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Abstract

CrawlersLarelessential (o[ Web[$earchl[enginesTorfetrievingChighLguality[(Web[pages
automaticallyCandCéfficientl y[basedlon[devel oper[defined[hoti onsLof (importanceland
quality.[DuelfoltapidLgrowthlof (World-WidelWeb@andi mited(fesourceslavail abl elfo
crawlers,Udevel opingligoodUcrawlingUstrategi eslJandeval uatingthemJare[Jstil | Cbig
challenges.[1nthisCpaper,(Wel ol tomprehensivel study [ bf CexistingCandproposed
crawling[strategi esldonelbybther [fesearchWorks.[Welhaveldevel opedafopic-driven
crawlerthat[usesIcombinationsCJof CltwoldifferentClstrategiesClinCeval uatingClpage
importancelduringtheldrawl.

1.0ntroduction

Crawlers,[@ solknownlaslriobots, ots, [Spi dersiandiwanderers, [@relprograms{ihat[fetrieve
web[pagesiautonomously.[Crawl erslarelmostidommonl yusedby[Searchleéngines.[$earch
engineslindex [thelpageslretri evedDy(drawl ersiandreturnthi ghl y [fankedpagesiblanswer
user[tueries.[Becauselof [theltlynamicChaturelof (Web, [itsChugelincreaselin[si ze, [and
[imitedBandwidth, [Storage, [andidomputati onal [fesourceslavail abl elfolwebldrawl ers, [it[is
impossi bl e[for[awveblerawl erdolerawl [helentirelinternet. [Tt OsCévenldifficult Horihe
crawlersliblmhonitor theldrawl edlporti on(df thelihternet(for[changesl] . [Thuslitlisdrucial
toldevel oplefficient[erawlinglstrategi esfor AL ¢rawl er[foltetri evelorelimportant, high
quality,@ndrel evantpages(firstbef orelthey i sitdther[pages.

A ldrawler(Startsioff [with[an[URL [@ndetrieveslan(initial (page, [Py. (It[Saves@ndlparses
Po,[e@xtractslitsiout-goi ng(links, [Saveslihelli nkslinto@dqueuelvhi chlisiknown[as[drawl er
frontier[I1],[anddhoosesfromthelqueuelthelnextinkfolVisit[[1,2] . [Crawlersistorelihe
pages(iraversedin(thei rlownbuffer(storage.(Whenlthebuffer[is{ull, [different[crawlers
useldifferentlmethods(ioldel eteltheleastimportant[pagelinthebuffer [folinakelioom(fior
newly[traversedpagesusingLdifferentChotionsbf [importancel ] 1].TT hisCjorocessbf
retrievingnew [pagesfromipreviousl y[retrievedionesigoesion.[ThelKey[chal lengelduring
theldrawl [isfolidentifythelmextostimportant i nk [fol¢rawl fromiheldrawl er [frontier

[1].

Therelarelfwollypeslof [¢crawlers.[$tandardl{general ) Lerawl erslandiopi c-driven{focus)
crawlers]1,3].LAnd[iherelarelgeneral l yiwolkindsCof L&l gorithmsfor[tetermininglihe
importancellof (alpage: [1ink-basedJal gorithms[Jandcontent-based[](simil arity-based)
algorithms[[1,3,4,5].



I n(thi spaper, [proposelfoldes gnfandimpl ement[@fopi c-drivenlérawl er[That[dombines
link-based(dpproachiwithidontent-based(@approachlihléval uati nglthelimportancelof [@Wweb
page.[Theltrawl er[canlise[UipioliwoldlifferentCerawlingtrategi eslincludingl@nal yses
based(on(si milarity{lcontent-based),[d@ndbasedOnlihformati oniweldan(get fromihellURL
andCtext[surroundingthe[URL.[Users tanlkasi | y[SpecifyfromtrawlingCapplication
interfacelWhether[$/helwantsboth(strategi esfolbellise[andhowinuchlcredit[foldivelto
thelresul tslgivenDy[eachldrawling(strategy.

