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Article summary. ThecurrentWebis runninginto seriousscalabilityproblems.The
standardsolutionisto applytechniquesik e cachingreplication,anddistribution. Un-
fortunately asthevariety of Webapplicationsontinuedo grow, it will beimpossible
to find a singlesolutionthatfits all needs.

The authorsadwocatea differentapproachto tackling scalingproblems. Insteadof
seekinga general-purposeolution, they amguethat it makes more senseto look at
eachWebdocumenteparatelyFor eachdocumentthreeissueseedto beaddressed:
placementf replicas,requiredcoherenceandbestcoherencerotocol. The authors
examineeachof thesassuesandidentify the alternatves.

However, forcing developersto decideon the bestalternatveswill turnthe Webinto
anunworkablesystem.Therefore anumberof possiblewvaysto reducecompleity is
indicated.Also, theauthorsbriefly discussawide-areanfrastructurehatcanbeused
asaflexible basisfor developingperdocumensolutions.

Keywords: distributed systemsteplication,coheence World-Wde Web, worldwide
scalablesystems
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With the continuinggrowth of the Web's popularity we areincreasinglycon-
frontedwith its limited scalability In generalscalabilityproblemscanbe allevi-
atedby meansf cachingandreplicatiort.In theWeb,muchattentiorhasbeerpaid
to caching.Recently it hasbeenrecognizedhat cachingaloneis notenough.In
particular replicationtechniquedy whichupdatesarepushedo clientsareneeded
aswell?

Cachingandreplicationinherentlyleadto consistencyroblems whenapage
is cachedor replicated a modificationof onecopy makesthatcopy differentfrom
the others. In the Web, consisteng is managedy meansof a simple protocol:
wheneer a pageis retrieved from a cache the cachecheckswhenthat pagewas
lastupdatedat its sener. If the pagewasupdatedat the sener subsequento its
beingcachedat the client, the cacheentryis refresheduy fetchingthe pagefrom
the sener. Otherwise the currently cachedversionis handedover to the client.
Variationsexistin whichacacheentryis refresheanly aftersometime hasexpired
leadingto wealer consisteny, but in generabetterperformance.

Unfortunately proposalgfor both replicationand coherenceprotocolsin the
Web have in commonthat they treatall pagesalike. In otherwords, they as-
sumethatoneparticularform of replicationor consisteng is requiredfor all pages.
Moreover, thereareonly very few consisteng protocolsto choosefrom. With the
large variety of Web pagescurrentlyexisting, andthe increasingalternatve appli-
cationsof Webtechnologyit is questionablevhethersuchanapproachmakesary
sensevennow, let alonein the nearfuture.

Considerfor example,a personaWebdocument(A Web document is acol-
lection of logically relatedpages,ncluding their icons,images,sounds applets,
etc. A documentcanalsocontaininteractve parts,suchasin the caseof white-
boardsor distributed spreadsheetsip generalalthoughit may be worthwhile to
let anindividual browsercachepagesof sucha documentsite-widecachingby a
Webproxyis lesslikely to improve performanceln addition,temporarilyhaving a
stalecopy of personahomepageswill generallynotmatter In contrastWebdocu-
mentshataredynamicallyupdatedvith stockmarketdatawill haze muchstronger
consisteng requirementsMoreover, if theclientsiteis populatedy brokers,site-
wide cachingmayimprove performanceonsiderablyespeciallyif combinedwith
pushtechnology

Any large systenthathasto supportawide variety of usersmustdifferentiate
betweemmary usecasedo operateefficiently andeffectively. At the sametime it
may be acceptabléo somevhatlimit its userin their behaior to guarantegyood
overall performanceln this contet, the Webis not providing asmuchflexibility
asit should,whichis now leadingto seriousscalingproblems.

It is clearthat we have a difficult problemat hand. Alleviating scalability
problemsrequireghatwe replicateWebdocumentsThis meanghatwe first have
to decideon whereand whenreplicasare to be placed. As a secondstep, we
have to find solutionsto solve inconsistenciebetweernreplicas.As no singlegood
solutionexists,we needto identify minimal coherenceequirement$or eachWeb
document.Third, we have to decideon the bestcoherencerotocol,andthis will
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vary from documentto document. Again, mary choicescan be madeand each
choicewill haveits effecton performanceln thefollowing, we take alook ateach
of theseissues.

