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Abstract

Replicationof informationacrossa serverclusterpro-
videsa promisingwayto supportpopularWebsites.How-
ever, a Web server cluster requires somemechanismfor
directing requeststo the best server. One commonap-
proach is to usetheDomainNameServer(DNS)asa cen-
tralizedscheduler. However, addresscaching mechanisms
andthenon-uniformityof theload fromdifferentclient do-
mainscomplicatethe load balancingissueand make ex-
istingschedulingalgorithmsfor traditionaldistributedsys-
temsnot applicableto Web serverclusters. In this paper,
weconsiderthetheoretical DNSpoliciesthat require some
systemstateinformation. We extendthemto realistic situ-
ationswhere stateinformationneedsto be estimatedwith
low computationand communicationoverhead. We show
that, by incorporating theseestimators into the DNSpoli-
cies,loadbalancingimprovessubstantially, evenif theDNS
control is limited to a smallportionof client requests.

1. Intr oduction

With the rapid growth of WWW traffic, most popular
Websitesneedto scaleup their servercapacities.Themost
promisingapproachis to preserve a virtual singleinterface
(URL) andto usea distributedarchitecture.Suchanarchi-
tectureis morescalable,fault-tolerant,and load balanced
than a Web systembasedon independentmirrored sites.
However, it requiresa mechanismfor assigningrequeststo
theWebserver thatcanoffer thebestservice[5, 9, 11].�
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Theassignmentdecisioncanbetakenat theTCP-router
level or at Domain NameServer(DNS) level. A round-
robinDNSpolicy is implementedby theNCSAserver [11]
andtheSWEBserver [1]. OthertheoreticalDNS schedul-
ing policiesareproposedin [5, 6]. SomeTCP-routersolu-
tionsaredescribedin [4, 9, 10].

In thispaperwewill focuson Webserverclustersbased
on DNS mechanisms.This architecturedoesnot present
risksof bottleneck,andcanscalefrom locally to geograph-
ically distributedWeb server clusters.Themain problems
of schedulingthroughthe DNS are due to the high non-
uniformity of the incoming load from differentclient do-
mainsandWWW addresscachingmechanismsthat let the
DNScontrolonly averysmallfractionof theuserrequests.
Sucha limited control is a big obstacleto load balancing
amongtheWeb servers. Realtracedataindicatethateven
small cachingperiodssuchas five minuteswould reduce
the DNS control to few percentof all requestsreaching
the Web server cluster. The peculiaritiesof this scenario
make schedulingalgorithmsfor traditionaldistributedsys-
temsinappropriateto Web clustersandmotivatethe study
of new DNSallocationschemesthatrequireadditionalsys-
temstateinformationto controltheloadof theWebservers.
In thispaper, westartwith studyingschedulingpoliciesthat
canperformwell undertheoreticalconditionsthattheDNS
could have immediateaccessto any necessarystateinfor-
mation,suchastheloadstatusof theserversandtheexact
percentageof requestscoming from eachdomain. Then,
we focuson theoperationalaspectsof thesepoliciesin the
light of their applicationto a DNS architectureworking in
a realisticenvironment.Main requirementsof policiesand
estimatorsto beactuallyapplicablein theWWW environ-
mentarelow computationalcomplexity, andcompatibility
with existing Web standardsand protocols. As a result,
weshow thatsimpleheuristicsexecutedby theWebcluster
componentsareableto provideall stateinformationneeded
by theDNSschedulingpolicies,therebydemonstratingthat
theproposedschedulingalgorithmscanbeusedin anactual
scenario.



The paperis organizedasfollows. Section2 discusses
theWWW componentsfrom thepoint of view of theWeb
server cluster. Section3 reviews themostpromisingDNS
schedulingpoliciesfocusingon the stateinformationthey
require. Section4 discusseswhetherand how this infor-
mationcanbeobtainedat theDNS. Section5 presentsthe
experimentalresults.Section6 concludesthepaper.

