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Abstract

Oneof the key component®f current Web seach engines
is the documentcollector This paperdescribesCoBVéDb,

anautomaticdocumentollector whosearchitectureis dis-

tributed and highly scalable CoBW¢b aims at collecting
large amountsof documentger time period, while observ-
ing operational and ethical limits in the crawling process.
CoBWbis part of the SIAM (Information Systemsn Mo-

bile Computingenvironmentsyeach enginewhich is being
implementedo supporttheBrazilian\Weh Thus,several re-

sultsrelatedto the Brazilian Webare presented.

1 Intr oduction

Oneof the fundamentatomponentof Web searchen-
ginesis the automaticdocumentollector. The maintask
performedby this components the automaticgatheringof
Webdocumentsvhich areusuallystoredocally for further
processing.If the applicationis a searchengine,theselo-
cal documentcopiescanbe usedto produceindex terms,
which arerequiredfor speedingup the processingask at
guerytime.

In thejargonof Internetapplicationdevelopers(see for
example, [1]), automaticWeb documentcollectorsfall in
the catgyory of Webrobotswhich areapplicationghatsys-
tematicallytraversethe Internetto perform somespecific
task.More specifically automatidMebdocumentollectors
arecommonlyreferredto as\Web crawlers andcanalsobe
usedin taskssuchasWeb sunwey, site checkingandmainte-
nance site mirroring, andresourcediscovery [8].
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There are mary interestingproblemsrelatedto Web
cravling. Among them, we mention: the schedulingof
URLSs to be visited [4]; the obsenation of good behaior
agreementssuchasthe RobotExclusionStandad [7]; the
coordinationof actionswhen mary collecting agentsare
used;the correcttreatmeniof exceptionconditionsander-
rors of mary kinds; andthe assurancef a goodcoverage
of the setof collecteddocumentswith respecto the setof
all existing documents.

Eventhoughmary applicationseedefficientandrobust
Web crawling mechanismspeing the searchenginesthe
bestexampleof suchapplicationsthis subjecthasnot been
extensiely discussedn theliterature. Oneof the strongest
reasongor this lack of discussions the stratgjic interestin
Web crawling technologyby the main commercialsearch
sitesin theWeh

This paperdescribesCoBWeh, a Web crawler developed
to seneasthedocumentollectingmechanisnof the SIAM
searctenginecurrentlyunderdevelopmentwithin the SIAM
(Information Systemesn Mobile ComputingEnvironments)
project[13]. Themainfeaturef CoBWebareadistributed
andscalablerchitecturetheobsenationof operationahnd
ethicallimits establishedor theresource# usesandagen-
uine mechanisnfor updatingdocumentslreadycollected.
In addition, since CoBWeb currently collects only docu-
mentsfrom the “.br” sub-domainwe presentsomequan-
titative figuresaboutthe BrazilianWeb, its documentsand
its HTTP seners.

The paperis organizedasfollows. In Section2, we dis-
cussthe mainproblemsrelatedto crawling andapproaches
for dealingwith them.In Section3, we describekey opera-
tionalfeatureof CoBWeh Sectiord presentsomeexperi-
mentalresultsonthe performancef CoBWeh Information
aboutthe Brazilian Web, obtainedfrom the documentcol-



lectingprocessis presentedh Section5. Finally, Section6
presentsomeconclusionanddiscusse$uture works.

2 WebCrawling

Given aninitial specificationof which Web documents
to collect, anideal processof Web crawling would collect
all documentssatisfyingthis specificationn a suitablepe-
riod of time. Sinceit is usually not possibleto collectall
documentsthis requiremenis alwaysrelaxedto consider
the retrieval of a subsetof all documentswhich provides
a good documentcoverage. Further this mustbe accom-
plishedwhile sustaininga collectionrate (documents/time
unit) suitablefor the applicationto which the procesawill
sene. Additionally, the collecting mechanisnshouldob-
sene operationaland ethicallimits establishedor recom-
mended)for the resourcest uses(suchasthe numberof
visits to a sitein the unit of time).

