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Abstract

This paper describes the Anal yse- Organi se- Synt hesi se  methodology of
multimedia development. The proposed methodology prescribes a systematic approach to
developing multimedia applications. It emphasises reuse of multimedia objects and at the
same time addresses quality and productivity of the development process. We illustrate our
approach with examples drawn from the use of the MATE system - Multimedia Assisted
Teaching Environment - a software tool that was designed with reusability in mind. We
believe that using the Anal yse- Or gani se- Synt hesi se methodology will improve the
productivity of multimedia devel opers and will enhance the quality of individual components
and of the entire multimedia products.
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INTRODUCTION

Development of multimedia products is extremely labourious and costly. It often requires
expensive software tools and professional services [Buford1994]. Multimedia design methods
are still very immature and informal, hence they sometimes lead to incomplete, inconsistent,
difficult to use and ill-documented products.

Multimedia design methods currently in use have been adopted from the fields of publishing,
technical writing and art design. Traditionally these methods focus specifically on artwork
but they largely ignore the development process. At the same time multimedia products are
very complex. They have sophisticated structure and interdependencies that necessitate use of
software tools and large repositories of components. Design methods adopted from
publishing and art design may not be fully effective when applied to large multimedia
projects where a more rigorous engineering approach is more appropriate. To deal with the
complexity of multimedia products, developers need special design methods and tools to
support them. Although design approaches and tools were developed and used with some
success in other fields, e.g. software engineering (see Box 1), they are not always appropriate
for dealing with multimedia artefacts. We need a more systematic approach to multimedia
devel opment, which results in high quality products and increased productivity.

A typical approach to the construction of multimedia products is to develop them entirely
from scratch. Considering that multimedia developers usually have at their disposal large
collections of ready-made components, such an approach is not optimal. We believe that pro-
active reuse of multimedia can provide significant savings in time and production costs.



Effective reuse of multimedia will
have to address issues related to
artefacts analysis, organisation and
synthesis [Cybulski+1998;
Cybulski1l996b], which imply the
aspects of artefacts representation,
classification, storage and sharing,
search, retrieval and composition of
new multimedia products - all of
which relate to the issues of
multimedia repository.

Every big organisation produces and
archives large volumes of legacy
documents. Over the  years,
organisations involved in training,
consulting and publishing establish
vast archives of multimedia
documents and components. For
example, educational institutions store
collections of teaching and assessment
material, which includes lecture
presentations, printed notes, tutorial

The majority of work in reuse to date has been done primarily
in the area of software engineering. Initially the emphasis of
reuse effort was on code reuse, both in the binary and source
form. Recently, however, reuse found many new applications
such as reuse of analysis and design work products
[Biggerstaff+1987; Li1993; Lubars1988], reuse of educational
material [Ip+1997; Roschelle+1997], multimedia components
[Cybulski+1997] and processes [Rossi+1997].

Generally speaking, reuse is the use of previously acquired
concepts or objects in a new situation. It involves matching of
new and old situations, duplication of already developed
objects and actions, and their adaptation to suit new
requirements [Prieto-Diaz+1987].

A reusable artefact is a certified, fully developed, possibly
generic component, available for the integration into a
multimedia product under development. Certified means that a
reusable component satisfies some quality and reusability
criteria. Generic means that the reusable component is
abstract enough to be adapted to particular situations, e.g. a
template. [D’Alessandro+1993]

A controlled collection of reusable artefacts constitutes a reuse
repository. Reuse repositories are expected to provide certain
types of services to their users, e.g. storage, searching,
inspecting and retrieval of artefacts from different application
domains, loading, linking and invoking of stored artefacts,
specifying artefacts relationships, etc. [Prieto-Diaz+1987].

Domain analysis is the process of identifying, organising and

reusing knowledge about some class of problems -- the
problem domain -- to support the description and solution of
those problems [Prieto-Diaz+1991].

exercises, laboratory  examples,
demonstrations, case studies, project

descriptions, assignments and exams.
Such information comes in a variety
of electronic media types, e.g. text,
images, sound, videos and executable programs. Alternatively, some material may be
available in hardcopy form only. Although such documents may not be suitable for the new
projects, some of their components can be utilised and reused. When creating new products,
multimedia developers need to effectively and efficiently find, combine and create
multimedia components.

