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Navigating the Web

e Directly via a known URL (e.g., http://www.apple.com/ipad/)
e By following links from a known web page

* By using a search engine


http://www.apple.com/ipad/

Searching the web is like searching a needle in a haystack

jozilla Firefox

pagerank - Google Search
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@ ) - @ & G | W nttpumewwgoogle.co.ukisearchrhi=en 77 - | %
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PageRank - Wikipedia, the free encyclopedia

Page C has a higher PageRank than Page £, even though it has fewer links 1o it: the link it
has is much higher valued. A web surfevwhu chuuszs arandom
en wikipedia orghuiki/PageRank - 118k - imilar pages

Google PageRank Checker - Check Goodle page rank of any web pages
Page Rank Checker is a free tool to check Google ™ page ranking of any weh ... In order to
add this 122 page rank checksr toolto your web sit and give ..
www.prchecker.info/check_page_rank.php - 21k - milar pages =

Google PageRank Checker - Check Google page rank of any web pages
Page Rank Checker is a completely Free taol to check Google PR, page rank of your web
sits sasily and possibly d\sp\ay your Google PageRank on your web ..

www prehecker info/ - 25k - Similar pages

Carporate Information - Technology Overview

We use more than 200 signals, including our patentzd PageRank™ a\gnmhm‘ ... PageRank
Technology: PageRank reflects our view of the importance of web pages ..

www.google. cam/corporatedtech. htmi - 9k Similar pages

Ranking - Webmasters/Site owners Help

Sites' positions in our search results are determined based on a number of factors designed to
provide end-users with helpful, accurate search results

www.google. by 32 - 18k -
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Pagerank Explained. Google's PageRank and how to make the most of it
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How do they do this?

(show Google video)



A Remark

Search Engines actually only search part of the web!

Search | Advanced Search

GOUgIe ipad

Search: @ the web () pages from Belgium

Web [# Show options... Results 1- 10 of abuutl]llz 000,000 l:r ipad. (0.08 seconds)
Buying an iPad? Sponsored Link | Sponsored Links
www. MyUS.com  We Forward US ltems Internationally Ship Quickly, Cheaply & Safel o

L y=hp L EY Y De iPad in uw bedriff ?

Mews results for ipad iPad ondersteuning, installatie,
configuratie. Advies en support

=] Amazon acknowledges threat Apple's iPad poses to Kindle 2 - 7 hours ago T suDpor be.
It stands to follow then that as orders continue to pour in for the iPad, Apple PP
& will use some of that same closed ecosystem mindset to make it equally as

Pratect for your NEW iPAD
Protect your $500+ investment
against drops and damage.
www.amazon.com/

New 3G iPad debuts 4/20
iPad Wi-Fi + 3G go on sale
Get the details here

www DNAinfo. com/tech

Tainted Graen - ated ari
iPad: the giant iPhone - Technique ar
Adobe abandons iPhone code tools - BEC News

elated article:

BBC Hews

Apple - iPad - See the web, email, and photos like never before.

The iPad. With a revolutionary, 9.7 inch touch screen, and amazing new apps, it does things
no tablet PC, nethook, or e-reader could. Starts at $499.

www.apple.com/fipad/ - United States - C

Features Design Nouvelle iPad 16Go WiFi
Gallery iPad Video Vient de lancer Produit authentique

Tech Specs Developing iPad Apps
Apps for iPad  Apple (United Kingdom) - iPad

More results from apj

Apple - iPad - The bestway to see the web, email, and photos

Expédition en France. Prix €572
WWW._COMeura.net

Acheter aux Usa
Profitez du taux du Dollar

pour faire votre shopping aux Usa
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Search Engines actually only search part of the web!
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Features Design
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ipad

Ipad™ Screen Protector
Buy the invisibleSHIELD™ Keep your iPad Screen Scratch Free.
www.ZAGG.com/iPad

IPad - Latest News
Photos Videos Twitter
26 Percent of Wired's Mobile Traffic Comes From iPad
d News - 16 minutes ago
Justthree weeks after its launch, the iPad already accounts for aimost 1 percent of Wired.com’s
overall traffic -- and more than a quarter of our mabile traffic full stary

