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ATayopedeTal 1 aVTLYpOP], arofnKeLoN Kot SIaVOUT TG Tapovcag epyaciag, €& oAoKANpov
N TUALOTOG OVTAG, Y10 EUTOPIKO okomod. Emtpénetan n avatvnwon, arodinkevuon kot dtavoun
Yo oKOTO WU KEPOOOKOTIKO, EKTOIOEVTIKNG 1 EPELVNTIKNG QVONG, VIO TNV TPovTdOeon va
ovaeEpeTal M YN TPoéAevong Kot va dwtnpeitor to mopdv unvopa. Epotipate wov
aeopolhV TN XPNON NG EPYOCING Yio KEPOOGKOTIKO GKOMO TTPEMEL va amevfhvovtal Tpog Tov

GLYYPOPEQ.

Ot amdyelg Kol To. GLUUTEPACUOTO TTOV TEPLEXOVIOL GE aVTO TO £YYPOEO €KPPALOLV TOV
oLYYPOQEN KOl Oev TPEMEL va gpunvevdel OTL avTimpoc®meVoVV TiG emionpes Béoelg tov
EBvikob Metoofiov IToAvteyveiov.



IHEPIAHYH

O maykdoog 1010¢ (web) kat 1 teyvoroyikr| Tov mhatedpua, o dtadiktvo (Internet),
elvar 600 peydro kot moAvTAoKe dlKTLO TO OTOioL OEV UTOPOVV Vo PEAETNOOLV e
GAAO TPOTO TOPG HOVO pE TOPOTNPNCELS Kol HETPNGEIS. 1o T0 Adyo avtd vrdpyet
avaykn gopeong HeBddmV e£aY®YNG CTUTIOTIKAOV OELYUATOV OO TO TOAVTAOKO QVTA
diktva (kepdiawo 1).

Avo péboodor kvpimg vmdpyovv v e€aymyn derypdtov. H mpotn péBodog
ovopdaleton oetypatoinyio pe random walk kot Bacileton otnv €vvola TV TVYOL®OV
nepmdtwv (random walk). Avt n péBodog, YpMNCILOTOUDVTAG TN CLUVEKTIKOTNTO TOV
web ypaeov, katackevdlel oyedov opotdpopea Kot Tuyaio detypatd tov Pacel g
Katavoung tooppomiog Tov mepurdrov. H devtepn pébodog, | omoia eivar ko 1o KOplo
avtikeipevo ¢ owtpipng, ovopdleton oerypatonyio pe IP (IP sampling) ot
CULPMOVO, LE VTNV €va Oelypol Tov web TpokvmTel edv mhpovpe Eva delypo amd IP
O1evBvuVoELS Kal KPATNGOVHE O0GEC 0O aVTES aviikovy o€ web hosts (kepdAaio 2).

YuvnBwg M oetypatoinyia pe IP epapuoletor oe 6A0 T0 Y®PO devhivoewv tov
Internet (IPv4 - Internet Protocol version 4), omdéte Ko mpokORTEL £Eval
OVTUTPOCMOTEVTIKO delyo TOV. e avTr| TN STPPn ePoprdcape TV mo Tave uEBodo
v ovykekpipéva domains tov Internet (m.y. .gr, .uk) cvppovievdpevor TG Pacelg
oedopévov tov nrepotikaov Anélapyowv (RIR - Regional Internet Registries) mov
elvar vevbuvol Yo 1o Internet tov aviictoy®V YEOYPAPIK®OV TEPLOXDV. o0 TO
OKOTO OLTO LAOTOUCAUE EVO OEIYUATOANTTN O OTO10¢ TaipveEL ooV £i6000 1O “yapTn”
pe tg IP d1evbivoelg otig omoieg BéAovpe Vo KAVOLUE OEYHOTOANYiN, EMAEYEL TO
oetypo twv IP devBivoewv kot to “QuATpdpel” KpaTdVIOG HOVO TIG web GeMOEG.
Aoxipdoope o JelyYHaTOANTT o€ Odpopo domains Kot €ldape OTL €ivor apkeTd
a&lOmoTog, MY, KOVOVTOG OEYHOTOANYia oTo .gr vmoAoyicape to péyebog TOL
eMnvikov web kot to Bpikape oe cuppovia pe tpiteg myEg (kepdaiato 3).

21 ocuvérel XPNOCHOTOMONKE 0 SEIYUATOANTTING Yot e€aymyn derypdTmv Kot
enefepyacia toug. 'Etot, €ywve dertypatolnyio oto .uk kot omd 1o detypa amodeiydnke
OTL 0 TPOMOG YpaPNS TV hostname GULVOLETOL HE OVOTAPACTOCT YWPIKNG KOt
YPOVIKNG TANPOPOPIOG. XVYKEKPUEVO VTOAOYIOTNKE 1) YEOYPAPIKY KOTOAVOUY TNG
VTOJOUNG, M Katavoun ¢ kKukAoeopiag Internet kot o pvOUdS avdmtvéng dapdpwv
ISPs (Internet Service Providers) mov 0pacTnplomoOlOVVIO GTNV TEPLOYN NG
derypatoAnyiog amod detypota hostname (kepdioto 4).

Aoxipdotnke, emiong, o OElyHOTOAMNTTTNG €161 doTe vo unv e€dyet delypato amd
toug IP yapteg aAdd va Tovg dtatpéyet e€aviintikd. H mo mive dokiun €yive 610 .jo
domain O6mov kot vmoloyiotnke o opudg twv web server tov. Téhog, o
OEYHOTOANTTNG YpnoponoOnke ocav crawler diatpéyovrag oAdKANpa web site kot
enoAnOevovtag Katavopuég power law yio tovg out-degree avtdv (kepdrato 5).

Aggearg Kierona

AgtypotoAnyia [aykéopov Iotov, Astypatoinyia Tvtepver






An IP Sampling method for Web and Internet mining

ABSTRACT

The world wide web (web) and its technological platform, the Internet, are two large
and complex networks that can only be studied through observations and
measurements. For that reason there is a need for developing methods that provide us
with statistical samples of these large and complex networks (chapter 1).

There exist two main methods for sampling these networks. The first method is
called "sampling with random walks". This method uses the web graph connectivity
and constructs almost uniform random samples according to the stationary
distribution of the random walk. The second method, which is the main objective of
this dissertation, is called "IP sampling". This method samples the IP address space
and converts the obtained samples to their web representation (chapter 2).

Usually IP sampling is applied to the whole IPv4 (Internet Protocol version 4)
address space drawing representative samples. In this work we applied IP sampling in
specific domains (e.g. .gr, .uk) consulting the Regional Internet Registries of the
corresponding regions. We implemented an IP sampler that gets as input maps of IP
addresses and samples them. We tested the sampler in various domains and we saw
that it is reliable; e.g. our estimation for the size of .gr web is in agreement with third
sources (chapter 3).

We used the sampler as a tool for extracting a representative sample of hostnames
from .uk domain. From this sample we proved that the hostname representation can
give us spatial and temporal information. Therefore we calculated the geographical
distribution of the infrastructure and the internet traffic of a British ISP (Internet
Service Provider) and we also calculated the growth rate of another British ISP
(chapter 4).

We modified the sampler and used it as a crawler who crawls IP maps and we
calculated the number of web hosts for .jo domain. Finally we used the crawler to

completely crawl web sites calculating their out-degrees and proving that power law
distributions holds also for the web site abstraction of the web (chapter 5).

Keywords

IP sampling, web sampling






EYXAPIXTIEX

Ba Mo va guyaploTIo® TOGOVE TOALOVG avBpdmovg mov pe Pondncav otig
OOKTOPIKEG OV GTOVOES OV {owg Ba £mpeme va YpAwm Eva OAOKANPO KEPAANLO.

O{m TpOTA, OUW®S, VO EVYOPIOTICH TO Ogd, TV Ayia Tpidoa, n omoia e
a&looe Vo TEAEIOO® aVTEG TIG 6TOLOES. XN AdEa Tng aplep®Vm avty TV pyacia.

O o1 ocLVEXEIL Vo ELYOPIOTHCM TNV emPAEnovoa, KaOnynTplo. Tov
E.M.IL., xupio ®dtewo N. Appdn, n omoia pov €xel cvpmopactadel mhpo TOAD T
terevtaio. 6 ypoéVIA TOV omOLVODV Hov. AmO 1o petamtuylokd MUILA.A. ko ™
Sumlopatiky epyacio mov €kava pali e, péxpt TNV OAOKANP®GN TOV J100KTOPIKAOV
pov omovdav. [Tiotedm £0e1&e peydAn LTOLOVN YOl VO LE OVEXTEL OO OVTA TAL XPOVLOL.
Kvpia Appdtn cag evyaptotd Toiv!

Evyapiotd toug yoveic pov, Baciiero kou Iodvva, v adepen pov lodavva -
Bipywia kot 1o Ogio pov NwkodAao Aegkéa, mov fordncav amddyepa mopEyovtds Hov
KGO €100VG LAIKNG Ko YuYOAOYIKNG CUUTOPACTAONG.

Evyopiotd modd tov n. Kovotavrtivo Kapaicapion, o omoiog pe Pondnoe va
TEPAS® KPIoIES KOUTES 0T 4 XpOVIO EKTOVNONG TNG EPYACTAG, AAAY Kot TOLG GIAOVC
pov g Ayiog Mapivag euxaplot®d, ot omoiol dev €xovv Hev Kopio oyéomn He
SwtpPn avty oAAG €0e1Eav oePacpd Kol HEYAAN KaTovonoTn o610 ¥pOVO TOL TOVG
déBeta. Emiong, suyapiotd tov 1. Anuntpio Movtoeho kot t cvluyd tov Katepiva
OV TOALEC POPEG UE TNV KOAN TOVG Prlo&evia e£l60ppomovcaV TIG OLGKOMES TV
OTOVOMV Hov. AKOHO, gVXOPIOT® Kot Tov 1. Baocilelo 'ewpydmovro, mov pov £0woe
Vv gukapia vo TpocPépm o€ cuvavOpmdmovg pov Porbeta, Ko va pabo mog va
potpalopat tn yvaon Tov anokt® pali Toug.

‘Eva peyddo evyoapiotd otovg vmariniovg tov E.MUIL. mov 6Aa avtd ta
YPOVIDL HOG TPOGPEPAV TIG LANPEGIEG TOVS, Y®PIg TS omoieg iomg va unv eixe
olokANpwbel n mapovoa epyasia. Evyapiotd, Aowmdv, v kupia XpiotovAa, Tov
KaOe pépa pag Kabdpile 1o epyacTnplo, EVYAPIOTAO TOLG LITAAANAOVG ToL Eotiotopiov
oL PaG Ekovov Kot VioBoUe GOV TO OTITL HOG, EVYOPIOTO TOVG LITOAANAOLS TNG
Bihobnkng (Kevipikng kot HAektpordywv) yio v dQueon e&ummpémon mov
mhvtote elyape. MeyGqAo €vYOPIOTO KOl OTN UETOMTLYLOKY YPOUUATEID TV
HAektpoddymv, aAld Kol 6TOVG GUANKES TV KTipiwv mov Tpmi Ppdov Eexkielidwvay
TOVG 0100 POLLOVG.

Evyopiotd to moudid pe ta omoio, cuvepydotnka kot dovAéyape poali Kotd
OLOOTHOTO GTO EPYOCTIPLO KO 0TO Ypopeio. Mildwm yio tovg Tipo Aciaviorn, Nidal
Al-Said, Baowo [Tavidkn kot ®@odmpn Mavouniion. Evyopoar o ®edg va tovg divel
QAOTION Y10 VO TEAEUOGOVY Kol 0VTOL TIG 6TOVOEG TOVG. Evyapiotd emiong tov Ayiddéa
Mo kot to ®odwpn Tov AvopoviKo.

®a 10 va evyaplotom toug kanyntég kupiovg I'. Tlarakwvotavtivov kot
M. AvoyvdoTov TOL GULUUETEYOV OTNV TPWUEA HOV EMITPOMN, OTNV EMITPOTN
evolaeoN G Kpiong oAAG Ko 6T TEMKN Kpion avTng TS OaTpiprc.

Evyopiotd eniong toug kadnyntég kupiovg M. Ggordyov, B. Aovpo, E. Zdayo,
®. Kovotavtivov, I'. Mévtla, I. Beviépn, T. Zedin, I'. KoAétoo ko M. ['epyatcovin.

['evikd guyoploTd T0O 1OPLUA TOV OV TTOPELXE AVTH TNV EVKUPIL VO EPYACTD
GTOVG YMPOVG TOV KOt VoL 0cYoAn0d pe v épguva.

Evyopiotd 10 @iko Anuntpn KovféAn mov pov eine pepikéc mpaieg 10éeg yiao
™ dwrpPn, tov EAdeppd pov IMapyo Askéa yoo kdmoleg wpaieg cuintnoelg mov
Kkévape, oAAd Kot to eido Apioteidn Aokovpetlidn o onoiog pe fornoe va epyactd
Y £voL SIUGTNILO QVTAOV TOV CTOVIMV Kot VO EEACPAAIC® avaykaiovg TOpovE.



Evyopiotd toug teyvikovg kat to helpdesk tov ripe nce, tov ntua noc kot Tov
ktipiov kevipikov H/Y tov E.ML.IL yio ) Porfeteg mov pov moapeiyav. Evyopiotd
eniong kot Tov KVplo Zdooaro ywo TS PiAodecieg Tov dekddwv PiPAiov katd )
OlapKeln TV TEAELTAIOV 8 ETDV.

Téhog ehmilo va unv EExaca Kavévay, oAl Kot av EEYaoa TOV EVYOPLOTM
oAV y1a TN Bonbela Tov pov £dmaE.

[Mapaockevac B. Agkéag

Abnva, Aexéppprog 2003
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1 EIZXATQI'H XTO IIPOBAHMA THX MEAETHX TOY
IMAI'KOXMIOY IXTOY

2opeova pe tov Kabnynm k. Xpnoto Hamadnuntpiov to Awdiktvo (Internet) sivon
T0 TPAOTO avOpoOTvo dnuovpynue To omoio pmopel vo peietnBel povo pe
TOPOTNPNOELS, LETPNCELS KOt LE TV avATTLEN Bepldv, OTmg akpPmg yiveTal pe 1o
ooumav, tov avlpomivo gyképaio kot to kvttapa [Pap03]. To id10 ¢aiveror va
ocvopPaiver ko pe tov Iaykocmo Iotd (web) tov omoiov teXVOLOYIKY TAATPOPLLOL
avartuéng eivar to Internet. Xtn peAémn 1€T01®V TOAOTAOK®V cLGTNUATOV pio
uéB0d0G Yoo mopaTnPNoElg Kol PeTpNoelg eivon 1 detypatoAnyio. H pébodog avt
epappoletar kol otn LEAETN TOL Web, INUIoVPY®OVTAG £TG1 £va KOvovpYlo Opo, aVTOV
tov web sampling. To BewpntiKd vwoPabpo mov yperdleton va €xel Kavelg yuo vo
acyoAnOei pe to web sampling cuvnBmg ivar n Bewpio Ypaewv kot ot TOavoTTES-
OTOTIOTIKY].

210 KePAAOO aVTO TEPLYPAPOVUE TO TPOPANUO TNG HEAETNC TOL Web Ypdpov TO
omoio Bpioket pio Avom ot derypatonyio.

1.1 O IToykoopog Iotog KoL T0 A0diKTVO

H avéykn va ovvoeBodv petald Tovg OmopaKpUOHEVOL VTOAOYIGTEG, (MOTE Ol
EMOTNUOVEG VO UTOPOvV va, £(0LV TPOCPacT 6€ OEOOUEVO KO TPOYPAULOTE TOV
Bpiokovtor pokpld tovg, odnynoe otnv avamntvén g teyxvoroyiag tov Tviepver.
2Ooupova pe avt) kabe empépovg diktvo pmopel va dtacvvoebel (interconnected) pe
T VTOAOUTOL, KOl LAMGTO, LE TETOLO TPOTO DGTE VO UNV OTOTELEL GLVIGTMOGO KATOLO0V
dAlov OwtHov oAAG pia 1wooTyn (peer) Owktvaxkn ovioétto. To mO WAV
YOPAKTNPIOTIKO TNG TEXVOAOYinG Tvtepver ovopaletor avolyty opyLTEKTOVIKY] (open
architecture) kot odfynoe ot Oomuovpyia evodg mpwtokdAAov, tov TCP/IP
(Transmission Control Protocol/Internet Protocol), 1o omoio dimer TOV TPOHMO
EMKOWVOVING TOV ETUEPOVS SIKTVMV.

To Tvtepver paiiov Ba mpémel va €dmbel cav pia TAatedppa move Gty omoin
npooTtiBevtal véeg TexvoLOYieg Kot TPoidvTa, To omoio, AALES POPES ONLOVPYOVVTOL
amd ovaykn yu €€EMEN VTOPYOVGAOV VLANPECIOV Kol OGAAEG QOPEG Yo Kobopd
gumopkovg okomovc. ‘Etol, oty mlateopupa tov ‘Tvtepver €yovv mpootebet
TeYVOLOYieg OmmG TPOTOL droryeiptong TG pong TS TANpopopiag (routers), Texvoroyieg
olaovvoeong dwtvwv (Ethernet), tpomor dievBuveioddtnong towv diktowv (DNS),
niektpovikd toyvdpopeio (e-mail). Mia véa vanpecio mov ypnowwomoince v
TEXVOAOYIKY TAOTPOppa Tov Tviepver eivar ko to World Wide Web (Ilaykoouiog
Iotog 1 www 1 aAlmdg web). Tnv vanpecia avt v gonyaye o Tim Berners Lee, o
omoiog Ko Bewpeiton o WpLNE Tov Web, otig apyés ¢ dekaetiog Tov “90. O Lee
éptinge €éva mPOTOKOAAO mov 10 ovopooce http (hypertext transfer protocol —
TPOTOKOALO UETOPOPAC VTEPKEUEVOV), TO OMOI0 EMETPENME GTOVLG YPNOTEG TOL
Tvtepvet va €govv pev TpocPacn otnv TANpoeopic. 0AAG ETUTAEOV VO UTOPOLV VO
EMKOWVOVOUV UE OMTIKO TPOTO (HE Ypoeikd OomAadn) péca amd v obovn tov
VTOAOYIOTH TOVS OVTOAAAGGOVTOC MYO Kot €wova. EmmAéov, ntav dvvatdv pe
ypnon tov http (ko g yAdocag mov to vwootmpile, ¢ html — hypertext markup
language) ektOg amd ovAyveoon TG TANPoQopiog vo. Hmopel Vo KAVEL KOVELS Kot
owpbwon 1N kot dwypaen ™. Me avtd Tov TPOTO €yve aKOUO O EOKOAN 1
npodcPacn otV TANpoeopia, dote 0 KAbe Evag pe To KatdAinAio Aoyiopuikd (Browser)
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Vo UTopel vaL O€L TANPOPOPIEG GE AMOUAKPVGUEVOVG OO ALTOHV VITOAOYIGTEG HEGM TOL
OKTOOVL.

Ta mo méveo Aoyiopikd (mpoypdupota oniadn) mapovcstdlovyv oty 006vn Tov
VToAOYIoTH “oelides” (wWeb pages — 16T0GEAISEC) TANPOPOPIOV Kol o€ KaBe GeELida
vrdpyovv cvvoeouol (hyperlinks — vrepovvdeopol 1 amAd links) tovg omoiovg av
akolovOnoet Kaveic odnysitan oe dAdec oerideg k.0.k. Me avtd tov Tpdmo pmopel
KOTOl0¢ ¥PNoTNG vo mAonyeitol o610 web ypNoUOTOIMVTOS KOO GEAIdL GOV
agetnpio Kot akorovBmvtag to links mov embopet.

1.2 IIpopipata mov Tapovsidlovror 6T peAéTi) Tov web

H eioaymyn ™c vanpesiog web oto Internet ko 1 dOnpuovpyio evog morykOGUION 16TOD
pe mnpoopia o Keipevo, Nxo kot ioéva dvoiée véa pétona Epguvas. 'Eva and avtd
glval  peEAén tov TayKOGHOV 16ToV Kot 1 Tpoomadela kotavonong tov. Iho kdtm
TEPLYPAPOVUE KATOWL OO TO TPOPANUOATO TOL TAPOLSLALOVTAL GE OVTH TNV
TpoomabeLa.

1.2.1 To web givan éva peydro Kol TOAOTAOKO OIKTVO

2m oryovpa 1.1 PAémovpe pio ameikdvion tov Tviepvetr (oe eminedo router) Ommg
Nrav 1o 1998, kdt avtictoryo (iowg kot wo ToAVTA0KO) givor kot To dikTvo ToL Web.
O ypoppég (axpéc) avamapiotovv links kot ot dxpeg twv links, mov ovopdlovral
KopPotl, elvar ot web ocelidec. AmO TN ELYOUpO TOPATNPOVUE TNV €EAPETIKA
TOAOTAOKT SIKTVWOT).

Allo tétowo diktvo pe mOAOTAOKN TomoAoyin eivar, extdg amd to Tviepver pe
KOUPOVG TOvg dpoporoyNTEG (routers) Kot OKUES TIG UETOED TOVG PUGIKEG GUVOECELC,
T Eufio. ovotuate TV omoiwv ot kKOUPot ival o1 TPMTEIvEG Kot Ta yovidla, Ve ot
OKUEG TOVG OVOTTOPIOTOVV TIG YNUKEG OVTIOPAGELS HETAED TOVG, TO VEDPIKO GUGTHUO.
(kOpPot-vevpikd keAld, mov gvavovtol pe GEOVES), ta kKoivwvikd oiktoo (KOuPot-
GvBpwmol 1 opyoaVIGHOL, OKUEC-KOWVOVIKEG OAANAETIOpAoElg HeTaEy Tovg). AlkTva
OT®G TO O TV TTEPLYPAPOVTOL 6TT PipAoypapio cov peydin dikToa e TOADTAOKN
tomoloyia (complex topology). Avtd ta diktva Adym Tov peydrov peyébovg Toug Kot
NG TOAVTAOKOTNTAG TOVG Eival Katd TOAD aveEepehvntal.

To web avfkel otV Katnyopio T@V HEYGA®V OIKTO®V HE TOADTAOKN TOTOAOYid
Kol ooppovo pe toug [LG99] 10 1999 eixe péyebog mepimov 800 ekatoppvpla
kopupovg, evd otv [GLO2] avaeépetar 6Tt Tov IovAo tov 2000 mepieiye mepinov 2.1
doekatoppplo kOpPovg ko to defpovdpio tov 2002 meprosodTEPOLS OO 6
dtoekatoppvplo kKOpPovg. Xty idwa epyacio avapépetal 6Tt o puOuds pe tov omoio
véec oeloeg mpootifeviar oto web eivar mepimov 7.3 exatoppdplo kédbe muépa
(BéPorar apkeTég amd TIc NON LAAPYOLGES TPOTOTOLOVVTOL 1] KO KOTAPYOHVTOL).

Ta 300 mo TAVE YopaKTNPIoTIKE Tov wWeb, to péyebog kat o peydrlog pvOudg

avamtuéng Tov, €ivol amd TO WO WPEYAAN TPOPANUOTO TOL GLVOVTE Kovels Otav
BeAnoetl va LELETNGEL TO TOAVTAOKO LTO SIKTVO.
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®ryovpa 1.1: To diktvo Tov Internet (1998, [CBIS])

1.2.2 TI'pagor kon web

Onwg €ldape mponyovpévmg 1o web elvar éva peydho Kot ToAOTAOKO dikTvo. XTal
HaOMUOTIKA TNV VVvolo TOL OIKTOOV TOAAEG POPEG TN MEAETOVUE HE pio Lo UOTIK
ovtotnTa Tov ovopdletol ypaeog (graph). ‘Evag ypaeog G amoteAeitor amd kOpPovg
(nodes) kot axpég (edges). Otav, emumAiéov, ol OKUEC TOL YPAPOL £YOVV Kol
KkatevBivoelg tote 0 Ypapog Aéyetar katevBuvopevog (directed). Xtn eryovpa 1.2
eatvetal évag kotevfuvopevog ypdeog pe S kOpPous kot 5 akpéc.

H évvola tov ypdeov otn peAétn tov web maipvel v avtovontn epunveio: ot
KOpPotl va givar o1 web oelideg kot ot akpéc va givon Ta links. Av Aodv 1 ceAida A
nepiéyet éva link mpog 1 celida B 10Te 01O pmopolpe vo TO OMEIKOVIGOLUE OTN)
oryovpa 1.3. Ze avt ™ eryovpa 10 BELOG ONAdveL 0TI N axpn givorl KatevBuvouevn
mov onupaivel 6Tt omd T ceAida A emtpéneton va petafd ot oeAida B (oyt dpwg to
avtiotpo@o)'. Oa dovpe Kol TO KAT® OTL Yo TN GEAda A To cvykekpuévo link
ovopdletor kou out-link (éEw-link) o16TL e&épyeton amd6 v A, eved ywoo v B

" ootk av 1 akpn Sev £ivol KATEVOVVOUEVT ETLTPETETOL KOL 1] OVTIGTPOPT TOPELQL.
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ovopdleton in-link (péoa-link) ST eoépyeton oe avti. Emiong, oe éva
KatevBuvopevo ypaeo opifovpe to povomdtt and to A oto B va givon n dtadoykn
CEPA TOV KATEVBVVOUEVOV OKUMV TOL 001 YoVV amtd Tov koo A otov kopupo B. T
mopdadetypa ot eryovpa 1.2 1o povormdrtt 3,1,2,5,4 odnyel amd tov xouPo 3 otov
kOpupo 4 péom tov Katevuvopevov akpov (3,1), (1,2), (2,5), (5.,4).

®ryovpa 1.2: 'Evag kotevbuvopevog ypdeog pe S kopPoug kot 5 akpég

ﬁ.\_/—. |

®ryovpa 1.3: Mio KatevBuvopevn axun

‘Evag dtapopetikdc tpdémog vo amewoviCovpe ypaoovg, o omoiog eival moAD
YPNOWOG 1O104TEPOL GTNV OVOTAPACTACT] TOVG OE VLIOAOYIOTEG, €ivan o Ilivakog
I'srtovikav KopPov (Adjacency Matrix) [AII93]. O mivakag avtdg amotereiton and 0
kot 1, kot yio éva ypago pe k£ koppoug 1 didotacn tov gival k x k. 'Eva otoyygio tov
wivaxo yertovikov kopPov A, Ali, j] (i, j=1,2,...k) elvar 0 av dev vmdpyel axun
petalld tov 1 ko j, evad stvor 1 av vmdpyet. T'a mapddetypo o Tivakog YEITOVIK®OV
KOUPOV Y10 TO YpApo ¢ ryovpag 1.2 paivetal otn @ryovpa 1.4.

01100
1 0 0 01
1 0 0 01
0 00 011
01110

®ryovpa 1.4: O ITivaxag [Nertovikddv KopuPwv yia 1o ypdeo e eryodpag 1.2
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Emneon to web elvar éva peydio kot moldmioko diktvo to 1010 cuuPaiverl kot pe
10 Ypapo tov. O Ypapog Tov web &ival TepAcTIOC, LEYOADVEL pe paydaio puOud Kot
EMMAEOV 1) OOONKEVOT OALL KOt 1| OAYOPIOUKTY HETOYEIPIGT] TOV OO VTOAOYIOTEG
elvar moAv dvokoAo va emitevybel. Ag @aviactovpe kol Uovo TPAEElS pe mivokeg
draotdoemv 10° x 10° mov vmohoyileton 6Tt ivon 1 TéEN peyéBovg Tov web!

1.2.3 Crawlers ko1 web

Onwg eldape, yoo vo peAetnoel Kavelg to web mpémel vor HEAETNOEL OAOKANPO TO
vYphpo Tov, TPAYUa TO omoio gival adVVATO, S10TL O YPAPOg AVTOHS EVOL TPOUAKTIKA
LEYOAOC Kat poydaior ovEavOpeVOc” . AkOpo Opmc Kot eGv KatopOdVape Vo Tov
cvAAéEovpe, maA Ba cuvavtovoape TPOPANUE otV AmOBNKELOT Kol GTNV
alyoplOikn petayeipior| tov.

AoV, Aomdv, sivor akatopbmTto va cuALEEovpe OAOKANPO TO YPAPo Tov web
npoonafovpe vo GLAAEEOoLUE peydAa koppdtioe tov. H pébodoc pe v omoia
cvALéyovpe koppdtio tov web ovopdleton crawling. H pébodog avtr viomoteitat amod
€101KA TPOYPALLOTO T OTtole £Y0VV dtdpopa ovopata, OTmg crawlers, spiders, robots,
harvesters, cuvijfme OO amokalovvtot robots 1 crawlers’. Otav ypnoonolodpE
éva t€to10 TPoypappe avtd mov yivetar eivar va Egkvovpe tov crawler amd kdmoo
ceMoa tov web (amd pio agenpio ONAAOT) Kot Vo TOV a@nVOLpE Vo eEEPEVLVNGEL TO
web cvAAéyovtag mAnpogopieg Yoo KaBe cerida mov emokémntetar. ‘Evag crawler
ocuvnbog Eekvd and v agetnpia kot tpaypatomotetl pio BFS avalnmon (Breadth
First Search — Avalrtmon katd ITAdtog (| katd enineda)) emokentopevos ta links
me agetnpiog (1° eninedo). Tt cvvéyeto emokéntetar OAa to. links TV ceMidwv Tov
deiyvovuv ta link g apempiag (2° eninedo) k.o.k. (BA. 5.2.1).

Ot crawlers otV mpoondfeld tovg vo GLALEEOLY wWeb pages cuvavtoHV dtapopa
npofAnuata. ‘Eva tpdpAnua eivor ta broken links. Broken links &ivat ta omacuéva-
avevepyd links, avtd onAadn mov Oeiyvouv ce 01€0BvVVON TOL dEV VIAPYEL T
[Ip6PAnua emiong dnuovpyovv ot KHKAOL Kot To adtEEoda amd ta omoia eivat YeHATo
t0 web. AAMAo mpOPANua elval 11 GOVOEST e TO OTKTVO TTOV TOAAEC POPEC deV €ivat
afomotn). AAlo mpoPAnuo  eivor or servers (e€umnpemnTéc) ©TOLG  OMOIOLG
@uAdocovtol ot web oeAidec. Ot servers cuviBwg 0eV KOVOTOLOUV OLTLLATO TAV®
amd £€va GUYKEKPLUEVO aplBUd Yoo Vo amo@OyovV TNV VIEPPOPTMOOT), TPAYLUN TOV
onuoiver 0t o crawler dev Ba pmopéoel moté va Kavel mepinato oe OAeg TG web
oeMOEC TOV CLYKEKPLUEVOL server, apa éva T tov web Ba petvel aveepevvnto
amd T0 CLYKEKPIUEVO crawler.

Ot o whve AdYot givor Kamolot amd Tovg omoiovg cOpewva pe Toug [GLO2] elvat
dvokoro vo cvAAEEEL kavelg Tepiocdtepeg amd 300 ekatoppdpla web pages to pnva.
Kot emmAéov, agod to web aAddlel cuvéyetla, avtd mov HBa £yxel GLAAEEEL KATO10G dEV

? Evdlagépov sivar o project “Internet Archive” (http://www.archive.org) 610 omoio omofnkeveToL Eva
peyélo Koppdtt Tov web 4ivoviag g omolovonmote T duvatodtnta va Eyel TPOSPAcT GE OTOLUINTOTE
TAnpoeopia Tov web dnmg NTav amodnkevpévn kdmota otrypn oto maperdov (1996 - ).

‘H AEEN crawl éyel d1Gpopeg epunveieg mov oyetiCovtar pe kivinon, Kot 1 eppunveio mov touptalel oty
nepintoon pog eivar “mepinmatog”. ‘Evag crawler Aowmdév ota EMAnviké 0o pmopodoe va ovopactel
“repuatntg’. Xg OAEG TIC UETAPPACEIS TMV AYYAMKAV OpmOV GE OLTH TNV €pyacia ¥pNoLonomonkay
ta A&kt [Hor89] wat [SH8S].
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Ba etvor TpayHaTIKA v KOUIATL OAOVL TOL YPAPOL GE i dEGOUEVT XPOVIKT CTUYUN
aAAd B poldlel cav Tig ekdveg oL Taipvovpe amd tao. paviap (radar scan) yuo To
YPOVIKO dtdotnuo tov crawling. BAémovpe Aomdv mO6Go dVGKOAO €lvar Ak Kot Vo
OLAAEEEL Kavelg peydlo TUpaTo Tov web ypaeov.

O mo mhve mepropiopds Tov 300 ekatoppvpiov ceAidwv 1o unvo pog divet Eva
péyebog tov Tl Bewpode AVTIMIPOCOTEVTIKO KOUPATL TOL wWeb v €moyn mov
yphotnke vt n dwtpPn (Aek. 2003). ‘Etot, o1 peréteg mave 6to web Kol 1o Ypapo
oV mepLopilovtal cLVNOMG 0€ KOUUATIO TOV OV TO PEYENOG TOLG KvpaiveTol omd
UEPIKL EKOTOUUOPLO LEYPL LEPIKES EKATOVTAOES EKUTOUUOPLO. GEAIDEC.

To 011 amogocicape vo HEAETAUE TUNUOTO TOL YPAQPOL TOL web avti Y
0AOKANPO TO YPpApo £kove o €0KOAO TO TPOPANUA, dTw OUMG Ba dovpe TOPAKATM
VILAPYOVY Kot AALEG OLGKOAIEG, O1 omoieg avtn ™ Qopd oyetilovtol pe ™ EOUoN TOLv
TOAOTAOKOVL LTOV SIKTHOV, LE TOV TPOTO OMNANON oV £yl dnpuovpyndel, Kot pe v
TomoAoYia TOL.

1.2.4 H dop tov web ypagov

Eidape 6t1 T0 web givar éva peydio diktvo pe moAvmAokn tomoioyia. Tétowa diktva
TEPLYPAPTNKAY Y10 TPMTN popd omd TN Bempia twv Tvyoiwy ypdewv (random graphs)
tov Erdés kot Renyi (ER). Zoppova pe v mo nave Beswpia, av vrobécovue Ot
&xovope N woOpPovg ko cvvdéovpe (evyn omd avtodg pe mbavomnta p, TOTE 1

Lk

mhavotTa £voc KOpPog va £xel k axpég etvan pio katavoun Poisson P(k)=e Y

énou%:N[ jpk(l—p)N_l_k.

H Bewpia ER mpotdbnke to 1959, moArd mpwv dnpiovpynbei 1o Internet kou to
web. Tote dev vmnpyav dedopévo amd peYdAo Kol TOAVTAOKO OiKTLA YO VO
dokpaotel n Bewpio, omdte M euedavion tov web kol tev crawler €dwoe
duvaTdTNTO VO GLAAEYOUV pEYEAN TUHOTO TOL Web Kot Vo SOKIHLOGTOOV GTNV Lo
nhvo Bewpia.

Ao T0VG TPAOTOLG OV peAéToOV Eva “peydAo” Tunuo tov web ftav ot Broder
et al. [BKM'00]. Avtoi emaiifsvoav mponyovueveg petpiosic [BA99], [KKR99]
mov €heyav OTL 0 YPAPOg Tov Web £yl TNV W10TNTA: 01 GVVIECELS TOV AKUMV TOL VO,
akoAovBoHV Katavour power law”.

Mia katovoun Aéue 0Tt elvarl power law av ywo v toyaio petafinm X ioyvet
1
Pr[X =k]~ T O6mov a mpaypaTikodg aplduog kot k£ éva owdotnua. H power law

Katovopun Aéyetatl kopd @opd kot zipfian, OpmG ot dV0 AVTEG KATAVOUES OLOLPEPOLV.
H pev zipf elvar avtiotpoen molvwvoukn e tééng (rank) eved n power law tov
peyéBoug (magnitude). Ot wo mhve Katavopuég AEyovTal Kot Kotavopuég pe faptd ovpd
(heavy tail) 61011 0ev ehatt@vovTOL PE €KOETIKO PLOUO AALG e TOAVOVLLUKO. AVTEG

eivan e01kég mepumtdoelg g Kotavoune Pr[X > x]=k"x"*L(x), 6mov k Oetiog

* Ipdrot mov Topatipnoay tTotovg vopovg oto Internet fitav ot Faloutsos et al. [FFF99].
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mpaypatikodg kot L(x) pio apyd petafoaAilopevn cuvéptnon (lim%:U. INa
t—© X

Pr[X > x]=k"x™ éyovpe v xotavoun Pareto, n omoia givor n yevikny mepintmon
TOV KATOVOU®MV power law kou zipf.

