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Introduction to Information Retrieval Kedp 21

Avalvon Zuvbeopwyv (link analysis)

" AvaAvon cuvdeouwVY
= PageRank
= HITS (KouBikec oeAidec kat oeAidec
KUpou()



Introduction to Information Retrieval Kedp 21

PageRank

[Molot elval oL onpavtikoi koppBol og eva ypado;

= Degree centrality degree(v)/|E|

" YmoBgote 0tL0 X Kot 0 Y €xouv 3 pidouc, aAAd oL
¢diloL tou X elval o Barak Obama, Larry Page, the
Pope
= Eivalto (6lo ONUAVTLKO;
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PageRank

Eigenvector centrality
While (not converged)
for each vertex v
for each incoming edge from node u
rank(v) = + rank(u)

ANQL
" 10 i6Lo onpavTko pa oeAida va €xet link oo pa oeAida e

ckatoupUpla outgoing links kol amo pot oeAda pe povo Alya
outgoing links?
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PageRank

Eigenvector centrality
While (not converged)
for each vertex v
for each incoming edge from node u
rank(v) = + rank(u)/outdegree(u)
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MNapadelypa
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MNapadelypa
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PageRank: Alavuopatikn avomopootoon

Stochastic Adjacency Matrix — Nivakog Mewtviaone M
Mivakac M — rtivakag yetrtviaong tov web

Av j -> i, tote M;;= 1/outdegree(j)

AMwwG, M;; =0
H mBavotnta va mape otn oeAida i av eipoote otn oeAda |

Eotw otLn oeAida j €xel links og
3 oeAibec, ouumeplAapBavopevn /

J

™Gi ala oxLIngXx.

g XLTNS \\1/3
\\
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PageRank: Alavuopatikn avomopootoon

Page Rank Vector r

Eva dtavuopa e pia Tipn yua kabe oeAida (to PageRank tng
oeAidac)

r=Mr

" Principal eigenvector tou M
= [Ipocopolwvel eva tuyaio nepimato (random walks)



Introduction to Information Retrieval

Random walk

= Question: what is the probability pf of being at node
| after t steps?

= % = %pi‘l + %pé‘l
p3=% p§=% +p§1+%p£1
P3 =% % =% +%pi‘1
2 =% pi =%p§‘1
pe =% ps = p;
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PageRank with restart

Avo mpoBAnuata

1. Dead ends: oeAibec xwpic e€epXOUEVEC
OKLEC
Exouv wc¢ amotéAeopa va Eedevyel (leak out)
to PageRank

2. Spider traps: Opado oeAidwv mou OAEC ol
eEEPYOUEVEC OKMEC ELVAL LETAEV TOUC
TeAwka amoppodouv oo to PageRank

11
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Dead end (abie€oda)

y am
y|1/2 1/2 ©
al1/2 o o

m o 1/2 0

y 1/3 1/3 3/12 5/24  8/48 0
a = 1/3 1/6 1/6 3/24 5/48 o o)
m 1/3 1/6 1/12 1/22  3/48 0
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Spider trap

y am

y |1/2 1/2 ©
ali2 o o
m|lo 1/2 1

‘@’

1/3 1/3 3/12 5/24 8/48 0
1/3 1/6 1/6 3/24  5/48 o
1/3 1/2 8/12 9/12 39/48 1

3m<
I
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PageRank with restart

Dumping factor:
Random jump (teleport) to any node in the graph

Add a random jump to any node in the network

(reduce the effect of distant nodes in the PageRank)

14
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Emektaoelc

Topic specific PageRank
Personalized PageRank

15
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HITS

= KaBe oeAida €xel Svo Babpuouc:
= eva BaBpuo kupouc (authority rank) ko
= gva KOUPLko BaBuo (hub rank)

16
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HITS

= Authorities: pages containing useful information (the prominent, highly

endorsed answers to the queries)
Newspaper home pages

Course home pages
Home pages of auto manufacturers

= Hubs: pages that link to authorities (highly value lists)

List of newspapers

Course bulletin
List of US auto manufacturers

v A good hub links to many good authorities
v’ A good authority is linked from many good hubs

17
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HITS: Algorithm

Each page p, has two scores
" A hub score (h) quality as an

expert o
. hi =) a
Total sum of authority scores that Z
It points to

* An authority score (a) quality as

content
Total sum of hub scores that 0=
point to it : i~

18
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Iterative update

= Repeat the following updates, for all x:

| operation

h(x) < 2. a(y)

X—Y
O operation

a(x) < 2 h(y)

Normalize (scale down)



Introduction to Information Retrieval

>y 0z

hubs authorities

]
'\&\\El O0—0
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Example

Initialize

O0—=0
u

O

O0—~0

O0—0

hubs authorities
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Example

Step 1: O operation

0 O
0

0

0 O

1 O——10

hubs authorities

1
2
3
2
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Example

Step 1: | operation

—

-
oo non
N U1 U1 O

— N W N -

hubs authorities
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Example

Step 1: Normalization (Max norm)

