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Abstract

The ability to storeobjectstatespersistentlyin a convenientand flexible way is
animportantrequiremenfor middlevareernvironments.In this paperwe propose
a languagendependenframenork for flexible and extensiblepersistentstorage
servicesfor object-orientedniddlevare. The framework is specifiedby interface
definitionsandthe rationaleof their interplay To supportapplication-specifice-
quirementdik e particulardatarepositoriesanddistribution aspectsdifferentper
sistenceservicesarefeasiblewithin the proposedramework. Theseservicesare
easyto use,sinceobjectsare storedpersistentlyby inheriting from a singleclass;
additionalauxiliary classes—li&, for instancefactoryor sessiorclassesn related
approaches—amotrequired.We remarkthatinter-objecttransactionabehaior is
notin the scopeof apersistenstorageservicethesessuesareaddressedy trans-
actionalservices.To shav the opendesignof the proposedrameawvork, we sketch
how theframeavork canbeintegratedwith the TransactiorServiceproposedy the
ObjectManagemenGroup.

Keywords: Persistenc&rameavork; Object-orientedMiddleware; CORBA

1 Intr oduction

The ability to storearbitrarily structuredobjectsin persistenstoragan aflexible way
with little effort is an importantrequirementfor enhancingthe reliability and fault
toleranceof object-orientedniddlevare[13, 14, 5, 20]. If therepresentationf a per
sistentobjectin volatile storagés lost, e.g.,dueto asener crash thepersistenstorage
serviceis responsibldor restoringa consistenbbjectstateafter the systemrestarts.
Recwery from failuresshouldbe transparento the user In addition,applicationpro-
grammersshould concentrateon application-specifigropertiesand leave issuesre-
latedto the persistenstorageof objectstatesto the persistenceervice. In this paper
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we proposeaflexible, extensible andlanguagendependenpersistencé&amework for
object-orientedniddleware.

Theframework is specifiedby interfacedefinitions.Implementation®f the frame-
work resultin persistencserviceghatareusedto storeapplicationobjectspersistently
We stresgthatwithin the frameawork, a variety of implementationarefeasibleto sup-
portdifferentapplicationrequirementsfor instancedifferenttypesof datarepositories
(e.g.,file systemsyrelationaland object-orienteddatabasesystems)datarepresenta-
tions (e.g., definedby binary streamingor complex schemamapping). In addition,
theframework is languagendependentneaningthatall programminganguagesup-
portedby the middlevarecanbe usedto implementpersistencaserviceshasedon the
proposedramawork. It is importantto remarkthat differentimplementation®of the
framawork aretransparentor the usersof the servicej.e., applicationobjects.There-
lationshipbetweertheproposedramavork andparticularimplementationgs shovnin
figurel: Thepersistencérameworkis specifiedby interfacedefinitionsusinglnterface
Definition Languag€IDL) andby their semanticsyhichis describedextually.

We like to clarify thefollowing point: In this paperwe proposea framework for a
persistenstorageservice,not a particularimplementation.Sincethe term framework
is oftenused(andsometimesnisused)we statethatwe meanby framework the speci-
ficationof asetof interfacesaswell asthe specificatiorof their meaningandinterplay
To this end,we discussn somedetail the objectsinvolvedin persistenstoragewhat
theseobjectsaresupposedo do andhow they interactto reachtheirgoalof persistently
storingstateof applicationobjects.

This papelis organizedasfollows: In Section2, theapplicationmodelis character
ized,andwe sketchaspectsiot coveredin this paperin detail. Section3 introduceghe
persistencérameavork by presentingts designgoals,its overall structureincludingthe
classesnvolved, the interfacedefinitionsof theseclassesandtheir interplay Imple-
mentationaspect®f a particularpersistencservicebasedn the proposedramenork
arediscussedn Section4. A sectionon relatedwork andconcludingremarkson an
integrationwith the TransactionServicespecifiedby the Object ManagemenGroup
(OMG) andremarkson someoptimizationscompletethis paper



2 Preliminaries

This sectionintroducesthe ervironmentof the persistencdramework, andit charac-
terizesthe scopeof this paperby sketchingissuesnot addressed.

2.1 Application Model

In object-orientedsystems,applicationsare designedand implementedby objects,
which are software representationsf real-world entitieslike customersprders,and
invoices.Objectsarecharacterizedby structure(a setof attributes)andbehaior (a set
of methodswith signaturesttached)Objectscommunicatdy messag@assingOnce
anobjectrecevesamessaget determinesvhethertherespectie methodis available,
in which casethe methodis invoked andthe returnvaluesaresentbackto the calling
object.If thereis no suchmethod the systenraisesanexception.

In distributed computingervironments,objectsof a given applicationmay reside
in differentcomputingnodes.As a result,methodcalls arenonlocalin general.This
meanghatanobjectin site A maysenda messagéo anobjectin site B, andthelatter
objectreturnsthe resultof the methodinvocationto the calling object. The software
systemthat handlesthe communicationis called middlevare. Objectrequestbroker
area well known andwidely usedmiddlewarethatis basedon the CommonObject
RequesBroker Architecture(CORBA) specifiedoy OMG. In CORBA ervironments,
messagebetweernbjectsaretransferredy anobjectrequesbroker. Objectlocations
aretransparento applicationobjects,which meanghatcalling objectsdo not needto
know in which sitethe requestedabijectis located.As aresult,site change®f objects
do notrequiremodificationsof theapplication:CORBA objectidentifiersareresohed
to sitesby the middleware.

The persistencdramenork proposeds conceved for theseernvironments;it pro-
videsa corvenientandflexible way to storeobjectstategpersistentlywith the aim of
enhancinghe fault-toleranceof object-orientedapplications. Generallyspeaking at
eachinstance,an objectis characterizedy its stateandits behaior. While object
behaior is specifiedby methodsthe stateof an objectis representedby the object's
currentattribute values. Consequentlya persistenstorageservicedealswith storing
attribute valuespersistentlywith theaim of enhancindgault-toleranceandavailability.
It is designedor client/sener applicationswith specialfocuson businessapplications
in heterogeneousrvironments. Given the myriad of approacheso add persistence
to Java (the most relevant onesare discussedelow), our approachis languagein-
dependent.In fact, the specificationcan be implementedn C++, C, Java, or other
programminganguageshataresupportecoy CORBA.

Thereare two groupsof personswho make useof the resultspresentedn this
paper Firstly, the systemdesignersand systemprogrammersvho usethe proposed
persistencéramavork to implementspecificpersistenceervices Forinstanceclasses
representinglatabas®bjectshave to be implementedor eachdatabaseystemto be
usedto storeobjectstates. The secondgroup of personsare applicationdevelopers,
who usethe persistenceervicesduring applicationdevelopment.For instancejn an
orderprocessingapplication,the applicationclassorderconsistsof a variety of order
objects. To storetheseobjectspersistently applicationprogrammerscall a method



provided by the persistenceservice. Notice that any changedo the implementation
of the serviceds transparentor the applicationprogrammersandhence transparent
for the application. For instance,it may be requiredto changethe datarepository
from a file systemto a relationaldatabasesystem. This can be done corveniently
by modifying the persistenceerviceimplementationsApplications,however, do not
have to bemodifiedatall.

2.2 Aspectsnot Covered

Sinceobjectpersistencés relatedto a variety of conceptsandtechniquesthis section
discussetheissueghatarenot addressedjamelyinter-objecttransactionaproperties
andperformancevaluations. However, sincethe serviceis extensibleandopento co-
operatewith otherservicesthis doesnotrestrictthe usageof the proposecpersistence
framawork. In the contrary by its limited scope the specificatiorandimplementation
is ratherlight-weight.