In the caseof the SIAM searchengine,only indexable
documentdqe.g., HTML pages,Postscriptand PDF files,
etc.) storedin HTTP senerswithin the “.br” top-level do-
main are collected. This setof documentsoughly corre-
spondsto what can be called the “Brazilian Web”. The
crawling mechanisms engineeredo avoid the overloadof
theHTTP senersfrom whichit requestslocumentsaswell
asof the network infrastructuret traverses.

2.1 Overview

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

Crawling

1 begin

2 LetI bealist of initial URLs;

3 Let F beaqueue;

4  foreachURLzin I

5 Enqueué,F);

6 end

7 while =EmptyF)

8 u + Dequeuér);

9 d « Get(u);/* requestocumentl pointedby  /*;
10 Stored,
11 Extractthe hyperlinksfrom d;
12 Let U thesetof URLscitedin thesehyperlinks;
13 foreachURL u in U
14 Enqueueq, F);
15 end
16 end
17 end

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

Enqueug Empty and Dequeueare usualoperationover a

FIFO queueF, with the following modifications. Opera-
tion Enqueueonly addsa new URL to the queueif it is
not alreadythere.OperationDequeueonly marksthe URL
in front of the queueas“removed’, insteadof actuallyre-
moving it. As a consequencezmptyis true only whenall
URLs in the queueare marked as“removed”. This policy
for URL's queuemaintenancevill be calledLWF (Longest
Wait First).

2.2 Distribution of the Crawling Process

For any reasonablémplementatiorof the Algorithm 1,
theoperationGetin line 9 is, in generaltheonepresenting
the greatestcost. The main reasonis that it includesthe
network lateng associateavith arequestvhichis sentto a
remoteHTTP sener. Longeris thenetwork lateng, smaller
isthedocumentollectingrate. To reducetheimpactof this
effect, we proposeto distribute the requestingaskamong
mary documentollectors. Thesedocumentollectorsare
implementedasdistinct processeswhich possiblyexecute
in differentcomputers.

This distribution of the collecting task brings, on the
other hand,the needfor coordinationbetweenthe collec-
tors. Thisis neededfor instanceto avoid thattwo collec-
torsretrieve asamedocumentwice. Thus,if the Algorithm
1 is to be executedby several documentcollectors,is nec-
essaryto considerthat the queueF’ is now accessedon-
currentlyby all the documentollectors.The operationof
gueuemaintenancenustbe suchthat the costof their exe-
cutionandthe costassociateavith concurreng controlare
muchsmallerthanthe costof a Getoperation.

To furtherreducethe negative effectsof the network la-
teng in thedocumentollectingrate,the collectorscanbe
assignedo nearbygeographicategions,in suchaway that
adocumentollectoraccessesnly HTTP senerwhich are
notfaraway. In this caseto determinenow “near” acollec-
tor is from a sener, metricssuchasmeanlateng andcost
couldbeused.In thisapproachadoptedn [3] and[12], the
directsharingof a queueF’ cannotbe easilyaccomplished,
becausehe setsof collectorsaretypically placedin nodes
of awide areanetwork.

In [3], the manipulationof the queueis assignedo a
single“central” node.Thedataexchangebetweerthisnode
andtheothernodesds performedby meanof aprotocolthat
includesmary techniquesuchascompressiorandthe use
of signaturesThisleadsto alateng whichis muchsmaller
thanthetypical HTTP lateng.

The solutionadoptedn [12] wassimply to partitionthe
setof HTTP senersto bevisitedandstaticallyallocateeach
setof collectorsto asetof HTTP seners. Thepartitionwas
basedon estimationof network lateng. Note that,in this
case,it is necessaryo know the setof HTTP senersin
adwance.



2.3 Exception Situations

In practicalsituations,it is not always possibleto suc-
cessfullyexecutethe Get operation. Many exceptionsit-
uationscan happen,suchasno answersor timeoutsfrom
HTTP seners,wrong or no longerexisting URLS, etc. In
situationslike these,dependingon the kind of exception,
the URL canbe returnedto the queue,maybewith some
penalty(for instancejf atimeouthashappened)or it can
be markedas“removed” (for instancejn the casethe URL
hasnot beenfound). Thus, Algorithm 1 shouldbe modi-
fied to dealwith exceptionsituations. This modifications
are,however, omitted from our discussiorfor the sale of
brevity.