1 /300 O

2/3 O s/6
1 O 5/6
2/301 O 26
1/300——[ 1/6

hubs authorities
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Example

Step 2: O step

O 0
11/6 O s/6
16/6 00 5/6

7/6 O O 2/6
176 d——0 1/6

hubs authorities
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Example

Step 2: | step

10O I 33/6
11/6 0 27/6
16/6 ) 23/6

7/6 [ O 7/6
1/6 O——11 1/6

hubs authorities
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Example

Step 2: Normalization

6/16 ] O
11/16 0 27/33
1 O 23/33

7/16 1 O 7/33
1/16 [1——1[1 1/33

hubs authorities
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Example

Convergence

0.4 o
0.75 ] o.s
1 O 0.6
0.3 o4
o O0——I[] o

hubs authorities
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[ivakoc yerrvioong

= nxn adjacency matrix A:

= each of the n pages in the base set has a row and
column in the matrix.

= Entry A; = 1if page i links to page j, else = 0.

) 2

H
P, B Ol
O B Ow

O = P IN
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Hub/authority vectors

= View the hub scores h() and the authority scores af)
as vectors with n components.

= Recall the iterative updates

h(x) < > a(y)

X—Y

a(x) < 2 h(y)

Y—=X
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Rewrite in matrix form

= h=Aa. Recall At
= a=Ath. <i IS the
transpose
of A.

Substituting, h=AAh and a=AtAa.
Thus, h is an eigenvector of AAtand a is an
eigenvector of AtA.

Further, our algorithm is a particular, known algorithm for
computing eigenvectors: the power iteration method.
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Query dependent link analysis

" Given text query (say browser), use a text
index to get all pages containing browser.

= Call this the root set of pages.

= Add in any page that either

" points to a page in the root set, or

" is pointed to by a page in the root set.
= Call this the base set.
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Query dependent input

Root set obtained from a text-only search engine

Root Set
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Query dependent input
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Query dependent input

Root Set
IN ouT



Introduction to Information Retrieval

Query dependent input

Base Set
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Things to note

= Pulled together good pages regardless of
language of page content.

= Use only link analysis after base set assembled

= jterative scoring is query-independent.

" |terative computation after text index retrieval
- significant overhead.
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Tt aA\o Ba dovpue onuepa;

= TLPaxvouV oL XPHOTEG
= Spam
" Nooco peyalog eivat o 10Tog;

38
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Ol XPH2TE2

39
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AvayKec Xpnotwv

" [ToloL Elvoil oL XPNOTEC;

" Méooc aptbuoc Aeéswv ava avalntnon 2-3
" Y TTAVLOL XPNOLUOTIOLOUV TEAEOTEC

40
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AvayKec Xpnotwv

Need [Brod02, RLO4]
= Informational (mAnpodoplakd epwtripata) — 8€Aouv va pabouv
(learn) ya katt (~¥40% / 65%)
= JuvnOwc, oxL po povadikni LotooeAida, cuvOLACHOG

nAnpodopiac arnod nMoAAEC LotooeAideq
Low hemoglobin

= Navigational (epwtrpata mAoriynong) — 6€Aouv va mave (go) os pLa
OUYKEKPLUEVN LoTooeAba (~25% / 15%)

= Mo povadikni totooeAida, To KaAUTEPO HETPO = akpifela oto 1
(6ev evbladEpovtal YeVIKA yLo LOTOOEALOEC TTOU TIEPLEXOUV TOUC
opouc United Airlines)

United Airlines

41
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AvayKec Xpnotwv

Transactional (epwtripata cuvaAiaync) — 6€Aouv va kavouv (do) katt
(oxetwlopevo pe to web) (~35% / 20%)

= Mpoomneldoouv pLa urtnpeoia (Access a service)

* Na kateBfdaoouv eva apyeio (Downloads)

, , Seattle weather
* No ayopaoouv KatL _
Mars surface images

= No KAvouv Kpatnon Canon S410

= [KpL eploxec (Gray areas)

" Find a good hub Car rental Brasil
= Exploratory search “see what’s there”

42
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Examples of Typing Queries

Calculation: 5+4

Unit conversion: 1 kg in pounds
Currency conversion: 1 euro in kronor
Tracking number: 8167 2278 6764
Flight info: LH 454

Area code: 650

Map: columbus oh

Stock price: msft

Albums/movies etc: coldplay

43
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Tuv yayvouv;

AnunodlAn epwtnuata
" http://www.google.com/trends/hottrends
Kat ava ywpa

Ta epwtipata akoAouBouv eniong power law katovoun

44
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AvayKec Xpnotwv

Entnpealel (avapeoa og aAAa)

