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Abstract

Oneof the key componentsof current Web search engines
is the documentcollector. This paperdescribesCoBWeb,
anautomaticdocumentcollector, whosearchitecture is dis-
tributed and highly scalable. CoBWeb aims at collecting
large amountsof documentsper timeperiod,while observ-
ing operational andethical limits in the crawling process.
CoBWeb is part of the SIAM (InformationSystemsin Mo-
bile ComputingEnvironments)searchenginewhich is being
implementedto supporttheBrazilianWeb. Thus,several re-
sultsrelatedto theBrazilian Webare presented.

1 Intr oduction

Oneof the fundamentalcomponentsof Web searchen-
ginesis the automaticdocumentcollector. The main task
performedby this componentis theautomaticgatheringof
Webdocumentswhich areusuallystoredlocally for further
processing.If the applicationis a searchengine,theselo-
cal documentcopiescanbe usedto produceindex terms,
which arerequiredfor speedingup the processingtaskat
querytime.

In the jargonof Internetapplicationdevelopers(see,for
example,[1]), automaticWeb documentcollectorsfall in
thecategory of Webrobotswhich areapplicationsthatsys-
tematicallytraversethe Internetto perform somespecific
task.Morespecifically, automaticWebdocumentcollectors
arecommonlyreferredto asWebcrawlers andcanalsobe
usedin taskssuchasWebsurvey, sitecheckingandmainte-
nance,sitemirroring,andresourcediscovery [8].
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There are many interestingproblemsrelated to Web
crawling. Among them, we mention: the schedulingof
URLs to be visited [4]; the observation of goodbehavior
agreements,suchastheRobotExclusionStandard [7]; the
coordinationof actionswhen many collecting agentsare
used;thecorrecttreatmentof exceptionconditionsander-
rors of many kinds; andthe assuranceof a goodcoverage
of thesetof collecteddocumentswith respectto thesetof
all existingdocuments.

Eventhoughmany applicationsneedefficientandrobust
Web crawling mechanisms,being the searchenginesthe
bestexampleof suchapplications,thissubjecthasnot been
extensively discussedin theliterature.Oneof thestrongest
reasonsfor this lackof discussionis thestrategic interestin
Web crawling technologyby the main commercialsearch
sitesin theWeb.

This paperdescribesCoBWeb, a Webcrawler developed
to serveasthedocumentcollectingmechanismof theSIAM
searchenginecurrentlyunderdevelopmentwithin theSIAM
(InformationSystemson Mobile ComputingEnvironments)
project[13]. Themainfeaturesof CoBWebareadistributed
andscalablearchitecture,theobservationof operationaland
ethicallimits establishedfor theresourcesit uses,andagen-
uinemechanismfor updatingdocumentsalreadycollected.
In addition, sinceCoBWeb currently collectsonly docu-
mentsfrom the “.br” sub-domain,we presentsomequan-
titative figuresabouttheBrazilianWeb,its documents,and
its HTTPservers.

Thepaperis organizedasfollows. In Section2, we dis-
cussthemainproblemsrelatedto crawling andapproaches
for dealingwith them.In Section3, wedescribekey opera-
tional featuresof CoBWeb. Section4 presentssomeexperi-
mentalresultsontheperformanceof CoBWeb. Information
aboutthe Brazilian Web,obtainedfrom the documentcol-



lectingprocess,is presentedin Section5. Finally, Section6
presentssomeconclusionsanddiscussesfutureworks.

2 WebCrawling

Given an initial specificationof which Web documents
to collect, an ideal processof Web crawling would collect
all documentssatisfyingthis specificationin a suitablepe-
riod of time. Sinceit is usuallynot possibleto collect all
documents,this requirementis alwaysrelaxed to consider
the retrieval of a subsetof all documentswhich provides
a gooddocumentcoverage. Further, this mustbe accom-
plishedwhile sustaininga collectionrate (documents/time
unit) suitablefor the applicationto which the processwill
serve. Additionally, the collectingmechanismshouldob-
serve operationalandethical limits established(or recom-
mended)for the resourcesit uses(suchas the numberof
visits to a sitein theunit of time).