Besidestherecanbe URLs thatreferto objectsthatare
not of interestto the applicationbeensened. For instance,
text basedsearchengineshave no interestin GIF images
andexecutableprograms.The Web crawler cantreatthese
casedy simply notrequestingheseobjectsand,if needed,
generatealog of theseoccurrencesvith properstatistics.

2.4 Operational Limits and Ethics

As we have alreadysaid,Web cravlersmustobsene the
operationaland ethicallimits establishedr recommended
for the useof sharedresourcesThe mostimportantethical
restrictionto beobsenedfor cravling theWebis the“Stan-
dardfor RobotExclusion”[7]. This standards notdefined
or enforcedby ary official organism. Instead,it is there-
sult of anagreemenbetweerdevelopersof Webrobotsfor
commerciakearchengines.

Thestandardor robotexclusionbasicallyestablishethe
following rules:

1. Any automaticWeb browser, prior to ary other re-
guestshouldaskthe HTTP senerit visits afile called
“robots.txt". Thisfile, if it indeedexists,will defineac-
cessconstraintdo the sener’s contents.Theseaccess
constraintanustbe obsened. The formatand syntax
usedin thefile aredescribedn [7];

2. The contentsof ary HTML pagereceved asthe re-
sult of a HTTP requestmust be scannedor special
meta-tays that indicatedwhetheror not the pagecan
be collectedandwhetheror not it is permittedto ex-
tractandto follow the hyperlinkscontainedn it. The
descriptionof the formatandthe codificationof these
meta-tgsaredescribedn [7].

Both rulesaim at restrictingaccesdo sensitve or very
volatile informationin Web sites. The main distinctionbe-
tweenthemis thatrule 1 is enforcedby the siteadministra-
tor for the entire site, while rule 2 providescommonusers
with the powerto protecttheir own pagesjndependentlyf
thesite’s globalpolicy.

Besideghis, it is recommendedhat cravler developers
avoid theso-called-apidfire[8], which consistof thesend-
ing a seriesof HTTP requestswith little time interval be-
tweenthem. In [8], it is recommendethatthe interval be-
tweenrequestdo a sameHTTP sener shouldbe of atleast
60 secondsWe statethis recommendatioasthefollowing
rule:

3. A requestto a HTTP sener mustonly be sentif the
seneris free A seneris consideredo be freeif at
least60 secondshave passedsincethe answerfor the
lastquery(submittedto this serner) hasbeenreceved.

Theenforcemenof rule 3 hasvery strongconsequences
for the collectingprocessFirst, operationDequeugin Al-
gorithm1) mustbemodifiedin suchawaythatagivenURL
will be selectedonly if the correspondingHTTP sener is
free (as statedby rule 3). Moreover, this rule imposesa
lowerboundin thetimeinterval betweerrequests$o agiven
HTTP sener. This lower boundcan,in practice,compro-
misethe collectionratewhenmary URLSs referto a same
HTTP sener.

Althoughonly rules1 and2 areactuallyincludedin the
Standardor RobotExclusionasdescribedn [7], whenever
we mentionthe standardve alsoreferto rule 3.

2.5 URL Scheduling

Theuseof FIFO basedolicieson URL schedulingi.e.,
to determinethe next URL whosedocumentwill be col-
lected,is not alwaysthe bestoption.

Supposehata list of URLs could berankedin termsof
their importanceto a given application. Accordingto this
ranking,aURL, saya, is moreimportantthananothetURL,
sayb, for the application.For suchsituations,[4] proposes
areorderingof the URL queuesuchthatthemostimportant
URLs would bevisited beforethanthe lessimportantones,
whenthereare constrainton the time to collect the docu-
mentsandon the spaceavailablefor storinglocal copiesof
them.

