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Abstract. An implementationof persistentobject storefor real-time systems
with strict processingime constraintss a challengingtask, becausemary tra-
ditional databaséechniquese.g.transactiormanagemenschemesare not ap-
plicablefor suchsystems.

This paperexaminegechnicalandbusinessequirement$or oneparticularclass
of suchsystemsand describesan architecturebasedon distributed sharedvir-
tual memory The major contributions are: use of distributed dynamichashing
to achieve load balancingandtight coupling of transactiorandvirtual memory
managementyhich allows local schedulingof read-onlytransactions.

1 Intr oduction and Moti vation

During pasttwo decadeghe object orientationevolved from a useful programming
paradigmto a widespreadechnologywhich now addressesirtually all layersof soft-
ware(from operatingsystemsgo applicationprograms)all applicationdomainsandall
phase®f thesystemlife cycle.

In particular the requirementsof non-traditionaldatabaseapplications(such as
CAD) stimulatedrapiddevelopmenbf object-orientediatabaseandappropriatenod-
els.

Theneedto reducesoftwaredevelopmentoststogethemwith rapidgrowth of global
networks broughtup theideasof interoperabilityandsoftwarereuseasoneof the ma-
jor directionsof researchand development.Both software interoperabilityand reuse
involve severalissuegelatedto differentlayersfrom formal compatibility of datafor-
mats(e.g.low-level network protocols),andinterfaces(e.g. OMG IDL) to very deep
problemsof semantidnteroperability

Oneof very popularapproacheto facilitateinteroperabilityis creationof opensys-
temsthatcancommunicatewvith othersystemsover network. The majority of modern
systemge.g.operatingsystemsand DBMSs) aredesignedasopenin the above sense.
However, to enableefficient softwarereuseit is necessaryn addition,to opensomeof
systeminternalfunctionality.

Oneof widely acceptedvaysto interoperabilityis throughOMG CORBA archi-
tecture[10]. In this architecturethe systemfunctionality, availablevia ObjectRequest
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Broker (ORB), is split into severalobjectservicesandcommonfacilities, sothatappli-
cationmayusethesecomponentsasneeded.

Ideally, the servicesshouldbe mutually orthogonal However, the notion of orthog-
onality is not preciselydefinedand thereforemay be viewed only asa desirablebut
not reachabldn practice.Someservices,even specifiedas completelyindependent,
inevitably have strongimplementatiordependenciesn particular several servicese-
latedto differentaspect®f persistencarecloselyrelated Further differentimplemen-
tationsarerequiredfor variousapplicationsso that domain-specificequirementsan
besatisfied.

In this paperwe describean approachto implementationof the persistenceand
relatedservicesvhich canbe combinednto a consistenOMA-compliantarchitecture,
providing efficient supportfor heterogeneougersistenteal-timeobjectervironments.

Eachof the desiredpropertiesis addressedby existing approachesndevencom-
mercialsystemsbut neitherof thesecurrentlyaddressethewhole setof requirements:

— Distributed object ervironmentsprovide for scalable reliable, and cost-eficient
computationsbut, in generaldo notaddresseitherpersistencaor real-time.

— OpenarchitecturesuchasOMG OMA/CORBA provide basicinteroperabilityin
heterogeneousystemsbut theproblemsof persistencandreal-timebecomenuch
harderthanfor homogeneoudistributedsystems.

— Persistenbbjectervironmentsdo notaddresseal-timeconstraints.

— Object-orientedBMSscannotefficiently supportheterogeneousnvironmentswith
mixedapplicationge.g.transactionahndnon-transactional).

— Researclon real-timedatabasaystemss restrictedto transactiormanagemerin
the presencef deadlinesanddo not addressomplex objectsand queries which
may causeunpredictableesponsdimes.

— Virtual main memorydatabasesare useful for implementationof persistencdor
real-timedistributed objectervironments but mary of traditionaldatabasetech-
niguesshouldberevisedfor this kind of databasaystems.

Therequirement®f real-time,especiallyperformanceequirementsareextremely
hardto meet.We areinterestedn applicationdomainswerecritical partsof distributed
systemshouldexhibit very high performancemostof transactionshouldbecompleted
in tensof millisecondsafterarrival of a transaction.

This level of performancecannotbe achieved within currentOMG CORPBA ar-
chitecture becausdhe bestORB implementationgmplementationconsumeat least
few millisecondsper request.The standardOMG servicesrequireseveral requestdo
beissuedwhentransactiorstartsor commits,locks areacquiredor releasedandeven
persistentlataareaccessed.

