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Abstract

Users of highly popular Web sitesmayexperiencelong
delayswhenaccessinginformation.Upgradingcontentsite
infrastructure from a single nodeto a locally distributed
Web cluster composedby multiple servernodesprovides
a limited relief, becausetheclusterwide-areaconnectivity
maybecomethebottleneck. A bettersolutionis to distribute
Web clusters over the Internetby placingcontentnodesin
strategic locations. A geographically distributedarchitec-
ture where theDomainNameSystem(DNS)servers evalu-
ate networkproximity and users are servedfrom the clos-
est cluster reducesnetworkimpacton responsetime. On
theotherhand,servingclosestrequestsonlymaycauseun-
balancedservers and may increasesystemimpact on re-
sponsetime. To achieve a scalableWeb system,we pro-
poseto integrateDNSproximity schedulingwith an HTTP
requestredirectionmechanismthatanyWebservercanac-
tivate. Wedemonstratethroughsimulationexperimentsthat
this further dispatching mechanismaugmentsthe percent-
age of requestswith guaranteedresponsetime, therebyen-
hancingtheQualityof Serviceof geographicallydistributed
Web sites. However, HTTP requestredirection shouldbe
usedselectivelybecausetheadditionalround-tripincreases
networkimpacton latencytime experiencedby users. As
a further contribution, this paper proposesand compares
variousmechanismsto limit reassignmentswith no nega-
tiveconsequenceson load balancing.

1. Introduction

The phenomenalgrowth of the Web is causingenor-
mousstrainonusers,network serviceprovidersandcontent
providers. GeographicallydistributedWebsystemsarethe
mostscalablearchitecturesto handlemillions of accesses
per day. In this paper, we considera Web site that usesa
single URL addressto make the distributednatureof the�
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servicetransparentto the users. The systemarchitecture
consistsof variousWeb clusters placedin strategic Inter-
net regions. EachWebclusterconsistsof oneor moreDo-
mainNameSystem(DNS) serversandreplicatedback-end
Web servermachines1 that are housedtogetherin a loca-
tion of an Internetregion. Figure1 shows an exampleof
distributedWeb site consistingof four Web clusters,each
of themwith multiple Webservernodes(WS) thatarecon-
nectedvia a fastlocal network. Web clustersaretypically
interconnectedvia a high speedbackboneto facilitateco-
operationandinformationexchangesamongthecenters.To
controlthetotalityof therequestsreachingtheclusterandto
masktheservicedistribution amongmultiple servers,each
Webclusterprovidesa singlevirtual IP addressthatcorre-
spondsto the addressof a front-endserver. Independently
of themechanismthataWebclusterusesto routetheinter-
nalload(see[12] for anoverview),wereferto thisfront-end
nodeastheDispatcher. TheDispatcheractsasacentralized
schedulerthat receivesthe totality of requestsreachingthe
Webclusterandroutesthemamongtheback-endserversin
a client transparentmanner. In a geographicallydistributed
Websystem,thedecisionon client requestassignmentcan
betakenat variousnetwork levels. A survey on distributed
Webarchitecturescanbefoundin [3].

The DNS serversof the Web site executethe first-level
assignment. It actson theaddresslookupphaseof a client
requestthat looks for an IP addresscorrespondingto the
URL hostnamefield. We assumethat in a geographical
context, it is appropriateto usean enhancedDNS server
that implementsomeproximity algorithm to reply to the
nameresolutionrequest.Throughthismechanism,theDNS
will reply with high probability with the IP addressof the
Web clusterDispatcherclosestto the client. DNS address
cachingmechanismsaugmentthis probability becausein-
termediatenameserversof eachInternetregion will tend
to get the resolutionof the closestcluster. The conceptof
Internetproximity is still anopenissuethatwill not bead-
dressedin this paper, howevermany proposalsexist for es-

1We considersystemswith homogeneousWeb clusters,where any
server nodeownsor canaccessa replicatedcopy of thesitecontent.
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timating static (e.g., network hops)or dynamicdistances
(e.g.,network traffic) [5].