Another situationwhenthe URL schedulingcannotbe
basedentirely on FIFO-like policiesis whenrule 3 of the
Standardfor Robot Exclusion mustbe obsened. In this
casethe LWF policy shouldbe modifiedin orderto select
only URLSs referringto free HTTP seners. This modified
policy is calledKLWF (Kind LWF).

2.6 Updating the Local Copiesof Documents

Anotherimportanttopic relatedto Web crawling is the
freshnessf thedocumentdocally storedwith regardto the
currentversionof thedocumenin the original sener.

The ratewith which Web resourceghangewasstudied
in [6], whereanalysisof accesgracesfrom HTTP seners



of real corporationssuggestedhat the mostaccessedveb
resourcesare the onesthat changemore frequently (on a
weeklyor evenon adaily basis).Thistrendis moreaccen-
tuatedif thedocumentsareHTML pages.

A trivial solutionto thisproblemistore-collectall pages.
However, this mightimply in recollectingtensof gigabytes
of data. Accordingto dataavailablein [1], themainsearch
engineglaimto have aminimumfreshnessf 3 to 4 weeks
for the locally storeddocuments. Yet, also accordingto
[1], theseWeb searchenginescollectbetween3 to 10 mil-
lion pagesa day We concludethat this “brute force” so-
lution (recollectall documents)s currentlythe mostused
approactfor updatingWWeb documentsNotethat, sincethe
Webis growing exponentially this approachwill notstand
for too long. Thus, new efficient and scalableapproaches
areneededo treatadequatelyhis problem.

A simple way of lesseningthis problemwould be to
requestfrom the HTTP seners 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 seners implement*if-
modified-since”’HTTP headersfeatureneededo perform
thiskind of request.

A possiblenon-e<haustve approactwould beto require
thatdocumenproducergor their brokers)themselescom-
municatechangesn the documentsghey madeavailable.
This solutionwasproposedn the Harvestsystem([3], but
requiresevery documentproducerto have a speciallyde-
signedcomponento communicatehangesThis dravback
restrictsthe applicability of this approachto the develop-
mentof searchsitesaboutspecificsubjectavhosecontents
aregeneratedy well known documenproducers.

An adoptionof this ideato the currentWeb scenariais
to obtainfrom cacheproxy seners[9] nearto the crawvler
(e.g.,in the sameLAN) information aboutURL requests
generatedy the users. With this information, the cravler
caninspectits local list of URLs and,in casea new docu-
mentor a new versionof a known documenthasbeenre-
guestedretrieve the documenbf interestdirectly from the
cacheproxy sener. In this case,the freshnessf the lo-
cally storeddocumentcopieswould dependon the cache
proxy sener’s refreshpolicy. This ideahastwo potential
adwantagesi(1) it usesthe available Web cachingtechnol-
ogy (mirrors,cachehierarchiesetc.) with low implementa-
tion costs(seeSection3 for anexample)and(2) throughits
use,documentswvith high accesslemandwill have fresher
local copies,whatis in accordancavith the resultsin [6].
We call this approacttacde parasite

A combinationof the brute force approachwith the
cache parasiteapproach,for the context of Web cache
senerswas proposedn [5]. In this case,a proxy cache
sener is responsibldor trackingchangesn the resources

of a setof Web senersandfor propagatinghesechanges
to otherproxy cachesenersit cooperatesvith.

2.7 Crawling Coverage

Oneof the mostchallengingproblemsin Web crawling
is to guaranteea good crawling coverage,i.e., to guaran-
teethatthe set D' of documentscollectedby a collecting
procespresents goodintersectiorwith thesetD of docu-
mentsthatshouldbe collectedaccordingto theinitial spec-
ification.

In first place,dependingon the specificationjt may not
be straightforvardto identify the set D. Actually, thereis
someinformationrelatedto the set D that could be used.
For instance the setof first, second,andthird level DNS
domainsthesetof Internethostsrespondindgo anIP check-
ing requestandthe setof Web senersfoundon a Internet
traversal could be usedto somehav estimatewhat is D.
However, it is not clearhow this informationis relatedto
the setof pagesactuallyresidingin theWeb seners.