Deciding on Replication

Thefirst issuethatneedsto beresoled, is whatwe referto asreplication man-
agement: decidingon where,when,andby whomreplicasareto be placed,and
which Webdocumentgor partsthereof)mustbereplicated.

Cading represents form of on-demandeplicationmanagedy clients, ex-
ploiting temporallocality (giventhe accespatternsof the Web, spatiallocality is
notalwaysrelevant). Therearemary situationsn which cachinghasshawvn to be
effective, but poorhit ratesalsoshaw that,in generaljt cannotbetheonly solution
to solve scalabilityproblems.

Replicationby prefetting is alsomanagedy clients. Traditionally prefetch-
ing consistof loadingpagessucceedinghe currentonebeforea requestor those
pageshasbeenmade. It works well when accessindinearly structureddata.
Prefetchingmay also work for Web documentsprovided we take into account
how anindividual documenis organized.andpossiblycombinethatwith knowl-
edgeon readinghabitsof its clients. Findinga singleprefetchingstratgy thatcan
be usedefficiently for all Webdocumentss doomedto fail.

Finally, serverreplication by which a documentis replicatedacrossmulti-
ple seners,aimsatloaddistribution andincreaseof performancendavailability.
Therearemary differentcriteriafor sener replication,evenwithin a singledocu-
ment.Considerfor example anationalelectronimewnspapehaving local editions.
Many pageswill be of interestto all readersaandshouldbe replicatednationwide,
whereasother pagesshouldbe replicatedand distributed only within certainre-
gions. Likewise, somereaderanay have subscriptionghat exclude,for example,
sportspagesor news reportsin foreignlanguages.

To accounffor variousformsof replicationmanagementye adopta modelin
which the files that containthe pagesand otherelementof a Web documentare
keptat threedifferentkindsof stores:

Permanent stores implementpersistencef a Web document.This meanghatif
thereis currentlyno client accessinghe documentthe document content
will bekeptatits associateghermanenstores.A (mirrored)Websiteis an
exampleof a permanenstore. We assumea documens setof permanent
storeschange®nly rarely andcanbe considerednoreor lessfixed.

Document-initiated stores are (dynamically)installedasthe resultof the docu-
mentsreplicationmanagemenolicy. Replicasaremanagedndependently
of clients. A typical exampleof a document-initiatectoreis a pushcache,
asproposedy GwerztmarandSeltzef
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Client-initiated stores arecomparabléo caches.They areplacedindependently
of thereplicationmanagemernf thedocumentandfall undertheregime of
theclientprocessethatreadandwrite thedocumentA site-widecacheata
Web proxy is anexampleof a client-initiatedstore.

\
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Permanent stores !

----» Document-initiated replication
— Client-initiated replication

Figure 1. A systemmodelfor distributedandreplicatedWebdocuments.

Global storageis organizedin a layeredfashionasshavn in Figurel. The
layersrepresentifferentspheresf replicationmanagementThe modelallows
usto separatenanagemenby seners (permanenanddocument-initiatedtores)
from that by clients (client-initiatedstores). We note thatin our model, clients
areallowedto requesWWebdocumentslirectly from the permanenanddocument-
initiated stores. In suchcasesa client effectively decidesnot to make useof a
local, privatecache.

Deciding on a Coherence M odel

After having decidedontheplacemenbf replicaswe needto decideon how repli-
casareto bekeptconsistentA coherence model describeghe effect of readand
write operationdy differentclientson a possiblyreplicateddocumentasviewed
by clientsof thatdocument.A coherence protocol describesanimplementation
of suchamodel. We malke a distinctionbetweerncoherencesofferedby a docu-
mentto its setof clients(document-centricoherencenodels),andcoherences
requiredby aclient(client-centriccoherencenodels).
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Document-centric Coherence M odels

CurrentWebcachecoherenc@rotocolsassum@ageof aWebdocumentaremod-
ified only by theirowner They provide no supportfor shareddocumentshatallow
concurrenupdateddy differentclients. However, it is importantthat we canex-
presghecoherencef adocumenthatis sharedy concurrentlyoperatingclients.
Mary studies,especiallyin the distributed sharedmemory systemscommunity
have addressethedefinitionof suchcoherencenodels.In thecontext of the Web,
we believe the document-centric coherence models asshavn in Tablel arepar
ticularly relevant. Thesemodelsareimplementedy the permanenanddocument-
initiated storesdiscussedefore,andmay be adoptedby a client to client-iniated
storesf required.

