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How does Google crawl the Web?




Inverted Indexing

€ C' [ enwikipedia.org/wiki/Fruitvale_Station

=

wikieepiA  Fruitvale Station

The Free Encyclopedia
From Wikipedia, the free encyclopedia

1 10 18 21 23 28 37 43 47 55 59 6871 76
Fruitvale Station is a 2013 American drama film written and directed by Ryan Coogler.

Posting Lists

a (1,[21,96,103,...]1), (2,[...]), ...
american (1,[28,123]), (5,[...]), ...
Inverted index: and (1,[57,139,..1), (2,[..]), ..
by (1,[70,157,..1), (2,[...]), ...
directed (1,[61,212,...]1), (4,...]), ...

drama (1,[38,87,...]), (16,[...]), ...



INFORMATION RETRIEVAL.:
RANKING



How Does Google Get Such Good Results?
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Two Sides to Ranking: Relevance

GO gle obama

Web Images News Videos More Search tools

About 16,700,000 results (0.23 seconds)

Broccoli - Wikipedia, the free encyclopedia
en. wikipedia.org/wiki/Broccoli ~

Broceoli is an edible green plant in the cabbage family, whose large flowering head is
used as a vegetable. The word broccoli comes from the Italian plural of ...
Cauliflower - Romanesco broccoli - Broccoli (disambiguation) - Broccolini

Broccoli - The World's Healthiest Foods

www whfoods com/genpage. php?tname=foodspice&dbid=9 ~

Broccoli can provide you with some special cholesterol-lowering benefits if you will cog
k Dy steaming. The fiber-related components in broccoli do a better job

ws for broccoli

uffington Post - 2 days ago
But in her new book Brassicas: C
lunking broccoli, cauliflower o

ussels sprouts into




Two Sides to Ranking: Importance

GD SIE obama

Web Images News Videos More Search tools

About 48,100,000 results (0.26 seconds)

Mount Obama - Wikipedia, the free encyclopedia
en wikipedia.org/wikiMount_Obama ~

Mount Obama (known as Boggy Peak until August 4, 2009) is the highest point in the
nation of Antigua and Barbuda and on the island of Antigua. It lies in the far ..

Images for mount obama Report images

re images for mount o

ount Obama Nati
antiguamountobama.com/

un 16, 2011 - As the Mount Obama Committee contin
ga, the committee organized a site visit to the J




RANKING:
RELEVANCE



Example Query

GO 0 Sle movie freedom wallace

Web Images News Videos More = Search tools

About 4 290,000 results (0.29 seconds)

Braveheart In Defiance Of The English Tyranny! BRAVO ...
www_youtube com/watch?v=WLrrBs8JBQo ~

Feb 25, 2008 - Uploaded by popthetime

.. actor starring as the "William Wallace" character in the movie -B..
... Braveheart Freedom Speech (HD) by ...

Braveheart (1995) - Quotes - IMDb

www.imdb com/title/tt0112573/quotes ~
. (1995) Quotes on IMDb: Memorable quotes and exchanges from movies, TV series and
maore.. ... Wiliam Wallace: I's all for nothing if you don't have freedom.



Matches in a Document
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WIKIPEDIA

The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Vikimedia Shop

¥ |nteraction
Help
About Wikipedia
Community portal
Recent changes
Contact page

¥ Tools

b Print/export

Aricle Talk Read Edit View history

Braveheart

Search

From Wikipedia, the free encyclopedia

For other uses, see Braveheart (disambiguation).

Braveheartis a 1995 epic
historical drama war film
directed by and starring Mel
Gibson. Gibson portrays
William Wallace, a 13th-
century Scottish warrior who
led the Scots in the First War
of Scottish Independence
against King Edward | of
England. The story is based
on Blind Harry's epic poem
The Actes and Deidis of the
llustre and Vallyeant

Braveheart

freedom
e 7 occurrences



Matches in a Document

C' [ en.wikipedia.org/wiki/Braveheart
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WIKIPEDIA
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Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikimedia Shop

¥ Interaction
Help
About Wikipedia
Community portal
Recent changes
Contact page

P Tools

P Print/export

Article Talk

Braveheart

Read Edit View history
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- movie

Search
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From Wikipedia, the free encyclopedia

For other uses, see Braveheart (disambiguation).

Braveheart is a 1995 epic
historical drama war film
directed by and starring Mel
Gibson. Gibson portrays
William Wallace, a 13th-
century Scottish warrior who
led the Scots in the First War
of Scottish Independence
against King Edward | of
England. The story is based
on Blind Harry's epic poem
The Actes and Deidis of the
Iliustre and Vallyeant
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e 16 occurrences



Matches in a Document
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From Wikipedia, the free encyclopedia

For other uses, see Braveheart (disambiguation).