Pinball HD released for iPad - 1acw,
The iPad: The World's First Couchtop -
Get - with limits -- from Desktop for iPad - 1
10:15am

ore IPad

me ws

Apple - iPad - See the web, email, and photos like never before
The iPad. With a revolutionary, 9.7 inch touch screen, and amazing new apps, it does
things no tablet PC, netbook, or e-reader could. Starts at §439

wwn apple.comfipad - Cached




The Internet in some Numbers

How many websites are there?
e April 2010: 205 million sites (according to netcraft.com)

To compare:

e 205 million seconds = 6.5 years


netcraft.com

The Internet in some Numbers

Each website has multiple web pages
e wikipedia (more than 3 million)

e La libre belgique

e The BBC website

e Google stopped counting in 2004: 8 billion pages
e Yahoo (2005): 19.2 billion ~ 600 years




Ranking: the general idea

Goal:

e Return a list of web pages matching the search terms ...

e ... such that the relevant pages occur within the first 10 results.




The pre-Google way of ranking

A web page is more relevant w.r.t. a search query if:
e the frequency of a search term in a web page is high;
e a search term occurs in the page's title;

e a search term occurs in bold font;

By this measure, a web page is important if it says that its important.
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Google's idea: Exploit the link structure of the Web

A link from page A to page B is a vote by A

that B is “important”
0 ® So a page with many incoming links is more

important than a page with few incoming
links.

e But votes from “important” pages are more

o important than votes from “insignificant”

e And votes from pages with many outgoing
links are less important than votes from
pages with few outgoing links.

By this measure, “importance” is a democratic concept, independent
of the search term!

11/33



PageRank version 1

Definition
The PageRank x; of a page i is given by x; = ZjeB,- ’)\(7!, where B; is the set of
pages linking to 7 and N; is the number of outgoing links on page ;.

1
X1 = §X3
@ o
' Xo = §X1 + §X3
1
X3 = §X1
1

_ 1

(2) 2
X5 = 3X3 + 2X4
X6 = zXa + =Xs5

*" Does such a system always have a positive solution?
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PageRank version 1 - matrix notation

Definition

Let n be the number of pages in the web graph. The hyperlink matrix H is the

n X n matrix such that

Ho - 1/N; if j links to i
"o otherwise

' X1 0 0 % 0 0 O X1
x2 10 3 0 0 0f |x

x| _ |3 0 0 0 0 0| |x

Xa B 0 0 0 0 % % Xa

e x| |00 1 L 0 o |x
' X 00 0 % I 0f|x
X = H X
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Some linear algebra terminology

Definition
Let A be a matrix. A number X\ and non-zero vector v satisfying

Av=A-v

is called an eigenvalue and eigenvector of A, respectively.

So searching for a positive solution to the equation x = H - x actually means that
we're searching for an eigenvector of H with eigenvalue 1.
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A solution does not always exist

O .

00 3 000
X2 %0%000
xs| |2 00 0 00
x| |0 0 0 0 % 1
00%%00
000 1 % o0

X6

A standard calculation reveals that H’s only eigenvalues are:
—1,-0.3090169943749474, —0.4082482904638630,
0, 0.4082482904638630, 0.8090169943749474

X1
X2

X3

Xa
X5
X6
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An alternative view on PageRank — Random Surfer

® A user starts surfing by entering a valid
URL uniformly at random.

O

©
14

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.

16
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An alternative view on PageRank — Random Surfer

® A user starts surfing by entering a valid
(’\% URL uniformly at random.

o
1°4

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.
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An alternative view on PageRank — Random Surfer

e A user starts surfing by entering a valid
URL uniformly at random.

® At a each page, the user moves to a
—_— neighboring page by clicking a link on
‘&’ the page uniformly at random.

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.
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An alternative view on PageRank — Random Surfer

® A user starts surfing by entering a valid
(’\g URL uniformly at random.

® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.

o
1°4

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.
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An alternative view on PageRank — Random Surfer

e A user starts surfing by entering a valid
URL uniformly at random.

