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Abstract

This paper presents a conceptual model for hypermedia that, among other features, supports versions sets, permits
exploringand managing alternat®nfigurations, maintaindocument histories, supports cooperatiw@k and

provides automatic propagation of version chandé® concept of version context is used to group together
nodesthat represent versions of the samigiect at some level aibstraction. Support for cooperativork is

based orthe idea opublic hyperbasandprivatebasesThe automatic propagation of versiamsesthe concept

of currentperspective tdimit the proliferation ofversions. All ofthe proposed facilities have as a goal the
minimization of thecognitive overhead imposed dhe user by version manipulation. The version control
discussion is phrased in terms of the Nested Comlodel, butthe major ideaspply to any hypermedia
conceptual model that offers nested composite nodes.

1 - Introduction

Many application domains, such as educatiajning, office, businessand sales, have seen an explosion of
multimedia services ithe lastfew years. Inthis contextmany multimedia applications will be designed to run
on heterogeneous platforms, or to be interconnecteafféo more sophisticated multimediservices. These
services will usdarge quantities of structured multimedibjects, whichcan be eithedocally stored on a
workstation, or retrieved from remote sources through a communication networkthH&noeiltimedia data may
represent a significant investment, becomesvital to ensurethat this information is nofost due to

incompatibilities in data structures supported by the different applications.

However, most hypermediasystems have been developed as self-containadplications, preventing
interoperability, information interchangand code reusability betweeapplications. Some exceptionsust be
mentioned in this context, such as the Neptaystem[DeSc85], HyperBase[ScSt90], MultiCard [RiSa92],
Hyperform [WiLe92] and HyperProp [SoCC93]. HyperProp providast only a conceptual hypermedia data

model, the Nested Context Model, but also an open architecture, with an interface model which sepalates
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and object exhibition components. Among other advantadkis allows the constructions of interfaces to be
independent of the exhibition platform, aell asthe adaptation of the storage mechanism to the performance

and bandwidth requirements of particular applications. This architecture is described in [SOCC93].

One issue whichvasnot covered inthe original description of the Nested Contbkidel [Casa91jvasversion
control. Even though the need for this facility in hypertext systems has long been recognized, the complexity of its

interaction with all the other requisites in this kind of application has apparently postponed the work in the area.

We thendescribe irthis paper an extension of the Nested Contéodlel which,among other features, supports
version sets, permits explorirand managing alternatonfigurations, maintaindocument histories, supports
cooperative worland provides automatic propagation of version changés. facilities wepropose for version
manipulation are designed so asngpose aminimum of cognitive overhead othe user. Although theersion
control discussion is phrased as an extension to the Nested Cbfiudgt, the major ideasapply to any
hypermedia conceptual model offering nested composite nodes, sudiipasBase[ScSt90]and HyperPro
[Oste92].

This paper is organized &dlows. Section 2 reviewshe Nested Context Model. Section 3 extetigs model to
support versioningand cooperative work. Section 4 compaas model with relatedvork. Finally, section 5

contains the conclusions.

2 - The Nested Context Model

The goal of the construction of thdyperprop system is to provide amvironment forthe construction of
hypermedia applicationghrough alibrary of classes which reflecthe conceptuaimodel. The following
description of thebasic Nested Context Model thus a description of thes#assesand theirfunctionality,

without version control.

The definition ofhypermedia documents the Nested Contex¥odel (NCM) [Casa91l] is based dwo familiar
concepts, namely nodes and linkdesare fragments of information aifidks interconnect nodes inteetworks

of related nodes.

The model goedurther anddistinguishegwo basic classes of nodes, calledminal and compositenodes, the

latter being the central concept of the model. Figure 1 illustrates the is-a hierarchy proposed.
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Figure 1 - NCM Class Hierarchy

An entity (refer to figure 1) allows attribute/valymirs to be attached to albjects. Every entithas a unique
identifier (UID) and anaccess contrdist (ACL). Eachentry inthe ACL associates a user or user group to his
accessightsfor each attributeEachentity alsohas anentity presentation specificatiolthough it is notused

by the structural conceptual model, taetity presentation specificatipms in the Dextemodel [HaSc90],
contains information fothe presentatiomodel aboutow an entityshould be presented to the user. Lialk
have a set ofiode presentation specificationgs in the Dexter model, which contains informatfon the

presentation model indicating how a referenced node should be presented to the user.