In the caseof the SIAM searchengine,only indexable
documents(e.g., HTML pages,Postscriptand PDF files,
etc.) storedin HTTP serverswithin the “.br” top-level do-
main arecollected. This setof documentsroughly corre-
spondsto what can be called the “Brazilian Web”. The
crawling mechanismis engineeredto avoid theoverloadof
theHTTPserversfrom whichit requestsdocuments,aswell
asof thenetwork infrastructureit traverses.

2.1 Overview

The processof Web crawling canbe describedin gen-
eral by the algorithm 1. In this algorithm, the operations

Crawling

1 begin
2 Let � bea list of initial URLs;
3 Let � beaqueue;
4 foreachURL � in �
5 Enqueue( � , � );
6 end
7 while � Empty( � )
8 �
	 Dequeue( � ) �
9 �
	 Get( � );/* requestdocument� pointedby � /*;

10 Store � ;
11 Extractthehyperlinksfrom ���
12 Let � thesetof URLscitedin thesehyperlinks;
13 foreachURL � in �
14 Enqueue(� , � );
15 end
16 end
17 end

Algorithm 1: Description of a Web Crawling Pro-
cess.

Enqueue, Empty, andDequeueareusualoperationsover a

FIFO queue� , with the following modifications. Opera-
tion Enqueueonly addsa new URL to the queueif it is
not alreadythere.OperationDequeueonly markstheURL
in front of the queueas“removed’, insteadof actuallyre-
moving it. As a consequence,Emptyis true only whenall
URLs in the queuearemarkedas“removed”. This policy
for URL’s queuemaintenancewill becalledLWF (Longest
Wait First).

2.2 Distrib ution of the Crawling Process

For any reasonableimplementationof the Algorithm 1,
theoperationGet in line 9 is, in general,theonepresenting
the greatestcost. The main reasonis that it includesthe
network latency associatedwith a requestwhich is sentto a
remoteHTTPserver. Longeris thenetwork latency, smaller
is thedocumentcollectingrate.To reducetheimpactof this
effect, we proposeto distribute the requestingtaskamong
many documentcollectors. Thesedocumentcollectorsare
implementedasdistinctprocesses,which possiblyexecute
in differentcomputers.

This distribution of the collecting task brings, on the
otherhand,the needfor coordinationbetweenthe collec-
tors. This is needed,for instance,to avoid that two collec-
torsretrieveasamedocumenttwice. Thus,if theAlgorithm
1 is to beexecutedby severaldocumentcollectors,is nec-
essaryto considerthat the queue� is now accessedcon-
currentlyby all thedocumentcollectors.Theoperationsof
queuemaintenancemustbesuchthat thecostof their exe-
cutionandthecostassociatedwith concurrency controlare
muchsmallerthanthecostof aGetoperation.

To further reducethenegative effectsof thenetwork la-
tency in thedocumentcollectingrate,thecollectorscanbe
assignedto nearbygeographicalregions,in suchaway that
a documentcollectoraccessesonly HTTP serverwhich are
not faraway. In thiscase,to determinehow “near” acollec-
tor is from a server, metricssuchasmeanlatency andcost
couldbeused.In thisapproach,adoptedin [3] and[12], the
directsharingof a queue� cannotbeeasilyaccomplished,
becausethesetsof collectorsaretypically placedin nodes
of awide areanetwork.

In [3], the manipulationof the queueis assignedto a
single“central” node.Thedataexchangebetweenthisnode
andtheothernodesisperformedbymeansof aprotocolthat
includesmany techniquessuchascompressionandtheuse
of signatures.This leadsto a latency which is muchsmaller
thanthetypical HTTP latency.

Thesolutionadoptedin [12] wassimply to partitionthe
setof HTTPserversto bevisitedandstaticallyallocateeach
setof collectorsto asetof HTTPservers.Thepartitionwas
basedon estimationof network latency. Note that, in this
case,it is necessaryto know the set of HTTP servers in
advance.



2.3 Exception Situations

In practicalsituations,it is not alwayspossibleto suc-
cessfullyexecutethe Get operation. Many exceptionsit-
uationscanhappen,suchasno answersor timeoutsfrom
HTTP servers,wrong or no longerexisting URLs, etc. In
situationslike these,dependingon the kind of exception,
the URL canbe returnedto the queue,maybewith some
penalty(for instance,if a timeouthashappened),or it can
bemarkedas“removed” (for instance,in thecasetheURL
hasnot beenfound). Thus,Algorithm 1 shouldbe modi-
fied to dealwith exceptionsituations. This modifications
are,however, omitted from our discussionfor the sake of
brevity.