Thelperformancelbf (the[rawler[will ChelBffected by thel lcombinationCbf [trawling
strategi esl¢hosen[andEhelivei ghtLassi gnedfoléachlstrategy[lised. (Welwvill [éxperiment
with[differentCtombinati onsLof [strategi esCandseel thel differences betweenl[tifferent
combinations.

Thelremai nder Cof [thepaper Ui sUorgani zedUas_f ol | ows: Usection[12[di scusseslsome
background@nd(rel atedlwork[ashow [{olachi evelefficient[drawlinglinfhelweblandhow
toléval uatelerawlers; [$inceltheltrawlingmodul elis[a part[of Lour [internet[application
proj ect,[$ection[BLgiveslihe dverviewlof Courproject[andldi scusseslivherelthel trawler
modul eslitslinCour [proj ect; [$ecti on[4di scussesinldletail (howihel ¢trawl er[isldesi gned
andlimplemented, [andhow el proposelfoleval uatelthelérawl er; [Section[B(li sts[somelof
thelfuturelwork;[Section(Bldutli nesltheldoncl usi onslthat [danBeldrawnfromthisiwork.

2.[Background@ndRelatedWor k

Therelarelfivoltlypeslof (drawl ers: [Standardldrawl ersfandfopi c-drivenldrawl ers.[Standard
crawlers@relquerybasedlandthey@reliorel¢commonlinlearlyldays,&xampl eslinclude
FishSearchJandIWebCrawler [ 1].[iGeneral Ucrawl ersCitry CtoCicollectCandUindex Clall
accessi bl elWebldocuments(iolbelabl elfol@nswer[@l | [(possi bl elad- hocldueries]3].[Onlthe
contrary,[Afiocusedldrawl er[firi eslfiol$el ectivel y[$eek, [Acquire,[andliindex [hageslihat[are
relevantfolitspredefined$et[of [fopi cslandiri es[folavoi dCWeb[pages ihat [Seem(iolbe
irrelevantJtothellcrawl . CIT he[Jtopi csClarellspeci fiedbyCexempl ary OdocumentsC][ 3].
Charkrabarti[ét[al.[usesthelrnetaphor [that[generi clérawl ersiand($earchléngineslarellike
publicllibraries.[They[trytol[katisfyeveryone.\Whileltopic-drivenLtrawlerCarellike
“universityfesearchllibraries’ Wwherelthey @ | ow[Seri ouslusersliolsearchlfior [afopi clihey
arelinterestedlin(depth(]3].[]1] Croposes tol feed trawlersCivith[both[televant[and
irrelevantCdocumentsCas[positivelJand[Chegati vellexampl es.[] 3] Ciclaimsthat [focused
crawlerslarelmorel&fficient,[(butfhey@relnoreldlifficult[Holdevel oplsinceltheltrawlers
haveliblmakeladditional [deci sionslof [thelrel evanceldf [@weblpagelduringfheldrawl [11].

Thelstrategyusedbyaldrawl er [folSel ect[allink for [fraversal (i esliblfhelgoal Slof [Grawl ers
[1].[Thelstrategieslarelal solaffectedbythelily pesiof weblSitestheldrawl ersldrawl [on[and
what[ils[¢onsi deredlimportantfolfhoselweblsi tes.[Si ncelévenhumaniéxperts’ [moti onLof
guality@ndlimportancelof [Awvebpagelvarywidel y[J4],[different[érawl ersiiiseldli fferent
algorithms(ioljudgelthelimportancelof [a page. (However, therelhasbeen(littlelémpirical
eval uationlof [theseld gorithms.



2.1[Pagelimportance

Therel@relinlgeneral [fwolwaysfoljudgethelimportancelof [Alwebpage: i nk-basedand
similarity-based(]1,2,4].[0Link (basedmeasurementslarelbased[on[thelintuitionfhatihe
countinglof [(links[tef|ect[heleredibility[of (awebpagel]1,4] .M uchliesearchhasbeen
donelJinOlink-basedJanal ysis.[0Si milarity-basedJapproachesItakeldintoJaccount(the
similarityhetweenlihelcontentslof (A document[and(ihelfopi c.[Thelquerylinlduestionlis
patternfhatched@gai nst@weblpage.