X oryovpa 1.5 BAémovpe v power law katoavourn mwov akoAovBel Eva Tunqua
TOV Ypaeov Tov wWeb yia Tov aptBpud Tov in-link (in-degree).
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Liegarithm of in-degrea

®ryovpa 1.5: Katavopr| in-degree yio. 1o web [BCSV02]

O apBuog twv link mov mepiéyel pion web oelida ovoudleton out-degree (£Ew-
Babpdc) avtg g oeMOGg Kol pOvEPMVEL TOGES KATEVOVVOUEVES OKILES PELYOLV EEM
amo avtv. Avtictoya o apBuds Tov link Tov deiyvouv o€ pio oedida ovoudleton in-
degree (péoa-fabuog) kot pavepmdvel TOGEG KATELOLVOUEVEG AKUES TOV Web Ypapov
odnyovv mpog avtv. ['a mapdderypa otn eryovpa 1.2 o kéuPog 5 €xet out-degree = 2
ka1 in-degree = 1, evd o kOpuPog 4 €xet out-degree = 0 ko in-degree = 1.

Amd ™ ypoekn mopdotacn g @lryovpos 1.5 moapatnpodpe 01t o1 o TOAAEG
oeMdeg €yovv pkpd in-degree, Opmg eivor apkeTéG oeAidec pe peydro in-degree. To
O TAVO glval YOPUKTNPIOTIKO TV power law Katavou®v, 01Tt VTEG O KOTOVOLES
€xovv kP 0AAG onpoavtikn) mlavotnTo amdKAong and ™ péon tiur. ‘Etol, evod o
pécog in-degree Tov web ypapov gival yopm cto 8 vdpyet onpoavtikny milbavotnta pio
oeMida va éxet .y, 1000 in-links’.

Ao To O TAVE TOPATNPOVUE OTL 1] TaPadOGlakT Bewpia TV TVYOI®V YPAPOV
(ER) dev e&nyel to yphpo tov web, d16tt  ER mpoPAénel Poisson katavoun evd oto

> Kat o péoog out-degree givat yopm 610 8, 0pol ke Ak GUVEIGREPEL IGOSHVOLLOL GTO GUVOALKO Out-
Kot 670 Guvolkod in-degree.
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web mapoatnpeitar power law katavour. Avtd onuaiver 6t o ypdoog tov web dev
elvan Tuyaiog (dev etvar otaTIoTIKA OpOYEVIG OTTwg TpoPAémel ) ER), 1 pe dAda Adywa
t0 web Ogv gival pia tuyaio kotackevn. EGv o web ypdepog ntav tuyaiog tote KGO
KOpPoc tov Ba giye oxeddv Tov 1010 OPlBUd aKU®OV Kol 1 cLXVOTNTO TOV VYNAL
CLVEKTIKOV KOUPwV Oa petmvotav ekbetikd. Avtibeta, to web eivar éva diktvo ywpig
KMpoxa (scale free) mov onuaivel 6t dev givor opoyeveég N aAMOC, OTwg AENE, EYEL
fractal dour). Avti 1N GLUTEPIPOPA TOL Web GLVOVTIETOL Kol 6€ GAAD PLGIKE dikTval
OO OTOVG VELPDVES TOV EYKEPAAOD KOl GTOL OTKOVOUIKOKOIVOVIKA diKTua, Kol efvat
N otio Tov Kével SVOKOAN TN GLALOYY HEYOA®MV KOUUATI®OV TOL. Ag dovue yioti
yivetan avTo.

Ot Broder et al. [BKM00] ekté¢ omd Tovg power laws mapatipnoay akopo ot
10 90% Tov web® oynuartilel pia cvvektuei cuvictdoa’ M omoia ywpiletan ot 4
koppdtia. To mpdTo Koppdtt glvar o Kevipikdg mupnvos tov web. Xe avtdv OAeg ot
GEMOEG UTOPOLV V. TPOCEYYIOTOVV M piol pe v GAAN (eite amevbeiog site péow
TPtV GEAID®V TOV OVIIKOLV GTOV TUPNVA). AVTO TO KOUUATL ovopdletat yryavTioio
woyvpa ocvvektikn ovviotdco (SCC — Strongly Connected Component). To dgbtepo
kot to tpito Koppdtt ovopdlovtar IN ko OUT. To IN amoteheiton and ceridec mov
pmopovv va mpoceyyicovv v SCC aArd Oyt 10 avtioTpopo, ONA. GeEMOEG amd TV
SCC d¢ pmopotv va gtdcovv ceridec Tov IN. To OUT oamoteleital and celidec mov
npoceyyilovror amd v SCC ywpic 6pwg vo cvuPaivel to avtiotpopo. To tétapto
koppdtt amotereiton amd toug TENDRILLS (devopitec) wat mepiéyel oeridec mov
glval amopovopéveg, OnA. ovte umopovv vo Tpoceyyicovy v SCC aAAid obTE Kat va
Tpoceyylotovy and ovtv. To vmoéiouro tunue tov web amoteAeiton amd AGANEG
GUVIOTAOCEG MOV OE GLVOLOVIOL UETOED TOVG KOL  LIAPYOVV  OTTOUOVOUEVEG
(disconnected components). Ztn ¢@tyovpo 1.6 PAémovpe ™ popen tov web kot ta
KOUUATIOL TOV TO OMOTEAOVV.

tEvapiTh:

o5 %

ONOPOYPEYES TUITTOTES

SCC=BE, IN=44, OUT =44, GevEpites ouvorkd=44,
onopovmpEves TuagToTzc=17 [Apbpol oz skaToppopo osdides]

®ryovpa 1.6: Makpookomikn dopr tov web ypapov

% O1 mopaTpHoELS TOVG Eytvay Gg TUAKE TOV Web Kat PETd YeVikenoay Ta omoTeAEGHOT Yl OAOKANPO
t0 web.

7 SOVEKTIKT GUVIGTOGA EVOS KOTEVOVVOLLEVOD YPAPOD Eivor TO THNLOL EKEIVO TOV YPAPOL GTO OTOT0 Yia
KkG0e KOUPo ToV VITAPYEL Kat £va KATEVOVVOLEVO LOVOTIATL TTPOG 00100 TOTE AAAO KOLPO TOV.
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H mo nave eryovpa éxet ™ popen tov moamtydv Kot yu avtd otn Piproypoeio
ovopdleton kou bow-tie. Ov Dill et al. [DKM'02] Seiyvouv 611 10 web omnv
TPAYHOTIKOTNTO TTEPEXEL TOAAQ TéTOl. bow-ties ov ywpiocovpe 10 YpAPo o€
VIOYPAPOVG G TPOG GEMOES e 1010 TTEPLEYOUEVO, 1| WG TPOG GEMOEG OV PBpickovTan
oToV 1010 server | ®¢ TPOG GeAldEG OV PpioKovial otV 1010 YEWYPOPIKN TEPLOYN
(ovumeprpopd dnAadn kaboapd fractal).

Onwg meprypapovy ot Broder et al. [BKM'00] otV epyacia tovg: “...kotd pio
évvola 10 web gival cav €vag TOADTAOKOG OPYOVIGUOS GTOV OTTO10 1| TOTIKY OOUY| GE
HiKpookomikn kApoako potdlel pe to Prodoyikd kdtTopo, oAAG 1 OAN TOL E1KOVA
QOVEPMOVEL EVOLAPEPOVTO LOPPOAOYIKA oToyein (copa, akpo) ta omoia dgv givol
TPOPAVY GE WKPOCGKOTIKO EMIMEDO (TOmIKA ONAad”)). [V avtd evd givor EAKVoTIKO Vo
e€dyel Kovelc CLUTEPAGHOTO Y10 T OOUN TOL web ypheov £xovtag PEAETHOEL pia
TOMIKN TOV €KOVa, TETOW ovumepdcopota umopel vo eivor mopamioavntikd”. H
TPONYOVUEV] TTopaTiPNoN oG Aéel 6Tl évag crawler 660 kot va gpyoactel Kot 6GO
“neyddo” tunmua tov web kot va “mepratnoel” Ba €xel eEepevuvnoel éva TOTIKO
KOUUATL Tov web oamd 1o omoio ta cuumepdcpate Tov Umopovv va Byovv OTov
YEVIKELTOOV Y100 OA0 TO Ypao {omg Kor va punv eivolr cwotd. EmumAéov, amd
Qryovpa 1.6 mopatnpodpe OTL avaAdYmG TNV TEPLoyn Tov Ba Eekiviicovpe tov crawler
Ba €yovpe ko 10 avtiotoryo omotélecpa. o mapdadsrypo ov n aeetnpic Tov
Bpioketatl oTIG LN GUVEKTIKEG CUVIOTMOGEG TOTE éval TOAD LIKPO PEPOS Tov web Oa
eEepevvnoovpe. Akoun, av n apetnpio Ppioketonr oto OUT tpuqua tote povo éva
pépog tov OUT Ba pumopovpe va e&epeuvnicovpe (apov ard to OUT de pnopovue va
npoceyyicovpe to SCC) k.0.k. EmmAéov, dev eipaote og Béon mavta va yvopilovpe
O€ TO KOUUATL OVIKEL 1] apeTNpiat omd TNV omoia EgKvovpe Tov crawler.

BAémovpe, Aowmdv, 611 1 pOon tov web kot 1 ToroAoyio TOL Hog SOVGKOAEVEL Kot
va GVAAEEOLLE €va pEYAAO TU TOL Web aAAd Kot va BYGAOVE GUUTEPAGLOTO Yo
OA0 T0 web amd To TUN O TOL GUAAEEALLE.

1.3 H Agvypoatoinyiao oto web

Eidape 6Tt 1 perétn oldkAnpov 1 okdpo Kot peydAov pépovg tov web kot tov
vYpépov Tov givor SVoKOAN Kot TpofAnuotiky). Mia Adon o€ avtd 10 TpdPAnpa givar,
avTi vo, KGvoupe eEQVTANTIKY] GUAAOYN HEYAA®V TUNUAT®V TOV Web, va avartuéovue
TEYVIKEG OetypaTtoAyiag e Tic omoieg Bo pmopoe Vo TOIPVOLE OVTITPOCMOTEVTIK
oetypotd tov. Ta delypota avtd Bo amotedovvion amd web celideg kot OEAovpe va
umopovyv e0KoAa va avamopayfovv amd omolovonmote embupel vo emavoAdPel T
derypotoAnyia (mpdyua to omoio givor dvokoAo va cvuPel omv mepimtwon mov
palebovpe peydo tunuato tov web pe crawlers). EmimAéov, 6éhovpe ta detypota
avtd va givor opoldpopea, oniladn kdbe web cerida va Exel v 010 mBavoTTO VOL
OLUUETEYEL 6TO Ogtypa. AvoTuydg Opmg dev €xel avakoAlveOel puéypt oTrypng Kopio
TETOL0 TEYVIKN OEYHOTOANYIAG, O10TL TOPAUEVEL avOLYTO TPOPANUO TO TOS UTOPEl va
emié€erl kamorog pio Tuyaio (uniformly at random) ceAida oto web. Av vanpye té€toa
puébodog tote emavorapPavovtdg v Ba umopovoape va dnpovpyncovpe Eva
opotopopPo detypo amd web cedideg Kot piAota 660 peydio BEhovpe.

Ot peretntég tov web €yovv aoyoinBel mdpa moAd To TeAevTaio YpoOVIQL pe TO

TPOPANUA TNG OUOLONOPPNG dEYHaTOANYiag Tov web ypapov [LG99], [HHMNOO],
[BBC'00], [RPLGO1] kot 6 yevikég ypoppés vdapyovy dvo mpoceyyiceg. H mpdtn
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npocéyyion sivar avth Tov Tvyaiov mEpuTdTon® (random walk). Topewva pe avTHY
extelOLUE TUYaio TEepimato oto Ypdpo Tov web kot dtav o mepimatog EBAcEl e
KATOVOU 160ppoTiag amd ekel kol mépa 1 OstypatoAnyio yivetar pe ovt v
katavoun. H amotedespatikdtnto avtig TG TeXVIKNG TeplopileTal, Kupimg amd v
W0TEPHTNTA KO TNV TOAVTAOKT O TOL Web ypagov.

Toupavo pe T devtepn mpootyyon’ (IP Sampling) emtAéyovron oty toyn IP
dtevBuvoelg Kot eléyyovton v avtég eraocevovy / eEummpetovv (host) éva web site.
Web site givar pio cuAloy"| amd web ceAideg o1 0moieg SIKTVMOVOVTAL LE TETOLO TPOTO
(MOOTE VO ATOTEAOVV OHAON LE GLYKEKPIUEVO TANpoPoplakd ovtikeipevo [wep]. H
apykn ceAido evog website, avty oniodn yOpw omd TNV Omoio. OPyovVMVOVTOL Ol
Bepatikég evotteg Tov avtikelpévoy, cvvnbwg ovopdaleton home page Kot mOAAEG
QOpEC M TPOSPacn o oVt vt €vag E0KOAOG TPOTOS Yo va TAonyN0el Kavelg 6To
web site. Eav o host yio ™ ovykekpiévn IP dievbuvon mov ehéyyetan eummpetet
Kkdmolo web site, tote N teYVIKN TpocTadEl va TAPEL OpOOHOPPO dEtyaTo GEMOWV
amd 10 cvykekpiuévo web site. O mo oNUOVTIKOG TEPLOPIGUOS OVTNG TS HeBddov
elvar 10 011 dev €xel Ppebel wovomomTiKOg TPOTOG Yo OLOIOHOPPT deryHaTOANYio
web ceMdwv and Eva web site edv Kamolog dev dtabétel pia avaAvTikn AMlota pe Tig
web oehideg mov mepi€yovtar oe avtd. o vo dnuiovpynbel pion téro Alota
ypedletar va datpéEovpe OA0 To web site yuo va Bpovpe Oheg Tig web ceAidec mov
nepiéyet. Katt téroto opwg Ba pag odnyovoe Eava oto mpdPfAnpa pe tovg crawlers,
yw 10 omoio &ywve Adyoc mo mpwv. I' avtd to AdYyo OéAovpe va KAvovue
detypatoAnyia ympic v vmapén piog térolag Aiotog.

g outn TV epyocio acyolovpaote pe T devtepn tpocéyyion (IP Sampling) ko
UEAETOVUE TTMOG £ivan SOLVATOV VO EPOPLOCTEL N LEBODOOG Y10 GUYKEKPIUEVA VITOGVVOAL.
tov Internet. Tig 800 mo whvm uebddovg Oa t1g dodue avarvtikdtepa 670 2° KEPAAaALo
o610 onoio Ba meprypdyovpe o PacIKA YopaKINPIOTIKA TOvg poll pe pio avadpoun
ot BipAoypapia.

1.4 Emiloyog

Xe autd TO KEPAANLO €ldapE OTL TO TPOPANUO TG HEAETNG TOV Web Kot Tov YPBapov
TOV givol SLGKOAO Y10 TOVG £ENG AOYOVG:

e O web ypapog éxet ToA peydio péyebog pe amotérecpa va vapyel SuckoAia
otV amobnkevon Kot adyopOukn petayeipion tov and H/Y.

e O vynidc puBudc avantuéng tov web €yl cav amoTéEAEGHLO KOTE TN SLdpKELd
NG GLAAOYNG TV dedopEVMV Ta 1010 T dedopéva vo aALGlovv.

e Ta mpoypdppata cuArloyng (crawlers) tov web ypdeov cuvavtovv duckoAieg
amtd 10 1010 10 dIKTLO KO TIG VINPETIES TOL.

e H tomoAioyia tov web eivar tétoln dote va emrpénel otovg crawlers poévo
tomikn e&epedivnon tov.

¥ BAéne keg. 2
? BAéne keo. 2, 3
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Mia mpocéyyion ot1o mo mwhveo mpoPAnue eivor vty ™G detypatoAnyiog.
Yrapyovv 2 péBodot yua derypotoAnyio oto web:

e Random Walks. Zg avti ™ pébodo extehovpe Toyaiovg mepItaTong 6to web
KoL amtd TIG GEAMOES TTOV EMOKENTOUAOTE EKAEYOVLLE TO OElyLLaL.

e [P Sampling. Xe avt) ™ pébodo dokudlovpe toyxaio IP ko eréyyovue av
Bpiokovtor web sites micw amd avtd.

O1 dvo mo mave péBodot de Avouv tedeims To TPOPANUO TNG deryLaToAnyiog
TV web ceAidmv, J10TL Yoo TNV TPOTN N AYVEOOTN QOGN KOl 1 TOAVTAOKN
OTH®O™ TOL Web OpovV TEPLOPIGTIKA, EVM Yia TN deVTEPT OeV Exel Ppebel TpdmOG
opoopopeng  derypatonyiog ywoo web site. To mpdfAnuo, Aowwdv, 1Tng
derypotoAnyiog web celMdwv moapopével okKOpO avolytd Kol pio AVon Tov
ovpowvo pe v Henzinger [Hen03] Ba ntav “...va Bpebel pio teyvikn n omoia
amodedEYHEVOL VO TTapAYEL OpOOHopPo. Tuyoio deiypoto web ceMowv kot
eMIAEOV VO SOVAEVEL Kal 6TV TPA&n”.
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2 MEOOAOI AEII'MATOAHYIAX TOY WEB

210 TPONYOVUEVO KEPAANLO E10aLE OTL EVOG TPOTOC Y10 VO LEAETIICOVLE TO Web Kot TO
yphpo TOoL €lvar vo ypNOIULOTOMcoVUE TEXVIKEG OstypatoAnyiag (web sampling).
Einape, eniong, 011 vwapyovv 2 Pacukcéc péhodot web sampling, ot random walks o
1o IP sampling. Z& avtd 10 KePdAao Ba doOpE DG AEITOVPYOVV OVTEG Ol TEXVIKEG
Kévovtog pio avadpoun otn oxetikn Piproypagio. Enione, o dovue mowd eivon to
TAEOVEKTNLOTO KO TOL LELOVEKTALATO TOVG,.

2.1 Mé£0ooog dsrypatoinyiog pe random walks

2.1.1 Mapkoprovic Alvoideg'’

Ac vmoBéocovpe 0Tt €yovpe €va cOvoAo oamd S KaTOOTACES Kot £va mivako
mhavottwv P avlupeca ce avtég TG kotaotacels. O mivakag P €xel d100TAGELS
|S|x|S|, émov | S| elvar o apBudc tov Katactdoswv. Mio papkofiavi aAvcida
navo ota S, P eivan pio otoyootikn| dwdikacio couemva pe v omoio av X, eivor
N KATdoTOoN NG TN YPOVIKY| otiyun ¢, tote m mboavotnto perdfoong amd v
Katdotaon [ (Tn YPOVIKN oTiyun ¢) otnv Koatdotaon j (Ttn ypovikh otiyun t+1),
(i,j €S) va opiletar cav to otoyeio P, tov mivaka P. To B, dniadh givor n

deopevpévn mBavotnTa N aALGida omd TNV KOTAGTAOY [ TN YPOVIKN OTyun ¢
(X, =1i) va mder omv katdotacn j 1t ypovikn oty t+1 (X, =j). To

televtaio pnopei va ypagtel ke cav P, =Pr[X ., = j| X, =1].

Kdabe @opd m emduevn xotdotacn g oivoidog efaptdror uévo amd v
KOTAoTOON oTNV omoia 1 aAvcida Ppioketal (Tapovoa KOTAGTOOT) Kol Yl amd TIC
wponyovpeves. Avtdg givar o Adyog mov kapd eopd Aépe 6t M aAvcida Egxva To
mopeABov ™c. Aaupdvovtog avtd v’ oy, av yvopilovpe Tov mivako P kot v
KOTOVOT TNG apyIKNG Kotdotaons X, =i, tote eipoocte og B€on va yvopilovpue 6An
Vv axoAovdio TV KaTacTAGE®MV ThVm oTig onoieg Ba mael | oAvsida. Eoto g,(¢) n

mhavotTo N aAvcida va Ppioketal T ¥povikny otiyun ¢ oty xoatdotaon i (Vi).
Toéte, av 10 mAnBog OAwvV TtV Katactdcewv eivoar n, opilovue €va didvvoua

7" =(q",q\",....q\") 10 omoio 10 ovopdLovue S16VLGHO TOAVOTHTMY KOTAGTAGNG.

Ba Aépe OTL £val dtdvououa TOAVOTHTOV KOTACTAONG 7 €ival pio e06TOONG KoTovoun
(stationary distribution) ywo ) popxofiovy aAvcida av, 7 =7aP (ToALUTAUCIUGHOC
TVAK®OV).

Ouog Vi, j

Pr{X,, = JIPI[X, =4 .
PrX, = ] J
miady ¢ = ¢ P. Avtd pog emrpénet va modpe OTL Yo THY €VGTUON KOTOVOUN 70
(t+) (¢

=T

q;"P, = Pr[X, =i]Pt[X,,, = j| X, =i]= Pr[X, =]

i

™G popkofrovig aAvcidac Ba oyvel 0Tl 7w ). Avtd onuaiver 6Tt av pio
papkofiovi) aAvcido Bpicketon otV €06TOON KOTAVOUN TN XPOVIKT GTIYUN ¢, TOTE Oal
TOPOUEVEL GTNV 10100 KATAVOUT KOt Y10, OAES TIG VITOAOUTEG YPOVIKES OTIYLES.

10 IN296]
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2.1.2 Random walks ka1 Mapkofiavég Alvoiogg

Ac vrobécovpe Thpa OTL £ovpe éva cvvekTwed ypagpo'' G =(V,E), démov pe V
cuppoArilovpe T0 GHVOAO T®V KOPLPAOV TOL YPAPOL Kot pe E TO GUVOAO T®V OKU®OV
tov. 'Eotw 60110 G éxer n wopPovg (| V [Fn) xouw m akués (| £ |=m). 'Evoag random
walk (tuyaiog mepimotog / Pnpaticpoc) oto ypaeo G oe kdbe Pripo Tov emAEyel
Toyoio kol oomiBava tov emdpevo kKOpPo mov Ba emokepOel avapeco amd TOVG
veitoveg'” Tov kOpPov Tov I Ppioketat. Eotom hourdv évag random walk otov G pe
apetnpio Tov kOuPo v,. Kdnow otiypn) petd and “ypoévo” ¢ éotw 6Tt 0 random walk

Bpioketon otov kOpPo v, (o xpdvog otov random walk onuaiver moéca Prpoto Exovue
Kavet, m.y. xpdvog 0 onpaivel 6tL fprokdpacte otov v, dNA. kavéva Prpa, xpdvog 10

onpaiver 6Tt kKvape 10 Ppoto kot fprokdpacte ctov v, KAT.). Av o Baduoc' tov

kopPov v, etvon d(v, ), 10te K4be yeitovag Tov v, £xel ion mbavotnto va

awv,)
glval o emdpevog KOpuPog tov mepurdtov. Ot kopPor mov €xel emokepOel o random
walk pmopodv va ypagodv cav pic axorovbio v,,v,v,V,,.. N omoio akolovdia
elvar  plo papkofravy  oAvcida pe  mivoko — petdfacng P kot

1 .
] E
Pi' =1d(v, ),ow (i, J) oap o0 . 'Evag 1étorog random walk Aéyeton ko

0, aAMdG

papkofravog oott KaBe tov Prjna eivar avedptnto amd TO TPONYOVLEVO KOl
e€aptdTot LOvo amd TNV Tapovca. KATAoTooN.

Yopeova pe 6ca eimape yio g popkoflavég aivoideg, o random walk mov
gketdlovpe kGmote Ba préoel'? oe pio katovopn wwoppomiog 7. ALTH 1 KATOVOUN
ooppomiag kabopilet (Yo kaOe kOUPo) T0 Toc0oTd TV PnudTev Tov o random walk
Eooeye o kabe kopuPo. Emiong, xatd éva dALO TPOTO 1 KATOVOUR 1GOPPOTIOG oG
dtver v mBavémrTa va Bpovpe tov random walk cg éva opiopévo kOuPo petd amod
dmepo apBpd Pnudrov.

2.1.3 Random walks ka1 ogrypotoinyio 6to web

Av omnv mponyovpevn evotnrta 2.1.2 vrobésovpe 6tL 0 Yypagpog G givar 0 ypapog Tov
web kal Ta oovola V' ko E eivon avtiotoyo ot web celideg kou to links, totE
avtopato o random walk extedeiton oto web. Avtdc o random walk pmopel va pog
BonBnoet va mapovpe detypata tov web og eEng: Apov, dnwg gimape, o random walk
GLYKAIVEL oTNV Katavoun soppomiog amd exel Kot mEpa OTOEG GEMOES EMOKEMTETOL
Ba TIc emoKENTETAL P TNV KATOVOUT| avT]. AvTtd givor pia oAV KaAn WdTTa, d10TL
£€TGL UMOPOVUE VO EMOKENTONOOTE OeAdeg Tov web Pdoet piog ovykekpiuévng
KATOVOUNG, TPdyHa mov onpaivel 6Tt propovue vo kévovpe derypotoinyio tédve 6to

" "Evag ypaog (katevbuvopevog 1 pn) ovopdletar cuvektikde (connected) 6Tay Yol OmO0INTOTE
Cevydpt {x, y} S1000peTIKOV KOUP®OV TOV VILAPYEL LOVOTATL OO TO X GTO Y.

2 Ot yeitoveg evoc kOuPov eivan doot kopPor cuVSEovTan pe akcpéc pali Tov.

0 Badude evog kOuPov givar 0 apldpdg TOV YETOVIKGY TOL KOPP®V.

1 Oempovpe 6Tt N poapkoProvr aivcida mov eEetalovpe cLYKAVEL GE KoTovoun 16oppomtioc. Yapyovv
Kot popkoflavég alvoideg Tov 6 GLYKAIVOUV GE KATAVOUT 160PPOTioG (QVTEC OVOUALOVTOL TEPLOOIKEG
papkoPlovég aAvcideg).
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web Bdoel avTNg TG KATOVOUNG. AV T.Y. 1| KOTOVOUT 160ppoTiog lval opodpopen,
t6te 0 random walk Oa kd@vel opoldpopen derypatoinyio oto web.

2.2 Epyooieg oxetikd pe random walks kot web sampling

2TIC LTOEVOTNTEG TOL  OKOAOVOOLV TOPOVGIALOVIE KATOLES OVIUTPOCOTEVTIKEG
npoomdbeiec ypriong random walk ywo derypoatoAnyio 6to web mov Guvaviovue o
debvn Pphoypapio.

2.2.1 Métpnon g mo0TNTOS TOV Web KataAdyov pe
random walks

>mv epyoacsio [HHMN99] ypnowomotovvronr random walks yw va petpnBel n
ToTNTO TOV KAToAdYwV (index) mov vapyovy oto web. Ot katdAoyot sivol peydieg
GLALOYEG amd web pages, Tig omoieg Tig draxepilovion punyovég avalntmong (search
engines). Ot unyavéc avalnmong kdbe pépa e&epevvovv pe crawlers to web kot
amofnkevovy Tig 6elidec mov e€gpevvnoav oe katoAdyovs. ‘Evag amd toug Pactcoic
6TOYOVG TOAADV Unyavev ovoalnnong eivol vo Katohoyomomacovy 060 T0 duvaTov
HEYOADTEPO TU LA TOV Web, doTe 6T cuvE el eneEepyalOIEVES TOVG KATAAOGYOLS VL
UmopohV vo amavtohv € EPMTHHOTO TOV TOVG amevdvuvovy ot ypnotes. '’ avtd to
AOyo mohondtepa To péyeBog Tov katoAdyov mov diébete pion pnyxovh avalntnong
ATOTEAOVGE KO TO TPOTOPYIKO KPITAPLO TANPOTNTOS TEPIEXOUEVOL Yo avTv. Oumg,
T tehevtoio ypovia e T ovveyn €EEMEN TV aAdyopiBumv avalnmmong (adyodpBpog
PageRank) «xatavonnke m o&lo g mOWOTNTAG TOV OMOVINGE®V MOV OVTEC
EMGTPEPOLV KOl AUPIoPNTAONKE apKETE 0 OYKOG TOV KOTAAGY®V TOVG. X& QLT THV
gpyacio avadEKVOETOL TO O TAV® YEYOVOG UE T ypnor random walks.

‘Eocto 611 o¢ kéBe web cerida p avtiotoyel kot kdmowo Bapog (a&io) w(p), €Tt

woTte Z w(p)=1.Av S elvar éva ochvoro and cerideg (0 KOTAAOYOG), TOTE OpileToL M
p
nmowwtta 1 10 Papog tov S ocav 10 dBpowcpa TV PBapdv TV GEAOW®V TOL

nepEyoviar 6to S , A w(S) = Zw(p) (0<w(S) <.

peS

To Bépog mov avatédnke oe kdOe celida eivor pio cuvaptnon n omoio KATA
Kdmowo tpomo Bo dniaver v o&ia g oeAidag. Aniadn, av w(p,) > w(p,) tote
COUP®VO, LE TN cvvaptnomn Papovg mov deréape Ba Aépe 6TL N adia | N TowoOTNHTOL
™m¢ oeAdoc p, etvon peyaddtepn and avtiv e p,. Eoto topa o6t €govpe dvo
punyovég avalntnong ot omoieg ¥PNOLUOTOOVV TovG Kataidyovg S, kot S,. Av
vrofécovpe OTL 0 KOTAAOYOG TNG TPAOTNG TEPLEYETOL GTOV KATAAOYO TNG O0€VTEPNG
(S, = S,) tote 10 Bapoc tov S, Oa elvon peyorvtepo 1| ico and to avtictoyyo Tov S, .
Mmropei, Lowmdv, va optotel Kot 1 péon motdTNTo GEMO®V £vOg Katardyov a(S) cav
w(S)

S| etvarl to péyeboc tov katoAdyov).
H (] uéyebog Y

mv tocotnta a(s) =

INo va opiotel 1 mowdtnta evdg KotaAdyov Ba mpémel va Exovpe opicel Kot pia
ouVApPTNON Yo TV ToL0TNTA TOV Web elMowv. Avtd yivetal pe tov akdiovbo Tpomo.
Av gyovpe dVo oehideg p,, p, xou M p, &gl éva link mpog v p,, 10TE CWTO
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onpaivel 0TLn p, mpoteivel v p,, SMNAadn pe dAla Aoyl Evog TpOTOG LETPNONG TNG
mowTTag TS p, &tvol va petpnoovpe tov in-degree g H mo ndve wWéo elyxe

npotadel amd tovg Carriere et al. [CK97] kot pior moAd dMpo@iAng mopoiioyn g
elvar o alyopiBuog PageRank [BP98] otov omoio Paciletar n Aettovpyia TG punyavig
avalfinong Google”. Toppova pe tov mo miveo alydpipo to PageRank piog
ceMoag (n mowdtnTo piag oedidag) eivor vymAd edv mpoteivetal amd AALEC GEAMOES
mov &yovv kot ovtég vymid PageRank. EmmAéov, pio oceiida pe Alya links

GUVEICPEPEL TTO TTOAD PAPOG OTIG GEMOEG OV TTPOTEIVEL TOPE Hiot GEAIO LE TOAAA
links.

‘Eocto Aowmdv o611 £xovpe cuvolikd T celideg oto web kot €0t OTL 01 GEAdES
Dyse-s Pi OElgvoLV Tpog TV p . 'Ecto Tdpa 611 0 out-degree g p eivan C(p), 10t

1 " R(p,
o PageRank g oeAlidag opiletar va givoar o R(p) = d?+(l—d)2% (6mov
i1t L{P

ZR( p)=1xu d pia mapapetpog, 0 <d <1). O PageRank pmopei va e10wBel cav
p
pio cuvaptnon Papovg yia Tig GEMOEG.

O random walk mov ypnoiponoteital 6 avT TV EPYAcio KIVEITOL OVALESO OTIG
web celidec axolovbmvtog ta links. Otav o random walk mder and pio cerida oe
GAAN avtd Bewpeiton Eva Prua. Emedn ouwg vrdpyer kivovvog o random walk va
eyKAOPLoTel 08 KGO KVKAO 1 o€ KGmow adiEEndo'’, mepiotaoiakd ™G oe pio
toyoio oelida Tov web. Av Aowtov o random walk Bpicketor ot cehida p , T0TE pe

mhavotTo d oA o€ pia Tuyaio oeAida Tov web 1 pe mBavoétnta 1-d doAéyet Eva

véo link amd avtd mov deiyver n mapovoa cerida. O mo mhve random walk €yet
Katovoun wwoppomiog v R(p).

H mo mdve avédivon pog Aéet 0Tt Bempntikd pmopodue va. cuAAEyovue web
oeMogg e v Katovoun tov PageRank tovg. Onmg dpmg eiyope avaeépel Kot 61o
TPOTO KEPGAOL0, deV VILAPYEL pia HEBOSOG e TNV OToio VO UTOPOVUE VO EMAEYOVLE
web ceAidec e TVY0io Kot OPOIOHOPPO TPOTO. AV HTOPOVGE VO Yivel avTO TOTE OTOV
Ba epyotav n ®po o random walk va emdéEer pio tvyoaio cerida tov web Oa
umopoboe vo  yivel ovt M EMAOYN HE TLUYXAIO KOU OUOOHOPPO  TPOTO.
Eravolappdvovtag v mo mhve dadikacio moArés opég o random walk telikd Oa
émoupve éva Ostypo omd web oeAidec ot omoieg Bo MOV KOTOVEUNUEVEG OE OVTO
ocvpewva pe to PageRank toug.

‘Eva emimAéov mpofAnUo xpNOYOTOIOVTAG TNV 7o Tave HEBodo eivar otL m
apetnpioc Tov random walk ewodyer pio pepolnyio veép TV ceAidwv mov eival
woyvpd cvvdedepéveg (strongly connected) pe avtiv. H pepoAnyia avtn kot o Ereyydg
™G Ogv €lval YVOOTO MG UTOPOLV VO OVTILETOTIGTOOV (TT.). 0V gival Yvmwotd mdcsa
Pruota wpénet va kdver o random walk yuo vo eEaAetyel Ty wo v pepoinyio). H
Bewpia, ®otdco, twv random walk pog evmuepdvel 0Tl apkel KATO0G v KAVEL
random walk g éva pukpd aAhd VYNAG GUVEKTIKO VTOYPAPO TOL Web Yo va XEPLoTel
0 WPOPANUO TG pepoAnyiog TG apytkng ceAidag (VhpPYoVY YVOGTH OpLoL Yol TO

"> http://www.google.com
' To web eivon yepdro omd adiéEoda kar kokhovg. o mopaderypa, oty @ryovpa 1.2 1 dwdpopn
5,3,1,2,5 givar kbkhog evd o kopPog 4 eivol adiéEodo.
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noca Prpata yperdleton évag random walk 6e VYNAG GLVEKTIKO YPAPO TPOKEUEVOL
VO TACGEL GTNV KATAVOUN 100ppoTiag). Av, Yo Tapddelypa, o Ypagog Tov web ntav
Tnpng (. av kéBe cerida Tov web cuvdedTaV e OTOLONTOTE GAAAN), TOTE HOVO 2
Brnata Ba Tav apketd yioo va apopedel oxeddv OAN N pepoAnyia TG apeTnpiog.
Onwg, dpmg, eldape 610 kepdiaio 1 o ypheog tov web kdbe dAlo mapd TAnpng eiva.
Onorte eite Oa mpémet va meplopilovpe tov random walk otnv SCC tov web ypaeov 1
Ba mpémel va fpovpe Evav GAAo TPOTO va ADGOVLE TO TPOPAN U TG HEPOANWiaG.

BAémovpe 6tL 1 pepodnyio g apepiog Kot ) Toyaio emloyn piog ceAidog Tov
web eivar ta 000 mo onuaviikd wpoPAnfuate TG Mo TAve TEYVIKNG. Mia
mpoceyylotikn Avor Ba nTav o random walk avti va mod pe mbavotto d oe pia
Kovovpylo oeAido. Tov web va mod oe pio oeAida amd avTEC mov YL MOM
emokePBel, Tpdrypa to onoio dev eivar amoTeAeGUATIKG, OTMG £0E1EAV TO TEPALOTUIC
amoteléopato. Avii avtov emAéyetal tuyaio €vag host amd avtovg mov NoN €xet
emokepPel o random walk kot otn ocuvvéyewn emAéyetor Tuyoio pio amd TIg
avakaAlvebeiceg oeAideG TOL.

