Cooperatre CachingMiddlewarefor ClusterBasedSeners

FranciscdVlatiasCuenca-AcunandThu D. Nguyen
{mcuencatdnguyen}@cs.ruigys.edu

Departmenbf ComputerScienceRutgersuUniversity
110FrelinghuyserRd, Piscatavay, NJ 08854

Abstract

We considerthe useof cooperatie cachingto managehe memoriesof clusterbasedseners. Over the lastsev-
eralyears,a numberof researcherhave proposedocality-consciousenersthatimplementcontent-avare request
distribution to addresghis problem([2, 17, 4, 5, 6]. During this development,it hasbecomecorventionalwisdom
thatcooperatie cachingcannotmatchthe performancef theseseners[17]. Unfortunatelywhile locality-conscious
senersprovide very high performancetheir requestdistribution algorithmsaretypically boundto specificapplica-
tions. Theadwantageof building distributedsenersontop of ablock-baseaooperatre cachingayeris thegenerality
of suchalayer;it canbe usedasa building block for diverseservicesrangingfrom file systemdo webseners.

In this paper we reexaminethe questionof whethera sener built on top of a genericblock-basedcooperatre
cachingalgorithmcanperformcompetitvely with locality-consciouseners. Specifically we comparethe perfor
manceof a cooperatie caching-basedebsener against.2S, a highly optimizedlocality-consciousener. Our re-
sultsshav thatby modifying thereplacemenalgorithmof traditionalcooperatie cachingalgorithms we canachieve
muchof the performancerovidedby locality-consciouseners. Our modificationincreasesetwork communication
to reducedisk accesses reasonablérade-of consideringhe currenttrendof relative performanceéoetween_.ANs
anddisks.

1 Intr oduction

We considerthe useof cooperatie cachingto managehe memoriesof clusterbasedseners. Over the last several

years the numberof Internetusershasincreasedaapidly, necessitatinghe constructiorof giant-scalelnternetseners

[8]. To achievethenecessargcaleandperformanceserviceprovidershave no choicebut to uselarge multiprocessor
systemar clusters.While clusterspromisebetterscalabilityandperformancers. cost[8], their distributedmemory

architectureoften makesbuilding scalableserviceanoredifficult. In particular if the memoriesof individual nodes
areusedasindependentachef disk contentsenersperformwell only whentheirworking setsfit into thememory

of asinglenode limiting systemscalability[17, 5].

To addresghis problem,a numberof researcherbave proposedocality-consciousenersthatimplementcontent-
awarerequestistribution [2, 17, 4, 5, 6]; thatis, thesesenersuseinformationaboutthe contentbeingrequestedand
theload at eachnodein the clusterto choosewhich nodeshouldsene a particularrequest.This allows the sener to
explicitly managenodememoriesasanaggregyatewholeratherthanindependentaches.n this paperwe proposea
differentapproachtheuseof agenerig(but potentiallyconfigurablelooperatie cachingmiddlevarelayerto manage
thememorief clusterbasedseners.

The adwantageof usinga genericmiddlewvarelayer (or library) liesin its generality:it shouldbe usableasa building
block for diversedistributed services reducingthe effort necessaryo designand implementclusterbasedseners.
On the otherhand,the disadantageis thatits generalitymay hurt performance For example,our middlevarelayer
implementsa block-basedooperatie cachingprotocolto maximizegenerality Handlingblocks may beinefficient,
however, for senersthatalwaysuseentirefiles suchaswebseners.

While we believe thatit is worthwhileto tradesomeperformancdor easeof designandimplementationthe question
remains: how much (if arny) performancewvould we have to sacrifice? To explore this question,we comparethe



performancef asenerthatusescooperatie cachingto thatof alocality-consciousener. In particular we simulate
awebsener built ontop of anoptimistic block-baseaooperatie cachinglayerto L2S, a highly optimizedlocality-
awaresenerthatimplementsdoth content-andload-avarerequesdistribution [5].

Our resultsfor a setof 4 web tracesshown that seners employing traditional cooperatve cachingalgorithmswill
likely performsignificantlyworsethanlocality-consciouseners. However, a small modificationto the replacement
algorithmto keepthelastcopy of ablockin memorywheneser possibleleadsto dramaticincreasan throughput.in
fact,our resultsshav thata web sener employing our modifiedcooperatre cachingalgorithmcanachieve over 80%
of L2S’sthroughputin almostall casesandover 90% or matchingL2S’s throughputin mostcases.

