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Abstract

Replicationof informationacrossa servercluster pro-
videsa promisingwayto supportpopularWeb sites. How-
ever, a Web server cluster requires somemedanismfor
directing requeststo the best server One commonap-
proac is to usethe DomainNameServer(DNS)asa cen-
tralized scheduler However, addresscaching medianisms
andthe non-uniformityof theload from differentclient do-
mainscomplicatethe load balancingissueand male ex-
isting schedulingalgorithmsfor traditional distributedsys-
temsnot applicableto Web serverclustes. In this paper
we considerthetheometical DNSpoliciesthat require some
systenstateinformation. We extendthemto realistic situ-
ationswhete stateinformation needsto be estimatedwith
low computationand communicatioroverhead. We show
that, by incorporating theseestimatos into the DNS poli-
cies,loadbalancingimprovessubstantiallyevenif the DNS
contmol is limited to a smallportion of clientrequests.

1. Intr oduction

With the rapid growth of WWW traffic, most popular
Websitesneedto scaleup their sener capacitiesThe most
promisingapproaclis to presere a virtual singleinterface
(URL) andto usea distributedarchitecture Suchanarchi-
tectureis more scalable fault-tolerant,and load balanced
than a Web systembasedon independenmirrored sites.
However, it requiresa mechanisnfor assigningequestso
theWebsenerthatcanoffer thebestservice[5, 9, 11].
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Theassignmentlecisioncanbe takenatthe TCP-outer
level or at Domain Name Server(DNS) level. A round-
robin DNS policy is implementedy theNCSAsener[11]
andthe SWEBsener [1]. OthertheoreticaDNS schedul-
ing policiesareproposedn [5, 6]. SomeTCP-routersolu-
tionsaredescribedn [4, 9, 10].

In this papemwe will focuson Web sener clustershased
on DNS mechanisms.This architecturedoesnot present
risksof bottleneckandcanscalefrom locally to geograph-
ically distributed Web sener clusters. The main problems
of schedulingthroughthe DNS are due to the high non-
uniformity of the incomingload from differentclient do-
mainsandWWW addresgachingmechanismshatlet the
DNS controlonly avery smallfractionof theuserrequests.
Sucha limited control is a big obstacleto load balancing
amongthe Web seners. Realtracedataindicatethateven
small cachingperiodssuchas five minuteswould reduce
the DNS control to few percentof all requestsreaching
the Web sener cluster The peculiaritiesof this scenario
malke schedulingalgorithmsfor traditionaldistributedsys-
temsinappropriateo Web clustersand motivatethe study
of new DNS allocationschemeshatrequireadditionalsys-
temstateinformationto controltheloadof theWebseners.
In this paperwe startwith studyingschedulingpoliciesthat
canperformwell undertheoreticakonditionsthatthe DNS
could have immediateaccesdo ary necessargtateinfor-
mation,suchasthe load statusof the senersandthe exact
percentage®f requestcoming from eachdomain. Then,
we focuson the operationabspectof thesepoliciesin the
light of their applicationto a DNS architecturenvorking in
arealisticervironment. Main requirement®f policiesand
estimatordo be actuallyapplicablein the WWW erviron-
mentarelow computationatompleity, and compatibility
with existing Web standardsand protocols. As a result,
we show thatsimpleheuristicsexecutedby the Web cluster
componentsireableto provide all stateinformationneeded
by the DNS schedulingpolicies,therebydemonstratinghat
theproposedchedulingalgorithmscanbeusedn anactual
scenario.



The paperis organizedasfollows. Section2 discusses
the WWW componentgrom the point of view of the Web
sener cluster Section3 reviews the mostpromisingDNS
schedulingpoliciesfocusingon the stateinformationthey
require. Section4 discussesvhetherand how this infor-
mationcanbe obtainedat the DNS. Section5 presentshe
experimentakesults.Section6 concludeghe paper

2. ScalableWeb Cluster

The scalabléWeb sener clusterusesone URL-nameto
provide a singleinterfacefor viewers. The systemconsists
of N homogeneoudistributedsenersthatprovidethesame
documentsand a Cluster Domain Name Server(CDNS)
thattranslateghe URL-nameinto the IP-addres®f oneof
the senersin the cluster The role of IP-addressesoher
allows the CDNS to distribute the requestdasedon some
optimizationcriterion.

