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Abstract

We describean integration of the hypermediasystemHyperPATH with the
object-orientedDBMS (OODBMS)O� . Providing persistenceto a hypertext sys-
temwasthefirst motivationof this work. More generally, we wereinterestedin a
betterunderstandingof theconnectionof hypertext systemswith OODBMS.One
of ourgoalswasto defineanabstractinterfacebetweenHyperPATH anda variety
of OODBMS’s. Thesolutionadoptedshows thatopeningHyperPATH to different
OODBMS’s is notpossiblewithoutmajorrewriting of existingC++ code.

Keywords: hypertext, hypermedia,object orienteddatabase,systeminte-
gration,persistence,C++ codereusability

1 Intr oduction

This paperdescribesan integrationof the hypermediasystemHyperPATH (formerly
calledMultiCard)[12] with theobject-orienteddatabasemanagementsystem(OODBMS)
O� [7]. Providing persistenceto a hypertext systemwasthe first motivation of this
work. More generally, we wereinterestedin 1) gaininga betterunderstandingof the
connectionof hypertext systemswith object-orienteddatabasesystemsand2) provid-
ing hypertext systemswith typednodesandlinks [11] in orderto introducenew query
facilities[2]. Thelatterissuewill not beaddressedin this paper. Insteadwe shallcon-
centrateonproviding persistenceto HyperPATH by connectingit to theOODBMSO� .
Onechallengewasto verify whetheranintegrationbetweenasignificantpieceof code
writtenin C++(HyperPATH) andtheOODBMSO� couldbeimplementedquickly and
easily. In particular, it shouldnot requiremajorrewriting. Anotherissuewasto check
whetherthereexists a generalsolutionwhich is independentof the OODBMS used
for the integration. In parallelwith our work, an integrationof HyperPATH with the
OODBMSONTOShasbeendoneby Bull [1].
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According to the HAM model [4], hypertext systemscan be divided into three
distinct layers: a) a storage layer providing persistenceto the hypermediaobjects,
suchasnodes,links andanchorsb) amanagementlayer (Hypertext AbstractMachine)
providing systemfunctionalities,suchasthecreation,update,deletionanddisplayof
thehypermediaobjectsandc) a presentationlayer providing a high-level interfacefor
human-machineinteraction. In a furtherstep,the DEXTER model[10] proposesthe
separationof the hypertext structure(storagelayer) from the nodecontents(within-
componentlayer). In this approach,sincethe rangeof possibledocumenttypesis
large (text, image,sound,etc.) andhardto be modeledin a genericway, the within-
componentlayer is not partof thehypertext modelper se. This architectureaswell as
thegrowing demandson thestoragelayer to provide concurrency control, transaction
management,object versions,distribution or even efficient query languagefacilities
[9], leadsto two mainresearchdirections.

The first investigatesthe integration of existing hypertext systemswith current
databasesystems(relationalor object-oriented).Examplesof suchpersistenthyper-
text systemsare describedin [8, 14, 5]. The secondresearchdirection attemptsto
createan openhypermediadatabaseplatform for a varietyof connectionswith exist-
ing hypertext systems.Examplesof suchplatformscanbe found in [6, 13]. Recent
evolution in this directionallows new objectsandoperationsto be addedat run-time
[16]. The integrationof HyperPATH with O� pertainsto the first direction. To our
knowledgethis is thefirst attemptto provide a hypermediasystemwith a persistence
modulebuilt on top of a commercialOODBMS.Currenthypertext systemsaregen-
erally closedsystemsthat cannotbe easily integratedwith otherprogramsanddata.
On the otherhand,it is evident that the extensibility of hypertext systemsis crucial
for interoperabilityreasons,in particularfor the exchangeof hyperdocumentsstored
in varioussystemsandapplications.For example,with our integrationof HyperPATH
with O� we have the possibility to visualizethe structureof a hypertext by usingthe
O� Graphapplicationtool. In this directionwe have alsoinvestigatedthedefinitionof
a minimal interfacebetweenthe managementlayer andthe storagelayer in order to
implementthelatterby a varietyof OODBMS’s.

