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Abstract

Usesrs of highly popular Web sitesmay experiencelong
delayswhenaccessingnformation. Upgradingcontentsite
infrastructue from a single nodeto a locally distributed
Web cluster composedby multiple server nodesprovides
a limited relief, becausehe clusterwide-area connectivity
maybecomehebottlenek. A bettersolutionis to distribute
Web clustess over the Internetby placing contentnodesin
strateggic locations. A geagraphically distributed architec-
ture whele the DomainNameSysten{DNS)serves evalu-
ate networkproximity and uses are servedfrom the clos-
estclusterreducesnetworkimpacton responsdime. On
theotherhand,servingclosestequest®nly maycauseun-
balancedserves and may increasesystemimpacton re-
sponsetime To achieve a scalableWeb system we pro-
poseto integrate DNS proximity schedulingwith an HTTP
requestedirectionmedanismthatanyWeb servercanac-
tivate We demonstatethroughsimulationexperimentghat
this further dispathing metanismaugmentghe percent-
age of requestwith guaranteedresponsdime, therebyen-
hancingthe Quality of Serviceof geagraphicallydistributed
Web sites. However, HTTP requestredirection shouldbe
usedselectivelypbecaus¢headditionalround-tripincreases
networkimpacton latencytime experiencedoy uses. As
a further contribution, this paper proposesand compaes
various medanismsto limit reassignmentsiith no nega-
tive consequenceasn load balancing

1. Introduction

The phenomenalgrowth of the Web is causingenor
mousstrainonusersnetwork serviceprovidersandcontent
providers. Geographicallydistributed Web systemsarethe
most scalablearchitecturego handlemillions of accesses
perday In this paper we considera Web site that usesa
single URL addresgo make the distributed natureof the
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servicetransparento the users. The systemarchitecture
consistsof various\Web clustes placedin stratagjic Inter-
netregions. EachWeb clusterconsistsof oneor moreDo-
main NameSystem(DNS) senersandreplicatedback-end
Web servermachine$ that are housedtogetherin a loca-
tion of an Internetregion. Figure 1 shovs an exampleof
distributed Web site consistingof four Web clusters,each
of themwith multiple Web senernodeg(WS) thatarecon-
nectedvia a fastlocal network. Web clustersaretypically
interconnectedia a high speedbackboneto facilitate co-
operatiorandinformationexchangesamongthecenters.To
controlthetotality of therequestseachingheclusterandto
maskthe servicedistribution amongmultiple seners,each
Web clusterprovidesa singlevirtual IP addresghatcorre-
spondsto the addresf a front-endsener. Independently
of themechanisnhata Web clusterusesto routetheinter-
nalload(seg[12] for anoverview), wereferto thisfront-end
nodeastheDispatder. TheDispatcheactsasacentralized
schedulethatrecevesthe totality of requestseachingthe
Web clusterandroutesthemamongthe back-endsenersin
aclienttransparenmanner In a geographicallydistributed
Web system the decisionon client requestassignmentan
betakenat variousnetwork levels. A surwey ondistributed
Webarchitectureganbefoundin [3].

The DNS senersof the Web site executethe first-level
assignmentlt actson the addresdookup phaseof a client
requestthat looks for an IP addresscorrespondingo the
URL hostnamefield. We assumethat in a geographical
contet, it is appropriateto usean enhancedNS sener
that implementsome proximity algorithm to reply to the
nameresolutionrequestThroughthismechanismtheDNS
will reply with high probability with the IP addressf the
Web clusterDispatcherclosestto the client. DNS address
cachingmechanisms&ugmentthis probability becausen-
termediatenameseners of eachinternetregion will tend
to getthe resolutionof the closestcluster The conceptof
Internetproximity is still anopenissuethatwill not be ad-
dressedn this paper however mary proposalsxist for es-

1We considersystemswith homogeneousVeb clusters,where ary
sener nodeowns or canaccess replicatedcopy of the site content.
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Figure 1. Architecture of the geographicall y distrib uted Web site .

timating static (e.g., network hops)or dynamicdistances
(e.g.,network traffic) [5].

