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Abstract

The development of Multimedia Titles (M-Titles), i.e. multimedia gplicaions
stored on CDs, is performed by many designers and implementors using todls
which run on spedfic platforms and dten have @mplementary andor
overlapping functionality. The potential designer or implementor of a M-Title is
restricted by the avallability of tods on a seleded development platform. This
paper presents a Multimedia Title Development Environment (MTDE) which
integrates multimedia information, tools used to produce it, as well as their
formats and storage media & objeds in an Asst Repository. The moperative
construction d complex multimedia objeds is modelled as a DAG consisting of
two types of nodes: multimedia objeds and adions applied to multimedia objeds.
A M-Title mnsists of a number of complex multimedia objeds linked with eat
other in a hypernetwork of relationships. MTDE enables a group d authors to
cooperatively construct M-Titles as a hypernetwork of multimedia nodes by
adivating tools runnng on various platforms, by exploiting the hypermedia
functionality of MTDE and by reusing existing material from the Asst
Repository.

1. INTRODUCTION

Multimedia techndogy is used in many areas of human interadion and cooperative work. An
appeding example is the development of Multimedia Titles (M-Titles), i.e. multimedia
applicaions, like for example tourist guides, encyclopaadias and multimedia journals, stored on
CDs. However, M-Titles are not as widespread as their potential functionality would have
suggested duwe to the fad that they are mostly developed as gandalone, nonportable systems,

*t Appeared in Information Processing and Management, Pergamon Press,
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incompatible with existing ones. Their integration with ather information sources, e.g. data base
management systems or information retrieval systems, is acomplished ony if spedfic
techniques are used duing M-Title development, as the ones reported by deBra & Houben
(1992. Furthermore, the incompatibility between the large number of different M-Title
development tods which run on dfferent platforms and have @mplementary and dten
overlapping functionality, confuses the potential designer or implementor and restricts the M-
Title development.

Therefore, a desirable M-Title development environment is one that demonstrates the

following features:
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it integrates M-Title development tools and multimedia information in a uniform framework
it allows the development of M-Titles using appropriate tools running on various platforms
it controls the invocation of tools and allows them to uniformly access multimedia data

it provides an attradive user interfacewhich allows an implementor or a designer to browse
and inspect the multimedia information

it alows ateam of designers and implementors to re-use existing material and cooperate for

the development of a M-Title; designers and implementors may concurrently perform multiple
tasks, therefore fadliti es to guarantee ©nsistency under concurrent operations have to be
provided

it incorporates a versioning mechanism to support the evolutionary development of a M-Tif
it can operate on a heterogeneous client-server architecture

it handes multimedia data dficiently; this does not depend orly on software engineeing
pradices during implementation, bu also oncertain dedsions that have to be taken duing the
conceptual design of this environment.

To this end, this paper presents a Multimedia Title Development Environment (MTDE).

MTDE integrates multimedia objeds (i.e., video, image, audio, text, etc.), M-Titles (which are a
hyper-network of synchronised multimedia objeds), and M-Title development tods runnng on
various platforms, in a uniform framework. Furthermore, MTDE provides fadliti es to enable the
management of the M-Title development process The suppat and management of M-Title
development is nat an easy task, due to the large number of information peces of different
abstradion levels that have to be designed and constructed by a tean of designers and
implementors working cooperatively. From this point of view, the design of MTDE has the
problems and dfficulties encourtered in the design of a VLSl design environment (Wolf et al,
1988. MTDE can also be mmpared with CASE todls used for software development. Although
there is a large number of CASE todls, there is aladk of tods and environments for suppating
and automating the M-Title development processand the work on MTDE attempts to contribute
in filli ng this gap. The achitecdure of MTDE and the various MTDE comporents are described in
the following section.
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2. THE ARCHITECTURE OF MTDE

The achitedure of MTDE is depicted in fig. 1. It can be seen that MTDE is used by three
types of users. project managers of the M-Title development process M-Title designers and M-
Title implementors. The various MTDE modues, that appea in fig. 1, povide suppat for al the
adivities performed by these three different types of users. More spedficdly, the M-Title
Management modue (MTM modue) asgsts project managers to dstribute M-Title devel opment
work to a group d designers and to control their cooperation. The Hypermedia Functionality &
M-Title Development modue (HMD modue) suppats adivities usually performed by project
managers and designers, while the Construction of DAGs & CMM-Objects modue (CDAG
module) assistdesigners andimplementorsin their various activities.