Theseresultsstronglysupportthe useof a middlewarecooperatie cachinglayer asa building block to easethe task
of designingandimplementingscalableclusterbasedserviceswhile providing muchof the performanceachiesable
via content-avarerequestistribution.

Theremaindeof the paperis organizedasfollows. Section? discussesgelatedwork. Section3 describe®ur coopera-
tive cachinglayerin moredetail. Section4 describe®ur simulationsystem.Section5 presentsimulationresultsand
discussesur modificationto traditionalcooperatie cachingalgorithms.Section6 discussefuturework andSection
7 concludeghe paper

2 RelatedWork

Cooperatie cachinghasbeenusedto improve client lateny and reducesener load for sometime [14, 11, 18].
The basicalgorithm of our cooperatie cachinglayer derivesfrom this body of work. Our work differs from these
efforts in thatwe concentraten the aggreyateperformanceof a distributed sener whereaghey mostly concentrate
on improving the performanceof individual client nodesandreducingsener load. Further systemparametersor a
network of clientsdiffer significantlyfrom thoseof a clusterbasedsener. Thesealifferencedeadto differenttrade-ofs
in the cachingalgorithm.

Work in cooperatie cachingfor distributedfile systemss morecloselyrelatedto ourwork here[7, 1, 10]. However,

theseeffortswerespecificto file systemsanddid notconsidemhethercooperatiecachings competitvewith content-
basedrequestistribution. We areinterestedn building a cooperatie cachingmiddlevarelayerthatcanbe usedby

diversedistributed services,not just file systems.Further we comparethe performanceof cooperatie cachingto

content-basedequesdistribution.

In the context of Giganticlnternetseners[8], Fox et al. suggesusingdedicatechodesfor cachingdatain orderto
helpl/O-boundor CPU-bounchodeq12]. In theirwork, they implementsuchamiddlevarelayerandprovideanAPI
for programmergo usetheir cachingservices.Our work could be usedin a similar manner However, we aremore
interestedn alayerthat could be usedasa library moduleaswell asanindependeniniddlevareserviceof its own.
Also, we areconcernedvith whethercooperatie cachingis competitive with content-basedequestistribution.

3 Overview of the Cooperative Caching Middlewar e Layer (CCM)

CCM is a block-basedcooperatie cachingsystem—sinceve are studyingCCM in the contect of a web sener, we
assumea read-onlyrequeststream(andso do not dealwith a write protocol). CCM implementshe following basic
algorithm. Whenafile block is readfrom disk, it is designatedsthe mastercopy. Thelocationof eachmastercopy

is maintainedn aglobaldirectory Whenarequesfor ablockd arrivesatanoden, if n hasacopy of b in its memory
thenit servicesherequestight away. Otherwisen usesthe globaldirectoryto locatethe mastercopy of b, by,.. If

b 1S currentlyin the memoryof somenodem, thenn requests non-masteicopy from m. Onreceving m’s reply,

n keepsthe copy of b in its memoryandservicestherequest.If b,,. is notin memoryanywhere,thenn requesta
mastercopy of b from thefile’shomenode.(Seebelaw for adescriptionof thefile to homemapping.)Thehomenode
readsh from its disk andforwardsthe mastercopy to n. Theglobaldirectoryis updatedo recordthefactthatn now

hasb,,..

In its mostbasicform, CCM employs anapproximateglobal LRU replacemenschemeAs shallbeseenn Section5,
this replacemenalgorithmmustbe modifiedto achieze goodperformance) Eachnodealwaysknows the ageof the



oldestblocksof its peers.Whena nodebringsa block to its memoryto servicesomerequest;f its memoryis full,
it evicts its oldestblock. If its oldestblock is a non-mastercopy or is the oldestblock in the system thenit simply
dropstheblock. If, however, theoldestblock is a masteblock andoneof its peerhasanolderblock, thenit forwards
the evicted block to the peerwith the oldestblock. Whena noderecevesa forwardedblock, it mustdropits oldest
block to make placefor the forwardedblock. Also, the global directoryis updatedto containthe new location of
the forwardedmasterblock. Two importantpropertiesshouldbe noted: (1) blocksforwardedto peersdo not cause
cascadedvictions,and(2) whenaforwardedblock arrivesat its destinationall blocksat the destinatiormaynow be
youngerthantheforwardedblock; in this case the forwardedblock is dropped.

