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How does Google crawl the Web?

Inverted Indexing

Q- “= C'  [3 enwikipedia.org/wiki/Fruitvale_Station

Wikweepia  Fruitvale Station

The Free Encyclopedia
From Wikipedia, the free encyclopedia

1 10 182123 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,..), (2,[..]), .-
by (1,[70,157,...1), (2,[..]), -
directed (1,[61,212,...]), (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
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Two Sides to Ranking: Importance

Googl

€  obama

Web  images

Mount Obama - Wikipedia, the free encyclopedia
en wkipedia orgwk/Mount_Obama ~

Mount Obama (known as Boggy Peak unti August 4 2000) i
nation of Antigua and Barbuda and on the Isiand of Antigua. It les in the far

highest point in the

Images for mount obama

| Antigua

ommittee continy
ea, the commitlee organzad a site vist 1o the

RANKING:
RELEVANCE

Exampl

Google

e Query

movie freedom wallace

News Videos More ~  Searchtools

000 results (020 seconds)

Braveheart In Defiance Of The English Tyranny! BRAVO ...
WWw_youtube. comiwatch?v=WLirBs8JBQo +
Fe

"
actor starring as the “Wiliam Wallace” character in the movie - B,
Lakis] - Braveheart Freedom Speech (HD) by
Braveheart - Wikipedia, the free encyclopedia
‘enwikipedia org/wikiBraveheart

Biayeheatt is a 1995 epic historical orama war M directod By and Saing Mel Gibeon
Gibson porirays. Wallace insiead shouts he wordl Freedom ! and i

Braveheart (1995) - Quotes - IMDb
www.imdb.comtitiet0112573/quotes ~
(1995) Quates on IMDb: Memorable quotes and exchanges from movies, TV senes and

more. . Wiliam Wallace: Is all for nothing if you don't have freedom

Matches in a Document

€ | [ envikipediaorg wiki/Braveheart

WIKIPEDIA

‘The Free Encyclopedia

Main page
Caonterts,
Festured content
Current events
Randor artcle
Danate to Wikipedia
Wikimedia Shop
* interacton
Help
About Wikipeda
Community portal
Recent changes
Contact page
+ Toois

¥ Printexport

Adicle  Talk Read Edit View history

Braveheart
From Wikipedia, the free encyclopedia
For other uses, ses 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 stary is based
©n Blind Harry's epic poem
The Actes and Deidis of the
lilustre and Vailyeant

Braveheart

Q

freedom

7 occurrences

Match

€ | [ enwikipediaorg/wiki/Braveheart

‘WIKIPEDIA

‘The Free Encyclopedia

Main page.
Contents
Featured content
Curent evenls
Random article
Donate to Wikipedia
Wikimedia Shop
~ Weraction
Help
About Wikipedia
Communty portal
Recent changes
Contact page

P Tools

¥ Frintiexport

es in a Document

mavie T P

@ freedom
« 7 occurrences

Afice Tak Read EGU View history

Braveheart

From Wikipedia, the free encyclopedia
For other uses, see Bravehesrt (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 Scats In the First War
of Scettish Independence
‘against King Edward | of
England. The story Is based
on Blind Harry's epic poem
The Actes and Deidis of the
Musire and Vallyeant

movie
* 16 occurrences

Braveneart

Matches in a Document

€ [ enwikipediaorg/wiki/Braveheart

Tak Read Edt View history

A Braveheart

'WIKIPEDI

i pedia, the
Main page For other uses, see Braveheart (disambiguation).
Contents

Featured content
Cument events
Random article
Danate 1o Wikipeda
Wikimeda Shop
* interaction
Help
About Wicpeda
Communiy portal
Recent changes
Contact page
» Toois

» Pritiasport

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

Braveheart

freedom
* 7 occurrences

movie
* 16 occurrences

wallace
* 88 occurrences|
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Usefulness of Words

Google

Google  move

movie
 occurs very frequently

Google  freecom
freedom
o a0 ] ; More + * occurs frequently
Google  watace
wallace
- N M « occurs occassionally

Estimating Relevance

¢ 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 ofa term in a document
— tf(¢,d) ... various options
* Raw count of occurrences
tf(¢, d) = count(t, d)
* Logarithmically scaled
tf(¢, d) = log(count(t,d) + 1)
* Normalised by document length

_ count (t.d)
tf(t d) = = D

. count(t,d)
t(t,d) = Sxeount( dFEdy

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)...