Each nodénas aset ofanchorsthatacts as the external interface of thegle.That is, otheentities will actually
indirectly refer to regions inside the content of the node by identifying the appropriate anchors. In conformance to
the DexterModel, everyanchor has aassociatedd andvalue Anchors encapsulate the definition of regions.
Changes to the content of a nodan thus be transparent to links thatich the node, if the anchors are

adequately defined.

A link contains a sourcend point and gequence of destination, @rget, end points. Multiple destination end
points allow the definition ofone-to-many connections, which iistended to support applications where, for

example, the selection of a link can lead to the simultaneous exhibition of several nodes.

Each of the end points of a link defined by a (possiblynary) list of nodesNy,..., Nb, N7) andone anchor,
which must belong to the set of anchordgf The nodeN,,; must be a context node aNgdmust be contained in
N;, 4, foralli 0[1,k). The nodeNy is called ebaseof the link. Links arealwaysdirectional, althoughheycan be
followed in either direction. The list ohodes in each end poiadlows the definition of links connecting

information not directly contained in the same composite.



A link hasalso associated to it conditioasid actions, in conformance witthe MHEG proposal [MHEG93].
Similar to links, as an extension of tMHEG proposalthe Nested Contextlodel associates conditions and

actions to the anchors of a node.

A terminal nodecontains datavhoseinternal structure, iany, is application dependeandwill not be part of
themodel. The class oferminalnodesmay bespecialized into otherlassestéxt, audio, imageetc.) as required

by the applications.

A composite nodgroups together entities, calledmponentsincluding otheicomposite node§:he components
may be ordered, which is very useful for several navigation mechafdiBmsomponents do naecessarily form
a set, because an entity may be included more than once in the composietheatlass oEomposite nodes may

be specialized into other classes, including the classraéxt nodes

A context nodgroups together sets lifiks, terminal nodes, trailand context nodes, recursively. Nateat the
components of a context no@eform a set, different from a composite node. ¥sgthat acomponeniA of C is
containedin C. Notethat thesame compone# can be contained in@mpositionB, also contained i€, since
the "be contained" relation is not recursive. Context no@es subclassedpriginating five new classes:
annotation, public hyperbaserivate baseversion contextanduser contextOnly the class of user context is

used in the basic model of NCM.

A usercontext node @ a context node which groups together:
1. aseSof terminal or user context nodes. NodeSare said to be contained@

2. a sel of links, suchthateach linkl in L has thebase nodes contained @ Links in L arealso said to be

contained irC.

For each node iBthere is an attribute wherenade presentation specificatiomay be defined.

In the specific case of a context no@e(in particular, auser context node), thealue of ananchormay be the
special value\, representing the entire nodesubset othe nodes contained i@; or a list of nodesN,..., N,
N1) andone anchor, which mugtelong tothe set of anchors @d4. In this lastcase, the nodhll,,; must be a
context nodeN; must be contained in;N, for alli 0[1,k), andN, must be contained i@.

As an example, |€E be again a usarontext nodehat contains anotherser context nod8, containing inturn
two nodes,H andM (storing, for instanceliamletand Macbetf). SinceS containsH andM, a link connecting
these nodes may, principle, be defined i as (M,i>,<H,j>), wherei andj are valid anchorfor M andH. If
one wants to createlimk in E connectingVl andH, onemaydefinethe link as (<§,M),i>,<(S,H),j)>). Note the
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difference betweedefining the link inS or in E. A link defined inS will be seen byevery document which
includess (the user context node groupiptays byShakespeare wilbrobably beshared by several documents),
while a link defined irE will be seen irSonly by the readers of documéhtThe same link may yet be defined in
E as (S(M,i)>,<S(H,j)>). In thiscasethe sourceand endpoints of the linkwould benodeS but the anchors
(M,i) and H,j) would specifythe “effective end points”. The differenpossibilities for specification dhe link in

E allow more flexibility in specifyinchow anode should be presentedaking thisspecification dependent on

how the user navigated to the node.

A hyperbaseis any set of nodell suchthat, for any nodeN O H, if N is a composite nodé¢hen all nodes

contained irN also pertain tdi.