2. ScalableWebCluster

ThescalableWebserver clusterusesoneURL-nameto
providea singleinterfacefor viewers.Thesystemconsists
of � homogeneousdistributedserversthatprovidethesame
documents,and a Cluster Domain NameServer(CDNS)
that translatestheURL-nameinto the IP-addressof oneof
the servers in the cluster. The role of IP-addressresolver
allows the CDNSto distribute the requestsbasedon some
optimizationcriterion.

On the userside,the clientshave a (setof) local name
server(s) and are connectedto the network throughgate-
ways. We will refer to thesub-network behindtheselocal
gatewaysasdomain. Generallyspeaking,if oneranksthe
popularityof domainsby thefrequency of their accessesto
a Website,thedistributionof thenumberof clientsin each
domainis a functionwith a shortheadanda very long tail.
For example,a workloadanalysison academicand com-
mercialWeb sitesshows that in average75%of the client
requestscomefrom only 10%of thedomains[2]. Here,in
thesimulationstudywe assumethat the (2500)clientsare
partitionedamongthe (50) connecteddomainsbasedon a
Zipf ’s distribution, i.e. a distribution wheretheprobability
of selectingthe � -th domainis proportionalto �	�
���������� (we
consider����� ).

As thefocusis on Webclusterperformance,we did not
modelthe Internettraffic [8], but we considermajor com-
ponents,suchasthe nameservers,that impact the perfor-
manceof thecluster. Moreover, we considerall thedetails
concerninga client session, i.e. theentireperiodof access
to theWebsite from a singleuser. Any sessionof a client
to the Web clusterconsistsof two phases:the IP-address
requestphaseduring which the client asksthe CDNS for
a translationof the Web clusterURL into the IP-address
of oneof the Web serversin the cluster;the page request
phasein which variouspagesarerequesteddirectly to the
Webserver selectedby theCDNS.The IP-addressrequest
is initially submittedto the local nameserver of the client
domain,becauseit typically cachesthe URL-nameto IP-
addressmappingfor a certainperiod,namelythe time to
live (TTL) interval. If the cacheof the local nameserver
hasa valid mappingfor thisURL-name,thepagerequestis
sentdirectly to theWebserver without passingthroughthe
CDNS. Otherwise,the IP-addressrequestis submittedto
subsequentintermediatenameservers,andonly if themap-

ping is not cachedin any of these,the requestreachesthe
CDNSof theWebcluster. TheCDNSreturnstheIP-address
of oneof theserversin theclusterandtheTTL.

In the simulation,the numberof pagerequestsper ses-
sion and the time betweentwo page requestsfrom the
sameclientareassumedtobeexponentiallydistributedwith
means12 and25 sec,respectively. SinceanHTML pageis
typically composedof a collectionof objects,eachobject
requestrequiresan accessto the server. We will refer to
themashits. Thenumberof hitsperpageareobtainedfrom
a uniform distribution in thediscreteinterval (5—15). The
hit servicetime andthe inter-arrival time of hit requeststo
theserver areassumedto beexponentiallydistributedwith
means1/215sec/hitand0.25sec,respectively. Thecluster
averageutilization is alwayskept to 2/3 of the whole ca-
pacity in all experiments.This valueis obtainedasa ratio
betweensystemload, i.e. thetotalnumberof hitspersecond
arriving to theWebcluster, andtheclustercapacitywhich
is the sumof the capacitiesof the singleserversdenoted
in served hits per second.A thoroughsensitivity analysis
shows thatmainconclusionsof theexperimentsarenot af-
fectedby the choiceof systemparameters.On the other
hand,theperformanceis verysensitive to connectionsfrom
new domainsandvariationsin thenumberof clientaccesses
(seeSection5).