Table 1: Document-centricoherencenodels

Name Description Example
Sequential Globaltotal orderingof operation®ona | Collaboratve editing
coherence document.
PRAM coherence | Thewritesof eachclientappeaion Webpagereplacement
FIFO coherence every storein the orderin whichthey

have beenissuedby thatclient
Causakoherence | Orderingof operationsnustbe Discussiorgroups

guaranteednly betweercausally
relatedoperations.
Eventualcoherence| Updatesarepropagatedguchthat Personahomepage
eventuallyeveryonehasthelatest
version.

ThesequentiatoherencenodeP is hardto implementefficiently in theWebas
it requiresglobal coordination.However, mary documentsuchas,for example,
thosethataremanipulatedhroughcollaboratve editing,will actuallyneedit.

The PRAM coherencenodef doesnot requireglobal coordinationbetween
neitherstoresor clients. The model can be implementedefficiently by tagging
every updatewith a local sequenceumber This modelis particularlyusefulin
the caseof incrementalupdateso a document. For example,a conferencéNeb
documentmay be updatedby successie replacementf one of its pages. It is
importantthatthe orderin which replacementtake placeis maintained However,
in this caseit is allowed to publish an updateeven if a previous one hasbeen
missed.In this FIFO coherence model, awrite requestrom aclientis honoredf
it is more recentthanthe latestwrite from thatsameclient. Otherwisetherequest
is simplyignored.

Thecausakoherencenodel” © is usedfor documentsn, for example,discus-
siongroups,wherepostinga participants reactionmalessenseonly if the client
hasrecevedthemessag¢hattriggeredthereaction.

Finally, theeventualcoherencenodelimposesonly very limited orderingcon-

pe



Towards Scalableeb Documents Page5 of 14

straints. The issueis thatif no updatestake placefor a long time, all replicas
graduallyconverge to the samestateasdictatedby thelastupdate.

Client-centric Coherence Models

A client-centric coherence model allows a client to expresshis own coherence
requirementsmore or lessindependenfrom the coherences supportedoy the
documentandindependentrom otherclients. Sucha modeldescribeghe effect
of readandwrite operationsdy a singleclientonareplicateddocumentasviewed
by that client. The underlyingassumptions that a client may possiblyaccess
differentreplicaswhile browsing and interactingwith a Web document. Client-
centriccoherencés usefulwhendocument-centricoherencés eithertoo weakor
too strongfrom a client’s point of view. Client-centriccoherencés appliedsepa-
ratelyfor eachclient, possiblyin combinatiorwith thedocument-centricoherence
model.

Not muchresearchhasbeenconductedn client-centricnodels exceptfor the
sessiorguaranteesdevelopedin the Bayou systerr?. Bayouprovidesmobile users
supportfor weakconsisteng in areplicateddatabaseln the context of offering
scalableWeb documentsthe Bayoumodels(shavn in Table 2) canbe retained
with the following two extensions. First, we believe thata solutionfor scalable
Web documentshouldguaranteecoherenceatherthanonly checkwhetherthe
coherencaequirementsare satisfied,asis donein Bayou. Second,t shouldbe
possibleto combineclient-centricnodelswith document-centriones.

Table 2: Client-centriccoherencenodels

coherence

arevisible to all subsequeneadsby
thatclient

Name Description Example

Client-PRAM Writesmadeby onespecificclient Messagestreams

coherence (eventually)appeamteveryreplicain

Client-FIFO thesameorderin whichthey have been

coherence issued

Client-causal For eachreplica,anoperationby a Postingareactionto a

coherence specificclientis carriedout afterall bulletin boardarticle,and
updatenwhichthatoperation ensuringhatothersseeto
causallydependshave takenplace. whatyoureact

Read-YurWrites | Theeffectsof everywrite by aclient Updateson Webpagesare

alwaysimmediatelyvisible
in thelocal browser

Monotonic-Reads
coherence

Two subsequentadspossiblyat
differentstoresarebasecdn copies
updateddy all writesprecedinghefirst
readoperation

Successie readoperations
attwo Webbrowsersat
differentmachinegive the
sameresult

Notethatclient-PRAMandclient-causatoherencelealwith propagatingip-
datesto differentreplicas. The othertwo modelsimposeorderingconstraintson
whata specificclientreads.
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To illustrate the Read-Yur-Writes coherencanodel, considera Webmaster
whowritesdirectlyto aWebsenerwhereasll readsareperformedrom hiscache.
Whenthe Web masterupdatesa documenthe mustbe ableto checkwhetherthe
write hasbeendonecorrectly thatis the updatemustbe immediatelypropagated
to his cache.As heis the only writer of thedocumentheis theonly clienthaving
thisrequirement.