Besides,therecanbeURLs thatreferto objectsthatare
not of interestto theapplicationbeenserved. For instance,
text basedsearchengineshave no interestin GIF images
andexecutableprograms.TheWebcrawler cantreatthese
casesby simplynot requestingtheseobjectsand,if needed,
generatea log of theseoccurrenceswith properstatistics.

2.4 Operational Limits and Ethics

As wehavealreadysaid,Webcrawlersmustobservethe
operationalandethical limits establishedor recommended
for theuseof sharedresources.Themostimportantethical
restrictionto beobservedfor crawling theWebis the“Stan-
dardfor RobotExclusion”[7]. This standardis not defined
or enforcedby any official organism. Instead,it is the re-
sult of anagreementbetweendevelopersof Webrobotsfor
commercialsearchengines.

Thestandardfor robotexclusionbasicallyestablishesthe
following rules:

1. Any automaticWeb browser, prior to any other re-
quest,shouldasktheHTTPserver it visitsafile called
“robots.txt”. Thisfile, if it indeedexists,will defineac-
cessconstraintsto theserver’s contents.Theseaccess
constraintsmustbe observed. The format andsyntax
usedin thefile aredescribedin [7];

2. The contentsof any HTML pagereceived as the re-
sult of a HTTP requestmust be scannedfor special
meta-tags that indicatedwhetheror not the pagecan
be collectedandwhetheror not it is permittedto ex-
tractandto follow thehyperlinkscontainedin it. The
descriptionof theformatandthecodificationof these
meta-tagsaredescribedin [7].

Both rulesaim at restrictingaccessto sensitive or very
volatile informationin Websites.Themaindistinctionbe-
tweenthemis thatrule 1 is enforcedby thesiteadministra-
tor for theentiresite,while rule 2 providescommonusers
with thepowerto protecttheirown pages,independentlyof
thesite’sglobalpolicy.

Besidesthis, it is recommendedthatcrawler developers
avoid theso-calledrapidfire[8], whichconsistsof thesend-
ing a seriesof HTTP requestswith little time interval be-
tweenthem. In [8], it is recommendedthat the interval be-
tweenrequeststo a sameHTTP servershouldbeof at least
60 seconds.We statethis recommendationasthefollowing
rule:

3. A requestto a HTTP server mustonly be sentif the
server is free. A server is consideredto be free if at
least60 secondshave passedsincetheanswerfor the
lastquery(submittedto thisserver)hasbeenreceived.

Theenforcementof rule 3 hasverystrongconsequences
for thecollectingprocess.First, operationDequeue(in Al-
gorithm1) mustbemodifiedin suchawaythatagivenURL
will be selectedonly if the correspondingHTTP server is
free (as statedby rule 3). Moreover, this rule imposesa
lowerboundin thetimeintervalbetweenrequeststo agiven
HTTP server. This lower boundcan, in practice,compro-
misethe collectionratewhenmany URLs refer to a same
HTTPserver.

Althoughonly rules1 and2 areactuallyincludedin the
Standardfor RobotExclusionasdescribedin [7], whenever
wementionthestandardwealsoreferto rule 3.

2.5 URL Scheduling

Theuseof FIFObasedpoliciesonURL scheduling,i.e.,
to determinethe next URL whosedocumentwill be col-
lected,is not alwaysthebestoption.

Supposethata list of URLs couldberankedin termsof
their importanceto a given application. Accordingto this
ranking,aURL, say � , is moreimportantthananotherURL,
say � , for theapplication.For suchsituations,[4] proposes
areorderingof theURL queuesuchthatthemostimportant
URLswouldbevisitedbeforethanthelessimportantones,
whenthereareconstraintson the time to collect the docu-
mentsandon thespaceavailablefor storinglocal copiesof
them.

Anothersituationwhen the URL schedulingcannotbe
basedentirely on FIFO-like policies is whenrule 3 of the
Standardfor Robot Exclusionmust be observed. In this
case,theLWF policy shouldbemodifiedin orderto select
only URLs referringto free HTTP servers. This modified
policy is calledKLWF (Kind LWF).