After the lookup phase,the pagerequestarrivesat the
Dispatcherof a Web clusterthat executesthe second-level
assignmentamongtheservernodes.Dispatcheralgorithms
areout of the scopeof this paperbecausewe canassume
thattheDispatcheris ableto keeptheloadbalancedamong
theserversof a Webcluster[8, 12].

The DNS assignmentis a very coarsegrain distribu-
tion of the load amongthe Web clusters,becauseproxim-
ity doesnot take into accountheavy load fluctuationsof
Web workloadthatareamplifiedby the geographicalcon-
text. Requestsarrive in bursts, clients connectedto the
Web site arenot uniformly distributedamongthe Internet
domains,world time zonesareanothercauseof heteroge-
neoussourcearrivals. To addresstheseissues,we propose
a distributed architecturethat integratesDNS dispatching
amongthe Web clusterswith a third-level (re)assignment
that canbe activatedby any Web server that is in critical
loadcondition.Theredirectionmechanismis donethrough
the HTTP protocol that allows a Web server to redirecta
requestby specifyingtheappropriatestatuscodein there-
sponseheaderandindicatingthealternativeIP addressfrom
which theclient canobtaintherequesteddocument[1, 4].

Through the redirection mechanism,an over-utilized
server canget immediatelyrid of a fractionof therequests
previously assignedby theDNS andtheDispatcher. Since
this dispatchingactson individual requestsof Web pages,
it canachieve a fine grain control level. However, HTTP
serverredirectionshouldbeusedselectively becauseit adds

a round-triplatency to every re-assignedpagerequest.The
usersmayperceiveor not anincreasein theresponsetime,
dependingon the loadof thefirst contactedserver. Hence,
thesecondobjective of this paperis to investigatewhether
it is possibleto limit requestredirectionwithout affecting
systemload balancing. To this purpose,we proposeand
comparevariousmechanismsto limit requestredirection.
Thegoalis to guaranteethatnetwork overheadsdueto redi-
rectionhave an impacton userlatency time inferior to the
systemoverheaddueto anoverloadedWebserver. Weshow
thatstrategiesthatlimit redirectionto heaviestrequestscan
reducesubstantiallythe amountof redirectionsanddo not
degradeWeb clusterload balancing. The study is carried
out througha simulationmodelof theWebsystemandnet-
work infrastructures. The systemmodel detailsall char-
acteristicsof Web client/server interactions,while the net-
work model is an approximateInternetvision that should
provide a fair testbedto compareperformanceof different
algorithmsfor geographicloadbalancing.

Thepaperis organizedasfollows. Section2 analyzesre-
latedwork. Section3 presentsvariouspoliciesfor request
redirectionby theWebserversandfor limiting thepercent-
ageof redirectedrequests.Section4 and5 describethesys-
tem andnetwork model,respectively. Section6 discusses
experimentalresults.Section7 concludesthepaper.

2. Related work

A considerablenumber of academicand commercial
proposalsregardingWebarchitectureswith multiple nodes



have focusedon how to sharetheloadevenly, especiallyin
locally distributedWebsystems[3, 12].

Two-level dispatchingschemes,where client requests
areinitially assignedby theDNS,andeachWebservermay
redirecta requestto any otherserver of thesystemthrough
the HTTP redirectionmechanism,have beenproposedfor
locally distributed Web systemsin [1, 4]. Other request
redirectionstrategiesthatusethebuilt-in HTTPmechanism
havebeenproposedfor geographicallydistributedWebsys-
tems. For example,Cisco’s DistributedDirector[6] usesa
centralizedsingle-level dispatchingscheme:eachrequest
reachesa dispatcherthatdirectsit to theWebserver that is
closestto the client. Most of the proposedgeographically
distributed Web systemsplaceone or more Web clusters
in differentInternetregions,for exampleF5 Networksand
Resonateproducts. The first-level assignmentamongthe
Web clustersis typically carriedout by the Web site DNS
thatimplementssomeproximity baseddispatchingstrategy.

The originality of this paperis twofold. We consider
not only sharingthe load, but alsominimizing the impact
of WAN network delayson responsetimes perceived by
theusers.Our proposalto augmentthe Quality of Service
(QoS)of geographicallydistributedWebsystemsis to usea
third-level dispatchingthroughwhich over-utilized servers
can immediatelyactivatea redirectionmechanism.Since
requestredirectionmay increaselatency time experienced
by the users,our secondgoal is to proposestrategies that
selectthemostsuitablesubsetof requeststo beredirected.