M-Title @ I\/I-TjTIe M-Title
Project Manag Designer Implementor
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Intelligent User Interface
w g H[Hllll 'I' perMe
Mimodur | | i

EintBmy || €7 RS ooty
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Fig. 1. The architecture of MTDE.

In arder to further clarify the suppat provided by the dorementioned three modues, we will
briefly describe aM-Title development process Thus, a M-Title is viewed as a hypernetwork of
multimedianodes. The design of aM-Titleis viewed as a multi-layered hypernetwork, ead layer
of which corresponds to a different abstradion design level. The nodes of such a hypernetwork
are multimedia objeds or other hypermedia networks, which, at lower abstradion levels, are
decompaosed into ather hypernetworks. At the lowest abstradion level, ead hypernetwork noceis
a multimedia object.

Page 3



The first levels of a design hypernetwork for a M-Title ae @nstructed by a project manager
using the HMD modue, who subsequently uses the MTM modue in order to distribute work to a
tean of designers acording to the constucted network. Eadh designer may then use the HMD
modue to futher decompase the part(s) of the hypernetwork s/he is resporsible for, urtil s/he
reades the lowest abstradion level where dl the hypernetwork nodes are multimedia objeds
(atomic or complex ones) to be constructed.

The @nstruction d complex multimedia objeds (CMM-objeds) is modelled by a DAG
(analysed in following sedions), which is constructed by designers using the CDAG modue of
MTDE. Thus, at the lowest abstradion design level, the nodes of the hypernetwork are ather
atomic multimedia objeds or DAGs of CMM-objeds (seefig. 4). The CDAG modueisaso used
by the third type of users, the implementors, who construct the various multimedia objeds; in
case of CMM-objeds, implementors construct them acording to their DAGs. In order to
acomplish this task, implementors may creade new or re-use eisting material which they
synthesize and synchronise using appropriate tools running on dfferent platforms. The
cooperation d designers and implementors is controlled by the MTM modue while the
invocation of tools is controlled by tligDAG module.

The intelli gent user-interfaceof MTDE asgsts all types of users during the whole M-Title
development process Thus, it asgsts: () project managersin using the MTM and HMD modues
for constructing the initial layers of a M-Title design hypernetwork, for distributing work to
designers and generally for managing the M-Titl e development process (b) designersin using the
HMD and CDAG modues for constructing the rest layers of a M-Title design hypermedia
network, and for constructing DAGs for CMM-objeds, (c) implementors in using the CDAG
modue for retrieving existing multimedia objeds and/or for invoking todls in order to perform
the various interdependent and complementary development adivities for the @nstruction o
complex multimedia objeds acording to their DAGs (e.g. seled and invoke toadls appropriate for
the creation of TIFF and YUV images and synthesize them with MIDI audio).

The information peces integrated in the MTDE framework are cdl ed Assets and are stored in
an Asset Repository which is managed by an Asset Management System. These assets contain
information abou the design of a M-Title, the designers invalved in it, the comporents of a M-
Title and their construction. In MTDE, al assts are modelled in a hierarchy of objed classes.
The objed-oriented approach was found appropriate for the data model of MTDE for the
following reasons. (@) for enabling the uniform modelling of different multimedia information,
tods and ckvices in the form of objeds, conceding any spedfic detals inside them; (b) for
providing useful abstradions, e.g. spedalization, which fadlit ate the extension d the model and
the incorporation d new types of information; (c) for enabling the modelli ng of the organisation
and the interconredion d complex multimedia objeds in a high-level language, making the
spedficaion essy to comprehend by nonprogrammers;, (d) for providing exeautable
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spedficaions which can be used for prototyping and validation puposes and for implementation
of the final system in an object-oriented language.

