Proceedings of Sixth European Conference on
Pattern Languages of Programs EuroPLoP, Irsee,
Germany, 4 - 8 July 2001. Note the change of titlein
response to workshop feedback.

Planning the Process of Multimedia Development

Tanyalinden and Jacob L. Cybulski

tanyal @unimelb.edu.au jacob@unimelb.edu.au
http: //imww.dis.unimelb.edu.au/staff/tanya http: //imww.dis.unimelb.edu.au/staff/jacob
ph: +61 3 8344 9272 ph: +61 3 8344 9244
fax: +61 3 9349 4596 fax: +61 3 9349 4596

Department of Information Systems
University of Melbourne
Vic 3010, Australia

Abstract

This paper looks a some problems that commonly hinder the multimedia development
process, e.g. difficulties in finding, accumulating, refining, and organising multimedia
artefacts. The suggested solutions to these problems are described with the aid of a set of
patterns, which could dleviate these difficulties and at the same time improve developers
productivity and enhance quality of multimedia products and their individual components.

| ntroduction

Construction of multimedia products involves development and composition of artefacts of
various media types including text, graphics, animation, video and sound [1, 6, 19]. This
process requires special methods, techniques, and tools capable of handling media specific
features. Such development is labour intensive and costly, and demands special skills ranging
from software development and technical writing to graphic design and sound engineering.
The time and cost of such undertaking can be reduced by reusing multimedia components
across multiple projects and by sharing them between various development groups. Some of
the useful approaches to sharing and reusing multimedia are commonly borrowed from
software engineering [2, 11, 21], e.g. use of templates, components, and parameterisation.
Unfortunately the generic reuse methods fail to consider features specific to multimedia
components, for example, colour, shape and texture for images, motion parameters for video,
rhythm signature, chord, and melody for music. Dealing with these features is especially
difficult due to subjectivity of their perception.

Multimedia developers need repositories of reusable components that can be shared
across projects or organizations. Some modern multimedia tools (e.g. Microsoft FrontPage)
address this issue by providing multimedia repositories that could be stocked with frequently
used multimedia components. Over time multimedia repositories can significantly grow in
size [13]. The size of multimedia repositories, the peculiarities of multimedia components and
the subjective nature of their attributes perception pose many challenges in the process of
multimedia storage, search and retrieval .

In our previous work [3] we proposed to address some of these challenges relating to the
aspects of constructing and presenting reusable multimedia. In this paper we aim at
addressing other facets of multimedia reuse, such as finding, accumulating, refining and
organising multimedia artefacts.



Patter ns Facilitating Reuse in Multimedia
Squirrel

Problem
How do you ensure the availability of quality artefacts in multimedia devel opment?

Context

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 exercises, laboratory examples, demonstrations, case
studies, project descriptions, assignments and exams. Such information comesin 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. When creating new
products, multimedia developers need to effectively and efficiently find, combine and
create multimedia components.

Forces

Reuse awareness. Development of multimedia products necessitates reuse. However,
multimedia reuse cannot be fully automated, hence it is developers who have to be aware
of multimedia reusability in all of their development tasks and like squirrels thinking
about food for winter, accumul ate potentially reusable components.

Personal attitude. Although developers redlise that reuse is important, there is a
subjectivity issue in the accumulation process: what to accumulate and what to ignore is
based on developer's judgement, which comes from their level of expertise and
experience.

Component harvesting. Designing components with reuse in mind from the very
beginning creates considerable overhead in cost and effort, however, harvesting
potentially reusable components and making them available for future use proved to be
beneficial.

Component identification. Reuse of multimedia components relies on their effective
finding and identification in existing multimedia products, and the subsequent
representation of their information. However, representation of multimedia features of
graphics, sound, movies, animation or executable programs may be a difficult task [18].

Component understanding. Successful reuse of product components needs tool support,
however, apart from component storage and retrieval, full automation of multimedia
reuse process is difficult [24]. Activities such as describing, indexing, classifying and
finding multimedia components require developer intervention. On the other hand, these
activities face certain difficulties due to the subjectivity factor in describing multimedia
properties[13].