To bypasgheseproblemsahybridarchitectureshouldbeusedwith special(stream-
lined) processingf requestsvhich canbe performedentirelyin the time-critical part
of thesystem.

Fortunatelydueto speciafeatureof theapplicationdomainjt is possibleorely on
assumptionsvhich malke the solutionfeasible. The mostimportantassumptions that
all time-criticaltransactionsn the systemareread-only anda specialkind of transac-
tion schedulingcanbe usedto meetperformanceequirements.



Although this assumptiorooks overrestrictve, it holdsfor applicationsrelatedto
embeddedeal-timesystemsawith soft deadlinese.g.telephoneswitches.

The paperis organizedasfollows.

Next sectionlists the requirementdor the system,then the basicarchitectureof
the proposedmplementationis describedand motivated.Further useof sharedvir-
tual memoryin the systemconcurreng control,andthe prototypeimplementatiorare
describedA brief review of relatedwork is followedby conclusions.

2 Requirementsand SystemAr chitecture

2.1 Requirementsand Assumptions

In this sectionwe identify the specialrequirement®f real-timeapplicationgo persis-
tenceandissuedo beresohed.
Typical real-timerequirementénclude:

— extremelyhigh reliability

— transactionhiave firm deadlineswith tight time limits

— the systemis essentiallydistributed, and eachtransactiormay involve morethan
onesite.

However, applicationsve havein mind have speciaffeaturesvhichallowsto reduce
drammaticallythe numberof remoteobjectrequestsstreamliningthe implementation
of persistence-relategkrvices.

In this paperit is assumedhat the following propertiesof the target application
domainarevalid:

mostof transactionsrevery short

mostof transactionareread-onlyendalmostall time-criticaltransactionareread-
only ones

the databasenayresideentirelyin the mainmemory

significantportionof datais write-protectedor almostall transactions

— thesizeof individual dataobjectsis relatively small

— thememoryis partitionedinto pagessothatobjectscannotcrosspageboundaries.

Actually, thetargetsystemshouldprocesswo differenttypesof requests.

Themajorpartof requestgregularservicerequests)shouldbe processeavith very
tighttime constraintsTypically, theserequestshouldbeprocesseih lessthan100mil-
lisecondsUsually requestf this type comefrom hardware (a kind of interruptions),
andalmostall of themrequireonly readaccesgo persistentlystoreddata(however,
they needto seeconsistenstate sotransactionsirestill necessary).

Externalrequestsvithout too strict time constraintsThe of requestf this type
normallycome*“from thenetwork”, thatis, areissuedrom heterogeneousrvironment
including different hardware architecturespperatingsystemsand languageerviron-
ments.
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Fig. 1. The BasicArchitecture

2.2 The Environment

Basically the systemconsistsof a core enginewhich processesll kinds of requests,
anda setof applicationswhich generateheserequestgseeFigurel).

Theexternalrequestgincluding maintenancestatisticsanalysisandotherapplica-
tions without strict real-timerequirementsare issuedfrom distributed heterogeneous
environmentvia CORBA interfaces(this is a businessequirementratherthana de-
signers’choice).

All time-critical requestsomefrom hardwaretightly connectedvith coreengine,
whichis itself distributed(for scalabilityandreliability reasons).

Thecorestoressignificantamountof datapermanentlyandthusmaybeconsidered
asadatabasevith usualrequirementssuchasconsisteng, dataindependencestc.

In otherwords,the core enginemay be considerechs a real-time object-oriented
DBMS with CORBA-compliantinterfaces.lt also containssignificantamountof the
applicationcodefor time-criticalapplicationawvhich alsoaccesslatavia CORBA type
of interfaces.

However, asexplainedabove, it is not possibleto meetperformanceequirements
within currentCORBA implementations.

2.3 Performance Shortcuts

The architectureof the core enginefollows the structuredefinedin CORBA, but the
implementatiorrelieson severalshortcutsivhich provide fastinter-serviceinteractions.
In orderto tight time constraintsthe OODB is implementedas a main memory
databaseThe coreengineis distributed, therefore our mainmemoryis actuallya dis-
tributedsharedvirtual memory Eachprocesshowever, runsin separataddresspace
(whichvirtually includesthe sharednemory).
Thefollowing typesof shortcutsareusedin the coreengine:

— Servicegnayrunasasingleprocessandthereforesharecommonaddresspaceln
this case CORBA invocationsmaybereplacedoy directcalls.



