Avaxkinon IAnpogopiag

Information Retrieval

AWdoKkwv —
Anunrprog Katcapog
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Epnvuotec otov Ilaykoopio
Ioto

Tu. HMMY, Toavemiotpo Osccariog



ﬁ  Baowkn Aevtoupyla tou crawler
L =24
+ Apxidoupe pe yvoord “seed” URLs
* Ta @epvoupe Kal ta KAvVoUle parse

* E{ayoupe ta URLSs ota omotla 6eixvouv

* TommoBetoupe ta nénypeva URLs oe pia oupa

« depvoupe kaBe URL g oupag xat
ermavoAapBavoupe
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Avanapaotaon crawling

URLs crawled

and parsed
Unseen Web

URLs frontier

Web
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©  Ann ewxova — emurAokeg

&7 To Web crawling 6ev eival e@l1kTO 02 pia pnxavi)

* Ta mpoavagepBevta Brpata Ipemel va ekteAouvTal
IIAPAAANAQ KAl KATAVEUNIEVA

» KaroBouleg oeAideg
* Spam oeAloeg
* ITayloeg towv spiders — meptdapBavopevev Kal tTov
OUVAHULKA TAPAYOPEVRV OEATLOMV
* Kat o1 pn xakoBouAeg oeAldeg mapouotalouv
IIPOKANOELC
» Latency/bandwidth tov servers xkupatvetatl

* Webmasters’ oupBouleg
* I1600 “Babid” va yivel to crawling;

+ Site mirrors xal duplicate pages
- KEuyevela otig emoreyelg oe £vav server
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& Thv0a mpémer va xdver kaBe crawler

* Na etval eupwotog: Na etval avooog otig spider
traps Kal oe aAAeC KaKOBOUAEC CUNIIEPLPOPEC
aIIo Toug web servers

* Na etval euyevikog: Na oeBetal eppeoeg Kat
apeoeg IIPOOEYYLOELE eUYyeveleg
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& Apeoeg & £npeoeg euyeviKeg IIPOOEYYLOeLg

« Apeon suyeveld: IIPOCOLOPLOOL AIIO
TOUC Webmasters oxetika pe mowa
TUnpata Tou site va ytvouv crawled

* robots.txt

* Eppeon suyevela: akopn Kot Xople
IIPOCOLOPLOI0OUC, OIIOPUYI] IOAU
OUXV®V EIIOKEWEWV
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- Robots.txt

Ll

* [IpatokoAAO YL va mmapexel otoug spiders
(“robots”) mepropropévn mpdoBaon oe eva
website, aro to 1994

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

* To Website avakolvevel To attnua tou
OXETLKA 1€ TI01EC 0EA10eC PNIIOPOuV (0eV
IIIopouV) va ylvouv crawled

* ["va evav server, OnuULoUpyelTal TO APXELO
/robots.txt

* AuTo to apxelo kaBopildel Toug IEPLOPLOOUG
1IpoocBaong
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@ - Ilapaosvypa Robots.txt
=4

« Kaveva robot 0ev Ba emoke@tel kamoro URL mou
éexiva pe "/yoursite/temp/", ektog amo to robot
pe ovopa - searchengine":

User—agent: *

Disallow: /yoursite/temp/

User—agent: searchengine

Disallow:
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_§3 Thv Oa mpemel va pummopet va kaver KaOe
. crawler

* Na elval 1kavog yia Kataveunuevn Ae1rtoupyla:
Va elval OXe0100peVog Va eKTEAELTAL 02 TTIOAAEG
KATAVEPNEVEVEC NNXAVES

* Na elvalr KAtpakoupevog: va etvat
oxeolaopevog va auéavel tov puluo crawling
e IIPOCONKI €IUIAEOV UNXAVQOV

* Emiooon/amodoTikoTnTa: va KAavel IANPN XPNon
TV 0La0eopev enedepyaoTIK@V KAl OLKTUOKQV
IIOPKV
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V-Qi\ Thv Oa mpemel va pummopet va kaver KaOe
. crawler