After the lookup phase the pagerequestarrives at the
Dispatcherof a Web clusterthat executesthe second-lgel
assignmenamongthe sener nodes.Dispatchemlgorithms
areout of the scopeof this paperbecauseve canassume
thatthe Dispatcheiis ableto keeptheloadbalancecamong
thesenersof a Webcluster[8, 12].

The DNS assignmenis a very coarsegrain distribu-
tion of the load amongthe Web clusters,becausgroxim-
ity doesnot take into accountheary load fluctuationsof
Web workloadthat areamplified by the geographicaton-
text. Requestsarrive in bursts, clients connectedto the
Web site are not uniformly distributed amongthe Internet
domains,world time zonesare anothercauseof heteroge-
neoussourcearrivals. To addresgheseissueswe propose
a distributed architecturethat integratesDNS dispatching
amongthe Web clusterswith a third-level (re)assignment
that can be activatedby ary Web sener thatis in critical
loadcondition. Theredirectionmechanisnis donethrough
the HTTP protocolthat allows a Web sener to redirecta
requesty specifyingthe appropriatestatuscodein there-
sponséeaderandindicatingthealternatve IP addresérom
whichtheclient canobtaintherequestediocumentl, 4].

Through the redirection mechanism,an over-utilized
sener cangetimmediatelyrid of a fraction of the requests
previously assignedy the DNS andthe Dispatcher Since
this dispatchingactson individual requestf Web pages,
it canachieve a fine grain control level. However, HTTP
senerredirectionshouldbeusedselectvely becausé adds

around-triplateng to every re-assignegbagerequest.The
usersmay perceve or notanincreasean theresponsdime,

dependingon the load of the first contactedsener. Hence,
the secondobjective of this paperis to investigatevhether
it is possibleto limit requestredirectionwithout affecting
systemload balancing. To this purpose,we proposeand
comparevariousmechanismgo limit requestredirection.
Thegoalis to guarante¢hatnetwork overheadslueto redi-

rectionhave animpacton userlateng time inferior to the
systenmoverheadlueto anoverloadedVebsener. We shov

thatstratgiesthatlimit redirectionto heaviestrequestxan
reducesubstantiallythe amountof redirectionsanddo not

degradeWeb clusterload balancing. The studyis carried
outthrougha simulationmodelof the Web systemandnet-
work infrastructures. The systemmodel detailsall char

acteristicsof Web client/sener interactionswhile the net-
work modelis an approximatelnternetvision that should
provide a fair testbedto compareperformanceof different
algorithmsfor geographidoadbalancing.

Thepaperis organizedasfollows. Section2 analyzese-
latedwork. Section3 presentsrariouspoliciesfor request
redirectionby the Web senersandfor limiting the percent-
ageof redirectedequestsSectiord and5 describehesys-
tem andnetwork model, respectiely. Section6 discusses
experimentaresults.Section7 concludeshe paper

2. Related work

A considerablenumber of academicand commercial
proposalgegardingWeb architecturesvith multiple nodes



have focusedon how to sharethe loadevenly, especiallyin
locally distributedWeb systemg3, 12].

Two-level dispatchingschemeswhere client requests
areinitially assignedy theDNS, andeachWebsener may
redirectarequesto ary othersener of the systemthrough
the HTTP redirectionmechanismhave beenproposedor
locally distributed Web systemsin [1, 4]. Otherrequest
redirectionstratgiesthatusethebuilt-in HTTP mechanism
have beenproposedor geographicallyistributedWebsys-
tems. For example,Ciscos DistributedDirector{6] usesa
centralizedsingle-level dispatchingscheme:eachrequest
reaches dispatchethatdirectsit to the Web sener thatis
closestto the client. Most of the proposedyeographically
distributed Web systemsplace one or more Web clusters
in differentInternetregions,for exampleF5 Networks and
Resonategroducts. The first-level assignmenamongthe
Web clustersis typically carriedout by the Web site DNS
thatimplementsomeproximity basedlispatchingstrateyy.

