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Some real networks
– Social Networks  

• Networks of acquaintances 
• Collaboration networks- actor networks, co-authorship networks 

– Information Networks 
• Citation network (directed acyclic) 
• The Web (directed) 

– Distribution Networks 
• The Internet 
• Power Grids, Telephone Networks 
• Transportation Networks (roads, railways, pedestrian traffic) 

– Biological Networks  
• Protein-Protein Interaction Networks 
• Gene networks 
• Metabolic pathways 
• The Food Web 
• Brain Networks 

– Economic Networks 
• Bank networks 

– Natural Networks 
• River networks 
• Epidemic



Terrorist  
Network



Links among blogs (2004 presidential) election)



Facebook

The “Social Graph” behind Facebook





Internet as measured by Hal Burch and Bill Cheswick's Internet Mapping Project. 

http://research.lumeta.com/ches/map/index.html


Power networks



transportation networks: airlines

Source: Northwest Airlines WorldTraveler Magazine



transportation networks: railway maps

Source: TRTA, March 2003 - Tokyo rail map



Biological networks
• Biological systems represented as 

networks 
– Protein-Protein Interaction Networks 
– Gene regulation networks 
– Gene co-expression networks 
– Metabolic pathways 
– The Food Web 
– Neural Networks



Brain network of C. elegans neurons



Protein interaction networks



Brain networks



Epidemic networks



World-trade networks



Email exchanges in a company



Network Science: Introduction 2012

We are surrounded by  complex systems, from society- people-people 
interactions, communication systems to neurons in the brain.  

All these systems work together in a seamless fashion. 

These systems, random looking at first, upon close inspection display 
self-organization patterns whose quantification, understanding, 
prediction and eventually  control is the major intellectual challenge. 

Life is complex…



Network Science: Introduction 2012

What message did the pictures convey? 

Enough of pictures



What is Network Science?
• The study of complex systems that can be represented as (typically 

dynamic) networks 
– Society, Economy 
– Various biological networks (e.g., metabolism) 
– Brain 
– WWW, Internet, Transportation nets 
– Natural networks (global climate system) 
– Many others 

• Relies on: 
– Network data (strong empirical basis) 
– Network models 
– Network algorithms



The roots of Network Science

• Graph Theory 
• Statistical Mechanics 
• Nonlinear Dynamics 
• Games and Learning  
• Data mining (“graph mining”) and machine 

learning 
• Algorithms 
• Complexity theory



Interdisciplinary:
Cell biologists/Computer Scientists/others needs the wiring diagram behind their 
system, extracting information from incomplete and noisy data sets.

Empirical, Data driven:
 Focus is on data and its utility. Not just mathematical models, but tools to test 
real data. The value addition will be judged by the insights it offers. 

Quantitative and Mathematical Nature:
Graph theory; organizing principles from statistical physics, control and 
information theory, statistics and data mining.

Computational Intensive:
Size of networks giving rise to Big Data. Needs algorithms, database 
management, data mining, analytics, software tools.

 

THE CHARACTERISTICS OF NETWORK SCIENCE

Network Science: Introduction 2012



Network Science: Introduction 2012

Theory of Network Science















What is the degree distribution?











For which network is the adjacency matrix symmetric? 

A.Directed 

B.Undirected 



For which network is the adjacency matrix symmetric? 

A.Directed 

B.Undirected 





























Then what are they?





Barabasi Albert (BA) Model



Previously:



These graphs are also scale-free (SF) networks

Previously:



Community Detection in Networks





Biological Networks



➢  Real networks are fragmented into groups or modules
❖ Society: Granovetter, M. S. (1973) ; Girvan, M., & Newman, M.E.J. (2001); Watts, D. J., Dodds, P. S., & Newman, M. E. J. (2002). 

❖ WWW:   Flake, G. W., Lawrence, S., & Giles. C. L. (2000). 

❖ Biology: Hartwell, L.-H., Hopfield, J. J., Leibler, S., & Murray, A. W. (1999). 

❖ Internet: Vasquez, Pastor-Satorras, Vespignani(2001).

The more separable fragments (communities) in the network -  
the higher it’s modularity



Community detection through modularity maximizing algorithms



https://mrpandey.github.io/d3graphTheory/index.html

Check out

Also…



Game of thrones



Season 1

https://networkofthrones.wordpress.com/

Game of Thrones character interaction network



Season 5

https://networkofthrones.wordpress.com/

Season 6
Game of Thrones character interaction network
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