Lo

* Na g¢pvel tig oedideg pe “uwnAotepn mowoTnTa
IIPWTA

« Juvexne Aevtoupyla: Na ouvexidel va @epvet
(PPEOKA AVTLYPOA@A PLag 0eA10ag II0U £QEPE OTO
rmapeAOov

* Na eivar emektaoipog: Na mpooappodetal oe vea
data formats, protocols
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Evnpepopevn avamnapaotaon crawling

/ o
9 |
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URLs crawled

and parsed [
\’/ \'\
M=\ -

v

URL frontier

Crawling thread
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. URL frontier

* Mmoopel va rieptAaBel moAAeg oeA1deg Ao Tov
1010 host

* IIpemel v’ ammo@euyel va mmpoorafel va ta @epel
OAd padl TNV 101a XPOVIKI] OTLYIN

* IIpenelr va mpoomaBel va Kpatael oAa ta
crawling threads amaoxoAnpeva
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+ Emdoyn evog URL amo o frontier < Toto;

Bnpata ene{epyaoiag oto crawling

KateBaopa tou eyypagou mou avrtiotolxel oto URL

Parse to URL

« E{aywyn ouvoeopwv tou mpog aAAa docs (URLs)

‘EAeyxocg eav to meprexopevou tou URL to exoupe

Kovaoet

- Eav ox1, mpooBnkn tou otoug indexes

['va kaBe eénypevo URL

« EmBeBatlwon ot mepva karoloug eAeyxoug yia URLs

I1.y., uovo crawling .edu,

obey robots.txt, etc.

]

* 'EAeyxog eav eivar non oto frontier (duplicate URL

elimination)

Tu. HMMY, TTovemoto
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Baolkn apxitektoviky crawling

WWW

DNS

Fetch

Parse

Doc robots
FP’s filters

Content
seen?

URL
filter

URL
set

Dup
URL
elim

URL Frontier
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ﬁ - DNS (Domain Name Server)

* Ynpeoia lookup oto Atadixrtuo
« Aedopevou evog URL, avaktnon tng IP address tou
» YuvnBeic vdomownoerg ao OS tne DNS lookup
etval blocking: povo pla eKKpepng aitnon xKade
Popa
» Avoelg
* DNS caching

* Batch DNS resolver — cuAAgyel avtipata Kau ta
OTEAVEL OLLAOLKA
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Orav eva fetched document yivetal parsed,
KAIIOL01 aIIo Toug ouvoeopoug etvat relative URLs

Parsing: URL normalization

» E.g., http://en.wikipedia.org/wiki/Main Page £xel
relative link mpog
/wik1/Wikipedia:General disclaimer mou eivat to

1010 pe to armmoAuto absolute URL
http://en.wikipedia.org/wiki/Wikipedia:General disclaimer

* Kata to parsing, mpermel va Kavoupe normalize
(expand) xa0Be relative URL
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ﬁ [Ieprexopevo mou £xoupe 10n Ol

. A 5

* Duplication eival ektetapevo otoWeb

* Eav n oeA1oa mou poAlg xatebBnke eival non
oToV Index, va unv tnv emneéepyaotoupe
IIEPALTEP®

* Auto yivetal pe fingerprints 1 shingles
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Filters xauv robots.txt

- Filters — regular expressions yia URLs mmou
Oa yivouv (1) ox1) crawled

* Agpou xateBaooupe to apxelo robots.txt armo
eva site, oev xperadetal va To {ava@epoulle

* Cache tov apxelwv robots.txt

Tu. HMMY, Toavemiotpo Osccariog



Katavepnpevog crawler

* Exteleon moAlammlev crawl threads, xateo amo
OLAPOPETIKEG processes — v OUVALIEL O€
OLAPOPETIKOUC KOUBoug