On the userside, the clientshave a (setof) local name
sener(s) and are connectedo the network through gate-
ways. We will referto the sub-netverk behindtheselocal
gatavaysasdomain Generallyspeakingif oneranksthe
popularityof domainsby thefrequeng of theiraccesse®
aWebsite, thedistribution of the numberof clientsin each
domainis a functionwith a shortheadanda very long tail.
For example, a workload analysison academicand com-
mercialWeb sitesshows thatin average75% of the client
requestsomefrom only 10% of thedomaing2]. Here,in
the simulationstudywe assumehatthe (2500)clientsare
partitionedamongthe (50) connectedlomainsbasedon a
Zipf’sdistribution, i.e. a distribution wherethe probability
of selectinghei-th domainis proportionatto 1/i(1=%) (we
considerz = 0).

As thefocusis on Web clusterperformancewe did not
modelthe Internettraffic [8], but we considemajor com-
ponentssuchasthe nameseners, thatimpactthe perfor
manceof the cluster Moreover, we considerall the details
concerninga client sessioni.e. the entire periodof access
to the Web site from a singleuser Any sessiorof 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 senersin the cluster;the page request
phasein which variouspagesarerequestedlirectly to the
Web sener selectedby the CDNS. The IP-addressequest
is initially submittedto the local namesener of the client
domain,becausat typically cacheshe URL-nameto IP-
addressmappingfor a certainperiod, namelythe time to
live (TTL) interval. If the cacheof the local namesener
hasa valid mappingfor this URL-name the pagerequests
sentdirectly to the Web sener without passinghroughthe
CDNS. Otherwise,the IP-addresgequestis submittedto
subsequerihtermediatamameseners,andonly if themap-

ping is not cachedn ary of these therequestreachegshe
CDNSof theWebcluster TheCDNSreturnghelP-address
of oneof the senersin the clusterandthe TTL.

In the simulation,the numberof pagerequestper ses-
sion and the time betweentwo page requestsfrom the
sameclientareassumedb beexponentiallydistributedwith
meansl2 and25 sec,respectiely. SinceanHTML pageis
typically composedf a collectionof objects,eachobject
requestrequiresan accesgso the sener. We will referto
themashits. Thenumberof hits perpageareobtainedrom
a uniform distribution in the discreteinterval (5—15). The
hit servicetime andthe inter-arrival time of hit requestdo
thesener areassumedo be exponentiallydistributedwith
meansl/215sec/hitand0.25sec,respectrely. Thecluster
averageutilization is alwayskept to 2/3 of the whole ca-
pacityin all experiments.This valueis obtainedasa ratio
betweersystenoad, i.e. thetotalnumberof hits persecond
arriving to the Web cluster andthe clustercapacitywhich
is the sum of the capacitiesof the single seners denoted
in sened hits per second. A thoroughsensitvity analysis
shawvs thatmain conclusionof the experimentsarenot af-
fectedby the choice of systemparameters.On the other
hand,theperformances very sensitve to connectiongrom
new domainsandvariationsn thenumberof clientaccesses
(seeSections).

3. DNS Policiesfor Load Control

TheCDNShasto addresyariousissueshatmaleit dif-
ferentfrom a normal schedulerand causehuge obstacles
to the load balancingof the Web seners. We have already
discussedboutthe non-uniformdistribution of client re-
guestamongthedomainsandthecontrollimited to asmall
fraction of therequestseachingthe Web cluster Otherre-
guirementsthat constrainthe potential CDNS scheduling
algorithmalternatvesarethe low computationatomple-
ity becauseschedulingdecisionsarerequiredin real-time,
andfull compatibilitywith existing Web standardandpro-
tocols. In particular all stateinformationneedecby a pol-
icy hasto be accessibleon the CDNS throughsomeenti-
tiesresidingat the CDNS itself and/orat the Web seners.
Any stateinformation that needssomeactive cooperation
from ary otherWWW componentssuchasbrowsersname
seners,clients,is notconsidered.

Schedulingpoliciessuchasround-robinandrandomdo
not requireary stateinformation. However, it hasbeen
shavnin [5] thatthesealgorithmsperformvery poorly un-
der realistic scenariosvhenthe clients are not uniformly
distributedamongthedomains andthe namesenerscache
the URL-nameto IP-addressnappingfor TTL > 0. All
betterperformingschedulingalgorithmsstudiedin the past
tendto useadditionalstateinformationin mappingURL
namego IP-addresseddence oneimportantconsideration



in dealingwith the schedulingoroblemis thekind of infor-
mationthatis actuallyavailableon the CDNS. Main theo-
reticalresultsdescribedn [5, 6] whichareof interesto this
papercanbeoutlinedasfollows.