2.6 Updating the Local Copiesof Documents

Another importanttopic relatedto Web crawling is the
freshnessof thedocumentslocally storedwith regardto the
currentversionof thedocumentin theoriginal server.

The ratewith which Web resourceschangewasstudied
in [6], whereanalysisof accesstracesfrom HTTP servers



of real corporationssuggestedthat the mostaccessedWeb
resourcesare the onesthat changemore frequently(on a
weeklyor evenon a daily basis).This trendis moreaccen-
tuatedif thedocumentsareHTML pages.

A trivial solutionto thisproblemis to re-collectall pages.
However, this might imply in recollectingtensof gigabytes
of data.Accordingto dataavailablein [1], themainsearch
enginesclaim to haveaminimumfreshnessof 3 to 4 weeks
for the locally storeddocuments. Yet, also accordingto
[1], theseWebsearchenginescollectbetween3 to 10 mil-
lion pagesa day. We concludethat this “brute force” so-
lution (recollectall documents)is currently the mostused
approachfor updatingWebdocuments.Notethat,sincethe
Webis growing exponentially, this approachwill not stand
for too long. Thus,new efficient andscalableapproaches
areneededto treatadequatelythisproblem.

A simple way of lesseningthis problem would be to
requestfrom the HTTP servers only documentswhich
changedsince a given time instant specified. However,
this would only avoid the documentrecollection,remain-
ing unchangedthe traversal prescribedby Algorithm 1.
Moreover, not all available HTTP servers implement“if-
modified-since”HTTP headers,featureneededto perform
thiskind of request.

A possiblenon-exhaustiveapproachwould beto require
thatdocumentproducers(or theirbrokers)themselvescom-
municatechangesin the documentsthey madeavailable.
This solutionwasproposedin the Harvestsystem[3], but
requiresevery documentproducerto have a speciallyde-
signedcomponentto communicatechanges.Thisdrawback
restrictsthe applicability of this approachto the develop-
mentof searchsitesaboutspecificsubjectswhosecontents
aregeneratedby well known documentproducers.

An adoptionof this ideato the currentWeb scenariois
to obtainfrom cacheproxy servers[9] near to the crawler
(e.g., in the sameLAN) information aboutURL requests
generatedby the users.With this information,the crawler
caninspectits local list of URLs and,in casea new docu-
mentor a new versionof a known documenthasbeenre-
quested,retrieve thedocumentof interestdirectly from the
cacheproxy server. In this case,the freshnessof the lo-
cally storeddocumentcopieswould dependon the cache
proxy server’s refreshpolicy. This ideahastwo potential
advantages:(1) it usesthe availableWeb cachingtechnol-
ogy(mirrors,cachehierarchies,etc.)with low implementa-
tion costs(seeSection3 for anexample)and(2) throughits
use,documentswith high accessdemandwill have fresher
local copies,what is in accordancewith the resultsin [6].
We call thisapproachcacheparasite.

A combinationof the brute force approachwith the
cacheparasiteapproach,for the context of Web cache
servers was proposedin [5]. In this case,a proxy cache
server is responsiblefor trackingchangesin the resources

of a setof Web serversandfor propagatingthesechanges
to otherproxycacheserversit cooperateswith.

2.7 Crawling Coverage

Oneof themostchallengingproblemsin Web crawling
is to guaranteea goodcrawling coverage,i.e., to guaran-
teethat the set ��� of documentscollectedby a collecting
processpresentsagoodintersectionwith theset � of docu-
mentsthatshouldbecollectedaccordingto theinitial spec-
ification.

In first place,dependingon thespecification,it maynot
be straightforward to identify the set � . Actually, thereis
someinformationrelatedto the set � that could be used.
For instance,the setof first, second,and third level DNS
domains,thesetof Internethostsrespondingto anIP check-
ing request,andthesetof Webserversfoundon a Internet
traversalcould be usedto somehow estimatewhat is � .
However, it is not clearhow this information is relatedto
thesetof pagesactuallyresidingin theWebservers.