An importantissuerelatedo persistencés transactionasupportor object-oriented
applications. The transactionconceptis well-known from databasesystemswhere
concurreng controlandrecoveryissueshave beenaddressedor sometime, generat-
ing theoreticaland practicalsolutionsof considerablémpact[2, 7]. In general,con-
curreng controldealswith synchronizingconcurrentaiccessesf a setof transactions
to shareddata,storedin a databaselmportantproblemsin this contet aredirty read,
lost update,and inconsistentretrieval [2]. It canbe shavn that theseissuescan be
solved with locking protocols. In transactionprocessingerminology locking proto-
cols generatesxecutionsthat obey certaincorrectnesgriteria, for instance,conflict
serializability It is worthmentioningthattransactionaissuesandpersistencéssuesn
object-orientegprogrammingareratherindependentln particular concurrentlyactive
objectsinvoking methodson eachotherwill run into lost updateproblemsif trans-
actionalcapabilitiesare not presentto control their interaction. Hence,transactional
issuesnay occurevenwithout ary persistenceOn the otherhand,objectsin volatile
storagemay belost dueto the lossof mainmemorycontent,which is a problemthat
persistencsupporthasto handle— transactionapropertief objectsarenotinvolved
in this case. While this paperfocuseson persistenceit alsodiscusseshow the pro-
posedpersistenistorageservicecan be integratedwith a specifictransactionservice
(cf. Section6.1). However, on the storagelevel, transactionasupportis requiredfor
the proposedservice.Objectstatesarestoredin persistenstorageransactionallyi.e.,
eachobjectis eitherwritten completelyor not at all. Hence,transactionaproperties
of the underlyingdatarepositoryare usedin the storagelevel. However, inter-object
transactionabehavior is notin the scopeof a persistenstorageserviceandtherefore,
consequentlyis not addressedh this paper We remark,however, that a transaction
servicecanmake useof the persistenstorageservice asis discussedh somedetailin
Section6.1.

Sincethe main objectie of this paperis to introducethe conceptuablesignof an
extensiblepersistenstorageservice we do not provide a performancevaluation.Per
formancecanonly be analyzedfor particularimplementations As will be discussed
below, aninterestingaspecbf the proposedserviceis the ability to cover a variety of
differentimplementationsin the sensethatwithin the proposedspecificationjmple-



mentationgocusingon differentaspectanbe provided. For instancejntegrationof
legagy applicationsaandsupportfor large,unstructurednultimediaobjectdik e audioor
video data. We mention,however, that the performanceof the proposedserviceis ef-
fectedby the storagepolicy usedwhichis discussedn moredetailbelow. In addition,
Section6.3 presentsomeideasto optimizetheservice.

3 PersistenceFramework

Theconceptuatlesignof thepersistenstorageserviceis basedn asetof designgoals,
discussedelon. The conceptuablesignof the persistenstorageserviceis presented
by its generalstructureandthe interfacesof the classesnvolved. An exampleshowvs
theusageof theservice.

3.1 DesignGoals

Sincethe main goal of this paperis the conceptuatesignof a persistenstorageser
vice andnotits implementationtherearedistinctdesigngoalsfor implementorf the
serviceandfor usersof the service.Implementorsarepersonsgnvolvedin developing
codeto implementthe service.Usersof the servicearetypically applicationprogram-
mers,who make useof implementationof the persistentstorageserviceproposed.
Thefollowing goalswereidentifiedfor the conceptuatiesignof the persistenstorage
service.

e Ease-of-UseFor efficient software developmentand maintenanceapplication
programmersi,e., usersof the service shouldconcentraten the businessogic,
ratherthanon technicaldetailslik e the persistenstorageof applicationobjects.
Incurring considerabl@dditionalcodingto storeapplicationobjectspersistently
is not anattractve featureof a persistenstorageservice.In particular it seems
inappropriateto require applicationprogrammergo develop additionalinter
facesandclassedor providing persistencdor applicationobjects. In contrast,
providing methodsfor storingobjectvaluespersistentlyandfor loadingobject
valuesfrom persistenstoragen volatile storagds a moreappropriatechoice.

¢ ClassEvolution: Given the dynamicnatureof todaysbusinesservironments,
the structureof applicationobjectsis likely to changedueto new requirements
imposedby the application.For example,objectsmay requirenew attributesor
givenattributesareno longerneededIn theformercasetherespectie attribute
valueshave to be storedpersistentlyto properly represenbbjectstates. As a
result,it is animportantdesigngoal for usersof persistenstorageservicethat
evolution of bothclassesandobjectsis supported.

e Datalntegrity: In presencef systenfailuresinvolving thelossof volatile mem-
ory content,the systemshouldbe ableto recover datafrom persistenstorage,
i.e., to load persistentlatainto objectattributes. Dataintegrity andconsisteng
have long beenstudiedin the context of databaseystemswherethe transac-
tion conceptwasintroduced[7]. In the context of a persistenstorageservice,



writing objectsto persistenstorageandloadingobjectsfrom storageshouldbe
performedtransactionallyi.e., eithercompletelyor notatall.

Data RepositoriesPistribution and Hetelogeneity: In today’s organizationsn

commerceandpublic administrationtypically a variety of datarepositoriesare
present,dueto evolving information systeminfrastructures. Consequentlyit

is animportantrequirementf a persistenttorageservicethat objectscan be
storedin differentdatarepositories.A persistenstorageservicethatis limited

to a singledatarepository(or thatrequiresconsiderableodingwhenit comes
to usingan alternatve datarepository)is not an attractive choice. In addition,
changingthe underlyingdatarepositoryshould be possiblewithout changing
objectsin the the applicationlevel. In contrast,it shouldsuffice to changethe
implementatiorof the persistenstorageservice.

Distribution and heterogeneityare also found in mostreal-world information
systeminfrastructuresHence a persistenstorageserviceshouldallow to store
objectsin differentdatarepositorieghatmay evenbelongto differenttypes,for
instancerelationaldatabase?OSIXfile systemsandobject-orientedlatabase
systems. Sincethesedifferent datarepositoriesare typically run on different
computersystemsdistribution aspectsalsohave to be supported.In particular
it shouldbe possibleto store objectsin differentdatarepositoriesthat run in
differentmachinesn adistributedfashion.

Data Repesentations:Differentapplicationsmay requiredifferentdatarepre-
sentationsof object valuesin persistentstorage. For instance ,when existing
domain-specifi@pplicationsystemglegacg/ systemspndobject-orientecgppli-
cationsaccessa commondatarepository carehasto be taken in mappingat-
tributesof persistenbbjectsto structureof the datarepository For example,if

thelegag applicationstoresdatain arelationaldatabas¢able, thenmappingat-
tribute valuesto columnsof existing tablesin therelationaldatabasés required.

Differentdatarepresentationwithin a given interfacedefinition is alsouseful
for software developmentprojects. During prototypingphasest may be rea-
sonableo storeobjectsin binary format, which canbe implementedsimply by
streamingobjectstatego persistenstorage.While the semanticof the persis-
tent object'sattributesarelost in this representatiorfthe completeobjectstate
is representedby large binary objectwith no internal structure),this datarep-
resentations easyto implement,which may enhancehe efficiency of software
developmenfprojects.

Storage Policy and Granularity: When dealing with persistencen object-
orientedapplicationsthe questionon whento write objectvaluesto persistent
storageis crucial from a performancepoint of view. Performingwrite opera-
tions for eachmanipulationof an object’s attributescanamountto a consider
able overhead,if thereare mary modification operationsof individual object
attributes. On the otherhand,performingwrite operationonly afterlong peri-
odsof time have elapsednayresultin corrupteddata,sincethedatain persistent
storagedoesin generalnot reflectthe currentobject state. Dependingon the
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requirementsf theapplication the persistenstorageserviceshouldprovide the
flexibility to supportdifferentstoragepolicies. In particular it is advisableto
supportthe writing of partial objects,i.e., only of attributesof an objectthat
really have changedsincethe objectvaluewaslastmadepersistent.

We remarkthat implementorsof the servicecan make useof distributed, hetero-
geneouslatarepositoriesandstoragepoliciesto develop efficient andflexible service
implementationswhile theseinternalsof the serviceimplementationgretransparent
for usersof theservice,.e., for applicationprogrammers.

3.2 General Structure

The generalstructureof the persistencéramework is shovn in figure 2, wherea per
sistentobjectand the relevant objectsof the persistenceserviceare displayed. The
persistencaerviceis implementedy a persistencaener thatcontainsobjectsrepre-
sentingadatarepositoryandatransactionrespectrely. In particular adatabasebject
represents datarepository and a transactiorobjectis createdby a databas®bject.
Communicatiorbetweenthe objectsis facilitatedby the objectrequestoroker. The
internalstructureof the objectsinvolvedandtheirinterplaydescribedy thefollowing
interfaces:

o InterfacePersistentObjectEachpersistentbjectinheritsfrom the PersistentO-
bject interfacethat containsthe attributesand methodsto storeobjectspersis-
tently. To fulfill this task,a persistenbbjectcommunicatesvith databasend
transactiorobjectswithin the persistencesener usingthe objectrequesbroker.