— Whenbothclientandserviceresidein coreengine thesharedvirtual memorymay
be usedto passhulk amountsf datadirectly.
— Servicegnayinternallybenefitfrom presencef sharedvirtual memory

2.4 Objects

While thecompleteenginencludeg(relatively) high-levelfeaturesandsupportsstrongly-
typedobjects,only low-level storageaspect®f theengineareconsideredn this study

All objectsin the coreenginemay keep(someportion of) their statein persistent
memoryarea.ln this project,we do not rely on a popularconceptof transpaencyof
persistencebecauset implies certainperformancepenalties,and actually significant
percentagef all objectsdo not needit.

Insteadthe (partof the) stateof objectwhich shouldpersistis explicitly mappedo
persistentnemoryarea(implementedassharedvirtual memory).

Whenanobjectneedgo accesdt’ spersistenstate theappropriatgortionof shared
virtual memoryis mappedto the sameaddressof the processaddressspace,so no
pointertranslationis neededThusthe mappingof objectstateto persistenstoredoes
notimply performanceenaltiesHowever, thismappingis veryimportantconceptually
becausédt is a forget operator—it mapstypeddataobjectsrepresentingersistentstate
to untypedgenericdataobjects Thetypeinformationis storedasanattribute of generic
object.

Thisdynamicallytyped(or untyped)objectdayerwasidentifiedpreviouslyin other
persistenbbjectsystemsge.g. Tycoon StorageProtocol[7] operateswith a datastruc-
ture very similar to genericdataobjectsusedhere.The objectsconsideredn [1] also
possesslynamictypeinformationandcanbethereforeviewedasuntyped.

Fromthis perspectie,the CORBA persistenceservicemaybe describedcasa com-
positionof mappings:

1. The applicationpersistenbbject’s (PO) transientstateis mappedto a persistent
statereferredto by PID andrepresentedith DataObjects.

2. DataObjectsaremappedo untypedGenericDataObjectswhich maybe handled
directly in datastore.

3. The (transient)referencedo genericdataobjectsare mappedo (persistentjoca-
tionsin datastore.

Last mapping(usually called swizzling) was extensiely studiedin the literature
andseveraloptionswereevaluatedandcomparedWe areconsideringhisissuelaterin
connectiorwith the datastorestructure3.2.

3 Shared Virtual Memories

Significantperformanceyains(with respecto generalpurposepersistencasspecified
by OMG) can be obtainedif the applicationpersistentobjectis running on the site
thatcanaccesghe datastorenemory In this casethe datastoranemorymaybe shared
betweerseveralclients.



Oncethe datastorenemoryis madeaccessibléo clientaddresspacethedatacan
be accessetbcally, eitherdirectly or via anadvancedobjectrequesbroker which can
utilize this potentialbenefit.

Thepre-requisitdor this type of interactionis thatdatastoreshouldrun atthe same
siteasapplicationpersistenbbject(PO).We cannotcontrolthe selectionof the sitefor
PO, henceit is necessaryo relocatepersistenstoreto gainfrom the potentialbenefits
of co-location.

The straightforward solution,suggestedh [1], is basedon a conceptof distributed
sharedvirtual memory(DSVM). Althoughthis solutionis applicableonly for homoge-
neouservironmentswhichis notlimiting restrictionfor time-criticalapplications.

Thebasicideaof theDSVM is to utilize hugevirtual addresspacg64-bitaddress-
able)and mapit to addressspacesof all sitesthat sharethis virtual memory Some
portion of theaddresspaceshouldbe, of course resenedfor privateuseof eachpar
ticular site, but the sizeof addresspaceprovidesa possibilityto make this privatepart
negligible.

With this type of environment,we may replicatedata(on the virtual memorypage
level), sothateachclient canaccesst’s persistenstatelocally, with additionaladvan-
tages:

— Thememorymappingis fixed,consequentladdressesaybe usedaspointers,no
swizzlingis necessary
— Thecorversionanadeby Type layermaybe significantlysimplified.

However, an attemptto implementthis structuredirectly would facecertainprob-
lems.

Thefirst problemto mentionis relatedto placemenbf persistentiatain thevirtual
memory If the objectidentifiers (representeds virtual addressesare selectedran-
domly, the addressspacewill be extremely sparsewhich cannotbe efficient for ary
implementatiorof virtual memory Otherstratgiesmay causeproblemswith load bal-
ancing.Underary allocationpolicy it is difficult to presereloadbalancing.