Currently we make severaloptimisticassumptioné our simulationof CCM. We assumehat: (i) CCM hasa perfect
globaldirectoryof masteiblocks,(ii) it costsnothingto maintainthis globaldirectory, and(iii) CCM hasperfectglobal
knowledgeof theageof theoldestblock oneachnode.While theseassumptionprobablymeanthatour currentresults
areupperbounds,we believe a practicalcooperatie cachinglayer canachieve much of this performance First, as
shallbe seenin Section5, the replacemenpolicy of our currentbest-performingalgorithmcanlikely be improved.
Secondpur optimisticassumptiongrequite limited. For example,we only assumenstantaneouglobalknowledge
of the masterblock directory Thatis, supposdhata requestfor block b arrivesat noden. At thatinstant,b.,,, the
mastercopy of b, is cachedatnodem. Usingtheglobaldirectory n will request copy of b from m. Duringthetime
thattherequesfor b travelsfromn to m, however, m maydiscardb, resultingin aneventualdisk read.Finally, Sarkar
andHartmanhave shavn thatit is possibleto achieve very high locationaccuray for masterblocks(on the orderof
98%) usinga hint-basedlirectory;exchanginghintsonly imposedanoverheadf 0.04%o0n a 100Mb/s LAN ashints
aremostly exchangedaspiggybacledinformationon requiredmessagefl 8].

Orthogonalto the issueof cachemanagemenis the issueof file distribution andlocation. Currently we assume
the generalcaseof files beingdistributed acrossall nodes,with eachnodehaving a copy of the global file-to-node
mapping.Theactualfile distributionandlocationschemeanbeimplementedn avarietyof differentways,depending
onwhereCCM is employed. A nodeholdingsomefile f onits diskis called f’'shome

4 Experimental Environment

4.1 L2S

We compareCCM'’s performancdo L2S, a highly optimizedlocality-consciousener that usescontent-andload-
aware distribution to provide very high performancen a wide rangeof scenariog5]. In particulay L2S tries to
migrateall requestdor a particularfile to a singlenodesothatonly onecopy of eachfile is keptin clustermemory
If anodebecome®verloadedhowever, L2S will replicatea subsedf thefiles, sacrificingmemoryefficiency for load
balancing.

L2S useswholefiles asthe cachinggranularity employing a customde-replicatioralgorithminsteadof block replace-
ment. This algorithmbehaeslike local LRU, but incorporatedoad statisticsandtries to keepat leastone copy of
eachfile in memorywheneserpossible.

L2S currentlydiffersfrom CCM in thatit assumegiles arereplicatedeverywhere We arein the proces®f modifying
L2Sto have the samefile distribution asCCM to remove this differencebut believe thatit will notaffect performance
significantly

4.2 The simulator

Our simulatorderivesfrom the oneusedto studyL2S in [5]. It is eventdrivenandmodelshardwarecomponentas
servicecenterswith finite queuesUsingthis frameawork, we modela high-performanc&AN, arouter and4-8cluster
nodes.Eachnodeis comprisedbf a CPU,NIC, anddisk, all connectedy abus.

In our simulation, client requestsare distributed amongthe clusters nodesusinga roundrobin DNS schemg16].
New requestareroutedin accordancavith the Cisco7600performancespecificationg9]. Currently we assumehe
samenetwork is usedto field/serviceclient request@ndfor intra-clustercommunication.

The modelingconstantgor all the major simulationcomponentareshavn in Table1. The block-basedperations



Events Time (ms)
RequestProcessing
Parsingtime 0.10ms
Servingtime 0.1+ (Size/11500)ms
Block Operations
Procesafile request 0.003+ (NBlocks*0.010)ms
Sene peerblock request 0.007ms
Cacheanew block 0.01ms
Processindevicted mastemblock 0.16ms
Disk Operations
Disk readingtime (non-contiguoudlocks) | 18.8+ (Size/3000)ms
Disk readingtime (contiguousblocks) (Size/3000)ms
Bus & Network
Bustransfertime 0.0001+ (Size/131072)ms
Network Latengy 0.0038ms

Tablel: Simulationparametes.

