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Abstract

We describean integration of the hypermediasystemHyperPATH with the
object-orientedBMS (OODBMS) 0. Providing persistenc¢o a hypertet sys-
temwasthefirst motivation of this work. More generally we wereinterestedn a
betterunderstandingf the connectiorof hypertext systemavith OODBMS.One
of our goalswasto definean abstracinterfacebetweerHyperPATH andavariety
of OODBMS's. The solutionadoptedshawvs thatopeningHyperfATH to different
OODBMS’sis not possiblewithout major rewriting of existing C++ code.

Keywords: hypertext, hypermediaobject orienteddatabasesysteminte-
gration,persistenceC++ codereusability

1 Intr oduction

This paperdescribesan integration of the hypermediasystemHyperFATH (formerly
calledMultiCard)[12] with theobject-orientedlatabasenanagemergystem{OODBMS)
O, [7]. Providing persistenceo a hypertext systemwas the first motivation of this
work. More generally we wereinterestedn 1) gaininga betterunderstandingf the
connectiorof hypertext systemawith object-orientedlatabaseystemsand?2) provid-
ing hypertext systemswith typednodesandlinks [11] in orderto introducenew query
facilities[2]. Thelatterissuewill notbeaddresseth this paper Insteadwe shallcon-
centrateon providing persistencéo HyperPATH by connectingt to the OODBMSOs.
Onechallengewasto verify whetheranintegrationbetweera significantpieceof code
writtenin C++ (HyperFATH) andthe OODBMS O, couldbeimplementedjuickly and
easily In particular it shouldnot requiremajorrewriting. Anotherissuewasto check
whetherthereexists a generalsolution which is independenbf the OODBMS used
for theintegration. In parallelwith our work, anintegrationof HyperPATH with the
OODBMSONTOShasbeendoneby Bull [1].



According to the HAM model [4], hypertext systemscan be divided into three
distinct layers: a) a storage layer providing persistenceo the hypermediaobjects,
suchasnodes]inks andanchord) amanaementayer (Hypertext AbstractMachine)
providing systemfunctionalities,suchasthe creation,update deletionanddisplay of
thehypermediabjectsandc) a presentationayer providing a high-level interfacefor
human-machinénteraction. In a further step,the DEXTER model[10] proposeghe
separatiorof the hypertet structure(storagelayer) from the node contents(within-
componentlayer). In this approach sincethe rangeof possibledocumenttypesis
large (text, image,sound,etc.) andhardto be modeledin a genericway, the within-
componentayeris not partof the hypertext modelper se Thisarchitectureaswell as
the growing demandson the storagdayerto provide concurreng control, transaction
managementpbject versions,distribution or even efficient query languagefacilities
[9], leadsto two mainresearchdirections.

The first investigateshe integration of existing hypertext systemswith current
databasesystemgrelationalor object-oriented).Examplesof suchpersistenhyper
text systemsare describedin [8, 14, 5]. The secondresearchdirection attemptsto
createan openhypermediadatabaselatformfor a variety of connectionswith exist-
ing hypertet systems.Examplesof suchplatformscanbe foundin [6, 13]. Recent
evolution in this directionallows new objectsand operationgo be addedat run-time
[16]. The integration of HyperFATH with O, pertainsto the first direction. To our
knowledgethis is the first attemptto provide a hypermedissystemwith a persistence
modulebuilt on top of a commercialOODBMS. Currenthypertext systemsare gen-
erally closedsystemshat cannotbe easily integratedwith otherprogramsand data.
On the otherhand,it is evidentthat the extensibility of hypertet systemss crucial
for interoperabilityreasonsin particularfor the exchangeof hyperdocumentstored
in varioussystemsandapplications For example,with ourintegrationof HyperPATH
with O, we have the possibility to visualizethe structureof a hypertet by usingthe
O, Graphapplicationtool. In this directionwe have alsoinvestigatedhe definition of
a minimal interfacebetweenthe managemeniayer andthe storagelayer in orderto
implementthe latterby a varietyof OODBMS's.

O, is an object-orientedBMS developedand distributed by O, Technology It
combineghetraditionaladvantageof DBMS's (persistencesecondarystorageman-
agementconcurreng, recoveryandadhocqueryfacility) with thoseof object-oriented
programminglencapsulationextensibility, computationatompletenesstc.). Hyper
PATH is a setof hypermedissoftwaretoolsthatallows the developmentof interactve
hypermediaapplications.It hasbeendevelopedat Bull asa partof the Esprit project
Multiworks. In HyperFATH, ahypertet (hypermediapplicationor hyperdocumentys
agraphwith nodescontainingmultimediadocumentshereaftereferredasdocuments
Following the DEXTER model, documentsare strictly separatedrom the hypertext
structure.