e Even a frequent exchangeof detailed information
aboutthe presenandpastioadconditionsof eachwWeb
seneris not sufiicientto provide schedulingdecisions
thatcanavoid overloadingary sener. Thedynamicof
the Web clustermale the sener load informationob-
soletequickly and poorly correlatedwith future load
conditions.This excludespoliciessuchasleast-loaded
sener from furtherconsideration.

e An effective schedulingpolicy hasto take into ac-
countsomedomaininformation, becauseary CDNS
decisionon an IP-addressequestaffectsthe selected
sener for the entire TTL intenval during which the
URL-nameto IP-addressmappingis cachedin the
nameseners. Thekey goalis to obtainanestimation
of the so called hiddenload weight i.e. the average
numberof requestr hits that eachdomainsendsto
a Web sener during a TTL interval after a new IP-
addressequeshasreachedhe CDNS.

e TheCDNShasnhotto assignrequestgo alreadyover
utilized seners. To this purpose,t is usefulto com-
bine the hiddenload weight informationwith a sim-
ple mechanisnthat monitorsthe actualload of each
senerandchecksvhetheiit hasexceededgivenload
threshold In this caseacritically loadedsener sends
analarmsignalto the CDNSthatexcludesit from ary
furtherassignmenuntil its loadfalls below thethresh-
old. We assumehatall of following schedulingalgo-
rithmsapplythis feedbacknechanism.

Sincethe CDNSrepliesto anlP-addressequesthrough
an(IP-addressJ TL) pair, we partitionthe schedulingooli-
ciesinto two main classes:(1) algorithmswith constant
TTL, if theCDNSuseghesameT TL for all requests(2) al-
gorithmswith adaptiveTTL, if the CDNS chooseglynam-
ically the TTL mostappropriateo an IP-addressequest.
Herewe analyzethreepromisingalgorithmswith constant
TTL [5] andonewith adaptve TTL [6].

Two-tier Round-Robin (RR2). Thisalgorithmis basedn
the consideratiorthattherisk of overloadingsomeof
thesenersis typically dueto therequestgomingfrom
afew very populardomains.Therefore RR2 usesthe
hiddenload weight information to partition the do-
mainsconnectedo the Web clusterinto two classes:
normal and hot domains. In particular RR2 setsa
classthresholdandevaluateghe relative hiddenload
weight whichis with respecto thetotalnumberof re-
guestsn a TTL intenal from all connectediomains.

The domainscharacterizedy a relative load larger

thantheclassthresholdbelongto thehotclass.For de-

fault, we setthe classthresholdto 1/|domain|, where

|domain| is theaveragenumberof domainsconnected
to theseners. TheRR2 strategyy appliesa round-robin
policy to eachclassof domainsseparatelyThe objec-

tive is to reducethe probability that the hot domains
areassignedoo frequentlyto the sameseners.

Dynamically Accumulated Load (DAL). This algorithm

is a direct applicationof the hiddenload weight in-
formation. Eachtime the CDNS makes a sener se-
lectionfollowing anIP-addressequestit accumulates
the hiddenload weight of the requestingdomainin a
bin for eachsener to predicthow mary requestswill
arrive to the chosensener due to this mapping. At
eachnew IP-addresgequest,the CDNS selectsthe
senerthathasthelowestbin level.

Minimum ResidualLoad (MRL). This algorithm is a

modificationof the basicDAL. The CDNS maintains
anassignmentablecontainingall domainto seneras-
signmentsandtheir times of occurrences.At the ar-

rival of anIP-addressequestthe CDNS evaluateghe
expectednumberof residualrequestghateachsener
shouldhave, onthebasisof previousassignmentsnd
chooseshesenerwith the minimumnumberof resid-
ualrequests.

Adaptive TTL (AdpTTL). Thisis a differentclassof al-

gorithmsthatexplorethe TTL componenthatis cho-
senby the CDNS. The motivation for this approach
comesromtheobsenationthatthenumberof pagere-
guestdfollowing an IP-addressequestncreasesvith
theTTL value.However, thenaive solutionof asimple
reductionof the TTL valuewith the purposeof giving
more control to the CDNS doesnot work. The basic
ideaof AdpTTL is to useary of the previous algo-
rithmsto selectheWebsenerandthenassigradiffer-
entTTL to eachlP-addressequest.Thevaluecanbe
tailoredon thebasisof thedomainhiddenload weight
(andalsoof the sener capacityif the clusterconsists
of heterogeneoug/eb seners[6]). The AdpTTL al-
gorithmconsideredn this paperusesa RR2 policy to
choosehe IP-addres®f a Web sener, andassignsas
TTL avalueinverselyproportionalto the hiddenload
weight of the domainfrom which the IP-addresge-
guesthasbeenissued.