Solution

Multimedia developers should continually accumulate potentially reusable artefacts
found in multimedia products:

» Scan existing multimedia products and legacy systems with the view to identify
potentially reusable components. History of previous uses, if available, may help in
the identification process. Some decisions may be made based on the current project
requirements.
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« Consider the reuse potential of products under construction and their components.
Recording information on intended use of such components may help in future
selection process.

» Describe and represent the features of artefacts identified as potentially reusable to
support future decision-making on components’ selection.

Resulting Context

An organisation will have a stockpile of potentially reusable artefacts. Legacy documents
will be transferred into electronic form. Components will be properly documented which
will simplify their understanding and classification. With artefacts being properly
documented, classified, and indexed they can be easily found and possibly shared within
the organisation, which in turn should increase productivity of product development.

Pro's
The acquisition of reusable artefacts is conducted on a continuing basis.
Previously used components with the history of being useful are accumulated.
Newly devel oped components are considered as potentially reusable.

Proper documentation simplifies the process of components understanding and selection
decision making.

Con’s
Copyright issues should be considered before acquiring and modifying multimedia
artefacts.

Unless there exists a quality assurance process, accumulated artefacts may not be of
satisfactory quality.

Unless the accumulated collection is properly organised, finding relevant artefacts may be
difficult.

Example

Special software is being developed to scavenge the WWW in order to accumulate links
to useful components, e.g. crawlers, spiders and robots.

Related patterns
The Nut Cracking pattern may be applied as a follow up procedure after components
acquisition.
Components need to be properly stored in order to be easily found thus we may need to
apply the Stockpile pattern.

Nut Cracking

Problem
How do you widen the scope of multimedia components applicability?

Context

A collection of components has been accumulated (see the Squirrel pattern). New
components were developed for use in a current project from scratch (possibly without



considering their reuse in future projects). Later a specia team may harvest potentialy
reusable components and consider how to widen the scope of their use.

A component is not necessarily reused asis but rather after certain modifications to make
it suitable for new requirements, e.g. its parts may be extracted and used or the
component could be used after its properties are changed (like a squirrel who would eat
dried mushrooms whole but would deal differently with nuts, the shells of which need to
be removed before the kernels could be eaten).

Forces

Creating versus modifying. It is possible to create al required components from scratch,
however it may be much simpler to modify existing components, yet multimedia
components that have not been specifically designed for reuse do not easily yield to
modification and generalisation.

Use context. It is convenient to have a collection of components for reuse, however it is
often not obvious that a component developed for one use context is also suitable for
another unlessit is generalised.

Just right? If a component is too specific, it is rich in functionality but it may be usable
only in very specific contexts. If a component is too general it may fit wider selection of
contexts but it would have very little functionality to make it useful enough.

Solution

Multimedia developers should generalise, if possible, and document potentially
reusable artefacts to widen the scope of their applicability to new multimedia projects:

- Establish a desired level of generaity to maximise applicability of a component
without reducing its usability.

» Decompose a composite artefact and store its constituents (remove shells and use
kernels).

» Parameterise an artefact to simplify changing its property values.
« Analyse and document the artefact's existing or intended use contexts.

« Improve artefact quality by applying relevant standards, e.g. in graphic design, video
and sound production.

Resulting Context

Components are restructured to support their future reuse and the subsequent adaptation
to new requirements. A record of artefact's valid use contexts is kept. For example
educational institutions may end up with a collection of templates for lecture slides, on-
line assessment, and tutorial handouts, which can be shared across subjects.

Pro's
With generalisation and documentation artefact quality significantly improves.
Past and intended use contexts could serve as examples of possible artefact applications.

Con’'s
Copyright issues should be considered before modifying multimedia artefacts.

Related patterns

Before generalising components, a developer may need to acquire them firgt, thus the
Squirrel pattern may need to be applied.



Some generalised components become templates - see pattern Templatein [3].

Storage issues of generalised high quality components are addressed by the Stockpile
pattern.

Sockpile

Problem

How do you organise a collection of multimedia artefacts to be able to find required
artefacts effectively?

Context
Patterns Squirrel and possibly Nut Cracking have been applied, i.e.
» Reusable artefacts have been collected in electronic form.
« They are well documented, decomposed and generalised when applicable.