Organisations producing multimedia products need to share and reuse multimedia
components to reduce the product development costs, to increase developers' productivity and
to enhance the quality of the resulting product. Designing multimedia components, or
artefacts, with reuse in mind would enhance their sharing within the organisation. For ease of
access and distribution these components may be stored in a specia purpose multimedia
repository.

Box 1: Reuse Concepts and Ter minology

MULTIMEDIA REPOSITORY

In today’ s multimedia systems, especially the commercia ones, sharing of artefacts is based
on informal repository facilities, e.g. ClipArt databases and World Wide Web. Typical access
to these collections is usually achieved with the use of simple methods, which include
hyperlinks, bookmarks, and query languages. Existing search engines such as Alta Vista,
Yahoo, Lycos and InfoSeek, though more complex, are heavily dependent on textual
representation of searchable artefacts and are, hence, less applicable to multimedia objects.
Even Yahoo Image Surfer requires entering textual descriptions and keywords for



classification of images. Visua information retrieval systems, e.g. QBIC! and Virage’,
analyse not only text but also visual features, such as shapes, colours and their position, to
guery image repositories. However, these systems are not widely used as yet. Virage also
produced a sophisticated video search system VideoLogger that automatically extracts
information about the video content in real time. It slices the video into segments based on
changes in the visual content, such as scene cuts, camera pans and zooms. Then it extracts
distinct keyframes to represent each segment, generating a digital storyboard and provides a
frame accurate index that gives immediate, non-linear access to any segment of the video.

Research tool Himotoki [Hirata+1996] also offers facilities allowing processing of textual
information and media-based attributes. The system projects media contents into media-
specific attributes which may be difficult to express as meaningful keywords but which are
nevertheless powerful clues for media specification. Then it uses these attributes to specify
the semantics of the media representation and stores the attribute values as media-indexes.
Subsequently user queries are matched against the attributes from the media indexes and the
candidate artefacts are retrieved.

REUSE IN MULTIMEDIA DEVELOPMENT

In atypical approach to reuse, development takes place in two distinct phases: development-
for-reuse and development-with-reuse. The focus of the first phase is on development of
reusable components, their detailed description, classification and storage in the repository
for future use. The second stage focuses on the construction of products with the aid of
reusable components drawn from the repository. The two phases are hard to separate as
devel opers discover new components in the process of product devel opment.

We recommend an approach, which addresses issues of reuse and repository in multimedia
development. It describes and prescribes a number of activities in the artefacts’ life cycle as
adopted from software development. Each activity proposes several tasks that may be
undertaken in the processing of an artefact. These activities may be performed individually,
in asequence, or in parallel.

1. Continually analyse the existing multimedia products:

= |dentify potentially reusable componentsin existing multimedia and legacy systems.®

= Describe and represent the features of artefactsidentified as potentially reusable.

=  Generalise, if necessary, and document artefacts selected for reuse to widen the scope
of their applicability to suit development of new multimedia products.

2. Organise arepository of reusable artefacts:

» (Classify and index artefacts to be stored in the repository. This can be based on facets,
keywords, enumerated schemes or media-indexes (See Box 2).

=  Storereusable artefacts in amultimedia repository.

= Search for the candidate artefacts suitable for the new project. The search techniques
are dependent on the repository facilities and proper documentation of artefacts.

= Retrieve the candidate artefacts for further processing determined by the search.

Description and download http://mwwqbic.almaden.ibm.com/
Demo available at http://www.virage.com/cgi-bin/query-e

Although the components may have been built without any reuse consideration they can be altered and
generalised to meet the requirements of future multimedia systems.



3.

Synthesise a new multimedia product:

=  Select the necessary artefacts from the collection of candidate artefacts.

= Adapt the selected artefacts, if necessary, to meet the requirements of the current
project.