Anotherproblemis relatedto updateslf storedobjectsareclaimedto beimmutable
(asin [1]), anadditionaldirectoryis unavoidableontop of thedescribedne(to manage
referencedo objectsrepresentinghe lateststateof mutableobjects),which resultsin
extraindirectionandhenceperformancepenalties Alternatively, if objectsarerelocat-
able,someexpensve mechanizmgsuchasgarbagecollection)areun-avoidable.

Both problemsmentionedabove are the problemsof location and identity. Next
sectionexplainshow theseproblemscanbeaddressed.

3.1 Object Identity and Location

The root causeof the problemslisted above is that the functionsof identity (provided
by objectidentifier) andlocality are often mutually exclusive. The identity shouldbe
immutable while any dynamicervironmentwill degradeif objectscannotberelocated
for somereason.

The problemcanbe completelysolved by additionalindirection(with well-known
disadwantages)To avoid extra indirection, this projectrelieson dynamichashing We



are concernedwith persistentobject states,so the identifier in this sectionrefersto
identifier of a persistenbbjectstatein a datastorgto avoid mismatchwith CORBA
objectreference).

Theproposedstructures actuallyacombinationof distributedsharedvirtual mem-
ory [1] anddistributeddynamichashingproposedn [6].

3.2 Distrib uted Hashing for DSVM

Thesharedvirtual memoryis segmentednto pagesf reasonablsize.Actuallocations
arecalculatedrom the valuesof identity usingperfecthashfunctionwhich yieldsthe
addresf distributedsharedvirtual memorypagewherethe correspondingpersistent
stateis currentlylocated.A smalltablein the headerof eachpageis usedto finally
resolhe thereference.

Modern hashschemescan avoid collisions, so thereis no needin ary overflow
chains.Moreover, mostof hashingschemesre dynamic,so the datawill not be scat-
teredoverthewhole addresspacelnstead;t will occupy reasonablamountof mem-
ory pageswith controlleddensity

An additionaladvantagds thatthe Identity spaceis not limited with addresspace
sizeof thecomputer Theonly requirements thatexisting datashouldfit into available
virtual memoryaddresspace.

The speedbf modernconnectionss significantlygreatethanmechanicabpeecdbf
disk storageThereforejt is reasonabléo usemainmemoryinsteadf disksto holdthe
pagesTheamountof mainmemoryin adistributedsystemshouldanyway sufiicientto
keepall datain themainmemory

So,insteadof disk addressthe hashfunctionis usedto calculatethe addresf a
sitewhich holdsa primary copy of this page[6].

Whenthe pageis cachedthe calculatedpointervaluesmay be re-usedf referto a
pagecachednto the sameaddresspaceproviding extremelyfastaccesgo persistent
data.

In termsof addresspacewe assumehatthe virtually addressablepaces huge,
anddistinguishthefollowing ranges:

— privatespaceof aprocess
— arangefor cachedpagesf sharednemory
— aspacedor pageshostedn this site.

Thus,therangeto which a particularaddres$elongsallows alwayseasilydecideif
this addressequiresrecalculation.

For the reasonf reliability, eachpageshouldbe keptat morethanonesite. The
modificationof the hashingalgorithmis alsoproposedn [6].

3.3 ConcurrencyControl for Shared Memories

The objective of ary systemthatdepend®n persistentlatais to presere dataconsis-
teng/ while providing bestperformancée.g.maximalthroughpuior minimal response
rime). The commonway to improve performancegspeciallyin distributedsystemsis



to increasalegreeof parallelism.Thisincreasehowever, is limited with requiremento
presere consisteng, andconcurreng control limits degreeof parallelismin orderto
presere consisteng.

Forthisreasonyve consideiconsisteng asa primaryobjective,andtheconcurreng
controlasatool which maybeusedto achieveit.

The Protocol. The concurreng controlis a hard problemdueto unacceptablero-
cessingoverheadqe.qg. locking of a single dataelementmay require several remote
procedurecalls,eachof which may consumdew milliseconds.

On the other hand,the probability of conflictsis extremely low. For this reason,
aconcurreng control algorithmwith low overheads neededOptimistic concurreng
control protocol which can meettheserequirementss briefly describedhere.More
detaileddiscussioris availableat[9].

