Announcements

Thursday December 10 3-6 pm Gates Atrium
We will provide poster boards
30% of project grade

Due Friday December 11

PDF by email to course staff list
Max 6 min 4 pages in ACM format
More info on the website

70% of project grade
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Coalitions in signed networks

Received 15 entries
Top score:
RPL: 351,944
GNP: 1,150,563 (5 got the OPT)

Shayan_Oveis_Gharan 1,502,507
Farnaz_Ronaghi_Khameneh -2
Ying_Wang -11
Abhijeet_Mohapatra -92

Nipun_Dave -162
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Ying Wang'’s approach

ldea: combine

min-cut on positive edges

2"d smallest eigenvector x of Laplacian

max-cut on negative edges
Largest eigenvector y of normalized Laplacian
So for each node 2 scores (positions):

Min-cut score, Max-cut score
Now simply partition the nodes

GNP (6 edges from best solution): 1,150,557
RPL: 342,021 (and after local updates 351,939)
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Link Analysis for Web Search:

Hubs and Authorities &
PageRank

CS 322: (Social and Information) Network Analysis

Jure Leskovec
Stanford University




First try:

Yahoo,
DMOZ,
LookSmart
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Help build the largest human-edited directory of the web

4,520,413 sites - 84,517 editors - over 590,000 categories



Information Retrieval

Started in 1960s

Newspaper articles
Patents, etc.

Synonimy: buy and purchase, sick and ill
Polysemi: Jaguar
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The iIndex size war
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Web Search vs. IR

12/1/2009

Anchor Text: | go to Stanford where | study

Not a single right answer
(IR) vs. (Web)
Many sources of info: who to “trust”

pages that actually know about newspapers
might all be pointing to many newspapers
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Where people look?

*See Mini Digit3
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Link analysis

(back to newspaper example):

Don’t just find newspapers but also find “experts”

— people who link in a coordinated way to many
good newspapers

Quality as an expert (hub):

NYT: 10
Total sum of votes of pages pointed to Ebay: 3
. Yahoo:
Quality as an content ( ): NN
Total sum of votes of experts Wsl:g

Principle of repeated improvement
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Counting in-links: Authority

% 2 votes
.‘
A‘ 2 votes
‘
. - New York
Times 4 votes

USA Today 3 votes
Facebook
. - 1 vote
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Expert quality: Hub

o - New York

Times 4 yotes

USA Today 3 votes

Facebook

6 1 vote

@ 3 votes
@ 3 votes
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Reweighting

new score: 19

o(
Sy
2 N s

USA Today new score: 24

e New score: 9

@ new score: 15
@ new score: 12
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Times new score: 31



Hubs and Authorities

Each page i has 2 kinds of scores:
score: h;

score: g,

Initialize: a,;=h,=1

Hub

Then keep iterating: O:

:ajzzhi Hub ® . . .

: s Hub
. 1— ]
) hi _Zaj @
. 1—] ®
Normalize:

2a=1,2h=1
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Hubs and Authorities

Slightly change the notation:
Vector a=(a,...,a,), h=(h,...,h )

Adjacency matrix (n x n): M;=1 if i—]
Then:

h=>a <h=>Ma,

i | j
So: h=Ma
And likewise:a=M"h
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Hubs and Authorities

Algorithm in new notation:
Set:a=h=1"
Repeat:

h=Ma, a=M'h
Normalize
Then: a=MTM

\ new h |
Y
new a

MT(Ma)=(M"M)a

Th)— T
Thus, in 2k steps: M (M7h)=(MM7)h

o AL N octcd matix powering.
h=(MMT)kh
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Eigenvalues & Eigenvectors

Definition:
Let Ax= Ax for some scalar A, vector x and matrix A

then x is an eigenvector, and A is its eigenvalue

If A'is symmetric (A;=A;)
(note in our case M and MM are symmetric)

Then A has n orthogonal unit eigenvectors w,...w_
that form a basis (coordinate system) with

eigenvalues A,... A, (| A=A ])
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How to think about Ax?

Write x in coordinate system w,...w,
X=): OL:W.
X has coordinates (a,,..., a,)
M Ay (12121051 2 22, 1)
Akx = (Ao, Ak, A ko) = 2 Akouw,

As k—o, if we normalize
ARX—> A 0L, W, (all other coordinates —0)

So a is eigenvector of MM associated with
largest eigenvalue A, (need |A,|>|A,])
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PageRank

Define a “rank” r; for node j

Z [

‘=7 outdegree of |
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PageRank: alternate interpretation

r; ... probability I'm currently at j in a random walk
r; = 2.Prlati] Pr[i—j]

ri= 2.r/(out-degree of i)
prob. of being at j after one step of a random walk

M;=1if node i links to j
out-degree of i is d.
N, is prob. we will be at j if we are currently at i

r=Nr
i.e., ris principal eigenvector of N
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PageRank: Example

Setr=1

r=2.; ri/d;

And iterate
Example:
y 1 1
a = 1 3/2

m 1 Y

12/1/2009
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Problems

Some pages are “ N

/

\St ongly Con tdCre)/
. IN ouT
(have no out-links) = \7\“

Such pages cause importance
to leak out

(all out links are
within the group)

Eventually spider traps absorb all importance
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Dead ends

S
Setr=1 '
r=2r/d ° @ Y A MS

And iterate Yil v | 1 | o
Al 15 o) 0

Example:
y 1 1 % 5/8 0
a = 1 1z 1z 3/8 .. 0

m 1 V2 Va Va 0
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Spider traps

s
Setr=1 '
(&

rj=Zj r./d.

