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Abstract. An implementationof persistentobject store for real-timesystems
with strict processingtime constraintsis a challengingtask,becausemany tra-
ditional databasetechniques,e.g. transactionmanagementschemes,arenot ap-
plicablefor suchsystems.
Thispaperexaminestechnicalandbusinessrequirementsfor oneparticularclass
of suchsystemsanddescribesan architecturebasedon distributedsharedvir-
tual memory. The major contributions are:useof distributeddynamichashing
to achieve load balancingandtight couplingof transactionandvirtual memory
management,which allows local schedulingof read-onlytransactions.

1 Intr oduction and Moti vation

During past two decadesthe object orientationevolved from a useful programming
paradigmto a widespreadtechnologywhich now addressesvirtually all layersof soft-
ware(from operatingsystemsto applicationprograms),all applicationdomains,andall
phasesof thesystemlife cycle.

In particular, the requirementsof non-traditionaldatabaseapplications(such as
CAD) stimulatedrapiddevelopmentof object-orienteddatabasesandappropriatemod-
els.

Theneedto reducesoftwaredevelopmentcoststogetherwith rapidgrowth of global
networksbroughtup theideasof interoperabilityandsoftwarereuseasoneof thema-
jor directionsof researchanddevelopment.Both software interoperabilityand reuse
involve several issuesrelatedto differentlayersfrom formal compatibilityof datafor-
mats(e.g. low-level network protocols),andinterfaces(e.g.OMG IDL) to very deep
problemsof semanticinteroperability.

Oneof verypopularapproachesto facilitateinteroperabilityis creationof opensys-
temsthatcancommunicatewith othersystemsover network. Themajority of modern
systems(e.g.operatingsystemsandDBMSs)aredesignedasopenin theabovesense.
However, to enableefficient softwarereuseit is necessary, in addition,to opensomeof
systeminternalfunctionality.

Oneof widely acceptedwaysto interoperabilityis throughOMG CORBA archi-
tecture[10]. In this architecture,thesystemfunctionality, availablevia ObjectRequest
�
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Broker (ORB), is split into severalobjectservicesandcommonfacilities,sothatappli-
cationmayusethesecomponentsasneeded.

Ideally, theservicesshouldbemutuallyorthogonal.However, thenotionof orthog-
onality is not preciselydefinedand thereforemay be viewed only asa desirablebut
not reachablein practice.Someservices,even specifiedas completelyindependent,
inevitably have strongimplementationdependencies.In particular, severalservicesre-
latedto differentaspectsof persistencearecloselyrelated.Further, differentimplemen-
tationsarerequiredfor variousapplicationsso that domain-specificrequirementscan
besatisfied.

In this paperwe describean approachto implementationof the persistenceand
relatedserviceswhichcanbecombinedinto aconsistentOMA-compliantarchitecture,
providing efficient supportfor heterogeneouspersistentreal-timeobjectenvironments.

Eachof the desiredpropertiesis addressedby existing approachesandevencom-
mercialsystems,but neitherof thesecurrentlyaddressesthewholesetof requirements:

– Distributed object environmentsprovide for scalable,reliable,and cost-efficient
computations,but, in general,do not addressneitherpersistencenor real-time.

– OpenarchitecturessuchasOMG OMA/CORBA provide basicinteroperabilityin
heterogeneoussystems,but theproblemsof persistenceandreal-timebecomemuch
harderthanfor homogeneousdistributedsystems.

– Persistentobjectenvironmentsdo notaddressreal-timeconstraints.
– Object-orientedDBMSscannotefficientlysupportheterogeneousenvironmentswith

mixedapplications(e.g.transactionalandnon-transactional).
– Researchon real-timedatabasesystemsis restrictedto transactionmanagementin

the presenceof deadlinesanddo not addresscomplex objectsandqueries,which
maycauseunpredictableresponsetimes.

– Virtual main memorydatabasesareuseful for implementationof persistencefor
real-timedistributedobjectenvironments,but many of traditionaldatabasestech-
niquesshouldberevisedfor this kind of databasesystems.

Therequirementsof real-time,especiallyperformancerequirements,areextremely
hardto meet.We areinterestedin applicationdomainswerecritical partsof distributed
systemshouldexhibit veryhighperformance:mostof transactionsshouldbecompleted
in tensof millisecondsafterarrival of a transaction.