100.0% — > 800
99% ; ;
90.0% + b 1
50,000 Reauests / 7005
: . 0
g 1 16002
o« 70.0% - ©
> 60.0% v » 5005
g 60.0% 7 LYV -
2 50.0% 400F
% w000 v g
£ 400% 13002
S 30.0% A E
€ + 200 E
3 20.0% 3
Cache 1 100
10.0% bt
0.0% e 0
SEISEIREIEELEREE
OO WLWMOOWWLWMOOWLWMO ©
AN OO M 0 O O l\‘ W O O
Files by request frequency (normalized)

Figure 1. Rutgers University trace On the X axisis the file setof the trace sortedin decreasingorder of request
frecuencyTheleft Y axis showsthe normalizedcumulativefraction of requestsvhile theright Y axis showsthe total
datasetsize

arespecificto CCM. The parsingandservingtimesrepresenthetime to parseURL requestandthetime to actually
sendcontentcachedin local memoryin reply to a request. Overall, our simulatedparameterapproximatea VIA

Gb/sLAN [13], 800 MHz Pentiumlll CPUwith 133 MHz main memory andan IBM Deskstar75GXPdisk [15];

we derivedtheseparametersisingcarefulsingle-nodemeasurementand someextrapolation. In orderto modelfile

systemeffects,we chaige an extra seekfor gettingthe metadatan every 64KB accessye alsoassumehatthefile

systemprovidesa pre-allocatiormechanisnthatensureshatfiles will be contiguouswithin 64KB blocks. Thevalues
presentedn Table 1 for the modeleddisk are probablyon the conserative side. We chosetheseparameteraisthey

arecomparabléo thoseusedfor L2S (andLARD), makingit easierto comparesimulationresults.

4.3 WebTraces

We usefour webtracesobtainedfrom the University of Calgary Clarknet(a commercialinternetprovider), NASA's
KennedySpaceCenter andRutgersUniversity to drive our simulator Table2 givesrelevantdetailson thesetraces.
The Calgary Clarknet,andNASA traceswerestudiedin detailin [3].

We usethesefour tracesbecausehey have relatively large working setsizescomparedo other publicly available
traces.For example, Figurel shovsthecumulatve distribution frequeng andsizefor the Rutgerdrace.Obsenethat



Trace Num. of files | Avg. file size | Num. of requests| Avg. requestsize | File setsize
Calgary | 8363 31.66KB 567823 13.67KB 258.57MB
Clarknet | 28864 14.20KB 2978121 9.50KB 400.20MB
NASA 5486 41.70KB 3147685 20.33KB 223.41MB
Rutgers | 25530 28.43KB 745815 17.54KB 708.93MB

Table2: Characteristicsof the WWWitracesused.

in orderto cached9% of therequests494MB of memoryis needed.

Eventhoughwe chosethe biggesttracesavailable,their working setsarestill small. Thus,we foundit necessaryo
simulatesmallmemorieq4-512MB pernode)to reproducesituationsn which theworking setsizeis largerthanthe
aggreyatedmemoryof thecluster

To measuréhe maximumachievablethroughpubf thecluster we ignorethetiming informationpresentn thetraces.
EachHTTP clientgenerates new requestissoonasthe previousonehasbeensened. We alsomeasurghroughput
only afterthe cachehave beenwarmedup in orderto reflecttheir steady-statperformance.

5 Results

We have simulatedCCM andL2S on clustersof 4 and8 nodes.Figure2 shavs thethroughputachievedby L2S and
threevariantsof CCM whenrunningon 8 nodeswith varyingamountsof memory;resultsfor 4 nodesshav thesame
trendsandso are not shovn herebecausef spaceconstraints.The algorithmdescribedn Section3 is labelledas
CCM-Basic;theothervariantsarediscussedbelow.

Fromtheseresults,we obsene that CCM-Basics performancdagsthat of L2S significantly In mary casesCCM-
Basiconly achiezesabout20% of L2S’s throughput.Whenwe looked closelyat the gatheredstatistics the following
reasongor CCM-Basics poorperformancdecameapparent:

e Onedisk is always the performancebottleneckbecauseof interleaving of requeststreams. Thatis, suppose
streans1 is askingfor blocksa, b, ¢ thatarewithin acontiguou64KB unitondisk. If s1 is seneduninterrupted,
thenonly 2 seeksvould be neededIf anotherstream,s2, shavs up at the disk askingfor blocksz, y, 2 thatis
in a different64KB unit thana, b, ¢, thenthe two streamanight interleare. This would resultin atotal of 12
seeksdnsteadof 4 if thetwo streamsvereperfectlyinterlearedasa, z, b, y, ¢, z. Sincenodesareoftenservicing
multiple streamglocal aswell asremote) thisinterleaving is quite possible In fact,in eachsimulation thefirst
disk thatis slowed down becausef interleaving falls behindandbecomes consistensourceof interleaving
for theremaindeof the simulation.This disk becomeghe performancéottleneckfor the entiresystem.