2.1.1M ink-basedmeasur ementsifior [pagelimportance

In-degree, Cout-degree, [lPageRank, Chubslandauthoriti esCare thelmostLcommonl y[ised
link-basedimeasurements{for[pagelimportancel]1].

| n-degreeldountslthelfumber[of [backlinksifolalweblpage; [out-degreeldountsthelnumber
of [l nks[that[émanatelfrom@webpage.[Theybothldonsi der [thelimportancelof [@achlink
equally.[Pagesiwithhi gher[Gountslareldonsi deredibbelmorelNal uableland@uthoritative.
PageRank[dloes[hot[¢onsider[&l | i nkséqual ly. It[tecursivel y[Mcomputesa document’ s
scorelbased(on(thelScoresiof [documentsithatpointfolit.[PageRank[GanBefhought(df [@s@
model [0f [User Behavi or BecauselthelPageRank [0f [Alpagelrepresentsithelprobability [that
alrandom(surferwill Belonthat[pagela@t@any(givenime” 11,12,[3,[4,[5].

Other i nk-based(@l gorithms[utili zelthelmoti onslof [Authority [andhubs. [An[authoritative
documentlislonelthat[many[other [documentsllink[fo.[A hublislaldocument(that (i nksfo
many[ather[documentsifor[@lgiven(iopic.[Park(dl aimsthat [Thubs@and@uthorities[standlin
mutually[tei nforcingliel ationshi p: A .goodlauthority[is[A documentThat [isi nked oy
many[goodhubs, @ndl@dgoodRublisiddocumentthat i nkslfolmhany@uthorities’ [4] .

TheltesearchCdonel by A mentos[showslthat[in-degree, Cauthority, Cand[PageRank[are
effectivelat[identifyinghighlauthoritypagesasjudgedbyhumanieéxperts]1,4].[Cholét
al .[showslihat[PageRank ivorksbetter [Than[in-degreelanddepthirstCal gorithmOivhen
either[pagesiwithimanyDacklinksorwithihi ghlPageRank[@relSought[2].

2.1.2[Similarity-basedmeasur ementslflor [pagelimpor tance

Similarityhasheenwel | [Studiedlinnformation[Retrieval [{I R) [andhas[een@ppliedfo
WWW énvironment[]2].(In[si milarity-based[@ gorithms, [ document [PEANd (& duery [Q
arelviewed[las twolm-dimensi onal [vectors_whichlUconta nCthellentirellcol l ectionof
vocabulary.[Eachlector &l ement[fepresentsithelimportancelof [avordinPLor [Q.[If [the
wordldoesnot [@ppear (iIN[PLor [Q, [thi sival uelils[Setfolzero. [Otherwise, [thelVal uelis[Set [fo
representfhelimportancelof [aword[12] .[T hisial uelfiakeslintol&ccount[thelfrequency[a
word@ppearslintheldocument[andlinthelyocabul ary,[@ndthellocati onlof [@Wwordlinthe
document.[Similaritylisihenl¢al cul ated[asinner [product[of (PENd[QVectors]2] .[Other
researchlhas[suggested(that[an(al ternati velisiolusefheldos nelsi mil arity[Measurelhich
isithelihner[product(of [thelformalizedvectors([,2] .



Chakrabarti[et[al .[suggestsitoltiselaveragelTharvestiati 0" [fo[judgelpageliel evance,[i.e.
thel@veragelmumber[of [fel evant[pagesiietri evedlover [dli fferentfi melsli ceslof [Thelcrawl

[1].

Other[mheasurementslihat[havebeenldons deredlincludelpatternimatchi nglthelquerywith
anchorfext[of WRL,{ext@round[WRL , Mocati on[and{ont [of (natched keyivordsiwithin
theldocument(]1,5] .[Googl elSearchleéngineldonsi derslanchor [fext[of AIWRL.[Anchor {ext
hel psltheldrawl ersliolretri eveldocumentsithat[déannotbelindexedby [@fext-based[Search
engine,[Such(aslimages, [programs,(anddatabases([5] .