This level of performancecannotbe achieved within currentOMG CORBA ar-
chitecture,becausethe bestORB implementationsimplementationsconsumeat least
few millisecondsper request.The standardOMG servicesrequireseveral requeststo
be issuedwhentransactionstartsor commits,locksareacquiredor released,andeven
persistentdataareaccessed.

Tobypasstheseproblems,ahybridarchitectureshouldbeused,with special(stream-
lined) processingof requestswhich canbeperformedentirely in the time-critical part
of thesystem.

Fortunately,dueto specialfeaturesof theapplicationdomain,it ispossibleto relyon
assumptionswhich make thesolutionfeasible.Themostimportantassumptionis that
all time-critical transactionsin thesystemareread-only, anda specialkind of transac-
tion schedulingcanbeusedto meetperformancerequirements.



Although this assumptionlooks overrestrictive, it holdsfor applicationsrelatedto
embeddedreal-timesystemswith soft deadlines,e.g.telephoneswitches.

Thepaperis organizedasfollows.
Next sectionlists the requirementsfor the system,then the basicarchitectureof

the proposedimplementationis describedand motivated.Further, useof sharedvir-
tual memoryin thesystem,concurrency control,andtheprototypeimplementationare
described.A brief review of relatedwork is followedby conclusions.

2 Requirementsand SystemAr chitecture

2.1 Requirementsand Assumptions

In this sectionwe identify thespecialrequirementsof real-timeapplicationsto persis-
tenceandissuesto beresolved.

Typical real-timerequirementsinclude:

– extremelyhigh reliability
– transactionshavefirm deadlineswith tight time limits
– the systemis essentiallydistributed,andeachtransactionmay involve morethan

onesite.

However, applicationswehavein mindhavespecialfeatureswhichallowsto reduce
drammaticallythenumberof remoteobjectrequests,streamliningthe implementation
of persistence-relatedservices.

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

– mostof transactionsareveryshort
– mostof transactionsareread-only,endalmostall time-criticaltransactionsareread-

only ones
– thedatabasemayresideentirelyin themainmemory
– significantportionof datais write-protectedfor almostall transactions
– thesizeof individualdataobjectsis relatively small
– thememoryis partitionedinto pages,sothatobjectscannotcrosspageboundaries.

Actually, thetargetsystemshouldprocesstwo differenttypesof requests.
Themajorpartof requests(regularservicerequests),shouldbeprocessedwith very

tight timeconstraints.Typically, theserequestsshouldbeprocessedin lessthan100mil-
liseconds.Usually requestsof this typecomefrom hardware(a kind of interruptions),
andalmostall of themrequireonly readaccessto persistentlystoreddata(however,
they needto seeconsistentstate,sotransactionsarestill necessary).

Externalrequestswithout too strict time constraints.The of requestsof this type
normallycome“from thenetwork”, thatis, areissuedfrom heterogeneousenvironment
including differenthardwarearchitectures,operatingsystems,and languageenviron-
ments.
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Fig.1. TheBasicArchitecture

2.2 The Envir onment

Basically, the systemconsistsof a core enginewhich processesall kinds of requests,
andasetof applicationswhich generatetheserequests(seeFigure1).

Theexternalrequests(includingmaintenance,statistics,analysisandotherapplica-
tions without strict real-timerequirements)areissuedfrom distributedheterogeneous
environmentvia CORBA interfaces(this is a businessrequirement,ratherthana de-
signers’choice).

All time-critical requestscomefrom hardwaretightly connectedwith coreengine,
which is itself distributed(for scalabilityandreliability reasons).

Thecorestoressignificantamountof datapermanentlyandthusmaybeconsidered
asa databasewith usualrequirements,suchasconsistency, dataindependence,etc.

In otherwords,the coreenginemay be consideredasa real-timeobject-oriented
DBMS with CORBA-compliant interfaces.It alsocontainssignificantamountof the
applicationcodefor time-criticalapplicationswhich alsoaccessdatavia CORBA type
of interfaces.

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

2.3 PerformanceShortcuts

The architectureof the coreenginefollows the structuredefinedin CORBA, but the
implementationreliesonseveralshortcutswhichprovidefastinter-serviceinteractions.

In order to tight time constraints,the OODB is implementedas a main memory
database.Thecoreengineis distributed,therefore,our mainmemoryis actuallya dis-
tributedsharedvirtual memory. Eachprocess,however, runsin separateaddressspace
(whichvirtually includesthesharedmemory).