Priorto ourintegration,the persistencef the HyperPATH hypermediabjectswas
providedby anad hocdistributedsystemgcalledmwdbmgMultiw orksDataBaseMan-
agemengBystem).Thedevelopers’objectvewasnotto implementacompletedatabase
systemrbut anopenandflexible modulethatallows hypertextsto bestoredandretrieved
on differenthosts. In order, then,to extendHyperPATH with full databasdunction-
alities (queryfacilities, security recovery, etc.) aswell asfor a betterunderstanding
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of therelationshipbetweerhypermediasystemsandobject-orientedlatabassystems,
we usethe O, DBMS for implementingthe persistencef HyperFATH objects.
Section2 presentghearchitectureandthe hypertext modelof HyperfFATH aswell
asits initial persistencenechanism.The C++ interfaceof O, which is usedto con-
nectboth systemss describedn Section3. In Section4 we presentdifferentlevels
of integration amongwhich one was chosenfor the integration of HyperiPATH and
O,. Section5 pointsoutthe mainissuesof an“open” integrationof HyperFATH with
OODBMS's while Section6 describedhe solutionthatwasfinally adopted.

2 HyperPATH
2.1 The HyperPATH Ar chitecture

A generaloverview of the architectureof HyperfPATH [12] is givenin Figure1l. A
hypermediapplicationcanbe constructedy usingthefollowing modules:

1. The HypermediaAuthoring Tool is a Mot i f 1 applicationbuilt on top of the
HypermediaToolkit (seebelow) andallows a) authorsto createand modify hy-
pertexts by usingspecificeditors,andb) readerdo browsethroughexisting hy-
pertets. Differentdocumentsare separatelypreparedvith specificeditorsand
thenlinkedtogetherinteractively.

2. With the programminglanguageMultiTalk it is possibleto write simple pro-
grams,calledscripts Theseareattachedo objectslike nodesandanchorsand
aretriggeredby eventssuchasadisplayof anodeor ananchorselection.

3. The HypermediaToolkit is a library of C functionsfor the creationand manip-
ulation of persistentistributedhypermediabjects(suchasnodesanchorsand
links).

IMotif is aregisteredrademarlof the OpenSoftware Foundationnc.




4. The M2000 Protocol andthe CompliantEditors allow a userto edit the infor-
mation contentsof a node. Eachnodeis associatedvith a specificeditor (for
exampleMCEditor, GO, Emacs etc.) thatis notincludedin HyperFATH but is
“extended”in sucha way asto communicatewith HyperFATH via the prede-
fined communicatiorprotocolM200Q It is thenpossibleto createHyperPATH
applicationswith any kind of nodecontentg(text, image,audio,graphics,etc.)
whoseeditoris compatiblewith the M2000protocol

TheHypermediaBasicClassegHBC) module writtenin C++, managesll objects
representinghe structureof a hypertext. Their persistences provided by mwdbms
running on several seners (DB-Sener) which are connectedoy a network. An ap-
plicationrepresents clientthatcommunicatesvith mwdbmsusingremoteprocedure
calls(RPC).

2.2 The Data Model of HyperPATH

In HyperPATH, hypertet datais represente@sa graph A nodeof the graphcanbe
eithera singledocument(atomicnodé or a group of nodes(compositenode. Links
(edgesof the graph)canbe definedbetweenmodeswithout ary restriction(e.g. there
may be a link betweenan atomic nodeand a compositenode). Finally, sequences
of links can be storedas trails in orderto provide a guided navigation mechanism
to HyperFATH readers.A hypertet is weaklytyped Any of its hypermediaobjects
hasan arbitrarylist of properties.A propertyhasa nameanda value. Two “similar”
nodesg.g.two nodescontainingdocumentsvith thesamestructure canhave different
propertylists. In addition, propertiescanbe addedto andremoved from an objectat
arny momentduring the hypertet’s life-time. This flexibility, typical for hypermedia
applicationsijsin sharpcontraswith strongtypingin databasenodelsandin particular
queryingby (propertiesyalues.