¢ InterfaceDatabase:The Databasénterfacerepresentslatarepositoriesin par
ticular, for eachdatarepositoryused,a databasebjectis created Hence,incor-
poratingnew datarepositoriesamountgo creatingnew objectsof the Database
class. We remarkthat for eachtype of datarepository an implementationof
the Databaseénterfaceis requiredto capturethe specificpropertiesof the sys-
tem used. As a part of a persistenceener, eachdatabasebjectrepresenta
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datarepositoryandimplementsmethodsfor accessinghe datarepository for
instanceby providing methoddor the creationof transactions.

¢ Interface Transaction: The interface Transactionrepresentsransactionsas
atomic units of work; in particular accesseto the datarepositoryhave to be
executedtransactionally Justas databasebjectsrepresentlatarepositories,
transactiorobjectsrepresentlatabaséransactionsAgain, for eachtype of data
repository there hasto be an implementationof the Transactioninterface,to
capturethe specificpropertiesof dataaccessn the datarepositoryused.

Transactiorobjectsarepartof the persistencaener. They implementmethods
to storeandrestoredatafrom the datarepositoryrepresentedby the database
objectthatcreatedhem. Persistenbbjectsstore(restorejattributesin (from) the
datarepositoryby communicatingvith transactiorobjects.

Theinterplayof theintroducednterfacess explainedby thetwo maintaskstheframe-
work hasto fulfill: storingobjectsin persistenstorageandloadingvaluesfrom persis-
tentstorage.

Requestdo CORPBA objectsare processe@s shown in figure 3. The requestis
triggeredby anobjectA thatcallsapublic methodof apersistenbbjectX . In CORBA
ervironmentghis meanghat A executesalocal requesbntherepresentatie IDL stub
of X. The occurrenceof this eventis marked by (1) in figure 3. We assumehatthe
requestedbject X is in volatile storage. In this case,the middlevare marshallsthe
requestandtransfersthe requesto the objectadapten2) andfinally to object X (4).
X processetherequestndtransfershereturnvaluesvia the staticIDL skeleton(5)
tothelDL stub(6) andto clientobject A eventually(7). Noticethatthis is the default
behaior of CORBA calls.

If, however, persistenbbject X is notin volatile storage the currentobjectstate
of X hasto be loadedfrom persistenstorage. The stepsinvolving the processingf
thisrequestreshaownn in figure4. Stepy1) and(2) areequivalentto the previouscase.
Whenprocessinghe requesthowever, the objectadapteffiguresout thatobject X is
notin volatile storage.As aresult,it passesherequesto aloader Theloaderfunc-
tionality canbe provided, for example, by the PortableObject Adaptor, asdetailed,
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e.g.,in [16]. Theloadertriesto re-initialize the objectby contactingthe databas€3a)
andcreatinga transactior(3b). Usingthetransactiorobject,theloaderdetermineghe
structureof the persistenbbject(3c). Knowing the structureandclassof the persis-
tentobject X the loaderis ableto createthe objectin volatile memory(3d). At this
instant,object X is in theinitial state.Dueto the object-orientecapproachpbject X

is responsibldor restoringits actualstate. To do so, X usesthe transactiorobjectto

restoreitself (3e). In the next step,the actualattribute valuesare restoredin X, the
middlewvare componentsendsthe original methodrequesto the now restoredobject
X (4) thatperformsthe methodandreturnsthe valuesvia the middleware(5, 6) to the
calling object(7).

The processf storingpersistenbbject X is shavn in figure5: In thefirst stepthe
objectcontactshe databasé€l) to obtaina transactioron the datarepository(2). X
usesthe dataaccessnethod=of thetransactiorto storeall of its attributes(3). Finally
the transactionis commitedand closedby X. This discussiondescribeghe general
structureof the storingandloading,respectiely, of a persistenbbject;the interfaces
of theclassesnvolvedarediscussedn somedetailnext.

3.3 Interface PersistentObject

The classPersistentObjeds the main classof the persistencéramenork. An excerpt
of its interfaceis shovn in figure6. In orderto make the objectsof aclassC persistent,
C inheritsfrom the PersistentObjeatlass. Obviously, C' theninheritsthe behavior

with respecto persistencérom the PersistentObjeatlass.Eachpersistenbbjecthas



a dedicateddatarepositoryasa default storagelocation. The referenceo this object
is returnedby the getDatabase(inethodof the PersistentObjectlass. To load and
storeobjectstates the PersistentObjeatlasshasthe methodssaveMe(), saveMeT(),
loadMe(),andloadMeT(),which arediscussedn turn.

nmodul e CosPersi stency {
interface PersistentObject {
voi d saveMe(in bool ean undo_when_fai | ed)
rai ses(Failed);
voi d saveMeT(in Transaction t) raises(Failed);

void | oadMe() raises(Failed);
void | oadMeT(in Transaction t) raises(Failed);

Dat abase get Dat abase();
}

interface Database {...};
interface Transaction {...};

h

Figure6: Excerptof InterfacePersistentObject.

The methodsareMe()is responsibldor writing the objectstate representedy its
attribute value as presentin volatile storage,into a persistenttoragelocation. This
involvescreatinga transactioncalling saveMeT() (discussedelon) and closingthe
transactionas well as error handling. In caseof an erro—for instanceif the data
repositoryis out of memory—thismethodhasdifferentoptionsto react,dependingf
the booleanvalue undawhenfailed. If it is falsethenthe methodjust raisesan ex-
ception,the objectstateis not saved,andthe objectkeepsits local values.As aresult,
the object statesin volatile andin persistentnemoryare different, which clearly is
an unsatiséctory situation,to be handledby the application. Otherwise,the method
reloadsthe original datafrom persistenstorageby calling loadMeT()that undoesat-
tribute changedeforeraisinganexception.As aresult,objectvaluesin volatile andin
persistenstorageareidentical.

The persistenstorageservicecanbe usedto storemultiple objectsin onetransac-
tion. In this casesaveMeT()is called. Ratherthanopeninga transactioron its own
(like saveMe() does),it writes the objectvaluesby using a transactionpassedo it.
This renderdeasibledeeppersistencef anobject,i.e., the storingof multiple objects
relatedto eachother by objectreferencesn a single transaction. On the technical
level, saseMeT () analyzeghe objectto gethold of its structurej.e., its attributesand
their respectie datatypes. This metainformationis usedto call a write methodfor
eachattributeto save; the write methodsareimplementedvithin transaction®bjects,
discussedbelow.

The methoddoadMe()andloadMeT()mirror ssveMe() andsaveMeT (), to restore
objectattributes;loadMe() createsan transactiorand calls the methodloadMeT() to
readthe attribute valuesof a persistenbbject. After the readmethodshave beenper
formed.,it closeghetransactionLike savzeMeT(),themethodoadMeT ()alsoanalyzes
the objectstructure.This informationis usedto call readmethodswithin the transac-
tion objectto retrieve the attribute valuesfrom persistenstorage JustassaveMeT() is
usedto storemultiple objectsin a singletransactionljoadMeT()allows to load a setof

10



objectsfrom persistenstoragdan asingletransaction.

3.4 Interface Database

The databasénterface(figure 7) describeshe structureandbehaior of datareposito-
ries. It alsospecifieshow datarepositoriecanbeusedto storepersistenbbjects. The
interfacedefinitionis genericin the sensehatdifferentdatabasenanagemergystems
aswell asotherdatarepositoriedik e file systemsanbe usedto storeobjectspersis-
tently. For eachtype of datarepository animplementatiorof the databasenterface
hasto be provided. For example,thereis animplementatiorof the databasénterface
for theOracle8[9] relationaldatabaseystemandthereareimplementationgor IBM
DB2 UDB [3] andfor POSIXfile systemsAs is explainedin detailbelow, this feature
allows to distribute the setof persistenbbjectsof anapplicationamongmultiple data
repositorieghatmay evenhave differenttypes.

interface Database {
Transaction allocateTransaction() raises(Failed);
voi d freeTransaction(in Transaction t)
rai ses(Fail ed);

string get NewObj ect marker () raises(Failed);

Per si st ent Obj ect bi ndMarker (in string narker)
rai ses(Fail ed);

Figure7: Excerptof InterfaceDatabase.