Thefollowing typesof shortcutsareusedin thecoreengine:

– Servicesmayrunasasingleprocessandthereforesharecommonaddressspace.In
this case,CORBA invocationsmaybereplacedby directcalls.



– Whenbothclientandserviceresidein coreengine,thesharedvirtual memorymay
beusedto passbulk amountsof datadirectly.

– Servicesmayinternallybenefitfrom presenceof sharedvirtual memory.

2.4 Objects

While thecompleteengineincludes(relatively)high-level featuresandsupportsstrongly-
typedobjects,only low-level storageaspectsof theengineareconsideredin this study.

All objectsin the coreenginemaykeep(someportion of) their statein persistent
memoryarea.In this project,we do not rely on a popularconceptof transparencyof
persistencebecauseit implies certainperformancepenalties,andactuallysignificant
percentageof all objectsdo not needit.

Instead,the(partof the)stateof objectwhichshouldpersistis explicitly mappedto
persistentmemoryarea(implementedassharedvirtual memory).

Whenanobjectneedsto accessit’spersistentstate,theappropriateportionof shared
virtual memory is mappedto the sameaddressof the processaddressspace,so no
pointertranslationis needed.Thusthemappingof objectstateto persistentstoredoes
notimply performancepenalties.However, thismappingis veryimportantconceptually
becauseit is a forget operator—it mapstypeddataobjectsrepresentingpersistentstate
to untypedgenericdataobjects. Thetypeinformationis storedasanattributeof generic
object.

Thisdynamicallytyped(or untyped)objectslayerwasidentifiedpreviouslyin other
persistentobjectsystems,e.g.TycoonStorageProtocol[7] operateswith a datastruc-
ture very similar to genericdataobjectsusedhere.The objectsconsideredin [1] also
possessdynamictypeinformationandcanbethereforeviewedasuntyped.

Fromthis perspective,theCORBA persistenceservicemaybedescribedasa com-
positionof mappings:

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

2. DataObjectsaremappedto untypedGenericDataObjectswhich maybehandled
directly in datastore.

3. The (transient)referencesto genericdataobjectsaremappedto (persistent)loca-
tionsin datastore.

Last mapping(usually called swizzling) was extensively studiedin the literature
andseveraloptionswereevaluatedandcompared.Weareconsideringthis issuelaterin
connectionwith thedatastorestructure3.2.

3 Shared Virtual Memories

Significantperformancegains(with respectto generalpurposepersistenceasspecified
by OMG) can be obtainedif the applicationpersistentobject is running on the site
thatcanaccessthedatastorememory. In thiscasethedatastorememorymaybeshared
betweenseveralclients.



Oncethedatastorememoryis madeaccessibleto clientaddressspace,thedatacan
beaccessedlocally, eitherdirectly or via anadvancedobjectrequestbrokerwhich can
utilize this potentialbenefit.

Thepre-requisitefor this typeof interactionis thatdatastoreshouldrunat thesame
siteasapplicationpersistentobject(PO).We cannotcontroltheselectionof thesitefor
PO,henceit is necessaryto relocatepersistentstoreto gainfrom thepotentialbenefits
of co-location.

Thestraightforwardsolution,suggestedin [1], is basedon a conceptof distributed
sharedvirtual memory(DSVM). Althoughthissolutionis applicableonly for homoge-
neousenvironments,which is not limiting restrictionfor time-criticalapplications.

Thebasicideaof theDSVM is to utilize hugevirtual addressspace(64-bitaddress-
able) andmap it to addressspacesof all sitesthat sharethis virtual memory. Some
portionof theaddressspace,shouldbe,of course,reservedfor privateuseof eachpar-
ticular site,but thesizeof addressspaceprovidesa possibilityto makethis privatepart
negligible.

With this typeof environment,we mayreplicatedata(on thevirtual memorypage
level), sothateachclient canaccessit’s persistentstatelocally, with additionaladvan-
tages:

– Thememorymappingis fixed,consequentlyaddressesmaybeusedaspointers,no
swizzlingis necessary.

– Theconversionsmadeby Typelayermaybesignificantlysimplified.

However, an attemptto implementthis structuredirectly would facecertainprob-
lems.