The following sedions of the paper focus mainly on the aspeds of the MTDE that are related
to the adual development of M-Titles. Thus, sedion 3 aescribes the part of the data model of
MTDE which is concerned with meta-information held abou the various multimedia data stored
in dfferent platforms. Sedions 4 and 5 discussthe moperative construction and upaites on the
various multimedia objeds. The part of the MTDE data model which suppats the management
of a M-Title development process and is mainly provided by the MTM modue, as well as
information abou the intelligent user interface ad the other MTDE componrents are described
elsewhere (Tsalgatidou & Halatsis, 1999. Finaly, sedion 6 pesents related work and sedion 7
concludes this work.

3. THE DATA MODEL OF MTDE

The data model of MTDE is represented by a hierarchy of objed classes and a property
domain graph. The hierarchy of objed classes andtheir properties model all Assets, i.e. M-Titles,
Atomic and Complex Multimedia Objeds, their Formats and storage Media, the Tods used for
their development, as well as information abou the management of M-Title development
projeds and the designers involved in them. As it was mentioned in the previous fdion, classes
and properties relevant to the management of the M-Title development process are nat shown
here. This edion deds with classes and properties pertinent to modelling and construction o
multimedia documents per se. Fig. 2 depicts part of the hierarchy of these objea classes, while
figure 3, shows part of the property domain graph which links the properties of the various objed

classes to their domain classes.
Object
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Fig. 2. The hierarchy of object classes
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3.1 Atomic Multimedia Objects (AMM-Objects)

AMM-Objeds are objeds of a simple data type, i.e., text, image, audio, etc., which canna be
further decomposed. Thus, an audio oljed that canna be analysed into simpler comporentsis an
AMM-Objea belonging to the dass'Audio’. AMM-Objeds are modelled in a dass sibherarchy
rooted at the generic dass 'AMMODbjed’. This subherarchy is decomposed in led classes
acommodating objeds in a variety of formats, produced by spedfic tods. Such a spedalization
of classes highlights the ways and restrictions placeal on the usage of AMM-Objeds, e.g., an
instance of the 'MIDI_Audo' class is handed in a different way than an instance of class
'CD_Audio'. This asgsts an implementor in identifying an AMM-Objed that satisfies hisher
requirements (which are expressed in terms of structure, format, etc.) among a variety of similar
AMM-Objects.

AMM-Objeds are produwced by tods which creae them or which generate them by
decompasing complex multimedia objeds into their componrents. The aeaded AMM-Objeds are
stored in the eavironment where the used tod operates. The '"AMM Objed' class has a property
cdled "Content" which contains the reference to the AMM-Objed storage locaion and is thus
used to incorporate the aeaded AMM-Objeds in the MTDE. Ancther interesting property of
AMM-Objeds is the "is-component-of* which contains the complex objeds in the @nstruction
of which an AMM-Objed participates and is used for natifying them of any changes occurred in
the AMM-Objed. The "change-notification-timestamp" is ancther property which stores the time
the object was created or last updated.

-
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ListOfText
Image Audio Te DAG
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Property-Domain
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CMMObject CMMODbject

istOfSCMMO

Fig. 3. The Property-Domain Graph

3.2 Complex Multimedia Objects (CMM-Objects) and their DAGs

CMM-Objeds are reaursively defined as aggregates of CMM- and AMM-Objeds. They are
maintained in a dass sibherarchy rooted at the generic dass'CMM Objed'. This class has two
subclasses. 'StaticCMM Objed’ and 'DynamicCMM Objed’. The instances of the first subclass
consist of text and images arranged in various Jatial orientations. Intances of the latter subclass
consist of video images, animations etc., incorporating tempora relationships, e.g. relative timing
during presentation.
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The various adions needed for the @nstruction & a CMM-objed, such as: the gathering or
cgpturing of multimedia information, the groupng and aganisation d objeds into higher order
composites, the synchronisation o tempora objeds etc.,, are performed with the use of
appropriate tods. These adions are represented in aDired Acyclic Graph (DAG) which is gored
in the "DAG" property of the' CMM Objed’ class A DAG models the whole construction process
of a CMM-Objea (e.g. of an article, a lemma or a videoclip). More &ou the DAG and the
construction of a CMM-Object by multiple implementors is described in the following sections