Moreover, there are caseswhere more than one URL
refers to the samedocument. For instance,the URLs
“http://fua.br/” and “http://fua.br/indec.html” lead exactly
tothesamedocumentandcanbothappeaamongthehyper
links of previously collectedpages.In this case the same
documentvouldbecollectedwice,compromisingventual
statistics. Notethatwhile in this casetheredundang canbe
easilydetectednotall casesarestraightforvardasthis.

A genericsolutionto this problemwould be to gener
ate contentbasedsignaturego eachdocument(using, for
instancethe MD5 algorithm[11]), andfor eachnewly col-
lecteddocumento verify its signatureagainsthe signature
of the previously collecteddocumentsThis verification, if
doneduring the collecting processwould certainly com-
promisethe collection rate. Alternatively, the generation
andcomparisorof documentsignaturecouldbe donestat-
ically for thelocal storeddocumentopies.

Besideghedifficultiesdiscussedofarfor estimatinghe
collectioncoveragethe greatesproblemfacedhereseems
to betheoccurrencef large URL hierarchiesvhose‘root”
URL is notreferredtoin any documentollected.If suchhi-
erarchiesarecommonin mostWeb seners,thenthis prob-
lem, and its cumulative effects, can be disastroudor the
collecting process.Oblviously, its is not possibleto deter
mine,in generalwhetherthisis acommonsituationor not.
Onecanargue,however, thatthereis little interestin adoc-
umentreferredto by no otherdocument.For a theoretical
point of view onthe problemof Webcrawling coveragewe
referthereaderto [10].

In Section3, we describehow the problemsdiscussed
in this sectionareaddresseth theimplementatiorof CoB-
Web, consideringheapplicationfor whichit washbuilt (that
is, to feedasearctenginefor theBrazilianWeb)andtheop-



erationalervironmentwhereit will run.

3 Main Featuresof CoBWeb

CoBWeb is a distributed Web crawler whoseoperation
is mainly orientedfor efficiency, robustnessandparsimoly
in sharedresourcesisage.lt wasdevelopedto sene asthe
documentcollecting mechanisnof the searchenginecur-
rently underdevelopmentaspartof the SIAM project[13].
As already mentioned, CoBWeb collects only indexable
WebdocumentgHTML pagespostscripffiles, etc.) found
in HTTP senerswhoseDNS domainsare sub-domainof
the“.br” domain. We considerthe Brazilian Web asbeing
composedy thesesetof seners,althoughthereareseners
outsidethis scopethat could be alsoincludedbecausehey
hostpagessomehav relatedto Brazil. We considerthatall
documentghat satisfy this specificationare of equalim-
portance,given that the searchenginewill not be tied to
ary specificsubject.Currently we arenotrequestingjuery
URLs andpasswrd protecteddocumentsrehandledvia a
standardHTTP errorcode.

In a typical collecting session,several collecting pro-
cessesre run simultaneouslyeachof then executingan
instantiationof Algorithm 1. The operationsover the URL
gueueareisolatedby a centralschedulerwhich coordinates
the operationof the variouscollectingprocessesyr simply
collectors. The generalarchitectureof CoBWeb is illus-
tratedin Figurel. Notice thatthe collectorsmight be dis-
tributed over several machineso speedup the processing
task.

Collectors

Scheduler

[:DI URLs queue

CoBWeb

Figure 1. CoBWeb's architecture .

To eachoneof thecollectors,is assignedhetaskof col-
lecting a specific Web document. Oncethis documentis
collected,a local copy of it is created. Additionally, the
URLs in the hyperlinkswithin this document(if ary) are
extractedandsentto thescheduleto beenqueuedThecol-

lectorthenrequestsa new URL from the centralscheduler
andproceeddo collectthe correspondinglocument.

For the manipulationof the queue the scheduleimple-
mentsthe KLWF policy, i.e., CoBWeb globally follows the
Standardor RobotExclusion,consideringall active collec-
tors. Note that, asall collecteddocumentshave the same
importancethereis no needto reorderthe queueasin [4].