* 'ewypagira xatavnpevoug KopbBoug

* Katapepliopog towv hosts mou Ba yivouv

crawled otoug xopBoug
» Xpnowpotmotlettal hashing yia tov Katapeplopo

* Ilog emkoltvovouv autol ov KopBotl Kat
poipadovral ta URLs;
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Emxrolwveovia petalu xopubBov

v H ¢££o0060¢ ammo xaBe URL filter oe xaBe xopBo oteAvetar
oto Dup URL Eliminator tou kataAAnAou xopbou

> To
DNS 0C robots| other URL
FP’s filters] nodes set
WWW Parse ' Host
Fetch Content URL | |splitter UL
seen? | | filter || ARL
‘ ‘ > elim
From
other

URL Frontier nodes
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ﬁ  URL frontier: Avo onpavtixa onpeila

« Politeness: Ox1 ouxveg emoReWelg 0ToV 1010
Web server

* Freshness: crawl pepikeg oeAldeg mo ocuxva
a0 KAroleg aAAeg

 I1.x., oeAloeg (onwe Twv News sites) Twv ooV Tto
replexopevo aAAadel mo ouxva

AuTol 01 0TOXO01l PIIopel va eivatl
aAANAOOUYKPOUOUEVOL
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ﬂ . IIpoxAnoelg otnv UAomIolnon £vog epIIuoTh

ITolveg oeAloeg Oa mpemel va @epet;

ITog Oa mpemel va avavenvel ({avVaeIILOKEIITETAL)
TIC 0EA10£¢;

IIog Oa eAattwoel To popTo ot sites mou
SIILOKEIITETAL;

IIowg Oa mperel va mapaAAndomoinOet o
£PITUOLOC;

Tu. HMMY, Mavemompio ®eccoliog 23



ﬂ ~ Kputnpra emdoyne oeAidov
&Y Metpikeég onuavTikOTITog
* Opovotnta opog vmoBANOev epotnpa IS(p) (yveotol wg
Focused 1) Topical crawlers)

« Me tig Texvikeg mou £1oape oe mponyovpeveg oraleéelg

« Ap1Buog eroepxopevev cuvocopav IB(p) (backlink count)
« Extipnon tou apiBpou pe Baon teov yvootov pexpl otvypng backlinks

PageRank IR(p)

* Oa to e€epeuviOoUE AVOAUTIKOTATA OTLE eItopeveg otalederg

Ap1Bpog eepxonevav ouvoeouav I1F(p) (forward link
count)

* Towg mpoxkertal yia Kado directory (hub page)

Metpikn tomoBeotag IL(p)
* Ov.com (mo xpnopeg) 1 moAAa slashes (Avyotepo xpnoipeg)

Yuvouaotiky petpikn: IC(p)= k*IS(p) + ko*IB(p) + ....

Tu. HMMY, Mavemompio ®eccoliog
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Algorithm 2.5.1 Crawling algorithm (backlink based)

Input: starting url: seed URL
Procedure:
(1] enqueue (url queue, starting url)

2] while (not empty(url_queue))

3]
4]
5]
6]
7l
8]
9]
[10]
1]

url = dequeue(url_queue)
page = crawl_page (url)
enqueue (crawled pages, (url, page))
url list = extract_urls(page)
foreach u in url_ list
enqueue(links, (url, u))
if (u#url_queue and (u,-)¢#crawled pages)
enqueue (url_queue, u)
reorder_queue (url_queue)

Function description:
enqueue (queue, element): append element at the end of queue

dequeue (queue) : remove the element at the beginning

of queue and return it

reorder_queue (queue) : reorder queue using information in

links (refer to Figure 2.2)

Tu. HMMY, Toavemiotpo Osccariog 25



D

- ‘

L
3 reorder queue() yva kaBe xprtnplo

(1) breadth first

do nothing (null operation)

(2) backlink count, IB'(p)

foreach u in url_queue
backlink count [u#] = number of terms (-,u) in links
sort url_queue by backlink count [u]