A perspectivdor a nodeN is a sequence P Nj{,....,N,), withm> 1, suchthatN; =N, N,,; is a composite node
andN; is contained in N,, fori O [1,m). SinceN is implicitly given by P, we will refer to P simply as a
perspective. Notéhat there can beeveral different perspectives thie same nodH, if this node is contained in
morethanone composite nod&he current perspectivef a node ighattraversed by the last navigationtteat

node.

To conclude, NCM also permits extensions to accommoiffieenotion ofvirtual structures(node contents,
anchors and links), that is, structures that result from the evaluatsomef expression. Rirtual nodemay have

its contentand anchorsomputed when thegre selectedduring the navigatioprocess. Imparticular, an anchor

will be computed when &nk that points to it is traversed. Similarly, a virtutshk will have its end points
computed when selectetihe importance of thesmncepts to our versioning mechanisms is discussed in Section
3.

3 - Versioning

3.1 - Some Versioning Issues in Hypermedia

We adopt as the metrfor our versioning mechanisthe remarkgosed in [Hala88,Hala91], in [Oste%&hd in
[Haak92]. By analyzingmostly the first reference, wenay indeed identifythe following requirements (the
original sentences are included in italics):

R1. Exploration of Alternate Configuratiorls "A good versioning mechanism will also allow users to
simultaneously explore several alternate configurations for a single nétwork

R2. Configurations Managemeft "In a software engineeringontext it should be possible to search for
either the version that implements Feature X or the set of changes that implement Féature X



R3. Maintenance of Documeitistory [ "A good versioning mechanism will allow users to maintain and
manipulate a history of changes to their network

R4. Automatic Update of Referencis "In particular, a reference to an entity may refer to a specific version
of that entity, to theewest version of thamntity along a specific branch of the version graph, or to the
(latest) version of the entity that matches some particular description (fuery)

R5. Support for Versions Set§ "Although maintaining a version thread for each individual entity is
necessary, it is not a complete versioning mechanism. In general, users will make coordinated changes to
a number of entities in theetwork at ondime. The developer may therant to collect the resultant
individual versions into a single version set for future referénce

By analyzing [Oste92], we may add the following requirements:

R6. Small Cognitive Overhead in Version CreaflofiExplicit version creatiomill result in a large cognitive
overhead. How can version creation be made manageable?

R7. Immutability of versiond] "In hypertext it might be too simplistic to have versions of nodes to be
completely immutable. While it is obvious that the contents of a version should be immutable, its is less
clear how links andother)attributes should be treatéd

R8. Versioning of Linkd] "One must also consider a separate versioning for'links

R9. Versions of structurél " It is desirable to have a notion of versions of the structure of the hypertext.
Similarly, being able to return to a previous state of the entire hypertext is just as desirable as returning to
a state of a single node

R10. Support for exploratory developmeit "If we want to support exploratorgevelopment the problem is
how to freeze a state. The entire structure the author is working with needs to bé frozen

By analyzing [Haak92], we may add the following requirements:

R11. Tailorability 0 "Versioning must be tailorable by applicatiéns

R12. Support for Alternative§] "It must be possible to maintain alternatives. Reviewers and autversto
maintain explicit alternatives of sub-parts of a docurhent

In addition to these requirements, we believe that the notion of version should also cover two other situations:

R13. Distinct Representation of the Same Informatidnwhen distinctobjectsrepresent the samgiece of
information, such as the writteand spoken versions of a speech,tao texts prepared by different text
formatters, they should be treated as versions of that piece of information.

R14. ConcurrentUse ofthe Same Informatiofl (temporary) copies dhe samepiece of information, used by
distinct running applications, can be usefully treated as versidhatgfiece of informationThis extended
use ofthe notion of versiongoupled with a notificatiomechanism, provides good basis for cooperative
work. Indeed, this generalizes the previous requirement.



3.2 - Extending the Nested Context Model to Include Versioning

3.2.1 - Preliminaries

The basic Nested Context Model already meets Requirement R1 for version control mechanisms. Indeed, the
problem of exploring alternative configurations of a document is trivedlyed bycreating alternative user
context nodes ovethe same set of nodes, reflecting distimigtws of the same document tuned ddferent

applications or user classes.