= Create new artefacts as required, document them and add them to repository.

» Integrate selected and newly created artefacts into afinal product.

When to use this methodol ogy:

v When creating a multimedia product, eg. a Web site, multimedia presentations,
multimedia materials on CD-ROM.

v When adapting existing multimedia documents and their components for reuse.

v" When assembling and maintaining a large collection of multimedia artefacts.

v" When searching for artefacts suitable for inclusion in the new multimedia products.

Pro's:

« Reusability will lead to multimedia repositories of high quality reusable multimedia
artefacts that are easily adaptable, possibly generalised, and properly documented. These
components can be shared between multiple products.

« Theacquisition of artefacts is conducted on a continuing basis.

« Multimedia reuse increases developers productivity in the long term. The richer the
repository, the more likely it is that the developer will find most of the required artefacts
in there.

+ Reusability based multimedia development facilitates search of the repository and
selection of matching artefacts.

Con’s:

Copyright issues should be considered before storing multimedia artefacts in the
repository, modifying them and using them in products.

Some developers have strong opinions against reusing components produced by others,
e.g. they may feel that the quality of their own componentsis higher.

Adoption of reuse practices may initially increase developers' workload.

The multimedia repository may be costly to manage in the short term. As for any
repository maintenance, setting it up and entering data may seem to be boring.

METHODOLOGY APPLICATION

In this section we describe the activities prescribed by the Anal yse O gani se
Synt hesi se methodology as implemented by Multimedia Assisted Teaching Environment
(MATE), the original tool built to support design and delivery of multimedia teaching
material (Cf. Figure 1). Weillustrate the workings of the MATE system with examples drawn
from d4eve|opment and offering of courseware in object-oriented systems analysis and
design.

4

Such a courseis currently being developed with the use of MATE.



MATE Architecture

MATE has a number of sub-systems responsible for various services offered to different
classes of its users, i.e. a librarian (repository services), an author of multimedia material
(authoring services), a teacher (on-line broadcasting and delivery services) and a student
(reception and projection services).

The MATE’s authoring tool helps the author to compose various types of audio-visual
components into sides consisting of text, images, animation, video, sound, applets and
ActiveX components. Artefact attributes, such as colour, size, position or the speed of
presentation, can be altered to suit the presentation. Artefacts selected for presentations may
be organised into a presentation plan, which consists of topics, lectures and courses. The
authoring tool can also aid the author in publishing teaching material on CD-ROM, to
facilitate its distribution to course participants.

The presenter follows a predefined lecture plan to broadcast course material to on-line
student participants. The bulk of presented material is shown to students from the CD-ROM.
Any additional material and course updates are fetched from the web or the teacher’s
repository. Students attending on-line lectures (Cf. Figure 2) interact with the presentation, by
solving small problems, doing drills and quizzes, or sending queries directly to the lecturer.
In response to student’s questions, the lecturers may alter the course of their lectures or they
can answer student queries by incorporating the explanation into the body of the lecture

CD-ROM CD-ROM
(Published Presentation) (Published Presentation)
! j/
b Author:
Stable Artefacts ‘ Develops Artefacts Stable Artefacts
Large Artefacts | Integrates Artefacts Large Artefacts
Templates Composes 3lides Templates
Standard Media A Flans Presentation Standard Media
Mavigation Plans Wavigation Plan

! ] .! Librarian:
Stores Artefacts

‘ Clazsifies Artefacts ‘
Finds Artefacts
Retrieves Arefacts

Jends Small Artefacts
Sends Vatiants
Sends Updates

Student:

Teacher:

Mavizates Presentation Plan
Browses Multimedia Artefacts
Selects Blides for Presentation
Presents Slides & Cuizzes
Agzesses Quiz Summaties

Feads & Answers Questions

Broadcaster:
Sends commands between
the teacher and students

Cool Stuff

Listens, Views & Feads

Mavigates Past Presentations
Browses & Interacts with Artefacts
Answers Quiz Questions

Solves Lind-Problems

Asks Questions

Figure 1: MATE Architecture




material.