(3) PageRank I R'(p)

solve the following set of equations:
IR[u]=(1-0.9)+0.9>_. M, where

Cq
(v;, 1) € 1inks and ¢; is the number of links in the page v;

sort url_queue by [R(u)

Tu. HMMY, Toavemiotpo Osccariog
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To mpofAnpa tnc avevewong
ocAl0®V otoVv index amo Ttoucg
EPIUOTEC

Tu. HMMY, Iavemomupio ®eccoliog
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L XNIOTIKI] AIELKOVL0I) TOU IIPpOoBANATOg

Data source Local copy
Update {P{:-Hing Ouery
) > =N

e

28
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Freshness xal Age

* Freshness (®Ppeoxaoa)

* Tou TomKoU 0TOLXEL0U TNV XPOVIKN OTLYUI) ¢

Fles: 1) 1 if e¢; is up-to-date at time t
ei;t) =
- 0 otherwise

* Tou index tnv Xpovikn otiyun ¢

F(S;t) = - 3 Flest
« Age (HAixia) =

* Tou ToImmKkouU oTolLXelou TNV XPOVIKIY OTLYun ¢

Ale;;t) ¢ if e; is up-to-date at time ¢
6; — ] . . .
‘ t — modification time of e; otherwise

* Tou index tnVv Xpoviki otiyun ¢

ASit) = 5 3 Alest)

Tu. HMMY, Mavemompio ®eccoliog 29
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’j Xpovikn eéeAlén twv freshness xau age

! |
o
! |
1 I | —

Ffei) | |
|
|
|

0 . : Time
! | ! |
E | B
. | ! |
Afei) : :
: Z I
- - |
: : |

0 : : Time

— — - element 1s synchronized

----- element 1s modified
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©  Average freshness ka1 average age

« Average freshness otoixelou xat Tou index
t t

— o1 — o1
0 0
« Average age 0TolXe10U Kal ToU Index
t t
— | — R |
Afe:) = Jim / Alestydt  A(S) = lim - / A(S;t)dt
0 0

* :[O_Xl'JOUV (a6Selln otnv emopevy Swapdavera) Ol nglg OXéOSLg:

FS) =S Fle)  AS) =5 D Ae)
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©  Anobeudn average freshness xau age
=

t t
— o1 — o1
F(S) = lim - f F(S;1)dt A(S) = Jim - / A(S; )t
0 0
t N ¢ N
.1 1 1 1
1= 0 =
t t
= ! 3 | ! Fle;: t)dt = ! - | ! A t)dt
= w2 dm g [ Fles) S w2 [ A
=1 0 =1 0
1 e~ 1 e

2
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& ITwavoxpatikn avavéwon oedidag

L = BpeOnxke (ue avaluvon tov crawled oeA10wv) o0t 0
pubnog apifewv updates yia £va otoixelo (0eA10a)
tou Web eival Poisson process pe pubpo aAAayng
A;, apa 0 XpOvog PEXPL TO VEO YEYOVOG (OnAaon,
10 TPOIIOIIOLNO1)) elval eKOETIKA KATAVEPNIEVOC

« “2uyxpovidovtag’ TNV 0eAl00 0TV XPOVIKN
oty =0 xau =1, n expected value tng
freshness otov xpovo ¢, n mBavotnta 0Tl TO
OUYKeKplevo otolxelo addadel oto ovaotnpa (0,¢]
uttodoyidetal g e&ng:

t
— 60 . e—)\it — 1 — 6_)\“5

—1
Pr{T <t} = /fT(t)dt_ /)\z-e_)"b’tdt = \j—e ! .
0 0

Ai
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&  Expected freshness pe Poisson aAAayeg

=) A@ou to otolxelo 0ev ouyxpovidetal 0Tto OlaoTnua
(0,D),

Oa etval mapoxnuevo pe mbavotnta:
PriT <t} =1—e ™!
apa 1 expected freshness yia t € (0,1) Oa eivar:

E[F(ezyt)] — () x (1 — e_)\it) 41 x G—Ait _ G_Ait

Tu. HMMY, Mavemompio ®eccoliog 34
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& Expected age pe Poisson aAhayég

vA(pofJ TO oTolXelo Tpomorotlettal oto s € (0,1), n
NA1Kla Tou otov Xpovo ¢t € (s,I) Oa etval ¢-s

* Apou aAAadel otov Xpovo s pe mbavotnta

Aie—)\is

* Kdl ('lp(l (ammoderdn otnv emopevn Gragaveva) I} eXpected age Oa

etvay, yua ¢ oto (0,1):
t

ElA(es;t)] = /(t — ) (A %)ds = t(l _ ! _)i:\it)

0

Yool yio Tov VITOAOYIGUO TOV OAOKANPOUOATOC:

H rapdyovoo tov s*e™s givon ) —[(A*s+1)/A%]*e*"s
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E[A(e;;t

aAUTLKI) e€Upeon tne expected age

A

t

I
fb\ e M%ds —/s)\ie_)”sds
0

0

t

t
t)\i/e_)”sds—)\i/se_)‘isds
0

0

t

eS|t A5+ 1 —AS|

Yy O—I—)\z )\2 e 0

1
— il [()\z-t et - (1)]
—}\it 1
(L =@ e 4 DY

1 — e Mt
(1= 55
At
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Xpovikl eéeAién tov expected freshness &
expected age

E[E(et)] E[4(e. )]
1

Time / Time

1] I 0 I

(a) E[F(e;;t)] graph over time (b) E[A(ei;t)] graph over time
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Movteldo efeAiéne tou Web

* Movtelo uniform change-frequency
* 'OAa ta otoirxeta aAAadouv jie tnv 101a ouxvoTnTa A
* Movtelo non-uniform change-frequency
* KaBe otoixelo aAAader pe tnv O0LKI) ToUu ouxVvotTntTa A,
% of elements

0.14}

0.12} - ~]

D.l; v

08¢
.r::-e%/
.04}

.02f

o Y o T s T

A

& 8 10 12 14
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ﬂ  Ilapaptnpa: Poisson xav exponential

v H Poisson mapexel mepiypa@1 tou aplfou TV ep@avioenV evog YEYOVOS
OTNV povaoa Tou Xpovou, Kal 1] exponential mapexel tnv meplypa@n tou
PNKOUE TOU XPOVOU JeTASU OLA00XIK®WV ELPAVIOE®V TOU YEYOVOTOS

«  Ye pua Poisson 6iadikaoia, eav ta yeyovota IIpOKUIITOUV KATA €00 0p0 1e pubno
A otV povada Tou Xpovou, tote Oa exoupe At ep@avioelg ava ¢ Xpovikeg 1ovVAadeg.
H xatavoyun Poisson mmou meprypagel autnv thv dtadikaoia eival n e€ng:

P(x) = eM (At)*/x!

a6 tnv oroia rporumtel 0Tl P(x=0) = e (At)%/0! = eM 1/1 = eM eivar 1
mOavoTnTa 11 ep@Aviong YEYOVOTog 02 ¢ XPOVIKeS 11ovadeg

*  Muia d4AAn epunvela tou P(x=0) = eM eivar o¢ n mBavotnta 6t o Xpovog T’ tng
IIPOTNE EPPAVIONE YEYOVOTOG elval peyaAutepog amo ¢, 6nAadn

P(T > t) = P(x=0 | u=\t) = e

+ Avtiotpo@a, 1 mbavotnta 0Tl KAI010 YEYOVOE IIPOKUIITEL PNEOA 0L ¢ XPOVIKES

povadeg oivetal aro tnv Katewblr oxeon:
P(T<t)=1-Px=0|pu=A)=1-eM

«  Emonpatvoupe o0t autn eival 1 c.d.f., n omoia 0tav mapaymylotel g mpog ¢ j1ag

yiver v p.d.f. tng exponential katavoung: f(¢) = de?
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