® At a each page, the user moves to a
—_— neighboring page by clicking a link on
‘&’ the page uniformly at random.

® The user keeps surfing forever.

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.
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An alternative view on PageRank — Random Surfer

® A user starts surfing by entering a valid

URL uniformly at random.
® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.
—_ ® The user keeps surfing forever.

@—&

hot

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.

21/33



An alternative view on PageRank — Random Surfer

e A user starts surfing by entering a valid
URL uniformly at random.

® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.

® The user keeps surfing forever.

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.



An alternative view on PageRank — Random Surfer

e A user starts surfing by entering a valid
URL uniformly at random.

o' ® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.

® The user keeps surfing forever.

e ® The probability p; that the user visits
page i is then given by

(©) oy

JEB;

So in essence:

® The equation x = Hx then asks, for each page, the probability x; that our
random surfer visits page /.

® The higher the probability, the more important the page.
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So why is there no solution?

URL uniformly at random.

0' ® A user starts surfing by entering a valid

(2
14

24 /33



So why is there no solution?

® A user starts surfing by entering a valid
URL uniformly at random.
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So why is there no solution?

® A user starts surfing by entering a valid
URL uniformly at random.

‘g’ e At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.
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So why is there no solution?

—

(&)—) ® A user starts surfing by entering a valid

URL uniformly at random.

® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.

©
14

27/33



So why is there no solution?

@—4@’ ® A user starts surfing by entering a valid

URL uniformly at random.

® At a each page, the user moves to a
neighboring page by clicking a link on
the page uniformly at random.

'o e But the user gets stuck at “dangling”
H nodes

28/33



PageRank version 2: correct for dangling nodes

X1
X2
X3
X4
X5
X6

O OvRFO O O

O O ONIENIE O
OV HO HOY ROV Oy | HOy =
Owir O OwlFwi-
NiENIEF O O O O

Ni= ONIEF O O O

corrected hyperlink matrix S

Definition

X1
X2
X3
X4
X5
X6

A matrix is stochastic if it contains only positive coefficients and all of its
columns add to 1

Theorem

(Every stochastic square matrix has 1 as eigenvalue

So, the equation x = S - x always has a solution.
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Is there only one solution?

H

S has multiple eigenvectors with eigenvalue 1, for instance :

O O OWlIFWIFW|-

o

wliFwiFwi~ O O

X1
X2
X3
X4
X5
X6

OV HOV O O HO) O [

[eoNelNoNel el

[eNeNeN e Ne]

Q [FQ [FQ [T =T =T =

OO O OO

O OOOoOOo

= O OOOoOOo

[eNeN NoNoNe]

X1
X2

X3

X4
X5
X6
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PageRank - final version

Modify the random surfer model. At each
site the surfer:

® visits a random neighbouring site with
probability «;

® or “teleports” to an arbitrary site with
probability 1 — a.

Google takes oo = 85%

* Probability that surfer visits site i: xi = a} ;g :,—/J +(1-a)x?

® |n matrix notation:

X = (aS—!— l_aEnxn> -X

n

Google matrix G

Theorem

The Google matrix G has a single eigenvector with eigenvalue 1. Moreover, this

eigenvector is stochastic.

|
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Computing the PageRank vector

Theorem
Let v¥ be an arbitrary column vector that adds to 1. Let v := G-v*~1. Then the
pagerank vector equals limy_ o v.

Hence, to approximate the pagerank vector with tolerance ¢:
® Let n be the total number of web pages

e Initialize v to (,...,%)7
e Initialize v/ to (1,...,1)7
® Repeat until |[v/ —v|| <e:

o setv i=v
osetv:=G-v

According to Google, this algorithm converges to the PageRank vector within
a reasonable tolerance for web graphs of 322 million links after roughly 52
iterations.
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Computing the PageRank vector (2)

 Each multiplication G - v takes O(n?) time.

e However, n is HUGE: in 2004 Google reported that it had indexed 8 x 10° web
pages.

e Using the fact that on average every page has only 10 outgoing links, one can
use results from linear algebra to perform this multiplication in O(n) time.

e Still, Google is reported to calculate the PageRank vector only once a month!
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