Themainideaof our protocolis to usevirtual memorymanagemertb traceaccess
to persistentlataandto detectthe inter-transactiorconflicts.

To keepoverheadminimal, we choosepage-l@el granularityof accessontrol. The
objectsare expectedto be very small, henceobject-level control would resultin in-
creasecamountof processinqnecessaryo keeptrack of accesseslhis decisionmight
leadto decreasef concurreng, but thisis notfor read-onlytransactionsywhich areour
majorconcern.

The Model. In additionto systemfeatureghatwereoutlinedabove we needfew addi-
tional assumptions.

We assumehat eachtransactiorruns within a processand eachprocesshasit’'s
own virtual 64-bitaddresspace Eachaddresspacehave own pagetableandthereis
acommonglobal pagetable.

Thetransactiormanagercaninfluencethe pagereplacemenpolicy of virtual mem-
ory managethroughcall-backfunctions.Finally, hardwarecantrapbothreadandwrite
(to protectedpagefaults.

Data Structur es. We assumeéhatthe transactiormanagehasaccesgo pagetablesof
all addresspaceghatarein useon the sameprocessarThe transactiormanagemay
eitheruseseparat@roces®r maybeinvokedfrom regularapplicationprocesge.g.via
exceptionhandler)andin ary caseit canalsoaccesglobalpagetable.

Thetransactiormanagemaintainsa transactiorcounter which shouldbe globally
unique.This countemaybealsousedto defineserializationorder

In this protocol,we usemultiple versionsof pagesandallow read-onlytransactions
to accespreviousstatesof updatedpages.

To implementthis featurethe transactiormanageshouldmaintainadditionaldata
structuredo keeptrack of existing versionsfor each(recently)updatedpage,andthis
datashouldbe consistenfor all transactiormanagers.

Eachversionof a pagehasassociategersionnumberwhichis equalto globalpart
of thetransactionidentifier (whichis increasedvhenwriting transactiorappears).

During theinitialization of a transactioraninterval of admissibleversionnumbers
for thistransactioris calculated.



Transaction Identifiers. Whenthe transactionrmanagerregistersnew transactiona
globally uniquetransactioridentifieris created.

Eachtransactioomanagemaintaindocaltransactiorcounterandtheglobalcounter
is usedonly for writing transactions.

The transactionidentifier should contain the value of global counter(advanced
whena writing transactiorcommits) transactiormanageidentifier, andlocal sequen-
tial number(relative to the globalnumber).

The advantageof thisimplementatioris thattheidentifiersfor mostfrequentread-
only transactionsanbeassignedocally oneachprocessowithoutary synchronization
with othertransactiormanagers.

Operations. To presenthe protocol,we further describeactionsperformedby trans-
actionmanageon certainevents.

ReadOpemation: Whena transactiorattemptso readdatafrom a pageof sharedper
sistentmemory the transactiormanagetooks for the pageaddressn the global page
table.If the pageis foundthere this pagehasonly oneversion,which is madeaccessi-
bleto therequester

Otherwisethetransactiormanagefooksfor appropriateversionof apagein thelist
of versionepagesandselectsa versionwhichis suitablefor therequestingransaction
(the selectionis basedon the transactioridentifier andthe versionnumberassociated
with eachversionof a page).

Write Opemtion: Whena transactiorattemptsto updatethe datain sharedpersistent
memory anexceptionoccurs pecausénitially eachpageis availablein (atmost)read-
only mode.

If transactiorattemptsto write to the latest(or the only) versionof a pagethenex-
ceptionhandlerthencreates privatecopy of thepageto beaccessedndappropriately
updateghe local pagetable. This copy may or may not be allocatedon the persistent
memory Otherwisethetransactions aborted.

In addition, the transactionis registeredas writing transactionand the manager
makes houseleepingrecordsto be ableto handlethe private (shadev) copy properly
whenthetransactiorterminates.

Abort: In caseof abortof the read-onlytransactiorthe informationaboutthis trans-
actionis discardedWhenwriting transactiorabortsall updatedoageg(thatis, private
copies)aresimply discarded.

Commit: Theread-onlytransactiorcancommitregardlesf arny othercircumstances,
becausgroperversionsof eachpageit accessetvereprovidedatthefirst access.

Thevalidationof thewriting transactiorincludescheckof all updatecbages!f for
somepageswhich were updatedby the transactionn questionmore recentversions
exist the transactiorshouldbe aborted ptherwiseit commits.