A quitedifferentsolutionto geographicaldistributionof
Webcontentis providedby companiesthatoffer globalde-
livery services,suchasAkamai andMirror Image. When
usingthis service,Web site administratorsdelegatethe re-
sponsibilityfor contentdistribution to theservicecompany
that owns a setof geographicallydispersedservers. They
constitutethe so-calledcontentdistribution networkcon-
tainingcopiesof theobjects.Thesystemis integratedwith
a mappingservicewhere the Web site DNS or the Web
siteserverswork in cooperationwith thecompany servers.
This mappingserviceaimsto redirectthe pagerequeststo
anearbycompany serverwith low-mediumutilization.

3. Server redirection strategies

We considera Web architecturedistributedover a wide
areathatdoesnot make convenientto usecentralizedload
redirectionpolicies [4]. Hence,we focus on totally dis-
tributed mechanismswhereredirectionis activatedby an
alarmmechanismthatchecksCPU-diskutilization of each
server node. Any overloadedserver startsto redirect re-
questswhen its load exceedsa thresholdload and ends
whentheloadreturnsbelow thethreshold.As aloadmetric,
weusetheserverutilizationevaluatedduringthelastobser-
vationperiod,referredto asthecheck-server-load interval.

Name Information

Selectionpolicies R-all none
R-size pagesize
R-num pagehit number

Locationpolicies RR none
Load Webclusterload
Prox network proximity

Table 1. Server redirection policies.

Oncethe server hasdecidedto activate the redirection
process,the selectionpolicy determineswhich requests
haveto beredirected.Weassumethatonly new requestsfor
entirepagesareeligiblefor redirection.Thestraightforward
solutionis to redirectevery requestreachinganoverloaded
server (i.e., redirect-allpolicy or R-all). We also investi-
gatehow it is possibleto limit requestredirection,because
it increasesthe network impact on responsetime and in-
curstransferoverheadon the servers. To this purpose,we
proposetwo schemesthat redirectheaviest requestsonly.
R-size redirectsrequestsfor Web pageslarger thana cer-
tainsize.Themotivationis thatWebworkload(file sizesor
dynamicrequests)follow a heavy-taileddistribution [11].
Hence,a very small fractionof the largestfiles determines
a large fraction of the load. We usethe averagesizeof a
staticWeb pageand its objectsas the default size thresh-
old for requestsof staticcontents,while we usethe mean
magnitudeof theprocessingcostfor dynamicWebpagere-
quests.As afurtherpolicy, R-num considersfor redirection
only thosepagesconsistingof a largenumberof embedded
objects(hits). We usetheaveragenumberof hits in a Web
pageasthedefault thresholdfor decidingaboutredirection.

Onceselectedtheloadto beredirected,the locationpol-
icy selectsthe Web clusterthat will receive the redirected
requests.We considerthreealternatives. ThestatelessRR
policy redirectstheselectedrequeststo all Webclustersin a
round-robinway. TheLoad policy usessomesystemload
information; it redirectsrequeststo the Web clusterwhich
hasthe lightestload,asobservedin thepastcheck-cluster-
load interval. TheProx policy usessomenetwork loadin-
formation;it redirectsrequeststo theWebclusterthatin the
pastcheck-network-loadinterval resultedbestconnectedto
theredirectingcluster. InformationaboutWebclusterload
anddynamicnetwork proximity is provided throughmes-
sagesexchangedby the Dispatchers.Table1 summarizes
theserverredirectionstrategiesweanalyze.Wewill denote
the redirectionalgorithmsby consideringselectionandlo-
cationpolicy. For example,R-size Prox is the algorithm
that usesthe size-basedselectionpolicy, and the network
proximity locationpolicy.



4. System and client model

We divide the Internetinto � geographicalregionslo-
catedin differentworld areas.Eachregion containsa Web
cluster, oneor moreDNS serversfor theWebsite(seeFig-
ure 1), andvariousclient domains. The popularityof the
domainsin eachregion is describedthrougha Zipf distri-
butionwith parameter�����
	 � thatcorrespondsto a highly
skewedfunction[11].