Moreover, there are caseswhere more than one URL
refers to the samedocument. For instance,the URLs
“http://fua.br/” and “http://fua.br/index.html” lead exactly
to thesamedocumentandcanbothappearamongthehyper-
links of previously collectedpages.In this case,the same
documentwouldbecollectedtwice,compromisingeventual
statistics.Notethatwhile in thiscasetheredundancy canbe
easilydetected,not all casesarestraightforwardasthis.

A genericsolution to this problemwould be to gener-
atecontentbasedsignaturesto eachdocument(using, for
instance,theMD5 algorithm[11]), andfor eachnewly col-
lecteddocumentto verify its signatureagainstthesignature
of thepreviously collecteddocuments.This verification,if
doneduring the collecting process,would certainly com-
promisethe collection rate. Alternatively, the generation
andcomparisonof documentssignaturecouldbedonestat-
ically for thelocal storeddocumentcopies.

Besidesthedifficultiesdiscussedsofarfor estimatingthe
collectioncoverage,thegreatestproblemfacedhereseems
to betheoccurrenceof largeURL hierarchieswhose“root”
URL isnotreferredto in any documentcollected.If suchhi-
erarchiesarecommonin mostWebservers,thenthis prob-
lem, and its cumulative effects, can be disastrousfor the
collectingprocess.Obviously, its is not possibleto deter-
mine,in general,whetherthis is acommonsituationor not.
Onecanargue,however, thatthereis little interestin adoc-
umentreferredto by no otherdocument.For a theoretical
pointof view on theproblemof Webcrawling coveragewe
referthereaderto [10].

In Section3, we describehow the problemsdiscussed
in thissectionareaddressedin theimplementationof CoB-
Web,consideringtheapplicationfor whichit wasbuilt (that
is, to feedasearchenginefor theBrazilianWeb)andtheop-



erationalenvironmentwhereit will run.

3 Main Featuresof CoBWeb

CoBWeb is a distributedWeb crawler whoseoperation
is mainlyorientedfor efficiency, robustness,andparsimony
in sharedresourcesusage.It wasdevelopedto serve asthe
documentcollectingmechanismof the searchenginecur-
rently underdevelopmentaspartof theSIAM project[13].
As alreadymentioned,CoBWeb collects only indexable
Webdocuments(HTML pages,postscriptfiles,etc.) found
in HTTP serverswhoseDNS domainsaresub-domainsof
the “.br” domain. We considertheBrazilianWeb asbeing
composedby thesesetof servers,althoughthereareservers
outsidethis scopethatcouldbealsoincludedbecausethey
hostpagessomehow relatedto Brazil. We considerthatall
documentsthat satisfy this specificationare of equal im-
portance,given that the searchenginewill not be tied to
any specificsubject.Currently, wearenot requestingquery
URLsandpassword protecteddocumentsarehandledvia a
standardHTTPerrorcode.

In a typical collecting session,several collecting pro-
cessesare run simultaneously, eachof then executingan
instantiationof Algorithm 1. Theoperationsover theURL
queueareisolatedby acentralschedulerwhichcoordinates
theoperationof thevariouscollectingprocesses,or simply
collectors. The generalarchitectureof CoBWeb is illus-
tratedin Figure1. Notice that the collectorsmight be dis-
tributedover several machinesto speedup the processing
task.

Internet


CoBWeb


URLs


Collectors


queue


Scheduler


Figure 1. CoBWeb’s architecture .

To eachoneof thecollectors,is assignedthetaskof col-
lecting a specificWeb document. Oncethis documentis
collected,a local copy of it is created. Additionally, the
URLs in the hyperlinkswithin this document(if any) are
extractedandsentto theschedulerto beenqueued.Thecol-

lector thenrequestsa new URL from thecentralscheduler
andproceedsto collectthecorrespondingdocument.

For themanipulationof thequeue,theschedulerimple-
mentstheKLWF policy, i.e.,CoBWebglobally follows the
Standardfor RobotExclusion,consideringall activecollec-
tors. Note that, asall collecteddocumentshave the same
importance,thereis noneedto reorderthequeueasin [4].

CoBWeb also addressesseveral exception situations,
rangingfrom time-outsin HTTP requests(in this casethe
URL “returns” to thequeue)to URLs that refer to no doc-
uments(in this casetheURL is “removed” from thequeue
andthecollectiondoesnot occur). Every actionrelatedto
thecollectingsession,whethersuccessfulor not, is logged
for furtheranalysis.