3. DNSPoliciesfor Load Control

TheCDNShasto addressvariousissuesthatmakeit dif-
ferent from a normal schedulerand causehugeobstacles
to the loadbalancingof theWebservers. We have already
discussedaboutthe non-uniformdistribution of client re-
questsamongthedomainsandthecontrollimited to asmall
fractionof therequestsreachingtheWebcluster. Otherre-
quirementsthat constrainthe potentialCDNS scheduling
algorithmalternativesarethe low computationalcomplex-
ity becauseschedulingdecisionsarerequiredin real-time,
andfull compatibilitywith existingWebstandardsandpro-
tocols. In particular, all stateinformationneededby a pol-
icy hasto be accessibleon the CDNS throughsomeenti-
ties residingat the CDNSitself and/orat theWeb servers.
Any stateinformation that needssomeactive cooperation
from any otherWWW components,suchasbrowsers,name
servers,clients,is notconsidered.

Schedulingpoliciessuchasround-robinandrandomdo
not requireany stateinformation. However, it has been
shown in [5] thatthesealgorithmsperformvery poorly un-
der realistic scenarioswhen the clients are not uniformly
distributedamongthedomains,andthenameserverscache
the URL-nameto IP-addressmappingfor ������� � . All
betterperformingschedulingalgorithmsstudiedin thepast
tend to useadditionalstateinformation in mappingURL
namesto IP-addresses.Hence,oneimportantconsideration



in dealingwith theschedulingproblemis thekind of infor-
mationthat is actuallyavailableon theCDNS.Main theo-
reticalresultsdescribedin [5, 6] whichareof interestto this
papercanbeoutlinedasfollows.! Even a frequent exchangeof detailed information

aboutthepresentandpastloadconditionsof eachWeb
server is notsufficient to provideschedulingdecisions
thatcanavoidoverloadingany server. Thedynamicsof
theWeb clustermake theserver load informationob-
soletequickly andpoorly correlatedwith future load
conditions.Thisexcludespoliciessuchasleast-loaded
server from furtherconsideration.! An effective schedulingpolicy has to take into ac-
countsomedomaininformation,becauseany CDNS
decisionon an IP-addressrequestaffectsthe selected
server for the entire TTL interval during which the
URL-nameto IP-addressmapping is cachedin the
nameservers. Thekey goal is to obtainanestimation
of the so calledhiddenload weight, i.e. the average
numberof requestsor hits that eachdomainsendsto
a Web server during a TTL interval after a new IP-
addressrequesthasreachedtheCDNS.! TheCDNShasnot to assignrequeststo alreadyover-
utilized servers. To this purpose,it is usefulto com-
bine the hiddenload weight informationwith a sim-
ple mechanismthat monitorsthe actualload of each
serverandcheckswhetherit hasexceededagivenload
threshold. In thiscase,a critically loadedserversends
analarmsignalto theCDNSthatexcludesit from any
furtherassignmentuntil its loadfallsbelow thethresh-
old. We assumethatall of following schedulingalgo-
rithmsapplythis feedbackmechanism.

SincetheCDNSrepliesto anIP-addressrequestthrough
an(IP-address,TTL) pair, wepartitiontheschedulingpoli-
cies into two main classes:(1) algorithmswith constant
TTL, if theCDNSusesthesameTTL for all requests;(2) al-
gorithmswith adaptiveTTL, if theCDNSchoosesdynam-
ically the TTL mostappropriateto an IP-addressrequest.
Herewe analyzethreepromisingalgorithmswith constant
TTL [5] andonewith adaptiveTTL [6].

Two-tier Round-Robin (RR2). Thisalgorithmisbasedon
theconsiderationthat therisk of overloadingsomeof
theserversis typically dueto therequestscomingfrom
a few very populardomains.Therefore,RR2usesthe
hidden load weight information to partition the do-
mainsconnectedto the Web clusterinto two classes:
normal and hot domains. In particular, RR2 setsa
classthresholdandevaluatesthe relativehiddenload
weight, whichis with respectto thetotalnumberof re-
questsin a TTL interval from all connecteddomains.