We definethefollowing time-dependentmodelto repre-
sentthevariability of traffic comingfrom Internetregions,
sothat themostpopularregion canchangeduringthesim-
ulationruns.Let ���������� bethepercentageof clientsbelong-
ing to region � at time � , where �������� ���������� �"! . Thispop-
ularity functionchangesdynamicallyasin Figure3aof [2].
To take into accountworld time zones,we assumethat the
timein region ���$#%!$�'&)(+*)� is shiftedof � � hoursforward
with respectto region � .

Client arrivals to theWebsystemfollow anexponential
distribution [14], wherethemeaninterarrival time is setto
0.05seconds,if not otherwisespecified.Eachclient is as-
signedto oneInternetregionwith probability �� � �,��� , andas-
signedto oneclientdomainin thatregionthroughthecorre-
spondingZipf distribution. Theperiodof visit of eachclient
to the Web site is calledsession. The workloadmodel in-
corporatesthemostrecentresultson Webcharacterization.
The high variability andself-similarnatureof Web access
load is modeledthroughheavy-taileddistributionssuchas
Pareto,lognormalandWeibull distributions[2, 11, 14].

Thenumberof consecutiveWebpagesauserwill request
fromtheWebsystem(pagerequestspersession)followsthe
inverseGaussiandistribution [11]. Theclient’s silent time
betweentheretrieval of two successiveWebpages,namely
the user think time, is modeledthrougha Paretodistribu-
tion [11]. Theself-similarityof Web traffic requestsis ex-
plainedwith thesuperimpositionsof heavy-tailedON-OFF
periods.Thenumberof objectsthatmake up a wholeWeb
page,including the baseHTML object and its in-line re-
ferredfiles,alsofollowsaParetodistribution [11]. Webfile
sizestypically show extremelyhigh variability in size.The
function that modelsthe distribution of the objectsizere-
questedto theWebsitevariesaccordingto theobjecttype.
For HTML objects,it is obtainedfrom ahybriddistribution,
wherethebodyfollows a lognormaldistribution,while the
tail isgivenbyaheavy-tailedParetodistribution[2, 11]. For
in-line objectsin a page,the size distribution is obtained
from the lognormalfunction [11]. Table2 shows the dis-
tributions,probabilitymassfunctionsandparameterranges
for theworkloadmodel.

In the simulationexperimentswe assumethat thereare� �.- regions. EachWeb clusterhas4 homogeneous
server nodesfor a total of 16 Web servers. Eachsimula-
tion run lastsfor 24 hours,andthe time differenceamong

theregionsis � � ��/ . Mostexperimentsarecarriedout for
a long-termsystemutilization kept around0.6-0.65of the
capacityof theentireWeb system.The time to serve each
client requestincludesall delaysat the Web cluster, such
asdispatchingtime,parsingtime,servicetime for thepage
requestandall embeddedobjectsor redirectiontime. If not
otherwisespecified,thecheck-server-loadinterval is setto 8
seconds,while check-cluster-loadandcheck-network-load
intervalsaresetto 16seconds.Thethresholdvalueof server
utilization that triggersthe redirectionmechanismis setto
0.75. No substantialchangesin resultswereobserved for
thresholdsequalto 0.80or 0.85.

5. Network model

The network model aims at providing a controllable
testbedwherethe transmissionbetweenWeb clustersand
clients hasa cost, but the network doesnot representthe
main bottleneck.This choiceis motivatedby the focusof
this paperon systemmanagementalgorithms. Moreover,
network serviceprovidersarecontinuouslyimproving net-
work infrastructureto accommodatehigherbandwidth.

The goal is to measurethe impactof redirectionon re-
sponsetime comparedto requestresponsetime of not redi-
rectedrequests.For this reason,we do not considerreal
Internetconnections,network hierarchies,andnarrow net-
work bandwidthin the lastmile. Themodelfor communi-
cation delaysis basedon the following assumptionsthat,
althoughsimplified and subjectto further improvements,
introducelessarbitrary choicesthan pseudo-realnetwork
hierarchiesandconnectionsthatcouldaffecta fair compar-
isonof theproposedalgorithms.

