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Sizes of LARGE graphs

Already outdated but gives some idea

Google (2008): indexed over 102 URLs

Facebook (2012): 721*106 individuals and 137*1089 links

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

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



Graph representations

- Edge list

- Adjacency list



Graph mining tasks

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(n2) time and O(n2) memory



Classification of large graphs

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

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(n?) is
prohibitive without specialized computing resources

Large graphs (108—1070 vertices)

LARGE graphs (> 1070 vertices)



Sources for graph data

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

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

. http://www.lemurproject.org/cluewebl12/webgraph.php/

. https://sparse.tamu.edu




The PageRank
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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

R'(u) = c Z R]/\E'U) + cE(u)

vE B, v

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

Eigenvalue problem:

Loop that acts as a rank sink




Computing PageRank

Ry = an initial guess for the rank vector
while 0 > ¢
Rjp1 = AR
d=||R;ll1 — [Rj+1l1
Rjy1 = Rjy1 +dE
0 = |[Rj+1 — Ryl

end
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Choosing source vector E

« E is uniform. Problem: sites like highly interlinked mailing
lists archives receive overly high ranking.

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

« A compromise: E consists of all root-level pages of all
web servers.
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Stanford University Homepage
e hetp/fwwow stanford edw
74.79% W - SSPIS - JHURYT

Stanford University: Portfolio Collection
— hetp:ffwwnw stanford edwhomeladm inistration/portfolio html
65.78% M - SOVIIS - JRVYT

University of Illinois at Urbana-Champaign

s hrtpcffuewew vive edu/
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Indiana University
 — hetp:ifwwrw. indiana edu
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University of California, Irvine

[— hetp fiwwrw uel. edw
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University of Minnesota
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Iowa State University Homepage
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The University of Michigan
— hetp:fwww umich edu
66.35% It - SOVIIIS - PRVAIVT

Mississippi State University
— hetp:fiwww. msstare eduf
66.35% A - SSVIIRD - DRVAYT

Northwestern University: NUlnfo

Oregon Center for Optics in Science and Technology. Department of
Physics, University of Oregon, Evgene OR 97403, Research Groups:
Carmichael Group....
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|Camegie Mellon University - Campus Networking

Departments. Data Communications. Data Comnunications is
responsible for installing and maintaining all on campus networking
equipment and all of. ..
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Computer Science Group. Wesleyan University. Welcome to the home
page of the Computer Science Group at Weslevan University. We are
administratively within.
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Keio University Shonan Fujisawa Campus {SFC)
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The School of Chemistry. School of Chemistry, University of Swdney,
NSW 2006 Avstralia Intermational Phone: +61-2-9351-4504 Fax:
+61-2-9351-3329 Avstralia.

BRSO S 02 3 - vk K-35 Fud 9T

Mankato State University
The Campus Athletics, Campus Tour, BEookstore, Maps, Current
Events... Admission & Registration Admissions, Financial &id,
Registrar's, Graduvate. ..
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St. Ambrose University
Main Index: Academic Departments. Administrative Services. Campus
News. Computing Services. Galvin Fine Arts Center. Internet
Connections. Library...
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Web Page PageRank (average is 1.0)

Download Netscape Software 11589.00
http://www.w3.org/ 10717.70
Welcome to Netscape 8673.51
Point: It’s What You’re Searching For 7930.92
Web-Counter Home Page 7254.97
The Blue Ribbon Campaign for Online Free Speech 7010.39
CERN Welcome 6562.49
Yahoo! 6561.80
Welcome to Netscape 6203.47
Wusage 4.1: A Usage Statistics System For Web Servers 0963.27
The World Wide Web Consortium (W3C) 5672.21
Lycos, Inc. Home Page 4683.31
Starting Point 4501.98
Welcome to Magellan! 3866.82
Oracle Corporation 3587.63

Table 1: Top 15 Page Ranks: July 1996