The originality of this paperis twofold. We consider
not only sharingthe load, but also minimizing the impact
of WAN network delayson responsdimes perceved by
the users.Our proposatlto augmenthe Quality of Service
(QoS)of geographicallydistributedWeb systemss to usea
third-level dispatchingthroughwhich over-utilized seners
canimmediatelyactivate a redirectionmechanism. Since
requestredirectionmay increasdatengy time experienced
by the users,our secondgoal is to proposestratgiesthat
selectthe mostsuitablesubsebf requestdo beredirected.

A quitedifferentsolutionto geographicatlistribution of
Web contentis providedby companieghatoffer globalde-
livery servicessuchas Akamai and Mirror Image. When
usingthis service,Web site administratorsielegatethe re-
sponsibilityfor contentdistribution to the servicecompairy
that owns a setof geographicallydispersedseners. They
constitutethe so-calledcontentdistribution network con-
taining copiesof the objects.The systemis integratedwith
a mappingservicewhere the Web site DNS or the Web
site senerswork in cooperatiorwith the compaly seners.
This mappingserviceaimsto redirectthe pagerequestgo
anearbycompaty senerwith low-mediumutilization.

3. Server redirection strategies

We considera Web architecturedistributed over a wide
areathat doesnot make corvenientto usecentralizedoad
redirectionpolicies [4]. Hence,we focus on totally dis-
tributed mechanismsvhereredirectionis activatedby an
alarmmechanisnthat checksCPU-diskutilization of each
sener node. Any overloadedsener startsto redirectre-
guestswhen its load exceedsa thresholdload and ends
whentheloadreturnsbelow thethreshold As aloadmetric,
we usethesener utilization evaluatedduringthelastobser
vationperiod,referredto asthe chek-serverloadinterval.

| | 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 sener hasdecidedto activate the redirection
process,the selectionpolicy determineswhich requests
haveto beredirected We assumeéhatonly new requestgor
entirepagesareeligiblefor redirection. Thestraightforward
solutionis to redirectevery requesteachinganoverloaded
sener (i.e., redirect-allpolicy or R-all). We alsoinvesti-
gatehow it is possibleto limit requestedirection,because
it increaseghe network impact on responsdime and in-
curstransferoverheadon the seners. To this purposewe
proposetwo schemeghat redirectheaviest requestonly.
R-size redirectsrequestdor Web pageslarger thana cer
tain size. The motivationis thatWebworkload(file sizesor
dynamicrequests¥ollow a heavy-taileddistribution [11].
Hence,a very smallfraction of the largestfiles determines
a large fraction of the load. We usethe averagesize of a
static Web pageandits objectsasthe default size thresh-
old for requestof static contents while we usethe mean
magnitudeof theprocessingostfor dynamicWebpagere-
qguestsAs afurtherpolicy, R-num considerdor redirection
only thosepagesconsistingof alargenumberof embedded
objects(hits). We usethe averagenumberof hits in a Web
pageasthedefaultthresholdfor decidingaboutredirection.

Onceselectedheloadto beredirectedthelocationpol-
icy selectsthe Web clusterthat will receve the redirected
requests We considerthreealternatves. The statelesfRR
policy redirectgheselectedequestso all Webclustersn a
round-robinway. The L oad policy usessomesystemload
information; it redirectsrequestgo the Web clusterwhich
hasthe lightestload, asobsenedin the pastched-cluster
load interval. The Prox policy usessomenetwork loadin-
formation;it redirectsequestso theWebclusterthatin the
pastched-network-loadntenal resultedbestconnectedo
theredirectingcluster InformationaboutWeb clusterload
anddynamicnetwork proximity is provided throughmes-
sagesexchangedby the Dispatchers.Table 1 summarizes
thesenerredirectionstrat@ieswe analyze We will denote
the redirectionalgorithmsby consideringselectionandlo-
cation policy. For example,R-size Prox is the algorithm
that usesthe size-basedelectionpolicy, and the network
proximity locationpolicy.



4. System and client model

We divide the Internetinto K geographicategionslo-
catedin differentworld areas.Eachregion containsa Web
cluster oneor moreDNS senersfor the Web site (seeFig-
ure 1), andvariousclient domains The popularity of the
domainsin eachregion is describedhrougha Zipf distri-
bution with parametery = 0.8 thatcorrespondso a highly
skewedfunction[11].

