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Outline 



What is a network? 
A network consists of  nodes 
representing entities.  Nodes are 
connected by edges representing 
ties between the entities. 

Examples: 

 Individuals connected by 
Facebook “friendships”. 

 Web pages connected by 
hyperlinks. 

 Contiguous cities on a 
train route. 



Networks are Everywhere 









Mathematical Genealogy Project 

S. Myers, P. J. Mucha, and MAP [2011]. 
“Mathematical Genealogy & Department 
Prestige”, to appear in Chaos (Gallery 
of  Nonlinear Images). 



“When we understand this slide, we’ll have won the war.” 



More Brains 





Types of  Networks 



Representing a 
Network 



Goals of  Network Science 



Basic Principles 



Small Worlds 
6 degrees of  separation 
(psychologist Stanley Milgram) 

6 degrees of  Kevin Bacon 

Erdös numbers 

Mathematical models developed 
starting in late 1990s to study this 
(starting with Watts & Strogatz, 
1998) 

How to navigate small worlds? 



Develop and use computer algorithms to group nodes (e.g. circles of  
friends) in an automated fashion. 

The problem is both very difficult and very interesting. 

Community Detection (clustering) 



Detecting Communities 





Detecting Communities 



Modularity 



Facebook Networks 

A. L. Traud, E. D. Kelsic, PJM, & MAP [2008], to 
appear in SIAM Review (arXiv: 0809.0690) 
ALT, C. Frost, PJM, & MAP [2009], Chaos 19(4): 
041104 (Gallery of  Nonlinear Images) 
ALT, PJM, & MAP, arXiv:1102.2166 



Caltech (colored by House) 



Princeton: Class Year & Major 



Quantitative Comparisons 



How do universities organize? 







Application to Finance 

D. J. Fenn, MAP, M.McDonald, S. Williams, N. F. Johnson, and N. S. Jones [2009] Chaos 19(3), 033119 
DJF, MAP, PJM, MM, SW, NFJ, and NSJ [2010], arXiv: 0905.4912 



Some exchange rates changed roles in the 
network right when the Credit Crunch began! 



Example: Voting on resolutions in the United Nations General Assembly. 

Voting Networks 

Kevin T. Macon, PJM, and MAP [2011], arXiv:1010.3757  



Political Realignments 

A. S. Waugh, L. Pei, J. H. Fowler, PJM, and MAP [2010], arXiv:0907.3509 



Ranking NCAA Football Teams 
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Dynamic Reconfiguration of  Human 
Brain Networks During Learning 

D. S. Bassett, N. F. Wymbs, MAP, PJM, J. M. Carlson, and S. T. Grafton, Proceedings of  
the National Academy of  Sciences, Vol. 118, No. 18: 7641—7646, 2011. 



Protein-Protein Interaction Networks 
A. C. F. Lewis, NSJ, MAP, & C. M. Deane [2010] BMC Systems Biology 4: 100 
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