Eachdatarepositoryavailablefor storing persistenobjectsis representedy an
objectof the classDatabase This classis ableto createtransactiondy the allocate-
Transaction()method. Notice that the differencesin how to createa transactionin
differentsystemss hiddenby the databasenterface— it is provided by the respec-
tive implementation®f thatinterface,for example,for the Oraclerelationaldatabase
system. Transaction<an be considerednterfacesbetweenthe object and the data
repository After objectvalueshave beenwritten (or read)the transactioris released
by the freeTransaction(Inethod. We mentionthatfor eachnew object,a uniqueob-
jectidentifier hasto be fetchedby calling the getNevObjectmarler() methodfor the
respectie object.

3.5 Interface Transaction

The Transactiorinterface(figure 8) providesmethodsfor storingattribute valuesand
objectinformation. The interfaceis generic,in the sensethat its methodsare inde-
pendentfrom the internal datarepresentationsWe experimentedwith the following
representation®nerelationperclass,objectflattening,andbinary streaming.

In thefirst alternative, all objectsof a givenclassarestoredin a specificdatabase
structureg.g.,arelationaltable.In this caseattributesaremappedo rows of matching
type. As aresult,datamanipulationanguagegsuchasSQL in therelationaldatabase
context) canbe usedto acces®bjectattributes. Dataaccesss typically fast,sincethe
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query optimizationfacilities of the databasesystemcan be usedand, furthermore,a
singlerelationhasto betouchedo accessary givenobject.

Theobjectflatteningtechniquausesonegenericstructurewithin thedatarepository
to represenbbjectsof all classes. Stayingwith the relationaldatabasesystemdata
repositoryeachattributetypeis representetly onededicatedelation. Thisapproachs
very flexible, sinceclassmodificationshave no impacton the databasstructure.SQL
canbeusedto storeandretrieve data,typically doneby joining relations.Dataaccess
is typically slower thanin the first representatiotechnique sincejoin operationsan
berathercostlyin databassystems.

In binary streaming objectinformationis storedasa binary stream for example
generatedy a memorydumpor—in casethe Jasa programminganguagéds used—
by the serializationinterface, provided by Java. Implementationf the transaction
interfaceusingbinarystreamingarerathersimple,but they donotallow dataaccesdy
datamanipulationlanguageslin addition,selectionof resultvalueshasto be donein
theapplication ratherthanin thedatabaseyhich mayalsoincur additionaloverhead.

interface Transaction {
void start() raises(Failed);
void commit() raises(Failed);
void abort() raises(Failed);

voi d pushWor ki ngQbj ect Marker (in string marker)
rai ses(Fail ed);
voi d popWr ki ngCbj ect Marker () ;

void witeCbject(in string type,

in string server,

in string host) raises(Failed);
voi d readCbj ect (out string type,

out string server,

out string host) raises(Failed);

void witeAttrLong(in string nane,

in long value) raises(Failed);
void witeAttrFloat(in string nane,

in float value) raises(Failed);
[...]

long readAttrLong(in string nane) raises(Failed);
float readAttrFloat(in string nanme) raises(Failed);

[...]

voi d del eteChject() raises(Failed);

Figure8: Excerptof InterfaceTransaction.

Thetransactiorinterfaceis explainedasfollows. A transactiorhasto beinitialized
with the start()method.The next stepis the pushWrkingObjectMarler() methodthat
tellsthetransactiorwhichobjectdatawill beaccessed,e.,storedor loaded.Thetrans-
actionimplementsa stackdatastructure:The objecton top of the stackis theworking
object. Usingthe popWobrkingObjectMarler() methodpopsthe objectfrom the stack.
This stackfunctionalityis usefulif multiple objectshaveto stored asdiscussedbove.

The writeObject() and readObject()methodsare usedto accesghe object meta
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informationlik e its class the nameof the sener processandthe machinenameof the
object. Theobjectattributesareaccessedy the

writeAttr< type >() andreadAtt type >()

methodsfor instancewriteAttrlong() andreadAttrlong().In particular for eachsimple
datatype (e.g., byte, short, long, float, double, string), a methodis provided. The
transactionis closedby calling a commit() or abort() methodthat makesthe changes
persistenor rolls themback. If the objecthasto be destryed, the objectvaluesare
deletedfrom the datastorageby the deleteObject(jnethod.

To concludethe discussiomof the interfacetransactionwe mentionthat transac-
tions representedy objectsof the classTransactionare usedas interface between
the persistenstorageand applicationobjectsthat wantto storetheir attribute values
persistently Thesetransactionsare responsiblefor the storing (and loading) of at-
tribute valuesto (from) datarepositoriesHence transactiorobjectsdo notimplement
aspecifictransactiorservice for instancethe TransactiorServiceSpecificatiorof the
OMG, whichis usedto synchronizeesourcellocationbetweenCORBA objects.

3.6 SamplePersistentObject Interface

This sectionexplainsthe functionality anduseof the persistenstorageserviceby an
example. For the time being, we will remainat the IDL level whendiscussinghow
to usethe persistenstorageservice;the way this serviceworks is explainedwithout
specificimplementatiordetails.

#i ncl ude "CosPersistency.idl"

nodul e Exanpl e {
interface Person : CosPersistency:: PersistentObject {
string get_nane();
voi d set _nanme(in string val ue)
rai ses(CosPersistency:: Fail ed);

short get_yearOBirth();
short set_yearOBirth(in short val ue)
rai ses(CosPersistency:: Fail ed);

voi d del ete() raises(CosPersistency::Failed);

b

interface PersonFactory {
Person create(in string name, in short yearOBirth)
rai ses(CosPersistency:: Fail ed);

Figure9: IDL Specificatiorof SamplePersistenObject.

The sampleapplicationobjectsare of classPersonjobjectsof that classhave two
attributes:nameandyearOfBirth. Theseattributesareaccessetly four methodsEach
attribute hasa methodto setandto getthe respectie value. Sinceobjectsof class
Persorshouldbe persistentthey inheritfrom the classPersistentObjeciTheinterface
definitionof the Persorinterfaceis shavn in figure 9.
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The usageof the persistenstorageserviceis very easyat the interfacedefinition
level: Persistentobjectsjust inherit form the classPersistentObject.Methodsthat
changethe object's statejust needthe ability to raisethe CosPersistenc:Failed ex-
ceptionif they do not handlestoragefailuresautonomously

Thelife cycle of a Personobjectis investigatedfrom creationto deletion: When
creatingan objectof the Personclass,the createmethodof the PersonBctoryobject
creategheobjectin volatile storageandit initializesaccordingo its definition. In the
next step,anew objectidentifieris fetchedby thegetNevObjectmarler() methodof the
databasebjectthatrepresentthedatarepositoryin whichthe objectshouldbe stored.
Theidentifieris assignedt to the persistenbbject. Thenthe databasebjectallocates
a transactionby allocateTansaction(and calls the saveMeT() methodof the object.
The creationis finishedby freeingthe transactionrand— if a CORBA middlewareis
used- registeringthe objectto the objectrequesbroker.

The saveMeT() methodof a Personobject analyzesthe objectitself or usesthe
objectsmetainformationandgenerate# our exampletwo write operationswriteAt-
trString()andwrite AttrShort(). Now theobjectis readyandwe candistributetheobject
referenceo otherobjectsandseners. If requestdo the objectappearthe methodsof
the objectareexecutedin normalmanneri.e., independentlfrom the persistenstor
ageservice.While the get name()andthe get yearOfBirth()methodsarenot affected
by thepersistenstorageservice they justreturntheattributevaluesfrom volatile mem-
ory, the setname()andsetbirthdate()methodshave to call the ssveMe() methodafter
thechangebeforeexiting themethod.If therequesteabjectis notin volatile storage,
however, loadingthe objectfrom persistenstorageis required. Now assumehat the
sener processolding the applicationobjectgoesdown, involving the lossof volatile
objectdata.In this casethe objecthasto bereloadednto the volatile memorybefore
the processingpf the objectrequest. This happensasdescribedn Section3.2; it is
totally transparentor the objectuserandobjectimplementor The delete()methodof
the Persorclassunregistersthe objectfrom the objectrequesbroker, createsantrans-
action,callsthedeleteObject(Inethodof thetransactiorandfinally removestheobject
from the volatile memoryspaceaftera successfutlosingof thetransaction.