V ariouslfiesearcheslthaveldl solsuggested¢ombininglink-based[¢riteri alwith[$imil arity-
basedLdriterialin[access ngpagelduality. IPageRank (@ oneliislink-based, [l.e. [it [does[mot
cons der[theldontent[af [Adocumentiwhenldeci dinglthelimportancelof theldocument.[The
original [proposedPageRankWaslintendedlfobellisedlin[¢ombination[With[$imilarity-
based(eriteria toltank[tetrievedlset[of [documents.T hislislhow[PageRank[is Lisedlin
Googlel$earchlengine]1,5].[TPresently,[PageRank[is[al sollised[tol guidel trawlerslin
accessinglpagelduality.Menczer(ét(al . Mproposesaldrawl er [that [Uises[PageRank Scorelfo
prioriti zelaink[inCerawl rontier. [T helérawl er [Bhenfol | owsltheldink [ivi th(Ehelhighest
PageRank[andLit[¢al cul ates[helsi milarity[$corelforihelclocumentWith[tegardsfolfhe
topic.[Theldrawl erlinai ntai nslabufferfolstorel¢rawl ed[pages.If Thelbuffer[isfull,[The
pagelwithlbwest[similarity(Scorelisiremoved(1].

2.2[Evaluating[Crawlers

Alperfect” [drawler[Shoul dlocatelpagesithat [@relfecent, [movel ,[@and[authoritative,[@ndlit
shoul dibel&fficient,fobust(@ndlre-locatabl e.[A [drawl er [isfobust[if fhe[lURL sland(Servers
crawledlover(fimeldverl apsliola greatdegreelhen(startedlon(dlifferent[Subsetslof [Seed
set[]1,3].[A[Fe-locatabl el trawl er [ s tapabl e[ of CexecutingConCa temotelhost[bnlthe
network (6] .

ItCisCalifficult(ioléval uatelthel performancelof [trawl ersibasedlonlall [the[Abovel triteria.
Firstly,[@venlhumanlexpertsidolmot[agreeloniwhat[is[alqual ity [pagelin(@SpecificliveblSite
[4].CBecondly,Webl ¢rawl ersihaveldi fferent ol esiandthey[arelgoodHor [di fferentthings.
V ariousltesearches has shown[that[PageRank, i f Cused[ &l one,[isCgoodat[identifying
authoritati ve[jpagesiivhil elit[isfoolgeneral (for [fopi c-drivenliasks; [InfoSpider [ 1] [ocates
pagesCiwithChovelty.[BestFirst[] 1] [isCgood Bt topic-driventasks; [ crawlersbased[on
hub/authority @ gorithmsmonitor&asil y[¢rawl ed[hagesfor [tecent el evant[¢hanges; [and
crawl erslthat[tseldombinati on(of [different[poli ciesSeemivork el | [asiwel | [11,4] L]

Menczer[&t[al.[proposedihreeltrawl er[éval uation[inechani smsiwvhichlincl udelliseslof
classifiers,[tetrieval [systemlandlCmeantopicL&milarity[J 1] .[CChol&t[&al.[&valuatel their
crawl ersCbasedCon[thelpercentagelof ChighCquality[pages,[judged by humanlLéexperts,
crawled(duringlaperiodlof fimel2].



3.[0OverviewldfIinter net[Application[Pr oj ect

ForthisCproject, [ burgrouphasl reengineered the homepagel bf Ccomputingkcience
department@t[the[Wniversity[of [Alberta@ndaddedlother unctionalityfolit.[Onelof [the
mostiimportantlimprovementsilelmadelfoltheselweblpages arelihat[theylarelgenerated
dynamicallylonfheldl yisinglinformati onfiakenfromthe database. [A nother [important
improvementiwelrnadelisthat weladded[somelsemanti csliolthelweb[pagesbyallowing
studentsfolView[doursesiby[dategories, by [@reas, [or by [prof essors.[Al solthelweblpages
are[tlesignedCandgeneratedfoll owinglusability[guidelines. DNV el havelthelfollowing
modul eslih[@ur(proj ect:

*[] Security
Securitymodul e[ thecks[Tor[LiserCaccessl privil egesusi ngCpasswordauthentication.
Differentlusersihaveldifferent(dccessprivil egesliblother[@pplicationihodul es
*[] Webl[Crawlerl{accessi bl elby[prof essors)
ThislisLour[¢customi sederawl er[Ihat [l | ows lisersiol$pecifyThelerawlingl$trategies
used(foreblpagelretrieval .[Theldutput[of [thi sldrawl eriSfeedblihformationlretrieval
packageldescribedbel ow.
*[] Information[Retrieval [{accessi bl elby[dourseldo-ordinator)
Informationltetrieval [parses(iil eslthat [dreltetrievedromihewsgroup@ndpagesihat
arel¢rawl edlby[Thelcrawl er.(t[Thenfanks@l | [The[pagesiandlieturnihepagestanked
abovelalmi nimal threshol diibfhelBrowser [folanswer[User [dueries.
*[] Courselweblpagelgenerationl{iaccessi bl elby[prof essors)
Professorsidan(enter[dourselihformationf@boutlaldourse, [@ndleditthelinformation.
* [ Teaching[Algorithm{laccessi bl elBy[dourseldo-ordinator)
Thismhodul eldl | owsldourseldo-ordinator [fblassi gnidoursesiblprof essorslisi nglpast
assignment(hi story, [prof essor [preferences,[@ndvariousldonstraints.

4.[Designing(T opic-Driven(Crawlers
4.1[Crawler [fhat[CombinesiVariousCrawling[Str ategies

Becauseliopic-drivenlerawlersiarelinorel $pecializedlinlterta n[topi csLandbecausel of
theirCpromises[ tolsearchlteeper[inCA topiclinChypertextual Cenvironmentsl]1,4],[the
crawl eriwelimpl ementedlisfbpic-driven.[Specifical l y,[theldrawl er[Usesiéombi nati onsLof
twoldlifferent[¢rawling[$trategi eslfol computelthelimportancelof (A pagelinthelfrontier
and[sel ect[thelrnostlimportantpagelfior (hext[crawl.[T heselstrategi eslincludelsimil arity-
based[&nal ysi s {cal cul ationLof [&imilarity[score) Landllink-based[anal ysi sl {analysi sLof
informationigetfromWRL [andkeywords).

Figurel2[showslihelliser [interfacelof (fhel ¢rawl er.[MFromihelinterface, lisersLcanlénter
examplelURL siand[$eed[URL s.[PagesltetrievedFromléxampl elURL sLarelparsed@and
they[@ormlafopic.[Btarting[(WRL s($pecifyWwherelthelcrawl erliis started. (U sersl¢anlal so
sel ectliplioliwolpagelimportancelimetri cs[ioluseltluringl@Lcrawl : (& milarity[andlink
based(@pproaches.Intheldropldownox, [@éachldrawling(strategy[of ferslthreeloptionsto



thelusersiihcludinglnotldonsidered” ,[Imostlimportant” ,[Andfsecondimportant” . [f FInot
considered” [ sCkel ected, [ the[torrespondingCimeasurementcriterialwill ChotCbelLised.
Otherwise, [thelmeasurementisusedwithlihelimportancellevel [Sel ected By thellsers.

E%‘:Wehﬁame =]
Example LURLs: =
4 >r| Fage Impartance measurements
= Similarity: [mostimportant x|
Starting URLs: =
| |>| Link hased: |secnnd impnnantj

Content type: ItE}d.fhtmI v|

Search results

Search |ﬂ|

Figure2.[Crawler Mnterface

FigureBLoffersC s mplifiedpseudo-codel description[of [thel A gorithm.[ForLsimilarity
based@nalysis,fivolvectorslarelmaintainediat(all i mes.[Onelvector for thelfopi cl{Q),the
otherflor[the[pagestheldrawl er(@nal yzesl(P).[EachWector [&l ement[¢ontal nsthelhumber
of [fimeslalword(appearslinlaldocument. 15 mil arity[is[defi nedluisi ngldosi nelproduct [of [&
topi clvector(@ndlapagevector([1].
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Wherelk[@relvordsihat[arelécommonbothoPand(Q. fiq isthumber[of (i mes@ivord
appearslihigand(l, i sthelumber [6f { mesl@word(@ppearsihip.