We definethefollowing time-dependenmnodelto repre-
sentthe variability of traffic comingfrom Internetregions,
sothatthe mostpopularregion canchangeduring the sim-
ulationruns.Let cp;(t) bethepercentagef clientsbelong-
ing to region attimet, wherezfi1 cpi(t) = 1. This pop-
ularity functionchangeslynamicallyasin Figure3aof [2].
To take into accountworld time zoneswe assumeahatthe
timein region (i+1) mod K is shiftedof ¢ x hoursforward
with respecto regioni.

Client arrivalsto the Web systemfollow an exponential
distribution [14], wherethe meaninterarrival time is setto
0.05secondsif not otherwisespecified.Eachclientis as-
signedo onelnternetregionwith probabilitycp; (t), andas-
signedto oneclientdomainin thatregionthroughthecorre-
spondingZipf distribution. Theperiodof visit of eachclient
to the Web site is called session The workload modelin-
corporateghe mostrecentresultson Web characterization.
The high variability and self-similar natureof Web access
load is modeledthroughheary-tailed distributions suchas
Pareto,lognormalandWeihull distributions[2, 11, 14].

Thenumberof consecutie Webpagesausemwill request
fromtheWebsystem(pagerequestpersessionjollowsthe
inverseGaussiardistribution [11]. Theclient’s silenttime
betweertheretrieval of two successie Web pagesnamely
the userthink time, is modeledthrougha Paretodistribu-
tion [11]. The self-similarity of Webtraffic requestds ex-
plainedwith the superimpositionef heary-tailed ON-OFF
periods.The numberof objectsthatmake up a whole Web
page,including the baseHTML objectandits in-line re-
ferredfiles, alsofollows a Paretodistribution [11]. Webfile
sizestypically shov extremelyhigh variability in size. The
function that modelsthe distribution of the objectsizere-
guestedo the Webssite variesaccordingto the objecttype.
For HTML objects,t is obtainedrom ahybrid distribution,
wherethe body follows a lognormaldistribution, while the
tail is givenby aheavy-tailedParetodistribution[2, 11]. For
in-line objectsin a page,the size distribution is obtained
from the lognormalfunction [11]. Table 2 shaows the dis-
tributions,probability massfunctionsandparameteranges
for theworkloadmodel.

In the simulationexperimentswe assumehat thereare
K = 4 regions. EachWeb clusterhas4 homogeneous
sener nodesfor a total of 16 Web seners. Eachsimula-
tion run lastsfor 24 hours,andthe time differenceamong

theregionsis tx = 6. Mostexperimentsarecarriedout for
a long-termsystemutilization kept around0.6-0.650f the
capacityof the entire Web system.The time to sene each
client requestincludesall delaysat the Web cluster such
asdispatchingime, parsingtime, servicetime for the page
requestaindall embeddedbjectsor redirectiontime. If not
otherwisespecifiedthecheck-serer-loadinterval is setto 8
secondswhile check-clustetoad and check-netwrk-load
intervalsaresetto 16 secondsThethresholdvalueof sener
utilization thattriggersthe redirectionmechanisnis setto
0.75. No substantiathangesn resultswere obsened for
thresholdsqualto 0.800r 0.85.

5. Networ k model

The network model aims at providing a controllable
testbedwherethe transmissiorbetweenWeb clustersand
clientshasa cost, but the network doesnot representhe
main bottleneck. This choiceis motivatedby the focus of
this paperon systemmanagemenalgorithms. Moreover,
network serviceprovidersare continuouslyimproving net-
work infrastructurgo accommodat@igherbandwidth.

The goalis to measurahe impactof redirectionon re-
sponsdime comparedo requestresponseime of not redi-
rectedrequests. For this reason,we do not considerreal
Internetconnectionspetwork hierarchiesandnarrov net-
work bandwidthin the lastmile. The modelfor communi-
cation delaysis basedon the following assumptionghat,
althoughsimplified and subjectto further improvements,
introducelessarbitrary choicesthan pseudo-reahetwork
hierarchiesandconnectionghatcouldaffectafair compar
isonof the proposedalgorithms.