The domainscharacterizedby a relative load larger
thantheclassthresholdbelongto thehotclass.For de-
fault,wesettheclassthresholdto �
�#" $&%
')(&�+*," , where" $-%
'.(&�/*," is theaveragenumberof domainsconnected
to theservers.TheRR2strategy appliesa round-robin
policy to eachclassof domainsseparately. Theobjec-
tive is to reducethe probability that the hot domains
areassignedtoo frequentlyto thesameservers.

Dynamically AccumulatedLoad (DAL). This algorithm
is a direct applicationof the hiddenload weight in-
formation. Eachtime the CDNS makesa server se-
lectionfollowing anIP-addressrequest,it accumulates
the hiddenloadweight of the requestingdomainin a
bin for eachserver to predicthow many requestswill
arrive to the chosenserver due to this mapping. At
eachnew IP-addressrequest,the CDNS selectsthe
server thathasthelowestbin level.

Minimum ResidualLoad (MRL). This algorithm is a
modificationof the basicDAL. TheCDNSmaintains
anassignmenttablecontainingall domainto serveras-
signmentsandtheir timesof occurrences.At the ar-
rival of anIP-addressrequest,theCDNSevaluatesthe
expectednumberof residualrequeststhateachserver
shouldhave,on thebasisof previousassignments,and
choosestheserverwith theminimumnumberof resid-
ual requests.

AdaptiveTTL (AdpTTL). This is a differentclassof al-
gorithmsthatexploretheTTL componentthat is cho-
senby the CDNS. The motivation for this approach
comesfromtheobservationthatthenumberof pagere-
questsfollowing an IP-addressrequestincreaseswith
theTTL value.However, thenaivesolutionof asimple
reductionof theTTL valuewith thepurposeof giving
morecontrol to the CDNS doesnot work. The basic
idea of AdpTTL is to useany of the previous algo-
rithmstoselecttheWebserverandthenassignadiffer-
entTTL to eachIP-addressrequest.Thevaluecanbe
tailoredon thebasisof thedomainhiddenloadweight
(andalsoof the server capacityif the clusterconsists
of heterogeneousWeb servers[6]). The AdpTTL al-
gorithmconsideredin this paperusesa RR2policy to
choosethe IP-addressof a Webserver, andassignsas
TTL a valueinverselyproportionalto thehiddenload
weight of the domainfrom which the IP-addressre-
questhasbeenissued.

TheconstantTTL algorithmsusea TTL setto 240sec-
onds,while theadaptiveTTL policy usesTTL=60 seconds
for the hottestdomain and higher values(reachingeven
3000seconds)for theotherdomains.



4. Heuristics for Estimating StateInformation

4.1. Inf ormation for hidden load weight estimation

All theproposedschedulingpoliciesin Section3 haveto
evaluatethehiddenloadweightof eachconnecteddomain.
The mostpreciseexpressionfor this load is a function of
thetotalnumberof hits issuedto a server from a domain0
duringa TTL periodthatis,1324�465 � 798: ; <  = 8>:? <  @ 2; A ? (1)

where B 2 is thenumberof sessions,C 2; is thenumberof
pagerequestsissuedto a server during the �ED th session
( B 2; ), and

@ 2; A ? is the numberof hits in the F -th pagere-
questedduringthe �ED th session( B 2; ).

Theinformationcomingfrom theclientsto theCDNSis
very limited becausethesourceof anIP-addressrequestis
theonly informationthat theCDNSgetswithout any over-
head. Letting the CDNS collect the numberof IP-address
requestsoriginatedby eachdomainand,on this basis,esti-
matethehiddenloadweightdoesnotrequireany additional
communication,but it doesnot provide a good estimate.
ExaminingEquation(1), it shouldbeobviousthatmany of
theparametersarenot availableon theCDNS.Variousex-
perimentsconfirmthat,withoutadditionalstateinformation
to theCDNS,theclusterwouldnotperformwell dueto the
poorqualityof theestimationof thehiddenloadweight.