The HyperRATH datamodelis implementedn the C++ programminglanguage.
Objectsare definedthroughcompositionandinheritancemechanismsesultingin the
schemashawn in Figure2 : dashedinesrepreseninheritancerelationshipge.g. the
classLi nk isasubclas®f Hyper Obj ect ) andsolid arcsrepresentomposition.The
labelsof thesearcsarethe attribute names.Multi-v aluedattributesare distinguished
from single-valuedattributesby an additional<> symbol. For example,the arc from
Anchor to Node labeledwith nodedenoteshat eachanchorhasan attribute with
namenodeandwhosevalueis the Node objectcontainingthe anchor On the other
hand,eachnodehasanattribute anchors with thelist of its anchorgclassAnchor ).

All classesresubclassesf theclassHy per Qbj ect . Theusersemantic®f each
object,i.e. its list of properties,is representedby the attribute propertylistwhich is
inheritedfrom Hyper Obj ect . HyperPATH hypertets are objectsof the classHy -
per gr aph. Atomic nodegclassNode) andcompositenodeshereafteccalledgroups
(classG oup), form the instancesof the classG oupl t en?. The componentof
a group(nodesandgroups)arestoredin the itemsattribute. HyperPATH links (class

2Atomic nodescanbe comparedvith files andgroupswith directoriescontainingfiles andotherdirecto-
ries.
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Li nk) canbedefinedbetweergroupsnodesandanchorcommonsuperclasi nk-
abl e(bj ect ) without ary restriction. A HyperFATH trail (classTr ai | ) is thena
list of links followed during usernavigation in the hypertext. Objectsof the class
Acti veQbj ect canreceve eventstriggeringthe executionof anattachedscript (at-
tribute script). Finally, the contentsof a HyperFATH atomicnodeis not an objectof
the classhierarchybut is stored,for exampleasa UNIX file, by the corresponding
complianteditorof thenode.

The HyperFATH datamodelcontainsnot only objectsfrom the HypermediaBasic
ClassegHBC) hierarchybut alsovaluessuchasscriptsandpropertylists. Fromnow
on, we will distinguishbetweenHBC-objectsandclassesandHBC-valuesandtypes
Both have to berenderedpersistentMore precisely

a) HBC-objectsarecreatecandmanagedy the persistencenodule(internalinter-
face andhave a “global” identifier, calledthe MCldentifier of the object. The
MCldentifieris alsousedby the CompliantEditors andthe HypermediaToolkit
(externalinterface andit is composeaf a) thehostname b) ahypertet identi-
fier, calledthestad, andc) anidentifierfor theobjectinsidethehypertet, called
thelocal identifier of the object.

b) HBC-valuesrepresenton sharableand non encapsulatedttribute values of
HBC-objects. However, they are alsoimplementedas C++ objects(e.g. class
Scri pt andPropertylLi st). SinceC++ doesnot provide bulk datatypes,
lists arerepresente@s AbstractData Types(ADT) which areimplementedas
classeswith appropriatemethodsfor insertion, deletion, etc. As opposedto
HBC-objectswhich aresharableandcanbe accesseffom the externalmodules
(M2000 and HypermediaToolkit) by their MCldentifiers, objectsof the above



classeglo not have ary logical identifier.

Besidesforward referencesjmplementingcompositionlinks in the HyperlATH
datamodel,for efficiency reasonstherealsoexist inversereference$rom HBC-values
backto HBC-objects.Sincetheseinversereferencesre C++ temporarypointersthey
cannotbestoredwith thecorrespondindgdBC-objectsandmustbeinitialized eachtime
their ownerobjectsareloadedfrom the database.

2.3 The HyperPATH PersistenceModule

Thepersistencef HBC-objectsaandvaluess providedby thead-hodistributeddatabase
systemmwdbmsA sener-clientarchitecturellows severaldatabassenerson differ-
enthostsfor oneHyperFATH application(client).

In eachclient,a dbmsserve(objectof classDbns Ser ver ) guaranteethe persis-
tenceof all HBC-objectsof onehypertet. It communicatesvith mwdbmsby remote
procedurecalls(RPC).An objectmanayer (objectof classObj Manager ) rendergslis-
tribution of objectstransparento theabove layersby handlingalist of dbmsserers.