In themodel,wereferto theHTTP/1.1protocolthatuses
persistentconnectionsandpipeliningthatis, theconnection
is left openbetweenconsecutive objectstransmissionsor
at leastfor 15 secondsandthe browsercansendmultiple
requestswithout waiting for a response.From[7] we have
that the time to transmit 0 objectsbelongingto the same
pagebetweenregion � and1 is givenby243�5�6 7 �98;:<�����>=?#

7@A ��� �CB 5�D�E�FHG;I+J �>=K#LB 5MD�N�FHGOI+J =��P� (1)

where :<�����>= and
I+J �Q= arethe round-trip timeandtheavail-

ablebandwidthbetweenregion � and 1 , respectively; B 5MD�E
and B 5MD�N are the size of the client requestand server re-
sponsefor eachobject R , respectively. Equation1 denotes
that the time to transmitany messageover the Internetis
givenby thetime to establisha connectionplustheratioof
the messagesizedivided by the availablebandwidth. Let
usfirst discussthemessagesizeby distinguishingclient re-
questandserver response.

Although the traffic generatedby Web clients is only
about6-8%of theglobaltraffic (measuredin bytes)thatis,



Category Distribution PMF Range Parameters

Pagespersession InverseGaussian S TUWV$XZY\[^]\_a`>ba]Hcad>ee c e b fhg�i jlknmHo p$q , r knsHo t<q
Userthink time Pareto u4vHw fyx w xyz fh{ v u k}|~o t , v k}|
Objectsperpage Pareto u4v w f x w xyz fh{ v u k}|~o �at;� , v k��
HTML objectsize Lognormal zXa� UWV�� e [ ]�`�� �~ba]Hcad eeW� e fhg�i jlk��Oo q$m~i , � k}|$o i$iO|

Pareto u4v w f x w xyz fh{ v u k}| , v k}|Mi<��t$i
In-line objectsize Lognormal zX � UWV�� e [ ]�`�� �~ba]Hcad eeW� e fhg�i jlknpHo �O|Z� , � k}|$o t<q

Table 2. Workload model.

! G;� of thetraffic generatedby Webservers[13], it is impor-
tant to considerthe client messagecomponentbecauseof
overheadsof theHTTP redirectionmechanism.Thesizeof
a client requestB 5�D�E is exponentiallydistributedwith mean
equalto 358 bytesand typically fits a singlepacket. The
server responseconsistsof multiple files with varioussizes
following heavy-taileddistributionssuchasthosedescribed
in Section4.

The secondparameterin Equation1 is the available
bandwidth

I+J �Q= thatmeasuresthecommunicationdelaysbe-
tweentwo Internetregions.Weassumethatthesedelaysare
dueto astaticfactor(basicbandwidth) andadynamicfactor
(traffic). Thebasicbandwidth

JaJ �>= betweenregion � and 1
canbeassumeddeterministic.In particular, thebasicband-
width within a region andbetweenthis region andothers
is supposedto be large, medium-large, medium-narrowand
narrow. Thebandwidthvaluesreportedin Table3 aretaken
in [7, 13]. Wealsocarriedoutsomesensitivity analysis(not
shown dueto spacelimits) asa functionof thebasicband-
width. By halvingor doublingthebasicbandwidthamong
all Internetregions,we observed that this parameterdoes
notaffect themainconclusionsof this paper.

Bandwidthtype Basicbandwidth Round-triptime

Large 1.35Mbps [40, 70] msec
Medium-large 0.9Mbps [120,150] msec
Medium-narrow 0.7Mbps [180,210] msec
Narrow 0.4Mbps [270,300] msec

Table 3. Network model.

We assumea goodconnectioninsideeachregion (that
is,
JaJ ����� large),andthesamebandwidthin bothdirections

(that is,
J�J �Q=�� JaJ =�� ). To determinethebandwidthbetween

thefour regions,in thesimulationexperimentsweconsider
the following values:

JaJ ���l� large,
J�J ���l� medium-large,JaJ ����� JaJ ����� J�J ����� medium-narrow,
JaJ ����� narrow.