During a collectingsession,CoBWeb accumulatessev-
eralpiecesof informationaboutcollecteddocuments,URLs
traversed,andHTTP serversvisited. This informationin-
cludes: numberof collecteddocuments,amountof col-
lected bytes, number of visited servers, number of ex-
tractedhyperlinks (regardlesswhether the corresponding
documentswere collectedor not), exception accounting,
referencesto non indexable objects(figures,executables,
e-mails,etc.) andthe numberof referencesto eachURL.
Excerptsfrom this information,gatheredthrougha collect-
ing process,arepresentedin Section5.

To treattheproblemof updatinglocal documentcopies,
CoBWebusesthecacheparasiteapproachdescribedin Sec-
tion 2. Thecurrentimplementationis specificto theSquid
[2] Web cacheproxy server. It can be easily usedwith
serversalreadyin operation.Figure2 presentstheCoBWeb
architecturemodified to updatedocumentvia cachepara-
site. Theupdatingprocessworksasfollows. A URL redi-
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Figure 2. CoBWeb’s architecture with cache
parasite .

rectoris installedin thecacheproxyWebserver. ThisURL
redirectoris a small script (easily incorporatedin Squid’s



installation)that interceptsevery userrequestto the cache
proxyserverandsendstherequestedURL to CoBWeb. The
URL is checked to determinewhetheror not it shouldbe
collected.Then,a specialcollector, theproxycollector, re-
queststheURL to thecacheproxyserver. Werecallthatthis
server is running“near” to the collector(e.g. in the same
LAN). To berequestedfrom thecacheproxyserver, aURL
mustbesuchthat: (1) it satisfiestheinitial specificationof
what is to be collected;(2) the documentit refershasnot
beencollectedyet or it wascollectedbeforea pre-defined
timelimit (currently24hours).Notethattheremustbeade-
laybetweentheannouncementof theURL’sarrivalandare-
questfor its associateddocument,to allow theproxyserver
to requesttheURL from theoriginal server, if needed.

4 PerformanceResults

Theexponentialgrowth of theWebis averywell known
fact. Therefore,high collection ratesandhigh scalability
areessentialpropertiesof aWebcrawler, soit cancopewith
the growing amountsof dataavailable. In this section,we
presentsomeexperimentalresultsthat show that theCoB-
Webarchitecturehassuchqualities.

To assureahigherscalability, CoBWebis basedonadis-
tributed architecture. As we have alreadydiscussed,two
factsmotivatetheadoptionof suchanarchitecture:(1) the
observation of the Standardfor RobotExclusion,that im-
posesa lower boundin the collectingrate;and(2) the as-
sumptionthattheHTTPrequestlatency dominatesthetotal
crawling cost.

An experimentwascarriedout to evaluatetheefficiency
of CoBWeb’s distributedarchitectureandto verify the as-
sumptionabouttheHTTP requestlatency. Figure3 shows
the collectionratesfor 5 differentexperimentsthat use5,
10,15, 20 and25 simultaneouscollectors.Thesamesetof
initial URLswereusedin eachexperiment.

As Figure3 shows,thecollectionratesincreaseslinearly
with the the numberof simultaneouscollectors. This oc-
cursdueto thedominanceof theHTTPrequestlatency over
the remainingoperations,which resultsin a high scalabil-
ity of the schedulerasthenumberof collectorsgrows. As
it shouldbe clear, the linearbehavior observedwill flatten
out in casethenetwork bandwidthsaturates.Table1 com-
parestheHTTP requestlatency with the schedulerlatency
(relative to requestsfor new URLs).

The resultsabove weregeneratedin a time perioddur-
ing which our local network traffic as well as the Brazil-
ian Internetbackbonetraffic wassmall(accordingto statis-
tics from RNP, Brazil’s largestInternetbackboneoperator).
Further, thesetof initial URLswaschosensothatall HTTP
serversvisited werefully operationalduring the execution
of the experiment. Theseprecautionswere taken to min-
imize possiblevariationsof the HTTP requestlatency, so
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Figure 3. Linear growth of collection rates
with the number of sim ultaneous collector s.

Collectors Avg. HTTP Avg. Scheduler
Latency (secs.) Latency (secs.)