The basic NCM hierarchy, described in section 2, should be extended in order to #idelreber requirements
posed in section 3.1 by adding new entities for versioning and cooperative work. Figure 1 désrelkgmsions
we propose, whiclare explored in detail in sections 3.2.2, 3.2.3, 3.2.4, 3a283.2.5. Foumew subclasses of

context nodesannotation, public hyperbasprivate baseandversion contexare thus introduced.

In NCM, only terminal nodes and user context nodes are subject to versioning, as seen in white background in the
figure 1. Each attribute (including content) of a user contetg¢roninalnodemay be specified agersionable or
non-versionable. Thealue of a non-versionable attributeay bemodified without creating aewversion of the

object. Modifications on versionab#tribute values have to be made omeav version of theobject, if it is

already committed, as will be detailed in 3.2.3. As stated ifiRfiypermedia itmight betoo simplistic to have

versions of nodes to be completely immutable... It is not cleadint& andattributes should be treated”. It is not

even obvioushat thecontents of a version should ever be immutable. Versioradd@on-versionable attributes

thus help to medR7. Of course, somkind of notification mechaniswill be needed t@nhance version support,

specially in the case of concurrent update of non versionable attributes.

The possibility ofaddingnewattributes to a node, without creatingw versions, is also attractive. Assuthat,
after the nodevascreated, anew tool wasntroduced into theystem.Thetool might want to store some specific
information in thenodes. In NCMthe usemay specify ifthe addition ofnew attributes is permitted without

creating a new version of the object (also helping to meet R7).

Finally, we have not includetink versioning in ourmodel, since webelieve that this facility adds more
complexity than functionality to a systemand that, ifnecessarycan bemodeledthrough usercontext node
versioning. It remains tetudy if this facility becomedmportantwhen actionsand conditions areassociated to

links.



3.2.2 - Version Contexts

To address theroblem ofmaintaining thehistory of a document, we extetioe Nested Context Model with a

special class of context nodes, calegdsion context

A version contexy groups together a set of user contextesminal nodesthat represent versions of trsame
object, at some level of abstraction, without necessarily implying that one veesderived fromthe other. The
nodes inV are callectorrelated versionsand they need not belongttee same node class (helping to niR&8).
The derivation relationship is explicitly capturedthg links inV. We saythatv, wasderived fromv,, if there is

a link of theform (<v,,i;>, <v,,i,>) in V. The anchors in thisase simplyet one be more precise about which
part ofv; generates whicpart ofv,. A version context induces(possibly) unconnectegraph structurever all
versions. There is no restriction bnks (helping to meet R12gxceptthat the"derives from" relation must be

acyclic.

It should be notethatversion context nodean contain user context nodes, since tmegkscan beversioned.

This provides us with an explicit versioning of the document structure, thus meeting R9.

A usermay either manually add nodes (@aplicitly indicatethattheyareversions of the samebject)and links
(to explicitly indicatehow the versionsvere derived) to a version context, or hey create anew node from

another by invoking a versioning operation, which will then automatically update the appropriate version context.

An application haseveral options to defirtbe node it considers to be darrent versionn a version contexy,
according to a specificriteria. One of them is teeserve aranchor ofV to maintain theeference tahe current
version.Other anchorsnay specifyother versiongollowing other criteria ofthoice. Specifically, inhe extended
model, which includes virtual entitigsased on a quetanguage, theeferencemay bemade through aguery.
The query doesiot need to bgart of the anchor of the \&on context, since inay bedefined in alink (see
section 2.1)andeven in a morgeneralway (helping to meet RandR4), as we will see when we discuss private
bases in section 3.2.4. It should be ndtieat thequery which defineshe current versiomay return several
versions (for example, “all versions created by John”), wbahbe interpreted as alternatieeslpresented as a
user context (a version contexiew). Therefore, version contexts meet R4 siticey provide anautomatic

reference update facility.

In the basic model of NCM, we defined an end point of a link contained in a user conteg, modein a similar
way, apossibleanchor's value of a user context n@leas being gair consisting of a list afiodes Ky,..., N,
N1) and an anchorr , such that:



. a belongs to the set of anchors\f.

. For all i 0O[1,k), the nodeN,,; is a user context nod&, must be contained in;N, and Ny, must be
contained irC.

In the extendednodel, Ny must be either a terminabde or a user context node (as in biasic model) or a

version context node, in which case, segthat N, doesnot containN;, but contains the nodspecified by the

anchora.