All presented information is stored in the MATE repository. The repository is capable of
supporting all the system’s users, i.e. the librarian in artefact classification and storage, an
author and a teacher in searching, inspecting and retrieval of artefacts, and specifying
artefacts' relationships, and students in gaining access to on-line material.

In our organisation teachers are working under pressure to be more productive, so that they
could effectively and efficiently deliver educational courses to constantly expanding
community of students. In particular, 1T-related subjects need to be continually updated and
tailored to the specific needs of various student groups. Teachers of related subjects need to
be systematic about their course structure, sharing of teaching material, and cross-referencing
their educational wares across the curriculum. Productivity, quality and the systematic
approach are the three essential components of our proposed methodology.

Domain Analysis

We adopted a development process, which starts with preliminary domain analysis. In this
phase of our work, we identify the required and pre-existing artefacts in a given subject area.
These artefacts come in a variety of forms, e.g. text files, hand-written concept documents,
storyboards, images in electronic and paper form, videos and animations, sound files, etc. On
occasions, we capture paper-based information into electronic documents by scanning their
text and images. At this point of time, we also consider the requirements of a multimedia
repository to be used in a given teaching domain. We decide on the size, access and the future
operation of a database system to support a domain repository. For personal use we suggest
the use of Microsoft Access or Jasmin, and for the enterprise use we consider Oracle or
Microsoft SQL.

These preliminaries establish the necessary pre-condition for the effective reuse of
multimedia componentsin later product devel opment.

Artefacts Analysis

As many of the existing artefacts share some of their structural features and contents, the
designers may opt to modify or generalise them before their final storage in arepository. The

+'s Mate - Miciosaft Internet Explorer

Teacher’'s MATE
[ Teacher's Mate - Microsoft Intemet Explorer - Multimedia makes learning more
exciting and teaching more effective.
i i . Assisted t of IS 8 Mate - Microsoft Internet Explorer
MATE o
You ve ASKEd Motivation improves teacher’s productivity.
Operation. + Teaching material is produced in
§omrler g ma s p Welcome
Question 1: R reusable units and is kept up-to-date.
Reuse + Environment of software tools supports
* How long will this seminar take| P
9 o the needs of teachers and students. Isnt it exciting to attend this
Answer: Let’s MATE Multimedia-Assisted bizarre virtual seminar?

« Well, itis an interesting questiol| Soundis oN Teaching Environment! Welcome to the world of
shortest seminar ever. Normally Teacher's MATE!
should be on your CD-ROM. To — .
shired disk. It may get-very sloy Notes: | hp:/imate dis. unimelh.eduawcoursesidemo Please do come in

teﬁdwr’s MATE stide: | 6 make yourself comfortable.
Jacob L. Cybulski Start | Stop | s | E; | = | BN ‘ The show is about to begin...
Jacob L. Cybulski
Sound is ON
DNotes: | hitpzimate.dis.unimelb.edw. awicoursesidems
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teachersMATE. == [
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Figure 2: Presentation of lectureswith MATE



simplest case of multimedia generalisation is to
construct a partialy filled template, which imposes
a consistent layout and defines shared components
to be repeated in all instances generated from the
template (See sample lecture dlides in Figure 2).
Special-purpose applets capable of displaying
systems analysis models (UML) for various case
studies have also been developed to enhance artefact
reusability by means of parameters-driven model
building. It should also be mentioned that we
consider the artefact building processes to be
reusable as well, hence, a sequence of actions
leading to the artefact construction, such as artefact
composition, template filling or passng mode
parameters, may aso be reapplied in the
development of lecture slides, examples, quizzes,
etc. Such reusable processes are treated as reusable
artefact and stored in the MATE’s repository.

Artefact Organisation

Keyword based classification aims at
identifying words and expressions that can be
used as indicators of artefact content.

Enumerated classification structures
information in a hierarchy of concepts based
on concept types.