We modeltheInternettraffic asa randomparameterthat
reducesthe basicbandwidth. This parameterchangesdy-
namically to take into accounttime zonesand busy/quiet
hoursof eachregion. Let �y�Q=������ beavaluebetween0 and1
thatdenoteshow muchfractionof thebasicbandwidthcan

beusedby aconnectionbetweenregion � and1 . Therefore,
the availablebandwidthat time � is

I�J �Q=\�,�������y�Q=������ J�J �Q= .
Sincethetraffic dependson thenumberof clientsin there-
gions,we assumethat the fraction of bandwidthavailable
to aconnectionstartingfrom aregionandendingin another
one,is relatedto thepopularityof thetwo end-pointregions.
To modelthisassumption,wedefineadiscreterandomvari-
able � , thatrepresentstheconnectiontypeandcantakeone
of the following threevalues: �P� lucky connectionor light
network traffic, 0�� normalconnectionor mild network traf-
fic, �y� unlucky connectionor heavy network traffic.

Let �+�� ����� be the probability to have a connectionof
type ���L $�P�;¡�0��;¡��y�;¢ in region � , where ��£¥¤� �����¦#L� 7 ¤� �����¦#��§;¤� ����� �"! . Thedistributionof ���� ����� is relatedto thepopu-
larity of region � ; therefore,it is time-dependent.Let ���� �����
be the fraction of bandwidthfor a connectionof type �
startingfrom region � . We assumethat a connectioncan
experimenta fraction of bandwidthvarying in the inter-
val ¨��© , definedas ¨H£�¤© �«ª �
	Q¬H+¡�!\	 �O® , ¨ 7 ¤© �¯ª �°	Q+¡��°	>¬OH� ,¨\§;¤© �±ª �°	Q8+¡��°	QH� . Hence, ���� ����� is a randomvariableuni-
formly distributedin theinterval ¨��© , andis obtainedin the
following way: first, � is determinedby usingthedistribu-
tion for �+�� �,��� ; then, the value for ���� ����� is selectedran-
domly accordingto the � value. The fraction of band-
width for a connectionbetweenregion � and 1 is given by� �>= �����²�³�
	 O� �� �,���¦#´�°	Q;� �= ����� . This choicetakesinto ac-
countdifferentlevelsof popularitythatany Internetregion
may have at time � . For example,if a lot of requestswill
arrivefrom region � at time � , while region 1 hasalow num-
berof clients,thenthe traffic for a connectionbetweenre-
gion � and 1 will result low/mediumwith high probability.
On theotherhand,if both theregionsarehighly populated
at time � , then the connectionis unlucky with high prob-
ability. Moreover, this network model includesthe possi-
bility that a client connectedto the server througha large
basicbandwidthmayexperimentunlucky connectionsdue
to heavy traffic. Dually, aclient far from theservermayex-
perienceamediumbandwidththanksto alucky connection.
SincePaxsonpointsout thatInternetpathsareheavily dom-
inatedby a singleprevalentrouteandthatabouttwo-thirds
of the Internetpathshave routespersistingfor eitherdays



or weeks[10], we considerthe sameavailablebandwidth
valuefor theentireclient session.

The last parameterin Equation1 to be discussedis the
roundtrip time thatdenotesthetime necessaryto establish
theTCPconnectionbetweentheclientandtheserver inside
andbetweenInternetregions[7]. We setfour intervals of
round-tripdelays,onefor eachtypeof bandwidth,andwe
chooserandomlythe round-triptime in the corresponding
set.Theinterval valuesarereportedin Table3.

6. Experimental results

In this sectionwe considerthe objective of minimizing
the responsetime experiencedby usersthat accessa ge-
ographicallydistributedWeb site. We usethe cumulative
distribution of the page responsetime as the main perfor-
mancemetric,becausein ahighly variablesystemit is more
significant than averagevalues. The pageresponsetime
correspondsto theinterval elapsedbetweenthesubmission
of the client requestfor a givenpageandthe arrival at the
clientof all objectscorrespondingto thepagerequest.It in-
cludesTCPconnectiontime,delaysatWebserver, network
transmissiontime, andpossibleredirectionoverheads.To
verify whichproposedloadmanagementalgorithmguaran-
teesQuality of Service,we usealso the 90-percentile of
thepageresponsetime that is, thepageresponsetime limit
that the Web site guaranteeswith 0.9 probability [9]. An-
otherinterestingperformanceparameteris thepercentageof
redirectedrequestsbecausea furthergoalof thisstudyis to
proposeandcomparealgorithmsthatminimizethis value.