An applicationmay useversion contexts tonaintain thehistory of a documerd (R3), aswell as forautomatic
reference update (R4), for examplefa@bws. Suppos¢hatd has acomponent whoseversions the application

is interested inLet C be the version context containing thedesCs,....Cp, thatrepresent the versions af The
application will refer toC, and notdirectly to any othe Cj's, in the user context nodeit uses to moded. All

links in D touchingC will point to the same anchor @, which will alwayspoint to the node€C; the application
considers to be the curreversion. Ifthe applicatiorwants to recover previous versionsdofvith respect te, it
simply navigate$nsideC. Indeed, since version contexeejust a special class of context nodes, users may, in
principle, navigate through the documdnmstory using thebasic navigation mechanisms of NCM [Casa91l].
Alternatives of the sub-pactof the document can be accessed, for example, by a query,ménjebturn aset of

alternatives, meeting R12.

A set of selected versions for a configuration is often referred tdbasedine Simply storing the configuration
does not indicate how a system has evolved over time, since the selection criteria for a current version in a version
contextcan deliver differenversions at different times. It is therefore important tcabke to record a static
configuration, where each reference is made to a specific versthe abdeand not a versionontext. Support

for this will be provided by the private base concept, defined in section 3.2.4.

3.2.3 - Consistency

We introduce the notion dftate of a terminalnode and auser context node to controbnsistency across
interrelated nodes, to suppaoperative workand toallow automatic creation of versior{see also Section
3.2.4).

A terminal node or a user context nddean be in one thillowing statescommittegd uncommitteddr obsolete
N is in the uncommitted state upon creatéord remains in thistate as long as it is being modifiéithen it
becomestable,N can bepromoted to the committed state eitleaplicitly atthe user's request, anplicitly by
certain operations thenodel offers(helping to meetR5). As an example oimplicit change of state, an

uncommitted user context or terminal ndilbecomes committed when a primitive for version creation is applied



on it. A committed node cannot deectly updated or deleted, hile user can make @bsolete, allowing nodes
that reference it or that are derived from it to be notified.

The concept of a node state is in fawtly relevant for user contexdnd terminalnodesthat have versionable
attributes. Therefore when veay, forexample,that committed nodes cannot be modified, mean that the
versionable attributes cannot be modified. We alsgerve, as stated befotkat inNCM the usemay specify if
the addition ofnew attributes to a committed node is permitted without creatingvaversion of theobject. In

what follows, we give more precise definitions for the states of a user context node and of a terminal node.

A user context orterminal node in the committed state, called cammitted node has thefollowing

characteristics:

¢ the versionable attributes dhe node cannot benodified (which meanshat explicitly defined attributes
cannot be modified, as well as queries, if the node is virtual);

e it can contain only committed or obsolete nodes, if it is a user context node;

e it can be used to derive new nodes;

e it cannot be directly deleted;

¢ it can be made obsolete, but not uncommitted.

A user context otterminal node in the uncommitted state, called amcommitted nodehas thefollowing

characteristics:

e all its attributes can be modified;

e it can contain nodes in any state, if it is a user context node;
e it cannot be the source of derivation of new nodes;

e it can be directly deleted;

¢ it can be made committed, but it cannot be made obsolete.

A user context or terminal node in the obsolete state, calleisaiete nodehas the following characteristics:

« all its attributes cannot bmodified (which meanshat explicitly defined attributegannot be modified, as
well as queries, if the node is virtual);

e it can contain only committed or obsolete nodes, if it is a user context node;

e it cannot be used to derive new nodes;

e it is automatically deleted Ithe systemthrough a garbageollection process, when no longer nee(ed
example, when it is not referenced by or included in any node);

¢ it cannot change state.
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It follows that, if anodeV is directly or transitively derived from/, thenW is either committed oobsolete. We
also stresghat these restrictions guarantéleat a committed or obsoleteiser context node contairaly
committed or obsolete nodes, whichturn implies that: (i) italso containonly links whoseend nodes are
committed or obsolete nodes; (ii) the query that defines its content retseh®facommitted or obsolete nodes, if
it is a virtual context nodegnd (iii) thequeries in its linksand anchorslwaysresult in a set of committed or

obsolete nodes. However, these restrictions do not imply these properties for an uncommitted user context node.