Forces

Component availability. Sharing and reuse of components in multimedia projects
increases productivity [5] but when components are scattered across the organisation,
devel opers may not know about their existence.

Component access. There exists a large collection of multimedia artefacts, which are
scattered across the organisation, however the size of the collection creates problems with
finding required artefacts.

Components quality. While applying the Squirrel pattern over time a developer obtains a
huge collection of multimedia artefacts, however there is a danger of having quality
components mixed and lost among not so useful artefacts.

Solution

Multimedia reuse can be facilitated with a central repository of shared and reusable
components. Multimedia developers should organise, maintain and share a
repository of reusable quality artefacts:

* Assurethat artefacts to be stored in the repository arein the quality form.
e Storereusable artefacts in amultimedia repository.

» Classify and index artefacts. A variety of classification and indexing methods are
described and used by developers, e.g. facets [12], keywords, enumerated schemes
[21], multimedia properties [16, 20] or media-indexes [7]. Incorporate relevance
feedback to deal with individual perception and preferences[15].

Resulting Context

High quality artefacts that are properly classified and indexed can be easily retrieved and
then reused within an organisation. For example, in an educational institution where some
teachers lack sufficient experience in multimedia design, teaching staff could benefit from
the use of a repository with multimedia templates for development of learning material.
This repository may also contain a set of case studies, which could be used in lectures,
tutorials, projects or revision classes across related subjects (e.g. Programming and
Systems Analysis and Design). Less experienced staff may rely on the repaository of case
studies and feel more confident knowing that al stored artefacts are quality assured.
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Pro's
Well-organised and maintained multimedia repository facilitates sharing of components
between multiple products.

The richer the repository, the more likely it is that the developer will find most of the
required artefacts in there.

With the assured quality form of artefacts, less experienced developers will benefit from
such repository

By incorporating relevance feedback information in multimedia artefacts' classification,
the results of the search and retrieval process continually improve with the use of
artefacts.

Con’s
Copyright issues should be considered before storing multimedia artefacts in the
repository, modifying them and using them in products.
The multimedia repository may be costly to manage in the short term.
Asfor any repository maintenance, setting it up and entering data may seem to be boring.

Related patterns
Squirredl and Nut Cracking provide context for application of this pattern.

Query by Example

Problem

How do you describe multimedia properties to reduce the gap in articulation between the
system and a user during query formulation?

Context

Multimedia repository. An organisation maintains an extended repository of reusable
multimedia artefacts. With artefacts being properly documented, classified, indexed and
generalised where possible, they can be retrieved and reused within the organisation.

Requirements. Any new multimedia project normally starts with the statement of
requirements. These requirements determine the intended context of artefact’s use and
thus help in formulating queriesin order to find reusable artefactsin the repository.

Forces

Subjectivity. To find artefacts suitable for the task, a developer submits a query based on
task requirements, however different people may interpret some multimedia properties
differently, e.g. colour purple may be described as violet. This becomes a problem if
perception of people classifying multimedia artefacts differs from that of developers
searching for them.

Unsatisfactory textual description. Multimedia properties may be hard to capture in the
form of textual description, however it may be easy to point out the requirement from the
list of samples.



Solution

Apply QBE" approach:
» Provide facilities to submit not only textual queries but aso multimedia samples
as queries defined using project requirements and intended context of use, i.e.
the searcher should be able to give example of either an artefact or its use context
asinput to asearch engine.

« Apply CBR?-based search engine.

Resulting context

The query can be formulated by providing samples of sought artefacts or the intended use
context.

Pro's
The process of query formulation is simplified.

The problem of misinterpreting textual descriptions of multimedia attributes is
eliminated.

Developers searching repositories will be getting more accurate search outcomes,
possibly with lower number of artefacts being on the retrieved list.

Con’'s
There exist a variety of systems and algorithms for content-based search and retrieval of
multimedia artefacts so it may be hard to decide which oneto use®
It's difficult to apply Boolean operations to attributesin a QBE query.

Sometimes query construction may require sophisticated skills and be very labour
intensive, e.g. searching for amusical composition by example may require composing a
piece.

Related Patterns

Queries are submitted to a repository search engine, thus we may need to apply the
Stockpile pattern first to have multimedia artefacts collection organised as arepository.
The purpose of the search process is to find required components but then there is an
issue which ones to select from the resulting list, thus we may need to apply the Use
Context pattern.