In themodel,wereferto theHTTP/1.1protocolthatuses
persistentonnectionsindpipeliningthatis, theconnection
is left openbetweenconsecutie objectstransmissionor
at leastfor 15 secondsandthe browsercansendmultiple
requestsvithout waiting for aresponseFrom[7] we have
that the time to transmitn objectsbelongingto the same
pagebetweerregions andj is givenby

Ttr,n = 2Tttz'j + Z(Sreqk /abij + Sres;c /abji) (1)
k=1
wherertt;; andab;; aretheround-triptime andthe avail-
able bandwidthbetweerregion s andj, respectiely; S;.,
and S,..; arethe size of the client requestand sener re-
sponsdor eachobjectk, respectiely. Equationl denotes
that the time to transmitary message@ver the Internetis
givenby thetime to establisha connectiorplustheratio of
the messagssize divided by the available bandwidth. Let
usfirst discusgshe messagsizeby distinguishingclientre-
guestandsenerresponse.
Although the traffic generatedby Web clients is only
about6-8% of the globaltraffic (measuredn bytes)thatis,



| Category | Distribution | PMF | Rang | Parametes |

—A(z—p)Z

Pagespersession | InverseGaussian| {/;2ze  2+%= x>0 | p=3.86\=9.46

Userthink time Pareto ak®go ! 2>k |a=14k=1

Objectsperpage | Pareto ak®g=e"1 z>k | a=1245k=2
—(lnz—p)2

HTML objectsize | Lognormal N;r?e 207 z>0 | p=17.630,0=1.001

Pareto ak®z— ! t>k | a=1,k=10240

—(lnz—p)2

In-line objectsize | Lognormal ﬁe 207 x>0 | p=28.2150=1.46

Table 2. Workload model.

1/9 of thetraffic generatedby Webseners[13], it isimpor-
tantto considerthe client messageomponentecausenf
overhead®f the HTTP redirectionmechanismThesizeof
aclientrequestsS,., is exponentiallydistributedwith mean
equalto 358 bytesandtypically fits a single paclet. The
sener responseonsistf multiple files with varioussizes
following heavy-taileddistributionssuchasthosedescribed
in Sectiord.

The secondparameterin Equationl is the available
bandwidthab;; thatmeasurethecommunicatiordelaysbe-
tweentwo Internetregions.We assumehatthesedelaysare
dueto astaticfactor(basichandwidtl) andadynamicfactor
(traffic). The basicbandwidthbb;; betweerregion: andy
canbeassumedleterministic.In particular the basicband-
width within a region and betweenthis region and others
is supposedo belarge, medium-lage, medium-narowand
narrow. Thebandwidthvaluesreportedn Table3 aretaken
in[7, 13]. Wealsocarriedoutsomesensitvity analysignot
shavn dueto spacdimits) asa function of the basicband-
width. By halvingor doublingthe basichandwidthamong
all Internetregions, we obsened that this parametedoes
notaffectthe mainconclusionf this paper

| Bandwidthtype [ Basichandwidth| Round-triptime ]

Large 1.35Mbps [40,70] msec

Medium-lage 0.9Mbps [120,150]msec
Medium-narrev | 0.7 Mbps [180,210] msec
Narrov 0.4Mbps [270,300]msec

Table 3. Network model.

We assumea good connectioninside eachregion (that
is, bb;; = large),andthe samebandwidthin bothdirections
(thatis, bb;; = bbj;). To determinethe bandwidthbetween
thefour regions,in the simulationexperimentsve consider
thefollowing values:bb,» = large,bb;3 = medium-lage,
bbaz = bb1s = bbay = medium-narrav, bb34 = narrow.

We modelthe Internettraffic asarandomparametethat
reduceghe basicbandwidth. This parametechangedy-
namically to take into accounttime zonesand busy/quiet
hoursof eachregion. Let 7;; (t) beavaluebetweerD and1
thatdenoteshow muchfraction of the basicbandwidthcan

beusedby aconnectiorbetweerregions andj. Therefore,
the available bandwidthat time ¢ is ab;;(t) = m;;(t)bb;;.