As mentioned in section 3.2.2, derivation links can be explicitly created by a user. The creation of derivation links

automatically cause the predecessor object to be committed in order to preserve consistency.

3.2.4- Public Hyperbase and Private Bases

In general, acooperative environment muatlow users toshare informationprovides some form of private
information for security reasonand permits fragmentation of thegperbasento smaller units taeduce the
navigation space. Cooperative authoring is understood here as the process of creatitifyiog the hyperbase,

or a subset of the hyperbase, by a group of users.

The notion of context nodean beused to support cooperativeork. Consider the set d@ll usercontext nodes
and terminalnodes to be partitioned into sevemlbsets.One and only one of themwill form the public
hyperbase denotedHg, thatcorresponds to public, stable informatidrhe othersubsets will formthe private
bases used to modethe user's interaction with layperdocument, according the paradigm(work session)
proposed byhe DexteModel. A private basenay contain other private basgsermitting organization of ework
session into several nestedbsessions. Nothat one specific (version of agrminal or usercontext node can

pertain to one and only one of these bases (public or private).

More precisely, we definéhe public hyperbaseas a specialype of context nodehat groups together sets of
terminalnodesanduser context nodedll nodes inHg must be committed absoleteand, as in alhyperbases,

if a composite nod€ is inHpg, then all nodes i€ must also belong to gl

We also define grivate baseas a specidiype ofcontext nodehatgroups togetheany entity, excepthe public

hyperbase and version context nodes, such that:

i) aprivate base may pertain to at most one private base;

i) if a composite nod&\ is contained in a private baB®, its componentare either contained iRB or in the
public hyperbase or in any private base of a private base nesting contdhizéind

i) if a link is contained in a private base, its source base end point must be an annotation node.
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Intuitively, a private base collects all entities used during a work session by a user.

A usermay move auser context node orterminalnode from a private baseto thepublic hyperbaséhrough
the use of theheck-ouprimitive, as long as the node is committed. If a committed user contexthisdaoved
into Hp, then all terminal and user context node€ imust also be moved intég.

Notethatmoving anewversion into thgublic hyperbase neeauhly take place when some modificatibasbeen
made to the originatode. Suppose, for instantkat theuser creates a nodein a private base as a version of a
node N of the public hyperbase. Suppose aldat V is not modified. Then, when he move¥ to the public
hyperbaseV is simply destroyed, since there is no need to duplicate informétawever, any compositeode in
the privatebasethat containd/ must be updated twow containN. Likewise, ifV is an unmodified version o,

all versions created froi must be transformed into versions of N in the version context node.

The user contexdand terminahodes of a private bagB can bemoved in block tdhe public hyperbas¢hrough
a special primitiveshift In thiscase wesaythat theprivate basevasshifted to thepublic hyperbaséWVhen the
shiftoperation is applied, all useontextand terminahodes othe privatebaseare committecandmoved to the
public hyperbaseand all itsprivate basesre recursively shifted tdhe public hyperbase. Athe end of this
process the private baB® that was shifted will contain only trails, annotations (and associated links) and private

bases, which contain only trails, annotations and private bases, recursively.

A user cannomove auser context oterminalnodeN from thepublic hyperbase to a private base, but he may
create anewnodeN' as a version ol in the privatebase. In HyperProp, work ondocument implies in the
creation ofnew versions ofall visited user context oterminal nodes inthe current privatdase. These new
versionsmay bederived from committed nodes or corresponthis creation o€ompletely newinformation (the
first node in a version context node). As mentioned in section 2.2, these versions correspstaditiations in

the Dexter Model.

Two primitives,openandcheck-in are availabléor the creation of @ewuncommitted version of a user context
or terminalnodeN in a private basPB. They differ wherN is a user context node. this case,opencreates an
uncommitted versiomN' of N in PB, as well as okach of the components M, and so orrecursively.N' will
contain thenewversions of the components W and its linkswill be created so as to appropriately refliécks

in N. If a committed component pertains to mtranone contextpnly one uncommitted version will be created
for this node. Onthe other handgheck-increates an uncommitted versibih of N, in PB, that contains the

original nodes contained M.
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Interestingconsequencearise from the different behavidretweenthe open and check-in primitives. LetN'
contains node€, andC,, that in turncontain the same nod@é. If N' is created through theheck-inoperation,
andnodeM is modifiedthrough thetwo perspectivesC, and C,, two different versionsM' andM", will be
created. On the other handNfis created through th@penoperation, a singleewuncommitted versio' will

be created and will suffer modifications through both perspectives.