Other properties of a CMM-Objed hadd information abou: (a) the "synthesis' of its
comporents (i.e,, owerlay or synchronisation information, etc.), so that it can be dways
reconstructed, (b) the "medium" a CMM-Objed is gored, eg. CD, opticd disc, etc. (c) its
"components’, i.e., the AMM- and CMM-Objeds used to synthesize it, (d) the CMM-Objeds in
the construction d which it participates (i.e. the "is-component-of" relationship), (€) a "change-
notification-timestamp” which stores the time the objed was creded o last updated and (d) the
"change-approval-timestamp" which hdds the time that the CMM-Objed accepted the dhanges
occaurred in its comporents. A CMM-Objed is reference-consistent if nore of the objeds
referenced by it has a dange-ndtificaiontimestamp which exceals the dange-approval-
timestamp of this CMM-Obiject.

3.3Multimedia Titles (M-Titles)

M-Titles are designer-defined colledions of static and/or dynamic CMM-Objeds. M-Titles
acommodate journals, encyclopaedias, books, newspapers etc. A M-Title is an aggregate of
CMM-Objeds linked acmrding to relationships modelled in class'Link’. Thus, aM-Titleisnot a
CMM-Objed but a network of AMM- and CMM -Objeds conreded via links (seefig. 4) andis
modelled in class 'M-Title'.

The a@nstruction d the hypernetwork of a M-Title includes the construction d the nodes of
the hypernetwork, and their subsequent interconredion Ma links. The aedion d links is
controlled by the HMD modue of MTDE. An AMM-Objed nock is creaed by an implementor
with the use of an appropriate tod. A CMM-Objed nodeis creaed by one or more implementors
acwrding to its construction DAG, using one or more todls. Thus, many implementors may
coll aborate for the construction d individual nodes and the subsequent credaion d links between
them, in arder to crede ahypernetwork. This collaboration is mainly controlled by the MTM
module.
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Fig. 4. A hypernetwork of a M-Title (nhamed MT). Nodes are CMM-Objects, the DAGs of which are shown here
Bold lines depict bi-directional links connecting the components of the various nodes.

The constructed M-Title hypernetwork can then be navigated by an end-user. The cnstituents
of aM-Title hald information abou their links and abou the M-Title in the construction o which
they participate. On the other hand, a M-Title hads information abou the various nodes
constituting it, in the Mypergraph" property provided by class 'M-Title'.

Thetype of alink conreding two oljeds may be structural, e.g. below-on-page, next-page for
articles of a newspaper, or semantic, like is-referenced-by between scientific aticles and spedal-
case between encyclopaedialemmas. The 'Link’ classhas properties for spedfying the source and
the target objed of alink, its anchors (i.e., the exad points inside the source and target objeds,
where the link emanates from and pants to, respedively), and its type and rame. Further
applicaion-spedafic properties describing the relationship semantics may be defined by an
implementor.

3.4Tools and Formats

Toadls are modell ed as abstrad faaliti es, organised into classes of the 'Tod' subherarchy. The
tod classes are speaadlised acording to the platform they run on.This gedadlization is of high
significance to designers and implementors of multiple-platform M-Titles, who reed to use
platform-spedfic tods. The 'Tod' class has a number of properties pertinent to the modell ed
tods. Thus, for ead tod, MTDE hads information abou the tod version and the types and
formats of AMM - and CMM -Objeds which can be created, synthesized, generated, decomposed,
exported or imported by thetod (e.g., import TIFF images and ASCII text and generate LATEX
document), seefor example fig. 5. These properties are useful for the seledion d tods that can
cooperate for the acompli shment of complementary tasks for the aedion d a CMM-Objed, e.g.
cgpture an image of a cetain format, embed it into a pieceof ascii text, synthesize it with avideo
ceptured by a video camera and produce adynamic CMM-Objed. The domains of the tod
properties are the dasss of the 'AuthoredObjed’ and 'Format' subhierarchies. The dasss of
'Format' subherarchy are organised by spedfic data types and acoommodate objed instances
describing proprietary and standard formats. Classes of 'Format' subherarchy serve dso as
domains for theFormat" property of the classes in the 'AuthoredObject' subhierarchy.