Thefirst problemto mentionis relatedto placementof persistentdatain thevirtual
memory. If the object identifiers(representedas virtual addresses)are selectedran-
domly, the addressspacewill be extremelysparse,which cannotbe efficient for any
implementationof virtual memory. Otherstrategiesmaycauseproblemswith loadbal-
ancing.Underany allocationpolicy it is difficult to preserveloadbalancing.

Anotherproblemis relatedto updates.If storedobjectsareclaimedto beimmutable
(asin [1]), anadditionaldirectoryis unavoidableontopof thedescribedone(to manage
referencesto objectsrepresentingthe lateststateof mutableobjects),which resultsin
extra indirectionandhenceperformancepenalties.Alternatively, if objectsarerelocat-
able,someexpensivemechanizms(suchasgarbagecollection)areun-avoidable.

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

3.1 Object Identity and Location

Theroot causeof theproblemslistedabove is that the functionsof identity (provided
by objectidentifier) andlocality areoften mutually exclusive. The identity shouldbe
immutable,while any dynamicenvironmentwill degradeif objectscannotberelocated
for somereason.

Theproblemcanbecompletelysolvedby additionalindirection(with well-known
disadvantages).To avoid extra indirection,this projectrelieson dynamichashing.We



are concernedwith persistentobject states,so the identifier in this sectionrefersto
identifier of a persistentobjectstatein a datastore(to avoid mismatchwith CORBA
objectreference).

Theproposedstructureis actuallyacombinationof distributedsharedvirtual mem-
ory [1] anddistributeddynamichashingproposedin [6].

3.2 Distrib uted Hashing for DSVM

Thesharedvirtual memoryis segmentedinto pagesof reasonablesize.Actual locations
arecalculatedfrom thevaluesof identity usingperfecthashfunctionwhich yieldsthe
addressof distributedsharedvirtual memorypagewherethecorrespondingpersistent
stateis currently located.A small table in the headerof eachpageis usedto finally
resolve thereference.

Modern hashschemescan avoid collisions, so thereis no needin any overflow
chains.Moreover, mostof hashingschemesaredynamic,so thedatawill not bescat-
teredover thewholeaddressspace.Instead,it will occupy reasonableamountof mem-
ory pageswith controlleddensity.

An additionaladvantageis that theIdentity spaceis not limited with addressspace
sizeof thecomputer. Theonly requirementis thatexistingdatashouldfit into available
virtual memoryaddressspace.

Thespeedof modernconnectionsis significantlygreaterthanmechanicalspeedof
diskstorage.Therefore,it is reasonableto usemainmemoryinsteadof disksto holdthe
pages.Theamountof mainmemoryin adistributedsystemshouldanywaysufficient to
keepall datain themainmemory.

So, insteadof disk address,the hashfunction is usedto calculatethe addressof a
sitewhich holdsa primarycopy of this page[6].

Whenthepageis cached,thecalculatedpointervaluesmaybere-usedif referto a
pagecachedinto thesameaddressspace,providing extremelyfastaccessto persistent
data.

In termsof addressspace,we assumethat thevirtually addressablespaceis huge,
anddistinguishthefollowing ranges:

– privatespaceof a process
– a rangefor cachedpagesof sharedmemory
– a spacefor pageshostedin this site.

Thus,therangeto whichaparticularaddressbelongsallowsalwayseasilydecideif
this addressrequiresrecalculation.

For the reasonsof reliability, eachpageshouldbe keptat morethanonesite.The
modificationof thehashingalgorithmis alsoproposedin [6].

3.3 ConcurrencyControl for SharedMemories

Theobjective of any systemthatdependson persistentdatais to preserve dataconsis-
tency while providing bestperformance(e.g.maximalthroughputor minimal response
rime). Thecommonway to improveperformance,especiallyin distributedsystems,is



to increasedegreeof parallelism.This increase,however, is limited with requirementto
preserve consistency, andconcurrency control limits degreeof parallelismin orderto
preserveconsistency.

For thisreason,weconsiderconsistency asaprimaryobjective,andtheconcurrency
controlasa tool which maybeusedto achieve it.

The Protocol. The concurrency control is a hardproblemdue to unacceptablepro-
cessingoverheads(e.g. locking of a singledataelementmay requireseveral remote
procedurecalls,eachof which mayconsumefew milliseconds.

On the other hand,the probability of conflicts is extremely low. For this reason,
a concurrency controlalgorithmwith low overheadis needed.Optimisticconcurrency
control protocol which can meet theserequirementsis briefly describedhere.More
detaileddiscussionis availableat [9].