Rollbadk: In caseof abortof theread-onlytransactiortheinformationaboutthistrans-
actionis discardedWhenwriting transactioraborts(e.g.for it's internalreasons)all

updatedpaged(thatis, private copies)are simply discardedandall informationabout
thistransactiormaybeerased.

Corr ectness. The correctnes®f this protocol is obvious becausesvery committed
read-onlytransactionwork with samestateof databasevhich was at the time of its
start.

3.4 The Performance Model

Proposedoncurreng controlalgorithmhaslittle overheadbut may potentiallyresult
in high rateof transactioraborts(typical for all optimisticalgorithms).To estimatethe
probabilitiesof successfulransactiorcommits,a simplemodelwasused.

For the caseof read-onlytransactiorthe estimationis trivial, becausehey always
commit, and Pr.q4—oniy = 1. For updatingtransactionghe model dependson the
following parameters:

N — total numberof dataelements,

n — averagenumberof dataelementsisedby singleupdatetransaction,
I — averagdengthof transaction,
k — averagenumberof transactionpersecond.

Thenthe probability of successfutommitis estimatecdas

1
Bupdate = 17 -y 5 P

whereP = min(k * [ x (1 — %); 1).

Estimationsobtainedfrom this modelshawv thatthe abortrateis very small,which
is not surprisingunderour assumptions.

4 Implementation Environmentand Prototype

The prototypewas developedon a network consistingof SUnNSRRRC 5 workstation
andtwo Intel CPU-basedomputergunningunderSolaris2.5, Windows NT 4.0 and
Windows 95, respectiely.

Thedevelopmenbf aprototypewasbasenILU - the Xerox Researcimplemen-
tationof [10], whichimplementga subsebf) CORBA 2.0.

To estimatepotential performancegains, sometimeddirect interactionof the ob-
jectsthatsharecommonaddresspaces usedin the prototype jinsteadof regularORB
requestswhenthe placemenbf the objectsin thesameaddresspacds reasonable.

The completeémplementatiorof the datastorestructurerequiressignificantsupport
from theoperatingsystemThe prototypeonly modelssomeof thecritical featuresThe
implementations basedn Unix concepf mappednemory(mmapsystemcall). This
functioneffectively providesfor persistencef mainmemorysegments.



Thelimitation is thattheaddressesannotbe preseredin thisapproachsothis part
of theengineis not modelledin the prototype.

The prototypeincludespersistencandtransactiorservicesa virtual memorydata-
storeimplementatioron UNIX systemandexampleclients.

The prototypeexhibits expectedpoerformancenddemonstratefeasibility of there-
liable andefficient datastorémplementatiorbasedbn theconcepbf distributedshared
virtual memory

5 RelatedWork

Distributedobjectsystemsver virtual memoryaredescribedandimplementedn sev-
eralpapersandprojects,e.g.[4,11,12,2]. however, neitherload balancingnor object
(de)clusterings consideredn theseprojects.

Distributedpersistenbbjectdirectorybasedon sharedvirtual memoryis described
in [5, 8,1], but the architecturgoroposedheredoesnot take into accountperformance
issues.

Distributeddynamichashingschemesvere describedn seriesof papersge.g.[6].
The structuredescribedherearedesignedor performanceandreliability, but appli-
cationsto objectsystemsareout of the scopeof thesepapers.

Typelesgepresentationfor persistenbbjectsin distributedheterogeneousystems
aredefinedin [7]. This work doesnot considemeitherreal-timerequirementsor per
formanceissues.

Concurreng control protocolsfor real-timedatabasesvere studiedin [3,13,14].
However, thiswork is mostlyrelatedto protocolenhancementhatmake responséime
predictableanddoesnot consideractualimplementation.

6 Conclusions

The paperdescribegpotentialimplementationof persistentobject storefor real-time

systemswith very tight time constraintsThe implementations basedon distributed

sharedvirtual memorycombinedwith distributeddynamichashing.
Themajorcontributionsof theapproactare:

— The coupling of concurreng control with virtual memorymanagemenprovides
very efficient processingf time-critical transactionsRead-onlytransactionsnay
be scheduledocally (without any remotecalls).

— Use of dynamichashingfor object placementresultsin increasedlexibility and
loadbalancing.

The feasibility of this designwas demonstrate@n a prototype,but actualperfor
mancecharacteristicstill needfurtherinvestigation.
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