O� is an object-orientedDBMS developedanddistributedby O� Technology. It
combinesthetraditionaladvantagesof DBMS’s (persistence,secondarystorageman-
agement,concurrency, recoveryandadhocqueryfacility) with thoseof object-oriented
programming(encapsulation,extensibility, computationalcompleteness,etc.).Hyper-
PATH is a setof hypermediasoftwaretoolsthatallows thedevelopmentof interactive
hypermediaapplications.It hasbeendevelopedat Bull asa partof theEsprit project
Multiworks.In HyperPATH, ahypertext (hypermediaapplicationor hyperdocument)is
agraphwith nodescontainingmultimediadocuments,hereafterreferredasdocuments.
Following the DEXTER model,documentsarestrictly separatedfrom the hypertext
structure.

Prior to our integration,thepersistenceof theHyperPATH hypermediaobjectswas
providedby anadhocdistributedsystem,calledmwdbms(MultiworksDataBaseMan-
agementSystem).Thedevelopers’objectivewasnotto implementacompletedatabase
systembut anopenandflexible modulethatallowshypertextsto bestoredandretrieved
on differenthosts. In order, then,to extendHyperPATH with full databasefunction-
alities (queryfacilities, security, recovery, etc.) aswell asfor a betterunderstanding

2



Hypermedia Basic Classes
HBC

Tool

ProtocolM2000

DB-Server DB-Server

Hypermedia Application

Database Interface

Hypermedia Toolkit

MultiTalk

DB-Server

HBC-Objects
Documents & Scripts

Hypermedia Authoring

strong connection

weak connection

Editors

Emacs
MCEditor

Go

Network

Creation and modification of hypermedia applications

depositary of HBC-objects
O2 is the persistence
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of therelationshipbetweenhypermediasystemsandobject-orienteddatabasesystems,
weusetheO� DBMS for implementingthepersistenceof HyperPATH objects.

Section2 presentsthearchitectureandthehypertext modelof HyperPATH aswell
asits initial persistencemechanism.The C++ interfaceof O� which is usedto con-
nectboth systemsis describedin Section3. In Section4 we presentdifferent levels
of integration amongwhich one was chosenfor the integration of HyperPATH and
O� . Section5 pointsout themainissuesof an“open” integrationof HyperPATH with
OODBMS’swhile Section6 describesthesolutionthatwasfinally adopted.

2 HyperPATH

2.1 The HyperPATH Ar chitecture

A generaloverview of the architectureof HyperPATH [12] is given in Figure1. A
hypermediaapplicationcanbeconstructedby usingthefollowing modules:

1. The HypermediaAuthoring Tool is a Motif1 applicationbuilt on top of the
HypermediaToolkit (seebelow) andallows a) authorsto createandmodify hy-
pertexts by usingspecificeditors,andb) readersto browsethroughexisting hy-
pertexts. Differentdocumentsareseparatelypreparedwith specificeditorsand
thenlinkedtogetherinteractively.

2. With the programminglanguageMultiTalk it is possibleto write simple pro-
grams,calledscripts. Theseareattachedto objectslike nodesandanchors,and
aretriggeredby eventssuchasa displayof a nodeor ananchorselection.

3. TheHypermediaToolkit is a library of C functionsfor thecreationandmanip-
ulationof persistentdistributedhypermediaobjects(suchasnodes,anchorsand
links).

1Motif is a registeredtrademarkof theOpenSoftwareFoundation,Inc.
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4. The M2000Protocol andthe CompliantEditors allow a userto edit the infor-
mationcontentsof a node. Eachnodeis associatedwith a specificeditor (for
exampleMCEditor, GO, Emacs,etc.) that is not includedin HyperPATH but is
“extended”in sucha way as to communicatewith HyperPATH via the prede-
finedcommunicationprotocolM2000. It is thenpossibleto createHyperPATH
applicationswith any kind of nodecontents(text, image,audio,graphics,etc.)
whoseeditoris compatiblewith theM2000protocol.

TheHypermediaBasicClasses(HBC)module,writtenin C++,managesall objects
representingthe structureof a hypertext. Their persistenceis provided by mwdbms
runningon several servers (DB-Server) which are connectedby a network. An ap-
plicationrepresentsa client thatcommunicateswith mwdbmsusingremoteprocedure
calls(RPC).