Themainideaof ourprotocolis to usevirtual memorymanagementto traceaccess
to persistentdataandto detecttheinter-transactionconflicts.

To keepoverheadminimal,wechoosepage-level granularityof accesscontrol.The
objectsare expectedto be very small, henceobject-level control would result in in-
creasedamountof processingnecessaryto keeptrackof accesses.This decisionmight
leadto decreaseof concurrency, but this is not for read-onlytransactions,whichareour
majorconcern.

The Model. In additionto systemfeaturesthatwereoutlinedaboveweneedfew addi-
tionalassumptions.

We assumethat eachtransactionrunswithin a processandeachprocesshasit’s
own virtual 64-bit addressspace.Eachaddressspacehave own pagetableandthereis
a commonglobalpagetable.

Thetransactionmanagercaninfluencethepagereplacementpolicy of virtual mem-
ory managerthroughcall-backfunctions.Finally, hardwarecantrapbothreadandwrite
(to protected)pagefaults.

Data Structur es. We assumethatthetransactionmanagerhasaccessto pagetablesof
all addressspacesthatarein useon thesameprocessor. Thetransactionmanagermay
eitheruseseparateprocessor maybeinvokedfrom regularapplicationprocess(e.g.via
exceptionhandler),andin any caseit canalsoaccessglobalpagetable.

Thetransactionmanagermaintainsa transactioncounter, which shouldbeglobally
unique.Thiscountermaybealsousedto defineserializationorder.

In thisprotocol,weusemultipleversionsof pagesandallow read-onlytransactions
to accesspreviousstatesof updatedpages.

To implementthis featurethetransactionmanagershouldmaintainadditionaldata
structuresto keeptrackof existing versionsfor each(recently)updatedpage,andthis
datashouldbeconsistentfor all transactionmanagers.

Eachversionof apagehasassociatedversionnumber, which is equalto globalpart
of thetransactionidentifier(which is increasedwhenwriting transactionappears).

During theinitialization of a transactionaninterval of admissibleversionnumbers
for this transactionis calculated.



Transaction Identifiers. Whenthe transactionmanagerregistersnew transaction,a
globallyuniquetransactionidentifieris created.

Eachtransactionmanagermaintainslocaltransactioncounter,andtheglobalcounter
is usedonly for writing transactions.

The transactionidentifier should contain the value of global counter(advanced
whena writing transactioncommits),transactionmanageridentifier, andlocal sequen-
tial number(relative to theglobalnumber).

Theadvantageof this implementationis that theidentifiersfor mostfrequentread-
only transactionscanbeassignedlocallyoneachprocessorwithoutany synchronization
with othertransactionmanagers.

Operations. To presenttheprotocol,we furtherdescribeactionsperformedby trans-
actionmanageron certainevents.

ReadOperation: Whena transactionattemptsto readdatafrom a pageof sharedper-
sistentmemory, the transactionmanagerlooks for thepageaddressin theglobalpage
table.If thepageis foundthere,this pagehasonly oneversion,which is madeaccessi-
ble to therequester.

Otherwisethetransactionmanagerlooksfor appropriateversionof apagein thelist
of versionedpagesandselectsaversionwhich is suitablefor therequestingtransaction
(the selectionis basedon the transactionidentifierandthe versionnumberassociated
with eachversionof a page).

Write Operation: Whena transactionattemptsto updatethe datain sharedpersistent
memory, anexceptionoccurs,becauseinitially eachpageis availablein (atmost)read-
only mode.

If transactionattemptsto write to thelatest(or theonly) versionof a pagethenex-
ceptionhandlerthencreatesaprivatecopy of thepageto beaccessedandappropriately
updatesthe local pagetable.This copy mayor maynot beallocatedon the persistent
memory. Otherwisethetransactionis aborted.

In addition, the transactionis registeredas writing transactionand the manager
makeshousekeepingrecordsto be ableto handlethe private(shadow) copy properly
whenthetransactionterminates.

Abort: In caseof abortof the read-onlytransactionthe informationaboutthis trans-
actionis discarded.Whenwriting transactionabortsall updatedpages(that is, private
copies)aresimply discarded.

Commit: Theread-onlytransactioncancommitregardlessof any othercircumstances,
becauseproperversionsof eachpageit accessedwereprovidedat thefirst access.