Sincethetraffic dependonthe numberof clientsin there-

gions, we assumehat the fraction of bandwidthavailable
to aconnectiorstartingfrom aregion andendingin another
one,isrelatedo thepopularityof thetwo end-pointregions.
To modelthisassumptionywe defineadiscreteandomvari-

ableZ, thatrepresenttheconnectiortypeandcantake one
of the following threevalues:Ic lucky connectionor light

network traffic, nc normalconnectioror mild network traf-

fic, uc unlucky connectioror heavy network traffic.

Let pZ(t) be the probability to have a connectionof
type Z € {lc,nc,uc} in regioni, wherep!(t) + pie(t) +
p¥e(t) = 1. Thedistribution of pZ (t) is relatedto the popu-
larity of region; thereforeijt is time-dependent_et = Z (t)
be the fraction of bandwidthfor a connectionof type Z
startingfrom region ¢. We assumethat a connectioncan
experimenta fraction of bandwidthvarying in the inter-
val I7, definedas I}* = [0.75,1.0], I = [0.5,0.75),
Iy = [0.2,0.5). Hence,rZ(t) is arandomvariableuni-
formly distributedin theinterval IZ, andis obtainedin the
following way: first, Z is determinedy usingthe distribu-
tion for pZ(t); then, the value for 7Z(t) is selectedran-
domly accordingto the Z value. The fraction of band-
width for a connectionbetweenregion ¢ andj is given by
mij(t) = 0.5 (t) + 0.57 (t). This choicetakesinto ac-
countdifferentlevels of popularitythatany Internetregion
may have attime ¢t. For example,if alot of requestswill
arrivefromregions attimet, while region 5 hasalow num-
ber of clients,thenthe traffic for a connectiorbetweerre-
gioni andj will resultlow/mediumwith high probability.
Ontheotherhand,if boththeregionsarehighly populated
at time ¢, thenthe connectionis unlucky with high prob-
ability. Moreover, this network modelincludesthe possi-
bility thata client connectedo the sener througha large
basicbandwidthmay experimentunlucky connectionsiue
to heavy traffic. Dually, aclientfar from the sener may ex-
perienceamediumbandwidththanksto alucky connection.
SincePaxsonpointsoutthatinternetpathsareheavily dom-
inatedby a singleprevalentrouteandthatabouttwo-thirds
of the Internetpathshave routespersistingfor eitherdays



or weeks[10], we considerthe sameavailable bandwidth
valuefor the entireclient session.

The last parametein Equationl to be discusseds the
roundtrip timethatdenotegshetime necessaryo establish
the TCPconnectiorbetweertheclientandthesenerinside
andbetweeninternetregions[7]. We setfour intervals of
round-tripdelays,onefor eachtype of bandwidth,andwe
chooserandomlythe round-triptime in the corresponding
set. Theinterval valuesarereportedn Table3.

6. Experimental results

In this sectionwe considerthe objective of minimizing
the responsdime experiencedby usersthat accessa ge-
ographicallydistributed Web site. We usethe cumulatve
distribution of the page responsdime asthe main perfor-
mancemetric,becausén ahighly variablesystemit is more
significantthan averagevalues. The pageresponsgime
correspondso theinterval elapsedetweerthe submission
of the client requestfor a givenpageandthe arrival at the
clientof all objectscorrespondingo the pagerequestlt in-
cludesTCP connectiortime, delaysat Web sener, network
transmissiortime, and possibleredirectionoverheads.To
verify which proposedoad managemendlgorithmguaran-
teesQuality of Service,we usealso the 90-pecentile of
the pageresponsdime thatis, the pageresponséaime limit
that the Web site guaranteesvith 0.9 probability [9]. An-
otherinterestingperformancearameteis thepercentage of
redirectedrequestbecausea furthergoal of this studyis to
proposeandcomparealgorithmsthatminimizethis value.

The simulator basedon the IndependentReplication
Method, was implementedusing the CSIM18 package.
Eachvalueis theresultof tenor moresimulationruns(each
lasting24 hours)with differentseedsThegoalwasthatfor
all simulationresultsthe 95% confidencenterval resulted
to bewithin 5-6% of themean.