Braveheart is a 1995 epic
historical drama war film
directed by and starring Mel
Gibson. Gibson portrays
William Wallace, a 13th-
century Scottish warrior who
led the Scots in the First War
of Scottish Independence
against King Edward | of
England. The story is based
on Blind Harry's epic poem
The Actes and Deidis of the
lllustre and Vallyeant

Braveheart
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freedom

7 occurrences

movie

16 occurrences

wallace

88 occurrences



Usefulness of Words

Gok:_gle “movie] freedom[wallac

GO al*gle movie

movie
e occurs very frequently

Web Images Videos News More - Search tools

| About 835,000,000 results (0 34 seconds) |

GO« -“8].3 freedom

freedom
Web Images Videos Books More - Search tools ® OcCcCuUrs frequently
GOUSIE wallace
wallace

Web Images Books News More - Search tools e OcCcurs OccaSSiona I |y




Estimating Relevance

e Rare words more important than common

words

— wallace (49M) more important than freedom (198M)
more important than movie (835M)

 Words occurring more frequently in a
document indicate higher relevance

— wallace (88) more matches than movie (16) more
matches than freedom (7)



Relevance Measure: TF=IDF

* TF: Term Frequency

— Measures occurrences of a term in a document
— tf(¢,d) ... various options

e Raw count of occurrences
tf(¢,d) = count(t, d)

e Logarithmically scaled
tf(¢,d) = log(count(¢,d) + 1)

 Normalised by document length

count(t,d
tf(t d) > ied c01(mt()t’ d)
count(t,d
tf(t’ d) = max{count(g’,dgﬂ’ed}

e A combination / something else ©



Relevance Measure: TF=IDF

* |DF: Inverse Document Frequency

— Measures how rare/common a term is across all
documents

— idf(t, D)...

e Logarithmically scaled document occurrences

. D
dt(t, D) = logrzeptrae)




Relevance Measure: TF=IDF

e TF=IDF: Combine Term Frequency and Inverse
Document Frequency:

tf-idf(¢, d) = tf(¢, d) x idf(¢, D)

e Score for a query
— Let query ¢ = (t1,-..,%t,)
— Score for a query: score(q,d) = ), tf-idf (¢, d)



Relevance Measure: TFleF
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The Free Encyclopedia From Wikipedia, the free encyclopedia
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Relevance Measure: TFfIDF
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Go Sle movie freedom wallace Wikpepra | Braveheart
The Free Encyclopedia From Wikipedia, the free encyclopedia

Term Frequency Inverse Document Frequency

idf(¢, D) = log, W%sﬂm
tf-idf (¢, d) =|t£( x‘idf(T,D)l

¢ [ti(t,d) [{deD:
movie 16 835,000,

freedom o 198,000,000
wallace 43




Relevance Measure: TF—=IDF

Go Sle movie freedom wallace WiipepiA Braveheart

Etucyopecia From Wikipedia, the fr

ee encyclopedia

Term Frequency Inverse Document Frequency

idf(t, D) = logs( rzrepmea s
tf-idf (¢, d) =|t£(¢, d)|x|idf(t, D)

{ [t£(t,d) |
movie “‘16
freedom |
wallace 43
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Relevance Measure: TF-IDF
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Go Sle movie freedom wallace WiipepiA Braveheart

e Encyclopedia From Wikipedia, the free encyclopedia

Term Frequency Inverse Document Frequency
t£(t, d) = count(t, d) idf(t, D) = logs| rrep gy
tE-idf (¢, d) =|t

t tf(t,d) |{de D :ted}

- .1 fdeD o fedl kL
movie 16 835,000,000 13.66
freedom 7 198,000,000 97.62
wallace 43 49,200,000 231.91
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|D| = 11, 410, 000, 000




Relevance Measure: TF—=IDF

Go Sle movie freedom wallace Wikpepra | Braveheart
The Free Encyclopedia From Wikipedia, the free encyclopedia

Term Frequency Inverse Document Frequency

| - -
idf(¢, D) = logs {&eD:ted }[+1

<5,

tf-idf (¢, d) =|[tf(t, d)

t cD:ted)| rpoigny idf(t D)
movie 839,000,000 13.66 3.77

freedom 198,000,000 97.62 0.84
wallace 49,200,000 231.91 7.85




Relevance Measure: TF—IDF
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Go Sle movie freedom wallace Wn;;EDI A Braveheart
‘The Free Encyclopedia