A moreviableapproachrequiresanactivecooperationof
theWebserverswith theCDNS.Theserverscantrackand
collectall load informationthatrepresentstheworkloadto
theWebclusterbasedon thedomainthathasoriginatedit.
This techniqueto estimatethehiddenloadweightrequires
a periodicexchangeof messagesfrom the Web serversto
theCDNS.Theloadinformationcanbecollectedbasedon
differentgranularityof detailsfrom thenumberof sessions
to thenumberof pagerequeststo thenumberof hits. These
approachesarereferredto asWS.ses,WS.req, andWS.hit,
respectively. All of themarebasedon the analysisof the
logfile thateachserver maintainsto keeptraceof theclient
accesses.Accordingto theCommonLogfileFormat[7], the
informationis reportedfor eachhit. It includestheremote
(domain)hostname(or IP-address),therequestedURL, the
dateandtime of therequestandtherequesttype. Further-
more, therearealsoextendedlogs to provide referredin-
formationfor linking eachrequestto a previousWeb page
requestfrom thesameclient.

The meannumberof sessions(WS.ses) from eachdo-
main is a roughapproximationof the hiddenload weight
per domain. This view of Equation(1) assumesthat the
userbehavior is similar in termsof theaveragenumberof
pagesrequestedin asessionandtheaveragenumberof hits

in a page.Moreover, gettingthis sessioninformationmay
not bestraightforwardunlessoneusesa cookiegeneration
mechanismor someheuristicsthatinfersit throughthesite
contenttopologyor referredinformation[14]. For exam-
ple, the algorithmproposedin [12] checksif a requested
pagecanbedirectlyreachedfrom thealreadyvisitedpages.

Themeannumberof pagerequests(WS.req) from each
domaincanbemeasuredfor eachdomainby excludingnon-
HTML requestsfrom thecounting.Implicitly, this approx-
imationof thehiddenloadweightassumesthattheaverage
numberof hitsperrequestis similar for all domains.

As shown in Equation(1), estimatingtheworkloadasa
functionof the numberof hits (WS.hit) from eachdomain
is themostaccurateway to obtainthehiddenloadweight.
However, eventhis measureof the loadhassomepotential
weakness.Thenoiseis dueto thefactthattheclientaccess
to theWebpagescanfollow differentpathsthroughthehy-
perlinkstructure.Thiscausessomevariabilitybecauseonly
thefirst referenceto anobjectfrom a client requiresanac-
cessto theWebserver, while thesuccessiverequestsfor the
sameobjectarefoundin theclientcache[13].

4.2. Heuristic analysis

We focuson heuristicsthatcanbeusefulin a real-time
environment. In particular, they musthave low computa-
tional complexity, andrequirestateinformationaccessible
to the CDNS. For example,althoughthe accuracy of the
timeseriesmethodis superiorto otherapproacheswhenthe
systemis subjectto non-stationaryloadbehavior, its com-
putationalcomplexity andthevery largesamplesizesmake
this methodnot suitableto a systemthatrequiresreal-time
decisions. The most practicalapproachis to useall data
collectedduringthelastsamplingperiod. Thefirst issueis
thespecificationof thesamplingperiod.After that,we can
usetwo heuristics:

Simplemean.All informationcollectedin thesamplingpe-
riod aregivenequalimportance.Thedatatransmitted
to theCDNSis asimplemeanof all observationsdone
in thesamplingperiod.

Weightedmean.Thesamplingperiodis partitionedinto G
intervals. Theobservedvalueof eachinterval is com-
binedwith a differentweight (higherfor morerecent
observations)obtainedby adecaydistribution. Thees-
timatedhiddenloadweightfor adomain0 is givenbyH 2 �JIK�
�ML: ; < ON �

;QP�RTS L:? < �N � ?
PURTV 2XW F9Y (2)

where

V 2 W F9Y for F[Z]\&�_^T`a`a`a^UGcb aretherequestsfrom
the domain 0 observed in the F -th interval. The ob-
servedrequestscanbesessions,pagesor hits.