And iterate
Example:
Y 1 1 %
a = 1 Ya Ya

m 1 3/2  7/4
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Solution: the real PageRank

12/1/2009

(o

” each page by at each iteration
Add a fixed constant to all pages

Models a random walk with a fixed
probability of jumping to a random page

Random walk that follows a link with prob. 1-¢ and
randomly jumps with prob. ¢

d. ... outdegree
of node i



PageRank & eigenvectors

r=Nr < r=2.r/d;
ri=(1-g) 2, r/d; + e2r,

N’ij = (1_8)Nij + & 1/n d; ... outdegree
Then: of node i

In practice €=0.15 (5 links and jump)
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Personalized PageRank

Goal: evaluate pages not just by popularity
but by how close they are to the topic
Walker has a small teleporting probability

(we used this so far)

Topic-specific (personalized) PageRank
N = (1-g)N; +ec (where c is a vector)
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Application: TrustRank

networks of
millions of pages design to
focus PageRank on a few
undeserving webpages

To minimize their
influence use a teleport
set of trusted webpages

E.g., homepages of
universities
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Issues with PageRank

Absolute increase in
the no. of In-Links

4x10°

3x10°

2x10°

1x10°

Popularit
20 40 60 80 100 P Y

Absolute increase in
the PageRank wvalues

0.002f
0.0015¢
0.001}
0.0005¢
(ﬁopularity

10
-0.0005¢

-0.001¢
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Google bombs (1)

Web Images Groups Mews Froogle Local more »

GO{«..nge |miserab|efai|ure Search W

Web Results 1 - 10 of about 969,000 for miserable failure. (0.06 seconds)
Biography of President George W. Bush Web Images Maps News Shopping Gmall mare *

Biography of the president from the official White House weh 5|te
www whitehouse_ gov/president/gwbbio_html - 29k - Cached - & ar pages

F'ast F'resmlents Kids Onlt Current News F'resmlent ] e _
Aore results from w ehouse.gov » OL Jg e dangerous cult

Welcome to MichaelMoore.com!

Official site of the gadfly of corporations. creator of the film Roger and Me Web
and the television show The Awful Truth. Includes mailing Ilst message board, . 8
www.michaelmaoare.com/ - 35k - Sep 1, 2005 - Cached - Similar pages

Results 1- 10 of about 252,000 for dangerous cult. (0,06 s=

Scientology - Church of Scientology Official Site
Living in & Dangerous Ervironment © Drug and Alcohol Problems - Personalities, Emot
and How to Deal wath Others ...

BBC NEWS | Americas | 'Miserable failure' links to Bush

Web users manipulate a popular search engine so an unflattering description leads
to the president's page.

news.bbc.co.uki2/hifamericas/3298443.stm - 31k - Cached - Similar pages wawrwr sCcientology. orgf - F3k - Cached - Similar pages - Mote this
Google's (and Inktomi's) Miserable Failure _ The Most Dangerous Cult in The World by Laura Knight-Jadczyk
A search for miserable failure on Gooale brings up the official George YW There' lici Ttin A - It d of lled - T
Bush biogra Advanced Search  Preferences  Language Tools | not a ... eres a new religious cu tin AMEerica. t's not u:_nmpnse of so-called "crazies” so mu
searchengil ‘ X Oi ) le il P e —— "~ Googie Sjached - Simi | Mainstream, middle to upper-middle class Americans. .
- 8 wnr Cassiopaea. orgfcass/Laura-knight- J.:c:iczﬁ.rkﬁac[eﬂ growing_cult.htm - 144k -
Search: () the web sched - Similar | aes - Note this

Images | Groups | Director News

Dangerous Cult VWWarning Signs
If you, or a loved one, are in a dangerous cult, as determined h\_,r the above checklist,
rust do everything you possibly can to remove the pmermal

Didyou mean french military defeats

Mo standard web pages containing all your search terms were found

vowrr vistech, netfusers/rsturgefeults, himl - 4k - Cached - Sirmilar pages - Note this
‘Your search - french military victories - did not match any documents
Suggestions. The Watchman Expositor: The Most Dangerous Cult in America
s i all Worde e Epellad tredtiy Howeever, when the world's final chapter is written, which will prove to be "THE most
- Try different keywords. dﬂngern-us cult in America?" One of the cults mentioned ahcwe'?‘
o U1 pes core, oK watchman. org/reltop/budcomp. bt - 10k - Cached « Similar pages - Note thi