Thel$econdlmeasurel eriterialiisbasedldn[Thelinformati on(Wwelget [fromURL s,[andlthe
| ocationandfontLof [(thelkeywords.OtLeonsi ders[thelfoll owingfactorshivhich[arelal so
similaritybased:

[ Anchor(iext[of lURL
*[] Text[SurroundingthelURL.
(] Stringlvalueldof (URL

Al[Scorelbasedon(theldbovelinformati onlisld soldomputed(for [@achipage.[Pagesiihat [Sati sfy
thel@boveliestingleriterialdreltankedlhi gher. [T his[strategy (i ghtbellisef ul (becauselWe
want[fol$tartCourtrawlerConthelhomepagesof Lother[tomputi ngLsci enceldepartments.
Givenltourselhotes[of [somel$pecificltesearchl@realfromtheUniversity[of LAlberta,live
wantfolseelfhat[Thel¢rawl er [fiindssi milar[courselhotesfromlother [iniversities.[Because
most[¢ourselhotes@romLotheruiniversities@relin(pptLorpdf Hormat, [$olfhe best[oneltan
expect[alcrawl er[folieturnlisithelhi gher level (html [(pagelihat [contai nslthesel¢ourselnotes.
AnLefficientCivay[tolfind[ theseltopllevel [index[pages areltollook &t thel text[value
surroundingihelURL,[stringval ueldf fthellURL ,[@nd@nchor fext(of the[URL.

Thel@ gorithm(first[parseslal | [éxampl elpages(iolfiormlafopi clandadds(al | [thelSeed[URL s
tolits crawler[frontier. CAnCimportancelscorelfor[each[pagelintheltrawlerfrontierlis
cal cul ated.[T held mportancelscorel i sCal functionCof Csimilarityscorel{cal cul ated[Lising
equation[1) (andlscoreltal cul atedisi nglinformati on[gathered@romWRLs.LThisdunction
dependslonthelimportancelllevel [of [éachldrawlinglStrategy[$pecifiedbyfhelliser.[Atany
givenime,[helcrawl er [$el ects[iromlihelirontier helpagelwith[thelhi ghest[importance
scoreltoltraverselhext.[Wel$pecify[a searchllimitL{MAX_PAGESLinfigure[B)for[the
crawler: theldumber [of [Ti nksltheldrawl er[shoul d Vi sit[bef orelit[Stops. [Folif Welputfhelleast
important[pages’at[fhelendlof [Theldueue, Thenlivelguaranteelihat (morelimportant[pages
will @ wayslbelprocessed(irst.[AndIif [theldrawl er(stops, welknow thatthellinksllkeftinthe
gueuel@rellessimportant(ones.



combination_crawl [{exampl eldrls,[startingrl s, [serpreferences)
formiiopic(exampleldrls);

whilel(#frontier Z0@ndiisitedMAX_PAGES){

[Mforeachink {frontier) {

[MMdocCEfetch_new_document({link);

(T8 m(doc, fopic) C=[dompute_sim_score();

[ nk Score(doc) C=dompute_linkScore();

[MTM8core(page) C=user_defined_fuction({sim,[pageRank, TinkScore);
([T}

[BortQueue(frontier);
(i nk = [del eteFromQueueHead(frontier);
[MMdocCEfetch_new_documentl{ink);

[foreachioutlink(extract_new_links(doc))dl
[MMEnqueuel{frontier,Outlink);

(T}

3

}

Figur el3: [Pseudo-codeldf fheldr awler That Mises
combination(of thr eeldrawling(str ategies

4.2[EvaluatingfhelCrawler

| haveliun(threelSetslof [theléxperimentslon(theldrawl er.[T heléxamplelURL slare[somelof
thelcourselhotes of (COMPUT 301[that[arelofferedlat[the[University[of (Alberta,CandCl
started( thelcrawl erConthel computinglsciencel departmentChomepagel of [5imon[Fraser
University.[Eachlexperimentusesialdifferent[dombinationldf [Grawling(strategies.[Thelfirst
experimentisesisi milarity[fankingl@siostimportant[andi nk (basedtanki ngl&s[$econd
important.[T helSecondfunltisessi milarity (basedrankingl@ one, whil elthelllast[@x periment
usesllink Mased(rianking(@ one.