" TNV KATAAANAOTNTA TOU EPWTAMATOC YLa TNV Iapouacioon
dtapnuicewv

" tov aAyoptduo/aélodoynon, yio TapAdELyUA VLA EPWTHHATOL
TAONYNoNG EVOL ATTOTEAECHLOL LOWC APKEL, yLa Tal AAAL (Kot
KUpLwC mMAnpodopLakd) evoladpepOUAOTE yLoL TV
MEPLEKTLKOTNTA/AVAKANON

45
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Mooa anoteAecpoto BAETTOUV OL XPOTEC

“When you perform a search on a search engine and don't find what you are looking for, at what
point do you typically either revise your search, or move on to another search engine? (Select one)”

W After reviewing the first few
12% 16, entries

l After reviewing the first
page

O After reviewing the first 2
pages

20%

B After reviewing the first 3
pages

27% B After reviewing more than 3
pages

(Source: iprospect.com WhitePaper_2006_SearchEngineUserBehavior.pdf)

46


http://www.iprospect.com/

[Mw¢ PImopouLLE VoL KATOAXBOUUE TLC

npobBeoelc (intent) tou xpnotn;

Guess user intent independent of context:
= Spell correction
= Precomputed “typing” of queries

Better: Guess user intent based on context:
= Geographic context (slide after next)
= Context of user in this session (e.g., previous query)
= Context provided by personal profile (Yahoo/MSN
do this, Google claims it doesn’t)

47
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Geographical Context

Three relevant locations
1. Server (nytimes.com - New York)

2. Web page (nytimes.com article about Albania)
3. User (located in Palo Alto)

Locating the user
= |P address

= Information provided by user (e.g., in user profile)
= Mobile phone

Geo-tagging: Parse text and identify the coordinates of the
geographic entities
Example: East Palo Alto CA - Latitude: 37.47 N, Longitude: 122.14 W

v’ Important NLP problem

48
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Geographical Context

How to use context to modify query results:

= Result restriction: Don’t consider inappropriate results

" For user on google.fr only show .fr results
= Ranking modulation: use a rough generic ranking, rerank
based on personal context

Contextualization / personalization is an area of search with a lot
of potential for improvement.

49
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A&loAoynon armo Touc XPNOTEC

= Relevance and validity of results
= Precision at 1? Precision above the fold?

= Comprehensiveness — must be able to deal with obscure
gueries

= Recall matters when the number of matches is very
small

Ul (User Interface) — Simple, no clutter, error tolerant
= No annoyances: pop-ups, etc.

Trust — Results are objective

= Coverage of topics for polysemic queries

= Diversity, duplicate elimination

50
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SERP Layout

MNORTH

Search Rectangle

Sponsored Results

Ciuery Assistance

EAST

WEST

Crganic Results

Facets
Sponsored Results

Cluery Assistance

Cluery Assistance
Felated Clueries

SOUTH
51
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A&loAoynon armo Touc XPNOTEC

= Pre/Post process tools provided
= Mitigate user errors (auto spell check, search assist,...)
= Explicit: Search within results, more like this, refine ...
= Anticipative: related searches

= Deal with idiosyncrasies
= Web specific vocabulary
" Impact on stemming, spell-check, etc.
= Web addresses typed in the search box

52
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Google

university of inannina department of computer science - Google Search

university of ioannina department of computer science !, E

More

UNI OF [OANNINA - DEPARTMENT OF COMPUTER SCIENCE ...
www.cse. uolgrfen/ v

Welcome to the web site of the Department of Computer Science & Engineering at the University of
loannina, Greece. Our department is a thriving academic ...

studies Invitation for Graduate Studie. .
STUDIES - General information for Invitation for Graduate Studies in
prospective students. About. Computer Science Department ..

More results from uoi.gr »

uni of ioannina - department of computer science & engineering
www.cs.uoigrienfindex.php?menu=p1&pid=55603 =

Undergraduate studies at the University of Patras, Greece (B.Sc. 1999, Department of Computer
Engineering and Informatics), graduate studies at the University ...

uni of ioannina - department of computer science & engineernng
www.cs.uoi.grienfindex.php?menu=p1&pid=55608 -

Nikos Mamoulis received a 5-year diploma in Computer Engineering from the Computer Engineering
and Informatics Department, University of Patras, Greece, ..

uni of ioannina - department of computer science & engineering - links
www.cs.uoi.grienfindex.php?menu=mé ~

Athens University of Economics & Business . Department of Computer Science and Technology
Department of Computer Engineenng and Informatics

uni of ioannina - department of computer science & engineering
www_cs_uoi.gren/index_php?menu=p1&pid=9 =

Address: Department of Computer Science University of loannina P.O. Box 1186. GR 45110
loannina. Telephone: +30-26510-08810. FAX: +30-26510-08890.