Eachtime the objectmanagemeedsan HBC-objectwith MCldentifier mcoid, it
sendsarequesto thedbmsserer. Thelatterinitializesa new objectwith the database
value obtainedfrom mwdbmsunlessthereis alreadyan objectwith the sameiden-
tifier mcoid in the dictionary of loadedobjects. Eachobjecthasa referenceto its
dbmsserer. This allows fasteraccesgo an HBC-objectof the samehypertet (e.g. a
link accessingts sourcenode)by calling directly the relateddbmsserer, i.e. without
passingoy the objectmanager

A hypertext canbe savedonly in its entirety EachHBC-objectrecevesfrom the
dbmssererthe messagé¢o save itself. An objectis saved only whenits statehasbeen
modified. Saving a nodealsoincludessaving its contents.Obviously, an HBC-object
is savedwith its HBC-values.

3 C++ Interface of Oy

O, providesa C++ programminginterface[15] which allows an O, databasdo be
linkedwith anexternalapplicationwrittenin C or C++. By this, writing andreadingto
andfrom the databaseretransparento the programmer Theimport commandakes
anexisting C++ declaratiorfile asaninputandgeneratets imagescheman O,. The
export commandrendersO, objectsvisible to externalapplications.In general,each
C++ classis extendedby two methodsread and write, which allow an objectto be
read/writtenfrom/to the O, databaseAdditionally, for eachC++ classK atwin C++
class(persistentpointer clasg 02 K is createdand wheneer an applicationwishes
to accessa persistentobject, it might usethe persistentpointer insteadof the C++
temporarypointer

C++ memberfunctions(methods)arenot imported. In contrastto O,C methods,
they are neitherchangednor storedin the O, database.Neverthelessit is possible
to call O,C methodsfrom a C++ method. A namedobject (O, persistenceoot) is
automaticallyavailableto the external C++ applicationwhenits classis exported. In



theimportedclassestemporarypointerdeclarationgreautomaticallyreplacedy per
sistentpointerdeclarations.Non-importedclassesare not modified. For example, if
wedefinethecl ass A {B *b; },class B {C *c; }andcl ass C {A *a; },
theimportationof classA andB implies the following changesn the upgradectlass
definitionsandmethods theattributeB * b in classAis replacedy the O, persistent
pointero2_B b. On the otherhandthe attributesC *c in classB andA *a in the
non-importedclassC remainunchangedThe methodsof bothimportedandnonim-
portedclassesrenotmodified. For anexhaustve descriptionof O, persistenpointers
structureandmanagemergee(3].

4 HyperPATH/O, : ThreelLevelsof Integration

Oneof our requirementsvasto make asfew changesspossiblein the HBC module
anddefinitelyno changesn the Hypermedialoolkit. Additionally, the nodes contents
(documentsprenot storedin the O, databaseincein HyperfFATH the persistencef

thedocumentss underthe responsibilityof the complianteditors. We have examined
thefollowing solutionsfor theintegrationof HyperfPATH with O, (seeFigure?2):

1. Weak connection: O, only replacessomeDB-Sener and communicatesvith
aHyperRATH clientvia remoteprocedurecalls (RPC).

2. O, is the persistencedepositary of the HBC-objects : We modify the C++
schemaf theHBC-classesgslittle aspossiblej.e. only themethodsoncerning
thepersistencenodule.

3. Strongconnection: TheHBC schemandthusthehypertext managemeritself
is implementedn O,. Notethat mostof the hypermedigunctionalitiesof Hy-
perFATH areimplementedutsideHBC (M2000protocol, Hypermediaroolkit).

The simplestsolutionfor storingthe HBC-objectsis the substitutionof mwdbms
by an“O, databassener” thatsimulategheinterfaceof mwdbms(weakconnection).
The disadantage®f this solutionbecomeclearwhenwe look at the stepsnecessary
for storingan HBC-object. The databas@nterfacea) copiesthe C++ structureintoaC
structureandb) sendst by a remoteprocedurecall (RPC)to the databaseener that
c) recevesthe RPC,d) copiesthe C structureinto a C++ structureand e) storesthe
structurein the O, database.Sucha mechanisnresultsin an extremelylow perfor
mance(at leasttwo datatransformationgachtime) andlow reliability (thetransaction
mechanisnof O, is notused).

The secondsolutionsuggestshatan O, databasés the persistencelepositaryof
the HBC-objects. The main ideais to build a persistentmodule that usesO, in a
transparentvay to the restof the HyperPATH architecture. This solutionrequiresa
redefinitionof the front-end(databasénterface),i.e. the classesandthe methodsm-
plementingthe persistencef the HBC-objects.