The constantTTL algorithmsusea TTL setto 240 sec-

onds,while the adaptiveTTL policy usesT TL=60 seconds
for the hottestdomain and higher values(reachingeven
3000secondsjor the otherdomains.



4. Heuristics for Estimating State Information
4.1 Information for hidden load weight estimation

All theproposedchedulingoliciesin Section3 haveto
evaluatethe hiddenload weightof eachconnectediomain.
The mostpreciseexpressionfor this load is a function of
thetotal numberof hitsissuedto a senerfrom adomainD
duringa TTL periodthatis,

sP RP

Wi =YY he; (1)

i=1 j=1

whereSP is the numberof sessionsR? is the numberof

pagerequestsssuedto a sener during the i—th session
(SP), and h’; is the numberof hits in the j-th pagere-

questediuringthei—th session(SP).

Theinformationcomingfrom theclientsto the CDNSis
very limited becausehe sourceof anIP-addressequesis
theonly informationthatthe CDNS getswithout any over-
head. Letting the CDNS collectthe numberof IP-address
requestoriginatedby eachdomainand,on this basis esti-
matethe hiddenloadweightdoesnotrequireary additional
communicationbut it doesnot provide a good estimate.
ExaminingEquation(1), it shouldbe obviousthatmary of
the parameterarenot availableon the CDNS. Variousex-
perimentonfirmthat,withoutadditionalstateinformation
to the CDNS, the clusterwould not performwell dueto the
poorquality of the estimationof thehiddenloadweight.

A moreviableapproachiequiresanactive cooperatiorof
the Web senerswith the CDNS. The senerscantrackand
collectall load informationthatrepresentshe workloadto
the Web clusterbasedon the domainthat hasoriginatedit.
This techniqueto estimatethe hiddenload weightrequires
a periodicexchangeof messagefrom the Web senersto
the CDNS. Theloadinformationcanbe collectedbasedn
differentgranularityof detailsfrom the numberof sessions
to thenumberof pagerequestso thenumberof hits. These
approachesarereferredto asWS.sesWS.eq, and WS.hit
respectiely. All of themarebasedon the analysisof the
logfile thateachsener maintainsto keeptraceof the client
accessediccordingto theCommonLogfile Format[7], the
informationis reportedfor eachhit. It includestheremote
(domain)hostnaméor IP-address)herequestedJRL, the
dateandtime of therequestandtherequestype. Further
more, thereare also extendedlogs to provide referredin-
formationfor linking eachrequesto a previous Web page
requesfrom thesameclient.

The meannumberof sessionWS.sesfrom eachdo-
main is a rough approximationof the hiddenload weight
per domain. This view of Equation(1) assumeghat the
userbehaior is similar in termsof the averagenumberof
pagesequestedh asessiorandthe averagenumberof hits

in a page. Moreover, gettingthis sessiorinformationmay
not be straightforvard unlessoneusesa cookiegeneition
mechanisnmor someheuristicsthatinfersit throughthe site
contenttopology or referredinformation[14]. For exam-
ple, the algorithmproposedn [12] checksif a requested
pagecanbedirectlyreachedrom thealreadyvisitedpages.

The meannumberof pagerequest{WS.eg) from each
domaincanbemeasuredior eachdomainby excludingnon-
HTML requestgrom the counting.Implicitly, this approx-
imationof the hiddenloadweightassumeshattheaverage
numberof hits perrequests similar for all domains.

As shawvn in Equation(1), estimatingthe workloadasa
function of the numberof hits (WS.hi} from eachdomain
is the mostaccurateway to obtainthe hiddenload weight.
However, eventhis measureof theload hassomepotential
weaknessThenoiseis dueto thefactthatthe clientaccess
to theWeb pagescanfollow differentpathsthroughthe hy-
perlink structure. This causesomevariability becausenly
thefirst referenceo anobjectfrom a clientrequiresanac-
cesdo theWebsener, while thesuccessie requestdor the
sameobjectarefoundin theclientcache[13].