2.2 The Data Model of HyperPATH

In HyperPATH, hypertext datais representedasa graph. A nodeof thegraphcanbe
eithera singledocument(atomicnode) or a groupof nodes(compositenode). Links
(edgesof thegraph)canbedefinedbetweennodeswithout any restriction(e.g. there
may be a link betweenan atomic nodeand a compositenode). Finally, sequences
of links can be storedas trails in order to provide a guidednavigation mechanism
to HyperPATH readers.A hypertext is weaklytyped. Any of its hypermediaobjects
hasanarbitrarylist of properties.A propertyhasa nameanda value. Two “similar”
nodes,e.g.two nodescontainingdocumentswith thesamestructure,canhavedifferent
propertylists. In addition,propertiescanbe addedto andremovedfrom anobjectat
any momentduring the hypertext’s life-time. This flexibility , typical for hypermedia
applications,is in sharpcontrastwith strongtypingin databasemodelsandin particular
queryingby (properties)values.

The HyperPATH datamodel is implementedin the C++ programminglanguage.
Objectsaredefinedthroughcompositionandinheritancemechanismsresultingin the
schemashown in Figure2 : dashedlines representinheritancerelationships(e.g. the
classLink is asubclassof HyperObject) andsolidarcsrepresentcomposition.The
labelsof thesearcsarethe attribute names.Multi-valuedattributesaredistinguished
from single-valuedattributesby an additional<> symbol. For example,thearc from
Anchor to Node labeledwith nodedenotesthat eachanchorhasan attribute with
namenodeandwhosevalueis theNode objectcontainingthe anchor. On the other
hand,eachnodehasanattributeanchorswith thelist of its anchors(classAnchor).

All classesaresubclassesof theclassHyperObject. Theusersemanticsof each
object, i.e. its list of properties,is representedby the attribute propertylistwhich is
inheritedfrom HyperObject. HyperPATH hypertexts areobjectsof the classHy-
pergraph. Atomic nodes(classNode) andcompositenodes,hereaftercalledgroups
(classGroup), form the instancesof the classGroupItem2. The componentsof
a group(nodesandgroups)arestoredin the itemsattribute. HyperPATH links (class

2Atomic nodescanbecomparedwith filesandgroupswith directoriescontainingfilesandotherdirecto-
ries.
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Link) canbedefinedbetweengroups,nodesandanchors(commonsuperclassLink-
ableObject) without any restriction. A HyperPATH trail (classTrail) is thena
list of links followed during usernavigation in the hypertext. Objectsof the class
ActiveObject canreceiveeventstriggeringtheexecutionof anattachedscript (at-
tributescript). Finally, the contentsof a HyperPATH atomicnodeis not an objectof
the classhierarchybut is stored,for exampleas a UNIX file, by the corresponding
complianteditorof thenode.

TheHyperPATH datamodelcontainsnot only objectsfrom theHypermediaBasic
Classes(HBC) hierarchybut alsovaluessuchasscriptsandpropertylists. Fromnow
on, we will distinguishbetweenHBC-objectsandclassesandHBC-valuesandtypes.
Bothhave to berenderedpersistent.More precisely,

a) HBC-objectsarecreatedandmanagedby thepersistencemodule(internal inter-
face) andhave a “global” identifier, calledthe MCIdentifierof the object. The
MCIdentifier is alsousedby theCompliantEditors andtheHypermediaToolkit
(externalinterface) andit is composedof a) thehostname,b) ahypertext identi-
fier, calledthestack, andc) anidentifierfor theobjectinsidethehypertext, called
the local identifierof theobject.

b) HBC-valuesrepresentnon sharableand non encapsulatedattribute valuesof
HBC-objects. However, they arealsoimplementedasC++ objects(e.g. class
Script andPropertyList). SinceC++ doesnot provide bulk datatypes,
lists arerepresentedasAbstractDataTypes(ADT) which are implementedas
classeswith appropriatemethodsfor insertion,deletion,etc. As opposedto
HBC-objectswhicharesharableandcanbeaccessedfrom theexternalmodules
(M2000andHypermediaToolkit) by their MCIdentifiers,objectsof the above
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classesdonot haveany logical identifier.

Besidesforward references,implementingcompositionlinks in the HyperPATH
datamodel,for efficiency reasons,therealsoexist inversereferencesfrom HBC-values
backto HBC-objects.SincetheseinversereferencesareC++ temporarypointersthey
cannotbestoredwith thecorrespondingHBC-objectsandmustbeinitializedeachtime
their ownerobjectsareloadedfrom thedatabase.