From Wikipedia, the free encyclopedia

Term Frequency Inverse Document Frequency

Li_d_f(t,D) = Iogg! I{JT’J%W ' \
tf-idf (¢, d) =[tE(¢, d) x‘idf(T,- D)

t Itf(t, d) | {de D : idf(¢, D) | tf-idf(¢,d)
movie 16 835,000,00 s 60.36
freedom i 5.84 40.94
wallace 43 7.85 337.87




Relevance

Go

Term Frequency

Measure: TF=IDF
gle movie freedom wallace s

WIKIPEDIA Braveheart
et S CySopeda From Wikipedia, the free encyclopedia

Inverse Document Frequency

) g D j \
|idf(t7 D) = log, {deD ted J|+1

t ltf(t, d) |{deD:t df(t, D) | tf-idf(t,d)
movie 16 835,000,000 3.77 60.36
freedom 7 198,000,000 0.84 40.94
wallace 43 337.87

score(q,d) = ), tf-idf(2, d)

score ((movie, freedom, wallace), http://en.wikipedia.org/Braveheart) ~ 439.17



Vector Space Model (a mention)
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Vector Space Model (a mention)

@
/ tf(t,d)  tf(t, d)? ke
movie 16 256 2
freedom 7 49
wallace 43 1,894

= \/ t£(¢, d)2
2:téq ( ) N
Y,
&



Vector Space Model (a mention)

#(d) = (0.34,0.15, 0.92)

Q
U
54
¢ tf(t,d) tf(t,d)2 Tl g :
movie 16 256 0.34
freedom 4 49 0.15
wallace 43 1,894 0.92

= \/Zteqtf(t,d)z

Dividing by [ normalises length of vector to 1



Vector Space Model (a mention)

e Cosine Similarity
sim(d, d") = 9(d) - #(d’)

#(d) = (0.34,0.15, 0.92)

A

wallace

t v(d) v(d) X
movie 0.34 0.49| 0.17
freedom 0.15 0.82| 0.12
wallace 093 0.30| 0.28

sim(d,d’) =~ 2

S
* Note: D>
&
a-b = |a||b|cos(/(a,b)) %
17(d)| = |v(d")| =1 7(d") = (0.49,0.82,0.30)

Hence the similarity is the cosine of the angle between the vectors



Two Sides to Ranking: Relevance

GO gle obama

Web Images News Videos More Search tools

About 16,700,000 results (0.23 seconds)

Broccoli - Wikipedia, the free encyclopedia
en. wikipedia.org/wiki/Broccoli ~

Broceoli is an edible green plant in the cabbage family, whose large flowering head is
used as a vegetable. The word broccoli comes from the Italian plural of ...
Cauliflower - Romanesco broccoli - Broccoli (disambiguation) - Broccolini

Broccoli - The World's Healthiest Foods

www whfoods com/genpage. php?tname=foodspice&dbid=9 ~

Broccoli can provide you with some special cholesterol-lowering benefits if you will cog
k Dy steaming. The fiber-related components in broccoli do a better job

ws for broccoli

uffington Post - 2 days ago
But in her new book Brassicas: C
lunking broccoli, cauliflower o

ussels sprouts into




Field-Based Boosting

 Not all text is equal: titles, headers, etc.

<html lang="en"
<head>

S

3

WIKIPEDIA

The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikimedia Shop

¥ Interaction
Help
About Wikipedia
Community portal

From Wikipedia, the free encyclopedia

"Obama" redirects here. For other uses, see Obama (disambiguation).

Read View source View history

dir="1tr" class="client-nojs">

/title>

Create account & Login

Q

g 0%

This article is about the 44th president of the United States. For his father, see Barack Obama, Sr.

Barack Hussein Obama Il (4)'/ba rak hu: semn ou'ba:ms/; born
August 4, 1961) is the 44th and current President of the United
States, and the first African American to hold the office. Born in
Honolulu, Hawaii, Obama is a graduate of Columbia University and

Harvard Law School, where he served as president of the Harvard
Law Review. He was a community organizer in Chicago before
earning his law degree. He worked as a civil rights attorney and

tauaht constitutional law at the Lniversitv of Chicano | aw Schanol

Barack Obama




Anchor Text

e See how the Web views/tags a page

<html>
<head>
<title>What I watched last night ...</title>
</head>
<hody>
<prLast night I was pretty bored so I made some popcorn and watched
‘ movie about William Wallace called Braveheartk/a>.

blood and gore.
</p>
</body>
</html>



Information Retrieval & Relevance




RANKING:
IMPORTANCE



Two Sides to Ranking: Importance

GD SIE obama

Web Images News Videos More Search tools

About 48,100,000 results (0.26 seconds)

Mount Obama - Wikipedia, the free encyclopedia
en wikipedia.org/wikiMount_Obama ~

Mount Obama (known as Boggy Peak until August 4, 2009) is the highest point in the
nation of Antigua and Barbuda and on the island of Antigua. It lies in the far ..