Tehikd, pe v mo mave texvikn emtvuyyavetor o random walk vo mpooeyyicet
mv katavoun PageRank. 'Eyovtag étor delypato cOpovo HE TN CLYKEKPLUEVN
KOTOVOUN UETPETOL 1] TOLOTNTO JLPOP®V KOTAAGY®V TTOL gppavifovtal 6To web and
NV EKTipNoM ¢ péong mototntag tov a(s).

2.2.2  Xyedov oporépopon devypatoinyio URL' pe
random walks'

2mnv wponyovuevn epapuoyn detypatoAnyiog pe random walk gidape 6tL vapyel To
TpOPANUA TG peponyiog. AVTO €xel GOV OMOTEALEGHO GEAIDEG KOVTA GTNV apeTnpio
vo emAéyovtal o ovyvd. H pepoinyia, opwme, smmiéov evepyel kot vrép twv
ceMdmv mov Ppiockovtar 6e VYNAL cuvekTikég cuvictwoes. 'Etot, évag random walk
telvel va emhéyel oeAideg mov eivar LYNAL cLVOEdENEVES HETOED TOVG TTaPE GEAIDES
oV €lval TO PTOYES G€ GLVOEGHOVS. AVTO, OUMG, £XEL OOV ATOTELECLA TO Oelypa va
unv givot opotdpopPo. Xe avt TV pyacio mpoteivetal pio Tpomomroinomn tov random
walk g vmogvotag 2.2.1 dote va ehattmbel Alyo 10 mo Tave TpdPAn L.

‘Eocto 611 Bétovpe tov random walk og Agttovpyio pe oxomd va poaléyoovue Eva
TU U0 Tov web kot ot cuvérelr o€ oVTO TO Ogiylo VO KOVOLUE OUOLOMOPPN
detypatonyio. H mbBavomra pio cedida X vo Bpicketor oto telkd detypa 1covton
pe v mbavotnta vo mpoomeloaotel (crawled) amd tov random walk emt v
mBovotnta va emideyBel oto detypa, ONA.:
Pr[ X oto delypa] = Pr[ X crawled]Pr[ X oto delypa | X crawled]

Mia mpocéyyion tov 000 pépovg ¢ 1ooTNTag PBpioketal g €ENg: Av o
random walk givat pokpig dote va £l OTAGEL GTNV KATAVOUT 100ppoTtiag, TOTE KOO
ceMdo X Ba déyeton emiokéyelg amd avtov avaroya pe to PageRank tg R(X),
0Tt M Katavoun tooppomiag tov random walk eivor avdAioyn tov PageRank. Av,
howmdv, L eivon 1o unrog tov random walk, t6te | mocdtta L- R(X) pag diver

"7 URL onpaivel Uniform Resource Locator kat eivar 1 emionun ovopasio tamv vaspovvdéoumy (RFC
1738 [RFC]).
'8 [HHMNO00]
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péon T tev  emokéyeov tov random walk ot oehida X, OmA.
E[apBudg emokéyewv oy X]= L-R(X). Apa, av katopbovape va Kédvovue 1n
detypatoAnyio tov koppatiod mov maipvovpe amd to random walk pe mBavotra
Pr[ X oto detypa | X crawled]  avtiotpdéemwg avaroyn tov  R(X), 1018 M

detypatoAnyia Bo minciale omv opoldpopen, €meldr] Pr[X oto deiypa] o ﬁ Me

avtd ToV TPOTO Bl EAATTOVOLE TN LeEpOANYia TG TPMTNG GEAIDOC.

To mpoPinua mov cuvavtovpe topa eivar TOg Bo Ppiokovpe to R(x) KOs

ceMdog kabag eEediooetal o random walk. [Ipoceyyiotikd prnopovpe vo fpovpe 1o
R(x) av vmoloyilovpe 10 KAAOUO TOV EQQOVIcEDV TNG 6EAdag X oto random walk
mpog 10 pnkog tov random walk ywo peydiovg mepindtovs. ‘Evag dAhog tpomog Ba
Ntav vo tpaypoatoro)covpe tov random walk kot amwd 1o yphepo mwov Oa mpokdyel va
vroloyiCovpe 10 PageRank xéBe wxopPov (ceAidag). Avtog eivar €vag tpdmog pe
TEPLGGOTEPO VTOAOYIOTIKO KOGTOG, O10TL amotteitor 1 amofrKevon kot aAyoptpuxn
petayeipion peydlmv mocottmv mAnpogopiag (6Aeg ol mpooneiacheiceg akpég Kot
ceMogg Ba pémet va amodnkevovton kot va eneEepyalovtan).

H mo mévo teyvikn mopdyel oxeddv opotdpopeo deiypato and web oelideg aAld
€xel TOVG €ENG TEPLOPIOUOVG: 1) O Umopel va. ePUPUOCTEL Y10 Ol KOAL GUVEKTIKESG
OLVIGTOGEG TOL Web (avtd eivar Eva yevikotepo TpoPAnua otovg random walks). ii)
enewdn o random walk kotd Kopovg mNOA oe Tvyaieg ceAdeg moOL Eyovv MO
TPOCoTELNOTEL, 0V €ivarl dLVATOV VO aVOKOADWEL GEADES OTIS Omoieg 00MNYOVUOGTE
pévo péca amd PeydAov UNKOVS LOVOTATLA. 1i1) GEAMOES e OLVOUIKO TEPIEXOEVO OEV
UTOpovV va TpocmelacTovV amd Tov random walk. Edd wpénetl va avaeépovpe 6Tt ot
ceMdeg pe duvopkd mepeyduevo eivor  pla kotnyopion web  ceMOwv  mov
onpovpyovvtal HoTePE amd CAANAETIOPACT TOL PN OTN HE GEAdec-pOpueg (forms).
Mo mopdostypa, n courAnpoon piog EOPUAG 1| N ATAVINOT GE £V EPOTNUATOAOYL0
umopel vo 00NYNOEL GE OLOPOPETIKOV TEPLEYOUEVOL GEAIDEG Ol OToleg OTIdYVOVTOL
eketvn v ®po Kol eivol TPOGOPUOGHEVES OTIC OMOVINGELS TOL YPNOTN. 1V) M
pepoAnyia dev e€apavifeton teleimg kot n agetnpio tov random walk ennpedlel v
mhavoTTOo. EUPAVIONG KAmolag GAANG celidag. To idto yiveron kou pe to Tvyoic
dApato Tov random walk og Tuyaieg oelideg mov £xovv NN TPOSTELACTEL KAVOVTOG
avTéG va eppavifovrol meplocdtepes popég amd 0,11 iowg Ba Empene. v) N TPocEyyion
OTL M péon TN Tev emokéyewv tov random walk ot ceAida X elvan L- R(X) dev
1GYVEL Y10 LEYAAOVG TTEPIMATOVG Ko Yoo oeAideg pe peydro Pabud PageRank. iv) dev
yvopilovpe moca Prpata mpénet va kavel o random walk yio va mpoceyyicetl apketd
TNV KOTAVOY| 1GOPPOTIOG.

2.2.3 IIpocéyyion a0poroTIKOV EPMOTNGEQV Yo web
oelideg pe random walks

Ot dvo mponyovueveg gpyociec ypnoponoinocav random walks kot mpav detypato
tov web oyeddv opotdpopea. Mio akdpo KAADTEPT TPOGEYYIOT| TNG OUOLOHOPPiaG
ota defypata onpedveto ot epyasio [BBC 00]. H apempia yio va yivel avtd ivat
N AVAYKN VO ATOVTOVUE GE EPOTILLOTO TOV APOPOLV UEYOAO UEPOC amd web ceAidec.
Térow epotpoto ovopdlovtal afpototikd epotiuata (aggregate queries) Ko givot
™G HOPENG: Ti MOGOGTO TV web CeAldwv TeAeldvVEL GE .com; WOGES GEAIDEG
Bpiokovion otov KatdAoyo pioG OLYKEKPIUEVNG MNYovnG avalntnong, K.AT.
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ATavTNGCELS OE TETOWNL EPMTNUATO UTOPOVUE VO, OMGOVE OV TAPOVLE OUOIOLOPPOL
detypota web oeMowv ko To EnegepyaoTOVLE.

Amo ™ Beswpio tov random walk eivor yvootd o0tt évoc random walk og éva
Kovovikd'? kot katevBuvopEvo Ypaeo pag Sivel éva oyedOv OpOLONOPPO detypa amd
kopPovg. Emedn, opwg, o ypapog tov web dev eivar ovte xatevBuvouevog ovte
Kavovikog, kabmg o random walk mov mpoteivetar e avt) TV gpyacio TPoywPA,
Katookevdlel évo “1davikd” ypdpo G o omoiog va eivor KOVOVIKOG Kot U
katevBovopevos. o kabe link, oniadn, mov axolovbeiton amd 1o random walk
npootifetatl oto ypdoo G £€va devtepo link pe avtiBetn katevBuvon, dote va propet
o random walk va axolovBncer kor v ovtiBetn mopeia (étor o G yiverar pn
KatevBuvopevog), Kot emmiéov av d elvar o p€yiotog Pabuog Kopveng mov Exovpe
cuvavtn ol Tpootifetal o kaBe KOUPO Kol KaTdAANAOG aptBog akpdv Tov delyvouv
otov €0vtd ToVG (self loops) €161 dote KABe KOUPOg va €xet Tov 1do Pabud (étoro G
yivetar kavovikog). Emedn, emmAéov, o ypdpoc G mpémel va glvor KOl GUVEKTIKOG
Bempeitar 611 0 random walk kwveitar 6to SCC koppdtt tov web (Ko puokd pmopet
va umet ko oto OUT). Zopgpowva, Aomdv, pe 1o mo mwhve o ypaeog G eivan
OULVEKTIKOG, Kavovikog kat pun katevBovopevog, dpo o random walk otov G 6o
TANGLALEL GTNV OUOIOLOPPT] KATOVOUT).

O mo mave ypaeoc G eivor Wavikoc kot uoévo oe avtov o random walk Ba
mopdyet oxeddv opotopopea deiypoto. Otav o random walk yivetor otov Tpaypoatikd
YpG®o Tov Web dev VILAPYEL YVOOTN TEYVIKN 1] TPOTOG DGTE VO KAVOLLE OAO TO YPAPO
tov web ocuvvekTikd, kovovikd ko un kotevBouvopevo. o mopdoetypo, GLVEKTIKO
etvar pévo 10 SCC woppdtt tov web. Emiong, dev vmapyel amoTeAEGUOTIKN TEXVIKY
1o va Ppioket kaveic Tov in-degree™ kdde kOpBov (£tot dhote va voroyilet o Bodud
kéBe kopuPov). 'Evag tpdnog va mpoceyyilovpe tov in-degree eivar vo potdue Tig
unyavég avalntnong oxetikd pe to moca link delyvouvv og pio cuyKekpipévn ceMoal.
Opwg, akdpo Kot avtdc 0 TPOTOG EYEL TEPLOPICUOVE, O10TL Ol KATAAOYOL TV UNYOVDV
avalntnong oev elvor mANpelg oAhd kot S0TL 1 SdIKAGI0 TOV EPOTCEMV-
AMOVITNOE®V OO Kot TPOG TIG Unxavég avalnmmong yio Kabe kopfo mov cuvavtd o
random walk eivon ypovoPopa. EmumAéov, ot unyavég avalnmmong emoTpépouvv
nepopopévo apBpd amavioemv (m.y. 1000 anavinoelg) v kabe epdon, ondte
KOpPot pe peyaAvtepo in-degree amd KATO10 0p1o OV LITOPOLV VO EVIOTIGTOVV.

[Mopdra ta o TAve TPOPANHATE KOl TEPLOPICUOVS N LEBOSOS KOTAPEPVEL KOt
TAnclalel v ouoldpopen OetypatoAnyioc web ceAMdwv Kot divel apKeTd KAAEC
TPOCEYYIOTIKESG OMOAVTIOELS GTO, TTLO TAVE® 0OPOLGTIKA EPMTI AT,

2.2.4 Xopmepaopoato oo osrypotoinyio pe random
walks

Eidape péypr otiyung 3 mpoomndOeiec opotOpopeng OSetypatoAnyiog tov web e
random walks. Yzmdpyovv, BéBata, kot dAdeg 6nwc m.y. m [RPLGO1] oty omoia
TPOTOTOOVVTAL Ol TEXVIKEG TV vroevot Ty 2.2.1, 2.2.2, 2.2.3, ondte Kol TAAL GTO
O0pto (ONA. Yoo TOAD PEYAAOVG TEPUTATOVS) TaipVOLLE GYEDOV OLOIOHOPPO. delypaTal
web celidwv (Tpdypa o omoio appiopnteitar otnv [Hen03]).

1 Evag ypaeog (1 katevBuvopevoc) eivar kavovikog eav kdde kopupog Tov éxet ov 1810 Badpd.
Avtifeta, o out-degree vroloyiletar moADd e0kola av e&dyovpe Ao ta links wov avaypdpovtotl GTov
html k®dKo TG oeMdAC.
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YuvonTikd, amd to o mwive OBa Aéyape 0t M uéBodog derypotoAnyiog web
oeAldwv pe random walks €xet:

ITAcovekTiuato:

AT oy 10€a néBodog pe kord Bepelopévo pobnpotico vrdfadpo. H apyn
¢ Paciletor oe pio otoyootikn dwdikacio (stochastic process) péow g
omoiog mopdyovtal Tuyoieg kataokevés (random generations) mov GTNV
nepintowon pog etvon deiypato and web oedides.

AVVATOTITO EQAPLOYHG TPOGEYYIOTIKGOV HeBdSwV (chyopiduwv)?.

MEeEOVEKTINOTO.:

H doun tov web ypaeov eivar téton wote povo oty SCC ocuvviotdoo va
pumopovv ot random walks va gkpetaAledoviol TANP®G TIG SLVATOTNTES TOVC.
Avto onpaivel 0Tt dev pmopel va epappoctel detypatoAnyio oe OA0 10 web
YPAPO TOPA LOVO GTIC KOAMG GUVEKTIKEG GUVICTMGES TOL (.. 0 random walk
Ogv PTAVEL TOTE GEAIDEG OTIS OMOIEG 00T YOVHAOTE PECH OO PEYAAOD U KOVG
povomdtia). Emiong, dev vmapyel a&iomotn péBodog mov v PETATPENEL TO
vYpbéipo Tov web 6€ GUVEKTIKO.

H peponyia mov eiodyeton and ) ceAdida apemnpiog Tov random walk, 6161t
onwg eimope dev €xel Ppebel tpoOTOC opodpopeng emioyng piog tuyoiog
oelidoc tov web. H pepolnyia eivar éviovn 1diwg yioo meployég tov web
yphoov pe vYNAN cvvektikdTTa. Mepoinyia, eniong, elcdyel N Tpocmddeio,
o random walk va amo@evyetl Toug KOKAOLS Kot To ad1EE0da amd To omoia glvan
yepdto to web.

Agv gival yvootdg o akpifrg aplnoc tov Pnudtomv mov TpENEL Vo EKTEAEGOVY
ot random walks Y10 vo. ¢TdGOUV GTNV KOTOVOUY| 1GOPPOTIOLG.

Ag yvopilovpe TOG PTOPOVUE IKOVOTOMTIKAE va vitoloyilovpe Tov in-degree
KkéBe web ceAidag Kot 00te VIAPYEL ASIOTIOTN TEYVIKT TOV VO SOVAEVEL GTNV
pdén ®ote o web ypheoc VO UETATPEMETOL GE KOVOVIKO KOl [N
Katevbouvopevo.

2 T éva survey Préme [Afr02].
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2.3  Mé£0ooog dstypatoinyiog pe IP

2.3.1 H pacucii Wéa®

Onwg eidape to web amoteAeital amd celideg ot omoieg cuvdéovTal HETAED TOVG LE
links. Eimaype, eniong, 01t pio cuAloyn amd web GeAidec OV SIKTVAOVOVTOL £TGL MOTE
VO OTOTEAOVV OUAO0 e CLUYKEKPLUEVO TANPOPOPLOKO avTikeipevo ovopaletor web
site [wep]. ZuvBwg, éva web site opyoavaovetar kdtom and éva URL 1o omoio 10
ovopdlovpe Pacikdé URL (base URL). T mapddetypa, to web site tov EBvikov
Metoofov TloAvteyveiov éxer base URL to http://www.ntua.gr . Ilopadeiypato
VIOKATOAOYOV Kol web ceAidmv mov avikovv oto idto web site (kot £xovv 10 1610
base URL) eivou Ta: http://www.ntua.gr/gr announce/index.shtm, http://www.ntua.gr/
doy/, http://www.ntua.gr/gr academics/index.htm. Zvvf0wc, to base URL mov eivat
Ko M apykn oeAida Tov web site ovopdaleton ko home page.

Youpova pe tovg [BCHROI] or web pages kou to web sites Oesmpovviat
GTOWEIDDEI Hovades (ot eminedo apopeticd)™ 6tav BEhovpe Vo PEAETAGOVUE TO
web. v mepintoon pog BéAovpe va maipvoovpe opotopopea deiypoto and web
pages, KTl Tov OTm¢ sidape pEpt TOpa dev gival Kot TG0 gvkoro. Mio dtapopetikn
mpocEyyon eivar n €ENG: Aoy kdbe web site amoteAieiton amd web pages, av
UTOPOLGAE Vo TapovpE €va Tuyaio dOstypo amd web sites 10te Oa giyope Ko Eva
detypo amd web pages. H mo mdvo teyvikn ovoudletal single stage cluster sampling
(cluster — ovoTddn) Kot COUEOVA LE OVTAY EXOVUE OVO HOVADES deryLATOANYiNG, TV
dpeon Kol TNV EUUEST). ZTNV TEPIMTOON Hag 1 AUEST povada gival to web site Ko M
éupeon n web page. ZOUQ®VO LLE OVTH TNV TEXVIKT TAIPVOLUE EVa OELYLaL TG GUEOTS
povaoag (web site) ko pio cvotada — oetypa (cluster sample) g Eupeonc povadog
(web page). Oa mpémet, dpa, va Ppebel pia teyvikn n omoia B mapdyst Tuvyaio
detypota amd web site. Av vanpye kdmowo AMoto OAwv Twv web server tote PHEGM
avtg Ba pmopovcape va madpovpe Eva deiypa omd web sites. Tétown Alota dpmg dev
VILAPYEL.

"Evag dAhog tpoOTOC mpocéyyiong tov mpoPAnuotog eivar o €€ng: ‘Eotow H 1o
oLVOAO OAwV TV web server mov vmdpyovv oto web. Av vmdpyel évag YvwoTdg
nAnBocpdg I mov va mepiéyel tov H (H < 1) 161€ SE1YHOTOANTTOVTOC GE OVTO TOV
TANBvoud pmopove va mhpovpe detypo omd tov dyvooto H kot dpa va Exovue €va
oetypo omd web servers kat dpa omd web sites. ‘Evag tétolog mAnbvopog I vrdpyet
Ko givar o IPv4 ydpog devbhveewv tov Internet.

2.3.2 O IPv4 yopog kat ot IP drev0vveserg

Xy ewooyoyn giyoue avagépet 0Tt to Internet eival 1 TEYVOAOYIKN TAATQOPLO TOL
web. XOppova pe ™ Oeopio diktowv [PDI6] 1o Internet eivor €va cvvoro amd
€1EPOYEVN OlKTLA, TA OTTOT0L OULMC Y10 VL AELITOVPYNGOVY ¥PELALovTaL £Va TPOTOKOAAO.
Avto 10 mpwtoKoAAo ovoudleton IP (Internet Protocol) vmdpyer ce OAovg TOLG
KOPPovg Tov d1KTVLOV (ONANdN o€ GAoVG Tovug host (eEummpenTég) KO TOVG routers
(OpoporoynTéc)) Ko kabopilel mmg To dSdpopa £TepoyeEV dikTLA Bl AEITOVPYOVV GOV
éva. eviaio olktvo (d1diktvo). To IP mpwtoéKOALO O100€TEL VoL LOVTELO LANPECLOV

2 [OML97]
2 Mia axopa povadae apaipeonc sivar kat aut tov domain thv omoia 0o GLVOVTHGOVLE O KATO.
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(service model) to omoio kaBopilel To MOEG VANPETieg BEAOVLE VA VTTAPYOVY HETAED
twv host. To povtédo vanpecidv amotereitan and 600 pépn. To TpdTo PEPOG Eivar TO
oynua dtevbuvelodotnong (addressing scheme) 1o omoio mapéyel €va TpOTO Yo va
tavtomolovvtal OAot ot host oto odiktvo. To dedtepo pépog elvar éva poviého
petapopds twv dedopévav (datagram model). Avtd mov Gueca pog aQopd GE AT
™V gpyacio eivat To TPOTO HEPOG TOV HOVTELOL VINPESI®V Tov [P TpmwToKdALOL, TO
oynua otevbuvelodotnong tov Internet.

To oynua devbuveroddtong tov Internet amoteheiton and T IP drevbdvoers.
Mia IP d1ev0vvon (IP address) oamoteleiton amd 2 pépm, va UEPOC TOL OVOPEPETOL
oto Oiktvo (network part) kKo éva pépog mov avagépetor otov host (host part). To
UEPOC TTOV AVOPEPETOL GTO SIKTVO TAVTOMOLEL TO TOTIKS dikTVLO LE TO OoToio £voag host
elvar ouvoedepévog. Me avtd tov Tpdmo 6Aot ot host mov Bpickovrol oto id1o dikTvo
éyovv 1o 1010 network part otnv IP dSwevBvvon. To host part topa xabopilet
povoonpovto kéBe host péco oe éva ovykekpévo diktvo. To pnkog piag IP
otevBuvonc eivon 32 bit Tpdypa wov onuaivel 6t OAeC ot IP dievbuvoelg mov vdpyovv
eivar 2% = 4,294,967,296. To Mo méve m)vo?uo avt®v TV IP dtevfdvoemv amotelel
tov IPv4 ydpo dievbidvoewy tov Internet™.

Ot IP d1evBivoeig €xovv éva cvykekplévo tpomo ypapnc. Onwg eirape, kabe IP
devBuvvon éxel unkog 32 bits. Opwg, 8 bit = 1 byte dpa pia IP devbvvon eivar 4
bytes. Kd&Oe byte piog IP dievbuvong 1o avamapiotodpe pe vav akEPOLo YPUUUEVO
0T0 OeKAOIKO CVOTNUA EEKIVOVTOS OO TO MO CHUOVTIKO (TO To aplotepd ONAadn)
ymoeio g IP d1evBvvong. Aeov 1 byte = 8 bit kéBe této10¢ axépatog Ba pmopei va
naper 2° = 256 Tpéc. Av Egxviicovpe Ty opiBunon amd to 0 ToTE KabE aKEPALOg
maipvel Tég amd 0 — 255. Otav tdpa ypagpovue pia IP dievbvvon ot 4 avtol axépatot
yopilovtar petald tovg pe teAeiec. o mapdoetypo pion 1P dievBvvon eivon M
147.102.222.210 .

IMa va amoxthoetl Evag ypnotng mpodcPacn oTig dpopeg vanpecieg Tov Internet
T0 TPMTO TPAyHo Tov €yel va kAvel givor va “Baier” Internet amoxtdvtog pio [P
oevbuvon. Otav, topa, avtdg o ypnotne Oeinoel va  ypnolpomomosl  pio
ovykekplpévn vmpecia Ba mpénel va to dnAdverl pali pe ) dedvBovven Tov. Atdpopeg
vanpeoieg tov Internet ivon ot http, ftp k.Am. kot k4be pion amd avtég Exel cuvNMOWG
kot éva port (mOpta) oto omoio “axovel”. Ilapdro mov dev eivar vroypemTKd KAOE
VINPEGiOL Vo AKOVEL G€ GLYKEKPIUEVO port, €xel yivel ovvnbewn oto Internet va
vrdpyovv mpokabopiopéves (default) mopteg ywo kébe vmnpesio dote, av dgv
KkaBopilel 0 ypNoTNG KATL O10POPETIKA, VO YiveTal EAeYX0G G€ AVTEC Yia dedopéva. T
napadetypa 1 default wépta Yoo v vampecia http (Yo o web oniadn) ivon i 8O0.
‘Eto1, 6tav évag ypriotng BeAnoet va petafet otnv home page tov EBvikod Metodprov
[ToAvteyveiov (E.M.IL.) tote pmopet va ypdyet otov Browser http://www.ntua.gr:80 .
Eneon opwg, onwg simape, m default port eivor m 80 pmopel amid vo ypayet
http://www.ntua.gr . Epevvec [WAB'96] éyovv Seifet 611 pe 1060616 93.6% OLeg ot
html celidec Tov web (dnA. ot web pages) e&vmmpetovvion and port 80. Edv, Aowmdyv,
pumopovcape vo mapovpe éva detypo and IP dievBivoeig kot kottovoope moeg amd
avtég omavtovv oto port 80 tote O pobaivape molég avtiotoryodv ce host mov

* H ¢xdoon tov Internet mov ypnowonoteiton otig pépeg pog (Aex. 2003) etvor n 4 (IPv4 — Internet
Protocol version 4). H 5 éxdoon dev Oa umel o€ Agitovpyio, oA VTAPYEL Y10 TEPOUATIKODS OKOTOVC,
To véo Internet Oa iva ) éxdoon 6 (IPv6) kar ot drevbivaelg Tov Ba Eyovv pnkog 128 bits.
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gfomnpetody web oelidec” (web hosts). Aniady éupeca amd to deiypa twv IP
dtevBivoewv Epovpe éva oelypa amd o1evBiveelg web host (o1 omoieg eivor kot web
oEMOEQ).

H derypotoinyio, Aowmdv, yivetoan o¢ e€ng: And 6o tov IPv4 yodpo devbhveewv
ue tic 22 SevBuvoelc maipvovpe éva detypa amd IP Sievdivoelc. Tt ovvéyela, avtd
10 delypa 10 “@ltpdpovpe” kpatwvtag povo oca IP “axovdve” oto port 80. Avtd ta
IP pog kaBopilovv tovg web host mov praocevovv web celoeg.

O\ec o1 dtevBovoeic tov IPv4 ydpov dwoyepilovton amd pio apyn mov ovoudleton
IANA (Internet Assigned Numbers Authority) [TANA]. H IANA éyetr kaBopicel 6t
Kkémoteg and Tic IP devBivoeig dev Ba avartiBevtor oe teElkovg ypnotec aArd Ha
KPATIOOVTOL Y10 €181KO0C 6KOTOVG (T.y. WBIOTIKG diKTLA TOL SV EMTPETOVY
npdsPacn oto Koo K.AT.). ETol, oty mpayuatikdOtnTo 08V KAVOLUE detypaTOANyin
péoo amd Ohec Tic 2°% d1evdivoelg oAk omd éva VTocHvord toug (IP yu dnpdota
ypnon). Ta mo mapamdve eaivoviol GYNUATIKE 6TV To KAT® eryodpa.

|F oTo Seiypo

[Pywd wcoapog

IP oo Brpomo xpfan

web hiozts [IP noo Mokodve" oo port 80)

®ryovpa 2.1: [P derypotoinyia

2 Mnopet évag host va éyet 1o port 80 avorytd oArd va unv e&unnpetel web celideg, iowg enedn ovTég
dev €yovv "o Bel" akdua.

26 $1n S1evBvvon http://www.iana.org/assignments/ipv4-address-space pmopei kGmolog va det oAOKAT PN
v Kotavopn tov IPv4 ydpov dievbovoewy.
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2.4 Epyoaoieg oyxetika pe IP sampling

2T1¢ VIOEVOTNTEG TOL  aKOAOVOOLY TapovSldlovpe KATOEG OVTUTPOCMTEVTIKEG
xpNoels g pebddov IP sampling mov cuvavtovpe ot d1e6vn BifAtoypapia.

2.4.1 TIpocoropiopog TG TOGOTNTAUS KOL TNG
KOTOVOUTG TNS TANpopopiag 6to web pe IP
sampling”’

Xe autn Vv gpyacio £yve emeEepyacio oTo mEPEXOUEVO €VOS TVYOiOL delypatog amd
web servers @ote vo dlepguynbel N TOGOTNTO Kol 1 KATAVOUN TNG TANPOPOPiaG 6T
web. To delypa mapOnke pe ™ pébodo IP sampling and 6Ao tov IPv4 ydpo mov 6mmg
eldape mepiEyel mepinov 4.3 doekatoppdpla dievbovoelg IP. H derypatodnyia €ywve
pe emavoronofétnon, mtov onuaivel ti: 1) N mbavotTa emloyng etvon 1 1010 Yo kébe
IP won 11) éva IP pmopet va eppoaviotel meprocotepeg and pion eopég oto delypa. e
avt ™V gpyacio oev e&opébnkav 6ceg IP devBuvoelg dev €xovv avartedel axdpa,
00Te OGEC YPNOLUOTOLOVVTAL Y10 GAAOVG OKOTTOVG €KTOC TG Web vrnpesioc. To deiypa
OV TTPOEKLYE amd 1 dsrypotoAnyia mepieiye 3.6 exatoppvpro IP dievbovoers.

H enelepyacia tov deiyparog éywe g €&ng: Aokipdleton kabe IP xor av
evtomiletal kdmolog web server 1o I[P @uAdooetar, adiiwg e€opeiton. O ypodvog
avopovig Yo amdvtnon Kabe server (request time) opiCetan ota 30 devtepOAEnTA Kot
av to vrepPodue tote T0 IP Bewpeiton 611 dev avtictoryel oe web server. Emeion
emmAéov, TOALG web sites givor Tpocwpvdg pun dwbéoipa, egotiag TV cVVIEcEDV
tov Internet oAAd kat S14Pop®V TAPOIKOV TPpofAnudtwv Tov web server (m.y. web
server downtime), ot dokipég emavoinednkav yww 6ho to delypo pio gfdopdoa
apyoTePaL.

Ta aroteAéopato amd TIg mo v doKUES NTav OTL Yo kéBe 269 dokiuég Eva [P
avtiotoryovoe og web server. Avtd onuaivel 6t 1 ektipnon ywo 6AoVG Tovg web
servers givatl YOpw ota 16 ekatoppvpra (Pef. 1999). H mo nhveo ektipmon opwmg givan
TApOTAAVNTIKY, 00Tl dev avtiotorel oto “Omuocto” ommg Aéue web (publicly
indexable web)?®. T mapadetypo, moAloi amd Tovg web servers Tov avakoAdEOMKay
ypewlovtar avayvapion otoryeiov (authentication) amd tOo YPNOTN YOO VO TOVG
ypnoonomoet (m.y. eOppeg pe username Kot passwords, 6nmg web-based emails).
Allot, méd, IP apBuol aviictoyoboov ce printers 1 oe ddpopa web interfaces.
Telkd, extipnoav 6t and ta 16 ekatoppvplo povo 2.8 Mtav TV Moy €KEvn O
aplBudc twv web server. AmO avtovg emAéyOnkav 2,500 tuyoiot servers ot
ypMNooToOmOnKay crawlers yio va, TpoomeAactodv OAeg ot oerideg Tove. Katd péco
opo Ppétnkav 289 web celideg oe kdbe server, mov onpaivel 0Tl kAT’ EKTIUNOM TO
néyeog Tov web vohoyiotnke mepimov ¢ 8-10° oelidec. Emiong, petpdvtag kot o
péco péyeboc tov mo méve ceAidwv (18,7 kbytes xabopod keévov avd ceridn)
extipnoav tov 0yko tov web oe 6Tbytes. Akoua, YpPNOYOTOIDOVINS TO 7O TAVE®
detypa vroddyloav 11 T060Td TOV Web KaADVTTOVY YVOOTEG unyaveég avalntnong Kot,
TéN0G, e€Nyoyov TO GUUTEPAGHA OTL Ol TEAEVLTOIEC KATOAOYOTOLOLV £Vl TOAD KPO
TUUa TOL Web.

21 LG99]
2 Ieprocbdrepa y1o. To publicly indexable web 0o o0pe oty 2.4.2
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2opeova pe o mo whveo PAémovpe 0Tt €yve detypatoAnyio oe 6o tov IPv4
YOPO, Yopic va Aapfdavovior v’ OYv ol dPopPol TEPLOPIGHOL Tov. AVTd givar €va
peovEKTHA Yo TNV “kaBopdtrta’ Tov delypatog. Emiong, éva dAlo mpdPinua eivon
T0 OT1 Oev €xel Ppebel TpOTOG OLOIOHOPPTG KoL TVYOL0G detypatoAnyiog web ceMowV
amod web sites. [V’ ovtd TO AOY0 OVOYKOGTIKA TPOoTEAAGTNKAY OAEG 01 web oelidecg
twv 2,500 web server. 'Eva dALo otoyyeio eivar 61t pe ) péBodo antn avakaAOTTOVE
kot web server ot omoiot pe tovg random walk dev Ba pmopovcav moTté va
avaKkoaAveBovuv. Avtd, omwg Bo dovpe, eivor Kol éva HEYOAO TAEOVEKTNUO NG
puebddov. Téhog, Bo umopovcape vo moapatnprioovpe 6t 1o IP sampling sivor pio
LuéB0d0¢ TpakTIKN Kol Oyt OempnTIKY).

2.4.2 Deep web kot IP sampling®

Onwg cidape oty vroevotnta 2.4.1 pe tov 6po publicly indexable web evvoobpe to
GUVOAO TV Web sites mTov givatl TposPacipa amd GAOVS TOVG ¥PNOTEG TOL Web. Avtd
10 TUnUa Tov web ovoudletor kopd eopd Kot surface web (emipoavelokd web) kot
glval 0vTO TOV GLVNBMG KATAAOYOTTOLOVY Ol UNYaVES avalnTnons. YTapyetl, OLmS, Kot
éva GALo puépog Tov web mov ovopdleton deep 1 non-indexable web. Zvvn0wg, e Tov
7o TAvV® OPO €VVOOVLLE TIG OYKMDOELS Phoelg dedouévav mov Bpiokovtal oto Internet.
H minpogopio. mov mepiéyetor oe avtég T Pdoeig kpvPeton miom omd QOpLEG
EPOTNOEMY OV TPEMEL VO, CLUTANPOGEL KAVELS Yo va T Yyaéel. [ awtd to Adyo
pepkoi ovopdlovv to TEHo avtd tov web kot kpvupévo (hidden) 1 adparto
(invisible) web. Ene1on 1 mAnpogopia ce avtég T1g Pdoelg dev pmopet va mpoomehadel
amevbeiog pe xamowo URL kot emedn ot ddpopor crawlers odev  pmopovv
OTOTEAEGUATIKO VO GUUTANPOVOLY TIG OAPOPES POPUES EPOTNCEDV TOVG OEV TIG
eEepevvovv. ‘Evag tpomoc va mapaxapedet o mo mhveo mpdfAnpa eivar n pébodog IP
sampling.

Ymv [CHLZ03] Bswpeitar 611 o1 web server gival opolOpop@o KOTAVEUTILEVOL
otov IPv4 yopo kot e€apdviag and ovtdév oleg Tig un dwbéoyeg IP devbuvoeig
AapPavetor toyoio dstypo amod 1,000,000 IP. A@aipodviag amd ovtég Tig OuTho-
epupavioelg Adyw derypotolnyiog pe emavotomofétmon  mpokvmTovv 999,789
otevBuvoelg and tic omoieg ot 4705 frav mbavoi web server 016t giyov to port 80
avoyytd. Amd avtéc ot 1004 avtiotoryovoav oe mpoomeAdcoiovg web server, 00Tt
enéotpepav http celideg 6tav Tovg {NTMONKe, VO 01 LIOAOITEG AVTIGTOLYOVCOV EITE
o€ WIOTIKOVG, £iTte 08 TPOCWPIVOVG, EITE GE Server Tov dgv ypnoiponoovsay o http
mpwToéKoAL0. ATO tar web sites twv 1004 server eEapébnkav dcot giyov apykég
oeldeg pe unvopoto AdBovg (m.y. access denied, page not found), pnvopato vwo
kataokevn (under construction), kevég amd mePLEXOUEVO GEMOES, GEAMOES TEGT Yln
éleyyo emruynuévng eykatdotoong web server k.Am. Telikd, oto detypa Epevay 527
web sites and To omoia eEgTAcONKE 1 CLYVOTNTA EUPAVIONG TOV O TAVE PACEWV
dedopévav. H téén peyédoug tov deep web mov vrmohoyiotnke eivar 10° web sites.