Thethird solution(strongconnectionynakespossibleto avoid the traditionaltype
mismatchbetweerprogrammindanguagesnddatabassystemsHoweverit wasnot
choserin afirst stepsinceit requiresamajorrewriting of theexisting codeandbecause
it is in contradictionwith the objective of openingHyperFRATH to variousOODBMS?s.
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Finally, the secondsolution was adoptedbecauseof the encounteredroblems
which will be describedin detail in the following section. In the sequelwe shall
seethat evenin this case,the integrationwas not trivial andled us to threepossible
implementation®f the HBC module.

5 *“Open Integrations”

We first plannedto provide persistenceo the HBC hierarchywith differentDBMS’s
(O, andONTOS[1]). This heterogeneitghouldhave beentransparento the above
HyperPATH layers.Theideawasto definefor eachDBMS andHBC-classa persistent
subclass For example,to the HBC classNode we addtwo subclasseslode2 and
NodeONTGS, which allow anodeto be storedeitherin anO, or anONTOSdatabase.
Then,aftertheimportationof the existing HBC-classhierarchyinto O,, a HBC-class
schemawith multiple inheritanceasshown in Figure3, is created.

Evenif the useof multiple inheritanceincreaseshe complexity of the resulting
C++ schemait leadsto avery naturalsolutionfor couplingHyperfATH with avariety
of OODBMS?'s. It simply requiresthe definition of a minimal abstractinterfacebe-
tweenthe HBC classesndtheir persistensubclasseshoseimplementatiordepends
on the OODBMS used. But existing C++ restrictionsfor explicit castingrendered
theimplementatiorof this solutionpracticallyimpossible.For a betterunderstanding
of the C++ inheritancemechanisnmandthe difficulties encounteredvith this solution
see[3].

In orderto avoid the difficulties with multiple inheritanceandkeepthe persistent
moduleextensibleto otherOODBMS’s we have investigatedh schemeabasedon sim-
ple inheritancewhereall HBC attributesthathave to be storedareredefinedn persis-



tentsubclasseslooking at the resultingclasshierarchy(bold classeandinheritance
arcsin Figure 3) we canseethat, at the O, level, we do not have ary inheritancehi-

erarchyandwe createonly 6 persistensubclasse$or eachof the HBC-classeghat
can be instantiated(Li nk, Hyper gr aph, Anchor, Node, Group andTrai | ).

Likewise, HBC-valuesbecomepersistenby addingthe subclasseScri pt 02, and
PropertylLi st Q2.

The resulting C++ structureof eachpersistentsubclasscontainspairs of HBC-
valueswith thesamesemantics oneattributeis definedatthedatabaséevel (i.e. is an
O, object)andoneis inheritedfrom the correspondinguperclasses theC++schema
(i.e.is aC++temporarypointer).In orderthento ensureconsisteng betweemonper
sistentandpersistenHBC-valueswe areobligedto imposesupplementargonstraints
duringthe object’s creationandmanagementThis solutionturnedout to be impracti-
cal becaus@f the mismatchin objectconstructiorandmanagemertietweerC++and
O [3].

In conclusionthetwo possiblesolutionsfor providing HyperFATH with the pos-
sibility of usinga variety of OODBMS's wereabandonedThe following sectionde-
scribesthefinal solutionthatwaschoserfor theintegration. It hasthe advantagethat
no rewriting of the HypermediaToolkit is necessaryut it losesthe generalityof the
“persistentsubclass’solutions. The solutionis specificto O, anddoesnot represent
anabstracinterfaceto differentDBMS'’s.

6 An O, Tailored Integration

6.1 The Hypermedia BasicClassesSchema

This solutionconsistan usingtheresultof theimportationof the whole HBC hierar

chyassuch.Thisimpliesthatall HBC-classe®ecomepersistenvia the O, persistent
pointers. The C++ schemdinally constructeds the sameasthe initial onegivenin

Figure2. After importation theHBC-classeincludethe necessarynethodgor imple-

mentingthe minimal interfacewith the restof the HyperPATH modulesaswell asthe

methoddfor the persistencéunctionalities(cr eat e, | oad, save anddel et e).

Thusthe databasénterfaceandthe persistencenodulestill remainindependentrom

theotherHyperPATH modules.