Images for mount obama Report images

re images for mount o

ount Obama Nati
antiguamountobama.com/

un 16, 2011 - As the Mount Obama Committee contin
ga, the committee organized a site visit to the J




Link Analysis

Which will have more links:
Barack Obama’s Wikipedia Page or
Mount Obama’s Wikipedia Page?




Link Analysis

e Consider links as votes of confidence in a page
* A hyperlink is the open Web’s version of ...

(... even if the page is linked in a negative way:.)



Link Analysis

So if we just count the number of inlinks a web-page
receives we know its importance, right?




Link Spamming
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Link Importance

Which is more “important”: a link from Barack Obama’s
Wikipedia page or a link from buyvlagra.com?

M | =




PageRank




PageRank

* Not just a count of inlinks

— A link from a more important page is more
Important

— A link from a page with fewer links is more
Important

. A page with lots of inlinks from important pages
(which have few outlinks) is more important



PageRank is Recursive




PageRank Model

e The Web: a directed graph

0.225 0.265

Fid

0.138 0.127

Which is the most
“important” vertex?

0.172 0.074

E = {(a,e),(a, 1), (b,d),(c,b), (d,),(d, 0), (d, ]), (€,), (e, ), (e, /), (f, a)}




PageRank Model

e The Web: a directed graph

out(v) = {v € V| (v,?v’) € E}
in(v) ={v' e V| (,v) € E}

rankg(v) = ﬁ

rank;_1(v")

rank;(v) = va'ein(v) lout(v’)]



PageRank Model

I'ankg(fj) — %
lout(e)| = 3 rank, (b) = % X %
)a out(v) = {v' € V| (v,v') € E}
in(v) ={v eV | (¥,v) e E}
ranko(v) = ﬁ
rank (d) = % X % ks (o)

rank;(v) = va'ein(v) lout(v’)]



PageRank Model

k(@)= § x4 x G = [E

37°3
Ed
ranky(f) =5 x5 ramki(a)=gx1+gxg inks)
ranko(e) = 2 . |
lout(e)| = 3 rank; (b)) = g x 3 +1x &

out(v) ={v' e V| (v,?v') € E}
rank;(e) =0

in(v) ={v e V| (', v) € E}

ranko(v) = ﬁ

_ 11 —1
rank((d) = 5 X 3 ranko(c) = rank-(v) o Z rank; _1(v")
lout(c)] =1 ? T £uv'€in(v)  Jout(v')]
rank;(c) = § X 3
ranka(c) = § X 3 X 3



PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
O at page x after n hops?

O
O



PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
at page x after n hops?

e Initial state: surfer equally likely
to start at any node




PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
at page x after n hops?

e Initial state: surfer equally likely
to start at any node

 PageRank applied iteratively for
each hop: score indicates
probability of being at that page
after that many hops

What would happen with g
over time?



PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
at page x after n hops?

e Initial state: surfer equally likely
to start at any node

 PageRank applied iteratively for
each hop: score indicates
probability of being at that page
after than many hops

e |If the surfer reaches a page
without links, the surfer randomly
jumps to another page




PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
at page x after n hops?

e Initial state: surfer equally likely
to start at any node

 PageRank applied iteratively for
each hop: score indicates
probability of being at that page
after than many hops

e |If the surfer reaches a page
without links, the surfer randomly
jumps to another page

What would happen with g
and i over time?



PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
 What is the probability of being
at page x after n hops?

e Initial state: surfer equally likely
to start at any node

 PageRank applied iteratively for
each hop: score indicates
probability of being at that page
after than many hops

e |If the surfer reaches a page
without links, the surfer randomly
jumps to another page

What would happen with g
and i over time?



PageRank: Random Surfer Model

= someone surfing the web,
clicking links randomly
What is the probability of being
at page x after n hops?

Initial state: surfer equally likely
to start at any node

PageRank applied iteratively for
each hop: score indicates
probability of being at that page
after than many hops

If the surfer reaches a page
without links, the surfer randomly
jumps to another page

The surfer will jump to a random
page at any time with a
probability 1 —d ... this avoids
traps and ensures convergence!