2.3 The HyperPATH PersistenceModule

Thepersistenceof HBC-objectsandvaluesisprovidedby thead-hocdistributeddatabase
systemmwdbms. A server-clientarchitectureallowsseveraldatabaseserversondiffer-
enthostsfor oneHyperPATH application(client).

In eachclient,a dbmsserver(objectof classDbmsServer) guaranteesthepersis-
tenceof all HBC-objectsof onehypertext. It communicateswith mwdbmsby remote
procedurecalls(RPC).An objectmanager (objectof classObjManager) rendersdis-
tributionof objectstransparentto theabove layersby handlinga list of dbmsservers.

Eachtime the objectmanagerneedsan HBC-objectwith MCIdentifier ����� �
	 , it
sendsa requestto thedbmsserver. Thelatterinitializesa new objectwith thedatabase
valueobtainedfrom mwdbmsunlessthereis alreadyan objectwith the sameiden-
tifier ����� �
	 in the dictionary of loadedobjects. Eachobject hasa referenceto its
dbmsserver. This allows fasteraccessto anHBC-objectof thesamehypertext (e.g. a
link accessingits sourcenode)by calling directly therelateddbmsserver, i.e. without
passingby theobjectmanager.

A hypertext canbesavedonly in its entirety. EachHBC-objectreceivesfrom the
dbmsserver themessageto save itself. An objectis savedonly whenits statehasbeen
modified. Saving a nodealsoincludessaving its contents.Obviously, anHBC-object
is savedwith its HBC-values.

3 C++ Interface of O �

O� providesa C++ programminginterface[15] which allows an O� databaseto be
linkedwith anexternalapplicationwritten in C or C++. By this,writing andreadingto
andfrom thedatabasearetransparentto theprogrammer. The import commandtakes
anexistingC++ declarationfile asaninputandgeneratesits imageschemain O� . The
export commandrendersO� objectsvisible to externalapplications.In general,each
C++ classis extendedby two methodsreadandwrite, which allow an object to be
read/writtenfrom/to theO� database.Additionally, for eachC++ class� a twin C++
class(persistentpointer class) o2 � is createdandwhenever an applicationwishes
to accessa persistentobject, it might usethe persistentpointer insteadof the C++
temporarypointer.

C++ memberfunctions(methods)arenot imported. In contrastto O� C methods,
they areneitherchangednor storedin the O� database.Nevertheless,it is possible
to call O� C methodsfrom a C++ method. A namedobject (O� persistenceroot) is
automaticallyavailableto theexternalC++ applicationwhenits classis exported. In
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theimportedclasses,temporarypointerdeclarationsareautomaticallyreplacedby per-
sistentpointerdeclarations.Non-importedclassesarenot modified. For example,if
wedefinetheclass A 
 B *b; � , class B 
 C *c; � andclass C 
 A *a; � ,
the importationof classA andB implies the following changesin theupgradedclass
definitionsandmethods: theattributeB *b in classA is replacedby theO� persistent
pointero2 B b. On the otherhandthe attributesC *c in classB andA *a in the
non-importedclassC remainunchanged.Themethodsof both importedandnon im-
portedclassesarenotmodified.For anexhaustivedescriptionof O� persistentpointers
structureandmanagementsee[3].

4 HyperPATH/O � : Thr eeLevelsof Integration

Oneof our requirementswasto make asfew changesaspossiblein theHBC module
anddefinitelynochangesin theHypermediaToolkit. Additionally, thenode’scontents
(documents)arenot storedin theO� databasesincein HyperPATH thepersistenceof
thedocumentsis undertheresponsibilityof thecomplianteditors.We have examined
thefollowing solutionsfor theintegrationof HyperPATH with O� (seeFigure2):

1. Weak connection: O� only replacessomeDB-Server andcommunicateswith
a HyperPATH client via remoteprocedurecalls(RPC).

2. O � is the persistencedepositary of the HBC-objects : We modify the C++
schemaof theHBC-classesaslittle aspossible,i.e. only themethodsconcerning
thepersistencemodule.

3. Strongconnection: TheHBC schemaandthusthehypertext managementitself
is implementedin O� . Note thatmostof thehypermediafunctionalitiesof Hy-
perPATH areimplementedoutsideHBC (M2000protocol, HypermediaToolkit).