The simulator, basedon the IndependentReplication
Method, was implementedusing the CSIM18 package.
Eachvalueis theresultof tenor moresimulationruns(each
lasting24hours)with differentseeds.Thegoalwasthatfor
all simulationresultsthe 95% confidenceinterval resulted
to bewithin 5-6%of themean.

Figure 2 comparesthe cumulative distribution for the
DNS proximity assignmentwith thatof variousredirection
schemesbasedon thesimplestselectionpolicy (R-all) that
lets an overloadedWeb server to redirect all requeststo
a different Web cluster. This figure shows that even this
naive server redirectionapproachachievessubstantialper-
formanceimprovementwhencomparedto systemswhere
schedulingis doneby DNSesandWeb clusterdispatchers
only. All redirectionpoliciesguaranteethat the maximum
responsetime is below 20 secondswhile analogousperfor-
manceis guaranteedto only 80% of requestsassignedby
proximity-basedDNS algorithms.The90-percentileof the
bestredirectionpolicy is equalto 7 secondsthat is, about
the value that many studiesandsurveys considerthe ser-
vice level acceptableto most Web users. The analogous
servicelevel is guaranteedto lessthan70 percentof clients
of Websystemsbasedontwo-level schedulingmechanisms

(seeDNS curve). If we comparethethreelocationpolicies
(RR,Load,Prox),weobservethatthecircularreassignment
amongall Webclustersachievesbestperformance,thepol-
icy that reassignsrequeststo the leastloadedclusterper-
forms slightly worse,while the Prox locationpolicy redi-
rectingall requeststo theclosestWebclustershows signif-
icantly worseresults.Themotivationfor this resultsis that
whenwereassignall requests,it seemspreferableto spread
the load amongmultiple Web clustersthan concentrating
all redirectedloadto onecluster, evenif thereceivercluster
is the lowest loadedor the closest. We observed that typ-
ically a burst of redirectedrequestsimprovesperformance
on the sendercluster, but causesa temporaryoverloadon
the receiver clusterthat, on its turn, activatesthe redirec-
tion mechanism.The consequenceis that the Web system
remainsunstablefor longer periodswith tangibleconse-
quenceson responsetime.
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Figure 2. Cumulative distrib ution of page re-
sponse time for the R-all selection polic y.

We next considerselectionpoliciesthatlimit redirection
on the basisof the estimatedsize of the requestedpage
(R-size) or numberof hits (R-num). Due to spacelim-
its, we plot the resultsof the former policy only, even be-
causesimilar resultsareobtainedfor the latter algorithm.
Figure 3 shows that redirectingonly client requestshav-
ing a size larger than the averagepagesize improves for
smallresponsetimevaluestheperformanceachievedby the
naive selectionscheme.Now the relative performanceor-
derbetweenLoadandRR locationpoliciesis inverted,and
R-sizeProx performsmuch better than correspondingR-
all Prox. This confirmsthat redirectingonly a subsetof
requestsreducesinstability becausethe receiver clusteris
not overwhelmedby burstsof additionalrequests.Hence,
it becomesconvenientto considerfor redirectionthe least
loadedclusterinsteadof proximity or circularassignments.