Mia apatipnon ota o méve etvor 0Tt Ta 527 web sites mov TeMKE Epevay 6To
delypa dev avtiotoryovv kot avaykn o€ 527 web servers. Avtod cvpfaivel Ady® Tov
virtual hosting®® ( multihosting). To virtual hosting eivat pio Texvikl cOpPOVA pE
Vv omoia évag server Prlo&evel meplocdTepa amd Eva web site. Avtd cuvnbwg yivetot

¥ [CHLZ03]
3 Meprocdtepo yia to virtual hosting 0o Sodpe otnv 3.5.1 .
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v Toug €ENG Adyovuc: 1) o dtayepiotng (administrator) evog server dg yperaletan KGO
@opd mov mpooTtifeTon Evag vEog ypnotng kKot BEAEL va dnpovpynoet Eva web site va
Eavapubuioet Tov server, kot i) Adyot oukovopkoi. Yrdpyovv dvo texvikég yio virtual
hosting otov 610 server [Wai99]. H pia ovopaleron IP-based virtual hosting wot
amortel v tomofétnon mtoAlaniadv network interface oto server (éva yia ka0e IP) 1
evog moAvmAéktn (multiplexer) oe éva interface. H dAAn pébodog ovopdletar name-
based virtual hosting kot divet ) dvvatdotnTa TOAAG web sites va potpalovrtat To 110
IP. Zoppwva, Aouwrodv, pe tmv name-based virtual hosting pébodo eivor dSvvatdv ta 527
mo wive [P wov tehkd éuewvav oto detypo voo unv avtietoryobv oe 527 web sites,
aAAG GE apKETE TEPIOTOTEPOL.

243 Xopmepdoporta omd derypatoinyio pe IP

211c vogvotnteg 2.4.1 kou 2.4.2 gidape 2 epappoyég tov IP sampling ot pekétn tov
web. Oupwc, n nébodog avtr, enedn Pacilel  Asttovpyia g Oyt oto0 web aArd oto
Internet, pmopel vo epappootel Kot yuoo T peAéTn Tov televtaiov. ‘Eva mapddsrypo
aroterel 1 [GTOO0] otnv omoia epapuodleton to IP sampling ywo va eEepegvvn el o IPv4
YDPOG KoL VL KOTAGKELOGTOLV XAPTES amelkoviong tov Internet oe eminedo router. To
O TAVE Oev UIopel va 1o Kavel ovte kdmolog crawler aAld ovte ko £voc random
walk, 8161t avtoi Bosilovv T Aerrovpyia toug ota links petafd v web cehidov'.

Yvvomtikd yia tn puébodo IP sampling Ba Aéyape 6tL vdpyovv:

ITAcovekTiuato:

e Eivon pia vteteppviotiky pébodog m omoio mpoomortel tn yvaorn Tov
TAnBvopov ™¢ derypatoAnyiog.

e AvvatotnTo £QoproyNS Kot 6Tto web kot oto Internet.
e  Mmnopel va epappootei oto non indexable tpuMpo Tov web.

o Amn oe padnuatikd péBodog pe Eexdbopa otatioTikd cupmepdaspata (clean
statistics).

e  EvkoAn pébodog yro emavaAnym g deryatoAnyiog amd Tpitoud.

MEeEloVEKTNNOTO.:

e Ot dupopotl mepropiopoi tov IPv4 yodpov (tuiuatoa devbovoewv mov degv
&xovv avatedel 1 etvar Yo O1OTIKY xpnon).

e Agv givan yvooT1d OGS pmopoue vo mapovpe delypata web pages and web
sites, ondte T Oetypoto web pages mov moapdyst cuviBwg amoteAovvTot amd
T1¢ home pages tov avtioctoywv sites. EmmAéov, to virtual hosting meplopilet
™ dvvatotnTa TG neBddov o avakdivyn evog web site avé web server.

3! To IP sampling eivon pé0080¢ TpaKTikn Tov apketés popéc ypetdletan evpetiké (heuristic) Texvicéc,
TPAYILO TO 07010 GALEG POPEG OMOTEAET TAEOVEKTN O KO GAAEC LELOVEKTNLLOL.
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2.5 Enihoyog

Xe ovTo To KEPAAOo gldape 600 Pactkég peddooVE derypoToAnyiag Yo To web, Toug
random walks xot to IP sampling. Eidape S1dpopeg epappoyés tov pebodswv kot
OVOQEPOLILE TO TAEOVEKTILOLTOL KO LELOVEKTILLOTO TOVG.

Y10 emopevo kepdaio Oa acyoAnbodue edkdtepa pe ) péBodo IP sampling

BAémovtag mmg avt) pmopel vor vAomonBel kKot va ypnoyomondel yio v e£0puén
dedopévov amd o web kot To Internet.
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3 YAOIIOIHXH ENOX IP AEI'MATOAHIITH

Onwc eidape ota mponyovueva Kepdiowo €vag tpomog peAétng tov web eivor 1
detypatoAnyio kot pio amd tig pebddovg detypotoinyiog eivar to IP sampling. Ze
avtd T0 Kepdroro Ba mapovoidoovpe Evav IP derypatoAnmtn o omoiog vAoromOnke
610 gpyacTiplo AOYIKNG Kot AM(OpiOu(Dv32 tov E.ML.IL. mepryphpovtag, emiong, kot
™V TPpOTI TOL derypatonyia 1 omoia £yve oto EAANviko web (.gr).

3.1 Hostnames kon Domain Name System (DNS)33

Elyape dgr omv 2.3.2 6t 10 Internet €yet éva oynua oevbuvelododtnong mov
arotedeiton and IP 61ev60veelc o1 omoieg YPNGHLOTOIOVVTOL Y10 VO THVTOTOLOVV TOVG
duapopovg host. Emeon, opwg, ot IP dievboveeig, cav apiBuoi mov gival, dev etvar ko
TOG0 QIAKOL TTPOG TOLG YPNOTES, cLVNBWC o€ KABe host divovpe Kol €vo povaodtkd
ovopa péca o€ éva 6iktvo. Avtd ta ovopata amokoAovvtal hostnames kot dtapEpovv
and 115 IP d1evBivoelg oto Ot 1) etvan petafAntov kot Oyl otafepol unKovg Kot ii)
elvar "pvnuovikd" (mnemonic - OMAaSY €VKOAOTEPO GTOLG OVOPOTOVLS vo TO
Bopodvran).

Otav évag ypnotng (ntoet €vo hostname tote VIAPYEL €vOg UNYOVIGUOG
avdAivong (resolution mechanism) tov hostname ot devBvvon mov kpHPetar amod
niow. Tn dovield vt cvvNBWE TNV KAVOLY €101KOT VTOAOYIGTEC OV ovopdalovTot
name servers. Me avtd tov tpdno kB hostname £yet ko pio Ty ovvdedepévn pall
tov, M omoio ovvnBwe eivon pia IP devBuvon. To mo mwhve cdotua ovopaletot
Domain Name System 1} DNS. To DNS cOomua givat iepapyikd Kot To ovOuaTo, 6
avtd enelepydlovian epapyikd amd to 0e€1d TPOg TA APIOTEPH YPNOULOTOLDOVTOS
tehetec () oav  Swyopotkd. [Ma  mapddetypa, éva  hostname eivar 10
achilles.noc.ntua.gr . £10 Tp®dT0 minedo ¢ epapyiog eival 6 peydia domains (ympot
approdOTNTOG — TEPLOYECS), .edu, .com, .gov, .mil, .org, .net, kot £va domain o kéOe
Kkpdrog, m.y. .uk (United Kingdom), .gr (Greece), .ar (Argentina) k.Arm. To domain gvog
Kpatovg ovopdletot kan country code Top Level Domain (ccTLD).

3.2 Asrypatolnyia péca ot éva ccTLD

Méypt otryung, ota mopadeiypato IP sampling mov cuvvavticape 1 detypatoinyio
ywotav e ohdkAnpo tov IPv4 ydpo, xopig pepucés popég va e&apovvtol and avtdv
omoleg 01evfiveelg dev Exovv avatedel amd v IANA, n onoila dnwg Exovue meL TG
Swyepiletar.

‘Eoto 011 0éhovpe va kévovpe derypoatoAnyio péoa og éva ovykekpipévo ccTLD.
Av mpoomafnoovpe vo kdvovpe T dstypatoAnyio pe random walk Bo wpémer and
pv va, yvopilovpe o ypaeo tov cuykekpipuévov domain. Eirape, BéPora, oto xe@. 1
otL 0 ypdopog Tov web &yxel fractal dour|, omdTe 10 MO MOAVO €ivar 0 YPAPOS TOV
ovykekpiuévov domain va eivor évo bowtie [DKM'02] tov omoiov opwg d¢
yvopilovpe molEg oeAideg avikovy oTig ddpopeg cvviotmwoes (m.y. SCC, IN, OUT
K.A®.). ‘Eva emmAéov eumddio mov cuvavtodpe ivar 1o yeyovog 6tt o random walk

32 To Epyactiipto Aoywng ko AkyopiBpmv givar éva pun Beopobenévo epyacTiplo mov oviKeL GTOV
TOUEN EMKOVOVIDV, MAEKTPOVIKNG KOl SLOTNUATOV TAnpo@optkng tov E.M.IL., http://www.softlab
.ece.ntua.gr/facilities/public/AD/page.html .

33 [PDY6]

3 [Lek03b]
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umopet kaBdg Oa Tov Eekivicovpe omd Kamota cerida péca oto ccTLD va Pyet extodc.
Av10, 6pwmg onuaivel 0tt o random walk Byaiver ektdg TANOBLGHOD EVOLOPEPOVTOG KO
étor M detypoatoAnyio Bewpeiton Oxt afdmortn. Amd NV GAAN TALupd OV
mpoomabncovpe vo emépPooue, Ko, HOAMG @Tdoel  otypn o random walk va Pyet
eKTOC, TOV EMOAVAPEPOLVLE, YOAGUE TN OTOYACTIKOTNTO TNG OlodKaciag, SOTL av 1)
emavagopa yivelr oe pio celida mov €yer Mon emokeedel péca oto ccTLD tote
pepoAnmrovpe vép avtge. Emiong, av n emavagopd yiver oe pia toyoaio cerida tov
ccTLD méptovpe oto mpoPANpe g tuyoiog emloyng piag web ceAidog amd éva
ccTLD, npdéfinpa mapdoto pe 1o dAvto mpdPAnUe ¢ TVYoiag ETAOYNG piog web
ceMoag amd oAoKAnpo to web (PA. ke. 1, 2).

Av mpoomaOnoovpe vo  epapupocovpe T péBodo IP  sampling oOmwg
CLUVOVTNCOUE UEXPL OTIYUNG ovvavtovpe to €€Ng mpoPAnuata: To va kdvoupe
derypotoAnyio péca o€ OAO TO YMOPO YL VO TAPOLUE SEIYUATA OO TO CLYKEKPIUEVO
ccTLD elvar kdétt mov omoutel dsiypato peydhov peyébovg. EmmAéov, m dvion
katavoun tov IP oe dudpopo domain Oa dvokoAever v axpin ovadeln twv
WOTEPOTHTOV TOV cVuyKekpuévov ccTLD.

Mia Abon oto mo mhve mpdPAnpa givar vo kévovpe pia IP derypoatoinyio povo
610 ovykekpipévo ccTLD. Avtd pmopet va yiver edv pmopovpe va pabovpe moég IP
dtevBivoelg avikovv 6to ccTLD 1), dmwg vrodekvoovpe Ge QVTH TV €pyacia, £dv
umopovpe va yvopilovpe to “xapt’” tov IP 61ev6dveewv tov ccTLD.

3.2.1 To Internet Registry System

Onwg eidape, vaapyet avaykn va yvopiloope 1o xbptn pe tig IP devbovoelg evig
ccTLD. Avto pmopel va yiver péoa and 1o An&ropykd cvomua tov Tviepvet (Internet
Registry System). Xto RFC 2050 [RFC] mepiypdopeton n 1epopyioc tov Internet
Registry System 1 onoio amotedeiton and 3 enineda: O opyaviopdg mov gvhHveTon Yo
mv avadeon tov IP dievbiveemv, ommg Exovpe mel, eivar 1 IANA [IANA]. H IANA
(xoprog An&ilapyoc) Ppioketar oty Kopven g lepapyiog kot popdler tig IP
otevBuvoelg otovg RIR (Regional Internet Registries — nrepotikol An&iapyor). Ot
RIR Bpiokovior oto dedtepo emimedo g tepapyiog ki, péyxpt otryung (10/2003),
vrdpyovv 4 RIR: 1 ARIN (American Registry for Internet Numbers) yia ) Bopeia
kot Notwa Apepikr] v Kopaifkn kot tig Agpikavikés yopes Notia tov lonpepvod,
n APNIC (Asia Pacific Network Information Centre) yio v mepipépeta g Aciog
a6 v mhevpd tov Eipnvikov, n LACNIC (Regional Latin-American and Caribbean
IP Address Registry) ywa t Aotiviky Apepikn kot kdmowo viiord ¢ Kapaifikng, kot
o RIPE NCC (Reseaux IP Europeens Network Coordination Centre) ywo tnv Evpomn
mv Kevipwkn Acia ™ Méon Avatodn kot t1ic Aepikavikég Xmpeg Bopela tov
Ionuepivov. Ot RIR pe v ogpd tovg katavépovv Tig IP dievbivoelg otovg LIR
(Local Internet Registries — tomkoi An&iapyor) kot otoe AS (Autonomous Systems —
avtévopa cvotipate’). Eva mapaderypo LIR givan évag ISP (m.y. forthnet) evé éva
mapadetypa AS eivon to E.MLIL. Téhog, ot LIR kat ta AS mapéyovv IP e teAikong
ypNnotes. Ta mo mavem enineda To Tapatnpovue Kot 6t eryovpa 3.1.

Ac vroBécovpe, TOpa, 0Tl BEAovpE va kdvovpe detypatoAnyio oto .gr ccTLD.
Avtd onuaivel 0t wpémel va yvopiloope 10 xbptn tov IP dievbivoewv tov .gr,
dnradn tov EAAnvucod domain. O Hrepotikdc An&iapyog (RIR) mov givar vrevBuvog

¥ BA.3.3.1
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yio. ™V mepoxn g EAMGSag givar o RIPE-NCC™ [RIPE]. O RIPE, énwg sinoype,
katavépel Tig [P d1evbivoelg otovg tomkovg Anéiapyovg (LIR) ko ota avtdévoua

ocvotiuata (AS), Tov pe TN GEPE TOLS KATOVEROVY TIS devduveelg e web yproteg
oto ccTLD.

TANA
Kbprog Mn&iapyog IP
WWwWw.iana.org

RIPE NCC ARIN APNIC LACNIC
Hrepoticog An&lopyog Hrepotids An&iapyog Hrepotucdg An&iapyog Hrepotikog AnElopyog
www.ripe.net www.arin.net www.apnic.net lacnic.net
LIR kot AS LIR kor AS LIR kot AS LIR kor AS

Tomwol An&lapyot ko
Avtovopo ZuoThiuato

Tomwol An&lapyot ko
Avtovopo ZuoThipaTo

Tomwol An&lapyot ko
Avtévopo Zvotipato

Tomwol An&lapyot kot
Avtovopo ZuoThipato

n.x. www.forthnet.gr
www.tiscali.co.uk .
PATRASNET (AS 6740) )

T e

Tehkoi yprioteg

®ryovpa 3.1: To An&apywod cvotnua tov Tvtepvetr

O IP yéptng tov .gr, omw¢c frav dopopeouévoc v 26" NoeguBpiov 2002,
eaivetar oto mopdptnua B kol pmopetl kdmotog va mpounbevtel mapopotovg yapteg
amd T o1evbvvon: ftp://ftp.ripe.net/ripe/stats .

3.2.2  Azmj Toyaia derypatonyia’’

Aoy €&yovpe ota yéplo pag tov IP ydptn tov .gr to emduevo Prua givar vo
emAéEovpe Tov TpdTO pe Tov omoio Ba kdvovpe derypotoAnyia tédve oe avtdv. H mo
amh] néBodog GLAAOYNG detyndTeV omd €va Yvootd mAnbuoud sivar n amdn tuyaio
derypatoAnyio (simple random sampling). Mia dstypatolnyio ovopdletal omin
toyoio detypatoAnyio av ekiéEovpe éva Ostypo peyéBovg n amd €va mAnbocud
peyébovug N, étor wote kabe otoryeio Tov n va €xel v dwa mhavotnta va emheyet.
2mv mepintoon avt) 10 Oetypo ovopdletor amdd tvyaio detypa (simple random
sample).

v mepinton poG, Yoo TN SEYUOTOANYIio TOVL .gr Tov UEAETAUE, £6T® OTL O
mnBvoudg mov mepéyet to .gr ccTLD eivan N IP devBivoelg. Xtov mo mwhvo
mAnBvcpd kamoteg IP devBivoelg avtiotoryobv oe web GeEMOES, eV KATOEG AALEC

36 £ Sievvvon fip:/ftp.ripe.net umopei vo Bpet kaveig 6Gho o documentation tov RIPE.
7 [SMO79]
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Oyt. Eméyovpe 1o ith otoyeio tov N wan opiCovpe pio petafint) y, €161 OOTE:

0, av 7o ith otoyeio dev eivan web page . . .
Vi = . Téte, o ovvoAikdg apBuog twv IP

1, oAMdg

N

dtevBivoewv mov mepiEyovtol oto N Ko elval Kot web celMoeg ivat Z yi. Av, 10pa,
i=1

10 m0c0oTd (avoroyia) Tov web cedidmv 610 N gival p 1ot pio ekTiUTPIRL TOL p

n

; ~ ;yi - , 5.~ pqg (N-n), ~ - .
glvol n pzTEy HE SLOKVLLOVOT) V(p):ﬁ v omov g =1- p, xou 6plo

opdhpotoc vy v extiunon 2V(p)=2 p—ﬂ(%} To péyebog n tov

delypatog mov ypetaletal, £T61 MOTE VO EKTIUNGOVIE TO TOGOGTO p e GOAANLN TNV
Npq
2

B
(N—1)7+pq

oxéon Bo mpémer va yvopilovpe v avoroyio p £T61 ®OTE VO, LTOAOYICOVLUE TO
péyebog tov detypotog mov Ba wépovpe. Av v avaroyio avt) (1 iomg pio ektipnon
™mG omd mponyobuevn OerypotoAnyia) oev tnv €yovue, TOTE Toipvovpe pio
vIepekTipumon Tov detypartog Palovtag p=0.5.

extipmon peyébovug B, divetor amd t oyéon n = . ZTNV TPONYOVLEVN

Yvvoyilovtog ta mo whve £xovue tov mivaka 3.1 mov pog oiver 1 Bewpia TG
amAng Toyoaiog derypatoAnyiog.

(ITAmBvopoc, péyedog deiypatoc):
(N, n)
Extymtpro avaroyiog p otov tAndvopd:

n

2

p="—=3 @1
n
Extipodpevn droxvpaven tov p:
- pqg ( N—n _ ~
V(p)zﬂ( j (§=1-5) (22)
n—-1\ N

‘Opro opaipatog ektipnonge:
5 pq (N—n
24V(p)=2,]——| —— 2.3
(») ,/n_l( N j 23
Amartovpevo péyedog deiypatog yro ektipnon avoioyios p pe
o@aipa oty ektipnon peyéovg B :
Npg 2.4)

2

B
(N—1)7+pq

n=

MMivaxkag 3.1: AT\ toyoio derypatoAnyio
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3.3 H apteKTOVIKN TOV SEYROTOMTTY

Méypt otiyung €yovpe 0el amd moL pmopovue va Ppodue 10 YbpTtn TV IP
dtevBbvoewv kot pe mowd péBodo Ba yiver M derypotoAnyio. Avtd mov TMpO
ypewlopoote  €lvor 0 OEWYHOTOANTTING O omoiog 6Oa  wpayuaTomoOmoel N
detypatoAnyio. e vt TV EVOTNTO TEPLYPAPOVUE TO. SLAPOPA GTASL VAOTOINOTG
€VOG OELYUOTOMTTIN 1 OPYITEKTOVIKI] TOL Omoiov @aivetoar o1 eryovpa 3.2.
Tavtdypovo mapovstalovpe Kot TNV TP®OTN OypaToAnyio. Tov Tov £ywve Gto .gr
ccTLD xatd 1o ypoviko ordotnua 26/11 - 2/12/2002.

Xéaptng IP < Tevvitpia Toyoiov AplBuoy
dtevfvvoemv

A 4
[po-deiypa ’ R @ Telko detypo

Kevtpikn vroAioylotiky povado

®ryovpa 3.2: H apyiteKTOVIKY| TOL OELYLOTOANTTY

H doun tov derypatornmen eivor moAd omAn kot amotedeiton and 3 pépn: To
TPOTO TEPIEXEL TO YApTN HE TS [P devbiveeic. To devtepo givar n yevvhtpla twv
TuYai®V aplBUOV Kot TO TPITO N KEVIPIKT VTOAOYIGTIKY LOVASA.

O derypatoMmtng o€ yevikég ypappés Asttovpyel o¢ €€ng: Amobnkevetor o
xapNg TV IP dtevbivoewv mhve otov omoio Bo kdvovpe T detypatoAnyio Kot Le ™
BonBeta g yevvntplog tuyoiov apBudv emiéyetol To emBountov peyéBoug tuyaio
delypo amd 10 YAPTN. XTN GLVEYEW OLTO UETOTPEMETOL OTO TEMKO Oelypo otnv
KEVTPIKT VTOAOYIGTIKY LOVADA.

3.3.1 Xaptng IP drevBvvoewv

To tuquo avtd tov derypotoAnmTn mepEyel to yaptn pe 15 IP devBdvoeg. To
OUVOAO OVTOV TV Oevduvoewv givor o mANBvopdg ™G derypotoAnyiog Kot
mpoépyetal amd TN devbuvon ftp://ftp.ripe.net/ripe/stats otnv omoio kGBe pépa
@uAaccovtol Omoteg véeg avabéaelg og IP dievbivoelg yivovtal oty meployr evBvuvng
tov RIPE. Ezme1on 1 derypatonyio Eexivnoe otig 26/11/2002 ypnowomomidnke o IP
xéptne tov RIPE, 6nmg frav dwapopempévog v 26" Nogufpiov 2002 (dniadnq to
apyeio ripencc.20021126 and v mo mave devbouvon). 1o apyeio avtd mepiEyovral
oMot ot tomikoi An&lapyot (LIR) kot Ta avtdvoua cuotipato (autonomous systems -
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AS**) 1o HEYPL EKELVN TN YPOVIKY| OTIYU Y¥pNoLonotovcay devbivoelg IP and tov
RIPE. Eva tuipo tov mo tave opyeiov eaivetal otov mivaxa 3.2:

ripencc|GR|ipv4(62.1.0.0[65536|2000-02-16|allocated
ripencc|SA|ipv4(62.3.32.0|8192|2002-01-09|allocated

ripencc|RU|asn|5467|1|1995-11-05]allocated
ripencc|GR|asn|5470]1]1995-11-24]allocated
ripencc|UK]asn|5490|1|1995-12-07|allocated
ripencc|DK]asn|5491|1|1995-12-07|allocated

ivaxag 3.2: Mwpd tunpa evog IP yaptn

Amo ToV Mo Thve mivake PUTopodUE Vo OOVLE, Y10 TAPAOELYLLO, TMG GE KATOL0
tomikd An&iapyo mov dpactnpronoteitar oty EALGSa (GR) avatédnke (allocated) amd
tov RIPE otig 16 ®ePpovapiov 2000 (2000-02-16) évo moxéto amd 2'°=65536
ocvveyopeveg Oevbovoelc pe apykd IP 62.1.0.0. Emiong, mopatnpodue o611 ot
avaféoelc otovg An&lapyovg mepiéyovv 1o block twv IP devBivoewv mov Tovg €xet
avatebel (m.y. otg 16 @egfpovapiov 2000 (2000-02-16)), aArd ota AS pio térola
TAnpogopia dev vapyel. o mapdodetypa amd tov mo Thve YApTn 0 UTOPOVLE Va
yvopilovpe T IP éxel mapet o AS pe apopd 5470%°. T 10 Adyo awtd omd 10 o
Thvo apyelo kpatnoape Tig £yypagés mov mepteiyav uovo GR kat o1 omoieg emmAéov
agopovoay Tomkovg An&lapyovg (eSatpéosape dSnAaon ta AS yia ta omoio dev v pyE
dvvatotto poalikng emeEepyasiog). Oewpovpe, Aomdv, OTL 0 OELYHATOANTTNG OEYETO
oav €l0000 10 YapTn OV TEPIEXEL OAEG TIG avaBETELS TOL ExovV Yivel oe An&lopyovg.
O yaptnc avtdg, OTmG eimape, vdpyel 1o TopdpTnua B kot weprexelt N=1,216,512 IP
dtevbvvoelg.

3.3.2  T'evrpro Toxoiov aprOpov

Kdabe oderypatoning mpémel pe kdmolo TpOTO vo. €xel mPOCPOCT GE TLYOIOVG
aptBpovg ot 0toiot Tov EMTPEMOVV VO EMAEEEL amd ToV TANBVoUO. ATtanteitol, AoV,
pla yevvnrpla toyaiov apibuov. Onwg, opwg, avaeépovv ot Park ko Miller [PM88§],
N ekhoyn piag yevvntplog toxoiov apludv dev gival €bkoAn vrobeor, apol Alyeg
elval auTég mov mEPVAVE KAmown PaciKd TEST. XT0 7o Thve dpbpo mpoteivouv pia
minimal random number generator g omoiog TIS TPOSLUYPAPES (TOVAAYIGTOV) TPETEL
vo. TAnpovv OAeg ot vmorowmeg. H yevwntplo mov ypnowwomomdnke o€ ovtd TO

¥ Avtdvopo ovom po (AS) eivor pio mepoyn tov Tviepver mov eivar vd ) dwyeipon piog Kot
povadtkng ovtomroc. Zuvidmg 1 évvola tov AS cvumintel pe avtr tov domain.
¥ To AS pe apBpod 5470 givor 1o Apiototédeto Iavemotipo Oeccalovikng.
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detypatoanmn Poaciletar o pio Pertiopévn €kdoon g minimal random number
generator Tov Park kot Miller [PFTV02]%.

H yevwntpio avt| €lval €101 KOTOOKELAGUEVT] OGTE OIVOVTAC TNG OOV GTOPO
(seed) évav apvnTikd axépoto Kot Tov aplBpd Tov Tuxoiov mov embupodue, va
TOPAYEL TVYOIOVG TTOV AVIIKOVYV GTO VTTOGUVOAO T®V mpayuatik®v (0,1). Aol oto
nelpapa Tov Kévovpe o xdptng tov TANBvouov tepiExelt N=1,216,512 1P dievbivoelg
oovpemva, pe tov mivaka 3.1 1o péyebog tov detypotog mov Oa mpémel va mhpovpe ivar

"= Npq - 1216512-0.5-0.5 ~10,000. E3G 0o mpémel vo

2 2
(N—l)i+pq 121651212 L 05.05

4
onuewoovpe 0Tt emeldn| o yvopilape v avaroyio tov web ceMOwv 6To .gr TpopLe
p=q=0.5, ondte ko1 o emAéEovpe peyordtepo peyebog oetypotoc. Aol to
Seiypa eiye péyedoc 10,000 tpopodothicape T yevwitpla pe seed = -10,000*! kar tg
{nmoape va mapdyet 10,000 tvyaiove. Ag onuelmdel 611 0 omdpog pumopel var givar
€V0G OMOLOGONTOTE OPVNTIKOG OKEPALOG, OUMG OLPOPETIKOL apvNTiKol aképatot Ha
OMOOLVV JAPOPETIKEG akoAoLOTIEG TVYOUV aPBU®OY. Xvvendg edv Kdmolog Mfele va
enovordPel To o Thve TEipopa Bo ETPETE VO TPOPOSOTHOEL T YEVVITPLA LE TOV 1010
onopo (-10,000), dote va mhpet Vv 1010 akorovbia Tuyaimv.

3.3.3 Kevtpkn] vtoroyloTIKN HOVAdQ TOV VYO TOANTTY)

To pépog avtd TOV dELYHATOAMTTN €lvar TO Mo PACIKO KOl KAVEL TV TEPLOCOTEPT
Sovietd. Eivonr viomompévo pe teyvoroyio java™ [Sun] kat amoteleiton omd Tpiot

TUNULOTOL.
3.3.3.1 Ipo-dsiypo

To mpdTO TUNHO TNG KEVTIPIKNG VITOAOYIGTIKNG Hovadag To ovoudoape tpo-oeiypa. To
Tuua ovtd dwPdlel évav-évav Toug tuyaiovg kot emléyel tov IP mov avtiotouyel
otov toyoio omd to Yaptn. Omwg eldope, m Mo maAveo yevvnplo glval €10l
KATOoKELAGUEVT MoTe va. Bydlel apBpovg mov avikovy 6to ovowktd ddotnua (0,1).
Ot apBpol avtol £yovv 6 onpavtikd ynoeia (w.y. 0.189623) kot Bo mpémet pe Kdmoo
TPOTMO va. avTioTorobv oto yaptn upe Tig IP devbivoelg, dote va E€pel o
OEIYUATOANTTNG TG HOAS CLUVOVTAGEL TOV TAdE Tuyoio vo mdel vo yagel v IP
dtevbuvon mov tov avtiotoryel. ‘Eotm, Aowmdv, nwg oto yapt e tic IP dievbovoelg
nepi€yovtor N ovvolkd IP. O  derypatomeng  epoppdler  €va  ypopupukd
petooynuotiopd (amd Tovg mMPAyHATIKODS oTovg Quotkovg) M:(0,1) — (1,N)
petatpémovtag tov toyxaio apBud amd to vrosvvoro tewv mpaypatikov (0,1) oto
VTocHVoro TV Lok®V (I, N). O ypoppikdc petacynuotiopdg eivar avtdg Tov

mivako 3.3:

0 Te ontd 10 onusio TPETEL VO ELYAPIOTAGOVUE TOV TOAD KOAO Qilo Kol GuVadelpo K. Anuftpn
Kovféhn, o onolog forinoe otov mpoypappatiopd oe C g yevvitplag tov toyaiov apudv [KRES].
! Etvon o OUUTTOOT OTL GTI GLYKEKPLUEVT TEPIMTOOT 1 TN TOV GIOPOL gival KOTA ATOAVTY| TIUY|
ton pe tov apBpd tov tuyaimv mov BElovpe va mhpovyLe.

? Xpnoomowdnke to java ™ 2 software development kit (j2sdk), standard edition, version 1.4.0 kat
ta Biprio [F1a00], [Fla02].
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1. TToAamAiaciooce Tov Tuyaio pe 10 N
2. Z1poyyvAomoince GTOV TANGIECTEPO PUGIKO

Hivaxkag 3.3: ['poppukos LETOGYNUATIGOG

Mo mopddetypa otn detypatoAnyio Tov .gr 0 TPOTOS TVYXOMOG OV £0MCE M
yevvipila frav o 0.189623. Eapudlovtag Tov mo mhve YPoUUKd HETAGYNUATIGUO O
toyaiog 0.189623 avtictoryiletar otov 230,679, 61611 &xovpe: 0.189623-1,216,512 =
230,678.65 = 230,679 pe otpoyyvAomoincn 6Tov KovIvotePo LGIko. Avtd, onAadn,
onuoivel 6t1 0 Toyaiog 0.189623 sivar 0 230,679° IP amd v apyn g AMotag tov IP
xaptn. 1 cvvéyelo o derypotodnming emhéyel to IP mov Ppioketon ot 230,679"
0¢on g AMotag (BAéne kot mapdaptnua B) cdpemva pe tov €ng akyopBpo:

Bpec o¢ motd ypapuunf tov yéptn ovikel n ogipd 230,679 (ovikel oty 6" ypauun tov
xaptn). Avtd eoxolo Bpicketar ov apyilovue kol mpocOitovpe ta otoyeion Tng 5™
GTNANG TOL YAPTN PEYPL VO pTdcovue 1 va Eemepdoovpe T B€on mov Béhovue va
Bpovpe (65,536 + 65,536 + 8,192 + 8,192 + 65,536 + 32,768= 245,760 > 230,679).
Oca otoyeio g 5™ otRAng tov YGpt mpocbicape TOOEG YPOUPES TPEMEL VOl
Kkatefovpe yia va Bpodpe  B¢on.

Bpec og mo1d Oéon x e 6™ ypauunc tov ybptn aviket n oepd 230,679
x =230,679 - 65,536 - 65,536 - 8,192 - 8,192 - 65,536 =17,687

®éce 0=62, B=75, v=0, 6=0 xon extérecE:

x=x-1

a=o+[x2* &" x=x-2%[x/2*]-1
B=p+[x2"] & x=x-2"[x/2"]
y=7+[x2%] & x=x-2[x/2"]

0=d+x
av

0>25510t€ (6=0-256,y=v+1)
av

v>25510te (y=7-256,p=P+1)
av

B>25510te (B=P-256,a=0a+1)
av

o> 255 opdhpa (0ev emrpémetar 0>255)
TEMKE, 0 alyop1Opog exteleiton pio popd Ko divet:
a=62, =75, =69, 6=22
Anhodny, otn 230,670" B4om tov Yaptn Ppicketar o IP: 62.75.69.22 kai, Gpa, 6 GVTO
10 IP avtiotoygel o tuyaiog 0.189623. H mo mdve dadikacio yivetal yio kdbe Evav

amd TOVG TVYAioOVS aPBIOVE TOL £YEL TAPAYEL 1] YEVVITPLA, Kol OAOL ot IP apiBuol mov
TPoKOTTTOLY amotelovV éva mpo-deiypa. To ovoudlovpe mpo-delypo O10TL, OTMG

# [x] onpaivel aképato PéEPOG TOV X.
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eldape, omyv 2.3.2 dev amotehovv Olot and avtovg Eykvpeg web oeAideg. Avtd 1o
npo-deiypa’t Bo mpémel pe KGmowo TPOTO Vo avarvbel GoTE Vo TPOKHYEL TO TEMKO
delypa pe Tig web oeMoeg.

3.3.3.2 Avoiomic

Tnv o maveo dovAeld TG avaivong (PIATPOPIoUATOC) TOL TPO-OELYLOTOG, MOTE VOl
TPOKVYEL TO TEAIKO delypa mov Ba mepiéyel KOUPovg Tov web, TV Kdvel To deVTEPO
TUNO TNG KEVIPIKNG VITOAOYIOTIKNG LOVAJNS, O ovOALTAG. O avoAvThg eAEyyel Kabe
IP mov mepi€yetan 610 mpo-detypa av givar IP mov avtiotoryel o £ykvpn web celida.
O mo mavo éreyyog Baciletal, 0TS eimape, 010 YEYovog OTL 01 web Gerideg cuviBmg
"akovve" oto port 80 TV host.

O avaivtg maipvel 1o [P kou mpoomabel va kdvel pia http cuvdeon pe 1o port 80
tov host {ntovtog amd avtov pia andvinon. Ot amavIneEg TOV UTOPEL VA EMOTPEYEL
0 host eivar moAréc. T mopdderypo, pmopel va emotpéyel Tov kwdwkd 200 mov
onpoiver 0Tt "elval 6Aa evia&el Kol TEPIUEVEO VO EELTNPETNC® TU CUTHUATA GOL",
umopel va emotpéyel kmdkd 404 mov onuaiver 6t "dev e&ummpetd oto port 80
timota". Mmopel axkopa va unv emtevydetl kor kaborlov civdeon, omodte Bo Exovpe
timeout kot o avaivtig Oo mpoywpnost otov enduevo I[P amoxdelovtag Tov
TPONYOLLEVO OO TO TEAMKO Oetypa. Xtov mivoka 3.4 BAETOVUE PEPIKOVS OO TOVG O
GLYVOVG KOOKOVG oV Umopel va emotpéyet €vag host kot v epunveia 1:01)@45 Yo
v ékdoon 1.1 Tov TpwtokdALOVL http.

http k®dowkog Eppnveia
200 request succeeded
400 bad request
401 unauthorized
403 forbidden
404 not found
407 proxy authendication required
408 request timeout
500 internal server error
502 bad gateway
503 service unavailable
504 gateway timeout

IMivaxag 3.4: Xvyvég amavioelg TpmtokoAlov http v.1.1

A@ov o avalvtig eltpdpel OAo o mPo-deiypa toOte amobnievel Toug IP mov
eméhele kol onuovpyel to TEMKO Odelypa, To omoio &ivor kot 1 €£000GC TOL
OEIYLLATOANTTY).