PageRank Model: Final Version

e The Web: a directed graph G —

rank;(v) =|

Edges
(links)

out(v) = {v' € V| (v,?') € E}
in(v) ={v €V |(,v) € E}
ranko(v) = %'

V' ={v €V : |out(v)| = 0}
V" ={v €V : |out(v)| # 0}

d is the dampening factor
typically (d = 0.85)




PageRank: Benefits

 More robust than a simple link count
e Scalable to approximate (for sparse graphs)

e Convergence guaranteed

Goo




Two Sides to Ranking: Importance

GD SIE obama

Web Images News Videos More Search tools

About 48,100,000 results (0.26 seconds)

Mount Obama - Wikipedia, the free encyclopedia
en wikipedia.org/wikiMount_Obama ~

Mount Obama (known as Boggy Peak until August 4, 2009) is the highest point in the
nation of Antigua and Barbuda and on the island of Antigua. It lies in the far ..

Images for mount obama Report images

re images for mount o

ount Obama Nati
antiguamountobama.com/

un 16, 2011 - As the Mount Obama Committee contin
ga, the committee organized a site visit to the J




GOOGLE: A GUESS



How modern Google ranks (maybe, who knows, 1som)

Weighting of Thematic Clusters of Ranking Factors in Google

(based on survey responses by 128 SEQ professionals in June 2013)

Domain Level Keyword Usage
(e.g. exact-match keyword domains,
partial-keyword matches, etc.)

6.98%

Social Metrics
(e.g. quantity/quality of tweeted links,
Facebook shares, Google +1s, etc.)

Domain-Level, Link
Authority Features
(e.g. quantity of links to the
domain, trust/quality of links
to the domain, domain-level
User, Usage, & Traffic/Query Data PageRank, etc.)
(e.g. traffic/usage signals from
browsers/toolbars/clickstream, 20.94%
quantity/diversity/CTR of queries,
etc.)

8.06%

Page-Level Link Features
(e.g. PageRank, TrustRank,
Domain-Level Brand Features quantity of link links,
(e.g. offline usage of - R-{-174 anchor text distribution,
brand/domain name, mentions quality of link sources, etc.)

of brand/domain in
news/media/press, entity

. Page-Level KW
association, etc.)

& Content Features
(e.g. TF*IDF, topic-
modeling scores on

content, content
Page-Level, Keyword- quantity/relevance, etc.)
Agnostic Features

(e.g. content length, 14.94% Wz

readability, uniqueness,
load speed, etc.)

According to survey of SEO
experts, not people in Google



INFORMATION RETRIEVAL.:
RECAP



How Does Google Get Such Good Results?

Google  aidan nogan N o |

Web Images News Videos More ~ Search tools




Ranking in Information Retrieval

e Relevance: Is the document relevant for the
query?
— Term Frequency * Inverse Document Frequency
— Touched on Cosine similarity

* Importance: Is the document an
important/prominent one?

— Links analysis
— PageRank
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Information Retrieval & Relevance




CLASS PROJECTS



Course Marking

e 45% for Weekly Labs (~*3% a lab!)
e 35% for Final Exam
e 20% for Small Class Project

Labs

Project
Final Exam



Class Project

* Done in pairs (typically)

e Goal: Use what you've learned to do something cool (basically)

e Expected difficulty: A bit more than a lab’s worth
— But without guidance (can extend lab code)

e Marked on: Difficulty, appropriateness, scale, good use of techniques,
presentation, coolness

— Ambition is appreciated, even if you don’t succeed: feel free to bite
off more than you can chew!

* Process:
— Pair up (default random) by Wednesday, the end of the lab
— Start thinking up topics
— If you need data or get stuck, | will (try to) help out

e Deliverables: 5 minute presentation & 3-page report



Datasets to play with

 Wikipedia information

e I[MDb (including ratings, directors, etc.)

e ArnetMiner (CS research papers w/ citations)
e Wikidata (like Wikipedia for data!)

 Twitter

 World Bank

* Find others, e.g., at http://datahub.io/



Open Government Data Chile

 Inicio

3 CATALOGO DE DATOS

W CATEGORIAS  vertodas

Instituciones publicadoras

Presidencia de la Repiiblica (2)

# Fundacion Integra (2)

Ministerio del Interior (314)
* Subsecretaria del Interior (5)
¥ Subsecretaria de Desarrollo Regional (23)
* Oficina Nacional de Emergencia (1)
¥ Intendencia Arica v Parinacota (3)
Ministerio de Relaciones Exteriores (41)

* Subsecretaria de Relaciones Exteriores (8)



Questions