MNANEMEZTHMIO IQANNINON - TMHMA MHXANIKON H/Y
www.cs.uoi.gr/ ¥ Translate this page

UNIVERSITY OF IOANNINA COMPUTER SCIENCE. To Tufua 15p08nke To 1990 we Tufua
MAnpo@opikig, BEXTNKE TOUC TIPWTOUS POITMTES Tou To 1993 EV amd ..

uni of ioannina - department of computer science & enginesring
www_cs._uoi.grienfindex php?menu=m21 =

Undergraduate Studies. The General Assembly of the Department works out the program of Studies
Revision of the program can be made each April after

uni of ioannina - department of computer science & engineering
www.cs.uol.gr/enfindex.php?menu=m58&id=765 +

The following document is in Greek and contais information about the successful candidates in the
Graduate Studies of Computer Science & Engineering

Department of Computer Science and Engineering, University of ...
https:/iwww linkedin.com/.../department-of-computer-science-university-of-ioannina
The Department of Computer Science and Engineering (CSE) at the University of loannina is a
thriving academic community which aims at transfeing and

L Update location - Leam more

Help back Privacy Terms

i

Navigational
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sirplane egyptian- Google Search

airplane egyptian S
Al Images  Videos News  Maps  Morev  Searchtools

About 533,000 resuits (0.69 seconds)

In the news

EgyptAir flight from Paris to Cairo missing with 66 on
board

Reuters - 14 mins ago

Officials with the airline and the Egyptian civil aviation department told
Reuters they believed

EgyptAir flight MS804 goes missing between Paris and Cairo — live updates
The Guardian - 15 mins ago

An Airplane Has Disappeared From Radar Above Egyptian Airspace
Gizmodo - 2 hours ago

More news for airplane egyptian

airplane egyptian on Twitter €2
hitps://twitter. com/search/airplane+egyplian ¥

The Associated Press (@AP) @ Jennifer Baileys (@WLKY Jennifer) €%

2 hours g0 - View on Twitter 2 mins ago - View on Twitter

Latest on Egypt plane: France offers to send LATE BREAKING NEWS: Plane crash »

military planes and boats to help search for ovemight, headed to Egypt. Officials say 3

EgyptAir flight. apne wsi27Cy3Ba security officers were on the plane. Details on
#WLKY this AM.

Images for airplane egyptian Report images

Rissien Pl

More images for airplane egyptian

EgyptAir hijack: Man surrenders at Larnaca airport - BBC News L]
‘www.bbc.com/news/world-middle-east-36915139 ~

Mar 29, 2016 - A hijacking that diverted a domestic Egyptian flight to Cyprus has ended with all
hostages released and the hijacker surrendering. Egyplair ..

An Airplane Has Disappeared From Radar Above Egyptian Airspace
gizmodo. irplane-has-di i dar-at gypt 1777516751 =

2 hours ago - An EgyptAir Airbus A320 with 66 people on board has disappeared from radar above
Egyptian irspace, somewhere over the eastem ...

EgyptAir flight MS804 goes missing between Paris and Cairo — live .. 4@
www theguardian.com » World > Egypt

15 mins ago - There is still no official confirmation that the plane has crashed, but EgyptAir officials
and the Egyptian civil aviation department have told ...

Ancient Egypt and Precolombian Airplane Models <

www bibliotecapleyades.net/esp_aviones_precolom02.htm ~

Is the concept of an airplane limited to Egypt? That doesnt seem to be the case. Gold trinkets were
found in an area covering Central America and coastal areas

Saqqara Bird - Wikipedia, the free encyclopedia <9
https://en wikipedia_org/wiki/Saqqara_Bird +
The Saquara Bird is a bird-shaped artifact made of sycamore wood, discovered during the 1898
‘excavation of the Pa-diimen tomb in Saqgara, Egypt. It has been dated to approximately 200 BCE,
and is now housed in the Museum of Egyptian Antiquities in Cairo. _.. In spite of these claims,
however, no ancient Egyptian aircraft have ever ...

EgyptAir Flight 990 - Wikipedia, the free encyclopedia <

https://en wikipedia.orghwiki/EgyptAir_Flight_990 +

Jump to Egyptian media reaction and speculation - The Egyptian media reacted in outrage fo the
that the aircraft was accidentally shot down by the US.

Flight origin: Los Angeles Intemational ...  Survivers: 0
Passengers: 203 Crew: 14

EgyptAir flight missing: What we know now - USA Today L]
‘www.usatoday.com/story/newsfworldi2016/05/19/egypt-air-flight.. 84576294/ v

39 mins ago - An EgyptAir passenger jet went missing early Thursday moming just after entering
Egyptian airspace. The plane was flying from Paris fo Cairo

Searches related to airplane egyptian
ancient egyplian plane  ancient aircraft found
egyplian hijacker selfie ~seif el din mustafa

egyplian aiplane hijack ~ ancient airplanes debunked
egyptian airplane crash  ancient aimlane artifact

Go gle >

123456788910 Next

Evaggelia

Informational
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fightioanina- Google Search

flight icanina

Al Images  Videos  Maps News  Morev  Search tools

About 301,000 results (0.71 seconds)