3.7 DesignGoalsRevisited

In this section we matchthe conceptuatiesignagainsthe designgoals.Whereappro-
priate,examplesareusedto clarify theargumentation.

e Ease-of-Use:Persistenstorageservicesbasedon the propsedframenork are
easyto use,sinceno additionalclassedave to be specifiedandimplementedo
storeobjectspersistently In particular to storeobjectsof aclassC' persistently
it sufiicesthat C' inheritsfrom the PersistentObjeatlass. By calling a single
methodsazeMe(),the objectstate,i.e., thevaluesof its attributes,arestoredper
sistently If the attributesof the objectare of standarddatatypes,no additional
codingis required.Dueto its extensibility, attributesof complex datatypesare
alsostored,providedthe transactiorinterfaceincludesrespectre methods.We
sketchbelov how new methodscanbe definedandimplementedo storecom-
plex values. In ary case,no additionalclasseshave to be developedto store
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objectspersistentlywhich reduceghe amountof persistencesupportand sim-
plifies maintainabilityof the the applicationcode.

Class Evolution: The proposedservice supports modifications of classes.
Changingthe classstructurewill not affect the existenceof an object, assum-
ing agivenclassis notdeleted While change®f objectbehaior doesnoteffect
the persistenstorageservice change®f objectattributesmay have.

Whenannew attributeis insertedin a class,a default valuefor the new attribute
hasto be defined,andall objectsof that classare provided with thatvalue. In
general,thereare a numberof stratgiesfollowing the definition of a new at-
tribute in a class. First, the default valuefor all objectswith respecto the new
attributecanbedefinedatbuild time. This meanghatthe datastoredpersistently
hasto be changedafterthe objectdefinitionis changed.This alternatve is not
very elegant,becaus¢he modificationcanbedoneonly by directdatabasealls,
which requirean understandingf the storagepolicy of the persistentstorage
servicefor the applicationprogrammer The secondalternatve is to definea
defaultValue()methodin the PersistentObjeatlass,which is responsiblgo set
thevalue.In this case theloadMe()methodexecuteghe defaultValue()method
eachtimeit findsanattributethatis notrepresenteih the databaseThemethod
defaultValue()getsinformationaboutthe missingattribute nameandreturnsthe
correctvaluefor this attribute.

Deleting attributesmay resultin deletionof storedvaluesof objectsregarding
this attribute. However, if storagespaceis not anissuethenvaluesof deleted
attributescanremainin the persistenstorage Loadingobjectstateswill simply
notaccesshesevalueswhichis correct,sincethecorrespondingttributeshave
beendeleted. If, however, storagespacemattersthen obsoletevaluescanbe
deletedphysically

Data Integrity: The methodsto save andload objectsare executedtransaction-
ally. To storeacompleteobjectpersistentlymethodgo storeeachof its attribute
valuesareexecuted.Thetransactionabehaior of the persistenstorageservice
guaranteeshat eitherall write operationsare successfubr noneis performed.
Dependingpnthedatarepositoryused thetransactionabehaior comedor free
(e.g., relationaldatabasesystem),or it hasto be implementedn the transac-
tion interface.Assumingarelationaldatabassystemasadatarepository theall
write operationghatbelongto agivenobjectareexecutedasasingletransaction.
If thetransactiorcompletessuccessfullyi.e., if it executesacommitoperation,
thenall attribute valuesof thatobjectarestoredcorrectlyin the databaself the
datacannotbestoredsuccessfullythe databasenanagemergystemexecutesan
abortoperation andthe valuesarerolled back,implementingthe all-or-nothing
semanticof transactionsIf a non-transactionalatarepositoryis used(e.g.,a
POSIX file system),the respectie functionality hasto be implementedn the
transactiorclass.

Transactionafeaturescan be implementedoy explicitly writing beforeimages
of all attributesthat are changedfollowed by writing the currentattribute val-
ues.If notall currentvaluescanbewritten successfullythe beforeimageshave
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to be restoredfor all attribute valuesthat were alreadymodified. We believe
that for mostapplications databasesystemsarethe appropriatechoiceasdata
repositories.

Data RepositoriesDistribution and Hetelogeneity:

Different data repositoriescan be usedto store objectswithin the proposed
interface definition, for instance,relational databasesystems,object-oriented
databasesystemsand POSIX file systems. We appreciatedhe possibility to
usedifferentdatarepositoriesduring a project, which in early stagessuffered
from run-timeissuesdueto poor performanceof the underlyingdatabasesys-
tem, which causedberformanceproblemson the applicationlevel. We decided
to changeheimplementatiorto usea POSIXfile system.Thedatabasandthe
transactiorclassesverere-implementedvithin a shortperiodof time, andthe
systemworked with increasedpberformancewithout ary changesn the appli-
cationclasses.This of courseis dueto the objectdesignandthe separatiorof
objectinterfacesandtheirimplementationsHowever, this practicalexperience
demonstratethe usefulnes®f the object-orientegaradigmin this context.

Thereis anotherreasorwhy thepossibilityto usedifferentdatarepositoriesvith-

outaffectingtheapplicationclassess attractve,dueto migrationaspectsWhen
an organizationdecidesto usenew datarepositoriescomple< migrationissues
might occur Using the proposedservice,the specificdifferencesof the data
repositoriesnvolved are hiddenby the transactiorinterface. For instance sub-
stitutingOracle8[9] with IBM DB2 UDB [3] (or vice versa)canbedonewithout

ary changesn theapplicationcode.

Data RepesentationsAs discusse@bove in somedetail, theinterfaceTransac-
tion canbeimplementedo supportdifferentdatarepresentationst is important
to noticethatthesealternatve storagerepresentationareavailablewithin a sin-
gleinterface which allowsto changehestoragestructureswithout effectingthe
application.As mentionedabove, this featureof the proposedserviceis another
aspechbf its extensibility. As discussedbove, this featurecanbe usedin soft-
ware developmentprojectsto usesimple andinefficient datarepresentationi
prototypingphasesndswitchingto moreelaborataelatarepresentationis later
projectphaseswithoutany changedo the applicationobjects.

Storage Policy and Granularity: As shavn in the examplein Section3, calls
of saveMe() canbe usedwithin methodimplementations.For instance,n the
endof a setName(Jnethodof anobjectof classpersona call to saszeMe() stores
theeffectsof setName(jn persistenstoragelf andwhensetName(Jerminates
successfullyi.e., andthereare no exceptions,we can be surethat the call to
sareMe() wassuccessfulandthe correctobjectvalueis storedpersistently

The conceptuatlesignintroducedabove providestheflexibility to storeindivid-
ual attributesof objects,i.e., just partsof objects. This featurecanincreasehe
overall systemperformanceconsiderablysinceindividual attributesof objects
that did not changesincethe objectwas written previously do not needto be
updated. Exploiting this feature,however, requiresto recordwhich attributes
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have changedsincethe previous savzeMe() methodwas executed.For example,
consideranimageor video streamobjectwith a text field, representingextual
remarks. If the binary attribute remainsunchangedor long periodsof time,
while thedescriptiomattribute doeschangdrequentlythenconsiderablgainsin
efficiengy canbe achieved, sinceonly the textual attributeshave to be written
to persistenstoragewhile the large binary attribute doesnot. Hence,depend-
ing onthe application aflexible persistenstorageservicewith the possibilityto
storedifferentgranularitieq(i.e., setsof attributesversushe completeobject)of
objectscanleadto considerabl@erformanceayains. This shavs anotherfacetof
the extensibility of the proposedservice.

4 Implementation Aspects

As aproveof conceptthepersistencéramenork hasbeenusedto implementa persis-
tenceservice.Theservicewasusedasa fundamentatomponenbf anobject-oriented
workflow managemensystem[10, 22]. This sectiondiscussesomeimplementation
aspects.