5 3.42 0.01
10 3.40 0.02
15 3.36 0.02
20 3.39 0.02
25 3.42 0.02

Average 3.39 0.02

Table 1. Averages of HTTP and Scheduler La-
tencies During the Experiments.

thatwe could isolatethe impactof the numberof simulta-
neouscollectorsin thecollectionrate.

Theoperationalconditionsin which thecollectionrates
shown in Figure3 weremeasured,asdescribedpreviously,
are unrealin practice,given the environmentwe actually
usefor the day-to-dayoperationof CoBWeb. Therefore,
to verify theeffective collectionratesof a typical CoBWeb
documentcollectingprocess,the meanratesof 5 consecu-
tivedaysof a realcollectingprocessareshown in Table2.

Currently, collectingprocessesareperformedusingtwo
Intel PentiumII 400Mhz Xeonmachines,with a 256MB
RAM memoryeach. Oneof thesemachinesexecutesthe
schedulerand30 collectorsandtheotherexecutesanother
30collectors.Thisdistributionof collectorswasdetermined
empiricallythroughdistributiontestspreviouslyperformed.

Many factorscontribute to the worst performanceob-
tainedin the real collecting process,comparedto the re-
sults shown in Figure 3. Besidesthe smallernumberof
availablemachines(only 2), what preventsa betterdistri-
bution scheme,the collectingratesweremeasuredall day
long in normalweekdays,whenresourcessuchasthelocal
network, HTTP servers,andtheInternetbackbonewerein
full service.



Date CollectionRates
Docs/Min Docs/Day

25/03 63 72274
26/03 107 99629
27/03 70 89969
28/03 62 52090
29/03 64 71820
Mean 73.2 77169

Table 2. Collection rates in 5 consecutive days
in a real collection process.

As discussedin Section2, anotheressentialpropertyof
a Web crawler is its ability to ensurethe freshnessof the
locally storeddocuments.An experimentwascarriedout to
verify theefficiency of thecacheparasiteapproachusedin
CoBWeb. Therefore,aboutnine thousandHTTP requests
for HTML pagesweresubmittedto thecacheproxy server
beingusedby CoBWeb.

This set of requestswas obtainedfrom daily access
tracesfrom oneof thebusiestBraziliancacheproxyservers,
namelythe oneinstalledat the POP-MGInternetconnec-
tion provider, whichsatisfiesourcriteriaof proximity, since
it is locatedat the sameLAN asthe machinerunning the
scheduler. This setcorrespondsto about2% of thetotal of
accessescarriedout in the“.br” sub-domain.Thus,we can
saythatthissetof requestsfairly representsa typical runof
requeststo apopularcacheproxy server.

This experimenthad two main goals: (1) to verify if
cacheparasiteis anusefulapproach,consideringthenum-
ber of potential updates;and (2) to confirm that the la-
tency of requestto a “near” cacheproxy server is really
lower comparingto thoseobtainedwith direct accessesto
theHTTPserver. Table3 presentsthemeasuredresults.

Updatesperformed 7880(89%)
Updatesdiscarded 503(5.7%)
New Documentscollected 487(5.3%)
Total of requests 8870(100%)

Table 3. Results obtained from a set of re-
quests to the cache proxy server.

In Table3, the term “Updatesdiscarded”refersto po-
tential updatesthat werenot actuallycarriedout, because
thecurrentdocumentcopy wascollectedwithin a specified
time interval (24hoursin ourcase).It wasalsoverifiedthat
63%of theproxyserverrequestswereansweredin lessthan
1 second.Theremainingrequestscausedexceptioncondi-
tionsor werecollecteddirectly from theHTTP server, thus
raisingthelatency time.

It is importantto notethat CoBWeb cacheparasite,al-

thoughfully implemented,is not yet operationalin a com-
mercialproxy server. Thusthe setof locally storeddocu-
mentswerenever updated,fact that favors theupdaterates
obtainedin this experiment.However, theresultsshow that
this approachis quiteeffective in maintainingthefreshness
of storeddocumentcopies.

5 Resultsof the Collecting Process

A veryinterestingsideeffectof crawling in the“.br” sub-
domainis that it allows for the analysisof several features
relatedto the Brazilian Web. In this section,we describe
severaldatathat illustratethe currentstatusof the Internet
in Brazil. This datawasgatheredduringseveralcollecting
sessionsperformedby CoBWeb.