As anillustration of Monotonic-Readsoherenceconsidera Web pagerepli-
catedat two differentstores,onein Amsterdamandthe secondonein Paris. If a
clientfirstreadghepagefrom the Amsterdanstoreandlateragainfrom Paris,then
the secondcopy shouldbe the sameasthe onereadin Amsterdampr anupdated
versionthereof,but notanearlierversion.

Discussion

Deciding on document-centri@and client-centriccoherencanodelsare different
issues,and addscompleity to solving scalability problems. In thosecaseghat
a client communicatesvith a permanenbr document-initiatedstore, not every
combinationof the two typesof coherencanodelsmalkes sense. For example,
if thedocumenbffers sequentiatonsisteny, thenit automaticallyrealizesevery
client-centricmodel aswell. On the other hand,if only PRAM consisteng is
offered,a client may additionallydecideto imposethe MonotonicReadsmodel.
Note,however, thatin generahclient-centriccoherencenodelcannoteenforced:
thedocumenshouldbewilling to supportit aswell.

Deciding on Coherence Protocols

Having decidedon coherenceequirementseavesopenhow to actuallymeetthose
requirements. A coherencerotocolis a specificimplementatiorof a coherence
model. Theremay be several protocolsfor a single model. Which protocolis
the bestmay dependon issuessuch as read/writeratios, the numberof clients
simultaneoushaccessinga documentetc. We have identifieda setof protocol
parameter s thatcanbe usedto classifyprotocols.An overvien of the mostcom-
monparameterss shavn in Table3. It is primarily up to the developersof a Web
documento decideontheprotocolto beusedfor thedocumens coherencenodel.

Toillustrate,atpresentcoherencéor pagesn theWebis generallymaintained
by a pages Web sener in combinationwith cachesat a client’s Web browvserand
additionalWebproxies.Thecurrentprotocolcanbecharacterizefly theparameter
valuesshavn in Table4.

A Webseneris apermanenstorethatis notconcernedvith the stateof proxy
or braowser cachesgualifying it asbeing passie. In general,a Web proxy can
checkthe consisteng of a cachedpagewheneer it receves a readrequest. If
necessaryt refreshests cacheentryby pulling in theentirepagefrom the sener.
Browser cachesare often configuredby default to respondin a lazy fashion. A
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Table 3: Parametergor classifyingcoherencerotocols

Par ameter Values Meaning
Change - notification Describeiow changedetweerreplicas
distribution - full state aredistributed:is only a notification(or
- statedifferences invalidation)senttelling thatanupdateds
- operation neededis thefull statesent,or only
differencesor is the operationsentthatis
to becarriedoutto updatetherecever’s
state.
Store - immediate Describesow quickly a storereactswvhen
responsieness | -lazy(e.g.,periodic) it noticesit is nolongerconsistentvith the
- passie otherreplicas.A passie storewill do
nothing.
Storereaction - pull Describesvhata (nonpassie) storewill
- push dowhenit noticesit is inconsistentvith
theotherreplicas.It will eitherpushor
requesupdatemessages.
Write set - single This parametegivesthe numberof writers
- multiple thatmay simultaneouslyaccesshe Web
document.
Coherence - permanenbnly Describesvhoimplementghe
group - permanenand document-centricoherencenodel:
document-initiated permanenand/ordocument-initiated
- all layers stores.

usercanhave someinfluencehere,though. For example,mary browserscanpull
apagein eitheron eachread,oncepersessionpr never.