The implementationis basedon Java and OrbixWeb, lona’s CORBA objectre-
questbroker implementation8]. The Oraclerelationaldatabasesystemand POSIX
file systemsare usedas datarepositories. Thereare three main componentof the
implementationdiscussedelow: the loader the persistentdatastoreand the com-
ponentthatis responsibldor the collectionof the applicationobject's structure. We
remarkthatthe CORBA standardversion2.4 hasa standardizednterfacefor loaders
thatarerepresentetly a specificinterface,calledSenantActivator;it is definedin the
PortableObjectAdaptorinterface[16] of the standard.It is importantto remarkthat
this interfaceis compatiblein its functionality with the OrbixWeb LoaderClassnter-
face,sothat our sampleimplementatiorcanbe portedto any CORBA 2.4 compliant
implementation.

As a datarepresentatiorwe choseobject flattening techniqueand an Oracle
databaseas datarepository The connectionbetweenthe persistentstorageservice
andthe databaseisesa Java DatabaseConnectity (JDBC)interface. The JDBCin-
terfaceallows an accesgo the databasdy using SQL statementshatarerepresented
by Java objects.EachSQL statemenmaybe parameterizedt is compiledat creation
time of its representatiombject. This featurereducesrun-time overhead sincethe
databassystencanusethepre-compileccodeto executeSQL queries As aresult,the
Transactiorinterfaceis implementedy a setof precompiledandparameterize QL
statementsin particular for eachmethodlik e writeObject(),readObject()write Attr-
Long(), readAttrLong()etc.thereis atleastonestatementWhena methodis invoked
(e.g.,readAttrLong()called by loadMe()) this methodsetsup the parameterof the
precompiledSQL statementind executesit. Finally the methodextractsthe output
parametefrom the resultsetof the databaseueryandtransferst to the objectto be
restored.

Using binary streamingmakes the implementationof the Transactioninterface
much easier We usedthe java.util. Hashtableclassas a basicstructure. All object
informationis storedin anobjectof thatclass. Thejava.util.Hashtablallows to store
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(key, value)-pairs like (attribute name,attribute value). Consequentlymethodslike
readAttrLong()or writeAttrLong() needonly to accesghe hashtable. At the begin-
ning of eachtransactiona hashtable hasto be readfrom the file systemusingthe
java.lang.serializablenterface. At the end of write transactionsthe hashtable hasto
berewritten.

To save or restoreattribute values,the methodssaveMeT() and loadMeT() have
to analyzethe objectand determineits structure,i.e., its attribute names,datatypes
and valuesthat have to be stored,or loaded. The sampleimplementationusesthe
java.lang.reflecpackageto collect this information during run-time. This package
providesinterfacesthat allow the collection of object metainformation at run-time.
In particular eachJava objectprovidesthe methodgetClass() which returnsa meta
information object, which in turn containsthe methodgetDeclaredFields(o gather
attribute names attribute types,and attribute values. We usethis informationto call
thetransactiormethodsto storeor restoreobjectattributes. This approachprovidesa
high degreeof flexibility, asfar asclassevolution is concernedFor example,adding
new attributesto a classcanbe donewithout modificationsof the persistenstorage
service sincethe structureof objectsaredeterminedy the Java packageat run-time.

CORBA aswell asJara useinterfacego specifyobjects.An interfaceis a descrip-
tion of methodgor anobjectwithouttheactualmethodmplementationsln thesample
implementationCORBA interfacesare mappedo Java interfacesthat are called op-
erationinterfaces.The exact mappingalgorithmis describedn [17]. As aresult,the
implementatiorfor a CORBA interfaceis describedn aJavaimplementatiorclassthat
inheritsform the Java operationinterface,allowing multiple inheritanceof CORBA
interfacesgventhoughJava doesnot supportmultiple inheritanceof classesObject-
orientedprogrammindanguagesvith full supportof multipleinheritancdike C++are
ableto translateCORBA interfaceddirectly into native classe$18].

5 RelatedWork

This sectionoverviewns approachesandsystemgelatedto objectpersistenceGeneric
object-orientedoersistencdramenorks and Jara-basedapproachesre discussedn
turn. To demarcateour work from relatedapproacheswe discusswhy inter-object
transactionapropertiesarenotin the scopeof a persistenstorageserviceand,hence,
notin the scopeof a persistencéramenork. We remarkthat OMG proposedistinct
servicedor transactionabehaior andpersistence.

5.1 Generic Object-Oriented PersistenceFrameworks

Much effort hasbeenspentin recentyearsto provide persistenceo object-oriented
applicationsThe ObjectManagemenGroup(OMG) aimsat providing persistencéor
CORBA applicationshy specifyingPersistenStateService[5], superseding Persis-
tentObjectService[14] thatpeoplefoundtoo complex andcumbersoméo implement
anduse.

The OMG PersistenODbject Serviceprovidesa high degreeof flexibility in man-
agingpersistenbbjects. As a result,its designis rathercomplicated which leadsto
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compleximplementatiorandusageof the service.To storeobjectsof agivenclassper
sistently a new DataObjecinterfacehasto beimplementedhattakescareof reading
andwriting objects. To createobjectsof a particularclass,a DataObjectBRctoryclass
hasto be specifiedandimplementedor thatclass.To allow for atransparentreation
of persistenbbjects,a GenericRctoryhasto be definedthatis awvareof the DataOb-
jectRactoryof the objectsto create.To summarizethe Persisteng Serviceasspecified
by OMG generategonsiderableverheadpecauset requiresto implementmultiple
classesor eachapplicationclass whoseobjectsshouldbe persistentWe mentionthat
the PersistenObject Serviceis supersedetly the PersistenStateService,discussed
next.

The OMG PersistenStateServiceensureglurability of objectdataby introducing
a new layer above the CORBA Interface Definition Language(CORBA IDL) layer,
called PersistenStateServiceDefinition Languageor PSSDLIayer. In the PSSDL
layer, the persistencéehaior of datatypesis described PSSDLis a supersebf IDL,
i.e.,PSSDLextendsIDL with semanticgor persistenceOncethepersistencéehaior
of agivenclassis definedin PSSDL thatcodeis transformedy a compilerinto IDL
andprogrammindanguagecode,implementingpersistencéor objectsof theclass.

The main functionality of the PSSDLlayer is a storagetype specificationand a
storagehomespecification.The storagetype specificationdescribeghe datatypesof
objects,storedin a database.This specificationsare translatedby the compilerinto
databasejueriesthat createrequireddatabasestructuresand functionality to access
storeddata. For example,if relationaldatabaseareused,createtablecommandsand
selectstatementsare generatedy the compiler The storagehomespecificationde-
scribeghestoragerelevantfunctions for instancecreateor find_by_key_name.During
run-time,accesgo persistenpbjectsis doneby creatingsessionsn which the persis-
tentobjectsareincarnated“loaded”) by usingkey searchmechanismsAt eachinstant,
theremay be several sessionsin eachof which exactly one persistenbbjectmay be
incarnated.As a result, a given persistenbject may have several incarnationghat
residein differentsener processesConsequentlya persistenbbjectmay have sev-
eraldifferentobjectidentifiers,which clearlyamountgo a problemin object-oriented
ernvironmentswhereeachobjectshouldhave exactly oneidentifierduringits life time.

Introducinga new layerdedicatedo persistenceesultsin ahigh complexity of the
developmentsystemfor the applicationdeveloper Onthe onehand,shehasto learna
new specificationlanguaggPSSDL),on the otherhandshehasto dealwith anextra
layerof abstraction As aresult,applicationdevelopershave to copewith threelayers
of abstractionPSSDL,IDL andimplementatiorcode.

5.2 Java PersistenceFrameworks

With the succes®f the Java programminganguagea variety approacheso addper
sistencdo Java have beenproposed.Although our approachs not restrictedto Java,
theseareimportantcontributionsto be discussed.

With EnterpriseJavaBeangEJB),SunMicrosystemsproposesa componenmodel
for distributedobject-orientedusinesspplicationsdevelopedn Java[20]. In theEJB
approachbusinessbjectsaredesignedimplementedanddeployed assoftwarecom-
ponentsknown asenterpriselasa beans EJB areimplementedy applicationseners.
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Making useof the standardizationapplicationsare expectedto run without changes
in applicationsenersof differentvendors.As far aspersistencés concernedan EJB
applicationconsistf two kindsof beansentity beansandsessiorbeans While entity
beansareusedto represenpersistentbjectdik e customersgontractsandorders ses-
sionbeansareusedto representransientobjects. Sessiorbeansaretypically usedto
modelactities or setsof relatedactivities. For instancea sessiorbeanTravelAgent
may invoke operationdik e resenations, orders,and customerbillings. Application
senersprovide persistencdor entity beans.Dependingon the implementationtools
for mappingobjectattributesinto relationaltablesareprovided.