Table4 presentscharacteristicsrelatedto thesizeof the
BrazilianWeb. Thesenumberscorrespondto a 15 daype-
riod of documentcollecting,whichwasnotsufficientto col-
lect all availabledocuments.However, thetotal numberof
collectedURLs andURLs presentin the queue(which al-
readybeganto shrink) is a reasonableindicationof whatis
sizeof theBrazilianWeb.

URL Quantity Bytes
Total Mean

HTML collected 1,115,288 6,4G 6.0K
Othercollected 15,707 1,9G 129.2K
Total collected 1,130,995 8,3G -
URLs to becollected 422,512 - -

Table 4. Number s Related to the Brazilian Web
Size.

In Table4, thefirst line refersto the HTML documents
found andcollected. Thesedocumentswereclassifiedac-
cordingto the correspondingserver response.The second
linepresentsdatarelatedtoothertypesof documents,which
can be indexed, e.g., Postscriptand Adobe Acrobat files.
Finally, thenumberof URLs foundbut not yet collectedis
shown in thethird line of thetable.

Thecollectionprocessalsoallowedtheevaluationof the
numberof HTTPserversvisitedduringtheprocess.Table5
showsthetotalnumberof servervisitedandthemeannum-
berof collecteddocumentsperserver.

VisitedServers 35,508
DocumentsperServer (mean) 32

Table 5. Number s on HTTP Serves Visited.

Finally, Table 6 summarizesthe most frequenterrors
found during the collectionprocess.The numbersin first
columnreferto HTTP errorcodes.



Error Frequency
400- Badrequest 4,013
403- ForbiddenAccess 4,338
404- Documentnot found 99,957
Server not found 52,497
Other 802
Total 161,607

Table 6. Most frequent errors found during the
crawling process.

6 Conclusionsand Future Work

In this paper we presentedCoBWeb, a Web crawler
whoseprimarygoalis to collectdocumentsfrom theBrazil-
ian Web to feed the searchengineof the SIAM project.
CoBWeb hasasmain features:efficiency, robustness,and
kindnessin the usageof sharedresources.We have de-
scribedthe architectureandthe operationof the CoBWeb
crawler. We have alsodiscussedthemainproblemsrelated
to Webcrawling andour solutionto them.

To evaluateCoBWeb’s architecture,we presentedper-
formancemeasurestakenfrom experimentsandfrom areal
collectingprocess.Theseresultsindicatethat by running
several collecting processesand by properly distributing
(similarly as donein [12]) it is possibleto obtain collec-
tion ratescomparableto that of the crawlers of commer-
cial searchengines.We alsopresentedsomestatisticaldata
gatheredfrom a realcollectingprocess,which revealsome
interestinginformationabouttheBrazilianWeb. Moreover,
thedocumentcollectionwhichisbeengatheredbyCoBWeb
will bemadeavailablefor furtherstudies.

CoBWeb, as far as we know, is the only large Web
crawler targetat theBrazilianWebwhich is currentlyin op-
eration.Further, amaincontributionof ourstudyis aneval-
uationof the problemsrelatedto crawling in the Brazilian
Web. Moreover, asan specificcontribution, we highlight
the goodresultsobtainedby the useof the parasitecache
approachto updatethesetof collecteddocuments.

Despitethe efficiency of the currentimplementationof
CoBWeb, we have identifiedsomepointswhereit canbe
further improved. In particular, we are implementinga
new schedulingstrategy that will allow reducingthe cost
of queuingoperations,but that will keepthe enforcement
of theStandardfor RobotExclusion.This new designwill
alsoallow many schedulers(with their respectivesetof col-
lectors)to beplacedin nodesof WAN andto cooperateto
performanintegratedcollectingprocess,improving its effi-
ciency andreliability.

Althoughsearchsitesform avery importantclassof ser-
vices in the currentstateof the Web, thereis few techni-
cal literatureavailableon the subjectof developingthem.
This is particularly true in the caseof Web crawlers. We

expectthat thedevelopmentof CoBWeb,aswell asthede-
velopmentof the searchengineto which it will serve, can
stimulatemorediscussionandstudieson this subject.
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