* Logarithmically scaled document occurrences

) _ 12]
idf(t, D) = log(m)

Relevance Measure: TF—IDF

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

tf-idf (¢, d) = t(t, d) x idf(t, D)

 Score for a query
— Letquery g = (t1,.-..ta)

— Score for a query: score(q,d) = 3, ., ti-idf(t, d)

Relevance Measure: TF—IDF

=

Google  mov frwion s

Term Frequency

Inverse Document Frequency

tilt,d) = count(t. d) L D) = loga | rrepy “")ﬁ(j‘ T

ti-id (¢, d) =[6E(E, )] iz, D)

maovie
freedom
wallace
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Relevance Measure: TFfIDF

Google  move treedom waiace Wiy Braveheart

Term Frequency Inverse Document Frequency

(G d) = comntlbd) i D) = logs et
ti-idf (¢, d) =[er dyl<[idt (e Dy

e D e

movie 835.000.000
freedom 198,000,000
wallace 49,200,000

Relevance Measure: TFfIDF

-

Google  move treedom waiace

Wiy Braveheart

Term Frequency

tE({. d) = count(i. d)

Inverse Document Frequency

it D) = oma (rrepitrmmn

th-idf(t, d) =><M

movie
freedom
wallace

198,000,000
49,200,000

Books  More~  Searchiools

|D| = 11,410,000, 000

>

Relevance Measure: TF-IDF

Gouogle  move freedom watsce Wiy Braveheart

Term Frequency Inverse Document Frequency

wdf(t, D) = log, eEi?L g

movie
freedom
wallace

835,000,000
198,000,000 57.62
49,200,000 231.91

Books  More~  Searchtools

|D| = 11,410, 000, 000

Relevance Measure: TF-IDF

>

Gouogle  move freedom watsce

Wiy Bravehvart

Term Frequency Inverse Document Frequency

) i)
bi-idf (2, d) =[ERE i< iz D)

. [ D e

lM
movie ] 835,000,000 13.66 3.77
freedom 7 198,000,000 57.62 5.84
wallace 43 49,200,000 231.91 7.85

Relevance Measure: TF_—IDF

Gouogle  move freedom watsce Wiy Braveheart

Term Frequency

Inverse Document Frequency

D
idf(t, D) = log, i

tf-id (¢, d) =[eh(E d)]< iz, D)

idf(t, D) | tf-idf(¢, d)
maovie 835,000,000 13.66 3.77 60.36
freedom 198,000,000 57.62 5.84 40.94
wallace 49,200,000 231.91 7.85 337.87

Relevance Measure: TF_—IDF

Gouogle  move freedom watsce . Braveheart

Term Frequency
ti(t d) = count(t. d)

Inverse Document Frequency

10 D) = log | ren tewmen
SR (4, d) =[x i (e D)
D

tted} tf-idf (2. d)

535,000,000 1566

movie 60.36
freedom 198,000,000 57.62 40.94
wallace 49,200,000 231.91 337.87

score(q, d) = 3, tf-idf(t, d)

score ((movie, freedom, wallace), http://en.wikipedia.org/Braveheart) ~ 439.17
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Vector Space Model (a mention) Vector Space Model (a mention)

t (¢, d) t tf(t,d)  tf(t, d)?
movie 16 movie 16 256
freedom 7 freedom 7 49
wallace 43 wallace 43 1,894

L= /3 e, (L, d)? 1= /e, t(L,d)?

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

* Cosine Similarity
#(d) = (0.34,0.15,0.92

i(d) = (0.34,0.15,0.92
@ sim(d, &) = i(d) - #(d') o TO=( ?
8 8
' () t(td)? U E f 7 T @) E f
movie 16 256 0.34 movie 0.3 0.49 H
freedom 7 49 0.15 H freedom 0.15 (.82
wallace 43 1,894 0.92

wallace 093  0.30

sim(d, d") z
1= /¥ e, t(t,d)? . \

3 * Note:
&
a-b = |al|b|cos(Z(a, b))
[#(d)| = |v(d")| =1 #(d') = (0.49,0.82,0.30)

Dividing by ! normalises length of vector to 1

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

Two Sides to Ranking: Relevance Field-Based Boosting

Google  ovama * Not all text is equal: titles, headers, etc.

Web  Images  News fidecs  More ~

<html lang="en" dir="1ltr" class="client-nojs">
resulls (0.23 seconds <head>

Broceoli - Wikipedia, the free encyclopedia
en wikipeda orgikvBroccoll »

Broccoll is an edible green piant in the cabbage family. whose large flowerning head is
used as a vegetable The word broccell comes from the ftalian piural of

G sccsunt & iegin
Caulifiower - Romanesco braccoll - Broccoll (disambiguation) - Broccolini 4 ’;
Pa " Adice Tek Read View sourcs  View history Q
Broccoli - The World's Healthiest Foods &

winw whoods com/genpage php?tname=foodspxefdbid=0 = WiKIPEDIA Barack Obama %
Brocs can pro ome special cholest if

e e

“Gbama’ rediwets here, For other uses, sew Obama (disambiguation),
s aricts is about the &4 presidant of he United States. For his father, see Sarack Obama, St

a'tak by ‘ez ou'ba mel; bom
current President of the United

Hanoluu. Hawail, Obama is a gracuate of Cokumbia University and
Harv School, he served as president of the Marvard

ity organize in Chicago before
earming his law degrae. He worked a5 2 civi rights attormey and

Ha
Aot Wigasa
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Anchor Text Information Retrieval & Relevance

* See how the Web views/tags a page

Apache to the rescue again!