Faceted classification relies on several well-
defined sets of attributes, called facets.
Facets specify a controlled vocabulary used
in the artefact classification. To assist match
artefacts, each facet specifies a metric to
determine closeness of classification terms,
which are commonly broadened with the use
of synonym lists and a thesaurus
[Cybulski1996a].

Media-indexes allow users using media clues
for retrieving media objects. [Hirata+1996]

Box 2: Classification terminology

All of the collected artefacts need to be stored in a common multimedia repository. To
facilitate efficient search and retrieval of reusable artefact from the repository, they need to be
classified, indexed and structured. We considered several approaches to the effective
classification, including keywords like in Microsoft Clipart, enumerated schemes and facets
[Prieto-Diaz+1987; Sorumgard+1993] and attribute values (textual representation). In MATE
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Figure 3: Artefact with associated descriptors



we classify artefacts by attribute values. Some of these attributes are common to all types of
artefacts, e.g. their URL, name and thumbnail. Others are organised into attribute groups,
which we call descriptor types. Subsequent search utilises this classification and thus search
is based on textual representation of artefacts' contents.

Let us consider the classification of an image depicting a group of people striking a deal (Cf.
Figure 3). This image has a number of descriptors attached to it based on its physical
properties and its contents. In this example, the image has descriptors characterising itsimage
format, people and the roles they play in agiven situation or activity, and emotions associated
with the image:

Descriptors
Image (GIF) Person Emotion
¢+ Fletype ¢+ Gender ¢ Settings
¢ Height ¢ Personrole ¢ Process
¢+ Width ¢ Activity performed | ¢ Outcome
¢ Colour Depth ¢ Special-features ¢+ Effort

Search in the repository is implemented using queries. A window for query definitions is
shown in Figure 4. Search allows joining query criteriawith logical operations, such as AND,
OR or NOT. All information isin text format because our classification relies only on textual
attribute values. This can be improved in the future. For images, a visual information retrieval
(VIR) system may be incorporated to use visual properties of images such as colour, texture
and shape, as well as textual keywords. Some commercial VIR systems such as VIR image
engine’ by Virage and QBIC® by IBM may be added to the repository in the future. For video
search Virage VideoLogger can also be incorporated.

E%' Search Facility

Search
Field Type Comparisons Search Siring
iAn\,rFieId _:_j 1CDmainsthe string _:_j iCumputer
i And - Or - Mat
Field Type Comparisons Search Siring
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Field Type Comparisons Search Siring
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Menu - (a And " or (" Mot
Marme
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?ilir?e iCantainsthe string :j ;
Title @ and O Or 7 Not
Topic
Il v | Comparisons Search String
I 1CDmainsthe string __j_'_j ;
Search | Cancel |

Figure 4. Specifying a query to search for artefacts

®> Demo is available at http://www.virage.com/cgi-bin/query-e
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Figure5: Composing artefactsinto dides, lectures and courseswith MATE

In MATE, the selection of artefacts from amongst the list of candidates identified by the
search is based on artefacts description, preview, classification and their contents
representation. For example, while searching for a video with a requirements gathering
interview, it isimpractical to view all available videos. Instead, the video contents is indexed
and subsequently searched based on the interview location, names of interviewer and
interviewees, the purpose of the interview, the system under construction, etc.

Artefact Synthesis

The selection of artefacts suitable for new multimedia projects can occur either by visual
inspection of artefacts, or their attribute values, or based on previous use of an artefact. Some
artefacts will need further adaptation.

For example,

¢ Instances can be generated from the slides template described above (Cf. Figure 2 and
Figure 5) by filling template gaps with appropriate multimedia artefacts. If atemplateisa
frame set, then the process of adding a component to a frame will generate HTML
automatically.

¢ Tofitin the template, some images may need to be resized for better visual effect.
¢ Colours of existing artefacts may have to be changed to suit the selected colour scheme.

¢ Some sequences of images may be transformed into animations using packages such as
Microsoft Gif Animator or Gif Construction Set or by applying Javascript.