class Windows_Tools
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instance tool-wl

name tool-wl

version 2.0

creates [[text, ascii, latex, ..], [DynamicCMMObject, format-cl,
I

decomposes [[image, TIFF,...], [audio, MIDI,...],...]

processes [text, format-tl, format-t2,...]

imports [[text, format-tl, ...], [image, format-il,...], [sound,
format-sl1,...],...]

synthesizes [[image, format-il, format-iZ2, R [audio, format-s1,
B ]

generates/exports [[StaticCMMObject, typel,..], [text, format-tl, v
Fig. 5.An instance of the Class 'Windows_Tools'

The seledion d appropriate tods and their adivation is controlled by the CDAG modue.
When an implementor adivates atod, heisimmediately "transfered" to the environment of the
tod. All multimedia data aeded by a tod are stored locdly into the tod environment.
Addtionaly, the implementor creages meta-information abou this multimedia data (e.g. the
name of the file where it is dored, its links with ather objeds etc.) using the gpropriate MTDE
tools and stores it into the Asset Repository.

3.5 Processes, Process Elements and DAGs

In general, a processis a set of partially ordered steps which are followed in arder to read a
goal andis compaosed of process elements. A process model is an abstrad description d an adual
or propcsed processand represents sleded processelements that can be enaded by ahuman o a
maaine. Process script isaprocessmodel to be performed by a human, whil e process program
is a process model to be enacted by a machine (Curtis et al. 1992).

In MTDE, the task of creaing a CMM-Objed is a construction process and is modelled by a
DAG. A DAG modds the adions that have to be performed for the @nstruction d a CMM-
Objed, as well as the multimedia data used by or produced by these adions. A DAG is nat a
program to be exeauted for constructing a CMM -Objed; it rather describes a set of steps that an
implementor shoud follow in order to construct a mmplex objed. The implementor will have to
retrieve spedfied oljeds from the Asset Repository and to adivate seleded tods in order to
perform the steps described by a DAG. Therefore, a DAG isa process script rather than a process
program.

The design of a CMM-Objed construction (i.e. the construction d its DAG) and the adud
construction d it, are not usually performed by the same person. A DAG is usualy designed by a
designer using the CDAG modue, and then a number of implementors are resporsible for
cooperatively constructing the CMM-Objea (i.e. for creding its adua content and its links)
acording to its designed DAG. Cooperation d al these people is controlled by the MTM
module.

A DAG has two kinds of nodes: rectangles which represent AMM - and CMM-Objeds, and
circles which represent process elements that spedfy the sequence of adions, like capture,
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synthesize, synchronize dc. These adions have to be performed in arder to generate spedfied
multimedia objeds. Multiple edges emanating from a multimedia objed imply that this objed is
inpu to processelements. Multi ple edges emanating from (or pointing to) a processelement (i.e.,
circle node) imply that this process element describes adions which produce many multimedia
objeds (or requires many objeds as inpu to the spedfied adions, respedively). A led circle
nock, i.e. a drcle node withou inpu nodes is a create process element which spedfies that some
data must be catured from the external environment of MTDE, e.g. cgpture avideo ojed from
a video camera, an image from a scanner, etc. A led redangle noce is a multimedia objea
existing in the Asst Repaository andisretrieved by an implementor in arder to be used asinpu in
subsequent actions. Fig. 6 depicts an example of a DAG.

Actions gedfied in process elements are described in natural-like language, e.g. synthesize
YUV images with audio and LATEX text. An implementor starts constructing a CMM-Objed by
retrieving the led objed nodes of a DAG (seefor example X3 in fig. 6) and by first exeauting the
adions gedfied in the various led process elements of the DAG (e.g. Py, P3 in fig. 6). The
descriptions of process elements in natura-like language, help the implementor to seled tods
appropriate for the exeaution d the spedfied adions. Thus, a DAG guides implementors to
construct a CMM-Object, step by step.