Becausel of [ thel trawler[Was Lisingldifferent[pagel &val uationCmetrics,LitLVisitsllinkslin
differentlorderslandlget(different[Setsof il eslbef orelit[stops. If [$imil arity based[@pproach
isised[ &l one, [t [teturnsithelinostChumber [of Diveb[bages bef orelit[stopsLanduisinglink
basedapproach& onelfeturnsCapproximatel y[ the samelamountof (Web[pages[that[are
returnedByusinglfivolstrategi esltbgether.

Theldrawlerising($imilarity(based[&pproachlal oneldoeslintoldetail ed[¢ourselhotesAlot
faster[fthanlthelother[fwoldrawl ersldid. Tt[retri eveslihelhi gher level Weblpagelthat[ontains
allistfof [fhel¢courselmotesTirstlandthen(tetrievestheseltourselhotesbeforelit continues
parsi nglthelhigherievel [index[page. thi nk [thi slisbecauselof [detai | ed[¢ourselmotesihave
higher[$imilarity[$cores.computedagai nst[Theléxampl e[ tourselhotes thanlihel$cores of



higherevel [pagesivhi chfeontai nfabunchlof i nksLandi nkslarelhot[¢onsideredlinlthis
case.

Thelerawl er[Thatisesi nk hased[approachlal onelfendsiofi ni sh(parsingfheléntirelhigh
level [pagesithat[dontai n(linksliblal | [theldoursesbef orelit[goesintol@ny(sSpecificlpage. [T his
i slrieasonabl elbecauselinlthi sidase, i nklisthelonl y[informationlit[donsi dersiandsimil arity
between(thelfwoldocumentsldoesinot[¢ount. [ ost[detail ed[¢ourselhoteshavelmolorlittle
outgoinglinks, [@ndthelhigher Tevel ihdex [pagesiarefavourediihlthi sidase.

UsinglthelcombinationCof [link (basedand[$i milarity [based[&pproach[$eemstolaverage
thingslout.[Sinceltheldrawl erlis[¢onsi deri ngbothpageldontent[andthelli nk [fola page, [the
order[that[it[VisitsChighOevel [pageslandtdetail ed[tourselhoteslintervene.[ Becauselthe
combi nati on(of [Strategi esldoeslnot fiavour [@any [Kind[of [pages, [it[fakeslafai rer (Wiew [of [the
hyperlinkhierarchy.

InCgeneral,(vebl trawl erslihat[@relimplementedfor[differentiveblsitesChaveldifferent
notion(of importanceland(goal s.(\When(donsi deringlwhi chistrategy@lérawl ershoul dluise,
thelrul elof [thelthumblprobabl ylisfolask i rstlwhat'sithelmostimportant[doal [0f [thelweb
crawlerlih[duestion.

5.[Futur eivor k

Becauselof [thelli mited(fi melandlresourceslavail abl e, Ildi dnot[doléxtens veléx periments
of (the[Wwebltrawler.CAndthereCare morelkophisti cated trawlingCstrategies that[the
crawler[¢ouldlhavellised.[Thelfuturelwork [Woul dCbeliryingCother[trawlingltrategies
suchlasPageRank,whi chlhaslateputati on[ior locati nglhi ghfauthoritati velpages. (Al so
morelexperimentsiarelneeded(bldrawmorelihterestingldonclusions.

6.[Conclusion

I n[This[paper,(velhavelsurveyedfhelcurrentstatuslof [fesearchlinldevel opingleéfficient
weblerawlers.[Welhavelpresentedthe[impl ementati on[of (A topic-drivenLerawl er[that
usesl differentCtombinati ons_bf [importancelmetricsfor[judgingpagelquality.[Each
importanceltnetri csiuisedhasbeenproveniobeléffi cientrompreviousiwork. Welhave
runJsomellexperimentslJandUdrawnJsomel lconcl usionsllof CeachClexperiment.[CICLittle
empirical (WorkChas[beenltlonelin[&val uatingLdifferent[&l gorithmslandthe fesearches
haveleen[presentingLdli fferentl¢onclusions.[Thel¢onclusion[thatWwelhaveldrawnirom
our Wwork @ddsupliblour knowl edgeldf thelperformanceldf [@éachlGrawling(strategy.
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