To tehkd delypo pmopel va vmootel pio emmAéov enelepyacio d10TL glval ot
popon IP dievBivoemv kot oyt ot popen mov ypdeovue cuvibmg TG web Gelideg
(m.x. www.ntua.gr, www.hotmail.com xk.Am.). [la moapdderypo, oto TEMKO JSelyua

* To mpo-deiypa gaiveron otov IMivaka ILy.1 oto mapaptua I' kot oty http://users.ntua.gr/plekeas/
Data_sets/ Sampling_a web_subgraph/presample_gr.txt
# RFC 2616 [REC].
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avikel To [P 212.251.52.104 to omoio avtictolyel otnv www.air-conditioners.gr . Oa
BonBovoe, Aowmdv, pio emmAéov emeepyacsio m omoio Oa pag €dwve ta ovopota
(yvootd kot og aliases) tov IP. Kdtt 1€1010, OpmG, 0nmc Bo dovpe Kot o KATM OV
glvarl 0KoA0 va yivel kat évag amd Toug Adyoug lval, Onwg avagépnke oty 2.4.2, 10
virtual hosting. IIpo¢ 10 mapdv, Odpmg, o®lEL TNV KATAGTOON 1 TAPOATHPNOY OTL
npdoPacn otig web ceAidec Tov TEAIKOV delypatog pumopel va yivel ko péow twv IP
apOUdY Kot 6yt ATOKAEIGTIKG Povo e ta aliases avthv tav IPY.

Telkd, to deiypa mov mposkvye omd TN SELYHOTOANYio TOVL .gr POivETOL GTOV
[Tivaxa I1.y.2 oto moapdptnua I' ko vrapyel kot otn devbvvon http://users.ntua.gr
/plekeas/Data_sets/ Sampling a web_subgraph/finalsample gr.txt .

3.4 Aoxypalovrog Ty aSlomoTio TOV OELYHATOAMITY

2e aumn TV evOTNTA EALYYETOL KOTA OGO TO OElypo mov mpodkvye amd 1
derypotoAnyia Tov .gr givor a&lomoto. O Edeyyog yivetal pe dvo teot. To TpdTO TECT
oyetietar pe to oTOTIOTIKA oTOlXElol oV pmopovv va e€ayBovv amd 1o deiypa
oyetikd pe 1o .gr ccTLD. To devtepo 10T oyetiletal pe v Katavoun power-law wov
akolovBovv ot out-degree Tov TEAIKOV OelypaTOC.

3.4.1 To amoteréicpata gvog project

H epevvntucn pog opdoa coppeteiye pali pe aileg and to [avemomuio [atpdv kot
10 Owovopikd Iovemotiwo ABnvov oe va project 6to omoio £ywve yprion tov AVS
SDK (Alltavista Software Developers Kit) INDEXER, to omoio maipvovrtog
ovykekplpéva queries dnuovpyet index files, mov ypnoiponoovvtal yio vo e&oyOel
0AOKANPOG 0 KatdAloyog Tov .gr. Epeig Ba ypnoonomcovpe avtd tov KatdAloyo yio
va ehéyEovpe o Seiypo poag’. Mropei kdmolog va Katefdost avtd Tov KatdAoyo
(ovoloTIKA TPOKELTAL Y10 OAO TO EAANVIKO web Omwg Ntav oto PEGa TEPITOV TOV
2001) amd ™ d1evBuvon http://users.ntua.gr/plekeas/Pened/gr domain . Zopgwva pe
TOV T v Yaptn ota pésa tov 2001 o TANBvoHOC TV web sites Tov tedeiwvay o
.gr nTav 6,858. Av, tdpa, avatpééovpe otig Birpriodnkeg tov RIPE Oa dovpe 611 640
t0 EAMvikd web v emoyn ekeivn mepieiye mepimov 491,520 I[P oe tomikovg
Mé&lapyovg, 912,976 IP oe AS ko cvvolkd 1,404,496 IP. Avtd onuaiver ot
ooue®VO, UE TO project TO MWOCO0OTO TV .gr web sites nMrav mepimov

6858 488107 web sites.
1,404,496

3.4.2 XTOTIGTIKA TOV TEAKOV OEIYHOTOG

2m derypotoinyio tov .gr o mAnBvoudg nrav 1,216,512 evd to delypa mepieiye
10,000 IP, ko amd avtd ta 110 pévo andvinoav oto port 80. Av vroloyicovpe v

avaroyia p Bo dodue 6Tt p =1.1000-107 pe

* M napddetypa, site ypdyovpe og évo browser http:/195.167.36.46 site http://195.167.36.46:80 site
http://www.athensmap.gr gite http://www.athensmap.gr:80 éyovpe npoésfacn oty b0 web cerida.

Y To project avtdo Nrav éva ITENEA ypnpatodotovpevo amd ) ITET pe titho “Ymootipitn
OTOPACEMV [LKPOOIKOVOLLKNG Otoyelplong péowm texvikdv eE0puéng Kot Beltictomoinons”, kot eueig
ocvppeteiyope g avtd yuo to ddotnpoe 1/11/2000 — 31/3/2001. Av Adfovpe va” oy 6t to TIENEA
én&e otig 31/3/2001, o yapc Tov .gr mov Bo ypMoYoTOMGCOoVHE Yo Vo eAEYEoVLE TO TEMKO delypa
tonobeteital ypovoroyikd oto péca tov 2001,
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V(p)= 0.011-0.989( 1,216,512 -10,000
10,000 -1 1,216,512

2.V (p) =2-4/0.0001-102 =0.002 Apo, p=(1.10£0.20)-107 1 avaroyia web
ceMdmV oto .gr ota T€AN Tov 2002.

10,000} ~1.1-10° =0.0001-10% ka1

Av mpoornadnocovpe, Oumc, va cvvdeboie pe kamowo Browser pe to 110 IP
TOV TEAKOV delypotog Bo mhpovpe T Mo KAT® OmAVINGELS Ol 0moieg cuvoyilovtat
ctov mivoka 3.5.

a/a IIM00¢ IP amd to TeMko deiypa (12/2002)
40 IP fjtav web pages mov tedeiwvay og .gr

33 IP andvtnoav pe Can't find server or DNS error

13 IP amdvinoav pe http 404 File not Found

6 IP andvinoav pe http 403 forbidden

5 IP giyov domain names pe yevdwvouo (alias) mov €éAnye o€ .com

5 IP andvinoav pe http 401 unauthorised

3 IP andvinoav pe access denied (firewall)

2 IP andvimoav pe web page under construction

O (00 [Q [N [ [ (W ([ |[—

2 IP frav server test pages

—
(=]

1 IP amdvinoce e asp error

IMivaxoeg 3.5: Anovinoelg server og attnpoto cuvoeong pe to IP tov tehkov
detyparog (12/2002)

Av, emmhéov, voloyicovpe kat Tig avabEcelc mov Exovv yivel kat oto AS™
(mepimov 1,057,872 IP yia ) ypovikn mepiodo mov cuintdpe), T0Te 0 TPAYUATIKOG
TAnOvopog Ba eivon N' = 2,274,384 kat avoroyikd amd 10 p Ppiokovpe 0Tt 6T0 TEAN
tov 2002 vmpyov 25,018 web pages mov tekeiovav oe .gr. Ta mo whvo
QTOTELECLLATO. POIVOVTOL GUVOTTIKA GTOV Ttivaka 3.6.

ApOpog IP mov avatédnkav
otnv EALGda (opilovTio) P 2 VUvoAKOg ApOpog
o to e&apnvo (kéfsto)  |[AnEiapyovg  AS nin0Ovopoc IP | web sites
Mpoto 2001 491,520 | 912,976 1,404,496 6,858
Agvtepo 2002) 1,216,512 11,057,872 2,274,384 25,018

Iivakag 3.6: Zuvontikn anewkdvion IP apBumv ko extipnon tov web sites ywa v
nepintwon tov .gr ccTLD

Yyohalovtag Ta o Tave Ba propohoape vo TovpE T EENG:

To mocootd p mov vmoloyicape PAémovpe OTL gival peyoddtepo amd To
TOGOCGTO MOV €0WGe TO project tng eEaviAnTikng avalntnong. Kartt tétoo eivon

®BA. 3.5.3
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@LO10A0Y1IKO Vo supPaiverl d10TL, Bewpovpe 6Tt TavTod (dpa kot otnv EALGSa) T0o web
avéaver 0 péyeboc tov. Emiong, to mocootd mov vmoloyicape eivor a&lomioTto
O€dOUEVOL OTL OV TO GLYKPIVOLUE UE TIG TYES OV SIVEL 1) GTOTIOTIKY VANPEGIN TOV
RIPE" 00 8ovpe 61t ivan moAd kovtd (o RIPE yio v mepiodo mov pehetdpe divet yio
10 .gr ccTLD ap1Bud www sites: 22,996).

[Mopatnpodvtag tov mivaka 3.5 Ba dovue 6t t0 33% Tov delyparog frav IP
mov Otav (ntoape Tig http oelideg Tovg amdvinoay pe to povnuoe “can’t find server
or DNS error”. Avtd &fnyeltor av OKEPTOVUE OTL, OVLOWOCTIKA, 1 TO TAVEO
detypotoAnyio rav pia ostypoatoAnyio otoug An&iapyovg mov dpacTPLOTOOVVTOL
010 .gr ccTLD. Avtd onpaiver moArd, ov oke@ToLpe OTL ot An&ilapyot ivar kvpimg
ISPs (Internet Service Providers — m.y. otenet, acn, forthnet, hol) ot omoiot
TpooceEépovy Kot vanpeoieg, dial up ovvdeong pe to internet. Ilpdyupart,
TopATNPOVTAG TO TPo-deiypa Ba dovpe 6t to 1/3 frav ppp (dial up) cvvoéoelg péow
deopwv eMnvikdv ISPs. Av, tdpa, ot derypatonyia elyope copmeptAdfel Kot to
xapt avabécemv otovg AS, tote TOL TPdypato O TV O1PopETIKA, ool ota AS
neplhappdvovtor Tlavemomua, Epevvntkd I[dpdpata, Xyoleio k.0 To omoio
TopEYOLVV Hev 0AAG Oyt TOoeg moAAEG dial up cvvoéoelg. Anhadn, pe avtd TOoV TPOTO
moTeLOLUE OTL T avoroyia p Ba NTav peyaAvTepn.

Onwg eiyape mer oy 1.2.3 éva and 1o TPoPANUHOTO TTOL GLVAVIOLV Ol
crawlers givon ka1 o TpOPANUA TG TPOSTELACTG TV dapdOp®V host, gite AMdym oyt
KOANG ovvdeong eite ylotl amatteiton avayvapion tov ypnot k.An. [pdypatt, avtd
TO TPOPANUE TO TOPATNPNCAUE KOl €0, POV Om®G PAETOLLE Kol oTOV Tivaka 3.5
nepinov 1o 10% tov detypatog dev umopovce vo tpoonedlactel and tov Browser (File
not Found). Ta va eAéyfovpe 10 mO WAVO TOGOOTO TpoomadNoale Vo
Eavaovvdehovpe pe kdbe éva and ta 110 IP Tov tedikov detypotog mepimov 1 pnva
petd amd v mpmn pog tpoonddeia. Ta amoteAéopata to cuvoyilovpe GToV 7O
Kt wivaxo:

a/a I\ 00¢ IP amd To TeMKO dciypa (1/2003)
35 IP tav web pages mov teAeimvay o€ .gr

39 IP andvtnoav pe Can't find server or DNS error

12 IP andvinoav pe http 404 File not Found

3 IP andvinoav pe http 403 forbidden

5 IP giyov domain names pe yevdwvouo (alias) mov éAnye o€ .com|

5 IP andvtnoov pe http 401 unauthorised

3 IP andvinoav pe access denied (firewall)

5 IP andvinoav pe web page under construction

O [0 [ [N [ [ (W ([N [—

2 IP frav server test pages

10 |1 IP andvince pe asp error

Mivaxag 3.7: Anavtioelg server og aitnuato ocvvoeong pe to IP tov telikov
detyparog (1/2003)

¥ H otaniotikh vanpesia tov RIPE ovopdleton hostcount kat fpioketar otm dievhuvon
http://www.ripe.net/ripencc/pub-services/stats/hostcount.
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BAémovpe, Aowmdv, 6t 10 010 delypa oe ddotmua 1 unvog €0mce JPOPETIKY
GLUTTEPLPOPAL.

3.43 Koatavom) power law Yo Tovg out-degree tov
TEMKOV OElynoTog

[Mapammpnoape omd too Tponyovpeva Ot T0 TEMKO Oelylo Hog E0MOE GTUTIOTIKEG
TANPoPopieg o1 omoieg cuUE®VOLV pe Tpiteg aveEdptmreg myés. Avtd givar €voeidn
OTL M GLUTEPLPOPE TOV delYUATOS Efvart KOAN KoL dpa OTL O OELYHATOANTTTNG AEITOVPYEL
cMOTA.

‘Eva emumAéov 160T 10 OmMOI0 (QAVEPMVEL (ULGIOAOYIKY] GUUTEPIPOPE  EVOG
delypatog Tov web ypdopov eivar 1o power law teot. Enedn, onmg eimape Ko otnv
1.2.4, ou power law @aivetor vo givor pio €vooyeviig 1010TNTaL. TOL Web ypagpov
[BKM'00] Qo 7pémet £€vo QVIIPOCMASLTIKO TWAMG TOL VO &XEL  TOPOLOL
CLUTEPLPOPE. OempnoapLe, AoTdV, KOAO vo vroPdAove oe ELeyyo To TEMKO deiypa
Yo va, SovpE oV EPPaviCel AT Tr GLUTEPLPOPUL.

INa 10 oxomd avtd kavape crawl Odeg Tic web pages mov avikav ce OAa Ta web
sites Tov TEAkoV defyparog kat vrohoyicape ta out-degree Tovc’’. Tt eryodpa 3.3
nmapotnpovpe v power law katavoun (log degree, log rank) yia ta mo mwéve out-
degree. ['a TovV VTOAOYICUO OVTHG TNG PLYOVPOS XPNOILOTOMONKE 1 TPOGEYYIoN OTL
éva web site pmopet vo Bewpnbel cav Eva dévtpo pe piCa T home page tov Kot OAAL
TIG VTOAOUTEC Web oeAideg KAt amd avtnv. Xav out-degree vmoAoyioTnKay Hovo dca
link kéBe celidag ERyatvav €kTOC TOL MO TAVED OEVTIPOL Kot Oyl OGa €O VoV GE
GAAeg oeNidEG EVTOG.

Out degrees, InTree links
chopped
100: . Fit: 11,2456-0.0085x
' (x,y)=(Log degree, Log rank)
50|
S
207 ._.
10/
5+t -
210

10 20 50 100 200 500 1000

®ryovpa 3.3: Katavoun out-degree yio ta web site Tov telkol detypatog

H ypagwn mapdotoon mapoatnpovpe 6Tt KLPTMOVEL TAPA TOAD 610 Y = 4, mpdyua
TO 0moi0 OQeiAeTal OE £val TOPVOYPAPIKO Web site e eKaTOVTAOES ETAVIANYELS TWV
{dwwv link oTig 6eAideg TOL.

0 B ko ke. 5 yia 10 OGS Eywve To crawl kou To TG voroyicTnkay T out-degree.
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3.5 Ilepropropoli kor Tpofifqpata

Méypt otiypng eidape tog umopel vo epappootel n pébodoc IP sampling oe éva
ovykekpipévo ccTLD. Ot mepropiopol Kot To TpOPANUATO TOV GUVOVINCOUE KOTE TV
EKTELEDT] TOV TTO TAV® TEWPAUATOV €IVl T 10100 LE VT TN EPAPLOYNS TS HeBOSoV
v 6Ao tov IPv4 ydpo. Ta mo onuaviikd tpoPAnuata givor to virtual hosting kot 1
detypotoAnyio web ceMowv and éva web site.

3.5.1 Virtual Hosting

Onwg elyape avaeépet kot oty 2.4.2, 1 teyvikn tov virtual hosting epappoletar and
TOVG OLUXEIPIOTEG TV Web server Pe oKomd vo OAoEevoivTal ToAAG web sites péca
oTOV 1010 server kot TOAAES Popég KATm amd to 110 IP (name based virtual hosting).

Ag mapovpe, yuo mapadetypa, €va server Apache [Wai99]. Otav o diayeplotig
oV gpapuooel To name based virtual hosting tote KdOe ewcovikodg (virtual) host dev
éxet To dkd tov IP aAdd 6lot Bpiokovtan kKdtw and to idto IP. Otav évag Apache
pvOuiletan yioo name based virtual hosting 1dte 0 droyeP1oTg TOV dNA®VEL TO IP TTOL
B pulo&evel ta ddpopa web site pe ) MAwon NameVirtualHost. KdBe web site
Kt omd avtdv tov virtual host pmopodpe va 10 SNADOGOLUE PE TOV KOOKOA TNG
oryovpog 3.4:

<VirtualHost IPnumber>

ServerName ...........

</VirtualHost>

®dryovpa 3.4: Anlwon virtual host o Apache server

2t @ryovpa 3.5 PAémovpe to virtual hosting towv web site www.websiteA.com
ko web2.lab.ece.ntua.gr kéto omd to IP 104.7.212.214°". Otav, tdpa, o Apache
mhpetl éva aitmua yuo to [P 104.7.212.214 BAénetl 6Tt mpoketton yio. name based virtual
host kot eEléyyel av to mpdBepa Host mov tov otédvel avtdc mov {ntd 1o aitnua (o
client onAadn), mepi€yet Eva €ykvpo ServerName. Av, m.y., oteilovpe aitnpa yuo o IP
104.7.212.214 pe Host: www.websiteA.com 10t B cuvoeBolE e TO CLYKEKPIUEVO
web site kot Oyl pe kdmolo dAro (m.y. To web2.lab.ece.ntua.gr). Av, duwg, o client
oteidel oto aitnua pévo to IP ko dev diver mAnpoeopia yio tov Host, 10te 0 Apache
de yvopiler 11 web site mpémel vo emMOTPEYEL, OMOTE EMOTPEPEL KATOO UHVILOL
AaBovc. Etvon BEPara duvatov va unyv emotpépetor povnua AaBovg aiid éva default
web site (cvvnbog avtd g mpoOT™G OMAwong). 'Etol, ouwe, eved vmdpyovv
neplocdtepa amd éva web site oto 1010 IP epeig avokaivmroope povo to default.
EmumAéov, dev vmdpyel kAmoo TEYVIKN OV VO, GOV EMGTPEPEL OAQ TO. Web site gvog

1 To IP kon o web site givat vrodeTikd.
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virtual host™*. BAémovpie, Aowmdv, 6Tt 1| 1o TAve TeRVIKA Tov virtual hosting ecdyet
plo pepoAnyio oto deiypo vmép tov default web site yio 6ca IP tov TEMKOV
detypartog kavouv virtual hosting.

<VirtualHost 104.7.212.214>

ServerName www.websiteA.com

</VirtualHost>

<VirtualHost 104.7.212.214>

ServerName web?2.lab.ece.ntua.gr

</VirtualHost>

®ryovpa 3.5: Anlooelg virtual host yuo to IP: 104.7.212.214

3.5.2 Ilpopinpo derypatoinyioc web cerio®v amé web
site

Onwc éyovue del, n teyvikn tov [P sampling domuovpyel ta deiypoto tov web
ceMowv éupeco maipvoviog mpota Eva peyodvtepo detypo amd TP devbivoelg,
KPOTOVTOS VOTEPO OMOlEG amd aLTEG PLAOEEVODV Web sites Kol emAEYOVTOG, TEAKA,
web oelideg and avtd ta web sites. Ouwc, elyape avaeépel oty 1.3 kot oy 2.4.3
0Tt évo amd ta petovektnuata tov [P sampling eivat 1o 011 dev €yetl Ppebet texvikn yu
OLOOHOPPN detypotoinyio web celidmv pésa amd éva web site.

Mia Tpocéyyion Tov o v TPOPANATOG vl VoL 0pKEGTOVE GTO JElYa TV
web site mov &yovpe Ko va Bempnoovpe 6t o1 web celideg Tov TEAMKOD OElYUATOC
pog elvar ov apyikés oeAideg (ot home pages dniadn) tov web site. 'Etol, duwg, to
detypo pag Ba mepiéyxel povo home pages. Mio. GAAN Tpocéyyion eivor 1 eEAVIANTIKNY
avalfmon OAov Tav web site mov vmdpyouv oto Seiypa’. Avti, PéPoua, M
TPOGEYYIoN EEPEVYEL OO TNV EVVOLa TNG OELYLLOTOAN YOG,

[Tavtwg, péypt ottypng to TPOPANUO TNG OHOLWOUOPPNG OElYHATOANYyiog web
ceMdmV and web site Tapapével GALTO.

2 Sy TpOypaTKOTNTA VITAPYEL pio TEXVIKN M omoia Aéyetan zone transfer mov cov emiTpénel va delg
mowd web sites €yovv yivel configured og éva IP. TTaporo mov o RIPE emkpotel tn yprion tov zone
transfer givat Tdyo TOKTIKT TOV SLOXEPIGTAOV VO TNV AAyOPEHOLY Y10 AOYOLS 0CPUAELNGC.

3 BA. Kke. 5.
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3.5.3 IIpocowopiopog IP avaBécewv o€ avtovopa
CLGTINOTO

2mv 3.3.1 &ldape 6t 0 ybptng twv IP drevbdvoewv, 6nmg divetar and tov RIPE, dev
avapépel Tl avabiécelc €govv yivel ota SOEOPO. ALTOVOUO GLOTAUHOTO  €VOG
ovykekpipévov ccTLD. X JdetypotoAnyio mov mepyplyope TPONYOLUEVDS
mopoAnednkav ta AS pe amotéAecpo 0 XEPTNG TOL YPNOCULOTOMGOUE Yo TN
detypatoAnyio tov .gr va unv gtvor axpipng.

‘Evag tpdémog yuo voo vmroroyicel Kaveig i avabéoelg ota dtdpopa AS eival o
e€&ng: O RIPE puldooel 6Aha ta dedopéva mov oyetilovtol pe To internet oty meployn
£00OVNC TOL o€ pia Baon dedopévav mov ovopdleton whois™. H Baon avth mepiéyet
avtikeipeva (objects) T omoia mepiEyovv ddpopeg mAnpoeopiec. 'Eva aviikeipevo
YPNOO Yoo TOV VIOAOYIoHO TV avabécewv IP oe AS ovopdaleton route. ‘Eotm 011
éyovpe 10 AS pe apBud 6744. Mropovpe va potioovpe t Paon ywo to ti IP €xovv
avatebel o100 ovykekpluévo AS pe to gpatua: -r -1 route -i origin AS6744. H
amdvinon mov Ba mapovpe @aivetal ot eryovpa 3.6 kot pog Aéel 6t oto AS6744

érovv avartebei 272710 = 2% suveydpeveg IP dievbivoeic pe apyn v 150.140.0.0 .

route : 150.140.0.0/16

descr: PATRASNET

origin: AS6744

remarks: The core of PATRASnet is
CTInet (the CTI Local Area
Network)

remarks: which provides the
gateways to national and
international

remarks: computer networks.

mnt-by: CTINET-NOC

changed: netmgr@cti.gr 19990510

source: RIPE

®ryovpa 3.6: Andvinon tov RIPE whois server e epmtnua oyeTikd pe Eva
aVTIKEIEVO route

O mo maveo tpdémog epdINONG NG Pdong umopel vo avtopatomrombel dote vo
epotdtor avtépoto 1 Paon omd KATOW TPOYPOLUN KOU VO ETICTPEPETAL TO
avTIKEIpEVO route.

3.6 Emiloyog Kot YEVIKI] ATOTINIGT] TOV OELYUATOM|TTTY

210 Ke@AAOlo ovTd TEPLypdyape TNV vAOToinom Kot TN Aettovpyio evog [P
OEYHOTOANTTY. AVTOC O OEIYUATOANTTING, aAVTIOETO e TIC HEXPL TOPO EQPOPUOYES GE
oMo tov IPv4 ydpo g pebddov IP Sampling, kdvel derypotoinyio 6e cuyKekpiuéva
ccTLD 7tov Internet ypnowomnoidvrag ydpteg IP dievbivoewv amd tovg avtictoryovg

* H whois Péon ypnowonotei ™ yAdooa RPSL (http://www.ripe.net/ripencc/pub-services/db/rpsl/
index.html) xot 1o documentation tng Pdong Ppiokerar oty http://www.ripe.net/ripe/docs/
databaseref-manual.html.

58



nrepotikods Anéiapyovg (RIR). Ze avtd 1o onueio o derypatoA)mTnG TAEOVEKTEL
évavtt evog random walk, 616t1 0 TeEhevTOioC dev pmopel vo eplopiotel o€ Eva ccTLD
YOPIc TNV €100y®YN HepoANYiog vrép Kdmolwv web celidmv. O detypatoAnming divet
a&omota anoteléopata o omoio cupPadilovv pe Tpiteg Eykvupeg TNYEG LETPNONG.
Eiva, emiong, vhomomuévog o€ java Kot TpEYEL G OMOLONTOTE TAUTOOPLA Y®PIS VoL
amoutel 10w0{TePT LIOAOYICTIKY oYV (.. M OstypatoAnyio &ywve oe amid PC, o
Kkddwag givar poig 4.2KB kot amotteiton povo pio omAn obvoeon pe to Internet) ko,
EMTAEOV, TO OTTOTEAEGLLOTOL LLITOPOVV VO, YWPEGOVV G€ pia amhr| dokétta 1.44".

270 LEOVEKTNIATO TOV OEIYUATOANTTY LWITOPOVUE VO OVOPEPOVIE OO OVTO TOV
éxet mn pébodog IP Sampling, SmA.: 1) 1o virtual hosting, i) 10 7POPANUL
derypotoAnyiog web celidwv amd web site, kot iil) to yeyovog OTL 11 HLOPPN TOV
TEAMKOV Oetypotog etval 6to peyaAvtepo mtocooto IP apBpol kot dev givar ot popon
oL cVVNO®G Ypdpovpe TIG web ceAldec.

KAetvovpe avtd 10 kepdrono pe Tic e€Nng 2 moapatnpnoels: 1) o deryuatoAnming
ov meptypayape Pyaler opodpopea kol tuyaio oetypoto web celidov Ta omoia
umopov va dwbovv cav celideg agpetnpiog oe ostypoatonmteg pe random walk
EAATTAOVOVTOG KATMG TN HEPOANYia TG TPOTNG GEADAG TTOL avapépape otny 2.2.4 .
2) 0 JEIYUATOAMTTING amd TN VO TOVL UTOPEL Vo YPNGLEVSEL Ol LOVO Yoo eEaymyn
derypdtowv tov web aAAd kot tov Internet. Avti n tedevtaio mapaTpnor amoterel
Ko pior oo TIg KEVIPIKEG 10EEC TOV EMOUEVOL KEPOAOLIOV.
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4 XPHXH TOY IP AEI'MATOAHIITH TIA EEATQIH
XQPIKON KAI XPONIKQN TIAHPO®OPIQN AITO
HOSTNAMES®

210 ke@diato 3 eldape v vAoroinomn evog IP derypatoiqmn Kot ™ ypnoiponoinomn
TOV YO TNV TOPAY®YT EVOG OUOOUOPPOL Oeiypatog amd web cedideg. 1o Ke@AAalo
avTtd Bo XPNCLOTOMGOVUE TO OELYLOTOATTN OxL Yo Vo eEQyovpe TANPOPOPIEG TOV
agopobv 10 web aAld mAnpogopiec mov apopovv to Internet. Xvykekpiuévo, Oa
nwépovpe €va delypa amd hostnames mov avikovv oto .uk ccTLD kot eneEepyalovtég
10 Ba Pydhovpe yopikéc (spatial) kot ypovikég (temporal) mAnpoopieg yio Tovg
010K TEG AVTAV TV hostname.

4.1 Ewayoym

Onwg eidape ota mponyovueva eival Suvatov va Kdvovue detypatoinyio péca oe £va
ovykekpiévo ccTLD. Onwg, eniong, €yovpe mer yo Kabe Kphtog vmwépyel Kol To
avtiotoryo ccTLD. ®a pmopovoe, Aowmdv, Kamowog va mer Ot €yovrag Tig P
dtevBbvoelg evog ccTLD ovclaotikd €xet xor tov [P ydptn g avrtiotoymg
Ye@YpPoQKNG meproyns. H mo whve mpocéyyion, Opmc, dev eival akpifdg cwort,
ot évog host mov ypnotomnotel, m.y., to I'oddcd domain .fr (France) dev eivar
amopaitnto va &xel uoikn tapovsia otn [adiia (OnA. dev elvan amapaitnto ot server
tov va givon ot [NoAdia). T mtapdostypa, copewva pe tov Paltridge [Pal99] mepimov
10 1% tov mepreyopévov tov .gr ccTLD Bpioketar oe pnyoaviuata otov Kovodd.
[opd v mo néve mapatipnorn copewvo pe tov Paltridge to va mpoceyyicovpe Tig
IP d1ev00voelc piog yeoypapikng mepoyns pe tig I[P avabéoseig mov €xovv yivel oto
avtiotoryo ccTLD g meproyng umopel va yivel pue apketd pueyAn eumotocuvn.

Agydpevor, Aomdyv, Vv Mo TOve TPocsyyon ot 0Tt BELove va kdvovpe pio
derypatoAnyio ot YeOypapikn meployn g Meyding Bpetaviag. Emiéyovpe to .uk
ccTLD ot oynuatiCovpe tov avtioctoryo yaptn ond tov RIPE. Emewdn om
YE@YPOPIKN TEPLOYN TOV UEAETOVUE UE TNV TTEPOSO TOL ¥POVOL VEQ diKTLA UTOPET VoL
ouvoebovv pe ta MoT vtapyovta (m.y. éva [avemomuo enekteivel T SIKTLOKY TOV
vrodoun) N Kamowa dikTvo UmOpel VA GTOUOTACOVV VO AEITOVPYOVV (T.Y. £VOG
TapoyEag vanpecudv Tvrepver -ISP¢- OTOUOTE VO TPOGPEPEL TIG VANPEGIEG TOV),
vrdpyet £val 100G YPoVIKNG TANpoopiog 1 omoia petaffEAAETAL Kot 1| OTTO10 QLPOPAL TOL
dlktva ¢ yewypagikng mepoyns. EmmAéov, vmapyer kot éva €idog avtiotoymg
YOPIKNG TANPOPOPING HOG KOl Ol OIKTVAKES OVIOTNTEG TNG TTEPLOYNG €lval cuvnOmG
EVIOTIGUEVEG GE GUYKEKPLUEVES YEMYPOUPIKEG GUVTETAYUEVES. AVTEG OL YWPIKES KO
YPOVIKEG TANpoopiec Ba mpémel pe kamolo tPdmo vo avtikatontpilovial Kol GTo
xoptn tov IP dtevbhvoewv g meployng Kot Kot €MEKTOCN Kol G6TO OMO0 Ogtypo
wpokLyeL and avtdv. Ommg Ba dovpE Kot TOPOKAT® OVTEG O YWPIKES KOl YPOVIKEG
TAnpoopieg eivar pavepég oyt amevbeiag otig IP devbivoelg aAld oty Mo eUMKy
TOVG avomapdotaon oto hostnames. Avtd yivetal 610Tt ota hostnames emtpénetal n
YPNON  OAQOPIOUNTIKOV YOPUKTAP®OV JOivOvIag TN ouvaTOTNTO GTOLS OLAPOPOVE
SLYELPIOTEG TV SIKTVMV VO O10TLTMVOLV 6T hostnames, £6T® KOl KOOKOTOUEVQ,
Olapopec TomoHeciec TG YEWYPAPIKNG TEPLOYNG.

> [Lek03a], [Lek04]
%% Internet Service Provider
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4.2 H gmioyq ¢ Ye@YpoQKNS TepLoys kKo o IP yaptng g

'Onwg eimape oV €160YOYN OG YEOYPAPIKY TEPLOYT OV Oa EpyacTOVUE EMAEYOLLE
™™ Meydin Bpetavia (.uk). Ereidn n Meydin Bpetavia Ppioketor otnv Evpomn
néptovpe otnv meployn evBvvne tov RIPE. Xtov Ilivaxa 4.1 pmopovue va dodue Eva
pikpd tunpa (tnv apyn kot to téAog) tov .uk IP ydptn, 0mmg avtog eixe dropopembel
10 Aexéuppio tov 2002. O wARpNG YOPTNG UTOPEl VO TPOCTEANCTEL OTNV
http://users.ntua.gr/plekeas/Data_sets/metadata_in_hostnames/IP_map of uk.txt .

62 3 64 0 16384
62 6 0 0 65536
62 7 0 0 65536
62 8 96 0 8192
62 12 64 0 8192
62 13 128 0 8192
62 18 0 O 131072
62 24 128 0 32768
62 25 0 0 32768
62 25 128 0 32768
62 28 0 0 65536
62 30 0 O 65536
217196 0 0 4096
217196224 0 4096
217197 32 0 4096
217197192 0 4096
217198 32 0 4096
217199160 0 4096
217199176 0 4096
217204 0 0 262144

MMivaxag 4.1: Mikpo tunipa tov .uk IP ydpt (Aek. 2002)

H npot oepd tov mivaxa 4.1 deiyvel nwg Eekivavtag amod 1o 1P 62.3.64.0, 2=
16384 cuveyeig IP devBovoelg éxovv avatebel oe KOmow SIKTLOKY OVIOTNTO GTO
Hvopévo Baoilero. Kdti avtiotoryo 1oydet Kot yio TiG VTOAOUTES YPOLLUES.

H emioyn TG oLYKEKPILEVIC YEWYPAPIKNG TEPLOYNS OeV NTaV TVYaia. ADO MTOV
o1 Adyotl Tov pog avaykacav va emaééovpe to .uk. O TpdTog fTay TMG, £MEWON dev Bal
gpyaotovpe ancvbeioc og IP apBpovg oAdd ota avtictotrya hostname, Oa &xovpe va
AVTILETOTICOVE TANpOo@Opia 1 omoia £xel avamapactadel og keipevo. I' avtd to
Aoyo Ba Béhape va eoAelyovpe TO YA®WGOIKO TOPAYOVIO GTOV TPOTO TOV
TAPLOTAVETOL | TANPOPOPia. AVTOG 0 TOPAyOVTOG OElyVEL VO Elval TOAD GNUOVTIKOG
oTNV aVoKAALYN W10THTOV Ko otV e£6puén oymudtov (patterns) Kot TAnpopopiog
an6d keipevo. 'Eva ypagikd mopdderypo eivor to axoéiovBo: Olot ot 'EAAnveg
avayveoTeG avToh TOL KeQaAaiov HdAAov Oa avayvopillov Twg 1 UVNHOVIKY
avoropdotacn tov www.kathimerini.gr oavoeépetar oe pio nuepNolo EAANVIKY
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epnuepida. AALG av vmoBétope OTL KAmowog dev to Yvopile TOTE Kol WAL Oa
UTopovGE Vo avOoyvmpicel amd T0 GLALAPICUO TOV YPAUUATOV OTL TPOKEITAL Y1
Kémola eAANViKN AéEN. AvtiBeta, €vag avayvdoTtng mov o pAdel EAANViKG Ba NTov
anifavo va kataldpel amd v apyn Tt onpaivel avtd to mepiepyo dvopa. Edv, BEPara
eméleye ) devBvvon Ba EPAeme OtL delyvel o pia eAANVIKN epnuepida aAAd Kot TaAL
iomg va ayvoovoe to okpiéc vomua g AEENG (ekTdC Kol av KATOL0G TOL TO
paptupovce N ov ekivovoe va pobaivel edAnvikd). To mo whve ovopevo de Ba
0éhape va ovuPel kol og guag, omdte emAégape va cuAAEEovE TO delypo amd pio
ePLOYN otV omoia ot dvOpmTol GKEPTOVTAL, WAOVY Kot YPAPOLV pio YAMGGO Tov
Ko epelg pAape Ko pio tétota yaAwooa nrav 1 eyyAélikm. ‘Evag oebtepog Adyog yua
TNV EMAOYN TNG OLYKEKPLUEVNG TEPLOYNG MNTAV OLTOG TOV VYNADV TOCOGTOV
host/kdtowko [Eur], o omoiog Ba pag €0tve mAovolo e mAnpoeopia ostypa (dAAQ
detypata to omoio. cLAAEEapE amd dAAa kpdtn - EALGSa, Topdavia - ftav moAd mo
QTOYA o€ TETO0V €100V TANPOPOPIN).

4.2.1 Kavovtog derypatoinyio 6to yaptn

Onwg eimape otov [Mivaka 4.1 eaiveton Eva pukpd tpunqpa tov IP xdpt. Orog o xapng
aroteAdeiton amd 21,771,520 IP 61ev60voelc. Xpnoomoidvtag T0 OEYLATOANTTN TOV
TPONYOVEVOL KEPOAniov maipvoupe Eva delypa peyéboug 0.1% 1o omoio amoteeitan
a6 21,772 IP.

