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• Google (2008): indexed over 1012 URLs 

• Facebook (2012): 721*106 individuals and 137*109 links 

• Phone companies (2013) process a few trillion calls a year 

• The human brain (2011) has around 100*109 and 100*1012 

neuronal connections

Sizes of LARGE graphs
Already outdated but gives some idea



• Edge list 

• Adjacency list

Graph representations



• Random walk steps (e.g. to extract a massive graph nearby 
the seed) O(1) 

• Connected components O(n) 

• PageRank — determine importance of nodes O(n) 

• Effective diameter (mean shortest path or longest shortest 
path to connect 90% of possible node pairs) O(n) 

• Extremal eigenvalues of graph Laplacian (the first 
eigenvector helps to split the graph) O(n log n) 

• Triangle counting (detect interesting groups) O(n3/2) 

• All-pairs problems O(n3) time and O(n2) memory

Graph mining tasks



• Small graphs (< 104 vertices) — all algorithms are feasible 

• large Small graphs (104—106 vertices) — O(n2) in time is 
fine but O(n2) in memory may be prohibitive 

• small Large graphs (106—108 vertices) — O(n2) is 
prohibitive without specialized computing resources 

• Large graphs (108—1010 vertices)  

• LARGE graphs (> 1010 vertices)

Classification of large graphs
Graphs are sparse: the number of edges O(n)



• https://snap.stanford.edu/data/index.html 

• http://law.di.unimi.it/datasets.php 

• http://www.lemurproject.org/clueweb12/webgraph.php/ 

• https://sparse.tamu.edu

Sources for graph data



The PageRank

We are interested at backlinks of the page



The PageRank

Definition. Let E(u) be some vector over the Web pages that corresponds to a source of 
rank. Then, the PageRank of a set of Web pages is an assignment, R’, to the Web pages 

which satisfies 

Such that c is maximized and || R’||1 = 1.

R0(u) = c
X

v2Bu

R0(v)

Nv
+ cE(u)
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Loop that acts as a rank sink

R0 = c(A+ E1>)R0
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Eigenvalue problem:



Computing PageRank

R0 = an initial guess for the rank vector

while � > ✏

Rj+1 = ARj

d = kRjk1 � kRj+1k1
Rj+1 = Rj+1 + dE

� = kRj+1 �Rjk1
end
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• E is uniform. Problem: sites like highly interlinked mailing 
lists archives receive overly high ranking. 

• E is personalized: E(u) > 0 only for one page, e.g. user’s 
personal web page.  

• A compromise: E consists of all root-level pages of all 
web servers. 

Choosing source vector E