4.2 Heuristic analysis

We focuson heuristicsthat canbe usefulin areal-time
ervironment. In particular they musthave low computa-
tional compleity, andrequirestateinformationaccessible
to the CDNS. For example, althoughthe accurag of the
timeseriesmethods superiorto otherapproachewhenthe
systemis subjectto non-stationaryoad behaior, its com-
putationalcompleity andtheverylargesamplesizesmake
this methodnot suitableto a systenthatrequiresreal-time
decisions. The most practicalapproachis to useall data
collectedduringthe lastsamplingperiod Thefirst issueis
the specificatiorof the samplingperiod. After that,we can
usetwo heuristics:

Simplemean. All informationcollectedin thesamplingpe-
riod aregivenequalimportance.The datatransmitted
to the CDNSis asimplemeanof all obsenationsdone
in the samplingperiod.

Weightedmean. The samplingperiodis partitionedinto K
intervals. The obseredvalueof eachinterval is com-
binedwith a differentweight (higherfor morerecent
obsenations)obtainedy adecaydistribution. Thees-
timatedhiddenloadweightfor adomainD is givenby

K K
w? = <1/Ze—i/2) Do) @
i=1 j=1

wherer? (j) for j € {1,..., K} aretherequestfrom
the domainD obsenredin the j-th interval. The ob-
senedrequestEanbe sessionspagesor hits.



5. PerformanceResults

The main goal of this studyis to investigatethe impact
of the CDNS schedulingalgorithmson avoiding thatsome
sener become®verloaded.Therefore we definethe clus-
ter maximumutilization at a given instantas the highest
sener utilization at that instantamongall senersin the
cluster For example,assuméhreesenersin a Web sener
cluster If their utilizationsare60%, 75% and63%,respec-
tively, attime ¢t;, and93%, 66% and42%, respectiely, at
time ¢, the clustermaximumutilization at ¢, is 75% and
that at ¢5 is 93%. With a clustermaximumutilization of
93%,the Websener clusterhassomeproblematt,.

Specifically the majorperformanceriteriais the cumu-
lative frequencyof theclustermaximumutilization,i.e., the
probability (or fraction of time) that the clustermaximum
utilization is belov a certainvalue. By focusingon the
highestutilization amongall Web seners,we candeduce
whetherthe Web clusteris overloadedr not.

We comparethe performancesf the schedulingpolicies
combinedwvith someheuristicdor stateestimateagainsthe
theoreticalversionsof the samealgorithmsundera static
anddynamicscenaridor differentload conditions.(A the-
oretical algorithmknows the load statusof the senersand
theexacthiddenloadweightof eachdomain).

A staticscenarias anernvironmentin whichtherequests
arrivefrom agivensetof domainseachwith agivenrequest
rateduringthe entireperiodof the simulationstudy

We first verified how well the heuristicsin Section4
estimatethe relative hiddenload weightsin a static ervi-
ronment. The experimentgnot shovn dueto spacdimits)
revealedthat the estimationaccurag is insensitve to the
value of the samplingperiodwhenthis is larger than 200
secondd3]. Anotherinterestingresultis 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-
tenals[3]. The DNS informationalonedoesnot estimate
well the relative hiddenload weight per eachdomain. On
the otherhand,ary of the WS.sesWS.eq and WS.hitap-
proachesan provide an accurateestimationfor ary long-
tail distribution of theclientsamongthedomains.Thegood
estimateof thehiddenloadweightleadsthe performancef
thethreepolicieswith a constanfTTL (thatis, RR2,DAL,
and MRL) to be quite closeto that obtainedby the theo-
retical algorithm. However, it is the AdpTTL policy with
adaptve TTL thatachievesthe bestperformanceA CDNS
usingthis schedulingalgorithmprovides, with probability
closeto 1, autilizationlowerthan0.9for all seners.Onthe
other hand, corventionalpolicy (suchasRR) which does
notconsiderary stateinformationperformsvery poorly.

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

weight. In particulay we considertwo eventsthat modify
thetypeof connectiongo the Webcluster:

Internal change. Theconnectedlomainsgemainthesame,
but thereis a reclassificatiorof their relative rank. In
otherwords, we assumea modificationof the hidden
loadweightbehindsomedomain.

Externalchange. Some domainsleave the Web cluster
while connectionfrom new domainsarrive. In par
ticular, the domainswith the ten lowestranksarere-
placedby new domainsthat canreacha randompo-
sition betweenthe 11-th andthe last one. Theseex-
ternal changesarerealistic becausaet is likely that a
total disconnectioroccursfrom a domainhaving less
active connectiongto the Web sener cluster and it
is quite unlikely that connectiondrom new domains
reachsuddenlythetop 10 ranks.