4.3 H popo1 tov dgiypatog

‘Eva pikpd pépog tov delypratog mov Tpoékuye amd T Oetypotonyio @oiveTol oTov
nivoka 4.2 (0Aho 1o detypa pmopel kdmoog va o del otV http://users.ntua.gr/plekeas/
Data_sets/metadata_in _hostnames/uk data_set.txt kaBd¢ kot OSidpopovg GAAOVG
TIVOKEG KO OTOTEAEGLLOTO, TTOV 0LPOPOVV AT TO KEPAAL0). [Tapatnpdvrag o deiypna
UTopovpE va dlomioT®covpe 0Tl oynuotifovtor cvotddeg (clusters) amd hostnames
Kol o KéBe ocvotdoa N TANpoPopin Kwdkomoleiton Pe Tov 1010 TpOTO. XT0 delypa
vrapyel éva tunpo 6mov OAa. To otoyeior dgv elvar oe popen hostname. Avtd
ovpPaivet 3101t gite oTOVG GLVYKEKPLUEVOLS TP dev €xovv avatedel hostname gite 0101
01 VTOAOY1IoTEG [e T cuykekpipéva [P yia kdmolo Adyo dev eméotpeyav hostname,
moapoAlo mov tovg ntOnke. Avtd, Aowmdv, To TUNHO TOV delypatoc mapapével og [P
AVOTOPACTOON Kol 08 oG Eival YPNOHO Yo TNV OVAKAADYT YOPIKOV KoL YPOVIKOV
dedopEVV.

Ymapyet, emiong, éva dALO Tunuo tov Ogtypatog oto omoio OAa to hostname
Eexwvolv pe to Tpobepa “www” (BAére ko mivaka 4.3). Avt givor 1 www cuoTtdoa
Ko o otowyeia g eivon base-URLs”’. Tlapatnpodpe 6Tt 1 kmdikomoinon tmv mo
mévo hostname yivetor pe T€TO0 TPOTO MOTE Vo UNV TEPLEXETOL TANPOPOPia Yl
(QUOIKEG  OUVIETAYUEVEG TOV  KOOIKOTOMUEVOV — aviikelwévayv. Avtifeta, 1
KOOIKOTOINoN oL TOPATNPOVUE UG TPocavaTorilel otov vrepywpo (hyperspace),
onAaon oto web. Aokipudlovtag OAa to hostname ovtig TG ovoTddas, oV OVIMG
eEummpetodv pio web ceAida, gidape 0Tt OAeg ot http GUVOEGEIS TOVG NTOV EMTVYELS.
Ouwg, 0 web dev givar yopikd pe v évvola e QUoIKNG eumepiag [Sve9s], apa
00TE 1| WWW GLOTAO0 oG €ivol TOGO YPNOIUN Yo TNV OVOKAALYT YOPIKOV Kot
YPOVIKAOV dEGOUEVMDV.

B 2.3.1
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modem-3575.orangutan.dialup.pol.co.uk
modem-3719.hyena.dialup.pol.co.uk
modem-972.barrelled.dialup.pol.co.uk
ns.ecat-tech.com
ns2.avantdns.co.uk
ns2.qtec.uk.net
ntfm382-10.facility.pipex.com
pcl-cmbg3-5-custl 15.cmbg.cable.ntl.com
pcl-papw1-6-cust77.cmbg.cable.ntl.com
80-194-58-94.cable.ubr08.bf.blueyonder.co.uk
adsl.r-t-f-m.co.uk
213.219.21.165
213.249.159.75
217.13.131.167
www.heavens-above.org
www.jacksonspower.co.uk
www.kayto.co.uk
www.learning-opportunities.co.uk
fp03-347.web.dircon.net
ftp.dip.co.uk
host213-1-133-95.in-addr.btopenworld.com

IMivaxag 4.2: 'Eva pukpo pépog tov delypotog

www.focus21.co.uk
www.continentalresources.org
www.easyshopping4u.co.uk
www.oouid.man.ac.uk
www.sundogs.co.uk
www.patricksofcamelon.com
wWww.quays.co.uk

www.issltech.net
wWww.vinesgroup.co.uk

ivaxag 4.3: Mépog g www GuGeTAd0G

To mo peydAo pépog Tov delypatog amoTeAeitanl amd WKPOTEPES CLOTAOEG TV
omoimv to otoyeion dev ékavav emTuynuéveg http ocuvvoéoelg (exktdg amd KAmoleg
nepmtooelg mail server 1} login prompt). Avto onpaivel 6Tt Ta To TV oTotKElD TOV
oVoTAdMV Oev  kwoKomomdnkav &yoviag To web Katd vov a@ol  dgv
npocavatoAilovv otov vrepympo. H kmdtkonoinon avtdv tov hostname £ywe yuo vo
OMADGEL YWPIKY| Kol ypoviKn TANpoopia, Onwg Oa dovUE Kol o KATO. L€ AVTEC TIG
oLOTAGEG OVTO OV TopaTnPEiTaL Etvar 6TL OAA TO. GTOLYEID TOVG EYOLV TNV 1010 OLPEL
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(tail). Eqv oxeptovpe 6t1 ta hostname eivor adeoapOuntikég akoiovdieg tunudtov
(to xkGBe TuNuoO emTpEmETOL VO £XEL LEYPL 63 YOPAKTAPES), T omoia ympilovion amod
tedeieg (1), pe péytoto apBpd yapaxtypwv 255, 1ot n ovpd £vog hostname Ba givarn
Kémowo akoAovOia TV TeElevTaimy Tunuatoy. o mapddetypa, n kovi ovpd Twv pe3-
hudd3-3-cust138.hudd.cable.ntl.com ka1 pcl-bagu4-3-cust54.mant.cable.ntl.com giva
n cable.ntl.com. Zto delypa mapatnpovue 6Tt cLVHOWG Ol OLVPEG TPOJdIdOLY TOV
wwokttn tov hostname (BA. evomnta 4.4). 'Etol, pmopodue vo moOue pe peydn
mhavotTa emtvyiag edv éva hostname avrkel o€ évav mapoyéa vnpecidv Internet 1y
0€ KOTO0 EKTOOEVLTIKO {OpLLLOL K.AT.

4.4 EEO0pvén minpo@opilog oYETIKA NE TNV VTOOOUN KOL TV
Kvkio@opio Internet (Internet traffic) evoc Bpetavikov
ISP

Onoc avaeépape otV TPONYOVUEVT TOPAYPOPO TO Oetypa Eivol £TG1 YOPIGUEVO DOTE
to. hostname pe Tig 101€g OVPEC Vo VKOVY OTIS 1016 oLOTAdEG. APKETEG MO TIg
OLOTAOEG £YOLV OTOLEID OV KMOOWKOTOWVY ovopato morewmv g Bpetoaviag. H
peyoAvTEPN TETOW GLGTAdN Elval 11 GVGTAdA 5 1 Omoio AVNKEL G vy omd TOLG TTLO
peydiovg ISP g Bpetaviag. Ze avti ™ cvotdda To otoryeio eival OTmg 6ToV Tivaka
4.4 .

pc2-whitl-3-cust241.cdif.cable.ntl.com
pc3-hitc1-6-custl 72.lutn.cable.ntl.com
pc2-cmbg4-5-cust140.cmbg.cable.ntl.com

IMivaxoeg 4.4: 'Eva pikpo tuiquo g ocvetddog 5

H ovpd twv hostname éyet 3 tunuata (cable.ntl.com) kou kaOe hostname pmopet
va ypoaotel cav A.B.tail. o mapdderypa, oto hostname pc2-whitl-3-cust241.cdif.
cable.ntl.com, A = pc2-whitl-3-cust241 kot B = cdif. Ta o tdve eoaivovtal Kot ot
oryovpa 4.1.

pc2-whit1-3-cust241/\cdif _cable.ntl.com

v v v

A B tail

A: TAnpoeopio oxeTikd pe tov merdtn tov ISP
7ov ypnoonotel tnv dial up cOvdeon

B: yYe@ypapikn TAnpopopio (edd cardiff)

tail: "tovtémra” Tov ISP

®ryovpa 4.1: Ta 3 tuiuata tov hostname tg cvotddag 5
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Am\ emBempnon g cvoTddag S delyvel OTL TO TUNUO TOV EVOLLPEPOVTOG TO OTTOL0
KoolKomolel ovopoto molewv givor to B, omdte ywpilovpe to Tpuqua B amd tovg
velitovég Tovg Ko gAéyyovpe av tapralel pe ta mpatTe 3 ypdupota Bpetoavikdv
TOLEWV, 0TS aVTEG avagépovtal oty Tehevtaia (2001) amoypaen Tov TANBLGHOD
g Meyding Bpetaviag kot Ovariog [UKNSO1]. Osmpodpe 0Tt £xovpe emtuynuévo
taiplacpo €dv o mpota 3 ypdupato tov Tunpoatog B toapralovv amoivta pe to
mpoOTo. 3 ypduppota kdamolag Bpetoavikng mwoOANg, (av 600 1 meplocdTEPEG TOAELG
vdpyovv pe da o 3 TPOTA YPAUUOTE TOTE VTOAOYILOVUE AVTY| UE TO UEYOADTEPO
TANBVoUO OTMG KATAYPAPTNKE GTNV ATOYPAPN).

Mo voa emoAnbevcovpe To OMOTEAEGHOTA HOG, EMTALOV, POTAUE Kol T Whois
Baon dedopévov tov RIPE divoviag cav epdtua to hostname. H mo wove Pdon
mePExel mANpoopieg oyetkd pe TG avabécelg [P devbivoewv, TIC TOKTIKEG
dpopordynong K.Am. otnv mepoyr evBovvng tov RIPE kot 6yt pdvo. Ot eyypapéc avtrg
g Pdong sivan yvootég cav aviikeipevo (PA. 3.5.3) kot otV mepinTt®on pog to
avTikeipeva mov pog evolapépovy gival 2. To mpdto givor 1o "inetnum", 1o omoio
ePEEL TANpoopieg oyetkd pe T1g avabéoelg IP devbhveewv tov IPv4 yopov. To
devtepo avtikeipevo eivar to "role", 10 omoio mePLEYEL TANPOPOPIEC GYETIKA E TO
polo mov mailel o kdroxog twv IP SievBivoewv (m.y. ISP, university) n divel
TANPOPOPIES GYETIKA UE TN OpACT VOGS N TEPICGOTEPOV PVGIKMOV TPOCOT®V (7). TO
dwyelptot| evog cvuotNUATog 1 Tov vIevbuvo teYVIKO pe tov omoiov o RIPE Oa
EMKOWVOVNOEL 6€ £KTOKTN TTepimtwon). [IoALEC popéc To avtikeipevo role mepiéyet kot
YOPIKEG TANPOPOpieg o1 omoieg apopovv tov kdtoyo twv IP devBhvoewv (otmv
epimton g ovotddos S, tov ISP). Tt eryovpa 4.2 PAEmovue TS umopovue vo
pdbovpe omd ™ Paon whois, yopkég mAnpogopieg mov agopodv éva hostname.
[Taipvovpe v IP 61e06vvon tov hostname™ kot divovpe éva epdTUO TOL TEPLEYEL
10 IP ot Bdon whois 1 omoia pog emotpéepet v andvinon. Xta oviikeipeva "role”
ko "inetnum" BAémovpe OtL vhpPyeL N {nTOvUEVT Y®PIKN TANpPopopia. [1y. yia tO
hostname g @ryovpag 4.2 PAénovpe 6Tt 0 vrevBvvog eopéag eivor o ISP "NTL
Internet" pe €dpa v meproyn tov Hampshire, evd o host ctov omoio avnketl 1o
hostname Bpicketar otV meployf Tov Cardiff™.

¥ O evtolég mov petoTpémovv hostname ota avtictorya IP givar ov ping (MSDOS) kou nslookup
(UNIX), m.y. ping achilles.noc.ntua.gr pog divetl to avtiotoyo IP.
> Ene1dy] £xet mepaoel opkeTdg xpovog amd To TElpapLo, o1 avTioTolyieg HIopel Vo, iy 163000V .
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/E:\>ping -a pc2-whitl-3-cust24l.cdif.cable.ntl.cyp
Pinging pc2-whitl-3-cust24l.cdif.cable.ntl.com
TIpocdropiopodc with 32 bytes
IP an6 hostname of data:
% This is the RIPE Whois server. \
_ % The objects are in RPSL format.
_ %
http://www.ripe.net/perl/whois % Rights restricted by copyright.
. ? form_type=simple % See http://www.ripe.net/ripencc/pub-
Spdmua %pog " ing— ices/db/copyright.htm!
™ Béon whois << &full_query_string= services/db/copyright.
&searchtext=62.252.51.241
&do_search=Search
N~

- A
mnt-by: AS5089- Amdvinon
changed: hostmaster@ntli.net 20010706 paone

changed: hostmaster@ntli.net 20020815
source: RIPE

KOPIKEG
TANPOPOPiEg

phone: +44 1483 875105
fax-no: +44 1483 875150

J

®ryovpa 4.2: [1pocdiopilovtag amd  whois Bdom tov RIPE yopucég minpopopieg
v hostname
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Ytov mivaka 4.5 cuvoyifovpe TO. OTOTEAEGUATO TOV O TAVE® GLYKPICEMV pE TNV
TEAELTOIO ATOYPOPT] KOt LE TIG amavTNGELS TG Pdong whois tov RIPE.

[Ipwra 3 ypdppota Taiploacpo Taiplacpa YVVOMKAE TopLacHaTOL
Tov Tpuatog B |(amoypagn 2001)| (whois database) oTN 6VGTAdN S
blf X Belfast 3
brh X Birmingham 5
bro Bromley Bromley 1
cdi X Cardiff 5
cmb X Cambridge 6
col Colchester Colchester 2
glf X Guildford 1
hud X Huddersfield 1
1ds X Leeds 4
lut Luton Luton 5
man Manchester Baguley 1
mid Middlesbrough | Middlesbrough 7
not Nottingham Nottingham 18
nrt X Northampton 2
oxf Oxford Oxford 3
pop X Waltham Park 1
ren X Renfrew 9
swa Swansea Swansea 3
win Windsor Brentford 2

IMivaxkag 4.5: Xvykpivovtog ta 3 TpdTo ypaupoto tov Tupatog B g cvotdoag 5

Amd tov Mo TAVE Tivako UmopoOue va dovue Ot vmhpyel mocootd 43%
TUPLAGHATOG PE TO OESOUEVO TNG ATOYPUPNS Kol TOG0GTO Toupldcpatog 62% pe to
ogdopéva tov RIPE. Ot mo whve tipég deiyvouv ott vdpyetl pio matévta (pattern)
ooue®Ve, He TNV omoio Bpetavikéc mOAES K®OIKOTOIOUVIOL OTO CULYKEKPUUEVOL
hostname.

Av, topa, Beopnoovpe 6t Ta oTokElo TG ovVOTAdNS S5 eivar dpoporoynTég
(routers) tOte £rovpe pia eikdva TG LLodoung Tov ISP ot yewypapikn Teployq g
Meyding Bpetaviag. EmmAéov, to "-cust"” Koppdtt ToU TUHOTOC A dNA®VEL OTL TO
o maveo hostname pmopovv va Bewpnbodv kot cav cvvoéoelg Internet péow tov
ocuykekppevou ISP,

Ta mo mwhve pog Ponbodv vo omeOVIGOVUE YEOYPAPIKA TNV VTOJOUN| TOV
ovykekppévou ISP xor v kivnon tov router tov (Internet traffic) yw ™
GLYKEKPLUEV YPOVIKT TTEPI000 TOL KPATNGE 1 OrypaTtoAnyio. XTnv enduevn ceAida
umopel KAmolog va 0l TOV TEMKO YEWYPAPIKO ¥apTn (pryovpa 4.3). Xe avtd to YbpTn
T peyédn TtV KOUKA®V  OVTITPOGOTELOVYV  TOV  OapliUd TOV  EUEOVIGEDV
KootKomompévoy Bpetavikdv molewv ota hostname g ovotdoog 5. Emmiéov, ta
HEYEOM TV KOKA®V Pmopovv va eldmBolv Kot cav 10 ¢opTto (Kivnon) Tov diktHov Tov

5 @empodpe 6T TPOKELTOL Y100 TN AEEN customer.
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ISP deiyvovtog étol v kivnon tov ywo to avtictoryo ypovikd ddotnua (12/2002)
™G ovAhoyng tov detypatos. H oryodpa 4.3 onuovpyndnke pe tm ypnon Ttov
npoypappotoc GMT [GMTa], [GMTb] kot tov Biprlodnkodv tov (coastlines), kot to
KEVIPO TOV KUKA®V OVATOPIGTOVV TO TPUYHOTIKA YEOYPOPIKE UK Kot TAATN TV

OUYKEKPILEVOV TOAEWV.

-10 -5 0
l | l
eI ) .
55 94— gt o : 5 - 55
&= oOIF -B&lfast it e i
e A @ -mid Middiesbrough
e N
ol T o L :
T, = F )
I 2 ) @ |ds.-Leeds
gl _ .hud.Fiddersfield Ty
v.-"_}t' _‘_ﬁ- L iy ﬂ"‘, ,-’." - ey
4 i .not.-Nektingham -
i 4 O .
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: - 7 brh.-Birmingham &
1 W _ it -Morthamptone @ cmb.-Cambridge
e ‘ . e ol
k. ab g .,f‘f,xf__[]xf‘mjluptl el Coh-Eolchaster
T SHUESWEHEGE ' aCd‘i--Cﬂl'diﬁ . tlI'_D‘_BI'OI'I1|Q'_'|'
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‘ ¥ -, .
- 1. (i ' =
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50 50
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-10 -5 0

@ryovpa 4.3: XAaptng vrodoung Kot kukAopopiag evog Bpetavikov ISP (Agk. 2002)
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4.5 TIIpocowopilovtag o poOuo6 avartvéng evog Bpetavikov
ISP

Méypt topa gidape pio nepintwon oty moia ywpikd dedopéva pmopodv va eEaybodv
and to hostname. e avty v evotnta Bo dodue mmg givor dvvatd vor eEayBovv
yxpovikd dedopéva arnd ta hostname.

10 dtypo Kot oxedOV 0 OLEG TIG GLOTADES TOV TAPOUTNPOVUE OTL epPavilovTat
kwolkoi oto hostname ot omoiot éyovv kdémowov avéovta aplBud. Avtd dnmAdvel
apéomc Kamotla popen| anapibunons. I'a mapddetypa, ag dovue ta hostname modem-
2266.giraffe.dialup.pol.co.uk kot modem-785.giraffe.dialup.pol.co.uk ™¢ cvotddag 3
(6ALog évag peydrog Bpetavvikdg ISP). Xpnowomoidvtag tnv Kowvn Aoyikn Ba dovue
OTL M mo TV KodKomoinon omiovelr mog otov eéummpetntn (server) giraffe
vépyovv dvo modem pe ovopato 785 ko 2266. Alha mopodsiypota eivol To
hostname ppp-0-162.birm-a-2.access.uk.tiscali.com, ppp-1-189.birm-a-2.access.uk.
tiscali.com, ppp-1-98.birm-a-1.access.uk.tiscali.com ond 1 ovotdda 7, 1 7TO
hostname, web151.pavilion.net kot web411.pavilion.net and tn cvotada 13.

HEavayvpvaovtog ot ovotdda 3, (oe avt) v mapdypoeo enelepyaldpocte
ovoTada 3 HKkpd HEPOG NG omoiag eaivetal otn @ryovpa 4.4), umopovue PAceEl TV
o Tave va vrobécovpe 0Tt 1 TANpoeopia Tov TOAVOV va petafAndel pe to ypdvo
gtval 0 apBudg tov modem 610 GLYKEKPIUEVO server, (1. 0 apOudg pmopel gite va
avéndel Adym mpocHnkng emmAéov modem eite va ehattmBel 61011 TPpoékLYE KATOLO
TpOPANUa kal agapédnkav kdmowa). [Tapd o yeyovog 6Tt 0 mAnbucudg twv modem
7oV €ival GUVOEOEUEVO, OTO GLYKEKPIUEVO server Pmopel vo aALAEEL pe TV Tapodo
OV ¥POVoL, 0 TANBVOUOGC OVTOC €ival EVIOTICUEVOS YwPKd. Avtd cvuPaivel d10TL
otav kamov yivetoaw cvotnuatikd dial up (0nwg oe évav ISP) 161e 6Aa Too modem
TomofeToVVTONL G E101KEG PLETOUAMKES KATOOKEVEC TOL ovopdlovton pakg (racks) kovtd
GTOV Server ylo ypryopn enBe®pnon Kot GLVTHPNO).

modem-3975.1lama.dialup.pol.co.uk
modem-4008.giraffe.dialup.pol.co.uk
modem-4092.gorilla.dialup.pol.co.uk
modem-4095.giraffe.dialup.pol.co.uk
modem-449.porcupine.dialup.pol.co.uk
modem-459.giraffe.dialup.pol.co.uk
modem-47.argonath.dialup.pol.co.uk
modem-475.hyena.dialup.pol.co.uk
modem-510.tiger.dialup.pol.co.uk
modem-521.gorilla.dialup.pol.co.uk
modem-543.gorilla.dialup.pol.co.uk
modem-584.hyena.dialup.pol.co.uk
modem-601.clefairy.dialup.pol.co.uk
modem-645.jaguar.dialup.pol.co.uk
modem-647.alakazam.dialup.pol.co.uk

Oryovpa 4.4: Mikpo pépog g ovotadag 3
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[Mog, dume, pmopovue Vo ELGAYOVUE TNV £Vvola TOV ¥POVOL GTI GLGTAJO TTOL
peretovpe; Avtd to kavovpe pe t Ponbewn piog pepikng odroing <, . EmurAéov,
UTOpovUE Vo opicovpe Kol £va, PEPIKE SloTETAYHEVO GUVOLO GTO omoio Ba vrdpyet
avtn N otTtaén Ko 6to omoio dvo hostname Bo pwopovv petalh Tovg va cuykptBovv
™G TPOG TO YPOVO.

‘Eoctm, Aowdv, C3 10 ohvoro twv hostname ¢ cvotddag 3. To C3 sivar €vag
HEPIKA SLATETOYUEVOG YDPOGS LE TN OEoT <, OLOTL Elvon U KEVO GUVOAO, Kol Y10 KAOE
(a, b, ce C3) o1 1010t 1EG avakiaoTikn (a<,a), aviicvppetpikn (a<, b, b<,a = a=b)
kot petafotikny (a<, b, b<, c=a<, c) wovomolovvrar. Ot TPES MO TAVEO 1010TNTEG

Kavomotovvtot 016tt KaBe hostname £yel to avtictoryd tov IP. Emedn, opwg, ot IP
ap1fpol uTopovV va avamaplioTavouy aKEPULOVS 0plBovS LTopobV Vo GLYKPIBOVV LE
M cvvnbiopévn oxéon (<) otovg aképatovc. H oyxéon mov gpeig ypnoyomotovpe (<, )
olpépel Alyo amd t ovvnOopévn avicdHTNTO G610 OTL CLYKPIVEL OKEPOLOLS TTOV
TEPEXOVV YPOVIKA YeYovOTa (YU avTd LVILApyeL Kot o deiktng t). H 10éa micw amd ola
avtd eival 0t1, kabmg o ISP Ba avEdvel v vrodour| Tov, GA0 Kot o TOALOT TEAATES
Ba BELovv va ypnoponoodv Tig vanpecieg Tov (m.y. vo Kavouvv dial up) kot dpa o ISP
Ba avaykdleton vo avédvel Tov aplBud tov modem ctovg server Tov (UEypt Eva 0p1lo
@voikd). Emiong, moAd mbavo eivar vo avédverl kol Tov aplBud Twv server Tov MoTe
va avtamokplOel oty avavopevn (mnon. AALG, agod Kabe ypnotg mPEmeL va £xel
éva Eeymprotd modem Otav cvvoéetar pe to Internet, kdBe véo modem mov
npootibetar Oa mpémer va €xel éva povadikd apBud IP. Onwg, ouwmg, simope oty
3.2.1 évag ISP givon LIR (tomukcodg An&ilapyog) o onoiog maipvet tig IP dievboveeig amod
tov RIR ko t1g avabétel mepartépw. O ISP Ba avabécer kdmowa IP ota véa modem
nov Ba mpocBéoel, dpmg ta [P avtd dev Ba givar Tuyaio. Avtd yiveton yio vo punv
VILAPYEL KEPUOTIOUOG TOV YDpov devbuvoewv mov dwabétel o ISP. Eivar puowko, yio
mapadetypa, av o ISP mpocsBécet 100 kavovpylon modem va avabéoet 100 otaticég IP
dtevBuvoelg (otatikég onpaivel kdbs modem va €xel ovykekpuévo IP mévra). Avtég
ot 100 d1evBvvoelg Aoyikd givar va glvatl cuveydueveg omd 1o y®Po d1evhuveemv Tov
owbéter o ISP. Ouwg, pe owtd tov TpoOmO €16dyeTon 1 €vvola Tov ¥pOVOL TOV
ypeldpaote, S10TL Yo mapaderypo T modem pe ovopato modem-99 kot modem-
100 Ba €yovv cuveydueva IP. YroBétovtag, todpa, 1t To modem-99 ovoudotnke mo
pwv and 0 modem-100 to6TE Pmopovue vo cvuykpivovpe ta avtictoryo IP toug ot0
xpovo (m.y. o oyvel IPmodem-99 <, IPmodem_mo)m. Oupwg, agob kdébe TP €yer ko éva
avtiotoryo hostname tote pmopovue vo dwatd&ovpe kot ta hostname oto ypdvo,
ONA0OT UTOPOVLLE VO, TOL GUYKPIVOLLLE.

Ytov mivaxa 4.6 mapovoidlovpe ) ocvotdda 3 pe ta avtictoya IP, Ta ovopata
TOV server Kot Tovg apdpovg twv modem. o mopdderypa, otov server gazelle to
modem-3967 &yet IP: 81.78.79.127. Z1ov wivoka avtd puropovpe va doOUE OTL LEPTKOT
server GLUUETEYOLV Gt GLOTAdN pe Eva udvo modem. Avtd T0 yeyovoag eumodiletl T
OweAn oyéon <, va yiver oAk oxéon oto C3, ddtt o mpémer va vapyovv
TOVAGIOTOV 2 GTotYEl0 GTOV 010 Server yio vo, To. St TaEOVIE G6To YPOHVO.

' H o névo oyxéon de onuoivel amapaitnta 0Tt 0 aképatog mov avtioToyel 6ToV IPodem99 ElvaL
HKPOTEPOG (HLE TNV OVIGOTNTO GTOVG OKEPALOVS) OO TOV aképato mov oviiototyel otov IPyodem-100-
Mmopel %, IPmodem-99=100.100.100.100 xat IPpmodem-100=100.100.100.99, aArd TV 0 TAV® TTEPinTTOON
7oté dev TN cuvavtnoape ota hostame g cvotadog 3.
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Ovopa server

Ap1Budc modem

Avtictoryo IP

144, 645, 1080, 1102, 1450, 1603,
1689, 2125, 2539, 2669, 2756,

81.76.(176.144-178.133- 180.56-180.78-181.170-
182.67-182.153-184.77-185.235-186.109-186.196-

jaguar 2778, 3192, 3606 186.218-188.120-190.22)
214,279,475, 584, 1237, 1346,
1629, 1672, 1955, 2391, 2456, | 81.78.(112.214-113.23-113.219-114.72-116.213-
2586, 3044, 3087, 3218,3719, |117.66-118.93-118.136-119.163-121.87-121.152-
hyena 3828 122.26-123.228-124.15-124.146-126.135-126.144)
216,303, 521, 543, 652,761,957, | 81.78.(96.216-97.47-98.9-98.31-98.140-98.249-
1131, 1218, 1240, 1566, 1675, (99.189-100.107-100.194-100.216-102.30-102.139-
2002, 2176, 2633, 3134, 3221, [103.210-104.128-106.73-108.62-108.149-108.236-
gorilla 3308, 3591, 3765, 4092 110.7-110.181-111.252)
459, 698, 785, 1177, 1330, 1351,
1656, 1765, 1787, 1918, 2070, | 81.78.(81.203-82.186-83.17-84.153-85.50-85.71-
2266, 2549, 2919, 2941, 3137, 86.120-86.229-86.251-87.126-88.22-88.218-
3158, 3202, 3376, 3398, 3550, |89.245-91.103-91.125-92.65-92.86-92.130-93.48-
giraffe 4008, 4095 93.70-93.222-95.168-95.255)
201, 397, 745, 897, 984, 1093, 81.78.(64.201-65.141-66.233-67.129-67.216-
1311, 1485, 2182, 2225, 2509, |68.69-69.31-69.205-72.134-72.177-73.205-74.57-
2617,2682,3314, 3336, 3444, |74.122-76.242-77.8-77.116-78.100-78.209-79.18-
gazelle 3684, 3793, 3858, 3967 79.127)
alakazam 647 217.135.13.135
antelope 1833 217.134.23.41
argonath 47 62.136.124.47
barrelled 972 62.25.143.204
blue-streak-
damsel 74 62.136.241.74
buffalo 1257 217.134.68.233
charizard 1149 217.135.73.125
cheetah 2013 217.134.103.221
clefairy 601 217.135.91.89
cougar 3099 217.134.236.27
dragon-wrasse 115 62.137.1.115
elephant 3489 217.134.253.161
elk 1801 81.76.167.9
grommet 163 62.25.156.163
hodad 272 62.25.161.16
lemur 2483 217.135.137.179
leopard 2197 217.135.152.149
lion 3303 217.135.172.231
monkey 1293 217.135.213.13
new-mexico 170 62.137.82.170
orangutan 3575 217.135.237.247
parrotfish 27 62.137.46.155
porcupine 449 217.134.193.193
tiger 510 62.136.209.254
wolf 1176 81.76.132.152

IMivaxag 4.6: Server, modem kot avtictotyo [P ot cvotdda 3

Me anAn emokonnon tov nivaka 4.6 BAErovpe Ot Yo Ola Ta ototyeio a, b € C3
T oTtoi0, LITopovV va. GVYKPLBovV (0o dNANST aviiKovv GTov 1010 server) 1oyvet Ot a
<,b = 1P, <, 1Py, 6mov 1P etvan 10 IP tov hostname x. Emiong, 1oydet 61t yio OAa ta

otolyeia a, b € C3 mov pmopovv va cuykplBovv, m, - my | = | [P, — [Py |, 6OV my
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onAovet tov apBpud modem tov hostname x kot [x| eivor 1 amwdOAvtn TR TOL X. To To
mhve emPefaidvel v vrdBeon mov elyape Kavel TPONYOLUEVMS, OTL dNANON Ot
dtevBivoelg mov avabétel o ISP givar cuveydueves yoo To Kavovpylo, modem mov
npooTtibevral.

H mo méve ankf doun tov pepikd dwatetaypévouv ocvvorov C3 pag Bonbdé moid
GTO VO OVOKOAOWOLLE TPOG TOLd KatevBuvor pmopolue vo emekteivoope 1o data set
€101 MOTE VO, CLUTEPIAGPOVUE OTNV EMEKTOON MOVO oTtolyeio ypnotua. 1o C3
umopovpe  voa  opicovpe pia  server-oAvoidoa vo  givor g popong IPgk
Sirt IPsnk+ 1) <, in o <inim IPsu(ktm) (6mov k,m e N, IPs,k dnhdvel to IP tov k™
modem ctov server pe Ovopo sn Kot <,,,,, onuaiver 0t Eexvovtag ond v t+k+0

YPOVIKN oTiyun, omov avabéoaue to 1Pk, Ppiokopocte topa otV (+k+I1 ypovikn
oTyun avabétovtag 1o IPg,(k+1)). Edv, tdpa, yvopilovue Eva pikpd koppdtt and pio
server-aAvcioa, tote pmopovpe va. mpoPAéyovue OAn v éktacn g Ppiokoviog
amhd To eAdylota Kot PEYIeTa TG aAVGidac. Mmopovpe va TAPOvLE To EAGYLOTO Kot
péyiota otoyeion kdbe aAvoidoc mov eueavifeton otn ocvotdda 3, va Ppovue ta
avtiotoryo IP tovg kot va Eekiviioovpe Vo ETEKTEIVOVUE TNV AAVGION TPOG TO TAVE®
KOl TPOG Ta KAT®, Yo Vo EVTOTicovpEe ToTE ol Eyovpe KAmolo oAAAy 6TO GVOLLOL TOV
server. Mio tétota aAhayn Ba onuoaivel 0Tt avtd To onpeio oto, omoio PTaAcoE gival
To. o oakpaio TG aAvcidag kol avtd givor mov pmopovv va pog fondncovv va
kaBopicovpe Tov TANBvoud Twv modem mov £xovv TPooaptnOel 6TO CLYKEKPLUEVO
server.

Ag dmoovpe, Opme, €vo Tapadetypa: otov mivaka 4.6 PAémovpe OTL 1 server-
aAvcida ywo to jaguar givor 81.76.176.144 <4 81.76.178.133 <, 615 - <,13101
81.76.188.120 <,,5,9,81.76.190.22 <, 3606 - H apyf ¢ alvcidag mpénet va givor to [P

81.76.176.0, dnhadn 144 povadeg mo k4t and v tun 81.76.176.144 mov vrhpyet
o1 ovotdda pog. [paypott, {ntdvtog to hostname tov §7.76.176.0 maipvovue tiun
modem-0 7y to ovykekpévo server. Emiong (ntoviog to hostname tov
81.76.175.255 (mov givarl to apéomg mpornyovuevo IP and to 81.76.176.0) maipvoope
OlPOPETIKO Ovopo server, mov onuoivel 0Tt Oviwg €Yovpe Ppel v opyn S
alvoidag. Av, tTopa, opyilovpe kol mTPoYwPoOvUE TPOg To. TAve Bo. dovue OTL TO
péytoto otoryeio g aAvcidag eivon 1o 81.76.191.255. Apo. ohdxkAnpn m server-
alvoida yw to server jaguar givor m 81.76.176.0 <,,, 81.76.176.1 <,., ... <, 4004

81.76.191.254<,, 4005 81.76.191.255. Mrmopovpe v S0MIGTOCOVUE Omd TV O TAVE®
aAoido 6Tt 6T0 GLYKEKPLLEVO server &xouy cuvdedel 2'2 modem.

Tnv mopomdve péBodo umopodue vo TNV €QPAPUOGOLUE KOl CE SErver mov
eppaviCovioar ot ovotddo pe povo €va modem. IMa mapdderypa, o server cougar
epeaviletoan ot ovotada 3 pe uovo éva IP (217.134.236.27) kot pe apifpd modem
3099. Avaokevdlovtag TV server-aAucido Tov TPOKOTTEL OTL TO EAAYICTO GTOLYEID
me €&ev P 217.134.224.0 xou 10 p€YwW60to €yev 1P 217.134.239.255. Av
KATOOKEVAGOLE OAEG TIG SETVer-aAvcides TG ovoTadag 3 Exovpe Tov Tivaka 4.7.