e CCM-Basicis similar to existing cooperatie cachingalgorithmsin thatit givesa masterblock beingevicted
basednlocal LRU replacemend “secondchance’if it is notthe globally oldestblock (e.g.,[11, 18]). Despite
this favoring, masterblocksareoften discardedvhenmultiple copiesof otherblocksexist in clustermemory—
thisis becausa numberof files areaccessethfrequentlyenoughthattheir contentalmostalwaysbecomethe
oldestbeforebeingaccessedgain.Unfortunately while this increaseshelocal hit rate—thepercentagef time
anodehasa copy of arequestedlockin its memory it candecreasé¢he global hit rate—thepercentagef time
anodefindsamastercopy of therequestedblock in oneof its peers’memories.

We believe thatthefirst problemarisesfrom aninaccurag in our simulator;areasonablsystemwould likely imple-
mentsomeform of requestscheduling,caching,and/orprefetchingand so the seekpenaltywould not be nearlyas
large. To correctthis inaccurag, we implementeda simpleschedulingalgorithmin our queueof disk requestsThis
leadsto the CCM-DS performancesurves,which arebetterthanCCM-basicbut still significantlyworsethanL2S.

This led usto addresghe secondproblem, postulatingthatin a sener ernvironment,wherenetwork performances
increasingrapidly relative to disk performancestrongeravoidanceof the eviction of masterblocks would leadto
increasedperformance. Therewere mary potentialwaysto modify the replacemenglgorithm. We chosea very



Throughput (reg/sec)

Throughput (reg/sec)

Normalized throughput

8000

7000 -
6000 -
c
& 5000
o
[
= 4000 ~
H
< 3000 1
] f & ; — 128
520007 z : /@// /* -E-CCM
&~ L —©=CCM-DS
1000 | e !
¥ - - —¥ - —X- CCM-Basic
0 : : : ; ; ;
4 8 16 32 64 128 256
Memory per node (MB)
(b) Clarknet
4500
4000 -
3500 -
'S3000 |
o
g 2500 -
5 2000 -
Q.
o
2 1500 - — 125
£ e ’ @-ccMm
£ 1000 L g "Bl
F &= g’ . X —©-CCM-DS
500 7 --X —- CCM-Basi
X_ .- % - % -Basic
0 : : : ; ; ; ;
4 8 16 32 64 128 256 512

Memory per node (MB)

(d) Rutgers
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simple adaptation:.wheneviction is necessarynever evict a mastercopy if the evicting nodeis still holding a non-
mastercopy; instead evict the oldestnon-mastercopy. If the nodeis only holding mastercopies,thenperformthe
globalLRU eviction asbefore.This modificationleadsto the CCM performanceurves.

Notethat CCM's replacemenalgorithmis ratherextreme;it leadsto all memoriesholdingonly mastercopies,which
doesnot necessarjeadto bestperformanceFor example for the Rutgerstracerunningon 8 nodeswith up to 64MB
pernode,CCM’s local hit raterangesirom 12-21%while the remotehit raterangesirom 60-75%. This meanshat
nodeshave to fetchdataremotelyto sene mostrequestspayingthe attendantommunicatiorand processingosts.

DespiteCCM’s limitation, it is agoodstartingpoint to evaluatewhethercooperatie cachingcanbe morecompetitve
with content-avarerequestdistribution. Clearly, it can! CCM is quite competitve with L2S, achiering over 80%
of L2S’s throughputin almostall casesandachievzing over 90% or matchingL2S’s throughputin mostcases.Fig-
ure 3 shows two representatie graphsfor CCM’s throughputwhennormalizedagainstthat of L2S to illustrate this
obsenationmoreclearly.

Figure 4 shavs that CCM achieves much of L2S’s performancebecausdt makes efficient use of main memory
providing closeto L2S’s hit rates(albeitmostareremotehits). Furthey CCM’s hit ratescomecloseto thetheoretical
maximumpossible;for example,CCM’s hit ratefor the Rutgerstraceis 96% with 64MB per nodecomparedo the
theoreticamaximumof 99%for 512MB of total memory(seeFigurel).