Figures1-4 refer to a dynamicscenarioin which the
inter-reranktimeof alreadyconnectedlomainss setto 250
secondsandtheinter-arrival timeof new domainss setto
1000 seconds.We usethe simplemeanon one sampling
periodof 240seconds.

As expectedall policiesperformworsethanin thestatic
scenario,however the resultsof the proposedalgorithms
still resembleghoseobtainedy thetheoreticalersionsand
aremuchbetterthantheround-robinresults.

1
I

RR2 (theoretical)—
089 WS.ses-&- - Q,'/?k ;
2 WS.req +- i
= WS.hit - S K
g RR - R
@ 0.6 -y
w
2
= 4
3
2 0.
35
O
0.2
0 = e T T
0.5 0.6 0.7 0.8 0.9

Max Utilization
Figure 1. Performance of RR2 policy.

Comparingheperformanceinderthe differentheuristic
estimationalgorithms we seethatthe WS.hitestimatepro-
videsthe bestperformancainderMRL andAdpTTL poli-
cies(Figure3 and4, respectiely). For the RR2policy, the
WS.segstimategivesthe bestresults(Figure 1), while for
the DAL policy thereis no appreciablalifferenceamong
thethreeloadestimategFigure2). We cansummarizeéhat
MRL is the policy that hasthe closestresultsto its theo-
retical version. However, AdpTTL is still the policy that
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performsthe bestevenif its resultsarenot ascloseto the
theoreticalersionof this algorithm.

In the last setof experimentswe evaluatethe sensitv-
ity of the schedulingpoliciesandrelatedheuristicon state
estimateto the inter-rerank time underdifferentsampling
periods.Theloadinformationusedfor Figure5-7is based
on WS.hit For this setof results,a differentperformance
metricis usedwherewe shav the 96 percentileof the clus-
ter maximumutilization. In otherwords, the probability
thatno sener of the Web clusteris overloadedor exceed-
ing 96% utilization) is considere@sthe metric. The z-axis
goesfrom a very dynamicscenario(of 100 secondinter-
reranktime) to amorestaticscenariqof 1000secondnter-
reranktime).

Figure5 and6 shaw thatall schedulingpolicieswith a
constanfTTL arequiterobust(i.e. theprobabilitiesof over-
loadingarenever aborve 0.8) andin mostcaseghey areal-
mostinsensitve to the degreeof variability of the scenario
on interreranktime (asthey do notimprove muchasthe
variability diminishes). On the other hand, the AdpTTL
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Figure 4. Performance of AdpTTL policy.

is much more sensitve to the variability of the scenario
on interreranktime. The performanceimproves as the
inter-reranktime increasesWe canconcludethatalthough
AdpTTL policy usually offers the bestperformanceit re-
guiresamorepreciseestimationof 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 evenif the interrerankis as
low as100secondsTo thepurposeof fairly comparinghe
simplemeanto the weightedmeanapproachwe consider
in Figure7 asamplingperiodon 480 secondsith a decay
distribution appliedto four sub-intenalsof 120secondsA
comparisorbetweerthis figureandFigure6 shavsthatap-
plying a weight on the collectedstatedatatendsto give
more stableresult when the samplingperiodis relatively
large (480 secondr more)andit is especiallybeneficial
tothe AdpTTL policy.
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6. Conclusions

Replicationof informationamongmultiple Web seners
is necessaryo supporthigh requestratesto popularWeb
sites. In this paperwe have studieda Web clusterarchitec-
turein whichthe CDNSalsoplaystherole of acentralized
scheduler We move from the consideratiorthata CDNS
schedulemeedssomestateinformation to take decisions
thatavoid overloadingheWebseners.In particularwe ex-
aminethe policiesthat performwell undertheoreticalcon-
ditionswhereall stateinformationis readily availableand
extendthemto realistic situationswherestateinformation
needgo be estimatedvith low computatiorandcommuni-
cationoverheadsoasto be applicableto actualCDNS. We
analyzethe feasiblesourcesandtypesof informationthat
can be usedto estimatethe stateinformation neededfor
eachpolicy, in particularthe hiddenload weight for each
domain. Finally, we conductsimulationsto shav that by
incorporatinghesepolicesinto the CDNS,the Web cluster
canachieze muchbetterperformancehanothernaive poli-
cies not using stateinformation, suchas round-robinand
random,or relying on highly unstablenformation,suchas
least-loadedsener. In particular the adaptve TTL algo-
rithm givesthe bestresultsevenif it is themostsensitve to
thequality of theheuristics.
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