Méypt €dd 1 vdBeon pog frav 6Tt povo otoryeior Tov C3 Tov aviKoLV GTOV 1610
server Pmwopovv va cuykplodv pe v <, . Oa Ntav cmoeTd Vo GLYKPIVANE Kol oTotyEln
OV OVIKOLV G€ SlopopeTIkovg server; ['evikd avtd dev eivar cwotd, 6161t o RIPE
avaBétel ovyvotnrteg otovg An&ilapyovg Pdoel TV avoykdv Ttovg Kot Pdoet Tmv
dwbéopwv IP. Ztov wivaka 4.8 umopovpe va dovue tov tAnpn IP yéptn tov ISP ¢
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ovotdoag 3 (http://www.ripe.net/ripencc/mem-services/general/allocs4.html). Amo
tov mivako 4.8 pmopodue va dovpe otL avabéoelg [P ovuPaivovv e drapopeTikég
YPOVIKEG OTLYHEG, Kot Ogv elvar amapaitmto peyaivtepo [P va égovv oavaredel
apydtepa péoa oto ypdvo. Ta napdderypo, otic 2001/1/25 o RIPE avabeoe 272" =
2'7 1P (217.134.0.0 — 217.135.255.255) ot0 ovykekpiuévo ISP evd otic 2002/03/06
Tov avéBeoe 2°71 = 2" P (81.76.0.0 — 81.78.255.255). 'Etot, and tov mivaka 4.7 Qo
elvar AdBog va movpe 6Tt ot server lion kot elk pmopovv va cuykpiBodv pe v <, . Edv
umopovoav Ba Aéyaue 6t o elk givor apyodtepog amd Tov lion, Tpdypa Tov eaivetol
va glvar AdBog Pacel tov mivaka 4.8. Avtd mov givol cwotd va modue givor 6t ot 5
81a(p0paru<ég62 TEPLOYES TOL Tivoka 4.7 avIPoSOTEVOLV 5 SOPOPETIKES TEPLOOOVC
avantuéng oty 1otopion tov ISP. Xpnowomoidviag tovg mivaxkeg 4.7 ko 4.8
UmopoVUE va oxedtdcovpe T eryovpa 4.1, n omoia deiyvel to pvOUd avdmrTuéng Tov
cuykekppevov ISP,

Ovopa server | IP mpdtov modem IP televtaion modem ITAn0og modems
antelope 217.134.16.0 217.134.31.255 / 4096
porcupine 217.134.192.0 217.134.208.255 4096
cougar 217.134.224.0 217.134.239.255 4096
elephant 217.134.240.0 217.134.255.255 4096
buffalo 217.134.64.0 217.134.78.255 4096
cheetah 217.134.96.0 217.134.111.255 4096
alakazam 217.135.11.0 217.135.15.255 1280
lemur 217.135.128.0 217.135.143.255 4096
leopard 217.135.144.0 217.135.159.255 4096
lion 217.135.160.0 217.135.175.255 4096
llama 217.135.176.0 217.135.191.255 4096
monkey 217.135.208.0 212.135.223.255 4096
orangutan 217.135.224.0 217.135.239.255 4096
charizard 217.135.69.0 217.135.73.255 1280
clefairy 217.135.89.0 217.135.93.255 / 1280
argonath 62.136.124.1 62.136.124.126 ~ 126
tiger 62.136.208.0 62.136.223.255 4096
blue-streak-
damsel 62.136.241.1 62.136.241.254 ~ 254
dragon-wrasse 62.137.1.1 62.137.1.254 * 254
parrotfish 62.137.46.129 62.137.46.254 126
new-mexico 62.137.82.1 62.137.82.254 W 254
barrelled 62.25.140.0 62.25.143.255 # 1024
grommet 62.25.156.0 62.25.159.255 1024
hodad 62.25.160.0 62.25.164.255 # 1024
wolf 81.76.128.0 81.76.143.255 4 4096
elk 81.76.160.0 81.76.175.255 4096
jaguar 81.76.176.0 81.76.191.255 4096
hyena 81.78.112.0 81.78.127.255 4096
gazelle 81.78.64.0 81.78.79.255 4096
giraffe 81.78.80.0 80.78.95.255 4096
gorilla 81.78.96.0 81.78.111.255 + 4096
SVVOAIKOG
ap1Opog modem® / 52992 ~ 4476 o 634
# 3072 + 28672

ITivaxag 4.7: Ot server-aAvcidec mov avTIoTOL(0vV 6T cLGTAdN 3

52 O meproyég oprodetodvtar pe o vpBola /, ~, *, #, +
53 To cOpPora +, * k.Ax. optobeTodv T abpoicparo.
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Huepounvia avéBeong IP mov avatédnkav
20000329 62.25.64/18
20001123 62.25.128/17
19970506 62.136/16
19990521 62.137/16
20020306 81.76/14
19960119 194.152.64/19
19970116 195.80.64/19
19960612 195.92/16
20010125 217.134/15

IMivaxag 4.8: O mAnpng [P xdptg tov ISP ™¢ cvotddog 3

100000

80000 ~

60000 ~

40000 ~

20000 +

nANnBoc¢ modem

0
1997 1999 2000 2001 2002

modems in cluster éTOC

----- ISP growth

®ryovpa 4.5: H avantoén tov ISP

Ao ™V 10 TAVEO Pryovpa UITopoVLLE Vo SOVUE TOV LYNAO puOuUd avamTuéng Tov
ISP o omolog €&nyel ko 11 peydieg avabEcsels mov €xovv yivel 6€ aLTOV Amd TOV
RIPE, (o RIPE {nté amodei&elg onmg puBpol avdntuéng, otkovopukd ototyeio K.AT.
TPV KAVEL TG0 peydeg avadéoelg IP d1evBiveemv).

4.6 Iopamioireg epyaoieg

H epyacio mov mapovcialetal oe avtd to kepdiawo [Lek03a], [Lek04] umopei va
ovYKpOel e TIG TEXVIKEG OV YoPTOYPaPoLV eEumnpetntég (hosts) oe yewypapikég
neproyéc. Xty [PSO1] mapovoidlovtar 3 té€t01EG TEYVIKES. AVO A QWTEG £lvon TOAD
KOVTA LE avTO oL Tapovstacape. H mpdt texvikn ovoudletar GeoCluster, kat avtd
OV KAVEL €lval Vo KATOOoKEVALEL XAPTES YEWYPAPIKADOV GUVTETAYUEVOV Yol HEYOAQ
vrocHvora Tov IPv4. Ymobéter 6tT1 peyddo koppdtia and cvveyodpevoug IP apBpong
oynuotiCouv Ye®YPOPIKEG TEPLOYES, OMOTE €AV KAMOLOG YVOPILEL TIG YEOYPAPIKEG
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ocvvtetaypéves kdmolwv host péca amd 1 cvotdda, tote pmopel vo Pydretl kdmoto
ovumepdopoTo yioo OAn t ovotada. H doevtepn teyvikn ovopaleton GeoTrack won
TPOoTaOEL VO GUUTEPAVEL TIG YWPIKEG cLVTETAYUEVES TV host amd Ta hostname. Xtnv
[ZFRDO02] host yv®wotol Yo TIC YEQYPAPIKES TOVG CLVTETOYUEVEG KOTAVELOVTOL KO
petpovrog TG kabvotepnoelg tov diktvov (network delay) vmoloyiletor 1
vewypoeikn 0éon tov vrdéAouwv host. Ttnv [MPDCO0] mpoteivetan to epyareio
NetGeo to omoio pwtd whois server (6mwg m whois Bdon tov RIPE mov
ypnowonomoope) Kot  Pydlel CLUTEPAGHOTO OYETIKA HE TS YEWYPOUPIKES
ocvvtetaypéves tov host. Téhog, éva GAlo epyadeio, T0 omoio doVAELEL TaPOLOLQ,
etva kou to IP2LL mov mapovoialetor oty [IP2LL].

4.7 Emihoyog - Xopnepdopata

Zmv evomta 4.6 TopovclicapE KATOEG TEXVIKEG TOPOMANGIEG WE OLTH 7OV
nwpoteivovpe og avTd 10 KePAAoo. Olec avtég ot TexVIKES avTtd Tov Tpoomabohv va
Kévouv givatl va eEAYOVV YE@YPAPIKES GUVTIETAYUEVEG EXOVTOS MG dedopévo €va TP i
éva hostname. Opwmg gpeic o€ avTd T0 KEQPAANIO EYAUE Y10 GTOYO VO, TAPOVCIACOVLLE
Kémol otoyeio. yuo To OTL YOPIKA Kol ypovikd oOedopéva oyetilovror pe v
avaropdotoocn Tov hostname. EmimAéov, ypnowonomoape tov IP derypatormtn tov
kepaiaiov 3 kot gidape 611 N pnéBodog IP sampling pmopet va epappootetl oyt povo
ot1o web aAAd kot oto Internet.

[To ovykekpiuéva, TOPOLGLAGAUE 2 TEXVIKEG Ol OTOIEG LITOPOVV VO EPAPLOGTOVV
og avamopactdoelg hostname yio va e€ayBodv ywpucd ko ypovikd dedopéva. T'a Ta
YOPIKA Ogdopéva  Bewpnoape Ot pio ocvotddo oamd hostname avoamoaplotd
dpoporoyntég (routers) kot ovvdéoelg Internet. Avti 1 Bedpnon dev NTav avbaipetn
aAAG BacioTnke oTNV KOVOTNTA HOG VO KATOAGBOLUIE TN YAMOOIKY] OVOTOPACTOON
TtV hostname. Enedn, 6pmg, dev vrdpyet £vag otéviap TpOTOG Yo VoL KOIKOTOLOVUE
ta hostname, o k@Be d1ayeP1oTHG OIKTVOV TTOV £ivarl LTEVOLVOG Y10 TNV OVOUOGiO TWV
hostname diver avBaipeto ™ dtkN TOL KWdKOTOINGoN. AVTd £)XEL GOV ATOTEAEGLA VO
aroutovvtal evpetikég (heuristic) teyvikég kot va yivovtor ToAAEG voBEoelg Yo TV
avakdloyn tov Kodwomomoewv. Emiong, éva dAlo amotéleopo eivor OTL peto-
dedopéva eloépyoviar oty avoamapdotoon tov hostname. o mopddsrypo ot
ocvotdoa 3 aviyvedoope ovopata aypiwv (OOV Gov OVOUOTH TOV J10QPop®V Server,
aAAd dev NTov OAQ TOL OVOUATO T®V Server g ovuotddag 3 ovouata dyplov (Oov.
AVt glvan éva petadedopévo 1o onoio iomg £xel oxéon Le Tovg dtoelptotég Tov ISP
TOL OVOLLOGOY TOVG server (UTopel, Yoo Tapaderypa, To ovopata va. pn 060nKav oia
amd 1o o dropo). To yeyovde, tdpa, g ypnong heuristic teyvikdv Ompovpyet
wpoPAuata, 00Tl TEYVIKEG TOV OOVAEVOLV Y10, KATOlEG CLOTAOEC Umopel va pmv
dovAevovV Yo Kamoteg dAles. [a mapdderypa, ot cvotddes 8, 9, 13, 14, 17, 18, 19,
25, 26, 28 dev VIAPYEL 1] TOPAUIKPT EVOELEN Y10 YOPIKN TANPOPOpPiaL.

[Ma ta gpovikd dedopéva Bewpnoape 0Tt pia cvotada arnd hostname avomopioTd
dwwpopa modem gvdc ISP. Opicape évo pepwcd dSwtetaypévo ovvoro C3 ko
xpnowomowdvtag pio diedn oxéon <, emekradnkope €m and ta Opa Tov data set
nov dwbétape mpoPAénovtag v VIapEn otoyeinwv mov Bo Empene Vo aViKOUV G
ovotada. Ilapatnpodue, Oumg, 6t1 N mo whve Texvikny Paciletor wOAD otV
avamapactoon kewévov tv hostname. [Ma moapdostypa, n oAiaynq oto dvopa evog
server givol MTOAD GNUOVTIKY] GTNV TEYVIKN HOG Y0, VO EVTOTIGOVUE TO HEYIGTO KOl
eldyioto apBpd modem mov givar cvvdepéva endveo tov. Emiong, m 0w teyvikn
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amoTuyyavel oe GAdec ovotddeg tov data set (my. 12, 25, 31, 34) mov &youvv
OLOLPOPETIKTN KWOIKOTTOINGT KEWEVOL. AnAadT], cupmepaivovpe OTL TAPOAO TOL GTNV
avomopacTocn TV hostname ypovikd dedopéva vdpyovv 1 e€aymyn Tovg omontel
evpetikég (heuristic) teyviké.
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5 TPOIIOIIOIHMENEX MOP®EX TOY IP AEI'MATOAHIITH

Xe avtd 10 KEPAAOO OOKIHLALOVUE OVO TPOTOTOINUEVES LOPPEG TOV OELYLLOTOANTTY.
2NV TPAOTN 0 SEIYUATOANTTING YPNOILoToLEiTOL cav évag crawler datpéyovtag OAo
tov IP ydptn ¢ €166060v TOL, €V OTN OevTEPN O OerypatoAnmTng (crawler)
puOuiletar €161 dote va vroloyilel Ta out-degree Tov web site Tov SlaTpEyeL.

5.1 O déevyporomng oav crawler

Méypt topa o IP derypatoAnmng mov vAomomoape Erapve cav €i6odo Evav IP ydptn
Kat, 000évioc tov emBuuntov peyéBovg Tov delypatog, €kave OmAN  Tvyoio
derypotoAnyia emdve oto xaptn. Evdwaeépov, tdpa, Ba eiye vo tpomomolovcope T0
OEIYUATOANTTY] OOTE v Unv moaipvel toyaio delypata omd to X4ptn oArd vo Tov
eEepeuvd oAOKANpo. Me avtd TOV TPOTO 0 OetypatoAnTInNG oev Ba elvarl mAov éva
gpyoireio Tapaymyng derypdtomv aArd Oa umopei va ypnoiponombei ylo crawling mwov,
onwg ginape oty evotta 1.2.3, eivon pio p€Bodog GuALOYNG TUNHATWY TOV Web.

H tpomomoinon tov detrypotoAnmtn yivetar og ENG: A@atpeital 1 YEVWATPLO TOV
Toyoiov aplBpdv Kot puOuiletal N KEVIPIKY LTOAOYIOTIKY HOVAdO £TCL OGTE Vo
eléyyel oeplakd OAeg Tig IP devBivoelc tov yAptn Kot vo avopEpEl oG
avtioTotyovv o€ web host. Mg avtd TovV TpOTO 0 SEIYUATOANTTNG HETOTPEMETAL GE £V
crawler® o omoioc maipvel cov icodo pia Aiota amd IP kon Pydlet ££080 pia Aioto
a6 hostnames.

BéBaia, pio Aiota and IP dievBivoelg pumopel va mepi€yel EKATOUIPLO. CTOXELN
Ko eEavTAnTiky] avalnnon g wropet va dtapk€cel oD kopd. o mapdaderypo og
vmoBécovpe 6Tt BEAOLLE Vo Gapdoovpe dGLo Tov IPv4 ydpo, Tov xel 2°% Sievdvvoerc,
KoL éoTm OTL 0 Eheyyog kabe SevBuvonc dwopkei 2° devteporenta. Tote évag
voloytotic Oo ypewlotav 2°° Sevtepdlemto Vo KGvel Tov EAeyxo, evd 128
vrohoyotée poli® o ypewdloviav 2% Sevtepdrenta (~8.63 ypovi). Av, opec,
TEPLOPIGTOVUE GE TOMD KPOTEPOVG YapTeg (~2'%) TOTE 0 éheyyoc umopel va yivel oe
TKOVOTIOMTIKO YPOVO (7). LEPIKEG UEPEC).

5.1.1 O IP yaptng ¢ lopoaviag

‘Eva mopdderypo pikpov IP ydptn eivor avtd g lopdaviag, o omoiog gaivetal otov
nivoka I1.0.1 Tov mapaptiuatog B. Avtdg o yaptng amotereitar amd 133,632 IP
dtevbvvoelg.

Mo vo ocapocovpe OAeg TIc O1evBVuVGES TOV YAPTN TPOTOTOOVUE TO
OEYHOTOANTT TNG Pryovpoc 3.2 £€T01 OOTE VO TOPOUKAUTTETOL 1 YEVVITPLL TOV
Toyoiov aplBumv Kot va eréyyovion oepakd oo ta IP tov yaptn. O €éheyyog mov
yivetan givan yio to moiég IP d1evbiveelc avtiotoyovv og host mov €yovv to port 80
avorytd®®. Amd Tov mo méve Eheyyo (DeP. 2003) mpoékvyav 1950 hostname mOovedV

4 mpog To mapdv dev sivor akpiBdg crawler, 10Tt dev eAéyyel eEAVTANTIKG TO TEPIEOHEVO KGOE wWeb
host mov cuvavtd. Znv 5.2.1 6o Sodpe TepiocdTEPA Y1' AVTO.

6 128=2". Emedf m texvodoyio java mov ypnoipomolsl 0 SelypaTOARTTNG &ivar TOALVIMATIKN
(multithreaded) eivor duvatdv moAAG vipato Tov idov detypotolnmTn va kévovv Tov €Aeyyo
"TapdAINAa" petdvovTag T0 YpOVO EKTELEOT|G.

6 BA. 2.3.2
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web host [Ilep]. Xt ovvéyeln, omd avtd to hostname (nmbnkav vo emiotpa@odv
web ceMOEg Kot 01 AmOVTICELS TOL THPALE OivovTal 6ToV Ttivaka 5.1.

ai0og server | http K®owkog
222 200
801 400
107 401
774 403
36 404
6 500
1 502
3 503

Iivaxag 5.1: Http anavioeig and servers tov lopdavikov IP ydptn

Amd tov Mo mave mivoko mapotnpovpe 0t povo to 222 hostname eméotpeyov
€ykvpo http kwdwo (PA. ITivaxa 3.4), mov onuaivel 611 Tpdkeltor yio web GeMOEG.
Avtd ta 222 hostname amotelovv 10 lopdavikd web, av avtd oprotel Gov 10 GUVOAO
twv web host mov Bpiokovtal péoa ota yemypaeika opia g lopdaviac. Ztov ITivaxa
[1.y.3 Tov mapaptipatog I PAETOVLE TOVG O TAVE® 222 web host.

5.1.2  Ouvweb server tov Iopdavikov web

Onwg eidape mptv, to Mdptio tov 2003 to Iopdavikd web mepieiye 222 web server. Ze
avtn v gvotnta Bo acyoAnbovpe pe to ol TAUTPOPUO “ETpeye” G€ ALTOVS KT
mv mepiodo Ttov mepdpatog. o v eayoyn avmg g mAnpogopiag Oa
AP CLOTOCOVLE Hio YADGGO TPOYPOUUUATIGHOD Tov ovopdletor WebL [WebL].

H WebL eivar pio yAdooO TPOYPOUUOTICHOD €0IKA GYEOAGHEV Y. TO Web
(Web Language). Eivoar ypoppévn oyeddv e£ oAokANpov o€ java Kol TEPLEYEL
BPrlobnkeg pe  €roueg  avtopatomomuéves  epyaociec  (functions)  mov
TPOAYLOTOTOOVVTOL GLYVA 610 web (.. cvpumAnpwon eopuog, petoyeipion URL,
petayeipion web ceMOwV K.AT.).

Xpnowonowwvrtag v WebL (ntdue and tovg 222 web host va pag emotpéyovv
TANpoQopieg oxeTIKd pe TO €100C NG TAATQOPUAG TOV ypnoipomolovv. [
Tapadelypa potovtag tov web host http.://193.188.95.178 maipvovpe v amdvinon
Apache/1.3.20 (Unix) PHP/4.1.2, mov pog TANPOPOPEL YioL TOV TUTO TG TAUTPOPLOG,
Vv €kdoon NG K.AM. Xtov mivako 5.2 PBAEMOVUE GLVOTMTIKA TIG OTOVINGELS TOV

T POLLE.

Ao tov mivaxa 5.2 mapatnpovpe v Kuplapyio g Microsoft IS miatpoppuag.
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TAOTQOpLO. miM0og
server
Apache 17
Boa 4
First Class 4
Foundry Networks 2
GeoHttpServer 1
MDN Server 2
Microsoft I1IS 133
IBM Http Server 3
Netscape 24
NCSA 1
Oracle 15
Resin 2
Sambar 1
SCOL 1
Sun 1
Virata 1
Aowmd 10

IMivaxkag 5.2: Ot mhatedpueg Tov 222 web server Tov .jo (Pef. 2003)

5.2 Koatavopég power law yua tovg out-degree web site

2NV TPONYOOUEV] EVOTNTA UETOTPEYOUE TO OEIYUATOANTTY] MCTE Vo Agttovpyel
nepimov oav crawler. Agv ntav akpipmg crawler, 61011 KGbe web site Tov GuvaVTOLGE
dev 10 g&gpevvovce akorovbmvtog o link Tov ceAidmv Tov. Ze avt v evotnta Ha
UETATPEYOLLE TO OELYHOTOAMTIN G€ Kovovikd crawler, o omoiog Oa pmopel va
eEepevvel omolodnmote web site cuvavtd vroroyilovrag, Tavtdypova, to out-degree
Kk&Be oelidag Tov (PA. 1.2.2 ko 1.2.4).

5.2.1 H dgvrpwki] mpooyyion evoc web site

v 1.3 elyape oet 011 pio GVAAOYN omd web ceAideg, o1 omoieg dikTvMVOVTAL £TGL
MOTE VO OmOTEAODV Uiol OHAOO HE GLYKEKPIUEVO TANPOPOPLOKO  OVTIKEILEVO,
ovopdletor web site. XvvBwmg, Ta web site elvar £tol opyovouéva ®ote TpoOGRoon
oTNV apyIKn Toug 6eAMoa (home page) va Log ETITPETEL VO ETICKEPTOVIE OTOL00NTOTE
onueio Tovg.

Xopeova pe v [ZYDO1] éva peailotikd HOVTELO Yo TV OVOTOPACTOCT) €VOG
web site givan éva dévtpo pe pila (rooted tree). Mia doun dévipov pe pilo @aiveron
ot eryovpa 5.1. Amd avt ™ eryodpa mopatnpovue OTL N aviiotoryio pe éva web
site eltvar wpopoavng (PA. wivaxa 5.3). H pila tov dévtpov eivor n home page evo ta
KAadud elvar ot vtepoHVOESOL oV eEEpyovTat amd T web celidec. Xt dopr| evog
OévTpov vdpyel tepapyia Kot Tl T0 0Evipo pmopet vo yopilotel og enineda. Oco
npoywpdpue tpog ) pila 1660 avePaivovpe otV epapyio. Xto 6EVIPO TG Pryovpag
5.1 mapatnpodpe 6Tt kGO KOPPOC Tov dévtpov® £xet TOo0 TSI GO0 Eivan Kat ot

7 Ka0e 8évTpo eivon Toantdypove Kat ypapog pe KOpBovg Kat okpec.
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KOUPoOl TV MO KAT® £MTES®V HE TOLG OMOioLG evavetal. o mapddstypa, ot
oryovpa 5.1 n pila (mov PBpioketar oto emimedo 0 mavrtote) evdveton pe 2 KOUPoLG
(eminedo 1), omdte ko Aépe 611 M pila €xer 2 moudid. To mo whve pmopovue vo To
movue, BEPara, kot yio KaBe kOPPo tov dévipov. Otav, Tdpa, Kamorog Eexva and ™
pila evog dévipov kot To eEgpevvd Katd emimeda, tOTe Aépe OtTL Khver pion BFS
(Breadth First Search) avalimon 1 aAlidg avalntnon kotd mAdTog.

10

®ryovpa 5.1: 'Eva dévtpo pe pila

Koéppog Yrgpouvoeopog

http://users.ntua.gr/plekeas

http://users.ntua.gr/plekeas/Data sets

http://users.ntua.gr/plekeas/Pened
http://users.ntua.gr/plekeas/Data sets/Sampling a web_subgraph
http://users.ntua.gr/plekeas/Data_sets/metadata in_hostnames/
http://users.ntua.gr/plekeas/Pened/gr domain
http://users.ntua.gr/plekeas/Data sets/Sampling a web_subgraph/finalsample gr.txt
http://users.ntua.gr/plekeas/Data_sets/Sampling a web_subgraph/IP_map of gr.txt
http://users.ntua.gr/plekeas/Data sets/Sampling a web subgraph/presample gr.txt
http://users.ntua.gr/plekeas/Data_sets/Sampling_a web_subgraph/
sampling a web_subgraph.ppt

11 http://users.ntua.gr/plekeas/Data_sets/metadata in _hostnames/uk data set.txt

12 http://users.ntua.gr/plekeas/Data sets/metadata in_hostnames/

http _connections uk data set.txt

13 http://users.ntua.gr/plekeas/Data_sets/metadata_in_hostnames/

clusters uk data set without duplications.txt

14 http://users.ntua.gr/plekeas/Data_sets/metadata_in _hostnames/IP_ map of uk.txt

—_—

O |0 [([Q|N || |W|N

—_
o

IMivakag 5.3: Avtiotoyyieg kOUPwv pe vTrepoLVOEGHOVS Web site Yio To dEVTPO TNg
Oryovpog 5.1

Havayvpvoviog il oto web site, éotw 011 fplokoduacte oty home page gvog
site. Avt| mepi€yet évav apBud omd out link. Kdmowa and avtd deiyvovv oe celideg

7oV avikovv oto web site evd ta vdhowma o web oelideg extdc. ‘Evag crawler,

82



TOpa, Tov mpokertar vo. Kavelt BFS avalntmon oto mo mdve site Oa mpénet va
aro@Vyel Ta link wov tov 0dnyovv €€ amd To dEvTpo Kot va AdPel v’ dyv pdvo oca
nyoaivouv oe oelideg evtog. Avtd, dniadn, mov mpémel vo kdvel o crawler givol va
Bpet mowd out link g home page tov 001y00V Ge GEAdEG evTOG TOL dévTpov. To mo
mhvo pmopel va yivel moAd gbkoAa av o crawler mapatnpet T dopn tov link mov
TPOKELTOL VO KOAOVONGEL.

Onog eimape oty 2.3.1, kdBe web site cuvnbwg opyavdveton kdtw ond Evo URL
10 omoio ovoudleton Paocikd URL kot delyver v home page. Avtd mov kdver o
crawler elval va ondet to ke link mov cvuvavtd kat va fAéret av to facikd URL tov
link cvpmnintel pe 10 Bacikd URL tov dévipov mov e€gpeuvd. Av vat, 10 akoAovbEt,
av 0yl to amoppintel. Me ovtd tov TpOmO o crawler de Oa Pyel mwOTE €KTOC TOL
d€vTpov Kot Kamota otypn Ba e€epevvnoet OAo to web site.

Epyopoote, topa, ota out-degree Tov web site. Mia oehida®™ evoc web site, omag
elmape, mepi€yxel kamota out link wov deiyvouv evtog Ko ektd¢ Tov web site. Ta link
7oV delyvouv evidg givar pev yprola Yo to crawling oAAd, 6mmg Bo dodue Kot mo
Kbto, "aAllowwvouv" tovg out-degree oe tétoro Pabud mov ot power law
TAPOUOPOOVOVTAL. AVTO TO Qavopevo gpeaviletal oot out links wov "deiyvouv"”
péoa 6to 1010 10 web site umopel va emavorlapfavovior TOAAEC QopEG Ge O1APOPES
0eMidec” cuveEloQEpOVTOC TOpaTave omd 0,1t iomwg Ba EMPEnE GTOV VIOAOYIGHO TOV
out-degree. Ztnv evotnta 5.2.2 Ba dodue mepiocdTEpa YU owto. [1pog To Tapdv 1 mo
v Topatnpnon pag odnyel 6To Vo Slo®PICOVUE TNV OVAALGT TMV GLVIECUWOV
evoc web site oe inter- kon intra-site avéioon’ .

5.2.2 Ymoloywopdg power law yia web site

ZOUQOVA LLE TO TOPOTAVE UTOPOVE VO TPOTOTOMGOVIE TO JEIYUATOANTTY MOOTE VO,
Kével crawl oAOKANpa web site kot tavtodypova va e€dyetl Ta out-degree TV GEMO®V
OV GLVOVTA.

H tpomonoinon tov derypatoAnmen €ywve pe tn ypnion g yrAwooag WebL
[WebL] kot 016popa amoteAéGHaTa GOivovTon 6TIS PIYoVPES TOV aKOAOVHOVV.

2 oryovpa 5.2 moapatnpodue Tig power law xatavopég yuo ta. out-degree amd
23,305 oeAideg tov web site www.ibm.com. H intra- kot inter-link avédivon pog
deiyvel 6T o11g 0V0 TpdTEG YpaPIkéS Tapactdoels (In+OutTree ko InTree) gaiveton
N Oyt 1060 KA TadTIon TOV £VBEIDY Tposapuoync . TV mepintomon, dumc, Tov
Kpatinoovpe puévo tao link ektdc web site (OutTree) mapatnpovpe pion apKeTd KoAn
TPOGOUPLLOYT].

2t eryovpa 5.3 mapatnpovue Tic power law Kotavouég yuo to out-degree amd
123,000 ceAidec Tov web site www.mit.edu

% Avagepopacte oe oelideg pe text/html mepieydpevo.

% 1.y, to out link mov Seiyver mavta v home page oe TG web site eppaviletar oxeddv oe Hreg T
GeMOES TOVG,.

70 Avtictoryog droympiopdc cuvavtiétar kat oty [BCHRO1].

"' 'H mpocoppoyh éyve pe ) péBodo Tmv LayioTMV TETPAYOVOV Kl Ol YPOPIKES TAPUCTAUCELS [E TO
npoypappo mathematica [Mat96].
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Téhog ot @ryovpa 5.4 mapatnpovpe v power law kotavoun yo ta out-degree
dvo web site (www.mit.edu, www.ntua.gr).

PE205 pages In4ChatTree ibmo.com Esxp [14.67 ]Jx*-f.861
50 100 on s00
500 [ = 500
w100 o0
g sn 50
£
WL 10
H 5 5
1 IR Y B §
s00
aort degree
Ei205 pages InTree  ibm .com E«<p [13.581 Jx*-%.55
50 o0 Eon
500 F 500
w100 o0
g sn 50
£
WL 10
H 5 5
1 -=- --:]1
Pi205 pages (haeTree  ibm . com Exp [11.623 ]Jw*-%.51
10 in 50 o0 g0 500
son | K
£ o100 100
550 50
uo o 10
oo 5
1 = o1l
10 in 50 oo g0 s00

aort degree

®ryovpa 5.2: Power law katovouég yio ta out-degree tov web site www.ibm.com
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li2000  pages InTree_mit C204.88¢ - 0UES0E0T x)
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®ryovpa 5.3: Power law katavopég yia ta out-degree tov web site web.mit.edu

o000
1oan
o0

0

1 n 00 00

®ryovpa 5.4: Power law xotavoun yio ta out-degree twv web site web.mit.edu kot
www.ntua.gr

Amo ta mo whve mopotnpovue 0Tl emaAnfedovion KAmow YopaKTNPIOTIKA TNG
fractal doung tov web, apov kail o eminedo peAétng web site woyvel 1 power law
KaTovoun Yo Toug out-degree.

5.3 Emni)oyog
e ot TO KEPAAL0 gldaple 600 dopopeTIKES ypnoelg Tov IP derypotoAnm.

H npd Mtav o derypoatoiqmning va eEepevvd Ola ta IP Tov xdptn PAénovtag av
aviKkovv 6€ web server kot maipvovtag TANpoeopieg YU avtovg. Me avti T xpnon
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evtomiotnke o apuog tov server péoa oto .jo domain kot eSaxpifobnke 1
TAQTQOPLLO TTOV OVTOTL YPTCLUOTOIOVV.

H dgvtepn Mrav o detypatoqming vo dovAgdel cov crawler eEepevvavtag
oAOKANpa web site kot vmoloyilovtog out-degree. Me avtn ™ yprion kdévape crawl
olapopa web site kot emainedtnke 011 o1 out-degree akoAovBovv Katovourn power
law ko o€ enimedo web site.
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6

XYNEIZ®OPEX THX AIATPIBHYX KAI MEAAONTIKH

EPEYNA

2 aUTO TO KEPAANLO OVOPEPOVTAL Ol GULVEIGPOPEG TNG TAPoVGOS OTPIPNS Kot
TPOTEIVOVTOL EMUTAEOV EPELVNTIKA BEUOTO GTI CLYKEKPLUEVT TTEPLOYT).

6.1 Xvveropopéc s AwoTpifiig

O1 kVpLeg GLVEIGPOPES NG TAPOVGOS OLUTPLPNS elvarn o1 aKOAOVOEG:

Yhiomoteitow évag vEog OelyHaTOAM|TING O omoiog Peitidver ™ pébBodo
derypatonyiag pe IP. Xvykekppéva, n dsrypotoinyio dev eivor avaykn va
viver e 0A0 tov IPv4 yopo [LG99, CHLZO03], aALd pmopel vo meplopitoTtel Kot
€ VTOGUVOAL Tov, Omwg Tao ccTLD. H cvvelopopd avtn eivon onuovtiki,
01011 T detypata mov yperaleTon va AneBovv dev eivan amapaitmro vo givor
peydho oe péyebog. EmumAéov, vmapyer dvvarotnta m dstypoatoAnyio vao
YIVETOL KOl GE CUYKEKPIUEVO YEDYPOAPIKE DTOGVVOLO TOL SLOOTKTVOV LILOG KO
Om®G avaPépovpe 6To KeP. 5, oduemva pe v [Pal99] vmbpyer peydin
avtiotolyio peTaly piog yewypagikng meployng kot evog ccTLD. Térog av
AdPovpe v’ dywv ot M péBodog detypatoinyiog pe random walk oe éva
ccTLD dev elvar gpiktn, pog kol €ivor adbhvotov vo TEPLOPICOVUE TOV
nepinato péoa oto domain ywpig va emnpesdoovpe to  delypo  (PA.
mopaypdeovg 3.2 kot 3.6), 0 OEYHOTOANTTNG 7oL VAomombnke amd ot
yvopilovpe gival o TpmdTog mov Kdvel derypatoAnyio oe ccTLD.

Méypt otrypunq n derypoatonyio pe IP [LG99, CHLZO03] meproplotav otnyv
avBaipetn emloyr tov peyéBouvg tov delypatog ywpig ™ ypMon Kdmolwv
OTATIOTIKAOV UETPIKAOV. XTO OEYHOTOANTTN TOV VAOTOMONKE, EQOPUOGTNKE N
Bewpla ™ aming toyoiog ostypatonyiog kot to péyebog Tov OetypoTog
emAéyetonr Pacel g vrd extiynon avoioyiag oe OAov tov mAnBucouo.
EmumAéov, Aapfdvovtatr v’ Oyv Kot To ovaAoyo COAALOTA LE TG OVTIGTOLYES
owomopég (BA. mapdypoeo 3.2.2).

O derypotoAng mov VAOTOMONKE GUVEIGPEPEL BTN AVOT| TOL TPOPALATOG
™G peponyiog mov ewcdyst 1 avbaipetn emhoyn oceiidoag apetnpiag oe
Tuyaiovg TEPMATOVS 6TO Web. ZVYKEKPIUEVO, OTMS OVOPEPALLE KOl GTO KEP. 2,
o¢ apempia evoc random walk, gite emléyovtar 1oyvpd CLVEKTIKEG GEADEC
(o1 omoieg pe peydin mbovotnto Ppickovtar otov mopnva tov web ypdopov),
elte emiéyovtol cOvoAa amd mbavég apetnpieg amd Tig omoieg o random walk
emiéyel pio [HHMN99, HHMNOO]. H cuvelspopd tov derylloToAnTT] TTOL
viomomOnke Ppioketor 6to yeyovog ott 1 €£000¢ Tov pmopet va amotedel To
cvvoro amd mbavég apemnpieg evog random walk. Me avtd tov tpdmo
petwveton n owbaipetn emAoyn Tov GLVOAOL TOV THOVOV CPETNPLDOV.

2mv wapodoo SaTpiPr omodEIKVIETOL OTL VITAPYEL CLGYETION YWOPIKNG Kol
YPOVIKNG TANPOPOPIaG LE TOV TPOTO VPPN TV hostname. Tvykekpipéva, pe
™ Ponbeta Tov derypotoinmn, emAéynke éva delypa and hostnames omd to
.uk ¢ccTLD. Zvotddeg amd avtd 10 delypo Hog 6moay YOPIKEG Kol YPOVIKEG
mAnpoeopieg oyetikd pe Bpetavikodg mapoyeic ‘Tviepver. Ewdwdtepa
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VTOAOYIOTNKE M YOPIKN KOTOVOUN NG bodoung evog Bpetavikov ISP kot o
pLOUGS avanTvENG evog aArov (PA. mapaypdagpovg 4.4 ko 4.5). Ot mo mave
TANPOPOPIES OTOOEIKVVOVTOL TTOAD YPNOLUES OLOTL UTOPOVV VO YPTCLUEVGOVY
OOV OUEPOANTITEC EKTIUNTPIES TOV GLYKEKPIUEVOV eTapEL®VY. o Tapaderypa,
pHe avtdv ToV TpOmo pmopel va extiunOel 1o péyebog G LVROSOUNG TV
dpoporoyntov evoc ISP ywpic va Bacilopacte oe mAnpopopieg amd v id
v etapeion oAAG o€ TANPOEOpieg MOV TAiPVOLUE HOVO amd TO OiKTLO.
EmimAéov, elvar ovvatov pe v mo maveo péfodo va €Yovue apepOANTIN
extipnon mov aeopd to pvdud avantvéng cvykekpuévov ISP wg mpog to
mocovg e&umnpetég "piyvouv" 610 diKTLO, KATL TOL OO 66O Yvmpilovpe dev
éxel ylvel moté ypnowomoldvtag povo mAnpoeopieg amd to odiktvo. H
extiunon avt| umopel va pog Pondioer va  Pydroovpe aveEdptnta
CUUTEPAGHOTO Y10 TOV 0plOUd TV TeEAAT®OV TNG Kdbe eTanpeiog, To omoia dev
0o Poacilovion o vmOKEWEVIKEG TNYEC (MY, OLLPNUIOTIKES KOUTAVIES).
EmumAéov pe tn ypnon g mo whve peboddov etvar Suvatodv va extiun et kot m
KukAoopia Tviepver (Internet traffic) twv ISP yia ) cvykekpipévn nuépa g
detypatonyiog. Téhog n 1010 péBodog pumopet va amotelécel Kot Eva Tpdmo
yoptoypdonone eévmmpetntov (host) oe yewypapikéc meEPLOYES OLAPOPETIKO
amd avtov mov mpoteiveton otig epyacieg [PSO1, ZFRDO2].