In the EJB approachtherearea numberof additionalclassego defineandimple-
mentfor eachpersistentapplicationclass. We sketchthe usageof persistenceén the
EJBapproachby objectsof a classship[11]. A remoteinterfaceShipis requiredthat
representshe businesanethodsor objectsof thatclass.To accesspecificobjects,a
primary key classShipPKis required. In general for eachapplication-specificlass,
arespectre primary key hashasto be specifiedandimplemented A classShipHome
actslikeafactoryfor shipbeansij.e., it is responsibldor creatinganddeletingshipob-
jects.Finally, ashipBearclassis theimplementatiorclassthatimplementdoad, store,
remove, amongothermethoddor the persistenstorageof ship beans.Without going
into the detailsof programmingin the EJB componenimodel, this discussiorshavs
thatavarietyof additionalclassesrerequiredto storeobjectspersistentlyln contrast,
theapproactpresentedh this papemrequiresno additionalclassesTo someextent,the
compleity of persistencén EJBis introducedby the muchbroaderscopeof the EJB
componenimodel. As a consequencaysingenterpriselava beangust for the persis-
tent storageof applicationobjectseemsnadequate EJB do make sensehowever, if
additionalfunctionality provided by applicationsenersis requiredby the application.

In the contet of enterpriseJava beansthe following remarkson objectrepresen-
tationsarein order: While mappingtools provide differentrepresentationsf object
valuesin relationalor object-orientediatabaseyur approachs moreflexible, since
individual attributescanbe retrieved from persistenstorage whereasn the EJB ap-
proachthe completeobjectis written to or readfrom persistentstorage. In our ap-
proachuserscontrolif andwhenapersistenbbjectis writtento or readfrom persistent
storage.For example,a numberof consecutie operationson a large persistenbbject
canbe performedn memory andonly afterthelastoperation's completedthe object
valueis storedpersistently Theseoperationsanbe executedn transactionafashion,
to make sureintermediateresultsdo not corruptpersistentata. In the EJB approach,
however, the decisionon whento storepersistenbbjectsis taken by the application
sener, which mayleadto performancéssuesvhentherearemultiple operationon a
givenlargeobjectthatareexecutedsequentially

Gemstone/is a platformfor web-basedbusinessapplications.Theseapplications
areimplementedby Java seneletsthat accesslatabasedegag/ systemsor otheren-
terpriseapplicationsby the Java DatabaseConnectity (JDBC) interface. For per
formancereasonsGemstone/allows the distribution of seneletson several Java vir-
tualmachinesGemstone/jprovidesservicedor distribution aspectsfor instancdoad
balancing, JDBC connectionpooling, caching,andtransactiommonitoring[6]. Gem-
stone/Jimsat supportingousinesgo businesscooperatiorby providing accesgo the
applicationsof onebusinesspartnervia web-basedront-ends. In contrast, CORBA
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aimsat supportingbusinesgo businesscooperatiorby the integrationof information
systemf bothbusinesgartners.Theintegrationis doneby wrappingbusinesdogic
into businesobjects.

Java Blend is a tool for the developmentof databaseapplicationsin Java. The
tool andits API encapsulateelationaldatabase&ueriesand updatestatementsAs a
result, the applicationprogrammerdealswith objectsand methodsratherthanwith
dataand queries. In particular Jasa Blend allows the definition of classeswhose
objectsrepresentows in a databaseelation. The applicationprogrammemay use
transactionand OQL (ObjectQueryLanguage)jueriesto accesobjects. Theresult
of aqueryis anobjector a setof objectsthatcanbe manipulatedy methodsdefined
for that object. Technically a pre-compileranalyseghe applicationcodeandinserts
Java codefor classesand statementghat are neededto accesdata. One problem
of Java Blend is the fact that eachrow of a databaseableis representedby several
transientobjects.However, arow in a databaseelationdoesnot naturallycorrespond
to areal-world object,which is disadwantageousgor the implementatiorof objectsin
distributedervironments.

The main focus of Java Blend is the implementationof databasepplicationsin
Java. Hence the persistencaspectof Java Blend focuson dataretrieval andnot on
thethe persistenstorageof businesobjects,which is neededn businesgo business
scenarios.

5.3 Non-Object-Oriented Approaches

Atkinson introducesthe principlesof orthogonalpersistencehat are tailored to the
persistentpplicationsystemdevelopementsingproceduraprogrammindanguages.
Thethreeprinciplesare[1]:

1. PersistencandependenceTheform of a programis independentrom thelong-
evity of the datathatit manipulatesProgramdook the samewhetherthey ma-
nipulateshort-termor long-termdata.

2. Data type orthogonality. All dataobjectsshouldbe allowed the full rangeof
persistencérrespectve of their type. Thereareno specialcasesvhereobjects
arenotallowedto belong-livedor arenotallowedto betransient.

3. Persistencddentification The choiceof how to identify andprovide persistent
objectsis orthogonatto the universeof dicourseof the system.The mechanism
for identifying persistenbbjectsis notrelatedto the type system.

Theseprinciplesmake sensein proceduralapplicationprogramming;however, they
cannot be fully adoptedfor distributed object-orientecervironments. While persis-
tenceindependencenakessensdn object-orientecervironments the otherprinciples
conflict eitherwith the object-orientegparadigmor with the distribution aspect.Data
type orthogonalitymakes no sensein object-orientedervironments,becauseobject-
orientationmakesuseof inheritance meaningthatobjectpropertieqe.g.,persistence)
aredefinedby the class the objectinheritsfrom. Thethird principle, persistencélen-
tification, is easyto implementin nondistributedenvironments for exampleby iden-
tification by reachability This meansan objectis persistentif it is reachabldorm a
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persistentoot. Sinceobjectreferencegrenon-localin general,it is quite expensve
andhardto implementidentificationby reachabilityin distributedernvironments.As a
result, persistenbbjectshave to be identified using othertechniques.For instanceijt

makessenseo identify persistentlistributedobjectsby their type, e.g, by inheritance
of the PersistentObjeatlass.

To summarize Atkinson proposesa setof importantpropertiesfor programming
ervironmentssupportingpersistencemainly concernedvith procedurabndnon-dis-
tributedapproachesdence thiswork is notdirectly applicableto our approachHow-
ever, the principle of persistencéndependences satisfiedoy our approach.

The Grasshoppeorthogonalpersistenoperatingsystemis an attemptto resole
thestrict separatiorbetweenmain memoryandbackingstorageby the introductionof
an additionalabstractionayer [4]. The ideaof Grasshoppeis to provide an operat-
ing systemthatautomaticallymanageshe persistencef all programsexecutedn the
system.From a program‘spoint of view, only one (partitioned)memoryspaceexist,
programseednotdifferentiatebetweenvolatile andpersistentnemory Thisapproach
makesin factall executedprogramsersistentvithout involving the programmerThe
Grasshoppeoperatingsystempresentsa promisingapproacho a genericpersistent
storagesolution. However, somenon-trivial problemsneedto be solved: recovery and
efficiencgy. Sinceprocesseareinherentlypersistentthereareno transientprocesses,
resultingin performancéssuessinceall processearestoredpersistently

6 Discussion

In thefinal sectionwe lik e to deliver our thoughtstowardsintegratingthe persistence
framawork with the OMG TransactiorServiceaswell ason optimizingthepersistence
framawork. Finally we presenbur conclusionsandplansfor futurework.

6.1 Integration with OMG Transaction Service

Transactiongbropertiesnvolving multiple objectsis providedby dedicatedransaction
servicesfor instancethe TransactiorServicespecifiedoy OMG [15]. Sinceobject-
orientedapplicationgypically requirepersistencaswell astransactionabehavior, it is
animportantrequirementhatatransactiorservicecanmake useof a persistenstorage
service. In this sectionwe sketchhow the OMG TransactionServiceand persistent
storageserviceshasedn the proposedersistencérameavork canbeintegrated.