Thechoiceof protocolparametewaluesis importantsinceit may have alarge
effect on performanceFor example,if a highly replicatedWebdocumentis often
modified,it maybe moreefficient to implementa lazy sener thataggrgatesser-
eralupdatesnsteadof a sener thatimmediatelyrespondso eachupdate.In con-
trast,if theWebdocuments seldommodifieda bettersolutionmaybeto combine
passie senerswith clientcacheshatrespondmmediatelyby requestingipdates
to bepulledin on eachaccess.

We believe that the (default) choicefor coherenceprotocolsshouldbe made

Table 4: Classificatiorof theWeb's generakoherencerotocol

Par ameter Web server | Proxy cache | Browser cache
Changdistribution | full state

Storeresponsieness| passive immediate lazy
Storereaction — pull pull

Write set single

Coherencgroup Webseneronly
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by the developersof a documentsincethey have the mostknowledgeaboutthe
semanticof the document.Wheneer (part of) a documentis cachedby a user
the cacheadoptsthe documens coherencegrotocol by default. Of course,the
protocolparametersanbeoverriddenby a users preferences.

Controlling Complexity

We believe it is importantthat usersare awarethat mary alternatves for imple-
mentingandaccessingVeb documentsxist. However, the Web’s successs en-
tirely basednits elegantsimplicity andit shouldbekeptthatway. Consequently
the Web’s casualuserscannotbe maderesponsibldor makingthe right choices.
Realizingthatary choicethey maleinfluencesheattainablgerformancewehave
to find waysof keepingcompleity to a minimum.

In our model,we male a distinctionbetweenthe developes of a Web docu-
mentandthe clients of thatdocument. Developersare responsibldor decisions
concerningpermanenanddocument-initiategtoresanddocument-centricoher
enceandits implementationClients,in principle,needto decideonlocal caching
(i.e. client-initiatedstores) andclient-centriccoherenceandits implementation.

Controlling Complexity for the Developer

To acertainextent,onemayexpectfrom developerghatthey understandhow their
documentcould possiblybe replicatedanddistributed, what type of coherencét
requires how it will beused,etc. In principle,the (professionalfeveloperneeds
to male thefollowing subsequerndecisions:

1. Decideonwhathasto bereplicatedandhow replicasareto bemanaged
2. Chooseppropriateeoherencenodelsfor thedocument
3. Decideonthebestcoherencerotocols

As we amguebelow, decidingon replicationmanagemendandcoherencgrotocols
can be highly automatedf we succeedn developing dynamicallyadaptve so-
lutions. Understandinginddecidingon coherencanodelsmay not be that easy
ashasalsobeenexperiencedoy the developersof Isist® A possiblesolutionlies
in a classificationsystemfor Web documentsandsettingappropriatedefaultsfor
replicationmanagemerdandcoherencerotocolsfor eachclass.

Classifying Web Documents

A classificatiorsystemfor Web documentwill help developersdecideon anap-
propriatecoherencenodel. In addition,for eachclasswe needto find reasonable
defaultsfor replicationmanagemerdandcoherence@rotocolsthatcandynamically
convergeto optimalsettings.
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Therearea numberof olbvious classes.For example,mary Web documents
arepassie informationsourcessuchashomepagesof individuals,organizations,
andspecial-interesgroups. Assumingwe knowv nothinga priori aboutthe usage
pattern,having only a singlepermanenstoreis a reasonabl@efault. Client-side
cachingcaninitially be disabled. Theseinformationsourcesare generallymain-
tainedin suchaway thatupdatesever conflict. In otherwords,thereis concep-
tually only a singlewriter. Moreover, we may assumehat the updatefrequeng
is relatvely low. Consequent/ywhenin the courseof time thedocumenis stored
at several places,an eventualdocument-centricoherencenodel shouldbe suffi-
cient. In addition,becausea clientwill notbewriting, no client-centriccoherence
is neededOtherdefaultsareshavn in Table5.

Table 5: Defaultsfor passie informationsources

Replication Coherence Protocol parameters
Singlepermanent | documenteventual change distribution: statedifferences
store client: none store responsivenessnmediate

store reaction:pull
write set:single
coheencegroup: all layers

Specificwork in this areahasalsobeendoneon electronicmediadistritutiontt
and collaboratve editing for whiteboard$? and text document’® For example,
mary sharedwvhiteboarddendto betransientthatis, exist only duringa collabo-
ration session.As soonasa client entersa sessionhe is requiredto storea copy
of thewhiteboardocally. Thereis no needfor permanenanddocument-initiated
stores.Also, global orderingis generallynot neededasusersare not allowed to
modify eachother’s drawvings, makingthe PRAM coherencesuficient. Drawing
operationscan be immediatelymulticastto the currentsessiormembers. These
characteristicsorrespondo the parametesettingshavn in Table6.