Lucene: An Inverted Index Engine
* Open Source Java Project

S urene,
* Will play with it in the labs S
RANKING:
IMPORTANCE
Two Sides to Ranking: Importance Link Analysis

= glc shame Which will have more links:

- s jecs  More~  Searchitoos Barack Obama’s Wikipedia Page or
Mount Obama’s Wikipedia Page?

Mount Obama - Wikipedia, the free encyclopedia
e kI/Mount_Obama ~

own as Boggy Peak u
a and Barbuda and on the

Images for mount chama /
>
N i &

| Antigua &
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Link Analysis

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

g5 Like

(... 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

SEMANTICWED. CONT R g iy s

Home Evenls  Media

Questions.

[deleted] Kala Jadu Specialist +9196"

[ bisck magic spacisist baba j call ow +
-1

2]

hitp: v blackmagicspecialist net in

Link Importance

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

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
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PageRank is Recursive

PageRank Model

* The Web: a directed graph G=
Vertices Edges
i i

Which is the most
“important” vertex?

N O R R D R R R DL G e R

PageRank Model

* The Web: a directed graph o

Vertices Edges
(pages) (links)

out(v) = {v' € V| (v,v') € E}
infv) = {o' € V| (v',v) € E}
ranky(v) = ﬁ

§ N rank; _;(v')
ranki(v) = 3 reine) Jout(e)

PageRank Model

G =[ME)

Vertices Edges
(pages) (links)

rank (f) = § x &

rank; (b) = L x
out(v) = {v' € V| (v,v') € E}
in(v) = {v' € V| (¢',0) € E}
vanko(v) = b

rank, (d) = 1 x L y o
v rank;(v) = ¥y cinge) “ouico

PageRank Model

11 G=
PRt Vertlces Edges
R (pnges Imks
X3 +1x}

out(v) = {v' € V| (v,v') € E}
infv) = {o' € V| (v',v) € E}
ranky(v) = ﬁ

rank; _;(v')

rank(v) = e it

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
©
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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: 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

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?

* 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

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

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

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!
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PageRank Model: Final Version

* The Web: a directed graph G=

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

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

d is the dampening factor

typically (d = (.85)
cank:(v) = ok () rank,. (0]
rank;(v) = jx - D= > s

Pz

ugis(v]

PageRank: Benefits

* More robust than a simple link count
* Scalable to approximate (for sparse graphs)
» Convergence guaranteed

Two Sides to Ranking: Importance

GO SIE obama

web  images /deos  More = Searchtools

A

Mount Obama - Wikipedia, the free encyclopedia
enwhipedia org/wki/Mount_Obama ~

Mount Obama (known as Boggy Peak untl August 4, 200
nation of Antigua and Barbuda and on the island of Ant

the highest point in the
ies in the far

Images for mount obama Report image:

111 - As the Mount Obama
ea, the commitiee organized

INFORMATION RETRIEVAL:
RECAP

How Does Google Get Such Good Results?

Google | asn nepan N - |

Dr Aidan Hogan| DERI
o derlfoluserciakinn hogan =
Al <353 58 4572 misan (A0 hogan (et g1 401 org Homepage Aidan warkes
WD DER B 63 Firaiecional R s earener o 1o

Abip Aldan Hogan

A SISOV IR Y I T T HOgIS Ridan himiE ~
1567 ST £ U AN Hgan, i ssanma s
Falick 0% e Aidan Hogan Exphaning the Dosamics of nked Dat

Aidan Hogan's Homepage
sigmnogan o
e Hogas Aind B0 AN et Umnas A osaies ot Stetin

A D iReas for Ently Batching. Consolication
 Eoskonuptys canterencs workshop

Ranking in Information Retrieval

* 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

10
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Ranking: Science or Art?

Information Retrieval & Relevance

CLASS PROJECTS

Course Marking

* 45% for Weekly Labs (~3% a lab!)
* 35% for Final Exam

* 20% for Small Class Project

Labs

Project
Final Exam

Class Project

* Done in pairs (typically)
* Goal: Use what you've learned to do something cool (basically)
* Expected difficulty: A bit more than a lab’s worth

— But without guidance (can extend lab code)

¢ 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
* Deliverables: 5 minute presentation & 3-page report

Datasets to play with

¢ Wikipedia information

¢ IMDb (including ratings, directors, etc.)

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

* Twitter

* World Bank

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

11
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Open Government Data Chile

_

3 CATALOGO DE DATOS s ¥ CATEGORIAS

Instituciones publicadoras

Presidencia de la Repiblica )
> =

Ministeria del Interior (314)
> 3 el Inte

>

> Oficina

» inencencis A ¥

Ministerio de Relaciones Exteriores (41)

>

Next Week (May 4th, 6th)

* No official classes or labs next week

Alberto del:
on

of Data

. - [ i
S AMW 2015 -,

* but..
* Good opportunity to meet with your lab partner to

explore project ideas!
* Deadline for finding a topic: May 13th

Questions

12