Figure 2 comparesthe cumulative distribution for the
DNS proximity assignmentith thatof variousredirection
schemedbasedon the simplestselectionpolicy (R-all) that
lets an overloadedWeb sener to redirectall requeststo
a differentWeb cluster This figure shavs that even this
naive sener redirectionapproachachiezessubstantiaper
formanceimprovementwhen comparedo systemswhere
schedulings doneby DNSesandWeb clusterdispatchers
only. All redirectionpoliciesguaranteghatthe maximum
responséime is below 20 secondsvhile analogougerfor
manceis guaranteedo only 80% of requestsassignediy
proximity-baseddNS algorithms.The 90-percentileof the
bestredirectionpolicy is equalto 7 secondghatis, about
the value that mary studiesand surweys considerthe ser
vice level acceptabldo most Web users. The analogous
servicelevel is guaranteedo lessthan70 percentof clients
of Websystemsasedn two-level schedulingnechanisms

(seeDNS curwe). If we comparehethreelocationpolicies
(RR,Load,Prox),we obsenethatthecircularreassignment
amongall Web clustersachiezesbestperformancethe pol-
icy that reassigngequestdo the leastloadedclusterper
forms slightly worse, while the Prox location policy redi-
rectingall requestdo the closestWeb clustershaws signif-
icantly worseresults. The motivationfor this resultsis that
whenwe reassigrall requestsit seemsgpreferableo spread
the load amongmultiple Web clustersthan concentrating
all redirectedoadto onecluster evenif therecever cluster
is the lowestloadedor the closest. We obsened that typ-
ically a burstof redirectedrequestsmprovesperformance
on the sendercluster but causesa temporaryoverloadon
the recever clusterthat, on its turn, activatesthe redirec-
tion mechanism.The consequencés thatthe Web system
remainsunstablefor longer periodswith tangible conse-
guence®nresponsgime.

1 K
(o 2 K 56
PO A I 558
0.9 - KB BT e ®
IR @
08 4 XA &
c XA o7
8 _ WU
g 07 X" &
2 K &
o 0.6 1 s
2 i
g 054 X7
8 &
s 044 ;
g ;
3 0341 DNS
; R-all_RR -
0.2 H; R-all_Load ---4--
b R-all_Prox —<—
0.1 4
0 T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20
Page response time [sec.]

Figure 2. Cumulative distrib ution of page re-
sponse time for the R-all selection policy.

We next considerselectionpoliciesthatlimit redirection
on the basisof the estimatedsize of the requestedrage
(R-size) or numberof hits (R-num). Due to spacelim-
its, we plot the resultsof the former policy only, even be-
causesimilar resultsare obtainedfor the latter algorithm.
Figure 3 shows that redirectingonly client requestshav-
ing a size larger than the averagepagesize improves for
smallresponsd¢ime valuestheperformancechierzedby the
naive selectionscheme.Now the relative performanceor-
derbetween_oadandRR locationpoliciesis inverted,and
R-size Prox performsmuch betterthan correspondingR-
all_Prox. This confirmsthat redirectingonly a subsetof
requestgeducesnstability becausehe recever clusteris
not overwhelmedby burstsof additionalrequests.Hence,
it becomegorvenientto 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 policy.

manceof variousselectionandlocationpoliciesby taking
into accountthe 90-percentileof the pageresponsdime
thatis consideredhe mostimportantparameteto evalu-
ate QoS of a Web system[9]. In Figure 4 the resultsare
groupedaccordingo theselectiorpolicy; differentlocation
policiesareconsiderednsideeachgroup. We obsene that
the Prox locationpolicy remainsthe worst solutionfor all
selectionpolicies. RR locationis fine to spreadevenly the
loadwhenall requestarereassignethy overloadedseners,
but this effect is lessimportantwhen only a subsetof re-
guestds reassignedWhenredirectionis activatedonly on
the mostresourceconsumingrequestsjt seemsuseful to
usesomestateawarelocationpolicy to selectthe mostap-
propriateWeb cluster The Load locationpolicy performs
betterthanthe stateles®kR for both R-numandR-sizese-
lectionschemeskFinally, it is importantto obsere thatthe
90-percentileof pageresponsdime for Web systemsased
on two-levels scheduling(thatis, DNS proximity andWeb
clusterdispatching)is equalto 32 seconds. This is more
than six times the value achieved by the bestredirection
policies.