Thevalidationof thewriting transactionincludescheckof all updatedpages.If for
somepageswhich wereupdatedby the transactionin questionmore recentversions
exist thetransactionshouldbeaborted,otherwiseit commits.



Rollback: In caseof abortof theread-onlytransactiontheinformationaboutthis trans-
actionis discarded.Whenwriting transactionaborts(e.g.for it’s internalreasons),all
updatedpages(that is, privatecopies)aresimply discardedandall informationabout
this transactionmaybeerased.

Corr ectness. The correctnessof this protocol is obvious becauseevery committed
read-onlytransactionwork with samestateof databasewhich wasat the time of its
start.

3.4 The PerformanceModel

Proposedconcurrency controlalgorithmhaslittle overhead,but maypotentiallyresult
in high rateof transactionaborts(typical for all optimisticalgorithms).To estimatethe
probabilitiesof successfultransactioncommits,a simplemodelwasused.

For thecaseof read-onlytransactiontheestimationis trivial, becausethey always
commit, and
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For updatingtransactionsthe model dependson the

following parameters:�
— total numberof dataelements,� — averagenumberof dataelementsusedby singleupdatetransaction,�
— averagelengthof transaction,�
— averagenumberof transactionspersecond.
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Estimationsobtainedfrom this modelshow that theabortrateis very small,which
is not surprisingunderourassumptions.

4 Implementation Envir onment and Prototype

The prototypewas developedon a network consistingof SunSPARC 5 workstation
andtwo Intel CPU-basedcomputersrunningunderSolaris2.5, Windows NT 4.0 and
Windows95,respectively.

Thedevelopmentof aprototypewasbasedonILU - theXeroxResearchimplemen-
tationof [10], which implements(asubsetof) CORBA 2.0.

To estimatepotentialperformancegains,sometimesdirect interactionof the ob-
jectsthatsharecommonaddressspaceis usedin theprototype,insteadof regularORB
requests,whentheplacementof theobjectsin thesameaddressspaceis reasonable.

Thecompleteimplementationof thedatastorestructurerequiressignificantsupport
from theoperatingsystem.Theprototypeonly modelssomeof thecritical features.The
implementationis basedonUnix conceptof mappedmemory(mmapsystemcall).This
functioneffectively providesfor persistenceof mainmemorysegments.



Thelimitation is thattheaddressescannotbepreservedin thisapproach,sothispart
of theengineis not modelledin theprototype.

Theprototypeincludespersistenceandtransactionservices,avirtual memorydata-
storeimplementationon UNIX system,andexampleclients.

Theprototypeexhibitsexpectedperformanceanddemonstratesfeasibilityof there-
liableandefficientdatastoreimplementationbasedon theconceptof distributedshared
virtual memory.

5 RelatedWork

Distributedobjectsystemsovervirtual memoryaredescribedandimplementedin sev-
eral papersandprojects,e.g.[4, 11,12,2]. however, neitherload balancingnor object
(de)clusteringis consideredin theseprojects.

Distributedpersistentobjectdirectorybasedon sharedvirtual memoryis described
in [5,8,1], but thearchitectureproposedtheredoesnot take into accountperformance
issues.

Distributeddynamichashingschemesweredescribedin seriesof papers,e.g.[6].
Thestructuresdescribedtherearedesignedfor performanceandreliability, but appli-
cationsto objectsystemsareout of thescopeof thesepapers.

Typelessrepresentationsfor persistentobjectsin distributedheterogeneoussystems
aredefinedin [7]. This work doesnot considerneitherreal-timerequirementsnor per-
formanceissues.

Concurrency control protocolsfor real-timedatabaseswerestudiedin [3, 13,14].
However, thiswork is mostlyrelatedto protocolenhancementsthatmakeresponsetime
predictable,anddoesnot consideractualimplementation.

6 Conclusions

The paperdescribespotential implementationof persistentobject storefor real-time
systemswith very tight time constraints.The implementationis basedon distributed
sharedvirtual memorycombinedwith distributeddynamichashing.

Themajorcontributionsof theapproachare:

– The couplingof concurrency control with virtual memorymanagementprovides
very efficient processingof time-critical transactions.Read-onlytransactionsmay
bescheduledlocally (withoutany remotecalls).

– Useof dynamichashingfor objectplacementresultsin increasedflexibility and
loadbalancing.

The feasibility of this designwasdemonstratedon a prototype,but actualperfor-
mancecharacteristicsstill needfurtherinvestigation.
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