6.2 Mapping of Object Identifiers

The mappingbetweenobjectidentifiers (MCldentifiers)usedin a hypermediaappli-
cationand objectidentifiersof the databasés anotherimportantissue. SinceHBC-
objectsareaccessethroughtheir MCldentifiers,onesolutionfor auniformintegration
of the two systemsawasthe substitutionof the MCldentifier by the OID provided by
O. In thatway, we could“directly” accesgshe HBC-objectsin the O, databaseThis
solutionwasrejectedfor two reasons

1. TheMCldentifieris not only usedby the HBC modulebut alsoto alarge extent
by theexternalinterface.Thus,theuniformusageof theOs OID impliesimpor-



tantmodificationsof HyperFATH moduleghatwerenotintendedo bemodified
(e.g. Hypermedialoolkit andM2000protocol).

2. With a replacementf the MCldentifierswith O, OID’s, we are facedwith
the sameproblemwhen attemptingto readother hypertexts storedin different
OODBMS (managinglifferentOID’s).

Thereforeatleastfor reason®f opennesso eachOODBMSsystemsS associated
with HyperFRATH corresponds table (dictionary) mappingMCldentifiersto OID’s
of systemS. When an object needsto be accessedeitherthereis an entry in the
dictionary, or it hasto be loadedfrom the databaseSinceeachobjecthasan attribute
whosevalueis the MCldentifier, loadingis performedby queryingthe objectson their
MCldentifierattribute.

6.3 The PersistenceModule

We have seenin Section2.3 that the persistencef the HBC-objectsin a hypertet
is guaranteedby an objectof the classDbs Ser ver , i.e. the dbmsserer loadsand
saves the HBC-objects. One way to representhis functionality in O, is to render
the dbmsserer persistentand extendit suchthatit containsall HBC-objectsof the
correspondindnypertext. Sinceit is not possibleto createan O, namefor eachnew
dbmsserer (C++ interfacerestriction),we definea namedvariablewhich containsa
list of dbmsserers.In thisway andbecaus®f the O, persistencéransitvity, all HBC-
objectshecomepersistentogethemwith theirdbmsserer.

Now, all hypertexts canbe accessedy the objectmanagethroughthe persistent
list of domsserers. Notethatfor HBC-valuesthatarealwaysattachedo someHBC-
object,accesss providedimplicitly by O;. Eachtime weloadapersistenHBC-object,
its correspondingersistenHBC-valuesareloadedautomaticallyby the C++interface
of Oy. Sincewe have replacedall temporaryC++ pointersby persistenpointers,in-
versereferenceslsobecomepersistenand do not needto be reinitialized eachtime
thedbmssererloadsanobjectfrom the database.

7 Conclusionand Futur e Work

Oneobjective of theintegrationHyperFATH/O, wasto deeplyunderstandboth prod-
ucts,in orderto supplyHyperRATH with queryfacilities. The integrationhasturned
outto lastmuchlongerthanexpectedandis notsatishctoryasfarastheperformancés
concernedThe majorissuesencountereduringthis experimentarerelatedto the dif-
ficultiesin reusingC++ code. SinceHyperPATH usesC++ bothasanobject-oriented
programminganguageandasan extensionof C, we first encounterediifficulties re-
lated to incompatibilitiesbetweenobject-orientedand imperative programming. In
particularthe coexistenceof strongtyping asimplied by object-orientednodelsand
explicit castingof C++ objectsled to unexpecteddeadends.We think thatone major
drawbackof C++is thelack of consisteng in the type systemcorversion.

In addition,the mappingbetweentwo objectidentifiers(onefor HyperFATH ob-
jectsandonefor O, objects)resultsin performancealiscrepang. Thereis alsosome
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mismatchin object constructionand managemenbetweenC++ and O,[3]. Thus,
guidelinesto let HyperFATH supportboth C/C++and C++/OODBMSinterfacesare
quite ambitiousandcurrently not easilyimplementable This is why we adwocatefor
a higherlevel interfacebetweerhypertextsand OODBMS’s. For a more powerful in-
tegration betweenHyperFATH and O, (strongconnection,seeSection4), the HBC
layer of HyperFATH shouldbe written in O, C. Currently the documents contentis
not storedin the O, database @t that,we planto adda complianteditorableto com-
municateboth with O, andHyperfPATH. This experimentwill alsobe usefulfor our
next goalof providing HyperFATH with querycapabilitieqg?2].

In conclusion,constructinga HyperfPATH persistencenoduleextensibleto a va-
riety of commercialOODBMS's turnedout to be a difficult task. Neverthelesswe
believe that it was a necessarsteptowardsthe specificationof commonhypertext
storagerequirementgor currentdatabaséechnology
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