The simplestsolutionfor storingthe HBC-objectsis the substitutionof mwdbms
by an“O � databaseserver” thatsimulatestheinterfaceof mwdbms(weakconnection).
Thedisadvantagesof this solutionbecomeclearwhenwe look at thestepsnecessary
for storinganHBC-object.Thedatabaseinterfacea)copiestheC++ structureinto a C
structureandb) sendsit by a remoteprocedurecall (RPC)to thedatabaseserver that
c) receivesthe RPC,d) copiesthe C structureinto a C++ structureande) storesthe
structurein the O� database.Sucha mechanismresultsin an extremely low perfor-
mance(at leasttwo datatransformationseachtime)andlow reliability (thetransaction
mechanismof O� is not used).

The secondsolutionsuggeststhatan O� databaseis thepersistencedepositaryof
the HBC-objects. The main idea is to build a persistentmodule that usesO� in a
transparentway to the restof the HyperPATH architecture.This solutionrequiresa
redefinitionof thefront-end(databaseinterface),i.e. theclassesandthemethodsim-
plementingthepersistenceof theHBC-objects.

Thethird solution(strongconnection)makespossibleto avoid thetraditionaltype
mismatchbetweenprogramminglanguagesanddatabasesystems.However it wasnot
chosenin afirst stepsinceit requiresamajorrewriting of theexistingcodeandbecause
it is in contradictionwith theobjectiveof openingHyperPATH to variousOODBMS’s.
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Finally, the secondsolution was adoptedbecauseof the encounteredproblems
which will be describedin detail in the following section. In the sequelwe shall
seethat even in this case,the integrationwasnot trivial and led us to threepossible
implementationsof theHBC module.

5 “Open Integrations”

We first plannedto provide persistenceto the HBC hierarchywith differentDBMS’s
(O� andONTOS [1]). This heterogeneityshouldhave beentransparentto the above
HyperPATH layers.Theideawasto definefor eachDBMS andHBC-classapersistent
subclass. For example,to the HBC classNode we addtwo subclassesNodeO2 and
NodeONTOS, which allow anodeto bestoredeitherin anO� or anONTOSdatabase.
Then,after the importationof theexisting HBC-classhierarchyinto O� , a HBC-class
schemawith multiple inheritance,asshown in Figure3, is created.

Even if the useof multiple inheritanceincreasesthe complexity of the resulting
C++ schema,it leadsto averynaturalsolutionfor couplingHyperPATH with avariety
of OODBMS’s. It simply requiresthe definition of a minimal abstractinterfacebe-
tweentheHBC classesandtheir persistentsubclasseswhoseimplementationdepends
on the OODBMS used. But existing C++ restrictionsfor explicit castingrendered
the implementationof this solutionpracticallyimpossible.For a betterunderstanding
of the C++ inheritancemechanismandthe difficultiesencounteredwith this solution
see[3].

In orderto avoid the difficultieswith multiple inheritanceandkeepthe persistent
moduleextensibleto otherOODBMS’s we have investigateda schemabasedon sim-
ple inheritancewhereall HBC attributesthathave to bestoredareredefinedin persis-
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tentsubclasses.Looking at theresultingclasshierarchy(bold classesandinheritance
arcsin Figure3) we canseethat,at the O� level, we do not have any inheritancehi-
erarchyandwe createonly 6 persistentsubclassesfor eachof the HBC-classesthat
can be instantiated(Link, Hypergraph, Anchor, Node, Group and Trail).
Likewise, HBC-valuesbecomepersistentby addingthe subclassesScriptO2, and
PropertyListO2.

The resultingC++ structureof eachpersistentsubclasscontainspairs of HBC-
valueswith thesamesemantics: oneattributeis definedat thedatabaselevel (i.e. is an
O� object)andoneis inheritedfrom thecorrespondingsuperclassesin theC++schema
(i.e. is aC++ temporarypointer).In orderthento ensureconsistency betweennonper-
sistentandpersistentHBC-valuesweareobligedto imposesupplementaryconstraints
duringtheobject’s creationandmanagement.This solutionturnedout to beimpracti-
calbecauseof themismatchin objectconstructionandmanagementbetweenC++ and
O� [3].