5. PerformanceResults

Themaingoalof this studyis to investigatethe impact
of theCDNSschedulingalgorithmson avoiding thatsome
server becomesoverloaded.Therefore,we definetheclus-
ter maximumutilization at a given instantas the highest
server utilization at that instantamongall servers in the
cluster. For example,assumethreeserversin a Webserver
cluster. If their utilizationsare60%,75%and63%,respec-
tively, at time d  , and93%,66%and42%,respectively, at
time d R , the clustermaximumutilization at d  is 75% and
that at d R is 93%. With a clustermaximumutilization of
93%,theWebserverclusterhassomeproblemat d R .

Specifically, themajorperformancecriteriais thecumu-
lativefrequencyof theclustermaximumutilization,i.e.,the
probability (or fraction of time) that the clustermaximum
utilization is below a certainvalue. By focusingon the
highestutilization amongall Web servers,we candeduce
whethertheWebclusteris overloadedor not.

We comparetheperformanceof theschedulingpolicies
combinedwith someheuristicsfor stateestimateagainstthe
theoreticalversionsof the samealgorithmsundera static
anddynamicscenariofor differentloadconditions.(A the-
oretical algorithmknows theloadstatusof theserversand
theexacthiddenloadweightof eachdomain).

A staticscenariois anenvironmentin whichtherequests
arrivefrom agivensetof domainseachwith agivenrequest
rateduringtheentireperiodof thesimulationstudy.

We first verified how well the heuristicsin Section4
estimatethe relativehiddenload weightsin a staticenvi-
ronment.Theexperiments(not shown dueto spacelimits)
revealedthat the estimationaccuracy is insensitive to the
valueof the samplingperiodwhenthis is larger than200
seconds[3]. Another interestingresult is that, at leastfor
the estimationof the relative hiddenload weight, thereis
not much differencein using a simple mean,a weighted
meanon two intervals, and a weightedmeanon four in-
tervals [3]. The DNS informationalonedoesnot estimate
well the relative hiddenload weightper eachdomain. On
the otherhand,any of the WS.ses, WS.req andWS.hitap-
proachescanprovide an accurateestimationfor any long-
tail distributionof theclientsamongthedomains.Thegood
estimateof thehiddenloadweightleadstheperformanceof
thethreepolicieswith a constantTTL (that is, RR2,DAL,
andMRL) to be quite closeto that obtainedby the theo-
retical algorithm. However, it is the AdpTTL policy with
adaptiveTTL thatachievesthebestperformance.A CDNS
usingthis schedulingalgorithmprovides,with probability
closeto 1,autilizationlowerthan0.9for all servers.Onthe
otherhand,conventionalpolicy (suchasRR) which does
notconsiderany stateinformationperformsverypoorly.

A dynamic scenario increasesthe difficulties of the
heuristicsto obtain accurateestimatesof the hiddenload

weight. In particular, we considertwo eventsthat modify
thetypeof connectionsto theWebcluster:

Internalchange. Theconnecteddomainsremainthesame,
but thereis a reclassificationof their relative rank. In
otherwords,we assumea modificationof the hidden
loadweightbehindsomedomain.

Externalchange. Some domains leave the Web cluster,
while connectionsfrom new domainsarrive. In par-
ticular, the domainswith the ten lowestranksarere-
placedby new domainsthat canreacha randompo-
sition betweenthe 11-th andthe last one. Theseex-
ternalchangesare realisticbecauseit is likely that a
total disconnectionoccursfrom a domainhaving less
active connectionsto the Web server cluster, and it
is quite unlikely that connectionsfrom new domains
reachsuddenlythetop10 ranks.

Figures1–4 refer to a dynamicscenarioin which the
inter-reranktimeof alreadyconnecteddomainsis setto 250
seconds,andthe inter-arrival timeof new domainsis setto
1000seconds.We usethe simplemeanon onesampling
periodof 240seconds.

As expected,all policiesperformworsethanin thestatic
scenario,however the resultsof the proposedalgorithms
still resemblethoseobtainedby thetheoreticalversions,and
aremuchbetterthantheround-robinresults.
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Figure 1. Performance of RR2 polic y.