4. COOPERATIVE CONSTRUCTION OF CMM-OBJECTS AND M-TITLES

The @operative mnstruction d CMM-Objeds and M-Titles will be discussed using an
example of a CMM-Objed Xg, the DAG of which is diown in figure 6. Xg contains a painting,

together with textual information abou it and its painter, as well as a picture of the painter and
some acompanying music. Xg is composed of an atomic audio oljed Xg, containing the
acompanying music, and a static multimedia cmpaosite objed Xs. X5 is composed o two
textual atomic objeds, X3 and X4 - containing information abou the painter and the painting,
respedively - and d two atomic image objeds, X, containing an image of the painting, and X»
containing an image of the painter. The indices of the processes are named after the indices of the
objeds they generate; thus, ojed X1 is generated by process P, ojed Xs is generated by
process B, and so on.

The CMM-Objeds included in the DAG (i.e. Xg and Xs) contain information about their
comporents, i.e. which they are and hav they have been o they will be synthesized. Process
elements hald information abou which adions have to be exeauted onwhich ojeds and abou
the type of objeds they generate. Multi ple implementors may coll aborate for the cnstruction d
Xo. Their cooperation is mainly controlled by the MTM modue of MTDE (Tsagatidou &
Haatsis, 1994. Each implementor is resporsible for constructing some of Xg's constituents, i.e.,
for exeauting some of the adions gedfied in the process elements of its construction DAG.
When al the spedfied adions have been performed, the change-approval-timestamp of al
generated oljedsis st to current time and all objeds using the generated ores, are natified. An
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implementor may store the intermediate multimedia objeds, creaed duing Xg construction, in
the Asset Repository for future use.

s)
4 X 4
create X5
text Static
CMMObject

ynthesize
text with

PS images
reate
text X2
X,

synthesize
audio with
cmm-objeg

Dynamic
CMMODbject

Fig. 6. Example of a DAG for a dynamic complex multimedia object.

Now we suppacse that the painting cgptured in image X1, isin a museum of arts. We want to
develop aM-Title cntaining al paintings of the various rooms of the museum. This means that,
a hypernetwork, similar to the one in fig. 5, shoud be cnstructed, the nodes of which will be
CMM-Objeds, similar to Xg. These nodes will be linked with relationships like, painting-in-
next-room, painting-in-previous-room, painting-with-the-same-subjed etc. An end-user shoud
be ale to navigate this network going from one painting to ancther and oldain any information
s/he wishes about the museum and its paintings.

For the @nstruction d this M-Title, a projed manager, using the HMD modue, will design
the first abstradion levels of a hypernetwork and then, wusing the MTM modue, will distribute
work to agroup d designers. The designers, using the HMD modue, will then refine the part of
the hypernetwork they are resporsible for, urtil the lowest abstradion level where eat nockis a
multimedia objea (either atomic or complex). In case of complex objeds, designers shoud also
construct their DAGs, acarding to which, implementors will then construct the nodes using the
CDAG module and any appropriate tools from various platforms.

5. UPDATES ON CMM-OBJECTS AND M-TITLES

Updates on the multimedia as<ts of the Asset Repasitory are wntrolled by MTDE and are
performed acording to a version timestamping technique. Information stored in the change-
notification-timestamp and in the change-approval-timestamp of objeds is used for maintaining
consistency of the stored assets. The updeted oljeds may be stored as new versions. The
versioning mecdianism used in MTDE is gmilar to the one proposed by Oesterbye (1992.
Versions are akind d complex objeds, the mmporents of which are dl the versions of a cetain
object containing information about the implementors and time of the change.
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Fig. 7. The DAG of the CMM-Object ¥

Updates on AMM -Objeds are performed with the use of seleded todls. The CMM-Objeds or
M-Titles using the updated AMM-Objeds are natified and they either accet the updites,
acording to a procedure described below or they do nd accet them and retain the previous
version of the updated objects.