In conclusion,the two possiblesolutionsfor providing HyperPATH with thepos-
sibility of usinga varietyof OODBMS’s wereabandoned.The following sectionde-
scribesthefinal solutionthatwaschosenfor theintegration. It hastheadvantagethat
no rewriting of the HypermediaToolkit is necessarybut it losesthe generalityof the
“persistentsubclass”solutions.The solutionis specificto O� anddoesnot represent
anabstractinterfaceto differentDBMS’s.

6 An O � Tailored Integration

6.1 The Hypermedia BasicClassesSchema

This solutionconsistsin usingtheresultof the importationof thewholeHBC hierar-
chyassuch.This impliesthatall HBC-classesbecomepersistentvia theO� persistent
pointers. The C++ schemafinally constructedis the sameasthe initial onegiven in
Figure2. After importation,theHBC-classesincludethenecessarymethodsfor imple-
mentingtheminimal interfacewith therestof theHyperPATH modulesaswell asthe
methodsfor thepersistencefunctionalities(create, load, save anddelete).
Thusthedatabaseinterfaceandthepersistencemodulestill remainindependentfrom
theotherHyperPATH modules.

6.2 Mapping of Object Identifiers

The mappingbetweenobject identifiers(MCIdentifiers)usedin a hypermediaappli-
cationandobject identifiersof the databaseis anotherimportantissue. SinceHBC-
objectsareaccessedthroughtheirMCIdentifiers,onesolutionfor auniformintegration
of the two systemswasthesubstitutionof theMCIdentifierby the ����� providedby
O� . In thatway, we could“directly” accesstheHBC-objectsin theO� database.This
solutionwasrejectedfor two reasons:

1. TheMCIdentifieris not only usedby theHBC modulebut alsoto a largeextent
by theexternalinterface.Thus,theuniformusageof theO������� impliesimpor-
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tantmodificationsof HyperPATH modulesthatwerenot intendedto bemodified
(e.g.HypermediaToolkit andM2000protocol).

2. With a replacementof the MCIdentifierswith O� ����� ’s, we are facedwith
the sameproblemwhenattemptingto readotherhypertexts storedin different
OODBMS(managingdifferent ����� ’s).

Therefore,at leastfor reasonsof openness,to eachOODBMSsystem� associated
with HyperPATH correspondsa table (dictionary)mappingMCIdentifiersto ����� ’s
of system� . When an object needsto be accessed,either thereis an entry in the
dictionary, or it hasto beloadedfrom thedatabase.Sinceeachobjecthasanattribute
whosevalueis theMCIdentifier, loadingis performedby queryingtheobjectson their
MCIdentifierattribute.

6.3 The PersistenceModule

We have seenin Section2.3 that the persistenceof the HBC-objectsin a hypertext
is guaranteedby an objectof the classDbmsServer, i.e. the dbmsserver loadsand
saves the HBC-objects. One way to representthis functionality in O� is to render
the dbmsserver persistentandextend it suchthat it containsall HBC-objectsof the
correspondinghypertext. Sinceit is not possibleto createan O� namefor eachnew
dbmsserver (C++ interfacerestriction),we definea namedvariablewhich containsa
list of dbmsservers.In thiswayandbecauseof theO� persistencetransitivity, all HBC-
objectsbecomepersistenttogetherwith their dbmsserver.

Now, all hypertexts canbe accessedby the objectmanagerthroughthe persistent
list of dbmsservers.Notethat for HBC-valuesthatarealwaysattachedto someHBC-
object,accessis providedimplicitly byO� . EachtimeweloadapersistentHBC-object,
its correspondingpersistentHBC-valuesareloadedautomaticallyby theC++ interface
of O� . Sincewe have replacedall temporaryC++ pointersby persistentpointers,in-
versereferencesalsobecomepersistentanddo not needto be reinitializedeachtime
thedbmsserver loadsanobjectfrom thedatabase.

7 Conclusionand Futur e Work

Oneobjective of the integrationHyperPATH/O� wasto deeplyunderstandbothprod-
ucts,in orderto supplyHyperPATH with queryfacilities. The integrationhasturned
outto lastmuchlongerthanexpectedandis notsatisfactoryasfarastheperformanceis
concerned.Themajorissuesencounteredduringthisexperimentarerelatedto thedif-
ficulties in reusingC++ code.SinceHyperPATH usesC++ bothasanobject-oriented
programminglanguageandasanextensionof C, we first encountereddifficulties re-
lated to incompatibilitiesbetweenobject-orientedand imperative programming. In
particularthe coexistenceof strongtyping asimplied by object-orientedmodelsand
explicit castingof C++ objectsled to unexpecteddeadends.We think thatonemajor
drawbackof C++ is thelackof consistency in thetypesystemconversion.