Assumean objectthat hasto be persistentand that hasto provide transactional
capabilities. That objectinheritsboth from the PersistentObjedhterface(of the per
sistentstorageservice)andfrom the TransactionalObje@ndResourcénterfacespro-
vided by the TransactiorService[15]. Essentiapartsof the TransactiorServiceare
shavnin figure 10.

An objectthatinheritsfrom the TransactionalObjednterfacehastheability to pro-
vide transactionabehaior; the applicationprogrammeicanmake useof thatservice
without additionalprogramming.The Resourcenterfacedealswith the objects’stor
agepolicy, i.e., thisinterfacedefinesunderwhich conditionsobjectattributesarestored
or recoveredto provide transactionabehavior.
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interface Resource {
Vot e prepare() raises(HeuristicM xed,
Heuri sticHazard);
void rol |l back() raises(HeuristicConmt,
Heuri sticM xed,
Heuri sticHazard);
void commit() raises(NotPrepared,
Heuri sti cRol | back,
Heuri sticM xed,
Heuri sti cHazard);
voi d comit _one_phase() raises(HeuristicHazard);
void forget();
b

interface Transactional Obj ect {};

Figure10: Excerptof IDL for OMG TransactiorService.

To implementa persistentand transactionabbject, the methodsspecifiedin the
Resourcénterfacehaveto beimplementedThemethodrollback()canbeimplemented
easilywith thepersistenstorageserviceby calling theloadMe()method.Thatmethod
restoregersistentlyandconsistentttribute valuesof anobjectin orderto implement
the rollback. As shown in figure 10, the Resourcenterface supportsa one-phase-
commit. This meansthat all objectsinvolved in a transactionwill receve commit
requests.As opposedo the 2PC protocol, thereis no voting on the succes®f the
transaction.However, sincethe Resourcdnterfacesupportsthe 1PC,we sketchthis
approach. The commitone phase()methodhasto be overloadedthat way, that the
saveMe() methodis executedo storethe objectvaluespersistentlyWe remarkthatthe
methodforget()needso specialcoding.

Theimplementatiorof thetwo phasecommitprotocol[2] is moreadvancedthanks
to the more complicatedcommunicationmodel. The objecthasto opena database
transactior(usingthe CosPersistenc: Transactiorinterface),storethe objectattribute
valuesasusualandfinally senda prepare-to-commito the databas¢in casethis func-
tionality is supportedy thedatastore).If theuseddatastoredoesnotsupportprepare-
to-commit,the persistenstorageservicehasto simulatethe two phasecommit proto-
col, for exampleby storing the objectvaluesin a persistentuffer spaceduring the
preparatiorphaseuntil the commit() methodis invoked. Finally the commit() method
forwardsthe committo the datastore,in which casethe objectvaluesin thedatastore
areoverwrittenby the buffer data.In casethetransactiorhasto be aborted the buffer
datacanbeneglected,andthe original objectvaluesasstoredin the datastoreremain
untouched.

6.2 ComplexData Types

We mentionthatcomplex CORBA datatypesandnon-CORB\ datatypesarenot di-

rectly supportedby the proposedframevork. However, dueto its extensibility, the
proposedservicespecificationcanbe extendedto handlearbitrary datatypes,includ-

ing comple« CORBA datatypesandnon-CORB\ datatypes.Thedesigndecisionnot

to supporiavarietyof datatypesa priori is dueto theobjectparadigmwhich stipulates
thatcomplex datashouldbe describedy objectsratherthanby complex datatypes.
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The proposedspecificationcan be extendedto supportcomplex datatypes. The
modificationsto theinterfacedefinitionsof the relevantclassesandthe methodgo be
addedare sketched.Insteadof implementingrelationshipsy a list of pointersto the
relatedobjects,a relationshipshouldbe representedby objectsof a relationshipser
vice, for instancethe onespecifiedby OMG. Extendingthe serviceto handlecomplex
CORBA datatypesis sketchedbelow.

In scenariosvhereonly a few differentcomplex CORBA datatypesarerequired
the most efficient way to extend the transactioninterface of the servicewith write-
Attr<Type>() methodsof the new datatypes. In the example sketchedabove, the
type sequenceObject> is requiredto handlerelationshipsFor example by addinga
methodwrite AttrSequenceObject(3equencesf objectscanbe storedwithin asingle
methodinvocation.To implementthis method eitherthe sequencef objectsis stored
in arelationaltable (in casedatais storedin arelationaldatabasaystem),or theim-
plementatiomalkesuseof sequencstoringmechanismshatobject-orientedlatabase
systemsprovide. If supportfor arbitrary CORBA datatypesis neededa more ad-
vancedimplementatiorhave to be provided. In this case the transactiorinterfaceis
extendedwith a writeAttrAny() methodthat at runtime analyzesthe datastructures
and storesthem. Assuminga serializedstoragepolicy, this methodis quite easyto
implement.

6.3 Efficiency and Optimization Aspects

As statedabove, the efficiency of the proposedpersistentstorageserviceis not dis-
cussedn detail,becausét dependgo a large extenton the datarepresentationtHow-
ever therearethreegeneraloptimizationaspectghatarefeasiblewithin the persistent
storageservicespecificationmotivatingits extensibility from anoptimizationpoint of
view:

1. Minimize data to store: The persistentstorageservice should transferonly
changedattributesto the database.If an object consistsof large attributesit
may be usefulto storethis attributesonly on requestof the programmer An
alternative could be to backupobjectattributesandstoreonly the attributesthat
have changedFor large objectattributesit would be usefulto storea checksum
insteadof the whole attribute. The checksumcanbe usedto detectchangedo
the attribute value. If the storedchecksumequalsthe new checksumhenthe
attribute valuewasnot changedand,consequentlydoesnot needto bewritten.

2. Minimize numberof databasdransactions If severalobjectshave to be stored
at the sametime, they shouldbe storedin one databasdransactioninsteadof
usingseveraldatabasé&ransactionsEspeciallyin combinatiorwith atransaction
serviceit is a valid approacho storeall objectsinvolvedin a high-level inter-
objecttransactiorusingonly one (low-level) databas¢ransaction.

3. Avoid syndironizedcommunicatiorpoints The communicatiorbetweeranob-
ject andthe databasebjectshoulduseasfew methodcalls aspossible. This
meansfor exampleinsteadof usingseveral writeAttr< Type>() methodsin the
transactiorinterface thetransactionnterfaceshouldbeenhancedvith amethod

24



thatis ableto dealwith a sequencef (attribute, attribute name)pairs. This ap-
proachwould improve the efficiency of the systembecausehe objectdatacan
bestoredusingonemessageThis meansonly onesynchronizatiopointinstead
of severalsynchronizatiompointlike before.

Again,theseoptimizationaspectganbeimplementedvithoutary changeso theinter-
facedefinition of the persistenstorageservice shaving its extensibility in the context
of implementatiorandoptimizationaspects.

6.4 Final Remarks

This paperpresents persistencéramenork for object-orientedniddlevare. While its
conceptuatlesignis independenfrom aspecificmiddlevare,asamplémplementation
usesthe CORBA productOrbixWeh The serviceis easyto use,sinceit sufficesto in-
heritfrom thePersistentObjeaiassin orderto make objectsof agivenclasspersistent.
As explainedabove, the persistenstorageserviceprovidesa high degreeof extensibil-
ity andflexibility, sinceit supportdifferentdatarepositoriesanddatarepresentations,
evenwithin agivenapplication.By providing thepossibilityto storespecificattributes
of objects,i.e., the attributeswhosevalueshave changedecently performancegains
canbeachieved.

Futurework will centeraroundusingthe servicein real-world scenarios.We be-
lievethatfor high-performancapplicationsare-implementatiof theservicein C or
C++will berequired.Anotherissueto beaddressedh thefutureis thedevelopmenof
aconfiguratiortool for the servicethatcanmalke useof the extensibility of the service
by allowing to tailor it to matchtherequirement®f a broadrangeof applications.

Finally we remarkthatthe persistenstorageservicewasdevelopedin the contet
of aresearclprojectonflexible workflow managemeriR?2], whereit wasusedto store
workflow schemaobjects,workflow instanceobjects,and application,i.e., business
objects. Hence,it hasundegoneextensive checking,sincethousandsf persistent
objectsarerequiredfor complex workflow scenariosall of whichwerehandledby the
proposedgersistencéamavork andits sampleéimplementation.
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