In the following experimentswe comparethe perfor-
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Figure 3. Cumulative distrib ution of page re-
sponse time for the R-size selection polic y.

manceof variousselectionandlocationpoliciesby taking
into accountthe 90-percentileof the pageresponsetime
that is consideredthe most importantparameterto evalu-
ateQoSof a Web system[9]. In Figure4 the resultsare
groupedaccordingto theselectionpolicy; differentlocation
policiesareconsideredinsideeachgroup. We observe that
the Prox locationpolicy remainsthe worst solutionfor all
selectionpolicies. RR locationis fine to spreadevenly the
loadwhenall requestsarereassignedbyoverloadedservers,
but this effect is lessimportantwhenonly a subsetof re-
questsis reassigned.Whenredirectionis activatedonly on
the most resourceconsumingrequests,it seemsuseful to
usesomestateawarelocationpolicy to selectthemostap-
propriateWeb cluster. The Load locationpolicy performs
betterthanthestatelessRR for bothR-numandR-sizese-
lectionschemes.Finally, it is importantto observe that the
90-percentileof pageresponsetime for Websystemsbased
on two-levelsscheduling(that is, DNS proximity andWeb
clusterdispatching)is equalto 32 seconds.This is more
than six times the value achieved by the best redirection
policies.

Performanceshown in Figures2, 3 and4 areusefulfor
algorithmcomparisonandmustnot beconsideredasabso-
lute time values. The proposednetwork model is incom-
parableto thecomplexity of real Internet.In particular, we
believethatredirectionmayhaveanimpactonperformance
evengreaterthanthatshown in previousfigureswhenareal
geographicalenvironmentis considered.Consequently, the
reductionof redirectionsachievedby R-numandR-sizese-
lection policiesmay limit network impacton latency time
evenmorethanthatshown in Figure4. To this purpose,in
Figure5 we show theredirectionpercentagesfor theselec-
tion andlocationpoliciesconsideredin Figure4. We can
seethat thenaive selectionpolicy tendsto redirectcloseto
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Figure 4. 90-percentile of page response time
for various selection and location policies.
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20%of the requestsreachingthe Website,while the anal-
ogousmetricsis below 5% for R-numandR-sizeselection
policies. This differenceis consistentif we considerover-
headsthateachredirectioncausesonWebservers(e.g.,time
lost to openandcloseaTCPconnection)andnetwork (e.g.,
round-tripandnew TCPconnectiondelays).

To verify the robustnessof theresults,in the lastexper-
imentswe analyzethesensitivity of theselectionandloca-
tion strategiesto somesystemparameters.In Figure6 we
analyzethe90-percentileof theresponsetimeasa function
of the check-server-load interval for the bestselectionand
locationpolicies. As expected,performanceof all policies
tendsto improve for lower valuesof this interval. It is rea-
sonableto userelatively short periodssuchas8 seconds,
becauseserver load evaluationdoesnot necessarilyimply
thetriggerof theredirectionmechanism.

Figure 7 shows the 90-percentileof the pageresponse
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time when the long-term utilization of the Web system
variesfrom 0.5 to 0.75. All the policies that redirectre-
questsshow asimilarbehavior whentheloadincreases.Al-
thoughthe limit for guaranteedresponsetime doubles,in
theWebenvironmentsubjectto heavy-tailedarrivals,a0.75
sustainedutilization correspondsto a highly loadedsystem
that would requiremoreresources.The needof the third-
level redirectionmechanismis well motivatedby theresults
of a WebsiteusingDNS proximity algorithmonly: the90-
percentileof the pageresponsetime for 0.5, 0.6, and0.7
systemutilization is equalto 10,32and56seconds,respec-
tively. This shows that DNS only is not ableto guarantee
requestresponsetime even when the systemutilization is
subjectto little increases.

7. Conclusions

Highly popularWeb sitesrequirea distribution of con-
tent and servers over geographicalregions to avoid net-
work bottlenecks.Variousproposalsconsidera geograph-
ically distributed architecturewherethe DNS of the Web
siteevaluatenetwork proximity andrequestsreachtheclos-
estWeb cluster, wherea Dispatcherexecutessecond-level
scheduling. We demonstratethat servingclosestrequests
only may causeunbalancedserversandmay increasesys-
tem impact on responsetime, becausearrivals from each
Internetregion is highly variable,dependingonpopulation,
time zones,andday hour. To achieve a scalableandbal-
ancedWeb system,we integrateDNS proximity andDis-
patcherschedulingwith an HTTP redirectionmechanism
thatany Web server canactivateat its need.We show that
this third-level dispatching,whenintegratedwith somelim-
itation on requestredirection,is a powerful mechanismto
enhanceQoSof geographicallydistributedWebsites.
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