin Bacon (2.94)

 Erdős number

 Small world experiment in Internet
Facebook (4.74)
QQ (3.8)



Social Network



The strength of weak ties
The major implication intended by this paper is that 
the personal experience of individuals is closely 
bound up with larger-scale aspects of social 
structure, well beyond the purview or control of 
particular individuals. Linkage of micro and macro 
levels is thus no luxury but of central importance to 
the development of sociological theory. Such 
linkage generates paradoxes: weak ties, often 
denounced as generative of alienation are here seen 
as indispensable to individuals’ opportunities and to 
their integration into communities : strong ties, 
breeding local cohesion, lead to overall 
fragmentation.
Granovetter, M. S. (1973). "The Strength of Weak Ties". The American Journal of Sociology  
78 (6):  1360–1380



Granovetter, M. S. (1973). "The Strength of Weak Ties". The American Journal of Sociology  
78 (6):  1360–1380



Embeddedness

In the field of economic sociology, Granovetter has been a 
leader since the publication in 1985 of an article that 
launched "new economic sociology", "Economic Action and 
Social Structure: The Problem of Embeddedness". This 
article caused Granovetter to be identified with the concept 
of " Embeddedness", the idea that economic relations 
between individuals or firms are embedded in actual social 
networks and do not exist in an abstract idealized market. 



Social Network

 Network Science

 Human Dynamics (barabasi)

 Recommendation

 Link Prediction

…
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Coupled Network
Two (or more than two) networks  with the same nodes 
(just a part of nodes ) are couple together. 

Multi source data mining



An image of regional 
communication diversity 
and socioeconomic ranking 
for the UK. We find that 
communities with diverse 
communication patterns 
tend to rank higher 
(represented from light 
blue to dark blue) than the 
regions with more insular 
communication. This result 
implies that 
communication
diversity is a key indicator 
of an economically healthy 
community. 





The real is the rational and the rational is the real!
Hegel



Jure

http://cs.stanford.edu/people/jure/pubs/