Showing results for flight foannina
Search instead for flight ioanina

Aegean Airlines Flights - aegeanair.com
www.aegeanair.com/ioannina ¥

Book your flight to loannina Athens, Heraklion and Thessaloniki

Frequent Flights - Flexible Fares - Star Alliance - 111 Intl Destinations

Destinations: Santorini, Athens, Thessaloniki, Heraklion, Naxos, Paros, Rhodes, loannina
Official Website Search for Flights
Book Flights Now GoLight- Travel Cheaper

Cheap Flights to loannina - airtickets.gr
ioannina-cheap-flight airtickets.gr/ + 21 0607 4000
Find All loannina Cheap Flights. Book your Cheap Flight, Now 1
Oha 1a Zevoboeia - Or ®BnvéTepeg Mrijoeig - Tnkeguivik EEurmpémon - Acpahic Emhoyi

1 city with non-stop flights

To loannina (I0A)

Athens 1hom  Olympic

Send fesdback

Airlines that fly to loannina - Skyscanner €2

www.skyscannernet » All airlines , Europe » Greece v

Airlines with flights to loannina listed at Skyscanner. The fastest way to find the cheapest low cost
airine prices. Accurate information for budget, last minute and .

Flights to loannina from £134 - loannina flights with Skyscanner <%
www._skyscanner.net » Europe » Greece

Looking for Flights to loannina? We compare all major airlines and travel agents for cheap loannina
flights. Search and Save now at Skyscannernet

5 Cheap Flights to loannina, Greece (I0A) - TripAdvisor @
wwwtripadvisor.com > ... > Epirus » loannina Region » loannina » loannina Flights +

Cheap Flights to loannina: Enter your dates once and have TripAdvisor search multiple sites to find
the best prices on loannina flights.

Cheap Flights from loani
hitps:fiwww. p-flig port html +

Find cheap flights from loannina with Skyscanner. Compare 100's of airines and travel agents to get
the cheapest price for flights leaving I0A.

a, IOA | Skyscanner @
P heap flightsf

Book Flights from Athens (ATH) to loannina (10A) | Aegean Airlines <9
flights.aegeanair.com  To Greece

Find cheap tickets from Athens (ATH to loannina (IOA). Fly o loannina with Aegean Airiines and
enjoy a comfortable experience.

loannina to London Flights: Book Flights from IOA to STN | Expedia <
hitps:/hwww.expedia.co.uk/lpfilights/ioalstn/icannina-to-london ~

Find cheap airiine tickets & deals from loannina (I0A) to London (STN) and save on your next flight
with Expedia.

Cheap Flights to loannina -Airfares Greece,Greek domestic loannina (]
wwwinticket i ingfi asp v

leannina Flights to loanina - Search and compare airfares 1o ioannina Greece at Fare Compare and
get the best price every time you fly.Cheapest flights to

(I0A) loannina Airport - FlightStats €@
ww.flightstats.com/go/Airport/airportDetails.do?airportCode=I0A ¥
In-depth information on (I0A) loannina Airport including departures/arivals, weather, and delays

Cheap Flights from loannina to Athens, GR, Greece, from 192 € Round 9
wwiw farecompare.com » loannina > Athens v

Let FareCompare guide you to the cheapest flights from loannina to Athens. Our exclusive email alert
technology will keep you informed of all the latest airfare ..

Cheap Flights from Athens to loannina, GR, Greece, from 192 € Round 9
www farecompare.com ; Athens-Europe > Athens-Greece ; Athens ; loannina +

Let FareCompare guide you to the cheapest flights from Athens to loannina. Our exclusive email alert
technology will keep you informed of all the latest airfare ..

Searches related to flight ioannina

ioannina airport departures  aegean airlines.

ioannina airport arrivals  easyjet
athens to ioannina bus skyscanner
olympic air ryanair

Go gle >

12345678910 Next

Evaggelia

Typo: loanina
Transactional query: adds
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SPAM

(SEARCH ENGINE OPTIMIZATION)
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The trouble with paid search ads

" |t costs money. What's the alternative?

Search Engine Optimization (SEQ):

= “Tuning” your web page to rank highly in the
algorithmic search results for select keywords

= Alternative to paying for placement
= Thus, intrinsically a marketing function
= Performed by companies, webmasters and
consultants (“Search engine optimizers”) for their
clients

= Some perfectly legitimate, some very shady
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H amAovotepn popdn

= Ol NYaVvEC MPWTNC yeviac Baoilovtav moAv oto tf/idf
= OLTPWTEC OTNV KatAtaén LotooeAidac yla To epwtnpa maui
resort ATaV AUTEC TTOU TIEPLELYAV TO TIEPLOCOTEPA maui Kol
resort
= SEOs amavinoav Ye mukvh emovainyn twv eMAEYUEVWY
OpwWV
" T..X., maul resort maui resort maui resort

= Juyva, ol emavaAnPelc oto idlo xpwpa pe background tng
LoTooeA b
= Ot emavalapBavopevol OpoL EUTaLVOV OTO EVPETAPLO Ao crawlers
= AA\A Sev ATav opatol amo Toug avBpwrnoug otouc browsers

ATIAN UKVOTNTO OpWV OEV
elvat alomioto Al onua
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MNoapaAayeg «keyword stuffing»

a web page loaded with keywords in the meta tags
or in content of a web page (outdated)

= [MapamnAavntikad meta-tags, urtepBoAikn ernavainyn

= Hidden text with colors, position text behind the image,
style sheet tricks, etc.