The recursive creation afew versions, associated withhe open operation,doesnot necessarily occur at the
moment the operation is applied. Versions ofribdes (contained in a context nodaej bedeferredandcreated
only when such nodes are visited. For example, consider a context maaéaining nodes H andM. When an
application wants to acce€s a versiorC' of C is created in its private base, which in principle containsahnse
nodes a<. If the applicatiorselectsH, for example, anewversionH' of H is thencreated in the same private
base, as discussed above, which then repkge<'. If | andM are not accessed, no new versiare created for

them.

Committed versions in a private ba&3B can beused to derive versions, or be included in a user context node, in
all privatebaseghat containPB, and in allprivate basesontaining theséasesand so orrecursively.This is
reasonable, sindheyrepresent a state wfork consistent from the point aiew of the job being performed in
some privatdase. Uncommitted versioase only accessible fomanipulation in the privatbasePB wherethey

reside.

A user carremove a nod@l from a private basPB through adeleteprimitive. If N is a trail or an annotation
node (thisconcept will be introducethter), it issimply removed fronthe privatebaseand destroyed. IfN is a
user context oterminal node, the result depends on the statud.df N is uncommitted, it iseffectively
destroyedand deleted from its version context; Nf is committed, it will be madebsolete When a committed
node is made obsolete, ittreinsferred from the privatease in which it is contained the public hyperbase. If it

is an obsolete user context node, all its node components are also transferred.

A private basePB canalso be deleted. Ithis case,all its nodes, including privatdases,are also deleted,

recursively. The private ba&B is then destroyed.

3.2.5 - Version Propagation

In any systemwith composite nodes, onmaay ask what happens to a node wheneav vesion of one of its
components is created. system issaid to offer automatic version propagatiowhen newversions of the

composite nodes that contain a ndtlare automatically created each time a new versidhisfcreated.
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In our system, a nodenay becontained in many different user context (composite) nodlkss, version
propagationmay causehe creation of a large number often undesirable nodes. Figure 2 illustrates
problem.The initial hyperbase, schematically shown in Figd(a), has axodeDO0 that belongs to user context
nodeseQ, BO andFQ; EQ is in turn inC0O andBO in AQ. The creation of a versiddl of DO generate$ive new

user context nodes, as shown in Figure 2(b), if exhaustive version propagation is applied.

cCoO A0 FEO A0 AL CO Cl1 FO F1 co A0 FO A0 Al CO
EO | BO BO [B1 |EO | E EO | BO BO [B1 |EO
FO
Do 0%, Do po O b1
(a) (b) (a) (b)
Figure 2 - Proliferation of versions Figure 3 -Propagation guided by perspective

As a solution tdhis problem, we propose to l#te usedecide whether he wants automatic version propagation
or not, and to limitautomatic propagation to those user context naolasbelong tothe perspectivethrough
which thenewversionwascreated. We alsbimit propagation tdhose user context noddsat arecommitted, in

line with the restriction that an uncommitted node cannot be used to derive veFsisremounts to providing a

mechanism that supports sets of coordinated changes, thus meeting R5, R5 and R10.

Figure 3 illustrates these points. Assuthat the initialhyperbase ishe samaised in Figure 2(agnd that the
currentperspective is§0,B0,AQ. If BO andAQ are committed nodeshiennew versions of thesewo nodes are
created, as in 3(b). Quihe other hand, iAO andBO wereuncommitted, then noew version of theséwo nodes

would be created, but rathBO would be altered to includ@l (A0 would be left unchanged).

The usemay beasked to interfere in situations whefee system doesiot have sufficient elements tecide

whether or not to propagate versions.