CoBWeb also addressesereral exception situations,
rangingfrom time-outsin HTTP requestgin this casethe
URL “returns” to the queue)to URLSs that referto no doc-
uments(in this casethe URL is “removed” from the queue
andthe collectiondoesnot occur). Every actionrelatedto
the collectingsessionwhethersuccessfubr not, is logged
for furtheranalysis.

During a collecting sessionCoBWeb accumulateser-
eralpiecesf informationaboutcollecteddocumentsURLs
traversed,andHTTP senersvisited. This informationin-
cludes: numberof collecteddocuments,amountof col-
lected bytes, number of visited seners, number of ex-
tracted hyperlinks (regardlesswhetherthe corresponding
documentswere collectedor not), exception accounting,
referencego non indexable objects(figures, executables,
e-mails,etc.) andthe numberof referenceso eachURL.
Excerptsfrom this information,gatheredhrougha collect-
ing processarepresentedn Section5.

To treatthe problemof updatinglocal documentopies,
CoBWebuseghecacheparasiteapproactdescribedn Sec-
tion 2. The currentimplementatioris specificto the Squid
[2] Web cacheproxy sener. It can be easily usedwith
senersalreadyin operation.Figure2 presentshe CoBWeb
architecturemodified to updatedocumentvia cachepara-
site. The updatingprocessvorks asfollows. A URL redi-

Collectors

Documents
Scheduler

Proxy
POy [T uRis qee

CoBWeb

Figure 2. CoBWeb’s architecture with cache
parasite .

rectoris installedin the cacheproxy Websener. This URL
redirectoris a small script (easily incorporatedn Squid’s



installation)that interceptsevery userrequesto the cache
proxy senerandsendgherequestedJRL to CoBWeh The

URL is checled to determinewhetheror not it shouldbe

collected.Then,a specialcollector, the proxy collector, re-

guestgheURL tothecacheproxysener. Werecallthatthis

sener is running “near” to the collector (e.g. in the same
LAN). To berequestedrom the cacheproxy sener, aURL

mustbe suchthat: (1) it satisfiegheinitial specificationof

whatis to be collected;(2) the documentit refershasnot

beencollectedyet or it wascollectedbeforea pre-defined
timelimit (currently24 hours).Notethattheremustbeade-

lay betweertheannouncemerdf theURL sarrival andare-

guestfor its associatedlocumentto allow the proxy sener

to requesthe URL from theoriginal sener, if needed.

4 PerformanceResults

The exponentialgrowth of the Webis averywell known
fact. Therefore,high collection ratesand high scalability
areessentiapropertieof aWebcrawler, soit cancopewith
the growing amountsof dataavailable. In this section,we
presentsomeexperimentalresultsthat shov thatthe CoB-
Webarchitecturéhassuchqualities.

To assurea higherscalability CoBWebis basednadis-
tributed architecture. As we have alreadydiscussediwo
factsmotivatethe adoptionof suchanarchitecturey(1) the
obsenation of the Standardor Robot Exclusion,thatim-
posesa lower boundin the collectingrate; and (2) the as-
sumptionthatthe HTTP requestateng dominateghetotal
crawling cost.

An experimentwascarriedout to evaluatethe efficiency
of CoBWeb's distributed architectureandto verify the as-
sumptionaboutthe HTTP requestateng. Figure3 shavs
the collectionratesfor 5 differentexperimentsthat use5,
10, 15, 20 and25 simultaneougollectors.The samesetof
initial URLs wereusedin eachexperiment.

As Figure3 shaws, thecollectionratesincreasesinearly
with the the numberof simultaneouscollectors. This oc-
cursdueto thedominanceof theHTTP requestateng over
the remainingoperationswhich resultsin a high scalabil-
ity of the schedulelasthe numberof collectorsgrows. As
it shouldbe clear the linear behaior obsenedwill flatten
outin casethe network bandwidthsaturatesTable1 com-
paresthe HTTP requestateny with the scheduletateng
(relative to requestdor new URLS).