- Try fewer keywords.
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Google bombs (2)

=~ Netscape: Google Search: Jew
+ p g

#=w Netscape: Google-Suche: Jew

File Edit Vin:awi Go Window _ oXe) @ '.File .IvEdit Vinlav\i Go Window _ oXe) “
< w k| 6 2 & | 1y Apr 22 03:38:56 2004 @ » k| 6 2 & | 1y Apr 22 03:37:08 20C
Back Forward  Reload Home Search Metscape Print I Back Forward  Reload Home Search Metscape Print I

mt' Bookmarks ‘&. Location: ij_http:,-",-"www. google. com/search?g=Tew

mt' Bookmarks ‘&. Location: ij_http:,-",-"www. google. defsearch?g=JTew

www . google. comfexplanation  We're disturbed about these results as well. Please read our note here.

Nexvs results for Jew - View all the latest headlines
-&;‘ Jew nrges Germans to read Mein K ampf - Independent Crline - Apr 20, 2004

Jew Watch
Jew Watch. Keeping ... Archived for Educational Puorposes only Under U3C Title

17 Bection 107 by Jew Watch Library at jesvwatch.com, *COPYRIGHT ...
wwwy Jewnvatch.com/ - 28% - Cached - Bimilar pages

Jew - Wikipedia
Jew. From Wikipedia, the free encyclopedia. Jew is a term nsed to denote both followers
of areligion snd members of an ethricity (adj. ... Whoe iz 2 Jew? Jewish law. ...

en.wikipedia orgfwikifTesy - B3k - Apr 20, 2004 - Cached - Bimdlar pages
Judaism 101: Who Is a Jew?

A Jewis any person whose mother was a Jew or any person who has gone throngh
the formal process of conversion to Judsism. ... Who Is a Jew? Level: Basic. ...

sy jewt ag. orgfwhoisjew bt - 21k - Cached - Similar pages

Judaisrm 101

woe [ o not claim to be a rabbi or an expert on Jodsdsm; I'm just a wraditional,
obzereant Jew who bhas putin a lot of research. [ work az a law braman. ...
s deaat s nrod =13k - Clached - Simidlar naoee

Web Lmages OGroups MNews Froogletw! more » Web Bilder Groups Yerzeichniz MNews
Goc )gle [Dew e Go ugle [Dew e
Suche: Q’ Das Web ‘@ Seiten auf Deuts ch‘@Seiten ans Dentschland
Web Results 1 - 10 of about 1,810,000 for Jew [definition]. (0.08 se
Web Ergebnisse 1 - 10 von vngef shr 1,340,000 fir Jew. (0.12 3,
Offensive Search Results Sponsord

Jew - Wikipedia - [ Diese Seite ithersetzen |

Jew. From Wikipedia, the free encyclopedia, Jew iz 2 term vzed to denote both followers
of areligion and members of an ethnicity (adj. ... Who 15 a Jew? Jewishlaw. ...
en.wikipedia. orgfwikifTew - 85k - 20, Apr. 2004 -Im Cache - Ahnliche Seiten

Anzeigen

Jewish Prophecy
What the Torah says abo

events. How a Jew shoul
lvejomrnal com

Judaistn 101 - [ Diese Seite iibersetzen ]
Sehen Sie [hre Anzeigy

oo Do not cladm to be s rabbl or an expert on Jodaism; I just a tradifonal,
observent Jew whe has putin alot of research. [ work as a law librarien. ...
wwwy jewfag.orgd - 13k - I Cache - Almliche Seiten

Judaism 101: Who Is a Jew? - [ Diese Seite fibersetzen ]

Who Iz a Jew? Level: Basic. Origing of the Words "Jew" and "ndaism”.
The originel name for the people we now call Jews was Hebrews. ...
sewrvr jewtan orglwhoisjew hom - 21k - Im Cache - Alnliche Seiten

[ Weitere Ergebnisse von wwww jewfaq.org |

CJF Ministries - Welcome! - [ Diese Seite ithersetzen |

View the rebroadeast of our Sharng Banquet in Detroit CJF Minstries
Btatement — The Pageion of the Cluist Tour Israell Find ...

www.cjf orgl - 9k - 20, Apr. 2004 - Iin Cache - Ahnliche Seiten

Amazon.cotn: Books: To Be a Jew: A Guide to Jeswish Observance in ... - [ Diese Seite fibersetzen |
... Editorial Reviews Amazon com To Be a Jew, Rabbi Hayim Halewy Donin's clagsic guide

to Jewish life, philosophy, and law has guided generations of Americans ...

www arnazon comfexecfobidosity detail 04650863227 = glance - 81k - lm Cache - Ahrliche Seiten

= | |

100% |
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