Comparingtheperformanceunderthedifferentheuristic
estimationalgorithms,we seethattheWS.hitestimatepro-
videsthebestperformanceunderMRL andAdpTTL poli-
cies(Figure3 and4, respectively). For theRR2policy, the
WS.sesestimategivesthebestresults(Figure1), while for
the DAL policy thereis no appreciabledifferenceamong
thethreeloadestimates(Figure2). We cansummarizethat
MRL is the policy that hasthe closestresultsto its theo-
retical version. However, AdpTTL is still the policy that
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Figure 3. Performance of MRL polic y.

performsthe besteven if its resultsarenot ascloseto the
theoreticalversionof thisalgorithm.

In the last setof experimentswe evaluatethe sensitiv-
ity of theschedulingpoliciesandrelatedheuristicon state
estimateto the inter-rerank time underdifferentsampling
periods.Theloadinformationusedfor Figure5–7is based
on WS.hit. For this setof results,a differentperformance
metricis usedwhereweshow the96 percentileof theclus-
ter maximumutilization. In other words, the probability
thatno server of theWebclusteris overloaded(or exceed-
ing 96%utilization) is consideredasthemetric.The � -axis
goesfrom a very dynamicscenario(of 100 secondinter-
reranktime)to amorestaticscenario(of 1000secondinter-
reranktime).

Figure5 and6 show that all schedulingpolicieswith a
constantTTL arequiterobust(i.e. theprobabilitiesof over-
loadingarenever above 0.8)andin mostcasesthey areal-
mostinsensitive to thedegreeof variability of thescenario
on inter-reranktime (as they do not improve muchasthe
variability diminishes). On the other hand, the AdpTTL
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is much more sensitive to the variability of the scenario
on inter-rerank time. The performanceimproves as the
inter-reranktime increases.We canconcludethatalthough
AdpTTL policy usuallyoffers the bestperformance,it re-
quiresamorepreciseestimationof thehiddenloadweight.
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Figure 5. Sensitivity to the domain inter -
rerank time (simple mean on one sampling
period of 240 sec).

Theseresultsmotivate the searchfor a more accurate
heuristicsthat canwork well even if the inter-rerankis as
low as100seconds.To thepurposeof fairly comparingthe
simplemeanto the weightedmeanapproach,we consider
in Figure7 a samplingperiodon 480secondswith a decay
distributionappliedto four sub-intervalsof 120seconds.A
comparisonbetweenthisfigureandFigure6 showsthatap-
plying a weight on the collectedstatedata tendsto give
more stableresult when the samplingperiod is relatively
large (480 secondsor more)andit is especiallybeneficial
to theAdpTTL policy.
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6. Conclusions

Replicationof informationamongmultiple Webservers
is necessaryto supporthigh requestratesto popularWeb
sites.In this paperwe have studieda Webclusterarchitec-
turein which theCDNSalsoplaystherole of a centralized
scheduler. We move from the considerationthat a CDNS
schedulerneedssomestateinformation to take decisions
thatavoidoverloadingtheWebservers.In particular, weex-
aminethepoliciesthatperformwell undertheoreticalcon-
ditionswhereall stateinformationis readilyavailableand
extendthemto realisticsituationswherestateinformation
needsto beestimatedwith low computationandcommuni-
cationoverheadsoasto beapplicableto actualCDNS.We
analyzethe feasiblesourcesandtypesof informationthat
can be usedto estimatethe stateinformation neededfor
eachpolicy, in particularthe hiddenload weight for each
domain. Finally, we conductsimulationsto show that by
incorporatingthesepolicesinto theCDNS,theWebcluster
canachievemuchbetterperformancethanothernaivepoli-
cies not using stateinformation,suchas round-robinand
random,or relying on highly unstableinformation,suchas
least-loadedserver. In particular, the adaptive TTL algo-
rithm givesthebestresultsevenif it is themostsensitive to
thequalityof theheuristics.
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