In addition,the mappingbetweentwo objectidentifiers(onefor HyperPATH ob-
jectsandonefor O� objects)resultsin performancediscrepancy. Thereis alsosome
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mismatchin object constructionand managementbetweenC++ and O� [3]. Thus,
guidelinesto let HyperPATH supportboth C/C++ andC++/OODBMSinterfacesare
quiteambitiousandcurrentlynot easilyimplementable.This is why we advocatefor
a higherlevel interfacebetweenhypertextsandOODBMS’s. For a morepowerful in-
tegrationbetweenHyperPATH andO� (strongconnection,seeSection4), the HBC
layer of HyperPATH shouldbe written in O� C. Currently, the document’s contentis
not storedin theO� database.For that,we planto adda complianteditorableto com-
municateboth with O� andHyperPATH. This experimentwill alsobe useful for our
next goalof providing HyperPATH with querycapabilities[2].

In conclusion,constructinga HyperPATH persistencemoduleextensibleto a va-
riety of commercialOODBMS’s turnedout to be a difficult task. Nevertheless,we
believe that it was a necessarysteptowardsthe specificationof commonhypertext
storagerequirementsfor currentdatabasetechnology.

Acknowledgments
Wearegratefulto O� Technology, Bull andEuroclidFrancefor theirsupportduring

this integration.Thanksalsogo to D. Plateau,A. Rizk, L. SauterandA.M. Vercoustre
for helpfuldiscussionsandto M. AhedoandP. Dagandfrom Bull for fruitful exchanges
on HyperPATH andtheir integrationof HyperPATH with ONTOS.

References

[1] M. Ahedo,P. Dagand,andL. Sauter. privatecommunication,1992.

[2] B. AmannandM. Scholl.GRAM: A GraphModelandQueryLanguage.In Proc.
of theACM Conferenceon Hypertext (ECHT’92), pages201–211,Milano, Italy,
December1992.

[3] B. Amann, V.Christophides,and M. Scholl. HyperPATH/O2: IntegratingHy-
permediaSystemswith Object-OrientedDatabaseSystems(extendedversion).
TechnicalReport93-07,CEDRICCNAM, Paris,France,April 1993.

[4] B. CampbellandJ.M. Goodman.HAM: A GeneralPurposeHypertext Abstract
Machine.Communicationsof theACM, 31(7):856–861,July1988.

[5] J. C. Chen,T. W. Ekberg, andC. Thompson.QueryinganObject-OrientedHy-
permediaSystem.In R. Mc. AleeseandC. Catherine,editors,Hypertext: State
of theArt, pages231–238.Billing & Songs,1990.

[6] N. Delisle andM. Schwartz. Neptune:A Hypertext Systemfor CAD Applica-
tions. In Proc. of the ACM Conf. on the Managementof Data (SIGMOD’86),
pages132–143,Washington,D.C.,May 1986.

[7] O. Deux et. al. The Story of O� . IEEE Transactionson Knowledge and Data
Engineering, 2(1),March1989.

11



[8] L. Gallagher, R. Furuta,and P. D. Stotts. Increasingthe Power of Hypertext
Searchwith RelationalQueries.Hypermedia, 2(1):1–14,1990.

[9] F. G. Halasz.Reflectionson Notecards:SevenIssuesfor theNext Generationof
HypermediaSystems.Communicationsof theACM, 31(7):836–852,July1988.

[10] F. G. HalaszandM. Schwartz. TheDexterHypertext ReferenceModel. In Proc.
of the NISTHypertext StandardizationWorkshop, pages95–133,Gaithersburg,
NationalInstituteof StandardsandTechnology, January1990.

[11] J. NanardandM. Nanard. Using StructuredTypesto IncorporateKnowledge
in Hypertext. In Proc. of theACM Conferenceon Hypertext (HYPERTEXT’91),
pages329–343,December1991.

[12] A. Rizk andL. Sauter. Multicard: An OpenHypermediaSystem.In Proc.of the
ACM ConferenceonHypertext (ECHT’92), pages4–10,Milano, Italy, December
1992.
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