Examples/K nown uses
The following multimedia search tools allow submission of a multimedia sample rather
than textual description to initiate the search process. QBIC [4], El Nifio [17], Photobook
[10], MARS[14].

! QBE stands for query by example, an established approach frequently used in user-friendly software.
2 CBR stands for content based retrieval

3 Even for the same feature such as texture of images several different algorithms may be available [10,
14, 18].
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Fit for Use

Problem
How do you improve artefacts classification based on their use?

Context

Multimedia repository. An organisation maintains an extended repository of classified
multimedia artefacts.

Use Context. A developer is searching for artefacts to fit a particular use context.

Process. The pattern is applied at the time of manual selection of artefacts from the list
retrieved and ranked by the search engine.

Forces

Component relevance. Components need to be assessed for their suitability to the
multimedia devel opment task, but the suitability cannot be properly judged without taking
use context into consideration [8, 22].

Subjectivity. Also formulating and satisfying requirements describing intended use
context might be hard due to individual perception of and preferences for multimedia
properties[15].

Solution

Development with reuse focuses on constructing products with the utilisation of reusable
components drawn from the repository. Multimedia developer should apply intended
use context in order toimprove selected and rejected artefacts' classification:

» Provide relevance feedback on the intended context of use for selected artefacts.
Provide relevance feedback on the use context the rejected artefact did not match.*
e Use provided feedback to improve classification of candidate artefacts.

Resulting Context

Classification of artefacts is improved with every selection or rejection due to relevance
feedback information. As a result developers are likely to find relevant artefacts more
often and thus the repository becomes a valuable resource.

Pro's
By incorporating relevance feedback information in multimedia artefacts’ classification,

the results of the search and retrieval process continualy improve with the use of
artefacts.

Relevance feedback can aso deal with subjectivity in the process of formulating
requirements for multimedia products and finding and selecting multimedia components
to satisfy these requirements.

* A component is selected from the retrieved list and is incorporated into a template. The resulting
composition may reveal why other components from the list were not selected, e.g. they did not
match the colour scheme.

If after being incorporated into the composition the selected component is removed and replaced
with another selection, it may have its classification information updated to change its position in the
ranking order when it is retrieved next time for asimilar query.
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Previous uses reflect developers preferences and thus may help novice developers in
making decisions on which artefacts are most suitable in similar circumstances.

Con’s
Providing relevance feedback information may be time consuming.

Feedback on artefacts relevance is subjective and, thus, may not be applicable to
artefacts' classification.

Related patterns

Squirrel, Nut Cracking and possibly Stockpile have been applied and their resulting
context becomes part of a context for this pattern.

This pattern may be used in conjunction with Query by Example, especially to specify
aspects of use context that are hard to express verbaly, e.g. size of gapsin atemplate or
colour scheme to be matched.

Examples/K nown uses

» Relevance network model [8] is based on context-sensitive indexing and retrieval. An
adaptive information retrieval mechanism memorises relevance of references to
artefacts based on user feedback. This information is then stored in the user profile and
it isalso generalised so that other users can benefit from the history of previous uses.

 Footprints [23] is a tool that alows recording users navigational history in virtua
environments, such as World Wide Web. With this tool its author Alan Wexelblat
demonstrated that users were able to find required information with less effort and with
less time spent compared to users doing the same tasks without using interaction
history.

Future Work

In our work, we focus on the construction, organisation and management of reusable
multimedia components. We are aiming at the creation of a comprehensive multimedia-reuse
pattern language, which provides multimedia developers with guidelines for effective
multimedia reuse. This pattern language addresses six dimensions of multimedia authoring
and reuse, i.e. the contents and quality of artefacts, their arrangement and presentation, and
the processes leading to their construction and utilisation. In our previous work [3] we
presented the patterns focusing on artefact construction, contents, arrangement and
presentation. The patterns presented in this paper address the quality dimension. In the future,
the resulting pattern language is intended to assist the users (and developers) of multimedia
authoring systems to more effectively identify, represent, generalise, classify, store, search
and retrieve, select, adapt and integrate multimedia components and processes that manipulate
them.
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