Agvtepehovseg GLVEIGPOPES TG TapoVcag dtoTplPrg etvat ot akdAovbeg:

Amd 600 yvopilovpe Yo TpdTH Qopa eKTIUNONKE LE 0pKETA KAAN akpifeta To
péyebog tov EAAnvikov web pe texvikég derypatonyiog (BA. mapdypopo
3.4.2). AAn péBooog mov eQapUOGTNKE Yo TOV 1010 okomd (PA. Tapdypapo
3.4.1) vmoldyloe to 1010 amotélecpa (Aapfovopévov kot tov PLOUOD
avartuéng tov web) oAld, o MOAD mEPIGGOHTEPO YPOVO, POV EKOVE
e€avtAnTikn avalnnon Tov .gr, Kot e TOAD TePIocOTEPA YPTLLATO.

E&epevvnOnke efoaviAntikd o lopdavikdg ydbptmg tov Tviepver ko
vroloyiomke o aplBudc twv web server Tov. XtV {dw mepinTon
KaToypaetnKe emiong M mwAaTeOppa KAOe server Kol ovoKoALGONKE M
Kuplopyioc.  CLYKEKPIUEVNG  eToupeiag  AETOLPYIK®V  cvotnudtov  (BA.
Topaypoeo 5.2).

Tpomomompuévn LopPY| TOL OELYUATOANTTN YPNOLOTOMONKE MGTE Vo, yiveTon
eCaviAntikn  avalntmon oAoKAnpwv web site. Me oavtd TOV  TPOTO
eMOANOEVTNKE 1 KATOVOUT AVTIGTPOPOL TOAV®VVLOV Yo TOLG out degree Kot
o¢ eninedo web site.

6.2 MehlhovTiKi) Epevva

Xe outn TV TopAypaPo GYOAALOVIE HEPIKA AO TOL TPOPANUATO TOV TPOKVITTOLV
Ao TNV TOPOVGH SaTPIPT) Kot KATowo AL TOV TOPAUEVOVY AVTA.
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Avoytd moapapévouv To 000 ONUOVIIKA TpoPAnuate  Tov  peBddwV
delypatoAnyiog mov ava@épape oto. TPonyovUEve Ke@dAiata, onA. 1) Tov
TPOPANUATOG TNG TUYOLOG Kot OPOLONOpeNG emthoyng (uniformly at random)
plag web celMdag ko, 2) Tov TPOPANUATOG TNG OUOOLOPPNG Kol TLYOLOG
derypotoAnyiog evog web site. Xnpeidveron mhviog o0ty n uébodog mov



npoteivape divel pio pepkn Abon oto mTpOPAnUa TG TuYoiog EMAOYNG piag
web oedidag amd éva ccTLD vrnd v mpoimdBeon 011, avapepOUOCTE OE
eninedo apyikav celidov (home page), kot 0Tt epapuoleTor N TE(VIKN zone
transfer (BA. [Tapaypago 3.5.2).

Evdwpépov Oa gixe n epapproyn dtopopetik®dv pefddowv detypatoAnyiog m.y.
otpouaTomomuévn toyaio oetypatonyio (stratified random sampling) xot
detypatoAnyio katd cvotddeg (cluster sampling). XOpeova pe v mTpdT™
puébodo odetypatonyiog, o xdptng umopel va ympilotel oe otpoduaTo (strata)
kot va emAéyovion [P amd exel pe opotdpopeo tpodmo. ZOpEve. Le T de0TeEpT
puébodo, o ydptng umopel va ywplotel oe ovotdoeg (clusters) kor m
detypatoAnyio va yivel og avtéc. H dwpopd tov dvd puebddmv givar ott o
0eVTEPOG TPOTOC AMOLTEL EMITAEOV YVOON Y10 TIG OIKTLAKEG ovTOTNTEG TOV [P
YOPTN TPV YIVEL 1] GLGTAOOTOINGT TOV.

[Teportépm €pevva yperdletor va yivel yia to Deep web, pe m pébodo IP
sampling piag kot 6nmg eaivetor and v gpyacio [CHLZO03] vrdpyet peydio
KOl LEAVOLEVO EVOLAPEPOV Y10 TNV TANPOPOPia TOL KpOPETAL TIG® Ao ALTO.
Onwg cidape kot oty mapdypoaeo 2.4.2, n uébodog IP sampling sivor n puoévn
ov umopel va ypnooromBel yio emaoyn derypudtov and to Deep web piog
Kot 1 EB0SOG TV TUYAIOV TEPUTATMOV OTOTLYYAVEL.

Evdwpépov Ba  elxe m mpoomdBeid cuvovacspod TV Vo pebBodwmv
derypatoanyiag (IP sampling kou random walk), m.y. n €Eodog Tov IP
derypatoAnmen va gival €lcodog Tov random walk. Avtd dmwg avagépape Kot
7o TPV €lvarl CNUAVTIKO J10TL £T61 Bal TETVYOVE AKOUO KOAVTEPT TPOGEYYIoN
g opowopopeiog Tov delypatog pe random walk agod Oa glottddcovpe )
pepoinyia g apetnpiog. Emmiéov pe v mo nave npoondOeia Bo Exovpe
™ duvatdtra vo Kévoope derypotoinyio pe random walk kot oto Deep web
70 0moi0 UEYPL oNUEPA £tV KATA TOAD aveEepedvnTo.

BeAtiotonoinon g pebooov derypoatoinyiog Oa pmopodce va TpoKOYEL 6T
eEng Bépata

o IIMpng oavtopotomoinon 1ng Oomwovpyiag tov [P yaptm tov
ocvykekpipévov domain. Avtd pmopet va yivet av dev Egympilovpe tovg
tomkovg An&lapyovg amd ta avTtdvopr GLGTNATO, VITOAOYILoVTOC pE
SPOPETIKO TPOTO TIG AvaBEGELS TOV TOVS YivovTatl, dAAL amevdivovue
epOTOoELS Yoo OAeg Tig dkTvakes ovtotntag (LIR kot AS) otn whois
Baon kataptifovrog amevbeiag o xapTn.

o Avvoromrto oynuoticpov IP yaptodv oyt povo oe ccTLD aAld ko ota
vroloma 6 domain (.edu, .com, .gov, .mil, .org, .net). Avtd TO
TpoPAnua  eivor moAD onuovikd owtt Ba pog Pondnost  va
KataAdBovpe TEPIGGATEPO TN PV TOV TOAVTAOKOL JIKTVLOV TOV Web
a@o¥ Bo propovpe TAEOV v KAVOVLUE OELYLOTOANYI0 GE OTOL00NTOTE
koppdtt tov. H dvokoAio Tov Mo whve TpoPALOTOS ETIKEVTIPOVETOL
kuping og 2 {nmpata: 1) Ta 6 domain oto omoia BEAoLUE Vo Kbvovpe
detypatoAnyio 0ev €Youv KATO0 YEOYPOPIKO TEPLOPIGUD, UE TNV
évvola OTl, Ol VTOAOYIGTEG IOV GULVEICOEPOLV GTO TEPLEXOUEVO TOVG
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dgv Pplokoviat (oe PEYEAO TOGOOTO) EVIOMIGUEVOL GE GLYKEKPLUEVN
YEQYPOQIKN TEPLOYN. Avtd kdvel dVoKOAN T ovvtoaén IP yaptov.
2) Ot LIR kot o0 AS mov amotehovv avtd to. domain aviKOuV 6N
O1KO0d0G10L SLOPOPETIKMOV NAEPOTIKOV An&lapywv, o1 omoiol apKeTEG
(QOPES V1I0BETOVY SLOPOPETIKEG TOATIKES Y10 TOV TPOTO dLoYEIPLoNG TOV
oedopévov tovg. To moapdderypo o RIR  ARIN odev  dabétet
mnpoopieg oxetikd pe 1o Tt IP éyovv avotebel oe AS g meployng
gvhvvng Tov.

[Ipocappoyn g pebodov derypatoinyiog yia to véo Tvtepver (IPv6).
To véo Tviepvet (ékdoom 6) emeldn €xetl dievBivoelg pnkovg 128 bit, Ha
el achykprta peyalvtepo aplpd devbdvoeov (2'%%) mpdypua mov
Oéter v teyvikn IP sampling e peyddn dokipocio g mpog v
KMpdkowon (scaling) ¢ OAng owdikaciag o€ TOGOVE UEYAAOVG
y®pove. Evdwpépov Aowmdv mpofAnue 6o MTov 1 amoTEAEGUOTIKN
TPOGapUOY TS pebBddov ot véa €kdoon tov ‘Tvrepver. Avo
mpofAnuato to omoio gumodilovv mpog TO mopdV pio  TETOLO
npoomdbela eivar: 1) 10 yeyovog ot mapdAo OV TOAAOL NTEPOTIKOL
An&ilapyor éxovv apyicel kot kdvovv avabécelg tov IPv6 ydpov, dev
SlTNPOVV GLGTNUATIKA apyeiot omd To Omoiot UTOPOVUE VO TAPOLLLE
Vv avtiotoyn mAnpogopia, 2) n perdfoon amd t0 ToOAMd GTO VEO

Tvtepver dev €yl axkdpa emitevyBel. Avtd Tov péxpt todpa epapudleTot

givar 1 otadokn petdfoon amd v ékdoon 4 oy ékdoon 672 xopic
va vrdpyer kamowo “flag day” otnv omoio 6Aa to unyaviuoto Oo
YUpiGOoLV 6T VEX £KOOOM.

Anpovpyia kaAOTEP®V PIATP®V OCTE 0TV TTEPINTTOGT TOL BEAOVLE VO
nhpovpe delypa and web cerideg, T devBuvon kdbe ceridag va TV
naipvovpe petd and enefepyocion TOL TEPLEYOUEVOL TNG GEAIOAG Kot
OyL povo amd tov web host mov v erhoevel. Avtd ivan va apkeTd
dvokolo mPOPANUe mov  amoitel €KTOG OmMO  YVAOGES TOAADV
TPOYPOUUATIOTIKOV  EPYOAEIOV KOl YAMGGOV TPOYPOUULATIGHOD,
YVOoEG TEYVIKOV  €£0puEng  mAnpoopiag (data mining) amod
nudounuéva dedopéva (semistructured data) omwc 1 TANpoPopia ToL
TePEXETAL OTIG Web Gelidec.

Behtioon g toydrog detypatoAnyiog n omoia pmopet va yiver pe
BeAtioon tov k®oKa. O Kddwog Oa umopel va EnovocyeOINoTEL GE
yAdooo WebL (BA. mopaypdeovg 5.1.2 kot 5.2.2) n onoia mapdTt glvarn
YPOUUEVT] OYeOOV €& OAOKANPOL o€ java KAVEL ¥pNoM ETOU®V
poLTIVOV, TUTOV KOl GLVOPTNGE®V, Ol OToleg WUmOpovV  va
evoopat®modv, avtodoleg, GTOV KMAKA ALEAVOVTOS TNV 0TOO0GT] TOV.

2 H éx8oon 5, dnwg xovpe Tet, dev 0o, xpnoonondel Toté aAhd avomtdYONKe yio pELVITIKOC

GKOmOVC.
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Hapaptipota

Hopdptnpa A: Aicto XovTtunoceov

APNIC
ARIN
AS

bit
DNS
html
http
IANA
IP
IPv4(6)
ISP
LACNIC
LIR
RFC
RIPE NCC
RIR
SCC
TCP/IP
TLD
ccTLD
URL
WebL

wWww

Asia Pacific Network Information Centre
American Registry for Internet Numbers
Autonomous System

binary digit

Domain Name System

hypertext markup language

hypertext transfer protocol

Internet Assigned Numbers Authority

Internet Protocol

Internet Protocol version 4(6)

Internet Service Provider

Regional Latin American and Caribbean [P Address Registry
Local Internet Registry

Request For Comments

Reseaux IP Europeens Network Coordination Centre
Regional Internet Registry

Strong Connected Component

Transmission Control Protocol/Internet Protocol
Top Level Domain

country code Top Level Domain

Uniform Resource Locator

Web Language

world wide web

97



Hoapaptnpa B: Xapteg drevdivocmv

Mo kbt PAEémovpe 10 Yaptn avabécewv towv IP devbivoewv oe TOMIKOVG

An&iapyovg (LIR) mov dpactnprorotovviar oty EAAGSa dmwg tav Sapoppmpévog
mv 26" Noe. 2002 (anyn: ftp://ftp.ripe.net/ripe/stats). Ewiong, PAémovpe pia extédeon
0V aAyopiBuov emroyng [P and to cuykekpiuévo xbptn.

62

62

62

62

62

62

62

62

62

80

80

80

193
194
194
194
194
195
195
195
195
195
195
195
195
195
195
195
212
212
212
212
212
212
212
212
212
212
212
212
212
213
213
213
213
213
213
213
217
217
217
217
217
217
217
217
217

98

1
38
68
68
74
75
103
169
216
76
106
245
92
30
30
177
219
46
66
74
97
130
167
170
190
200
242
251
30
37
54
70
75
89
104
107
114
120
152
205
251

16
140
142
152
170
249
19
19
30
69
78
150
170
195
199

0

0
64
128
0

0

0
192
32
32
0
160
0
192
224
192

96
224

64

32
64
128

32
64
192
192
224
160
64

96
192
64

128
128
128

192

64
80
160

224
224
192
128
192

[ReloloNeolclolo el oo o oo o e oo Neo oo o e k= oo e leole oo oo e - o o R R e e o oo He - Ro o e oo R o K=

65536
65536
8192
8192
65536
32768
65536
16384
8192
4096
131072
4096
65536
8192
8192
8192
65536
8192
8192
8192
32768
16384
32768
8192
8192
8192
8192
65536
8192
8192
8192
8192
8192
8192
8192
8192
8192
8192
16384
65536
32768
65536
32768
8192
8192
8192
8192
16384
4096
4096
4096
4096
4096
4096
4096
4096
4096

O1 4 mpdteg otreg ocvpforilovv v apywn IP dievbuvon
nov avatébnke kot n 5" omin Seiyver tov aplOud tev
SievBovoewv g avabeong. Ta mopddetypa, n 12" avadeon
givan pion avaBeon 2'°=4096 S1ev0vvoemy (1 LIKPOTEPT TOV
pmopet va yiver and tov RIPE). To koppdtt avtd tov 4096
SevBvvoenv Eekvael omd to IP: 80.245.160.0

O dmhovog yaptng mepigxet 1,216,512 digvbovoeig 1P.
Epapudloviag 10 YPOUUIKO  LETOCYNUOTIGHO OV
nepryphoetar oty 3.3.3.1 o tuyxoiog Yo mapdderypo
0.189623  avtictoyet  omv  230,679"  Sevbuvon
(0.189623*1,216,512 = 230,678.65 = 230,679 pue
6TpoyyvloToinen 6TOV KOVIWOTEPO QULGIKO). H 230,679"
0éon g Aiotog amd TNV Oapyn OVIIOTOWEL OTOV
1P:62.75.69.22 . H mo mdve avtictoiyion yiveror pe tov
e&ng adyopdpo:

e Bpec oe mowd ypopun tov ybptn oviker 1 celpd
230,679 (avAker omv 6" ypopun). Avtd evkolo
Bpioketar av apyifovpe kot Tpocbitovpe To. oTotyein
™mg 5™ oTNANG HEXPL VO PTAGOVUE 1) VoL EETEPAGOVHE TN
0¢om mov Béhovpe va Bpovpe (65,536 + 65,536 + 8,192
+ 8,192 + 65,536 + 32,768 = 245,760 > 230,679). Oca
otoyeia g 5™ oG mpocBicous TOGEC YPOUUES
npémel va katefolpe yio va Ppovpe t 0€om.

e  Bpec og moid Béom x g 6™ ypauung avikeL 1 oepd
230,679
x = 230,679 - 65536 - 65536 - 8192 - 8192 - 65536 =
17,687

o Ofog 0=62, f=75, y=0, 6=0 ko ektélecE:

=x-1
a=a+[x2" & x=x-2%[x/2*]
B=PB+[x2"] & x=x-2"[x/2"]
y=v+[x2%] & x=x-2%x12%
=90 +x

av
§6>255161€ (3=0-256,y=y+1)
av
y>2551t6te (y=v-256,B=P+1)
av
B>2551t6te (B=P-256,a=0a+1)
av
o > 255 opdipo (dev emrpéneton a>255)

TeMKd 0 alyopiOpog extedeiton pio popd kot divet:
=62, p=75, y=69, 6=22
Anhodn, ot 230,670" 6éon tov yaptn Ppioketon o IP:
62.75.69.22 ot dpa og avtd tov IP avtictoyel o Tvyaiog

0.189623.

(Enpeimon: [x] onpaivel oképaio HéPOG ToL X)




o [ho kdtw PAémovpe 10 Xbptn TV avabécewv IP dievBiveewv Yo v lopdavia
omwg Nrtav dwpopeouévoc 1o def. 2003 (mnyn: ftp://ftp.ripe.net/ripe/stats). O
nivokag owPaletoan o¢ e&ng: 8192 ouvveyoueva IP pe apyn 10 62.68.96.0 £youvv
avatebel o€ Kamow dikTvaky ovtoTnTa ToL dpactnplonoleitol otnv lopdavia, K.0.K.

62.68.96.0 8192
80.69.128.0 4096
80.77.160.0 4096
80.89.192.0 4096
80.90.160.0 4096

193.188.64.0 8192
194.165.128.0 8192
195.90.96.0 8192
195.90.104.0 2048
195.158.192.0 8192
195.248.64.0 8192

196.27.0.0 256

196.27.1.0 256

212.33.192.0 8192
212.34.0.0 8192
212.35.64.0 8192
212.38.128.0 8192
212.118.0.0 8192

213.139.32.0 8192
213.186.160.0 8192
217.23.32.0 4096
217.144.0.0 4096

Mivaxag I1.B.1: O minqpng IP xaptnc g lopdaviag (.jo) (Pef. 2003)
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Hapaptnpo I': Agtypoto osrypatoinyiog

ITio kétw axolovbel 10 7Po-dOeiypo Kot TO TEMKO Oelypo 7oL TPoEKLYOAV Oamd TN
detypatoinyio tov .gr ccTLD oto dibompua 26/11 — 1/12/2002. Avtd Ppickovtor kol GTtnv

http://users.ntua.gr/plekeas/Data_sets/Sampling a web_subgraph .

Ilpénel, emiong, va onueidoovpe Ott AOY® TOL YPOVOL TOL Exel mepdoel omd TN
detypatoinyio woAld IP tov delypatog icwg va unv avtiotoyyovv oe web celidec 1 va

OVTIOTOLYOVV GE SUPOPETIKES OO O,TL OVTIGTOLYOVCAY.

Unresolved IP-hostnames Unresolved IP-hostnames
1 http://212.251.73.110 56 http://athe530-t188.otenet.gr
2 http://193.92.172.171 57 http://pc003.anosis.spark.net.gr
3 http://212.205.191.111 58 http://ppp94-188.salonica.access.acn.gr
4 http://212.37.64.183 59 http://212.205.117.140
5 http://213.249.53.196 60 http://212.205.42.223
6 http://www.sacrohn.gr 61 http://213.142.137.0
7 http://www.printec.gr 62 http://athe530-t160.otenet.gr
8 http://212.37.64.43 63 http://koza364-a044.otenet.gr
9 http://217.19.84.63 64 http://polyi36-a008.otenet.gr
10 | http://194.219.241.218 65 http://ppp28-200-gw06.athens.access.acn.gr
11 http://194.219.91.53 66 http://ppp72-011.patras.access.acn.gr
12 | http://212.104.84.36 67 http://194.30.197.172
13 | http://212.37.64.181 68 http://athe530-f077.otenet.gr
14 | http://195.190.34.112 69 http://athe720-b-multi-119.otenet.gr
15 | http://www.combank.gr 70 http://athe720-b-multi-121.otenet.gr
16 | http://194.219.23.47 71 http://athei53-b-261.otenet.gr
17 | http://212.251.52.104 72 http://ppp1-101.kal.forthnet.gr
18 | http://hermes.aegean.gr 73 http://ppp28-040-gw06.athens.access.acn.gr
19 | http://sanisere2.sb-clients.otenet.gr | 74 http://thes530-b009.otenet.gr
20 | http://mgn.mgnonset.gr 75 http://vdp186.ath06.cas.hol.gr
21 http://mailgate.tzioras.gr 76 http://vdp211.ath03.cas.hol.gr
22 | http://hnodc.ncmr.gr 77 http://194.30.197.108
23 | http://gamesdomain.hol.gr 78 http://athe530-g091.otenet.gr
24 | http://frw-srv.guardiantrust.gr 79 http://lar-1-39.dialup.tee.gr
25 | http://eshop.alphanet.gr 80 http://trip366-isdn-a023.otenet.gr
26 | http://ermis.lib.uth.gr 81 http://vdp009-the01.cal.internet.gr
27 | http://ds.grnet.gr 82 http://vdp01496-noc01.cos.internet.gr
28 | http://draw.papiotis-draw.gr 83 http://ath11-ppp78.compulink.gr
29 | http://callback0.acci.gr 84 http://athe530-t178.otenet.gr
30 | http://alsinco.ath.forthnet.gr 85 http://ppp123.ser.forthnet.gr
31 http://217.19.77.248 86 http://ppp24-089-gw01.athens.access.acn.gr
32 | http://212.251.73.47 87 http://212.205.155.130
33 | http://195.251.210.2 88 http://athe530-h127.otenet.gr
34 | http://195.167.36.46 89 http://patr364-a04.otenet.gr
35 | http://194.30.228.13 90 http://213.140.133.167
36 | http://194.219.183.96 91 http://www.tecnoman.gr
37 | http://194.219.136.77 92 http://vdp003.krp01.gwc.hol.gr
38 | http://212.251.52.90 93 http://194.30.196.10
39 | http://212.251.38.231 94 http://194.30.197.124
40 | http://themail.neffiles.gr 95 http://emphaze-213-5-234-80.athens.customers.acn.gr
41 http://mail.kristenmarine.com 96 http://pat-nce01.hol.gr
42 | http://194.219.154.216 97 http://212.205.171.9
43 | http://adultdvdcritic.com 98 http://h-212-89-166-124.ellinogermaniki.gr
44 | http://212.251.24.109 99 http://217.78.225.242
45 | http://193.92.119.63 100 | hitp://217.78.224.76
46 | http://poly364-a13.otenet.gr 101 http://217.78.225.130
47 | http://194.219.156.49 102 | http://212.89.169.32
48 | http://212.205.138.195 103 | hitp://athe-hcsd-net.customers.otenet.gr
49 | http://212.205.171.32 104 | http://serial01-00.pat01.acl.hol.gr
50 | http://212.37.64.189 105 | hitp://212.205.95.14
51 http://212.37.64.52 106 | http://testanite.galileo.gr
52 | http://212.37.65.136 107 | http://212.251.52.85
53 | http://213.249.53.88 108 | http://dnsp.vernet.gr
54 | http://62.1.210.101 109 | hitp://mail.optimum.gr
55 | http://62.1.210.99 110 | hitp:/194.219.29.10
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Resolved IP-hostnames

Resolved IP-hostnames

1 http://www.sonne.gr 29 http://callback0.acci.gr

2 http://www.villagalini.gr 30 http://alsinco.ath.forthnet.gr

3 http://www.valuenet.gr 31 http://217.19.77.248

4 http://www.siotos.gr 32 http://212.251.73.47

5 http://www.schneider-electric.com.gr 33 http://195.251.210.2

6 http://www.sacrohn.gr 34 http://www.athensmap.gr

7 http://www.printec.gr 35 http://194.30.228.13

8 http://www.omilosdp.gr 36 http://194.219.183.96

9 http://www.nereusart.gr 37 http://194.219.136.77

10 http://www.magdalinos.gr 38 http://212.251.52.90

11 http://www.konsoulas.gr 39 http://212.251.38.231

12 http://www.haci.gr 40 http://themail.netfiles.gr

13 http://www.gradio.gr 41 http://www.kristenmarine.com
14 http://www.forexhellas.gr 42 http://www.iremma.com

15 http://www.combank.gr 43 http://adultdvdcritic.com

16 http://www.alexandris.gr 44 http://www.medhotels.com
17 http://www.air-conditioners.gr 45 http://www.grcreplay.com

18 http://www.aegean.gr 46 - 58 HTTP 404 - File not found

19 http://sanisere2.sb-clients.otenet.gr 59 -90 Cannot find server or DNS Error
20 http://mgn.mgnonset.gr 91 -96 forbidden 403

21 http://mailgate.tzioras.gr 97 Unauthorized 401

22 http://hnodc.ncmr.gr 98 HTTP 401.2 - Unauthorized
23 http://gamesdomain.hol.gr 99 - 101 firewall access denied

24 http://frw-srv.guardiantrust.gr 102 - 104 Authorization required

25 http://eshop.alphanet.gr 105 - 106 under construction

26 http://ermis.lib.uth.gr 107 - 108 server test page

27 http://ds.grnet.gr 109 asp error

28 http://draw.papiotis-draw.gr 110 Can't find server or DNS error (http://noc.sae.gr

Mivaxag I.y.2: Tehiko oetypa .
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1 http://mail.itp.com.jo/index.html

2 http://193.188.90.67

3 http://213.139.63.194

4 http://217.23.32.64

5 http://62.68.96.2

6 http://213.139.63.196

7 http://193.188.95.178

8 http://80.90.164.145

9 http://212.33.201.124
10 http://193.188.87.172
11 http://195.158.196.3
12 http://212.33.192.244
13 http://212.33.201.117
14 http://80.90.164.153
15 http://mms.fastlink.jo/mms/
16 http://194.165.136.40
17 http://194.165.142.114
18 http://194.165.159.163
19 http://212.34.2.129
20 http://212.34.2.146
21 http://212.34.2.154
22 http://212.118.1.107
23 http://212.35.70.146
24 http://212.35.71.50
25 http://212.118.0.12
26 http://212.33.195.203
27 http://217.144.0.136
28 http://212.35.70.165
29 http://194.165.142.150
30 http://212.118.8.78
31 http://193.188.66.3
32 http://194.165.134.115
33 http://80.90.162.134/mailaccess.nsf
34 http://mail.go.com.jo
35 http://webmail.cyberia.jo
36 http://193.188.90.194
37 http://194.165.145.146
38 http://212.35.70.53
39 http://193.188.73.41
40 http://193.188.95.34
41 http://194.165.145.178/onetools/
42 http://194.165.145.190/eRoomASP/DIg

UnsupportedBrowser.asp

43 http://194.165.149.254
44 http://212.118.1.66
45 http://212.118.8.58
46 http://212.33.196.254
47 http://212.35.70.18
48 http://212.35.70.82
49 http://212.35.70.84
50 http://212.38.130.54
51 http://212.38.133.210
52 http://212.38.134.234
53 http://217.23.35.10
54 http://217.23.35.34
55 http://193.188.64.134
56 http://193.188.67.77
57 http://193.188.67.79
58 http://193.188.67.83
59 http://193.188.68.40
60 http://193.188.68.41
61 http://193.188.68.42
62 http://193.188.68.43
63 http://193.188.68.44
64 http://193.188.68.45
65 http://193.188.68.46
66 http://193.188.68.47
67 http://193.188.76.67
68 http://193.188.80.163
69 http://193.188.80.229
70 http://193.188.80.34
71 http://193.188.84.130
72 http://193.188.86.91
73 http://193.188.87.138
74 http://193.188.87.140
75 http://193.188.87.51

76 http://193.188.87.74
77 http://193.188.93.100
78 http://194.165.129.2
79 http://194.165.129.244
80 http://194.165.129.250
81 http://194.165.134.116
82 http://194.165.134.203
83 http://194.165.135.168/alaydi/
84 http://194.165.135.175/HIPAACertified/
85 http://194.165.135.200
86 http://194.165.141.50
87 http://194.165.145.136
88 http://194.165.145.50
89 http://194.165.145.51
90 http://194.165.145.60
91 http://194.165.146.200
92 http://194.165.148.146
93 http://194.165.148.148
94 http://194.165.148.152
95 http://194.165.148.154
96 http://194.165.148.155
97 http://194.165.148.72
98 http://194.165.148.73
99 http://194.165.149.123
100 http://194.165.149.179
101 http://194.165.149.61
102 http://194.165.149.62
103 http://194.165.151.83
104 http://194.165.151.85
105 http://194.165.152.114
106 http://194.165.153.106
107 http://194.165.153.18
108 http://194.165.153.42
109 http://194.165.155.18
110 http://194.165.155.98
111 http://194.165.159.164
112 http://194.165.159.27
113 http://212.118.0.31
114 http://212.118.1.115
115 http://212.118.1.226
116 http://212.118.1.250
117 http://212.118.1.253
118 http://212.118.1.40
119 http://212.118.10.150
120 http://212.118.10.82
121 http://212.118.2.140
122 http://212.118.31.194
123 http://212.118.31.78
124 http://212.118.8.235
125 http://212.118.8.99
126 http://212.33.192.199
127 http://212.33.193.85/default/default.asp
128 http://212.33.201.120
129 http://212.33.201.126
130 http://212.34.2.74
131 http://212.34.2.77/pc/default.asp
132 http://212.34.2.93
133 http://212.35.67.179/epicenter/
134 http://212.35.69.42
135 http://212.35.70.122
136 http://212.38.130.82
137 http://212.38.132.122
138 http://212.38.132.202
139 http://212.38.133.200
140 http://212.38.133.202
141 http://212.38.133.207
142 http://212.38.133.228
143 http://212.38.134.146
144 http://212.38.141.17
145 http://212.38.147.81
146 http://212.38.149.90
147 http://212.38.150.3
148 http://217.144.6.13
149 http://217.144.6.15/NetPerfMon/Login.a
sp
150 http://217.144.6.22

151 http://217.144.7.156
152 http://217.23.32.20
153 http://217.23.37.108
154 http://80.90.160.103
155 http://80.90.160.60
156 http://80.90.162.62
157 http://mail.spotcell.com
158 http://mail.telefono.com.jo
159 http://rtgsjo.cbj.gov.jo
160 http://signup.link.net.jo/content/default.a
sp
161 http://www.daysinn.com.jo
162 http://www.jmts-fastlink.com
163 http://www.spotcell.com
164 http://212.35.66.83
165 http://212.38.149.120
166 http://80.90.161.65
167 http://www.ccs.com.jo
168 http://www.ccs.com.jo
169 http://212.35.70.52
170 http://dinar.cbj.gov.jo
171 http://193.188.71.6
172 http://193.188.80.1
173 http://193.188.84.5
174 http://194.165.134.106
175 http://195.158.192.1
176 http://193.188.67.81
177 http://193.188.81.7
178 http://212.38.128.10
179 http://mail.nets1.com.jo
180 http://mailbk.nets1.com.jo
181 http://web.nets.com.jo
182 http://www.just.edu.jo
183 http://212.35.67.227
184 http://194.165.129.200
185 http://196.27.0.17
186 http:/196.27.0.19
187 http://coolmail.jo
188 http://mars.rss.gov.jo
189 http://193.188.87.202
190 http://193.188.87.203
191 http://212.118.1.254
192 http://ns2.nets1.com.jo
193 http://212.118.0.13
194 http://193.188.93.5
195 http://212.118.8.210
196 http://212.35.66.85
197 http://212.35.71.250
198 http://212.38.147.16
199 http://213.139.63.148
200 http://217.144.6.29
201 http://217.144.6.4
202 http://193.188.65.35
203 http://193.188.65.53
204 http://193.188.68.10
205 http://193.188.68.12
206 http://193.188.88.66
207 http://212.118.1.36
208 http://212.33.195.37
209 http://212.33.195.37
210 http://212.38.130.122
211 http://217.23.37.135
212 http://amon.nic.gov.jo
213 http:/193.188.65.188
214 http://212.118.10.179
215 http://212.118.3.117
216 http://www.jordangps.com
217 http://213.139.63.199
218 http://194.165.142.122
219 http://212.35.70.58
220 http://212.38.149.147
221 http://193.188.80.66
222 http://80.90.164.160
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Hapaptnpa A: CD ROM
210 CD ROM mov cuvvodevetl ) daTpiPn vapyovyv ot Mo TOAAEG TTNYEG OVOPOPAS

(m.x. papers, apBpa) kabBmg Kot Sdpopa mEPApOTIKG amoteléspota (deiypata, TP
YOPTES K.ATL.).
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Hapaptnpo E: Agikteg (index)

A

aggregate queries (a9poloTikd
epoTHaTa), 32

B
broken link, 19

C

ccTLD, 43
crawler, 19, 82
BFS avalnmon, 83

D

distribution, 20
heavy tail, 20
pareto, 21
poisson, 20
power law, 20
zipf, 20

DNS, 43

G

graph, 17

connected graph (cuvekTiKOg
Ypagpog), 28

directed graph (katevBvvopevog), 17

random graph (tvyoaiog ypdpog), 20

web graph (ypdopog tov web). SA.
web

TIVOKOG YEITOVIK®OV KOUP®V
(adjacency matrix), 18

GUVEKTIKY] GLVIGTOGA, 22

H

home page. 1. web site
hostname, 43
YPOVIKEG TTANpOPOpieg, 61, 70
YOPIKES TANpOPOpieg, 61, 65
html, 15
http, 15
hyperlink. p4. link

|

Internet, 15
Internet Protocol (IP), 35

104

TOAOTAOKN TomoAoYia (complex
topology), 16
Internet registry system, 44
AS, 47
LIR, 44
RIR, 44
Mn&lapyot Internet, 44
IP, 36, 47, 49, 50, 94, 98, 99
IP address. pA. IP
IP sampling, 24, 35
eEepevvnon tov deep web, 39
VIOAOYIoUOG TANpOYOpiag 6To web,
38
I[P derypotormng, 47
IP y&ptne, 47
YeEVVI TPl TUYOi®V aplBudv, 48
IP dievbuvon. pA. 1P
1Pv4, 37
ISP, 61

L

link, 17
in link, 18
out link, 17

M

markov chain. 1. paprofiavn aAvcioa
multihosting. 4. virtual hosting

P

PageRank, 30
port 80, 36

R

random walk, 24, 28
péTpnomn TodTnToS wWeb Katahdymy,
29
TPOcEyylon afpoloTIK®V
epOTOE®V, 32
oxeOOV OLLOIOPOPPT OELYLATOAN AL,
31

S

sample, 45
sampling, 45, 92



web sampling. /. detypatoAnyia
10 web

U

URL, 31
base URL, 35

A\
virtual hosting, 39, 56

W

web, 15, 45

deep, 39

hidden, 39

invisible, 39

non-indexable, 39

publicly indexable, 38

web graph, 21

web host, 36

web index, 29

web page, 16

web sampling, 15. 4.
detypotoAnyio 6to web

web site, 24

empavelako (surface), 39

péyebog, 16

pLvOuUdS avantuéng, 16

web graph, 17

bowtie, 23

fractal, 22

in degree, 21

out-degree, 21

power law, 20

LLOKPOGKOTIKY| doun, 22

web site. f1. web

BFS avalnmon, 82

devTpIKn avamopdotaot, 81

world wide web. 4. web
wWww. 4. web

r
YPaQoc. fA. graph

A

oetypa, 45
detypatoAnyia, 15, 45
amAn Toyoio, 45
amAd Tuyaio detypa, 45
oc web site, 35

detypatoanyia pe IP. SA. IP sampling

derypotoAnyia oto web, 23
ue IP, 23, 35
ue random walk, 23, 28
dwdiktvo. fA. Internet

K

Kkatavoun. pA. distribution

M

popkofiavn aivoida, 27
evotadng kotavoun (stationary
distribution), 27
pepKd droteTaryuévog xdpog, 71

I

ToyKOGLOG 16T0G. fA. web
Y

VeEPoUVOESHOC. fA. link

X
x®pog IP dievbovoewv. fA. IPv4
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