The resultsabove were generatedn atime period dur-
ing which our local network traffic aswell asthe Brazil-
ian Internetbackbondraffic wassmall (accordingo statis-
ticsfrom RNPR, Brazil's largestinternetbackbonepperator).
Furtherthesetof initial URLswaschosersothatall HTTP
senersvisited werefully operationalduring the execution
of the experiment. Theseprecautionsvere taken to min-
imize possiblevariationsof the HTTP requestiateng, so
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Figure 3. Linear growth of collection rates

with the number of simultaneous collector s.

Collectors  Avg. HTTP Avg. Scheduler
Lateny (secs.) Lateng (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 the collectionrate.

The operationakonditionsin which the collectionrates
shavn in Figure3 weremeasuredasdescribedpreviously,
are unrealin practice,given the ervironmentwe actually
usefor the day-to-dayoperationof CoBWeh Therefore,
to verify the effective collectionratesof a typical CoBWeb
documentcollecting processthe meanratesof 5 consecu-
tive daysof arealcollectingprocesareshovn in Table?2.

Currently collectingprocesseareperformedusingtwo
Intel Pentiumll 400 Mhz Xeon machineswith a 256 MB
RAM memoryeach. One of thesemachinesexecutesthe
schedulerand 30 collectorsandthe otherexecutesanother
30collectors.Thisdistributionof collectorswasdetermined
empiricallythroughdistributiontestspreviously performed.

Many factorscontribute to the worst performanceob-
tainedin the real collecting process,comparedto the re-
sults shawvn in Figure 3. Besidesthe smallernumberof
available machineqonly 2), what preventsa betterdistri-
bution schemethe collecting rateswere measuredll day
longin normalweekdayswhenresourcesuchasthelocal
network, HTTP seners,andthe Internetbackbonewverein
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 discussedn Section2, anotheressentiapropertyof
a Web crawler is its ability to ensurethe freshnesf the
locally storeddocumentsAn experimentwascarriedoutto
verify the efficiengy of the cacheparasiteapproactusedin
CoBWeh Therefore,aboutnine thousandHTTP requests
for HTML pagesweresubmittedto the cacheproxy sener
beingusedby CoBWeh

This set of requestswas obtainedfrom daily access
tracedrom oneof thebusiestBraziliancacheproxy seners,
namelythe oneinstalledat the POP-MG Internetconnec-
tion provider, which satisfieur criteriaof proximity, since
it is locatedat the sameLAN asthe machinerunningthe
scheduler This setcorresponds$o about2% of the total of
accessesarriedoutin the“.br” sub-domain.Thus,we can
saythatthis setof requestdairly represents typical run of
requestso a popularcacheproxy sener.

This experimenthad two main goals: (1) to verify if
cacheparasites an usefulapproachconsideringhe num-
ber of potential updates;and (2) to confirm that the la-
teng of requestto a “near” cacheproxy sener is really
lower comparingto thoseobtainedwith directaccesseto
theHTTP sener. Table3 presentshemeasuredesults.

7880(89%)
503(5.7%)
487(5.3%)

8870(100%)

Updatesperformed
Updatediscarded

New Documentsollected
Total of requests

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

In Table 3, the term “Updatesdiscarded’refersto po-
tential updateshat were not actually carriedout, because
the currentdocumentopy wascollectedwithin a specified
timeinterval (24 hoursin our case) It wasalsoverifiedthat
63%o0f theproxy senerrequestsvereansweredn lessthan
1 second.The remainingrequestsausedxceptioncondi-
tionsor werecollecteddirectly from the HTTP sener, thus
raisingthelateng time.

It is importantto note that CoBWeb cacheparasite al-

thoughfully implementedjs not yet operationain a com-
mercial proxy sener. Thusthe setof locally storeddocu-
mentswerenever updatedfactthatfavorsthe updaterates
obtainedn this experiment.However, theresultsshow that
this approachs quite effective in maintainingthe freshness
of storeddocumentopies.