4 - Related work

This section brieflycompares the ékted Context Model withther hypermedia conceptual models, emphasizing

the versioning aspects.
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The NCM contexts permit partitioninghgypermedia network, generalizitige homonym concept introduced the
HAM conceptual model dhe Neptunesystem [DeSc85, DeSc81hatwas inturn based on some ideas found in

PIE [GoBo087]. The nesting of contextodes offered byhe NCM generalize Intermediaebs[Meyr85]. The

KMS tree items also permit the hierarchical structuring of documents [AkCY88], but the inclusion relationship of
context nodes ithe NCM is much more general. The NGiMows navigation in depth through set of nested
context nodesind, with the help of the notion gferspective, it permitink inheritance, thus generalizing the
functionality offered by the notions of browser and filebox found in NoteCard [Mal&B8]notions of context in
HyperPro [Oste92&nd ofcomposition inHyperBasgCoVer) [SeSt90hrevery similar to theconcept of context

in the NCM, but it is not cledrow thesesystemsaddress th@roblems of defininghe perspective of a node and

the notion of anchor for nested nodes.

In the extended version 6fAM, a link refers to a specific version or tioe newest elementin time) of a set of
versions.The user is nofree to definethe current version, as in tidCM. Slightly more generahan HAM,
HyperProorganizes the theets of versions as trees, whereas Caver theNCM useacyclicgraphs and permit

the user to include new derivation links.

Both the NCMand theHyperPro systenassign considerable importancetihe definition of criteria to select a
version from a set of versions, in a glolbaty, thus reducing the useognitive overheaduring the creation of
links. In HyperPro,the selection criteria is defined in a context n@del isbased solely otemporal aspects. In
the NCM, theselection criteria, defined in a privatase, is more generahdmay involve a queryhat does not
involve just temporal aspects. Moreoviie NCM permits including in the anchors the definition of quetias

define dynamic links to versions within a versions context.

The permanent anttmporary states dhe NCM are similar to the notions of frozeand updatable used in
HyperProand CoVer. The NCM provides various make a set of nodes permanent. For example, when a context
node becomes permanent, all its componentsbasomepermanent. Privateasesanalso be moved in block to

the public hyperbase [SoCC93]. These functions surffassupporbffered by HAM, HyperPrand CoVer for

exploratory work.

The immutability of the attributes of a node in the NCM generalizes the feaitigy introduced inHyperPro,
where it is associated withe nodeclass. It is also more genethbn that oHAM, where complete nodgand

note their attributes) are defined as versionable or not.

HAM and CoVer supporlink versioning, although it is not cle&ow link versionsare manipulated irthese
systems. Walid not considetink versioning in the firsprototype since wéelievethat versioning of context
nodes sufficesHowever, link versioning may becomeinteresting whenlinks carry actions, conditions and
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synchronization information, besides node references, as ocaseeothe NCM. This is indeed #opic for future

research.

The NCM provides mechanisms to avdide proliferation ofuseless versions, based the concepts of private
baseand node state, on a version propagation mechamisth ondifferent primitives (operand check-in) to

create versions. In the NCM, as in CoVer, the hypermedia system may play a more active role in the generation of
newversionsthan inHAM andHyperPro.Indeed, just as tasks in CoVer, primitivases in NCMmay guide the
automatic creation of versions, thus reducing the version creaignitive overhead. There i®thing similar to

the open primitive or to the version propagatoamcept in any ofhe models already quoted@he two version

creation special primitiveand theversion propagation mechanism also facilitate the task of coordinating the

changes to a set of nodes, thus going beyond the support offered by the other systems.

5 - Conclusions

The Nested Context Model with versioningtiee conceptudbasis forthe hypermedia projeatnderdevelopment
at the Computer Science Department of the Catholic UniversRyoafieJaneircand theRio ScientificCenter of
IBM Brazil. A single-useprototype systenmcorporating thebasic Nested Context Modehsbeen concluded.
Currently, some applications run on this prototype. A second prototype, conforming WikiE® proposal and
including versioning, is nearlgompleted.The goal of theproject is to create a toolkit fahe construction of
document processing applications. The toatkimprises a set afbject classes in T for increased portability
and flexibility.

The model is being extended in several directions. Firstplaa to cover virtual objects, which involves the
difficult task of defining a query language to specify the virtual nodes, links, region¥Yearealso designing a
notification mechanism to enhance version support. Finallyaresstudyingthe inclusion of link versioning, in
much the sameay as wdreat node versioning, whidiecomesnteresting wheninks carry actions, conditions

and synchronization information.
We arealso working on other aspects, suctsgstemand data managemeipr,otocols, storagand retrieval of

multimediaobjects,spatial-temporal composition of multimedibjects, etc.although we do not address these

issues in this paper. They will be treated in more detail in future works.
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