Meta-Tags =
"... London hotels, hotel, holiday inn, hilton, discount,
booking, reservation, sex, mp3, britney spears, viagra, ..."
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Cloaking (Armtokpudn)

" Mapexel SLoPOPETLKO TIEPLEXOLLEVO avAAoya av Elvol
0 UNXOWVLOMOC otaxuoAoynonc (search engine spider)
N o browser karmolov xpnotn

= DNS cloaking: Switch IP address. Impersonate
Is this a Search

SPAM\
rad
N

Engine spider?

: Y N Real
Cloaking Doc \
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AANANEC TEYVIKEC TtapatAavnonc (spam)

= Doorway pages

= Pages optimized for a single keyword that re-direct to the real target page

= |f a visitor clicks through to a typical doorway page from a search engine
results page, redirected with a fast Meta refresh command to another page.

= Lander page:

optimized for a single keyword or a misspelled domain
name, designed to attract surfers who will then click on ads
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AANANEC TEYVIKEC TtapatAavnonc (spam)

" Link spamming
= Mutual admiration societies, hidden links, awards

= Domain flooding: numerous domains that point or re-
direct to a target page

= Pay somebody to put your link on their highly ranked
page
= Leave comments that include the link on blogs

= Robots (bots)

= Fake query stream — rank checking programs
= “Curve-fit” ranking programs of search engines

= Millions of submissions via Add-Url
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The war against spam

= Quality signals - Prefer = Spam recognition by
authoritative pages based machine learning
on: = Training set based on known
= Votes from authors (linkage >Pam
signals) = Family friendly filters
= Votes from users (usage signals) = Linguistic analysis, general

classification techniques, etc.

= Policing of URL submissions = Forimages: flesh tone

= Anti robot test detectors, source text analysis,
= Limits on meta-keywords et

= Editorial intervention

= Robust link analysis = Blacklists

= |gnore statistically implausible = Top queries audited

linkage (or text) = Complaints addressed
= Use link analysis to detect = Suspect pattern detection

spammers (guilt by association)
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More on spam

= Web search engines have policies on SEO practices

they tolerate/block
= http://help.yahoo.com/help/us/ysearch/index.html

= http://www.google.com/intl/en/webmasters/
= Adversarial IR (AvtoywvLoTIK ovOKTNON
nAnpodopiac): the unending (technical) battle
between SEO’s and web search engines

Check out: Webmaster Tools (Google)
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SIZE OF THE WEB
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Moo elval to peyeboc tou web ?

" Qguata
" TNV MPAYHATIKOTNTA, 0 Web gival amelpog
= Dynamic content, e.g., calendars
= Soft 404: www.yahoo.com/<anything> is a valid page

= Static web contains syntactic duplication, mostly due to
mirroring (~30%)

= Some servers are seldom connected
= Mowo volalel;
= Media, and consequently the user

= IXEOLOOTEC UNXOVWV
= Tnv moAttikn crawl - avtiktumo otnv avakAnon.
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TL LITOPOUE VO LETPOOVUE;

To oXeTIKO peEyeBOC Twv pnxovwv avalntnong

= The notion of a page being indexed is still reasonably well
defined.

= Already there are problems

= Document extension: e.g., engines index pages not yet crawled, by
indexing anchortext.

= Document restriction: All engines restrict what is indexed (first n
words, only relevant words, etc.)

= Multi-tier indexes (access only top-levels)
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New definition?

" The statically indexable web is whatever search
engines index.

= |Qis whatever the IQ tests measure.

= Different engines have different preferences

= max url depth, max count/host, anti-spam rules, priority rules, etc.