Surprisingly CCM’s completdack of load balancingdoesnot hurtits performanceomparedo L2S. Thisis because
the round-robindistribution of requestdiffuse the hot files throughoutthe cluster Thus, no single nodeis over-
whelmedby peers’requestgor copiesof hot blocks. It would be interestingto obsene CCM'’s performanceaundera
forcedconcentratiorof hotfiles on asinglenode(or subsebf nodes).

Unfortunatelywhile CCM comescloseto matchingthethroughpuif L2S, its averageresponsgime canbe 50-100%
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worsethanL2S. Figure5 showvs two representatie graphsfor CCM’s averageresponséime whennormalizedagainst
thatof L2S. With respecto wall clocktime, CCM’s averageresponsdime is very acceptabldor awebsener, being

onorderof 200-300ms Still, we arecurrentlyinvestigatingvhetherthis degradations inherento CCM or anartifact

of our simulationsystem—wenodelCCM at a finer granularitythanL2S becaus®f the necessityof simulatingblock

operations. This leadsto mary more queuesat the CPU, possiblyleadingto higher contentionin our simulation
system.

Note that one definite sourceof responsdime degradationis the extra network activity that mustgo onin CCM.
However, Figure 6(a), which plots CCM'’s averageresourcautilization againsthe amountof memoryon eachnode
(for Rutgersrunningon 8 nodes) showvs thatthe network is mostlyidle. Thus,theaddedateng shouldnotbe much
beyondoneroundtrip of 8-10usandso cannotaccountfor theaddedateng beingobsened.

Finally, Figure6(b) plotsCCM'’s performanceagainstlustersize,shaving that CCM scaleqquitewell upto 32 nodes.

In summary we have shovn thata sener employing cooperatie cachinghasthe potentialto achieze much of the

performancef locality-consciouseners. Giventhe parametersf currentclusters(e.g.,Gb/sLANS), it is important
to modify the cooperatie cachingalgorithmfrom the onesproposedoreviously for client-sidecooperatie caching.
In particular our resultspoint to the needfor strongly avoiding the eviction of mastercopies,which leadsto disk

accessesOur modifiedalgorithm, CCM, achievessimilar hit ratesto a sener implementinglocality-avarerequest
distribution, L2S, by ensuringthat memoryis first usedto hold the working setof mastercopiesbeforereplicasare

made.

6 FutureWork

Within the context of this paper we are currentlyimplementinga variantof the hint-basedcooperatve cachingal-

gorithm [18] in our simulator This shouldremove ary adwantagethat CCM derives from our currentoptimistic
assumptionsWe arealsoin the processof isolating the causef the remainingperformancealifferencesetween
L2S and CCM, which differ in several dimensions.For example,L2S assumed CP-hand-of Bianchini and Car

rerahave shavn thatthis canprovide a performanceadvantageof approximately7% over a sener thatdoesnot use
TCP-hand-df

Beyondthis paperwe planto investigatehow to supportwritesaswell asreadsn CCM. We will alsoinvestigatehow
to parameteriz&€CM sothatit canbe adaptedo particularapplications.For example,we will investigatewhether
CCM caneasilybeadaptedor senersthatalwaysusewholefiles (e.g.,awebsener) andwhethersuchanadaptation
would improve performance.Finally, this paperassumes very specificsetof hardware characteristics.We will
investigatethe effects of differenthardware configurationson the cooperatie cachingalgorithm. Eventually this
work shouldleadto animplementationwhereissueswith interfacingto file systemsandfile buffer cachesvould be



investigated.

7

Conclusion

We have studiedthe performanceof cooperatie cachingin the context of scalablelnternetseners; specifically we
have comparedhe performanceof a web sener built on top of a genericblock-basedtcooperatie cachinglayerto
that of a sener employing sophisticateccontent-andload-avare requestdistribution. Our resultsshov that, when
combinedwith an off-the-shelfweb sener andround-robinDNS, cooperatie cachinghasthe potentialto achieve
much of the performanceof locality-consciousseners. This trade-of of a small amountof performancecan be
extremelybeneficialasit meansthat designerof Internetservicescanusea genericcooperatie cachinglayerasa
building block insteadof re-implementingservice-specificequestistribution andcachecoherencalgorithms.
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