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Some Graphs

The World-Wide Web, 
(or a managable portion of it)

Internet:
Connections among routers, or
BGP relations among Autonomous Systems

Actors, with edges if have appeared in the same movie

Co-authorship
vertices = authors
edges between pairs who’ve published together



Some Graphs

Electrical Grid:
vertices = generators, transformers, substations
edges = high-power transmisison lines

Neural Network of worm – Caenorhabditis elegans

Conformation space of lattice polymer chain
vertex = configuration
edge = can reach one from another

Protein interaction network (yeast S. verevisiae)
vertex = protein
edge between proteins that interact



Some Graphs

From data in Rn



Some Graphs

Netflix Challenge:
100 million ratings of 1-5, from
480,000 customers
18,000 movies

$1,000,000 to whoever can best predict scores.

Average score has RMS error 1.0540 
Cinematch RMS error 0.9525 
To win grand prize, need 0.8572

Current leader: 0.9052 



Small-World/Low Diameter

Bollobas-Chung (’88):
A cycle plus random matching probably has diameter O(log n)

Strogatz-Watts (Nature vol 393, 4 June 1998):
Experiments on k-regular graphs on n-nodes

http://tam.cornell.edu/SS_nature_smallworld.pdf
Screen clipping taken: 10/31/2006, 1:15 PM Actors: n = 225226, k = 61

Power grid: n = 4,941, k = 2.67
C. elegans, n = 282, k = 14

http://tam.cornell.edu/SS_nature_smallworld.pdf


Diameter in scientific collaborations

The Structure of Scientific Collaboration Networks, M.E.J. Newman
http://arxiv.org/abs/cond-mat/0007214/



Graph Structure in the Web
Broder et. al., Computer Networks 33, (2000) pp.309-320

Altavista Crawl of 200M pages, 1.5B links



Graph Structure in the Web
Broder et. al., Computer Networks 33, (2000) pp.309-320

Breadth-first search from random nodes in SCC:

For two random nodes, directed path exists with prob 25%



Clustering Coefficient:

I
If node i has k nbrs, could be k(k-1)/2 triangles at node k.
Ci = number of triangles at node i / (k(k-1)/2)

C = avei Ci

alternatively, can use

C = 6 x number triangles / number length-two paths



Scientific Collaboration Networks

Emergence of Scaling in Random Networks, Barabasi and Albert, 
Science, vol 286, 15 Oct 1999



Degree distributions



Power-law degree distributions

Emergence of Scaling in Random Networks, Barabasi and Albert, 
Science, vol 286, 15 Oct 1999



Power-Law Degree Distributions?

The Structure of Scientific Collaboration Networks, M.E.J. Newman
http://arxiv.org/abs/cond-mat/0007214/



Diameter in scientific collaborations

The Structure of Scientific Collaboration Networks, M.E.J. Newman
http://arxiv.org/abs/cond-mat/0007214/

Explain below-line
points by power-law
degree distribution:

Bollobas-Riordan.



Power-law degree distributions

Graph structure in the Web, Broder et. al., 
Computer Networks Vol 33, No 1-6 , June 2000, pp. 309-320 



Analysis of Web Graph
Graph structure in the Web, Broder et. al., 

Computer Networks Vol 33, No 1-6 , June 2000, pp. 309-320 

Weakly-connected components
(traverse edge either way)
largest had 186m pages = 91%

Strongly-connected components 
(only following links)
largest had 56m pages = 28%



“Scale-Free”



Problems with these plots:

Screen clipping taken: 10/31/2006, 2:08 PM

Towards a theory of scale-free graphs:
Li, Alderson, Ranaka, Doyle, Willinger, 
arXiv:cond-mat/0501169 v2 18 Oct 2005



Better to take complementary CDF:



Power-Law Degree Distributions?

The Structure and Function of Complex Networks
M.E.J. Newman, cond-mat/0303516 v1 15 Mar 2003



Assortative
If high-degree nodes likely connected



Assortative

Assortative Mixing in Networks, M.E.J. Newman
cond-mat/0205405 v1 20 May 2002



The Structure and Function of Complex Networks
M.E.J. Newman, cond-mat/0303516 v1 15 Mar 2003