Updates ona CMM-Objed are ather dired updates onit or updates on its comporents. Dired
updetes on a CMM-Objed, e.g. onY, seefig. 7, result in a new version d it, which canna be
re-composed ou of its comporents and therefore its DAG is eliminated. The previous version d
Y o preserves its construction DAG and is held in the Asst Repasitory. Any objeds affeded by
this update (i.e., CMM-Objeds or M-Titles using Y or referring to it, respedively) are natified,
so that they decide whether to accept the changes or not.

If the dhanges take placeon the cmporents of Yo, for example onYsor onYs al objeds
using the updated ones are notified. Thus:

i if the updated component is a leaf, as it isrivthe DAG of Yy, then:
- If theimplementor wants to have these dhanges accepted by the final objed Y, these must
be first accepted by al intermediate objeds. Therefore, the ations edfied in P; 4 and wse
Y5 as inpu have to be re-exeauted in order to incorporate Ys's upceted version. This re-
exeaution will generate new versions of Y3 and Y, and will set their change-notification-
timestamps to current time, which, in this way, will exceeal the change-approval-timestamp
of Yo making it reference-inconsistent. Therefore, the adions pedfied in Py will have to
be dso re-exeauted in order to rewnstruct Yg, incorporating Ys's and Y,'s updated
versions. Then bah the change-approval-timestamp and the change-notification-timestamp

of Ygare set to current time, making &erence-consistent again.

- If the implementor of Yo does not wish to accet the dhanges in Y5 ghe retains the
previous version d Ysg in Yg's DAG and updites the timestamps of the dfeded oljeds
accordingly, so that all of them areference-consistent.

i if the updated comporent isnot aled, asitisY3zin Yg's DAG, and the implementor wishes to
accet these dhanges, the part of Yg's DAG poainting to Y3 is eliminated, as Y3 canna be re-
constructed from its comporents. Thus, Y3 is substituted in Yq's DAG by its new version and
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bemmes aled noce. In the sequel, the dorementioned procedure for updates on led nodes of
a CMM-Obiject is applied until the new version qf i$ constructed.

i if themodified final objed Y isanodein the hypernetwork of a M-Title (for example of MT,
seefig. 4), then the old version d Yy is substituted by its updated version and the dfeded
links are modified acaordingly using the fadliti es provided by MTDE. Both the change-

notification-timestamp and the change-approval-timestamp of MT are set to the arrent time.
However, if the implementor of MT does not want to accept the changes of Yo, MT retains the

previous version d Yo and the natificaion timestamps of the dfeded oljeds are modified

accordingly.

It is obvious that the evolutionary construction d a CMM-Objed or a M-Title & well as any
upcktes on them by a group d designers or implementors may be along process MTDE
supervises these processs using the various constructs of the data model and exploiting the
timestamping, the versioning and ndificaion medanisms of the OODBMS on top d which
MTDE is built.

6. RELATED WORK

Reseachers have lately redised that multimedia gplicaion development must be caried
out within frameworks and environments that suppat the modelling of different kinds of
multimedia data, as well as their composition and their reuse. An example of such an approac
is the one presented by Gibbs (1992 where multimedia gplicaions are interadively
constructed by conreding goups of generic comporents with the use of a tod which is
deaibed in (deMey & Gibbs, 1993; the generic multimedia mwmponrents and their connedions
are software astradions provided by an oljed-oriented framework. Other approadies to
multimedia data modelling may be foundin (Bertino et a., 1988 Gibbs, 1991 Klas et d.,
1990; Masunaga, 1987).

Additionally, extensions to oljed-oriented databases for providing multimedia suppat have
been ealier defined, e.g. (Woelk & Kim, 1987. Multi-user OODBMSs (e.g. Kim et al, 1989
Bretl et al, 1989 offer an ojjed-oriented framework for multimediainformation modelli ng and
provide multi-user suppat for transadion management and concurrency control. MTDE is
therefore being developed on top d a multi-user OODBMS, in ader to to exploit the
transadion management fadliti es of the underlying data base system for recmvery, as well as
for version and concurrency control and, kecaise the information modelled in the objed-
oriented MTDE data model can be more acarately mapped orto oljed-oriented
implementation structures.