5 Resultsof the Collecting Process

A veryinterestingsideeffectof crawling in the“.br” sub-
domainis thatit allows for the analysisof severalfeatures
relatedto the Brazilian Weh In this section,we describe
several datathatillustratethe currentstatusof the Internet
in Brazil. This datawasgatheredduring several collecting
sessionperformedby CoBWeh

Table4 presentsharacteristicselatedto the size of the
BrazilianWeh Thesenumberscorrespondo a 15 day pe-
riod of documentollecting,whichwasnotsuficientto col-
lect all availabledocuments However, the total numberof
collectedURLs andURLSs presentin the queue(which al-
readybeganto shrink)is a reasonabléndicationof whatis
sizeof the BrazilianWeh

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 -
URLsto becollected 422,512 - -

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

In Table4, thefirst line refersto the HTML documents
found andcollected. Thesedocumentswvere classifiedac-
cordingto the correspondingener response.The second
line presentslatarelatecto othertypesof documentswhich
can be indexed, e.g., Postscriptand Adobe Acrobat files.
Finally, the numberof URLSs found but not yet collectedis
shavn in thethird line of thetable.

Thecollectionprocesslsoallowedtheevaluationof the
numberof HTTP senersvisitedduringtheprocessTable5
shavsthetotal numberof senervisitedandthemeannum-
berof collecteddocumentpersener.

Visited Seners 35,508
Documentger Sener (mean) 32

Table 5. Number s on HTTP Serves Visited.

Finally, Table 6 summarizeghe most frequenterrors
found during the collection process. The numbersin first
columnreferto HTTP errorcodes.



Error Frequeng
400- Badrequest 4,013
403- ForbiddenAccess 4,338
404 - Documeniotfound 99,957
Sener notfound 52,497
Other 802
Total 161,607

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

6 Conclusionsand Future Work

In this paperwe presentedCoBWeb, a Web crawler
whoseprimarygoalis to collectdocumentdrom the Brazil-
ian Web to feed the searchengineof the SIAM project.
CoBWeb hasas main features:efficiency, robustnessand
kindnessin the usageof sharedresources. We have de-
scribedthe architectureandthe operationof the CoBWeb
crawler. We have alsodiscussedhe main problemsrelated
to Web crawling andour solutionto them.

To evaluateCoBWeb's architecture we presentecher
formancemeasuresakenfrom experimentsandfrom areal
collecting process. Theseresultsindicatethat by running
several collecting processesand by properly distributing
(similarly asdonein [12]) it is possibleto obtain collec-
tion ratescomparablego that of the crawvlers of commer
cial searchenginesWe alsopresentedomestatisticaldata
gatheredrom areal collectingprocesswhich revealsome
interestingnformationaboutthe BrazilianWeh Moreover,
thedocumentollectionwhichis beengatheredy CoBWeb
will bemadeavailablefor furtherstudies.

CoBWeb, as far as we know, is the only large Web
crawler targetatthe BrazilianWebwhichis currentlyin op-
eration.Further amaincontribution of our studyis aneval-
uationof the problemsrelatedto crawling in the Brazilian
Weh Moreover, asan specificcontribution, we highlight
the goodresultsobtainedby the useof the parasitecache
approacho updatethe setof collecteddocuments.

Despitethe efficiency of the currentimplementationof
CoBWeb, we have identified somepointswhereit canbe
further improved. In particular we are implementinga
new schedulingstratey that will allow reducingthe cost
of queuingoperationsbut that will keepthe enforcement
of the Standardor RobotExclusion. This new designwill
alsoallow mary schedulergwith theirrespectre setof col-
lectors)to be placedin nodesof WAN andto cooperatdo
performanintegratedcollectingprocessimproving its effi-
cieng/ andreliability.

Althoughsearchsitesform averyimportantclassof ser
vicesin the currentstateof the Web, thereis few techni-
cal literatureavailable on the subjectof developingthem.
This is particularly true in the caseof Web crawlers. We

expectthatthe developmentof CoBWeb, aswell asthe de-
velopmentof the searchengineto which it will sene, can
stimulatemorediscussiorandstudieson this subject.
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