Table 6: Defaultsfor transientdocumentsvith cooperatingindependenivriters

Replication Coherence Protocol parameters
Cachingonly documentPRAM chang distribution: operation
client: PRAM store responsivenessnmediate

store reaction:push
write set:multiple
coheencegroup: all layers

Otherclasse®asilycometo mind. For example,collaboratve text editing de-
finesaclassof persistentocumentsvith cooperatingvritersthatmaychangesach
others work. This requiresa sequentiatoherencenodel. A distinctionshouldbe
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madebetweendocumentghat are circulated,and thosethat are simultaneously
modified. In the latter case, we may alsowish to distinguishcaseghat support

only globalmadificationgdrom thosein which eachparticipanworkson a specific

sectionof thedocument.

Dynamic Adaptations

Decidingon the bestcoherenceanodelis somethingthat perhapsonly the devel-
opersandusersof a Web documentcan determine. However, mary alternatves
may be initially ignoredif it is possibleto dynamicallycorverge a configuration
towardsa goodsolution,startingat a reasonablelefault.

For example,supposea systemadministratorinitially chosego immediately
updatea site-wideproxy cachewhennoticingthatits contentwasno longervalid.
Also assumehe coherenceprotocolinitially usesa pull mechanisnby which the
cacherequestsa permanenstoreto provide it with the update. In the courseof
time, thefrequeny of updatesnayincreaseandperhapslsothenumberof users
sharingthe proxy cache. In that case,a periodicupdatecombinedwith pushing
datato the cacheis more efficient. We canavoid askinga developeror userto
predictsuchchangesif we canbedetecthemautomaticallyanddynamicallyadapt
the protocol. In mary casessuchan approachs definitely feasible,andin fact
necessaryconsideringhat,for example systemadministratiorgenerallynoteven
noticeschangesn usagepatterns. The classificationof Web applicationscould
helpsettingthe appropriatehresholdbeforea changen stratgy is initiated.

Dynamiccoherencgrotocolsarestill verymuchanopenresearclissue. How-
ever, if we areto build aworldwidescalabléMeb, it is essentiathatsuchprotocols
areto be developed. Recentstudies,suchas conductedby the Oceansgroup™*
shav promisingresults.

Controlling Complexity for the Client

The majority of usersis formed by thosesimply accessingexisting Web docu-
ments. For this group of people,usageof the Web shouldbe kept as simple as
possible. Therefore they inherit the default stratgies specifiedby a documents
developer However, they shouldbe allowed to changethesedefaults, for exam-
ple, by disablingor enablingcachingfacilities, andimposingstrongeror wealer
client-centriccoherence.Changingthe defaults is also essentiako avoid aluse
by developers. Note that clients have no directinfluenceon the permanentand
document-initiatedtores but arein full control of the client-initiatedstoressuch
astheircaches.

Technical Support for Scalable Web Documents: Globe

An importantstartingpoint for researchs providing aninfrastructurehatwill al-
low usto at leastattachdistribution stratgies andimplementationgo individual
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documentsUnfortunately eventhis featureis missingin the currentWeh What
is neededs a mechanisnthat will (1) allow usto fully encapsulate distribu-
tion policy insidea documentand (2) allow for several distribution stratgiesto
coincidewithin a single document. The latter is neededo let usersadopttheir
own client-centriccoherencenodel,while atthesametime otherreplicasmaintain
document-centricoherence.

As a first stepin this direction, we are developing Globe'® a wide-areadis-
tributedsystemthatis beingimplementedasa middlevarelayeron top of the In-
ternet.At thecoreof Globeliesthe concepbf adistributed shared object. Such
anobjectis physicallydistributed acrossmultiple machinesmeaningthatan ob-
ject’s statemay be partitionedandreplicatedacrosanultiple machinesatthe same
time. Eachobjectfully encapsulateiss own distribution policy. In otherwords,all
detailsconcerningfor example,thedistribution, replication,andmigrationof the
objects state arecompletelyhiddenfrom the objects clients.