= Different engines index different things under the
same URL:

= frames, meta-keywords, document restrictions, document extensions,
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MeyeBoc unxavwv avalntnong

Relative Size from Overlap

Given two engines A and B
1. Sample URLs randomly from A

2. Check if contained in B and vice versa

A NB
A NB

(1/2) * Size A
(1/6) * Size B

(1/2) *Size A = (1/6)*Size B

Size A / Size B =

(1/6)/(1/2) 1/3

Each test involves: (i) Sampling (ii) Checking
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AewypotoAnyia (Sampling) URLs

|deal strategy: Generate a random URL

= Problem: Random URLs are hard to find (and
sampling distribution should reflect “user interest”)

= Approach 1: Random walks / IP addresses

" In theory: might give us a true estimate of the size of the
web (as opposed to just relative sizes of indexes)

= Approach 2: Generate a random URL contained in a
given engine

= Suffices for accurate estimation of relative size
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Statistical methods

Approach 2

1. Random queries

2. Random searches
Approach 1

1. Random IP addresses
2. Random walks
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Random URLs from random queries

1. Generate random query: how?

Not an English
dictionary

Lexicon: 400,000+ words from a web crawl

Conjunctive Queries: w, and w,
e.qg., vocalists AND rsi

2. Get 100 result URLs from engine A

3. Choose a random URL as the candidate to check for
presence in engine B

= This distribution induces a probability weight W(p) for each
page.
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Query Based Checking

= Either search for the URL if the engine B support this or

" Generate a Strong Query to check whether an engine B
has a document D:

* Download D. Get list of words.
= Use 8 low frequency words as AND query to B
" Checkif Dis present in result set.
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Random searches

= Choose random searches extracted from a local
query log [Lawrence & Giles 97] or build “random
searches” [Notess]

= Use only queries with small result sets.

= For each random query: compute ratio size(r1)/size(rz)
of the two result sets

= Average over random searches
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Random searches

= 575 & 1050 queries from the NEC Rl employee logs
= 6 Enginesin 1998, 11 in 1999
* Implementation:

= Restricted to queries with < 600 results in total

= Counted URLs from each engine after verifying query
match

= Computed size ratio & overlap for individual queries

= Estimated index size ratio & overlap by averaging over all
gueries
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Queries from Lawrence and Giles study

= adaptive access control softmax activation function

= neighborhood preservation bose multidimensional system
topographic theory

= hamiltonian structures = gamma mlp

= right linear grammar " dvi2pdf

= pulse width modulation neural = john oliensis

= unbalanced prior probabilities " rieke spikes exploring neural

video watermarking
counterpropagation network
fat shattering dimension
abelson amorphous computing

= ranked assignment method

= nternet explorer favourites
importing

= karvel thornber

= Zili liu
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Random IP addresses

" Generate random IP addresses

* Find a web server at the given address
= |f there’s one

= Collect all pages from server
" From this, choose a page at random
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Random IP addresses

= HTTP requests to random IP addresses
= |gnored: empty or authorization required or excluded

= [Lawr99] Estimated 2.8 million IP addresses running
crawlable web servers (16 million total) from observing
2500 servers.
* OCLC using IP sampling found 8.7 M hosts in 2001
* Netcraft [Netc02] accessed 37.2 million hosts in July 2002

= [Lawr99] exhaustively crawled 2500 servers and
extrapolated
= Estimated size of the web to be 800 million pages

= Estimated use of metadata descriptors:

= Meta tags (keywords, description) in 34% of home pages, Dublin
core metadata in 0.3% 78
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Tuyatot Meptmatot (Random walks)

To S1abIKTUO WC EvaC KATELOUVOUEVOC
" ‘Evac TuxaloC TepLaTog o€ aUTOo 1o ypado
" Includes various “jump” rules back to visited sites

= Does not get stuck in spider traps!
= Can follow all links!

" JUYKALVEL O€ pLa Katavoun otaBepnc kataotaonc (stationary
distribution)

= Must assume graph is finite and independent of the walk.
= Conditions are not satisfied (cookie crumbs, flooding)
= Time to convergence not really known

= Sample from stationary distribution of walk
= Use the “strong query” method to check coverage by SE
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Size of the web

Check out
http://www.worldwidewebsize.com/

The Indexed Web contains at least 3.57 billion pages (Tuesday, 20 May, 2014).
The Indexed Web contains at least 4.58 billion pages (Thursday, 19 May,
2016).
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Introduction to Information Retrieval

Size of the web

Based on the number of pages indexed by search engines
(Google, Bing, Yahoo, Ask) (minus their overlap)

Size of the index of a search engine based on a method that
combines

" word frequencies obtained from a large offline text collection
(corpus), and
= search counts returned by the engines.
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Size of index

= Each day 50 words are sent to all four search engines.

= Record number of webpages found for these words

= Compare their relative frequencies in the background corpus

= Make multiple extrapolated estimations of the size of the engine's
index which are subsequently averaged.

Example

Say word 'the' is present in 67,61% of all documents within the corpus
Google says that it found 'the' in 14.100.000.000 webpages

Estimated size of the Google's total index would be 23.633.010.000.

Background corpus contains more than 1 million webpages from DMOZ
50 words selected evenly across logarithmic frequency intervals (Zipf's

Law)
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Size of the web

= Qverlap between the indices of two search engines is estimated by daily
overlap counts of URLs returned in the top-10 by the engines

=  Words randomly drawn from the DMOZ background corpus.
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Tt Ao Ba dovpue

Web crawlers or spiders (kedp 20)
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Spiders (otaxyvoAoynon wotov)
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Web Crawling (otaxuoAoynon Lotou)

Web crawler or spider
How hard and why?