® Download and description available at http://mwwabic.almaden.ibm.com/



At the same time to suit the new project requirements, additional new artefacts may have to
be created - preferably with reuse in mind. These artefacts also have to be properly
documented, classified and added to the repository.

As it can be seen from our examples, MATE facilitates all three aspects of multimedia reuse,
i.e. artefacts analysis, organisation and synthesis. As the result of applying the approach set
by the Anal yse O gani se Synt hesi se methodology, the teachers in our organisation
will be more effective and productive in courseware development. MATE will also helps us
in sharing and reusing high quality multimedia components, and co-ordination of courses by
cross-referencing their contents.

SUMMARY AND CONCLUSIONS

In this paper we proposed an approach to constructing and maintaining multimedia products
and repositories. Our approach has been adopted from software development. The proposed
approach emphasises reuse of multimedia artefacts and addresses the issues of quality and
productivity of the development process. Some of the steps described, such as identification,
representation, classification, search, selection and adaptation, can be automated and that's
what our MATE project isaming for.

To evaluate our approach to structuring the multimedia development process, we compare it
with the approaches taken in other multimedia tools. In Table 1 we evaluate these approaches
in terms of activities described in the Anal yse O gani se Synt hesi se methodology.
Four possible approaches are considered.

¢ Find- Apply. Thisisthe smplest of the four approaches, in which a multimedia designer
browses through existing products in search of useful components. Found components are
subsequently incorporated, in ad-hoc fashion, in any new products.

¢ Find - Store - Apply. In this approach, developers maintain collections of multimedia
components over long periods of time. They add new components to the multimedia
collection when they come across anything that may prove to be useful in future products.
The drawback of this approach is that these collections are usually maintained in the
unplanned fashion without proper indexing or documentation of artefacts. Frequently the
potentially useful components are stored in a system of directories and subdirectories.
This strategy fails to support flexible object composition and sharing due to the general
limitations of a filing system [Shih+1997b]. The search in such collections can only be
conducted by artefact name or the preview of its contents.

¢ Find - Organise - Apply. Developers may opt to create specialised multimedia
repositories where artefacts are classified and indexed, then stored and retrieved as
required. Although, in general, multimedia repository provides a benefit of readily
accessible artefacts suitable for the project under development, in this approach, artefacts
maintenance, their adaptation and adoption is still largely unexplored.

¢ Analyse - Organise - Synthesise. This approach is more systematic, i.e. a developer
actively analyses existing products and their collections for the opportunity to identify
and adopt reusable multimedia components. Then he or she documents, modifies and
generalises, classifies and indexes such artefacts to construct high quality reuse
repository. The method also provides some guidelines on the construction of new
multimedia products of reusable components, by means of artefact composition, template
instantiation, parameter passing, etc.
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Approach “Find-Apply” “Find-Store- “Find-Organise- “Analyse-
Apply” Apply” Organise-
Synthesise’
Example Any browser with | Microcraft Author, ClipArt, Himotoki
HTML editor, eg. Anecdote, Asymetrix [Hiratat+1996],
Netscape, |E, Microsoft ToolBook, Web IMMPS
Opera PowerPoint Robots, Spiders, [Shih+19974],
Wonderes and MATE
Seach Engines, [Cybulski+1997],

e.g. Yahoo, Excite | REBOOT’, F3°
| dentify » » » °
Describe U » » .
Generalise [} [} » °
Classify and index o o ° °
Store O o o o
Search e e e o
Retrieve ° ° ° °
Select a ’ ° °
Adapt 0 ’ ’ °
Create ’ o ’ ®
Integrate ’ ’ ’ b

Table 1: Approachesto Multimedia Reuse
Support - O (nil or manual), » (partial), e (full)

As can be seen from the Table 1, the last approach is the most systematic and it promotes the
most efficient organisation of artefacts. Our MATE tool fully supports this process. We use
the tool (and hence the process) to develop multimedia courseware for a number of related
subjects in our department. Although the use of MATE is currently limited to a few
multimedia applications, we find it very helpful. Full-scale empirical studies of the tool and
its associated methodology will be conducted at alater date.
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