Performanceshavn in Figures2, 3 and4 areusefulfor
algorithmcomparisorandmustnot be considerecasabso-
lute time values. The proposednetwork modelis incom-
parableto the complexity of realInternet.In particular we
believe thatredirectionmayhave animpacton performance
evengreatetthanthatshownin previousfigureswhenareal
geographicaénvironmentis consideredConsequentlythe
reductionof redirectionsachiezedby R-numandR-sizese-
lection policies may limit network impacton lateng time
evenmorethanthatshavn in Figure4. To this purposejn
Figure5 we show theredirectionpercentagefor the selec-
tion andlocationpolicies consideredn Figure4. We can
seethatthe naive selectionpolicy tendsto redirectcloseto
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Figure 4. 90-percentile of page response time
for various selection and location policies.

0.25

0.2

0.15

0.1

Redirection percentage

0.05

I
|
I
I
|
I
|
I
|
|
I
|
I
|
|
I
|
I
|
|
I
|
I
1
R-all R-num R-size

Figure 5. Redirection percentage for various
selection and location policies.

20% of the requestgeachingthe Web site, while the anal-
ogousmetricsis below 5% for R-numandR-sizeselection
policies. This differenceis consistenif we considerover-
headghateachredirectioncause®nWebseners(e.g. time
lostto openandclosea TCP connectionandnetwork (e.g.,
round-tripandnew TCP connectiordelays).

To verify therobustnes®f theresults,in the lastexper
imentswe analyzethe sensitvity of the selectionandloca-
tion strat@jiesto somesystemparametersin Figure6 we
analyzethe 90-percentileof theresponseime asafunction
of the check-serer-loadinterval for the bestselectionand
locationpolicies. As expected performanceof all policies
tendsto improve for lower valuesof this interval. It is rea-
sonableto userelatively short periodssuchas 8 seconds,
becausesener load evaluationdoesnot necessarilymply
thetriggerof theredirectionmechanism.

Figure 7 shows the 90-percentileof the pageresponse
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Figure 7. Sensitivity to the long-term system
utilization.

time when the long-term utilization of the Web system
variesfrom 0.5to 0.75. All the policiesthat redirectre-
guestsshaw asimilar behaiior whentheloadincreasesAl-
thoughthe limit for guaranteedesponsdime doubles,in
theWebervironmentsubjecto heary-tailedarrivals,a0.75
sustaineditilization correspondso a highly loadedsystem
thatwould requiremoreresources.The needof the third-
level redirectionmechanisnis well motivatedby theresults
of aWeb siteusingDNS proximity algorithmonly: the 90-
percentileof the pageresponsdime for 0.5, 0.6, and 0.7
systemutilizationis equalto 10,32 and56 secondstespec-
tively. This shavs that DNS only is not ableto guarantee
requestresponsdime even whenthe systemutilization is
subjectto little increases.

7. Conclusions

Highly popularWeb sitesrequirea distribution of con-
tent and seners over geographicalregions to avoid net-
work bottlenecks.Variousproposalsconsidera geograph-
ically distributed architecturewherethe DNS of the Web
siteevaluatenetwork proximity andrequestseachtheclos-
estWeb cluster wherea Dispatcherexecutessecond-lgel
scheduling. We demonstratehat servingclosestrequests
only may causeunbalancedsenersand may increasesys-
tem impact on responsdime, becausearrivals from each
Internetregionis highly variable dependingon population,
time zones,andday hour. To achieve a scalableand bal-
ancedWeb system,we integrate DNS proximity and Dis-
patcherschedulingwith an HTTP redirectionmechanism
thatany Web sener canactvateat its need. We shov that
thisthird-level dispatchingwhenintegratedwith somelim-
itation on requestredirection,is a powerful mechanismnto
enhanceoSof geographicallydistributedWebssites.
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