= Getting the content of the documents is easier for many
other IR systems.

= E.g., indexing all files on your hard disk: just do a recursive
descent on your file system

" For web IR, getting the content of the documents takes
longer, because of latency.

= But is that really a design/systems challenge?
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Baolkn Asttovpyla

" Begin with known “seed” URLs

" Fetch and parse them
= Extract URLs they point to
= Place the extracted URLs on a queue

= Fetch each URL on the queue and
repeat
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URL frontier

URL frontier:
found, but unseen URLs
not yet crawled

URLs crawled

and parsed
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Processing steps in crawling

= Pick a URL from the frontier <#Which SET
= Fetch the document at the URL

= Parse the URL
= Extract links from it to other docs (URLSs)

= Check if URL has content already seen

Foreachertracted R GHIGMSEN

" Ensure it passes certain URL filter tests

= |f not, add to indexes

" Check ifitis already in the frontier (duplicate URL
elimination)
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Simple picture — complications

= Web crawling isn’t feasible with one machine
= All of the above steps distributed

= Malicious pages
= Spam pages
= Spider traps — incl dynamically generated

= Even non-malicious pages pose challenges

= Latency/bandwidth to remote servers vary

= Webmasters’ stipulations
* How “deep” should you crawl a site’s URL hierarchy?

= Site mirrors and duplicate pages
= Politeness — don’t hit a server too often
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Simple picture — complications

Magnitude of the problem

To fetch 20,000,000,000 pages in one month . ..
we need to fetch almost 8000 pages per second!

= Actually: many more since many of the pages we
attempt to crawl will be duplicates, unfetchable,
spam etc.
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Explicit and implicit politeness

= Explicit politeness: specifications from
webmasters on what portions of site can
be crawled

" robots.txt

= |mplicit politeness: even with no
specification, avoid hitting any site too
often
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Robots.txt

" Protocol for giving spiders (“robots”) limited
access to a website, originally from 1994

= www.robotstxt.org/wc/norobots.html

= Website announces its request on what can(not)
be crawled

= For a server, create a file /robots. txt

= This file specifies access restrictions
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Robots.txt example

= No robot should visit any URL starting with
"/yoursite/temp/", except the robot called
“searchengine":

User—-agent: *

Disallow: /yoursite/temp/

User—agent: searchengine
Disallow:
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Baolk apXLTEKTOVLKI TOU oTayuoAoyntn

s DNS
Doc obot URL
FP’s filters set

WWW
Parse
Fetch Content URL BEE
seen? filter .
elim

URL Frontier
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DNS (Domain Name Server)

= A lookup service on the internet
= Given a URL, retrieve its IP address

= Service provided by a distributed set of servers — thus,
lookup latencies can be high (even seconds)

= Common OS implementations of DNS lookup are
blocking: only one outstanding request at a time
= Solutions

= DNS caching

= Batch DNS resolver — collects requests and sends them out
together
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Parsing: URL normalization

* When a fetched document is parsed, some of the
extracted links are relative URLs

= E.g., http://en.wikipedia.org/wiki/Main_Page has a
relative link to /wiki/Wikipedia:General_disclaimer
which is the same as the absolute URL
http://en.wikipedia.org/wiki/Wikipedia:General disclaimer

* During parsing, must normalize (expand) such relative
URLs
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Content seen?

" Duplication is widespread on the web

" |f the page just fetched is already in
the index, do not further process it

" This is verified using document
fingerprints or shingles
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Distributing the crawler

" Run multiple crawl threads, under different
processes — potentially at different nodes

= Geographically distributed nodes
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Distributing the crawler
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Distributing the crawler

" Partition hosts being crawled into nodes
= Hash used for partition

= How do these nodes communicate and share
URLs?
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Communication between nodes

Ked. 20.2.1

= Qutput of the URL filter at each node is sent to the

WWWwW

1 DNS

Fetch

Dup URL Eliminator of the appropriate node

Parse

To
OC obot other
FP’s filters nﬁjﬁ set
Host
- I Dup
Content | URL | $plitte URL
seen? filter o ..
l ol elim
fom
other
nodes ,
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URL frontier: two main considerations

= Politeness: do not hit a web server too frequently

" Freshness: crawl some pages more often than
others

= E.g., pages (such as News sites) whose content
changes often

These goals may conflict each other.

(E.g., simple priority queue fails — many links out of
a page go to its own site, creating a burst of
accesses to that site.)
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XpnotuorotyBnke KamoLo UALkO amo:
v'Pandu Nayak and Prabhakar Raghavan, CS276:Information Retrieval and Web Search (Stanford)
v'Hinrich Schiitze and Christina Lioma, Stuttgart IIR class
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