A restrictedversionof Globeis beingdevelopedto supportwWeb documentt®
A GlobeWeb Document(called a GlobeDoc)consistsof a collectionof HTML
pagestogethemwith files for images,audio,video,icons,applets.etc.,which are
called page elements. The hyperlinked structureas normally provided by Web
pagess maintainedn a GlobeDoc. Whena client accessea GlobeDoc,a local
implementatiorof thedocuments installedat the client. Suchanimplementation
is calledalocal object. Thelocal objectoffersa standardnterfaceto theclient,as
shawvn in Table7.

Table 7: Interfacesofferedby eachGlobeDoc

Interface Contains methodsfor ...

Documentinterface Listing, adding,andremoving pageelements
Contentinterface Readingandwriting the contentof a pageelement
Attributeinterface  Attributesof pageelementstype,lastmodificationdate etc.

Our modelof distributed sharedobjectsis shawn in Figure2. A local object
residesn asingleaddresspaceandcommunicatesvith local objectsin otherad-
dressspaceslt formsa particularimplementatiorof aninterfaceof thedistributed
sharedobject. For example,in the caseof GlobeDocsa local objectmayimple-
mentaninterfaceby forwardingall methodinvocationsto a centrallocationwhere
the pageelementof the documenfrestored,asin RPCclient stubs.However, a
local objectin anotheraddresspacemay implementthat sameinterfacethrough
operationson local replicasof thoseelements. Suchimplementatiordetailsare
transparento the client processesthey seeonly the interfaceto the distributed
objectas offered by the local object. Eachlocal objectis composedf several
subobjectsandis itself againfully self-containedasalsoshavn in Figure2. A
minimal compositionconsistf the following four components.

Semantics subobject. Thisisalocalsubobjecthatimplementgpartof) theactual
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Figure 2: Exampleof anobjectdistributedacrossour addresspaces.
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semantic®f thedistributedsharecdbject.

Communication subobject. Thisis generallya system-preided subobject.lt is
responsibldor handlingcommunicatiorbetweerpartsof thedistributedob-
jectthatresidein differentaddresspaces.

Replication subobject. The replicationsubobjectis responsibleor keepingthe
replicatedsemanticssubobjectsconsistentaccordingto some(perobject)
coherencanodel. Differentdistributed objectsmay have differentreplica-
tion objectsusingdifferentreplicationalgorithms.

Control subobject. The control subobjecttakes care of invocationsfrom client
processesandcontrolstheinteractionbetweerthe semanticsubobjectnd
thereplicationsubobjectincominginvocationrequestarealsohandledby
thecontrolsubobject.

An importantobsenrationis thatcommunicatiorandreplicationsubobject@reun-
awareof the methodsandstateof the semanticsubobjectReplicationsubobjects
of differentlocal objectsareindependenandeachlocal objectwithin adistributed
objectis ableto implementa differentcoherencenodel.

Globe,andin particularits Web-based/ersionGlobeDoc,is currently being
implementedn Java. We initially developeda simpleprototypeversionto testthe
feasibility of our approach We arenow working towardsanimplementatiorthat
will allow usto dolarge-scaleexperimentonthelnternet.

Conclusions

If we areto build a scalableWeb, we have to provide supportfor replication,dif-
ferentcoherencanodels,and different coherenceprotocols. Equally important,
we needaninfrastructurethat allows usto tailor distribution to eachindidividual
Webdocumentln thatsensecurrentinternetresearcthis still only in a preliminary
stagewhenit comedo finding truly scalablesolutions.

We have identifiedandanalyzedheissueghatneedbe addressefbr building
ascalableNeh Themainproblemwe have to dealwith is thatreplicationandco-
herencenustbetakeninto accounty thosethatdevelopanduseWebdocuments.
Thisis anunfortunatesituationasit mayturnthe Webinto anintricate,hard-to-use
system. Therefore besideshaving an infrastructurethat can supportdistribution
on a perdocumentbasis,we needto find the meansto reducethe mary alterna-
tivesto choosdrom. We adwocatethatmoreresearcimeeddo betargetedtowards
classifyingWeb documentswith the aim to provide reasonablalefault distribu-
tion policies. At the sametime, effort shouldbe putinto developingdynamically
adaptve coherencerotocaols.
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