Multimedia title development is conceptualy close to the field of hyperdocument
development. In bah areas, an important isue is the suppat of versioning, i.e. the suppat for
maintaining the history of changes of the stored oljeds (Halasz, 1988. Examples of hypertext
systems that provide versioning suppat are: HAM (Cambell & Goodman, 1989 - a general-
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purpose transadion-based server for a hypertext storage system which provides an automatic
version hstory mechanism, Neptune (Delisle & Schwartz, 1986 - a hypertext system built
using HAM, Intermedia (Yankelovich et al., 1988) and KMS (Acksyn et al., 1988).

Collaborative work is aso a mgor issue in multimedia and hypermedia document
development. Rada (1991, pp. 11242) discusses abou the principles of collaborative
hypertext and describes sme of the systems providing such suppat. Rodden et a (1992
examine a number of isaues (like schema definitions, roles, access control, transadion
mecdhanisms, monitoring and adivity suppat etc.) surroundng the suppat of cooperative
applicaions. These isaies have been taken into acourt for the design of MTDE. Examples of
hypertext or hypermedia systems providing suppat for collaborative work are dl the
aforementioned systems (i.e. HAM, Neptune, Intermedia, KMS) and MUCH (Rada & Barlow,
1991).

MTDE is also related to the ThyDoc (Sobiesiak & Mylopoudos, 199]) and SEPIA (Streitz et
a., 1992 hypermedia aithoring environments. ThyDoc is an authoring-in-the-large
environment, which treas authoring as a knowledge-aqquisition processthat cgptures formally
(in terms of a @nceptual schema) and informally (through text, graphics, etc.) al the
knowledge nealed by teams of authors for the analysis, design, development and maintenance
of complex hypertext documents. SEPIA is built on top d a multi-user DBMS and provides
persistent and shared data storage, hypermedia data model with composites, and authoring
functionality and suppat for cooperative work. A hypermedia server has been developed
(Hake, 1992 Hadke & Wilson, 1992 to suppat versioning in the SEPIA environment. A user
in SEPIA may cooperate with athers either asynchronowsly (only one aithor can work on a
multi -author document at a given time) or synchronowsly (two o more authors working on a
document at the same time).

MTDE exhibits many of the feaures of the dorementioned systems, as it was discussd in
previous fdions. Our work differs from others in the sense that, although it deds with the
modelling of the woperative cnstruction d M-Titles, it also paces emphasis on the
integration in a unified framework of (a) multimedia information stored in dfferent platforms
and b) of the tools producing this information.

7. CONCLUSION

This paper presented a Multimedia Title Development Environment (MTDE), which enables
the development of multimedia gplicaions within a uniform framework. This framework
integrates multimedia development tods running on dfferent platforms, and multimedia
information d various types and formats, in a multimedia Asset Repository. Some of the main
features and advantages of this approach are the following:
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fi Developers can cooperate for the evolutionary construction d a M-Title (i.e. of a
hypernetwork of CMM -Objeds) by re-using material existing in the Asset Repository and/or
by creating new multimedia information.

i Multimediadata processng and synchronisationis performed independently by todls running
on different platforms designed exactly for this purpose.

i The provided intelligent user interface helps a M-Title developer to seled and invoke
suitable tods and to assgn hypermedia functionality to multimedia assets. It also enables
him/her to define alditional properties to existing MTDE objed clases and to creae
additional applicaion-spedfic subclasses in arder to refine the as<ts and their relationship
semantics.

The aurrent status of the system is a the end d the design phaese and the beginning of the
implementation plase. More spedaficdly, implementation d the HMD has aimost finished and is
currently under testing, while implementation d the other modues of MTDE will be starting
soon. Future work will focus on further enhancement of the intelli gent user interface ad will
consider query processng and ogimisation medhanisms, like the ones reported in (Bretl et a,
1989 Kim, 1989 Stein & Maier, 199)), to ensure satisfadory response for queries which neal to
resolve partially specified paths within the class hierarchy.
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